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Foreword

As its name indicates, progesterone (from the Latin pro gestare) is an excep-
tionally important hormone, and when it was isolated in 1934 its discoverers
were quite right to give it that name. Since its discovery, research has confirmed
that it is indispensable for preparing for, allowing the onset of, and ensuring the
continuation of pregnancy in the human species.

Numerous studies have dealt with progesterone’s effects at different levels
in the organism, particularly at the level of the uterus, where it allows implan-
tation and the maintenance of pregnancy, and at the level of the hypothalamo-
pituitary complex, where it regulates the secretion of pituitary hormones con-
trolling both ovulation and the production of progesterone itself in the ovary.

In fact, one of the most important consequences of progesterone’s prop-
erties is the development of hormonal contraception based on the antiovulatory
power of the molecule. By modulating the doses and the type of synthetic steroid,
as well as eventual hormone associations, a whole series of contraceptives make
use of progesterone’s properties. Moreover, its capacity to oppose ovulation
having been established, its local properties in the uterus, endometrium, and/or
cervix are being addressed with success, in the form of mini-pills, progesterone—
intrauterine devices, or urgency contraception. Mastery over contraception is one
of the greatest events of the twentieth century and progesterone has been in the
front rank of contributors.

However, because all its functions are not yet known, questions still arise.
Does ovarian progesterone influence the maturation and functioning of sper-
matazoa directly, and, if so, does it have a role in fertilization? How does the
production of progesterone by glial cells (since progesterone is also a neu-
rosteroid) influence the myelinization of the nervous system and perhaps even
the trophicity of neurones? What regulates the production of metabolites of
progesterone (such as 3a-hydroxy-5«-pregnan-20-one or allopregnanolone) that
influence the activity of the GABA, receptor and probably the receptors of
other neurotransmitters? What is the physiological anticorticosteroidal action of
progesterone, which, as is known, binds to the receptors for the gluco- and
mineralocorticosteroids?
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Progesterone, a member of the family of nuclear receptors, principally
acts via its own receptor and several discoveries of general interest have been
made when studying it. There are several isoforms of the progesterone recep-
tor: the association of the heat shock protein Hsp90 with steroid receptors was
discovered during study of the progesterone receptor, and the regulation of the
cell concentration of progesterone receptors was the prototype for showing that
endocrinology is the study not only of hormones but also of their receptors;
estrogens stimulate the synthesis of the progesterone receptor, which is physio-
logically important; and progesterone down-regulates its own receptor, which is
also fundamental.

The decisive nature of the intervention of progesterone at the beginning of
pregnancy led to development of the first antiprogesterone compound, RU486
(mifepristone), which is of considerable importance not only medically but also
as a symbol of a true convergence between advanced research in biomedicine
and efforts in favor of reproductive health and the feminine condition. The
scandalous obstacles set up against the diffusion of this molecule are beginning
to diminish. Not only should we soon be able to offer the choice of using RU486
to the women who so decide, throughout the world, but we must also develop
the medical uses of this compound (for example, facilitating certain difficult
deliveries or the treatment of uterine leiomyomas).

One can see the importance of a book about progesterone analogs, the
progestins that allow the easier use of the natural hormone’s principles of ac-
tion, especially by offering oral, injectable, or even local in utero preparations.
This book offers chapters that bring us up to date on all these derivatives, and
also their antagonists at the receptor level, the antiprogestins. It will be consid-
ered important and useful in such varied domains as obstetrics and gynecology,
endocrinology, certain aspects of neurology and psychiatry, oncology, and, as
knowledge of the effects of agonistics and antagonistics steroids improves, the
book will be useful for numerous general practitioners.

Etienne-Emile Baulieu, Ph.D., M.D.
Collége de France and INSERM U488
Le Kremlin-Bicétre, France



Preface

Progesterone is a unique reproductive hormone that plays an essential role in
the female reproductive system. Since the discovery and isolation of proges-
terone, several new progestins have been synthesized. Progesterone and other
steroids with progestagenic properties have widespread applications. During the
past several decades, scientists have gained a broad understanding of the mech-
anisms of action and the clinical application of many progestins. These aspects
of progestins are reviewed in this book.

In Part I, Physiological Aspects, the molecular mechanisms of proges-
terone action are reviewed and the structure of the progesterone receptor ad-
dressed. Some distinctive tissue-specific progestational effects are thoroughly
reviewed, including effects on the nervous system and breast tissue.

While several actions of progesterone are mediated through the proges-
terone receptor, this steroid and other progestins can act through other steroid
receptors and produce a variety of effects. According to the steroid from which
they are derived—either progesterone or testosterone—progestins may inhibit
or potentiate the action of androgens, or they may exert some estrogenic, glu-
cocorticoid, or mineralocorticoid effects. According to their interaction with the
steroid receptors, different progestins would therefore exert different effects.
Since all the progestins are not similar, it would be inappropriate to extrapolate
from a single progestin to others as class effects. The major use of the pro-
gestins in humans is as hormonal contraceptives, and millions of women have
been exposed to a variety of these agents.

Part I, Pharmacology of Synthetic Progestins, reviews the various cate-
gories of progestins from the first generation to the so-called third generation of
these molecules. Newly synthesized progestins closer to the ‘‘ideal’’ progesta-
tional agent are described and could be called ‘‘fourth-generation’” progestins.
Some of them are already available in some countries; several are still under
development and will be available to the clinician after the turn of the century.

Part III, Clinical Applications, reviews some of the newer methods of
delivering steroids, devised to provide safer alternatives to the oral contraceptive
pill. For this purpose, the antigonadotropic properties of progestins are essential.
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With the increase in life expectancy, women will live for more than 30
years after the menopause. Hormonal substitution is currently used by a higher
percentage of postmenopausal women than during the early 1980s, and this
percentage will increase in the next century.

Several progestins have been utilized to oppose the estrogenic effects on
the endometrium and new molecules are being developed. Part IV, Metabolic Ef-
fects of Progestins, reviews the key aspects of the risks and benefits of progestins
in this population of menopausal women. The metabolic effects of progestins are
specifically addressed, as well as their relevance and impact on cardiovascular
risk.

Part V, Antiprogestins, describes the antiprogestins and their clinical ap-
plications. Part VI, Pharmacokinetics, discusses the pharmacokinetics of proges-
terone administered orally or parenterally.

Several contributors who are very knowledgeable in their field of research
have addressed most of the effects of progesterone and its derivatives. According
to the actions of several progestins on various tissues, it may be possible to select
the most appropriate molecule to be prescribed in a given clinical situation. This
volume is intended to clarify several of the aspects of progestins’ actions and
help the clinician in practicing the art of reproductive medicine.

Régine Sitruk-Ware
Daniel R. Mishell, Jr.
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1

Structure of the Progesterone Receptor
and Mode of Action of Progesterone

Anne Guiochon-Mantel
INSERM U135, Hépital de Bicétre, Le Kremlin-Bicétre, France

. INTRODUCTION

Progesterone is a major component in the regulation of normal female reproduc-
tive function. Its effects are mediated by an intracellular receptor, located in the
nucleus of target cells. This receptor was discovered almost 30 years ago (1,2).
However, its biochemical study was difficult because of its rarity in the cell and
its sensitivity to proteolysis. The development of monoclonal antibodies (3,4)
and the cloning of its cDNA in different species (5-8) have allowed the eluci-
dation of the structural and functional properties of this receptor protein. After
cloning, the progesterone receptor (PR) was further analyzed by transferring
it to heterologous systems for large-scale production and in vitro testing. The
receptors sequence was dissected by subcloning different regions to ascertain
domains responsible for different receptor functions.

The mechanism of progesterone action in target tissues is complex, and
a distinction has to be made between the direct targets of progesterone action
and indirect consequences of progesterone regulation. For instance, because the
effects of progesterone are mediated by PR, which is induced by estradiol in
most target tissues, the delineation of specific progesterone effects is unclear. The
recent development of a mouse model carrying a null mutation of the PR gene
(9,10) has been used to answer many of the complex questions of progesterone
action in vivo. Moreover, it has confirmed the importance and diversity of roles
of progesterone in normal female development and reproduction.
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Il. STRUCTURE OF THE PROGESTERONE RECEPTOR

The progesterone receptor is a member of a superfamily of transcription fac-
tors, including receptor for steroid hormones, thyroid hormones, retinoic acid,
products of intermediary metabolism, as well as other known transcription fac-
tors, and proteins of unknown function (orphan receptors). These proteins are
characterized by an organization into specific functional domains that are con-
served between species and family members (for review see Refs. 11,12). The
most highly conserved region is in the center of the protein and corresponds: to
two ‘‘zinc finger’” DNA-binding motifs. The carboxy-terminal domain is less
conserved and is the ligand-binding domain. This domain behaves similar to a
““molecular switch,”” controlling multiple receptor functions (13). It contains the
““activation function 2”’ (AF-2). In the absence of ligand, it binds the 90-kDa
heat-shock protein. After binding the ligand, it mediates the dimerization and
the interaction with coactivators, allowing the modulation of transcription. The
three-dimensional structure of the ligand-binding domain of different members
of the steroid hormone receptor family (retinoic acid, thyroid hormones, estra-
diol, and progesterone receptors) has been solved recently (13-17). The crystal
structure of this domain reveals a fold of an antiparallel «-helical sandwich. In
the presence of the ligand, a conformational transition of the amphiphilic «-helix
H12, containing the AF-2 domain, is observed. These conformational changes
generate the surface that allows transcriptional mediators to bind. The structure
of all hormone-bound ligand-binding domains characterized to date shows helix
H12, hence, the AF-2 core, in the same position. Antagonists, such as raloxifen
or mifepristone (RU 486), show a displacement of the helix H12 from this ‘‘ac-
tive’’ position, providing structural evidence of the mechanism of antagonism
(16,17). The amino-terminal domain of PR contains a ligand-independent acti-
vation function (AF-1). Both AF-1 and AF-2 activate transcription in a different
promoter- and cell-specific fashion (18). They work in a synergistic manner and
are required for full receptor activity in most cellular contexts.

PR has been cloned in different species, including human, rabbit, and chick
(5-8,19). The chromosomal gene structure has been elucidated in the human and
is a single copy of more than 90 kilobase pairs (kbp) composed of eight exons
(20). It has been mapped to chromosome 11q22-23 (21,22).

In the human, two PR proteins, PR-A (85 kDa) and PR-B (115 kDa) have
been described (23,24). PR-B differs from PR-A only in that it contains an
additional amino-terminal fragment of 164 amino acids (25). Recently, a third
activation domain (AF-3), which appears to function only in a restricted cell and
promoter countext, has been found (26). It is located within this PR-B-specific
amino-terminal domain. PR-A and PR-B are encoded by a single gene, under
the control of distinct promoters, each of which gives rise to a distinct subgroup
of PR mRNA (25). An equimolar expression of PR-A and PR-B is observed
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in human breast cancer cells in culture (24). In human breast tumors, the ratio
of expression of PR-A and PR-B proteins differs markedly among women (27).
The biological importance of these different ratios of PR expression has not
been extensively explored, and little is known of their relative modulation in
vivo.

il. MOLECULAR MECHANISM OF PROGESTERONE
ACTION

In the absence of ligand, PR is in an ‘‘inactive’’ conformation. It forms large
complexes with other proteins. The sedimentation coefficient of these complexes
is between 8S and 10S. They are composed of a series of proteins of the heat-
shock protein (hsp 90, hsp 70, and hsp 56) and the immunophilin families (28).
Heat-shock proteins were identified first for their rapid induction after a ther-
mic or chemical cellular stress. They have been proposed to function in normal
cellular processes, such as protein folding. The binding of hsp 90 is required
to maintain ligand binding by PR at 37°C (29). Immunophilins are character-
ized by their capacity to bind immunosuppressive agents, such as cyclosporin or
tacrolimus (FK 506). They have a peptidylprolyl cis~trans-isomerase (PPlase)
function. Their role in the inactive PR complex is unknown. The interaction with
the ligand elicits a series of events: dissociation from the heat-shock proteins,
activation of PR, and high-affinity binding to specific DNA elements (hormone
responsive elements; HRE) located in the regulatory region of genes (reviewed
in Ref. 30). HRE are short sequences of DNA. They are often present in an
array with other elements and may be present in multiple copies. They are gen-
erally composed of two similar 6-bp sequences that are oriented head-to-head
(palindrom) with a specific number of intervening bases. For the progesterone
responsive element (PRE), the consensus sequence is TGTACAnnnTGTTCT.
Glucocorticoid, mineralocorticoid, and androgen receptors bind and activate tran-
scription from the same HRE as does PR. All these receptors bind this HRE as
homodimers, one monomer binding one-half site. Amino acids involved in the
specific binding of the HRE have been characterized. They are located at the
basis of the first zinc finger of the DNA-binding domain. They define the P box.
This P box is specific for the HRE and allows definition of different subfamilies
of receptors. PR belongs to the same family as glucocorticoid, mineralocorticoid,
and androgen receptors. Their P box is GSCKV.

This specific interaction of activated receptor with the DNA allows its in-
teraction with the transcription machinery complex, inducing the modulation of
transcription of the gene located in the region and, thereby, the modulation of the
synthesis of the corresponding protein. The progress in the knowledge of tran-
scriptional control in animal cells during the last 5 years has established a solid
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foundation for the reformulation of the mechanisms of transcriptional control by
steroid hormone receptors (reviewed in Refs. 31,32). Transcription requires two
classes of transcription factors. One class comprises general factors (TFIIA, B,
D, E, F, and H) and is responsible for basal promoter activity. The other class
comprises modulators that either activate (coactivators; for instance SRC-1) or
repress (corepressors; for instance, SMRT, N-CoR) transcription. Cointegrators,
such as CBP/p300, have also recently been identified (33). They coordinate ithe
transcriptional effects of simultaneous signals emanating from cell surface re-
ceptors and from nuclear receptors. Thus, they act as cointegrators of multiple
competing, and perhaps conflicting, signals that can affect one promoter. The
basal level of transcription of most genes appears to be maintained by histone
deacetylation. Acetylation of chromatin in vivo is coupled with transcription, and
specific histone acetyl transferases target histones bound to DNA and overcome
the inhibitory effect of chromatin on gene expression. There is an equilibrium
between histone acetylation and histone deacetylation toward the progressive
accumulation of nucleosomes containing acetylated histones. The cointegrator
CBP/p300, as well as the coactivator SRC-1, possess intrinsic histone acetylase
activity (34,35). Furthermore, CBP/p300 recruits promoters’ histone acetylases,
for instance P/CAF (36). N-CoR and SMRT recruit histone deacetylases (37).
Besides these transcription factors, proteins modifying the structural organiza-
tion of the chromatin (for instance, proteins of the SWI/SNF family) regulate
transcription.

Steroid hormone receptors act at all these levels. A direct interaction has
been demonstrated in vitro between steroid hormone receptors and general tran-
scription factors such as TFIIB or TFIID (31). Steroid hormone receptors recruit
some coactivators in the presence of ligand (38-41). Moreover, a cooperation
between certain steroid hormone receptors and proteins of the SWI/SNF family
has been identified (42).

The current model for steroid hormone action is as follows: The binding of
the ligand induces a sequence of events, i.e., positioning of the activated dimers
on the HRE, modification of the position of the helix H12, interaction with
different coactivators and cointegrators, recruitment to the promoter of histone
acetylases, and activation of the transcription of the corresponding gene.

V. REGULATION OF PROGESTERONE RECEPTOR
EXPRESSION

The progesterone receptor is under the dual control of estradiol and proges-
terone, which act sequentially to regulate the cellular concentration of PR and,
thereby, the likely cellular responsiveness to progestins. Estradiol increases PR
transcriptionally in most target tissues. Conversely, progesterone down-regulates
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PR transcriptionally -and posttranscriptionally. This down-regulation of PR by
progesterone is not observed in all cell types. In the uterus, it is observed only
in epithelial cells and not in stromal and myometrial cells. Moreover, PR levels
do not decrease in the normal breast between the follicular and luteal phases.

The main regulatory site in the rabbit PR gene is an intragenic estradiol
responsive element (ERE) overlapping the initiation of translation (43). The
same ERE confers progesterone down-regulation. PR does not interact directly
with this ERE, but through an interaction with the estradiol receptor (ER; 43).
In the rat PR, four imperfect ERE have been identified by in vitro techniques
(44). One of these ERE appears to be biologically active (45). In human PR, the
two PR isoforms are under the control of different promoters, both of which are
estrogen inducible. No classic ERE was detected in the corresponding sequence
(25).

In addition to sex steroids, other regulators of PR gene expression have
been described. Retinoic acid decreases the transcription of PR gene. Growth
factors and phorbol esters have been reported to decrease or increase PR mRNA
concentration in a cell-specific manner. In the rabbit, PR repression by retinoic
acid and AP1 is mediated by the same ERE as repression by progesterone. It
is achieved by protein—protein interaction and not by a direct contact with the
ERE (46). In the rat PR, induction by thyroid hormones is mediated by the same
ERE as estradiol induction (45).

Progestin regulation of PR level is likely to vary among cell types, between
species, and more importantly, in different physiological situations to regulate
cellular sensitivity to progestins.

V. INTRACELLULAR TRAFFIC OF THE PROGESTERONE
RECEPTOR

Steroid hormone receptors are intracellular proteins that may be found in both
the cytosolic and nuclear fractions of a tissue homogenate. Until 1984-1986,
the classic model for action of steroid hormones proposed that a cytoplasmic
receptor protein undergoes nuclear translocation after interaction with its ligand
(47,48). In 19841986, the development of monoclonal antibodies against steroid
receptors (3,4,49) allowed immunocytochemical studies to be undertaken. This
technology avoids the problem of the receptor redistribution during cell homog-
enization. Immunocytochemistry showed exclusive nuclear localization of ER
(50) and PR (51), even in the absence of endogenous hormone. The nuclear
localization of PR and ER have been demonstrated in a wide number of target
tissues and in different species.

The nuclear localization of large proteins, such as steroid hormone recep-
tors, is an active process: it is temperature-dependent, requires GTP, and displays
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saturation kinetics. Active transport into the nucleus requires that proteins con-
tain suitable nuclear localization signals (NLS). They are mostly short, basic
sequence motifs, rich in arginines and lysines. Active nuclear import of proteins
takes place in at least two steps. The first step is the interaction between the
protein and the nuclear pore complex through the NLS. This step involves the
binding to different cytosolic proteins. The second step is the translocation to
the nucleus. Only this second step is an active process. It involves a small G
protein, ran.

The cloning of receptors and in vitro mutagenesis studies led to the de-
scription of NLS for steroid hormone receptors (52-55).

The NLS of PR is a complex signal. It is formed of two subsignals,
constitutive and hormone-dependent. It encompasses the hinge region between
the DNA and the ligand-binding domains (containing the constitutive signal)
and the second zinc finger of the DNA-binding region (containing the hormone-
dependent signal). It bears several stretches of basic amino acids. All steroid
hormone receptor NLSs are complex. If these receptors are aligned through their
DNA-binding regions, sequences homologous with the PR constitutive NLS are
found. These sequences are always implicated in the nuclear localization of these
receptors. 3
There is indirect evidence that the nuclear localization of PR is the result of
an equilibrium between the nucleus and the cytoplasm. The first indication is the
observation of an in vivo interaction between receptor monomers during nuclear
transport (53). Further evidence is the result of energy-depletion experiments. In
these conditions, an efflux of the receptor from the nucleus is observed (56). The
existence of a nucleocytoplasmic shuttling of the receptor was directly confirmed
by the study of the migration of PR between nuclei in interspecies heterokaryons
(56).

Thus, the residency of PR in the nucleus is a dynamic phenomenon, ire-
sulting from the continuous active transport into the nucleus, conterbalanced
by diffusion into the cytoplasm. Similar experiments have been performed on
ligand-bound glucocorticoid receptor (GR) (57) and on ER (58), showing the
same results.

This mechanism of nuclear localization of receptors explains some previ-
ous observations: ligand-free PR or ER, which reside in the nucleus, are found
in the cytosol after homogenization, even when nuclear structures have been pre-
served. Under these conditions, active transport is blocked by dilution and low
temperature, and the exit of receptors from the nucleus to the cytoplasm is not
counterbalanced by active entry into the nucleus. Association of receptors with
nuclei after homogenization of cells at 25°C has been described (59). Moreover,
localization of ligand-free GR in cytoplasm, or in both cytoplasm and nuclei,
has been considered as completely different from that of ER or PR, which are
located in the nucleus. However, if the receptor continually shuttles between
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nucleus and cytoplasm, GR may be only quantitatively and not qualitatively
different from sex steroid receptors. Less effective or masked constitutive NLS
would lead to an increased time of residency of the receptor in the cytoplasm
and to an apparent distribution between cytoplasmic and nuclear compartments.

The understanding of receptor function may also be modified by the fact
that receptors shuttle between nucleus and cytoplasm. Receptors could thus
interact with cytoplasmic components. Moreover, this mechanism is compatible
with receptors exerting biological activities in the cytoplasm.

The mechanism by which proteins enter the nucleus is well understood,
but the outward movement of nuclear proteins involved in the shuttling process
is not. In the same type of energy-depletion and heterokaryon experiments, NLSs
are also involved in the outward movement of PR through the nuclear envelope
(60).

VI. MECHANISMS OF ANTIPROGESTINS ACTION

There is a great interest in the study of antiprogestins for two main reasons. First,
they have a great therapeutic potential, such as interruption of early pregnancy,
postcoital contraception, induction of labor, and treatment of hormone-dependent
tumors. Second, antiprogestins have also been used as potent tools to investigate
the molecular mechanisms of progesterone’s action.

After binding to the receptor, antihormones can act at all the steps of
hormone action, including activation, dimerization, or binding of the dimers
to HREs. For antiestrogens, two types of antihormones have been described
(61,62): type I that allows the binding of the activated receptor to the HRE;
and type II (or pure) antiestrogens that prevent this binding. For antiprogestins,
this: type of classification has also been proposed. Mifepristone (RU 486) is
the ionly antiprogestin currently used therapeutically. Its molecular mechanism
of action on the PR has been largely studied by in vitro and in vivo experi-
ments that have resulted in a quasi-consensus, i.e., it activates PR, it induces its
in vivo oligomerization (53,63) and mifepristone-wild-type PR complexes do
bind in vivo to HREs (64,65). Thus it acts at a distal step of hormone action
(failure of transactivation by mifepristone—receptor complexes bound to HREs).
Moreover, its agonistic effect has been described in certain cell and promoter
configurations (65). This attests to the capacity for mifepristone—PR complexes
to binding to HREs. After limited protease digestion of in vitro synthetized PR
in the absence or presence of ligands, progesterone and mifepristone induced
distinct conformational changes within the receptor protein. The use of specific
monoclonal antibodies showed that these conformational changes occur at the
extreme carboxy-terminus of the receptor (66). The 42 amino acids located in
the carboxy-terminal region of PR are required for the receptor to bind pro-
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gesterone (67). However, a mutant deleted of these 42 amino acids still binds
mifepristone and fully activates transcription in its presence (67). Thus, the
conformation of the receptor bound to the HRE is influenced by the nature of
the ligand.

Recently, a different antiprogestin molecule, onapristone (ZK 98299) has
been characterized. Studies of ZK 98299-PR complexes failed to detect in vitro
binding to HRE (68). This has led to the suggestion that onapristone may be an
example of a second class of antiprogestins that act by preventing the formation
of DNA-PR complexes. In in vivo experiments it activates PR, and it induces its
oligomerization (63,69). The results of in vivo competition with a constitutive
PR for the binding to a PRE have shown that ZK 98299-PR complexes do bind
to the PRE. In these experiments ZK 98299 differs only quantitatively and not
qualitatively from RU 486, the latter being tenfold more potent than ZK 98299.
This is correlated with their difference in affinity for the receptor, measured
in vivo (69). However, the results of in vivo genomic footprinting experiments
are completely the opposite, in that neither ZK 98299-PR complexes nor RU
486-PR complexes bind PRE (70). Proteolytic fragment analysis studies show
that onapristone induces a fragment pattern intermediate between that induced by
promegesterone (R 5020) and by mifepristone (71). Thus, it seems that, contrary
to antiestrogens, it is difficult to identify two clear types of antiprogestins.
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. INTRODUCTION

Progesterone, its precursors, and its metabolites, which are present in the brain,
originate from the gonads and adrenal glands, or are produced locally and, there-
fore, are named neurosteroids. They exert their actions on target cells by two
distinct mechanisms: they increase the transcription of specific genes after bind-
ing to intracellular progesterone receptors, or they act directly on the cellular
membrane. Their effects on the brain are diverse, ranging from the participa-
tion in the neuroendocrine control of reproduction and sexual behavior at the
hypothalamic and pituitary levels, to the regulation of neurotrophicity and the
modulation of behavior, including anxiety, stress, sleep, and memory.

il. - ORIGIN OF BRAIN PROGESTERONE AND
RELATED STEROIDS

A. Peripheral Sources and Brain Synthesis

Progesterone (PROG; 4-pregnene-3,20-dione), which is present in the brain,
can be synthesized by the steroidogenic glands (gonads, placenta, and adrenal
glands) and then penetrate into the brain, or it can be produced in the central
nervous system.
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In men, plasma PROG, mainly originating from the adrenals, is nearly
undetectable (except in stress situations), whereas its concentration reaches 2-3
ng/ml in rodent males. In human and rodent males, the level of circulating preg-
nenolone (PREG; 38-hydroxy-5-pregnen-20-one), the immediate precursor of
PROG synthesis, is about 1 ng/ml. In female rodents during the follicular phase,
circulating concentrations of PROG and PREG are similar to those of males. Af-
ter ovulation, PROG is secreted by the corpus luteum and can be partly converted
into Sa-pregnane-3,20-dione (5-DH PROG) and 3e-hydroxy-5a-pregnan-20-
one (3a,5¢-TH PROG) in the ovary. During pregnancy, placental PROG, as well
as 3a,50-TH PROG (and PREG), reach very high blood concentrations. These
steroids easily cross the blood-brain barrier.

The central nervous system also has its own source of steroids: indeed
PREG, PROG, and 3«,5¢-TH PROG belong to the neurosteroids, which can
be synthesized from cholesterol, in the central and peripheral nervous system
(1,2). Several years elapsed between the discovery of PREG in the brain of the
rat (3) and many mammalian species, including the human, and the conclusive
demonstration of its local biosynthesis.

The PROG precursors, PREG and its sulfate derivative (PREGS),, are
present at higher concentrations in the brain than in blood. Moreover, they remain
in the brain for up to 1 month after gonadectomy and adrenalectomy. PREG can
be formed by oligodendrocyte mitochondria incubated with [*H]cholesterol (4),
or by mixed glial cell cultures incubated with the sterol precursor [PH]mevalonate
(5). The side-chain cleavage enzyme cytochrome P-450scc is responsible for the
first step of steroidogenesis, the conversion of cholesterol to PREG (Fig. 1).
PREGS presence was demonstrated in brain homogenates and in cultured oligo-
dendrocytes or type-1 astrocytes (but not neurons), using immunohistochemical
techniques (6), in situ hybridization (7), and reverse transcription—polymerase
chain reaction (RT-PCR) (8).

An alternative pathway for PREG synthesis has also been described (9).
Rat C6 glioma cells were observed to produce high concentrations of PREG
under FeSO4 treatment, by the fragmentation of a hydroperoxide metabolite of
cholesterol, even in the presence of a P-450scc inhibitor. Whether this pathway
plays a physiological role in the brain remains unclear.

PREG can be converted to PROG by the 38-hydroxysteroid dehydroge-
nase/A3-A* isomerase (38-HSD) in mixed rat glial cell cultures (5) and cultures
of type 1 astrocytes (10), but, apparently, not in embryonic neuronal cultures
(11). Whether pure oligodendrocytes have the capability to synthesize PROG
from PREG remains to be established. However, the presence of 38-HSD mR-
NAs in all the cell types (7), including adult rat oligodendrocytes (N. Gago,
personal communication) was shown by PCR experiments. The four isoforms
of the enzyme are expressed in the brain. The type I isoform is predominant and
is detected mainly in the olfactory bulbs, cerebellum, hippocampus, hypothala-
mus, cortex, and striatum (12).
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PROG is further metabolized to 5Sa-DH PROG by the type-1 S«-reductase,
the most abundant isoform expressed in the brain (13,14). 5a-DH PROG, in
turn, can be converted into 38,5«-tetrahydroprogesterone (38,5¢-TH PROG;
3B-hydroxy-5a-pregnan-20-one) or 3¢,5Sa-TH PROG (also named allopregnano-
lone), which is known as an allosteric modulator of the y-aminobutyric acid type
A (GABA,) receptor. The biosynthesis of allopregnanolone is catalyzed by the
3a-hydroxysteroid oxidoreductase (3c¢-HSOR), which is present in the brain in
at least two forms (cytosolic NADPH- and particulate NADH-dependent) (15).
Both isoforms are widely and similarly distributed, with a predominance in the
olfactory bulbs and cerebellum (16). 38,5«¢-TH PROG is formed by a 38-HSOR,
especially in neuronal cultures (17). These three enzymatic activities are present
in mixed glial cell cultures (5), in astrocyte cultures (11), in pure cultures of
newborn and adult oligodendrocytes [N. Gago, personal communication, 1998],
and in neurons (17).

Other reduced metabolites of unknown biological significance can be
formed from PREG or PROG, namely 7a¢-OH PREG, 20« -dihydropregnenolone
(20a-DH PREG) and 20«-dihydro-progesterone (20c-DH PROG) (10,17) (see
Fig. 1). PREG is also found as sulfate and fatty acid esters. The formation
of sulfate esters in the nervous system, although very likely, has not been
completely demonstrated. Except in fetal brain, where they are relatively high,
only low hydroxysteroid sulfotransferase activities are detected in rat brain ho-
mogenates (18). Therefore, these results are surprising, given the relatively high
concentrations of PREGS (19 &+ 6 ng/g tissue) in male as well as female: rat
brains (19) and the very low permeability of the blood-brain barrier to steroid
sulfates.

In summary, PROG and related steroids present in the brain, are either
synthesized locally from cholesterol, or are formed from in situ metabolism
of bloodborne precursors, or synthesized by adrenals, placenta, or gonads, and
transported into the central nervous system. The interaction between these steroids
from different origins may be complex and difficult to elucidate in some situa-
tions such as stress, menstrual cycle, and pregnancy.

B. Regulation of Brain Steroidogenesis

The physiological stimuli that regulate neurosteroid formation are still unclear.
Whether the steroidogenic factor-1 (SF-1), which regulates the transcription of
the P-450scc gene in steroidogenic glands and which is also present in mouse
embryonic forebrain (20), plays a role in neurosteroidogenesis during early de-
velopment is unknown. However, this factor does not seem absolutely necessary,
because C6 glioma cells, which convert cholesterol to PREG, do not express
SF-1. Two other factors, steroidogenesis-stimulating protein (STP) and steroido-
genic acute regulatory protein (StAR) stimulate PREG and PROG formation in
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Sertoli cells and adrenal cortex, respectively (21,22), but until now, the brain
expression and the role of these proteins in neurosteroid synthesis have not been
determined.

Second-messenger systems influence the synthesis of neurosteroids. Cyclic-
AMP (cAMP) increases the formation of [2’H]PREG from [*H]mevalonolactone
in rat glial cells cultures (4) and adult rat cortical minces (23). In C6 glioma cells,
the B-adrenergic receptor agonist isoproterenol stimulates PREG formation, and
its effect can be blocked by the Rp isomer of adenosine-3’,5'-cyclic monophos-
phorothioate (Rp-cAMPS), a competitive inhibitor of protein kinase A type-1
and type-1I (24). cAMP not only increases the activity of the cytochrome P-
450scc, leading to PREG synthesis, but also stimulates the S«-reductase, which
converts PROG into 5a-DH PROG. On the contrary, the phorbol ester 12-0-
tetradecanoylphorbol-13-acetate (TPA) does not influence the 5a-reductase, sug-
gesting that protein kinase A, but not protein kinase C, might be involved in the
control of Sa-reductase activity (25).

The increase in PREG synthesis by activation of the peripheral-type ben-
zodiazepine receptor (PBR) has been particularly well documented in glial cells
(26). The rate of PREG formation depends on the rate of cholesterol transport
from intracellular stores to the inner mitochondrial membrane. PBR may form
a channel and increase the transfer of cholesterol to the inner mitochondrial
membrane (27), leading to the activation of P-450scc and PREG synthesis. In
glial cell cultures (28), rat brain mitochondria preparations (29), and in vivo
experiments on rats (30), PBR agonists stimulate PREG synthesis.

Fluoxetine, the serotonin reuptake inhibitor, which is currently used in the
treatment of depression, was recently reported to enhance brain neurosteroid
content in adrenalectomized and castrated rats. In fact, PREG, PROG, and 5«-
DH PROG levels fail to change, whereas fluoxetine increases 3«,5¢-TH PROG
accumulation in several brain structures, including the cortex, striatum, hip-
pocampus, and olfactory bulbs. Paroxetine, another serotonin reuptake inhibitor
is less potent in increasing 3or,5«-TH PROG levels in the brain (31). The con-
version of 5¢-DH PROG to 3«,5¢-TH PROG, which is catalyzed by the same
enzyme, is blocked by indometacin in vitro and in vivo (32).

An inhibition of central GABAergic transmission by isoniazid increases
the:concentration of PREG and PROG in rat brain and plasma, suggesting that
GABA may exert a tonic inhibitory action on the synthesis and release of these
neuroactive steroids in the central nervous system (33). Stress rapidly increases
3a,5¢-TH PROG in the rat cerebral cortex, even after adrenalectomy (34).

A role for autocrine factors is suggested by experiments using primary
cultures of astrocytes seeded at different densities. Indeed, a preferential conver-
sion of PREG to PROG occurs at low cell density, whereas the 38-HSD activity
is inhibited in dense cultures, where only 7a-OH-PREG can be detected (10).
The synthesis of neurosteroids in glial cells is also influenced by neurons. Thus,
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the Sa-reductase activity is stimulated by the addition of neuron-conditioned
medium to astrocyte cultures (35).

Genetically determined interindividual differences in the capacity to pro-
duce neurosteroids may also be important and may contribute to the variations in
individual responses to stressors. Indeed, two psychogenetically selected Swiss
rat sublines, which differ in emotional reactivity and anxiety, were analyzed for
Sa-reduced neurosteroid levels in different brain regions, and the concentrations
of 5a-DH PROG and 3w,5¢-TH PROG were significantly higher in the frontal
cortex of rats with low emotional reactivity (36).

lll. MECHANISMS OF ACTION OF PROGESTERONE
IN THE BRAIN

A. Genomic Effects

Classically, PROG binds to a selective intracellular receptor (PR). Thereafter,
the activated receptor interacts with a specific progesterone-response element
(PRE), which is generally located within the promoter region of target genes
(37). Receptor activation, leading to a transcriptionally active form, seems to
involve the dissociation of heat-shock proteins from the PR, phosphorylations,
allosteric changes, and dimerization (which is needed for binding to DNA) (38)
(Fig. 2[1-3]). The mechanisms by which the PR-DNA complex initiates mRNA
synthesis are still much debated (39). In particular, the interaction of the activated
receptor with other transcription factors (see Fig. 2{4]) and the mechanisms: by
which these complexes activate RNA polymerase 1I are poorly understood.

1. PR Ontogenesis and Distribution

The progesterone receptor appears in the rat brain of both sexes close to birth,
increases during development in a region-specific manner, despite a low level
of progesterone in blood, with a marked peak formation of the cerebral cortical
receptors at postnatal days 7-10 (especially in females), whereas the PR level
remains stable in the hypothalamus—preoptic area (40). PR exists in two forms: a
larger molecular form B, and a smaller one, form A. PCR analysis of the levels
of mRNA for the two forms show that the B form mRNA appears before the
A form (at about birth and days 8-12, respectively) in the cortex as well as the
hypothalamus. In each structure, the ontogenic patterns of the B form mRNA and
of the PR protein are similar. In adult female rat brain, the two mRNA isoforms
are expressed in the hypothalamus~preoptic area, pituitary gland, cerebral cortex,
amygdala, and cerebellum. In the two latter structures, the A form is predominant
(41).
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2. Regulation of PR Concentration

The PR levels are differentially regulated according to age, sex, and brain struc-
ture. For example, hypothalamic PR concentrations are enhanced by estradiol
in the adult male and female rabbit (42), enhanced by estradiol and lowered by
PROG in the newborn mouse (43), whereas in the cerebral cortex of the two
species, PR is not modulated by estradiol. Experiments in which the 5'-flanking
regions of the two rat PR forms were linked to a reporter gene and transfected
into MCF-7 breast cancer cells have suggested that form A, but not form B,
may be inducible by estradiol (44). This observation may explain why, in rats as
in mice, PR is induced by estradiol in the hypothalamus, where form A is pre-
dominant, but not in the cortex, where form B is the most abundant (45). In the
hypothalamus of the chick embryo, the regulation is more complex. The early
basal level of expression of PR is independent of both estradiol and progesterone,
but above that constitutive basal level, PR is controlled by the two hormones:
up-regulated by estradiol and down-regulated by progesterone (46). Likely by its
conversion to estradiol, testosterone (but not dihydrotestosterone) increases the
number of PR immunoreactive neurons in the hypothalamus of the chick em-
bryo (47). Thyroid hormones also play an important role in the regulation of PR,
particularly during development. When female rats are treated close to delivery
with propylthiouracil, which induces a neonatal hypothyroidism, the levels of
both forms of PR mRNAs and the concentration of cytosolic PR are markedly
decreased in the cerebral cortex of the newborn rats compared with the control
group, with no change in the levels of PR mRNAs in the hypothalamus—preoptic
area (48,49).

3. Cellular Distribution

The cellular distribution of the receptor has been studied in the brain, using
autoradiography and immunohistochemistry. PR is detected in neurons of the
hypothalamus, cortex, amygdala, and cerebellum. In the hypothalamus, PR is
absent from the neurons that secrete gonadotropin-releasing hormone (GnRH)
(50), whereas surrounding dopamine, neuropeptide Y, catecholamines, galanin,
GABA, opioid, tachykinins, and glutamate-containing neurons express them
(51). As a consequence, PROG may not control reproduction at the hypothalamic
level directly on GnRH neurons, but may modulate the release of neurotrans-
mitters that, in turn, may regulate GnRH neurons.

Localization of PR is not restricted to neurons: indeed, PR is also de-
tected in mixed glial cell cultures from male and female newborn rats. Indirect
immunofluorescent staining of PR is observed mainly in oligodendrocytes (prin-
cipally those prepared from female rats), but astrocytes (from females only) are
also stained. In mixed glial cell cultures of both male or female origin, the
binding of the specific PR ligand [®H]Organon 2058 is greatly enhanced by
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Figure2 Genomic and nongenomic actions of PROG and related steroids in the brain:
Genomic actions: PROG or 5¢-DH PROG binding to specific intracellular receptors
(PR) leads to their activation, involving the dissociation of heat-shock proteins (HSP90)
[1] and phosphorylation (P) [2]. The activated receptors then bind as dimers to specific
response elements (PRE) of target genes [3]. The transcriptional activity of PR can be
modulated by other transcription factors, such as c-Jun/c-Fos binding to AP-1 sites and
cAMP-response DNA-binding proteins (CREB) binding to cAMP response elements
(CRE) [4]. The activation of membrane receptors for neurotransmitters (dopamine)
or growth factors (EGF, IGF-1) can also cause ligand-independent activation of PR,
most likely by their phosphorylation [5]. By activating second-messenger systems,
such as the cAMP-dependent signaling cascade, membrane actions of steroids may
produce long-term changes in gene expression [6]. PROG and PREG may also bind
to the pregnane X receptor type 1 (PXR1), which forms a heterodimer with a 9-cis-
retinoic acid receptor (RXR). Both PXR1 and RXR interact with the activator protein
1 (SRC-1) [14]. Whether this receptor exists and plays a role in the brain remains
uncertain. Nongenomic actions: Alternatively, PROG may intercalate into phospholipid
bilayers [7] or bind to specific membrane receptors [8]. Intracellular PR may also
act on the cellular membrane [9], but such a mechanism remains to be demonstrated.
PROG and related steroids may modulate ion channels [10], ionic ATPase enzymes
[11], or interact with ligand-gated ion channels (GABAj receptor, NMDA receptor,
nicotinic acetylcholine receptor, glycine receptor) or G protein-coupled receptors for
neurotransmitters (sigma receptor, oxytocin receptor) [12],[13]. PROG, (B): 5«-DH
PROG, (#); PREGS, (A); PREG, (¥); 3¢,5¢/58-TH PROG, (®).

estradiol. In pure cultures of astrocytes, PR immunoreactivity is weak, restricted
to female cell cultures, and insensitive to estradiol (52). When studying the ex-
pression of steroid hormone receptors in human astrocytic neoplasms, Carroll
et al. (53) showed that PR mRNAs are present in high-grade tumors, whereas an-
drogen and glucocorticoid receptor mRNAs are constantly present, and estrogen
receptor mRNAs are always absent.

4. What Are the Target Genes of PROG in the Brain?

Studies of changes in mRNA levels by RI-PCR, in situ hybridization and
RNase protection assay have allowed the identification of PROG-regulated gene
networks and have provided a large amount of information concerning the
widespread actions of PROG within the central nervous system. PROG influ-
ences the activity of neuronal and glial genes, but the underlying mechanisms are
unknown, and it is unsure whether the steroid influences the expression of these
genes directly. For example, Weiland and Orchinik (54) described a regulation
of GABA, receptor subunit mRNAs by PROG in the female rat hippocam-
pus. Indeed, PROG suppressed o1-, slightly decreased o2-, largely increased
y2-, and had no effect on $1- and f2-subunit mRNA levels. Another example
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of regulation of GABA, subunit expression by PROG is given by the ‘‘pro-
gesterone withdrawal syndrome,”” which corresponds to an increased seizure
susceptibility and an insensitivity to benzodiazepine sedatives. This syndrome
was very recently shown to be associated with increases in «4-subunit levels of
GABA, receptors in pyramidal neurons from the rat CAl hippocarmpus (55).
The authors clearly demonstrated that reduced levels of 3a,5¢-TH PROG, fol-
lowing PROG withdrawal, enhanced the transcription of the gene encoding the
o4-subunit.

In vivo experiments performed in the ewe show a dramatic increase in
the number of pituitary GnRH receptor mRNAs during luteolysis, when mean
concentrations of PROG in the serum have decreased and before the increase
of estradiol (6). In estrogen-primed rats, PROG upregulates the expression of
medial preoptic p-opioid receptors (57). In estrogen-primed monkeys, PROG
decreases the expression of tyrosine hydroxylase mRNA in the ventral arcuate
dopaminergic neurons (58).

Only very few observations have documented a direct effect of PROG
on target genes. PROG increases mineralocorticoid receptor (MR) mRNA lev-
els in the hippocampus in vivo and in vitro in cultures of hippocampal neu-
rons. This stimulatory effect of PROG consists in a twofold increase in activity
of the MR promoter transiently transfected into neuroblastoma and pituitary
cells (59). Another example of a PROG-sensitive gene is the ovine follicle-
stimulating hormone-f (FSH-8) gene, which contains six PRE-like elements in
its 5'-flanking region. Band-shift experiments allowed discernment that each of
the PREs can bind the human PR and enhance the expression of a reporter gene
(60).

5.  Protein—Protein Interactions

In fact, the action of steroid hormones on gene regulation is not a simple ‘‘one
ligand-one receptor-one DNA response element’’ relation. PR and GR bind ito
identical response elements on the preproenkephalin gene, suggesting important
competitive interactions in controlling the transcription of this gene (61). In-
teractions of estrogen receptor (ER) and thyroid hormone receptor (TR) have
been described on an estrogen response element sequence identified in the PR
proximal promoter. Because ER, TR, and PR are all present in hypothalamic
neurons, these findings may be significant for endocrine integration and impor-
tant for reproductive behavior (62).

DNA-protein interactions are further complicated by possible protein—
protein interactions. For instance between PR and transcription factors such as
AP-1 (homodimers and heterodimers of c-jun and c-fos), which mutually in-
fluence their activities (63) (Fig. 2[4]). A physiological example of such cross-
modulation is given by observations of the uterine endometrial epithelium during
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the cycle in which AP-1-dependent matrix metalloprotease secretion is down-
regulated by PROG. The regulation is probably mediated through AP-1 (64).
Interactions between PROG and AP-1 transcription factors also play an im-
portant role in the nervous system, in which long-lasting changes in neuronal
functions can be caused by AP-1 signaling through the transcriptional regulation
of downstream target genes (65). On the rat PR gene, interactions between the
estrogen receptor and AP-1-binding proteins could underlie competitions and
synergies between steroids and neurally signaled events (61).

B. Nongenomic Actions

The genomic mechanism of action of progesterone may explain some, but not
all, its effects in the central nervous system. Indeed, some effects of PROG are
too rapid to involve the PR. In electrophysiological studies, Smith et al. reported
that locally applied PROG, but also its metabolites S«¢-DH PROG and 3¢,5¢-TH
PROG (which has no affinity for intracellular PR), altered neuronal responsive-
ness in the cerebellum (66). They observed that GABA-induced inhibition of
Purkinje cell responses were markedly enhanced, whereas excitatory responses
to glutamate were attenuated within less than 3 min after initiation of steroid
application. In both cases, recovery to control levels of response was obtained
6-9 min after termination of pressure application of the steroid. The same results
were obtained after systemic injection of PROG (67,66).

Finally, all the effects of PROG cannot be explained by a genomic mecha-
nism. Moreover such a mechanism can neither account for the action of precur-
sors or metabolites of PROG, which have no affinity for the PR. The rapid effects
of neurosteroids suggest a membrane mechanism of action. How do PROG, its
precursors (PREG and PREGS), and its metabolites (5¢-DH PROG and 3,5
or 58-TH PROG) exert their effects at the membrane level?

1. Neurosteroids and Membrane Fluidity

It has been proposed that PROG, because of its lipophilic properties, may alter
the fluidity of the cellular membrane by intercalating into phospholipid bilayers
(see Fig. 2[7]). Progestagens and other steroids have indeed been shown to mod-
ify the viscosity of synaptic membranes (68), and changes in membrane fluidity
have been reported to affect the activity of several neurotransmitter receptors
and membrane-bound enzymes (69). However, this mechanism of action does
not account for the stereospecificity of steroid membrane effects.

2. Specific Membrane Receptors

In radioactive hormone-binding experiments, specific membrane receptors (see
Fig. 2[8]) have been sought with much difficulty, precisely because of the lipo-
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philic structure of PROG and its nonspecific association with the cell membrane.
Binding sites for PROG in synaptic membranes were first described by Towle
and Sze (70). Then, it was shown that radioiodinated bovine serum albumin
conjugated to PROG (PROG-BSA), which supposedly does not enter cells, can
bind to a 40- to 50-kDA protein of synaptosomal preparations (71). In plasma
membrane fractions from the hypothalamus—preoptic area, two binding sites for
PROG were detected: a high-affinity—binding site with a K3 of 14£1.3 nM and
a Bpax of 61.542.7 pmol/mg protein, which is up-regulated by long-term PROG
treatment, and a low-affinity binding site coupled to a cholera toxin-sensitive G
protein (72) (see Fig. 2[12]). More recently, a cDNA encoding a PROG-binding
protein of 194 amino acids, with a transmembrane segment, was sequenced from
porcine vascular smooth muscle cells, and the corresponding mRNA was also
detected by Northern blot analysis in the cerebellum (73).

3. Possible Action of Intracellular PR at the Membrane Level

Progesterone may exert nongenomic effects on neurotransmission not only by
acting on membrane sites, but also by binding to cognate intracellular receptors
(see Fig. 2[9]). Such a mechanism is suggested by the immunocytochemical
localization of PR in dendrites and axon terminals. In these parts of the neuron,
far from the nucleus, the receptors would not be expected to act as transcription
factors, but instead, could influence neurotransmission by acting locally, possibly
after association with the synaptic membrane (74,75). Such a mechanism remains
to be demonstrated, however.

4. Neurosteroids, lon Channels, and lonic ATPase

Specific actions of neurosteroids on ion transport across the neuronal plasma
membrane have been described (see Fig. 2[10]). In hippocampal CA1l neurons,
Ffrench Mullen et al. (76) observed an inhibition by PREG, PREGS, and 3w,58-
TH PROG (but not PROG) of both the N- and L-type calcium channel currents,
mediated by a pertussis toxin-sensitive G protein mechanism, associated with
the activation of protein kinase C. PROG still has no effect on calcium channels
of hypothalamic neurons from the ventromedial nucleus; however, the synthetic
progestin megestrol acetate inhibits some high-threshold Ca?* channel currents:
not the N-type nor the P-type Ca?" channel currents, but the residual current.
Appetite enhancement induced by megestrol acetate might be partly due to the
inhibition of these Ca%t channel currents, and the attenuation of the firing of
ventromedial nucleus neurons, involved in satiety mechanisms (77).
Neurosteroids can also interact with ionic ATPase enzymes (see Fig. 2[11}).
For example, PREGS administered to rats decreases basal and calmodulin-
stimulated Mg?*,Ca®*-ATPase activity in synaptosomal membranes from the
cortex, whereas it increases calmodulin-evoked stimulation of Mgt Ca?*-
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ATPase in cerebellar synaptosomes (78). Effects of neurosteroids on mem-
brane ATPase are not restricted to neurons: indeed, PROG is able to inhibit
the Na™ ,K*-ATPase pump in astrocyte cultures (79).

5. Interaction with Receptors for Neuromediators

A major breakthrough was the discovery that PROG, its precursors, and metabo-
lites, interacted with membrane receptors for neurotransmitters (see Fig. 2[12],
[13]). A now classic example is the modulation of GABAA receptors by the
PROG metabolite, 3«,5¢-TH PROG. This neurosteroid facilitates GABA action
at nanomolar concentrations and opens the chloride channel at micromolar con-
centrations (in the absence of GABA). It potentiates both benzodiazepine and
GABA binding, and inhibits the binding of the convulsant z-butylcyclophos-
phorothionate (TBPS) (80-82). The steroid interaction sites seem distinct from
those of barbiturates and benzodiazepines. Transfection studies show that the ef-
fects of 3o,5¢-TH PROG depends on the GABA 4 receptor subunit composition.
Electrophysiological studies performed on embryonic kidney cells (HEK 293),
transfected with various subunit combinations, demonstrate that the 3«,5¢-TH
PROG site is probably situated on the B-subunit, because steroid actions are
still preserved using homo-oligomeric B 1-subunit receptors (83). The B-subunit
subtype does not seem to influence the response. For the «-subunit, the results
vary according to the cells used (HEK 293 or oocytes), the origin of the subunits
(mouse, human, or bovine) and the GABA, receptor function tested (currents,
binding, or chloride flux; 84,85). In particular, discord exists concerning the
role of a6-subunit. However, very recent experiments reveal the importance of
the a4-subunit. Indeed a reduction in brain 3¢,5¢-TH PROG levels enhances
transcription of the gene encoding the a4-subunit (55). In fact, the action of
the synthetic analogue of 3a,5¢-TH PROG, ganaxolone, which is under clinical
investigation for treatment of epilepsy, does not seem to be influenced by the
a-subunit subtype (86). The role of the y-subunit was studied in electrophysio-
logical experiments, which show a much greater effect of 3«,5¢-TH PROG on
the o181y 1-subunit combination than on receptors composed of «181y2L- or
a1B1y3-subunits (87). This observation has potential physiological importance
because glial cells, which synthesize neurosteroids, possess GABAa receptors
(88) and are known to express the y1-subunit. Finally, the presence of the §-
subunit or the new g-subunit seems to have no importance or to be inhibitory,
depending on the type of effect (modulatory or mimetic) of the steroid (89,90).
Other neurosteroids also enhance GABA4 receptor function; namely, the sul-
fate esters of 3u,5¢-TH PROG and 3¢,58-TH PROG (91). These interactions
between neurosteroids and GABA, receptors may explain the anesthetic, hyp-
notic, and anxiolytic effects of some progestagens and make 3o,5¢-TH PROG
one of the most potent modulators of neuronal activity.
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On the other hand, neurosteroids, such as PREGS and other 38-hydroxy-
steroid sulfate esters (i.e., 38,5a¢-TH PROG sulfate), are excitatory neurosteroids
because, for example, at low micromolar concentrations, they decrease GABAA
receptor-mediated 3C1~ uptake into synaptoneurosomes (91). PREGS enhances
the binding of [*H]muscimol to synaptosomal membranes from the rat cerebel-
lum, cortex, hippocampus, and thalamus, but inhibits [*H]Jmuscimol binding to
synaptosomes from the hypothalamus (92). PREGS slightly potentiates benzodi-
azepine binding, and inhibits the binding of [3SS]TBPS (93). PREGS antagonizes
electrophysiological responses to GABA in cerebral cortical neurons of neonatal
rats (94). Therefore, distinct sites for neurosteroids, mediating distinct allosteric
modes of interaction, seem to exist on the GABA4 receptor.

Neurosteroids can interact with the glycine receptors. Glycine represents
the major inhibitory neurotransmitter in the spinal cord. In primary cultures of
chick spinal cord neurons, PROG surprisingly inhibits glycine currents, whereas
it produces an opposite effect on GABA, currents (probably by its conversion to
3a,5¢-TH PROG). PREGS is a negative modulator of both GABA 4 and glycine
receptors, and 3¢,5¢-TH PROG is inactive on the glycine receptor (95).

Neurosteroids also directly modulate excitatory glutamate receptor func-
tion. PREGS potentiates N-methyl-D-aspartate (NMDA)-mediated response and
slightly inhibits the currents induced by kainate and «-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA) in cultures of spinal cord neurons
from chick embryos. PREGS potentiation of the NMDA response is unchanged
in the presence of maximal glycine, probably because PREGS does not act
through the glycine modulatory site on the NMDA receptor (96). The interaction
of PREGS with the NMDA receptor may partly explain the memory-enhancing
effects of PREGS (97). On the contrary, some peurosteroids are negative modu-
lators of glutamate receptors: 3¢,58-TH PROG sulfate inhibits the NMDA and
non-NMDA receptor-mediated responses, whereas the free steroid is ineffective
(98). Finally PREGS may exert excitatory effects by inhibition of GABA, re-
ceptors or stimulation of NMDA receptors, whereas 3c,58-TH PROG sulfate
may depress brain excitability by positive modulation of the GABA4 receptor
or inhibition of NMDA receptor activity.

However, NMDA receptor-mediated actions of PREGS may be indirect
and opposite the direct ones. Indeed, Monnet et al. (99) observed that PREGS
inhibits the release of [*H]norepinephrine evoked by NMDA in rat hippocampal
slices. This effect is indirect through sigma (o) receptors, for the o-antagonist
haloperidol, inactive by itself, completely prevents the inhibitory effect of
PREGS. Similarly, PROG enhances [*H]dopamine release stimulated by NMDA
in rat striatal slices (100), probably through a direct interaction with the NMDA
receptor; whereas, similar to PREGS, it inhibits [3H]norepinephrine release
evoked by NMDA in hippocampal slices (99) and suppresses dehydroepiandro-
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sterone-induced potentiation of the CA3z pyramidal neuron response to NMDA
(101), in both cases by Gj/o-coupled o 1-receptors.

Interactions of neurosteroids with other receptors for neuromediators have
been described. For example, PROG inhibits the function of brain nicotinic
acetylcholine receptors in a voltage-independent manner (102). PROG and 3,5~
TH PROG inhibit nicotine-induced dopamine release and 3°Rb™ efflux in mouse
striatal and thalamic synaptosomes, suggesting an inhibitory effect of these
steroids on «4p2- and «3-containing nicotinic receptors, respectively (103). In
vitro experiments performed on hypothalamic and pituitary membranes showed
an inhibitory effect of PROG on the binding of ligands to muscarinic receptors.
PROG increased the K4 without altering the number of binding sites. This effect
was rapid and reversible (104).

Very recently, Grazzini et al. (105) showed that PROG can directly interact
with the oxytocin receptors from the rat parturient uterus. They also showed that
PROG bound to recombinant rat oxytocin receptors expressed in CHO cells,
and suppressed oxytocin-induced inositol phosphate production and calcium
mobilization. Interestingly, in CHO cells transfected with the human oxytocin
receptor, oxytocin binding and oxytocin-evoked inositol phosphate production
were unaffected by PROG, but were altered by its metabolite 58-DH PROG.
The direct interaction of PROG (and 58-DH PROG) with G protein-coupled
oxytocin receptors, which may account for the reduction of uterine contractil-
ity, may also be important in regulating oxytocin receptor function within the
brain.

Interestingly, some membrane effects of neurosteroids may be direct, some
others may be indirect, and linked to a modulation of neurotransmitter release,
through calcium channels or neurotransmitter receptors. Indeed, pulsatile admin-
istration of PROG or PROG-BSA rapidly stimulated dopamine (DA) release
from striatal fragments of estrogen-primed rats, whereas continuous adminis-
tration had no effect on spontaneous DA secretion, but potentiated L-DOPA-
stimulated and inhibited amphetamine-evoked DA release (106). PROG also
stimulated NMDA-induced DA release in striatal slices from rats in proestrus
(107). 30,50¢-TH PROG reduced the depolarization-induced release of GABA
and glutamate from hippocampal slices in a barbiturate-like manner (108). In
hypothalamic neuronal cultures, 3e,5¢-TH PROG potentiated GABA inhibition
and reversed bicuculline-induced augmentation of somatostatin release (109). In
vivo experiments have shown that intracerebroventricular injection of 3¢,5¢-TH
PROG inhibited basal acetylcholine release and prevented the stress-induced in-
crease of acetylcholine release from the prefrontal cortex and hippocampus of
freely moving rats (110). PREGS administration can transiently correct memory
deficits in aged rats, probably by a stimulation of acetylcholine release in the
hippocampus (111).
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C. Crosstalk Between PROG, PR, and Other
Signaling Pathways

A series of experiments has given increasing evidence for a complex crosstalk
between steroids and signal transduction pathways: steroids can influence second
messengers, and the transcriptional activity of the steroid receptors, in turn,
can be regulated by intracellular-signaling molecules and by phosphorylation
cascades (see Fig. 2[21,[4)).

Several results suggest that neurosteroids may interact with G protein-
coupled receptors or effector systems in neuronal membranes. In brain slices,
physiological concentrations of PROG can inhibit norepinephrine-stimulated
cAMP accumulation (112) or stimulate GTPase activity within several minutes
of exposure to steroid, consistent with a PROG interaction with G protein-
coupled receptors (113). PROG may also modulate the activity of transcription
factors, such as the cAMP response element-binding protein (CREB) (Fig. 2[6]),
which is present in most hypothalamic neurons and activates many neuro-
peptide genes. Indeed, acute administration of PROG to estrogen-primed rats
rapidly decreased (within 30 min) and then increased (30 min later) the ex-
pression of phosphorylated CREB in the anteroventral periventricular nucleus
(114).

Second messengers can also modify the activity of intracellular steroid
receptors. For instance, in hypothalamic cell cultures, PROG enhances the lev-
els of pro-opiomelanocortin, but only in the presence of elevated levels of
cAMP (115). Moreover, activation of protein kinase cascades can affect the
ligand specificity of steroid receptors. For example, in the presence of 8-bromo-
cAMP, the PROG antagonist mifepristone (RU 486) behaves as an agonist and
activates gene transcription in T47D breast cancer cells (116). Phosphoryla-
tion of PR may even lead to its activation in the absence of hormone (see
Fig. 2[5]). Indeed, kinase activators and growth factors such as insulin-like
growth factor-1 (IGF-1) can cause ligand-independent activation of the PR in
uterine cells (117). In the brain, activation of neurotransmitter receptors can
lead to such phosphorylation: treatment of monkey kidney cells expressing the
chicken PR with a selective dopaminergic D agonist activates the PR, as does
treatment with the protein phosphatase inhibitor okadaic acid (118). Similar ef-
tects may play a role in the brain, regulating behavior, for the infusion of a D)
receptor agonist into the third ventricle can mimic the PROG effect of facilitat-
ing lordosis in ovariectomized, estrogen-primed rats. Administration of a D or
a progesterone receptor antagonist or PR antisense polynucleotides reverses this
- effect (119). These observations suggest that dopamine may facilitate female
sexual behavior by activating hypothalamic PR, possibly even in the absence
of PROG.
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D. Complexity of Neurosteroid Mechanisms of Action

Progesterone can exert long-lasting effects on the brain by the classic intracel-
lular PR, but also act rapidly at the membrane level, by still hypothetic mem-
brane receptors or via NMDA, glycine, or nicotinic acid receptors. Other neuro-
steroids, such as PREGS and reduced metabolites of PROG (5¢-DH PROG and
3a,5a/58-TH PROG) exert their effects in the brain by membrane mechanisms;
for .example, through receptors for neurotransmitters or ion channels.

Things are, however, more complex because the So-reduced metabolite
of PROG, 5a-DH PROG (which is also the immediate precursor of 3a,5¢-TH
PROG, the positive modulator of GABA, receptors), was recently shown to
regulate gene expression by the PR. In a neuroblastoma-cell line cotransfected
with the expression vector for the human or the chicken PR (hPRB and cPRB) and
a reporter plasmid encoding the mammary tumor virus (MTV) promoter coupled
to the luciferase gene, Sa-DH PROG was able to activate both receptors. The
transactivation induced by Sa-DH PROG required the ligand-binding domain
of the PR. Also, radioactively labeled 3¢,5¢-TH PROG was rapidly converted
to Sa~-DH PROG, which bound to the cPR and the hPR, and induced gene
expression (120,121). Thus, Se-DH PROG may act rapidly by its conversion to
3a,5¢-TH PROG and an interaction with GABA 4 receptors. It may also regulate
gene expression by the PR.

The second remark concerns a new kind of nuclear receptors identified in
the liver and intestine, the pregnane X receptors (PXR), which belong to the
family of orphan receptors. Among the two isoforms, PXRj is preferentially
activated by micromolar concentrations of PREG and PROG (see Fig. 2[14]).
PXR; can bind as heterodimers with 9-cis-retinoic acid receptors (RXR) to
hormone response elements (HRE) in the promoter region of CYP3A genes:
These genes encode cytochrome P-450s, which are involved in the hydroxylation
of various steroids, including corticosteroids and progestins (122). Whether this
kind of receptor is present in the brain and whether it is involved in physiological
actions of neurosteroids are still unknown.

IV. EFFECTS OF PROGESTERONE, ITS PRECURSORS
AND METABOLITES, IN THE BRAIN

A. The Regulation of Gonadotropin Secretion

Although the negative feedback exerted by PROG on luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) release is well established, the positive
influence of PROG on the hypothalamus and the pituitary gland remains a subject
of extensive investigation (123). As early as 1948, Everett had suggested that
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the effect of PROG on ovulation may be facilitatory or inhibitory, depending on
the time and duration of administration during the cycle.

1. Progesterone and the Gonadotropin Surge

It now seems to be clear that the main event leading to ovulation in mammals, the
LH surge, is triggered by estradiol acting not only at the pituitary, but also at the
hypothalamic level (124). The participation of PROG, together with estradiol, in
the induction of the gonadotropin surge is still debated, at least for humans, in
whom no significant rise in circulating PROG can be measured before ovulation.
However, several experiments performed mainly in rats favor the hypothesis of
a complementary short-term effect of PROG in this induction. Indeed, when
mifepristone (RU 486) or the progesterone synthesis inhibitor trilostane is ad-
ministered to cycling rats on proestrus morning, the preovulatory LH surge is
much attenuated (125), and the estrus behavior (lordosis and proceptivity) de-
creases (126). The source of PROG could be the adrenal gland, rather than the
ovary. Indeed, adrenal vein cannulation studies in the rat have shown a rise
in adrenal PROG in proestrus, that precedes a rise in ovarian PROG. Ovariec-
tomy on the day of the expected surge in PMSG-primed immature female rats
does not interfere with the gonadotropin surge, whereas the administration: of
mifepristone 2 h after ovariectomy, prevents it (51).

a. PROG Actions on the Pituitary Gland

Progesterone modulates the anterior pituitary responsiveness to GnRH in a bipha-
sic manner. In rat pituitary cell cultures and pituitary glands of cycling rats
superfused in vitro, brief treatment with PROG enhanced (127,128), whereas
prolonged PROG treatment suppressed (129) the LH response to GnRH. More-
over, exposure of dispersed pituitary cells to PROG enhanced the release of LH
induced by secretagogues that act distal to the GnRH receptor, such as protein
kinase C activators (130). The ability of PROG to modulate GnRH receptors
was also studied, and the results were discordant. However, it seems that PROG
could exert a biphasic effect, with a short treatment increasing, but a prolonged
treatment decreasing GnRH receptors (131).

Besides genomic effects of PROG on the pituitary gland through the PR,
some rapid effects of steroids on gonadotropin release have been described.
In ovariectomized rats injected with estradiol, a single injection of 3w,5¢-TH
PROG can significantly increase the release of LH. Estrogen priming is necessary
but this effect, which is not prevented by the PROG antagonist mifepristone,
appears to be mediated by the GABA, receptor (132). The release of FSH in
the same animal model can be stimulated by 5¢-DH PROG (133) through the
same GABA, receptor, and inhibited in cultured pituitary cells by 3¢-hydroxy-
4-pregnen-20-one (a steroid that is electively synthesized in the pituitary), by
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an interaction with the phosphoinositol-signaling cascade and Ca®>* channels
involved in the GnRH transduction pathway (134). Although the slow alterations
in gonadotropin levels can be controlled by the genomic action of steroids, the
rapid oscillations may be the result of nongenomic actions (135).

b. Progesterone’s Actions on the Hypothalamus

In the cycling rat, the gonadotropin surge is preceded by an initial increase
in GnRH that may contribute to its self-priming effect on the pituitary (136).
The second increase in GnRH release 2 or 3 h later, which initiates the surge
(137), seems to be induced by acute PROG release, but not estradiol. Estradiol
is necessary (ovariectomized rats have to be estrogen-primed), but not sufficient,
and the surge of GnRH occurs only after acute administration of PROG (138).

In vitro studies show that PROG enhances GnRH mRNA levels (139),
GnRH concentration (140), induces c-Fos in GnRH neurons (141), and stimu-
lates GnRH release from rat mediobasal hypothalamus (142). In vivo studies,
using push—pull perfusion of the mediobasal hypothalamus, demonstrate that an
intermittent or acute administration of PROG to estrogen-primed rabbits (143) or
monkeys (144) increases the amplitude of the largest GnRH pulse as well as the
frequency of GnRH pulses. Moreover, PROG can also increase the availability
of GnRH to the pituitary gland by inhibiting the activity of GnRH-degrading
enzymes (145).

The genomic effect of PROG on GnRH release is indirect because GnRH
neurons are devoid of PR. Thus, PROG may induce the release of neuromedi-
ators from surrounding neurons containing neuropeptide Y and norepinephrine
(144,146), but also opioids, galanine, glutamate, or GABA which, in turn, may
modify the spontaneous release of GnRH. The double-labeling of PR and Fos
protein could provide a useful marker to aid in identification of neurons that
respond to PROG (147).

Rapid effects of PROG and BSA-conjugated PROG, which does not cross
cell membranes, have also been described in superfused mediobasal hypothala-
mus slices (148,149) and GnRH-secreting immortalized GT1-1 neurons (150).
Moreover 3o,5¢-TH PROG, which can be metabolized from PROG by hypotha-
lamic GT1-1 neurons, stimulates the release of GaRH (151). Two other PROG
metabolites, 20a-DH PROG and 38,58-TH PROG, infused in a pulsatile man-
ner with push—pull cannulae into the hypothalamus of rabbits, are also effective
in rapidly stimulating the release of GnRH in vivo (143). Except in experi-
ments performed on GT1-1 cells, the effect of PROG, PROG-BSA, and PROG
metabolites occurred only after a previous estrogen priming, suggesting that an
estrogen-inducible binding component was also involved in these rapid, presum-
ably nongenomic, actions of PROG. In GT1-1 cells, we demonstrated that the
effect of 3a,5¢-TH PROG was clearly mediated by the GABA, receptor (151),
whereas the action of PROG-BSA, which occurred with different kinetics, did
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not involve the GABA, receptor, but was blocked by L-type calcium chan-
nels blockers and a protein kinase A inhibitor (150). The interaction between
genomic and membrane effects of PROG in the stimulation of GnRH release
should be further studied.

The complexity of the neuroendocrine regulation of gonadotropin surge
is further enhanced by the new hypothesis of Levine (152), which states that
estrogen may stimulate expression of PR which, in turn, may be transactivated
(even in the absence of PROG) after stimulation of neurotransmitter receptors
coupled to adenylate cyclase. Activated PR may thereafter regulate transcription
of target genes that control transmitter synthesis and release in neural circuitries
governing GnRH gene expression and/or pulsatile GnRH release.

2. Negative Feedback Action of Progesterone

A high rise in circulating PROG blocks the positive-feedback action of estradiol
and prevents ovulation (153). The site of action of PROG in the blockade of
the estradiol-induced gonadotropin discharge is mainly:the hypothalamus (154)
by an inhibition of the GnRH surge (155), but PROG can also decrease the
responsiveness of pituitary cells to GnRH (156).

The electrophysiological manifestations of the GnRH pulse generator ac-
tivity can be continuously monitored by radiotelemetry throughout the menstrual
cycle in the monkey. During the LH surge, a dramatic decrease in pulse genera-
tor frequency occurs, presumably as a consequence of the rapid rise in estradiol.
Then, the GnRH pulse frequency remains markedly reduced along the luteal
phase until the early follicular phase of the next cycle (when GnRH pulsatility
increases, probably owing to an escape from the inhibiting influence of PROG;
157). Similarly in ovariectomized ewes, a sustained elevation of circulating pro-
gesterone diminished or abolished the pulsatile secretion of GnRH (158). Finally,
this progesterone-induced lowering of GnRH pulse frequency accounts for the
absence of gonadotropin surges in the luteal phase of the menstrual or estrous
cycle, despite occasional rises in circulating estradiol to a concentration suffi-
cient for surge induction (159). The observation of this antigonadotropic action
of PROG has led to the use of progestins as contraceptives.

B. Progesterone and Prolactin Release

In vivo, PROG actions on prolactin secretion depend on the time and the
concentration administered. Indeed, estrogen-primed monkeys became hyper-
prolactinemic after the administration of physiological doses of PROG, and
mifepristone fully reversed this effect (160). Consistent with this hyperpro-
lactinemic effect, PROG decreased the expression of tyrosine hydroxylase (TH)
mRNA in the monkey ventral arcuate dopaminergic neurons. The decrease in
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TH mRNA may be associated with decreased dopamine reaching the pituitary
cells and with the suppression of the inhibitory influence exerted by dopamin-
ergic neurons on prolactin release (58). Similarly, in estrogen-primed rats, a
single injection of PROG in the morning advanced and amplified the afternoon
prolactin surge and decreased the activity of tuberoinfundibular dopaminergic
neurons (161). Conversely, sustained high levels of circulating PROG inhibited
hyperprolactinemia induced by estradiol implants in the arcuate nucleus of rats
(162).

In vitro experiments demonstrated that 3w,5¢-TH PROG inhibited the
spontaneous release of prolactin from rat pituitary cell cultures by an interaction
with the GABA, receptor (163).

C. Trophic and Neuroprotective Effects of Progesterone
and Related Steroids in the Brain

1. Trophicity and Development

It has become clear that PROG has important effects on adult female brain
structure and function and participates in the cyclic synaptogenesis in adult hip-
pocampus. Indeed, PROG exerts biphasic effects on apical dendritic spine density
in CA1 hippocampal pyramidal cells: it first rapidly potentiates the estrogen-
induced spine formation, but then triggers the down-regulation of spines. Ad-
ministration of PROG speeds up the decline, which is blocked by mifepristone
administration. These steroid actions are dependent on the brain region: estradiol
and PROG do not affect spine density of CA3 pyramidal cells or granule cells of
the dentate gyrus (164). In the rat arcuate nucleus, estradiol and PROG also play
a role in phased synaptic remodeling (loss and regain of axosomatic synapses
during the 48-h period between the morning of proestrus and the morning of
metestrus): estradiol lowers the number of axosomatic synaptic profiles; PROG,
which has no effect alone, blocks the effect of estradiol on synapses (165).
Whether PROG that is locally synthesized by glial cells plays a role in
neuronal development and survival is not well known. PROG affects the survival
of neurons in vitro: indeed, pure cultures of neurons from the rat or mouse
embryonic brain always survive longer when PROG is present in the medium
(the currently used Bottenstein and Sato’s medium contains 20 nM PROG)
(166). During nerve cell development, the undulating process of cytoarchitectural
emergence and retraction constitutes a normal growth pattern. Neurosteroids may
play a role in this retraction-emergence process, which occurs normally within
minutes; in vitro experiments performed on cultured fetal hippocampal neurons
show that 3¢,5¢-TH PROG induces cytoarchitectural regression in nerve cells
that have not yet established contacts with other nerve or glial cells within a
relatively rapid time frame. In older more mature cultures, in which neurons
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have established structural connections, 3a,5a-TH PROG protected cells from
picrotoxin-induced nerve cell death (167).

2. Neuroprotection and Myelin Repair

In vivo studies have documented the role of PREG and PROG after brain injury.
Thus, PROG reduces the consequences of contusion lesions in the rat frontal cor-
tex, including cerebral edema, secondary neuronal degeneration, and behavioral
impairment (168). PROG suppresses plasma extravasation within the meninges
after electrical stimulation or substance P administration, probably by its conver-
sion into 3e,5¢-TH PROG and an interaction with the GABA receptor (169).
In vivo and in vitro studies have shown that 3«,58-TH PROG sulfate (and its
synthetic homologue 3a-hydroxy-58-pregnan-20-one hemisuccinate), which is
a negative modulator of NMDA receptors, could exert neuroprotective effects
against cerebral ischemia in rats and NMDA:-induced cell death in cultures of
rat hippocampal neurons (170). PROG also protects the brain against lipid per-
oxidation after traumatic injury, and limits the damage caused by free radicals
to the blood-brain barrier (171).

Moreover, PROG prevents gliosis and astrocyte proliferation: when go-
nadectomized rats are treated with PROG immediately after a longitudinal inci-
sion across the parietal cerebral cortex, the CAl field of the dorsal hippocam-
pus, or the dentate gyrus, the number of glial fibrillary acid protein (GFAP)-
immunoreactive astrocytes decreases in the vicinity of the wound (172). In vitro,
at physiological concentrations of potassium, PREG and PREGS increase the
extension of GFAP-immunoreactive processes in cultured hippocampal slices,
whereas both neurosteroids modulate the effect of high concentrations of potas-
sium by rapidly inhibiting the extension of GFAP-positive processes, in agree-
ment with in vivo observations after brain injury (173). Microglia also reacts
to trauma or chronic diseases with proliferation and expression of cytokines
associated with inflammatory events. PROG inhibits microglial proliferation in
isolated cultures (174).

An interesting series of observations performed in our laboratory con-
cerning the peripheral nervous system is worth reporting. We found that the
concentration of PREG in the human sciatic nerve is more than 100-fold the
plasma level of the steroid (175). In the rat sciatic nerve, PREG (176) and
PROG (177) concentrations are higher than in the plasma and remain high af-
ter adrenalectomy and gonadectomy. Rat Schwann cells in culture can convert
25-OH cholesterol into PREG (176) but the synthesis of PROG, 5«¢-DH PROG,
and 3a,5¢-TH PROG occurs only if Schwann cells are exposed to a diffusible
neuronal factor (177,178). We have recently demonstrated that PROG plays
an important role during myelin repair in the peripheral nervous system. After
cryolesion of the mouse sciatic nerve, axons and their myelin sheaths degenerate
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quickly in the distal segments by wallerian degeneration. Schwann cells start to
proliferate and myelinate the regenerating fibers after 1 week. Two weeks after
production of the lesion, myelin sheaths reach one-third of their final thickness.
In the damaged portion of the nerve, PREG and PROG levels remain high and
even increase 15 days after lesion induction. The inhibition of PROG synthesis
or action by repeated local applications of the 38-HSD inhibitor trilostane (see
Fig. 1) or of mifepristone, the potent competitive antagonist of PR, markedly
decreases the thickness (number of lamellae) of myelin sheaths 15 days after
lesion formation, whereas the inhibitory effect of trilostane is reversed by the
simultaneous application of PROG. Moreover, application of 100 ug of PREG
or PROG close to cryolesioned sciatic nerves increases the thickness of myelin
sheaths after 15 days (177). Further experiments should explain the mechanisms
involved in PROG action. It is likely that neurosteroids exert their trophic ac-
tions by acting in concert or even in synergy with growth factors, such as IGF-1
or nerve growth factor (NGF).

In the central nervous system, the effects of PROG on myelin repair are
unknown. However, in primary cultures of rat glial cells (consisting of 60%
oligodendrocytes and 40% astrocytes), PROG increases the expression of two
myelin-specific proteins in the oligodendrocytes, the myelin basic protein (MBP)
and the 2/,3'-cyclic nucleotide-3'-phosphodiesterase (CNPase), and a myelin-
specific lipid, galactocerebroside (Gal C), as measured by immunofluorescence
(179). These observations suggest that PROG might also play a role in myelin
repair in the central nervous system.

D. Behavioral Effects
1. Sexual Behavior and Aggressiveness

Dehydroepiandrosterone (DHEA) and its 38-methyl analogue inhibit the ag-
gressive behavior of castrated male mice toward lactating female intruders. This
inhibition is correlated with a profound decrease of brain PREGS concentra-
tions (180). PREGS negatively modulates GABAA receptors. It is tempting to
speculate that the GABA antagonist effect of PREGS is related to the devel-
opment of aggressive behavior, for the potentiation of GABAergic control by
a competitive inhibitor of GABA transaminase reduces this form of aggression
(181). The PREGS decrease observed after DHEA administration may enhance
the action of endogenous GABA and, thereby inhibit male aggression against
lactating females. PROG can also reduce aggressive behavior in rodents of
either sex, without depressing the general locomotor activity of the animals,
indicating that this effect is not related to the sedative properties of the steroid.
Alphaxalone induces sedation, but does not decrease aggressive displays
(182).
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Progesterone facilitates lordosis in hamsters of both sexes (182). In estro-
gen-primed female hamsters, the stimulation of both the ventral medial hypotha-
lamus (VMH) and the ventral tegmental area (VTA) by PROG is necessary to
facilitate sexual receptivity. The mechanism involved in PROG action is different
in these two brain regions, genomic in the VMH, where many intracellular PR
are present, and nongenomic in the VTA, which contains few PR. In the VTA,
PROG has to be converted into 5a-reduced metabolites to be active through the
GABA, receptor (183,184). When administered to male mice, the neurosteroid
PREGS reduces their preference for the odors of estrous females. This inhibitory
effect of PREGS on olfactory-mediated male sexual interest is not affected by
GABA, antagonists, but seems to partly involve the NMDA receptors (185). Fi-
nally, neurosteroids seem to be involved in sex recognition: when male rats are
exposed to females in estrus, the concentration of PREG electively decreases in-
their olfactory bulbs. This effect, caused by a pheromonal stimulus, is hormono-
dependent, for it is suppressed by castration, and the response is reestablished
by testosterone administration (186).

2. Sedative, Hypnotic, and Anesthetic Effects

The central effects of PROG have been known for over half a century, when
Selye demonstrated that PROG was capable of inducing sedation in rats (187).
He also reported that 58-DH PROG produced anesthesia in rats and observed
a correlation between the structure and the sedative—anesthetic properties of
steroids (188). In women, micronized PROG is usually administered at night
‘because of its sedative or even hypnotic effect, depending on the dose (189).
The soporific effects of PROG and 3w,5¢-TH PROG have been examined on
sleep electroencephalograms (EEG) in rats and humans: in both species, both
steroids reduced the latency to non-rapid eye movement (non-REMS) sleep and
increased the time spent in pre-REMS, an intermediate state between non-REMS
and REMS (190,191). The effects of 3¢,5¢-TH PROG on sleep were similar
to those elicited by larger doses of PROG, which produced comparable brain
levels of 3«,5¢-TH PROG in rodents. These effects closely resembled those
of agonist modulators of GABA, receptors and, particularly, benzodiazepines
(192). Conversely, PREGS, a negative modulator of GABA4 receptors, antago-
nized barbiturate-induced hypnosis in rats (193). When administered to rats or
to healthy male volunteers, PREG improved the quality of sleep and induced
EEG changes compatible with inverse agonistic GABA modulation (190,194).

By using the loss of the righting response (LRR) and the return of the right-
ing response (RRR) test, Mok et al. demonstrated that 5a¢-DH PROG, PROG,
and 3a,5a-TH PROG were able to induce anesthesia when injected into mice
or added to the bath of frogs. They identified 3¢,5¢-TH PROG as the common
metabolite responsible for the anesthetic effect (195-197). 3u,5¢-TH PROG
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acted more rapidly and at lower concentrations than 5¢-DH PROG or PROG.
The time course of brain concentrations of 3«,5«¢ TH PROG, but not that of
PROG nor 5«¢-DH PROG, correlated with the LRR and the RRR. Moreover,
when PROG was administered with a Sa-reductase inhibitor (SKF 105111), the
anesthetic activity of PROG was dramatically reduced (198). In humans, alphax-
alone (3o-hydroxy-5«-pregnane-11,20-dione), which has a structure similar to
that of 3«,5¢-TH PROG, has been used for a long time as an anesthetic. 3o,5¢-
TH PROG itself has been administered to women with good tolerance, to induce
anesthesia for delivery (199).

3. Anxiolytic Actions

Progesterone exerts its anxiolytic effect by a PR-independent mechanism (mife-
pristone does not prevent it), and only after its conversion to 3«,5«-TH PROG
(the: PROG effect is blocked by coadministration of a Sc-reductase inhibitor;
200). Thus, intracerebroventricular administration of 3o,5a(or 58)-TH PROG to
rats elicits anxiolytic effects (i.e., decreased locomotor activity and increased ex-
ploration in the elevated plus-maze). These actions are mediated by the GABAA
receptor (201), but through a mechanism separate from that of the benzodia-
zepines (202). When administered systemically to rats, 3o,5¢-TH PROG exerts
anticonflict effects by interacting with the GABA4 receptor, either at the site
specific for the benzodiazepine receptor inverse agonist Ro-15-4513 or at the pi-
crotoxin site, but not at the benzodiazepine site (203). When using the mirrored
chamber behavior test in mice, Reddy et al. observed a differential anxiolytic
effect of PREGS, PROG, and 3w,5«¢-TH PROG mediated by different mech-
anisms: PROG through its conversion to 3w,5¢-TH PROG interacts with the
GABA, receptor at or near the chloride channel, whereas PREGS seems to
modulate a voltage-gated calcium channel of the L type (204). PREGS and
3a,5¢-TH PROG also augment recovery from benzodiazepine withdrawal anx-
iety and hyperactivity (205).

Moreover, 3a,5¢-TH PROG counteracts corticotropin-releasing hormone
(CRH)-induced anxiety and alters the release and gene expression of CRH in
the irat hypothalamus (206), suggesting that besides its sedative and analgesic
activities, 3a,5¢-TH PROG may also affect the neuroendocrine response to
stress in a mode resembling that of corticosteroids. Indeed, pretreatment of rats
with 3«,5¢-TH PROG or PROG attenuates the elevation of plasma corticotropin
(adrenocorticotropin; ACTH) and corticosterone after emotional stress and at-
tenuates the increase in stress-related arginine—vasopressin mRNA levels in the
hypothalamus. PROG (but not 3o,5¢-TH PROG) also influences the transcrip-
tion of corticosteroid receptors in the hippocampus (207).

Finally, the differences in the production of endogenous anxiolytic neuro-
steroids may be important in modulating individual responses to various stress-
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ors. Indeed, the higher levels of Sa-DH PROG and 3¢,5¢-TH PROG observed in
some brain regions, such as the frontal cortex and the bed nucleus of the striata
terminalis, of hypoemotional rats compared with anxious rats, may account for
the behavioral differences characterizing these two psychogenetically selected
lines (37). In turn, genetic differences in sensitivity to 3w,5¢-TH PROG may
contribute to the differences observed in the behavioral responses to ethanol
withdrawal (208).

4. Analgesia

Intracerebroventricular administration to mice of 3w,5¢-TH PROG, and PROG
itself, elicits significant, dose-dependent analgesia; the stereoisomer 38,5«-TH
PROG is ineffective. The analgesic properties of 3«,5¢-TH PROG arises by
mechanisms involving calcium channels, GABA, receptors, and endogenous
opioid systems (209). PROG, 5«¢-DH PROG, and 3«,5¢-TH PROG also attenu-
ate pain sensitivity in rats submitted to the heat tailflick nociceptive test (210).
Moreover, PROG-BSA, similar to PROG, is able to increase tailflick latencies.
These effects are rapid and imply an interaction with the GABA receptor (211).
The synthetic structural analogue of 3w,5¢-TH PROG, alphaxalone, produces
preemptive analgesia in the rat formalin test, through its action at the GABAA
receptor (the analgesic effect is antagonized by picrotoxin), whereas pentobar-
bital and propofol, which also modulate GABAA receptors but at distinct sites,
are ineffective (212).

5. Anticonvulsant Effects

The frequency and intensity of seizures in women is altered in physiological
states typically associated with cyclic changes in steroid hormone secretion. In
1976, Backstrom observed a negative correlation between the number of seizures
in women and their plasma PROG levels (213). He also showed a significant
decrease in EEG spike frequency during PROG infusion to women with partial
epilepsy (214).

In rats, the anticonvulsant potential of 3«,5¢-TH PROG has been clearly
demonstrated against bicuculline, to a smaller extent against pentylenetetrazole
(Metrazol) and picrotoxin, whereas no effect was observed against strychnine-
and electroshock-induced seizures, thus supporting a GABA-mimetic profile
(215). Intracerebroventricular injection of 3w,5«-TH PROG before the admin-
istration of pentylenetetrazole (PTZ) to rats delayed the onset of convulsions
and reduced the percentage of animals showing seizures in a dose-dependent
manner (216). Ethanol withdrawal enhanced susceptibility to seizures: 3e,5c~
TH PROG protected rats against bicuculline-induced seizures during ethanol
withdrawal (217). Among the different metabolites of PROG, those with 3-
hydroxy in the a-position and the 5-H in the o~ or B-configuration were highly
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effective at potentiating GABA-evoked chloride currents and also showed po-
tent anticonvulsivant activity in the PTZ seizure test (218). It is tempting to
speculate that cyclic changes in the brain levels of 3«,5-TH PROG and re-
lated 3o-hydroxylated PROG metabolites in women may contribute to changes
in seizure susceptibility (e.g., catamenial epilepsy), although the comparison be-
tween plasma 3,5« (and 58)-TH PROG levels showed no difference in healthy
women during the luteal phase and in women with partial epilepsy in the inter-
critical phase (219). An explanation to the enhanced seizure susceptibility and
insensitivity to benzodiazepines following PROG withdrawal has been recently
proposed: indeed, the decrease in 3a,5¢-TH PROG levels down-regulated the
expression of the a4-GABA, receptor subunit in the rat CA1 hippocampus, and
this subunit is responsible for increased seizure susceptibility (55).

Finally, a synthetic analogue of 3«,5a-TH PROG, ganaxolone (3o-hydroxy-
3 B-methyl-Sa-pregnan-20-one), which is protected from metabolic attack of the
3a-position, prevented PTZ-induced convulsions (220). Ganaxolone is currently
under phase II clinical investigation for therapy of epilepsy. Neuroactive steroids
may’ constitute a novel class of antiepileptic agents, that may be used alone or
at low doses together with benzodiazepines (221).

6. Memory

In the mid-1940s, Pincus believed that PREG might facilitate learning in hu-
mans (222). Experiments performed much later on male mice have shown that
immediate posttraining intracerebroventricular administration of low doses of
PREG and PREGS caused improvement of retention for footshock active avoid-
ance training, while PROG did not (223). PREG and PREGS also improved
acquisition and retention in a food search task (224). Immediate posttraining
injections of low doses of PREGS into the limbic system structures, particularly
the amygdala of mice (225), or into the nucleus basalis magnocellularis of rats,
resulted in memory performance enhancement. Conversely, 3w,5¢-TH PROG
disrupted performance when injected into the nucleus basalis magnocellularis
before an acquisition trial (226), suggesting a GABA-mediated mechanism.
However, an intracerebroventricular injection of PREGS during pretraining also
blocked NMDA antagonist-induced deficits in a passive memory task, suggesting
an involvement of PREGS interaction with NMDA receptors (227).

A study by Vallée et al. on cognitive performances of aging rats has been
particularly rewarding (111). PREGS levels were significantly lower in the hip-
pocampus of aged (2-year-old rats) than in young male animals. Interestingly,
individual concentrations of PREGS in the hippocampus of aged animals were
significantly correlated with individual cognitive performances in two tasks for
spatial memory, the Morris water maze and the Y maze. Low hippocampal lev-
els of PREGS were correlated with poor performance in both tasks, whereas no
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relation was found with the PREGS content of the amygdala, the prefrontal and
parietal cortex, or the striatum. Moreover, the memory deficit of impaired aged
rats was transiently corrected after intraperitoneal or bilateral intrahippocampal
injection of PREGS. The mechanism underlying the memory-enhancing prop-
erty of PREGS is unknown. PREGS is both a GABA, antagonist and a positive
modulator at the NMDA receptor. It could be hypothesized that the neuromodu-
latory pathways of PREGS may reinforce neurotransmitter systems that decline
with age. Central cholinergic neurotransmission which, in turn, is modulated by
GABAergic and glutamatergic afferents represented a plausible candidate: for
the neurosteroid action. PREGS had already been shown to reverse the amnestic
effect of scopolamine, a muscarinic receptor blocker (98). Vallée et al. demon-
strated a stimulation of acetylcholine release in the hippocampus, following in-
tracerebroventricular injection of PREGS (111). Thus, the hippocampal content
of PREGS could play a physiological role in preserving or enhancing cognitive
abilities in aged animals.

Much remains to be learned, including the study of the different types
of memory deficits in young animals, the mechanisms of PREGS action, and
the interaction with other factors controlling the memory pathways, such as
calcineurin.

V. CONCLUSION

Progesterone, its precursors, and metabolites can be synthesized locally within
the brain (neurosteroids), or originate from the endocrine glands. Whatever the
sources, these steroids can exert their effects on target brain cells either by modu-
lating transcription of specific genes through intracellular receptors, or by acting
directly on the cellular membrane. The genomic effects are of great complexity,
and most of the brain target genes, largely unknown, may include growth factor
genes, and genes encoding neurotransmitter transporters. For example, PROG
can up-regulate dopamine uptake sites in the nigrostriatal dopaminergic path-
way (228), and reverse the down-regulation of serotonin transporters induced
by castration in the hypothalamus of female rats, and these effects are probably
genomic (229). Many aspects of genomic meckanisms have to be studied fur-
ther in the brain; namely, the interactions between steroid receptors and other
transcription factors, the binding of steroids to newly discovered intracellular re-
ceptors such as the pregnane X receptor PXR (which can be activated by PREG
or PROG), or the crosstalk between steroids and signal transduction pathways.

The synthesis of neurosteroids within the brain raises the question of their
mode of action and their biological significance. In contrast with the endocrine
mode of action of gonadal and adrenal steroid hormones, neurosteroids have
paracrine or autocrine activities. Most of their effects are membrane effects,
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occurring through the GABA 5 or NMDA receptors. For example, the interaction
of 3u,5¢-TH PROG with GABA, receptors is probably directly responsible for
its hypnotic and anxiolytic effects. However, membrane effects may be indirect
and linked to a modulation of neurotransmitter release, through calcium channels
or neurotransmitter receptors.

In addition to the problems set by the different mechanisms of actions,
another critical question that remains to be explored concerns the interactions
between the two pools of steroids: circulating steroids, which freely penetrate
into the brain, and neurosteroids, which are synthesized within the brain.

Finally, apart from their involvement in reproductive function, the dis-
covery of new actions of steroids in the brain has opened a new field of research.
Among them, particularly promising are the studies of PROG effects on myelin
formation and on memory, which could lead to therapeutical use in humans.
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Effects of Progestin on the Breast:
Regulation of Cell Cycle Progression
by Progestins

Elizabeth A. Musgrove and Robert L. Sutheriand
Garvan Institute of Medical Research, Sydney, Australia

. INTRODUCTION

Control of the development and differentiated function of reproductive organs
has multiple layers of complexity. Combinations of steroid and polypeptide hor-
mones, growth factors, and cytokines provide the signals necessary to orchestrate
these processes, eliciting a suite of cell-type-specific responses. Regulation of
cell proliferation is an important component of these responses. In the mammary
gland, the formation of a system of branched ducts at puberty, the subsequent
development of alveoli during pregnancy, and lactation, all require estrogen and
progesterone. Although estrogen appears to be the main drive to proliferation,
particularly in the formation of the mammary ducts, progesterone acts in concert
with other hormones, particularly prolactin, to cause the alveolar development
necessary for subsequent milk production. Thus, progesterone can be viewed
as balancing the proliferative effects of estrogen by directing the tissue toward
its: normal differentiated function. However, although proliferation and differ-
entiation are often viewed as mutually exclusive processes, the differentiative
role of progesterone does not necessarily imply a wholly antiproliferative effect.
The stimulation of lobuloalveolar development is a prerequisite for subsequent
lactation, and increasing evidence from studies of the murine mammary gland
suggests that this lobuloalveolar development results from progesterone stimu-
lation of epithelial cell proliferation. Nevertheless, the role of progesterone in
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mediating breast epithelial cell proliferation in humans remains a controversial
area.

It is perhaps not surprising that the steroid hormones with a role in the
development of the normal breast have been implicated in the etiology of
breast cancer, raising the possibility that exposure to exogenous steroid hor-
mones through the use of oral contraceptives and hormone replacement thera-
pies (HRTs) might influence the risk of developing such cancers. Indeed, there
appears to be a slight increase in risk in recent or current users (1,2), but the risk
of diagnosis of breast cancer associated with estrogen use does not appear to be
reduced by the addition of progestin (3), in marked contrast with the protective
effects of progestins against the risk of endometrial cancer. However, synthetic
progestins have an established role in the therapy of both breast and endometrial
cancers (4-6). The mechanism for the antitumor action of progestins is unknown,
but inhibition of breast cancer cell proliferation is a likely contributor. Despite
these issues and the role of progesterone in normal mammary development and
differentiation, the effects of progesterone and synthetic progestins on cell pro-
liferation have not been widely studied from a mechanistic viewpoint. However,
recent research, summarized in the following, has focused on their regulation of
critical cell cycle events that determine entry into, progression through, and exit
from, the cell cycle.

ll. PROGESTIN EFFECTS ON CELL CYCLE
PROGRESSION

Several experimental models have been used in studies of the hormonal con-
trol of cell proliferation and differentiation. Early studies of the mouse uterus
provided insight into the cell kinetic basis of progestin action. Whereas prior
administration of progesterone or simultaneous administration of estrogen and
progesterone completely blocked the mitogenic response to estrogen in uterine
epithelium, no inhibition was seen when progesterone was given 2.5 h after
estradiol (7,8). Because estrogen induces synchronous progression of resting—
Gp phase—uterine epithelial cells through the cell cycle, it was concluded that
progesterone inhibited cell proliferation by an action early in the G; phase and
was without effect on progression through late Gy, S, and G, phases. In contrast,
in the uterine stroma progesterone appears to stimulate G cells to enter the cell
cycle where estrogen accelerates their passage through a round of replication
by shortening G; phase. [Various phases of the cell cycle are: Gy, quiescence;
S, DNA synthesis; M, mitosis (see Fig. 1).]

These observations identified critical issues for consideration in defining
the molecular basis of progestin effects on cell proliferation. In particular, the
complexity of the response was illustrated by observations on cell type specificity
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of progestin responsiveness (i.e., between endometrial epithelium and endome-
trial stroma) and the dependence of the proliferative response on the temporal
relation between administration of estradiol and progesterone. Perhaps more im-
portantly from a mechanistic viewpoint, the data on cell cycle kinetics illustrated
the inhibition of cell cycle progression in early G; phase in epithelial cells and
activation of G stromal cells, and identified that progestins have both stimula-
tory and inhibitory effects on target cell proliferation (9). These studies laid the
foundation for later studies of breast epithelium in vitro and in vivo.

A. Breast Cancer Cells In Vitro

Studies with breast cancer cells in culture led to conclusions similar to those
from studies of the endometrium, perhaps surprisingly, given the differences
in the physiological response to progestin in the uterus and mammary gland.
The earliest studies demonstrated direct growth inhibitory effects of synthetic
progestins on proliferation in progesterone receptor-positive human breast can-
cer cell lines (10,11), consistent with the efficacy of progestins as therapy for
breast cancer. Subsequently, it was demonstrated that the growth inhibition was
accompanied by marked changes in cell cycle phase distribution during the first
cell cycle of exposure (12). Little change was evident over the first 12 h of
exposure to progestin, but from 12 to 24 h, cells accumulated in G; phase
with a corresponding decrease in the proportion of cells in S and G, plus M
phases. Cell numbers in both control and progestin-treated cultures approxi-
mately doubled after 24 h of treatment, although thereafter, the cell number in
progestin-treated cultures increased little (12). Thus, the majority of cells were
capable of progressing through the cell cycle and dividing once in the presence
of progestin. In the short-term, these cells did not replicate further, although
there was a concentration-dependent slow resumption of cell cycle progression
after extended exposure (12). These data are compatible with an early Gy site
of action for progestin inhibition in breast cancer cells, such that cells that have
passed the arrest point complete a round of replication, but are arrested upon
reentry into Gi phase (Fig. 1). However, because a decrease in S phase entry
was not evident until after a time longer than the mean duration of Gy phase, it
was postulated that there was a delay of 4.5 h or more after addition of progestin
before the inhibition of cell proliferation began (12). Subsequent experiments
with synchronized cells have confirmed that there is a delay of several hours
duration between administration of progestin and inhibition of cell cycle pro-
gression, although progestin effects on other parameters are apparent within 30
min. Thus, growth inhibition appears to depend on the completion of an initial
progestin-induced process which, in turn, leads to actions on cell cycle regulatory
pathways. The delay is unlikely to be due to induction of transforming growth
factor-g (TGF-p), which is growth inhibitory for breast cancer cells, because
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Figure 1 Cell cycle phase specificity of progestin effects on mammary epithelial
cells. Four phases of the cell cycle—Gj, DNA synthesis or S phase, Gy, and mitosis
(M)—are illustrated. Solid arrows indicate progestin inhibition of cell cycle progression
in early G phase, progestin acceleration of Gy transit later in Gy phase, and progestin-
induced exit from the cell cycle to enter an irreversible program of cell differentiation.
Open arrows indicate estrogen induction of reentry to the cell cycle from a resting Gy
state and estrogen-induced stimulation of G; phase progression.

there is no correlation between growth inhibition by progestins and production
of, or sensitivity to, TGF-$ (13). Given the physiological effects of progestins,
one possibility for this, as yet undefined, process is initiation of a differentiation
program.

Experiments using breast cancer cells proliferating under conditions for
which either stimulation or inhibition could be detected, indicated that both re-
sponses to progestin treatment could occur in the one cell type (14). During
initial exposure the proportion of cells entering S phase increased as a result
of progestin-induced acceleration through G phase (see Fig. 1), partially syn-
chronizing a cohort of cells that then completed a round of replication. Consis-
tent with the earlier experiments, cells originally in S or G, plus M continued
through the cell cycle, but were arrested in G; phase at the beginning of the
next cell cycle. Thus, the initial stimulation was transient, with the later inhibi-
tion predominating, and together, these responses resulted in a biphasic change
in the proportion of cells undergoing DNA synthesis. Addition of an antipro-
gestin, mifepristone (RU 486), to progestin-treated cells completely inhibited
both progestin-mediated stimulation and inhibition, provided the delay before
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addition of antiprogestin was 3 h (14). With increasingly longer delay, the inhi-
bition of progestin effects was reduced, such that after 7 h or more the addition
of antiprogestin had little effect. Thus, within about 5 h, cells become committed
to either stimulation or inhibition, and the presence of progestin is no longer
required. Despite the presence of functional receptor and the rapid metabolism
of progesterone, progesterone-inhibited cells are resistant to further stimulation
by progestin for approximately 72 h (15), a time similar to that taken for spon-
taneous resumption of cell cycle progression in this experimental design (15).
However, progesterone-inhibited cells become sensitive to the mitogenic effects
of epidermal growth factor (EGF) much earlier, within 46 h (15), suggesting that
this is a specific resistance to progestins. These data suggest that cyclic exposure
to progesterone in vivo may lead to successive single rounds of proliferation.
Although some experimental protocols emphasize one component of the
progestin response (i.e., in slowly proliferating cells stimulation is more pro-
nounced, but in rapidly proliferating cells inhibition is more pronounced), the
two effects display similar concentration dependence. It is as yet unclear whether
the 'two effects are mediated by independent mechanisms. If this is true, the tran-
sient increase in cell cycle progression might arise from a necessity for DNA
replication before full expression of a differentiated phenotype. Preliminary ex-
periments using synchronized breast cancer cells indicate that arrest can occur
in cells that have not completed S phase in the presence of progestin, arguing
that there are indeed two distinct processes. If so, differential expression of the
stimulatory and inhibitory pathways in different cell types may help explain
the apparently paradoxical effects of progestins on cell proliferation in different
target tissues. However, these data do not exclude the possibility that in vivo
progestins stimulate proliferation to allow subsequent differentiation.

B.  Breast and Mammary Epithelium In Vivo

The data outlined in the foregoing suggest that progestins may have only a tran-
sient proliferative effect on human breast epithelium in vivo, although this has
yet to be demonstrated. Indeed, evidence for a proliferative effect in humans is
somewhat circumstantial. Studies in which mitoses were evaluated histologically
in breast biopsies showed that both mitosis and cell loss through apoptosis var-
ied in a cyclic manner during the menstrual cycle, with mitoses being maximal
on cycle days 23-26. The effect coincides with, or immediately follows, a rise
on day 16 and a peak on day 21 in the serum concentrations of both estrogen
and progesterone (16). The inference can thus be drawn that either or both of
these hormones may be responsible, perhaps in a manner analogous to the syn-
ergism seen in the mature mouse mammary gland. Interestingly, the increased
proliferation is followed by increased cell death through apoptosis in the late
luteal phase, when hormonal levels are decreasing, suggesting that the apoptosis
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may be a response to hormone withdrawal (17). In support of this conclusion,
recent data have shown that in normal breast tissue transplanted into nude mice,
increased apoptosis occurred in response to progestin withdrawal (18).

In experiments using techniques including organ culture, transplantation
of normal human breast tissue into nude mice, and primary cell culture es-
trogen is capable of stimulating breast epithelial growth both in vitro and in
vivo, but responses to progesterone are variable. Thus, no clear consensus on a
stimulatory role for progesterone or an ability to inhibit the estrogen-mediated
effect has yet emerged, although progestin treatment inhibits the proliferation
of steroid-responsive breast epithelial cells in short-term culture (19). A more
recent study has addressed the issue of which ovarian steroids stimulate normal
human mammary epithelial cell proliferation, by implantation of normal breast
tissue into nude mice followed by treatment with estradiol and progesterone.
Estradiol stimulated the thymidine-labeling index, whereas progesterone had no
effect either when administered alone or in combination with estradiol, despite
the presence of estrogen-inducible progesterone receptors in this tissue (20). In
another study, topical application of gel containing estradiol, progesterone; or
both, for 10-13 days preceding breast surgery was used to increase the steroid
accumulation within the breast tissue. The growth fraction of breast epithelial
cells, as measured by proliferating cell nuclear antigen (PCNA) immunoreactiv-
ity, was reduced following progestin exposure (21). Although these results argue
against a major proliferative role for progestins in breast epithelial cells, further
experimentation in this area is critical to understanding the role of progesterone
in the control of cell proliferation in the human breast, because the possibility
that a short-term increase in proliferation precedes progestin-mediated inhibition
cannot yet be excluded.

Despite the lack of clear evidence for progestin stimulation of breast ep-
ithelial cell proliferation in humans, stimulation of rodent mammary epithelium
has been clearly demonstrated (22,23). The impaired mammary development in
mice lacking progesterone receptor (PR™/~; 24,25), indicating a requirement
for progestin action for formation of the lobular alveoli during pregnancy, adds
further support to these observations. However, progesterone is not the sole fac-
tor required for lobuloalveolar proliferation and differentiation, as illustrated by
the similar phenotype of the mammary gland in PR™/~ mice and mice lacking
either prolactin or its receptor (24-28). Experiments in which PR~/~ epithe-
lium is transplanted onto wild-type stroma and vice versa indicate that, at least
in the mouse, the effect of progesterone on lobuloalveolar development is me-
diated by the epithelium, although ductal development appears to depend on a
progesterone-dependent signal from the stroma (25,29). The apparently direct
effect of progesterone on lobuloalveolar epithelial cell proliferation is consis-
tent with data from breast cancer cells indicating that growth factor-stimulated
cells enter S phase some hours after cells stimulated by progestins, thus arguing
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against progestin effects being mediated by paracrine or autocrine mechanisms
(14). In contrast, the effect of estrogen appears to be mediated indirectly, by
stromal, rather than epithelial receptors (30). The direct action of progestins on
epithelial cell proliferation implies that progestin-regulated genes will include
genes that either have a role in cell cycle control or are regulators of such
genes. Recent experiments have thus concentrated on investigating the effects
of progestins on cyclins and their associated cyclin-dependent kinases (CDKs),
proteins that are regulators of key transitions during the cell cycle.

. MECHANISMS OF CELL CYCLE CONTROL

The molecular controls of the cell cycle include as pivotal elements an evolution-
arily conserved class of serine~threonine protein kinases, the CDKs, which are
regulated by their association with cyclins, members of another well-conserved
class of proteins. As might be expected for enzymes integral to the control of
a fundamental biological process, the activity of CDKs is subject to multiple
levels of regulation, such that cyclin binding is necessary, but not sufficient, for
activation. Additional controls include phosphorylation at activating or inhibitory
residues on the CDK and the abundance of CDK inhibitor proteins. Together
these regulate the sequential activation of a series of CDKs to ensure passage
through a series of checkpoints and, hence, orderly progression through the cell
cycle.

The Gy CDKs are cyclin D-Cdk4 and cyclin D-Cdk6, and cyclin E-Cdk2
(31), as illustrated in Fig. 2. Opposing the activation of these kinases are the
CDK inhibitors p21 (Wafl, Cipl, Sdil) and p27 (Kipl), which contact both the
cyclin and CDK, causing multiple structural changes that interfere with kinase
activation (32). However, despite these multiple modes of inhibition of CDK ac-
tivity, not all cyclin~CDK complexes containing p21 or p27 are inactive. Recent
data indicate that p21 and p27, as well as a related inhibitor, p57XiP?, stabilize
cyclin D-Cdk4 and cyclin D-Cdk6 complexes in vitro (33). High stoichiometry
p21 or p27 binding appears to be required for inhibition of Cdk4 activity (33,34).
Consequently, these molecules appear to have functions in addition to CDK inhi-
bition, perhaps as adaptors that not only promote assembly of the cyclin~-CDK
complexes, but also target these complexes to specific intracellular compart-
ments or substrates. An unrelated family of CDK inhibitors, characterized by an
ankyrin repeat structure (including p16™NK4A and p15™K4B) “more specifically
target cyclin D-associated kinases (35). Although there is some evidence that
they can inhibit preformed cyclin D-Cdk4/6 complexes, their inhibitory action
appears to be largely due to competition with the cyclin for CDK binding.

The activity of CDKs is regulated not only by passage through the cell
cycle, but also in response to various signals. Emerging evidence indicates roles
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Figure 2 Cell cycle regulation during Gy phase. Progress from G; into S phase
depends on the actions of the molecular pathways illustrated schematically. The major
Gy cyclin complexes in breast cancer cells, cyclin D1-Cdk4 and cyclin E-Cdk2, are
illustrated. The activity of these CDK complexes is regulated at several levels, including
assembly and activation by kinases (CAK) and phosphatases (CDC25). Once active the
CDKs phosphorylate substrates including pRB and the related *‘pocket proteins,”” p107
and p130, leading to the release of molecules including the transcription factor E2F
and, in turn, to the transcription of genes necessary for entry into S phase. The CDK
inhibitors p21 and p27 not only interfere with the phosphorylation steps leading to the
activation of the CDX, but also inhibit active CDK complexes. Although the p16 CDK
inhibitor may also inhibit holoenzyme complexes, a major function is to inhibit the
assembly of cyclin D1-Cdk4 complexes. Phosphorylation of these proteins is indicated
by (e).

in differentiation (36,37) and adhesion (38), which appear to be largely mediated
by the phosphorylation of specific substrates, although recent data raise the
possibility of CDK-independent functions for the D-type cyclins (39,40). The
substrates for these kinases remain largely uncharacterized, although one key
target in Gy is the retinoblastoma protein, pRB. The ‘‘pocket proteins,”” pRB
and the structurally and functionally related p107 and p130, exert an important
part of their growth-inhibitory function by binding and inactivating proteins
necessary for cell cycle progression, notably members of the E2F family of
transcription factors (41). Pocket protein association with E2F is dependent on
the phosphorylation state of the pocket protein which, in turn, is dependent on
CDK activity. Thus, phosphorylation of pRb in late G; phase is necessary for
entry in S phase.
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The complexity of control of cyclin-CDK activity provides multiple tar-
gets through which physiological regulators of cell proliferation might mediate
their effects. However, only a restricted range of these potential targets ap-
pear to be utilized. Thus, regulation of cyclin or CDK inhibitor expression is
a frequent response to mitogens, including steroid hormones, peptide growth
factors, and cytokines, and to growth arrest following induction of differenti-
ation or treatment with inhibitory factors (e.g., TGF-8) (35,42). CDK activity
is also regulated by phosphorylation of the kinase subunit at multiple regula-
tory sites. This phosphorylation is controlled by proteins including the Cdc25
family of activating phosphatases and the CDK-activating kinase CAK, itself a
cyclin—CDK complex. However, regulation of the expression or activity of these
CDK-regulatory kinases and phosphatases appears to be a relatively infrequent
mechanism contributing to physiological regulation of cell proliferation. Con-
sequently, examination of progestin effects on these pathways has focused on
regulation of cyclins and CDK inhibitors.

IV. PROGESTIN EFFECTS ON CDK FUNCTION

A. Stimulation

Initial investigations of the possible effects of progestins on CDK function
showed that the entry of progestin-stimulated T-47D human breast cancer cells
into S phase was preceded by an increase in cyclin D1 mRNA and protein abun-
dance (Fig. 3) (43). Cyclin D1 mRNA levels increased only transiently, however,
returning to control levels as progestin-stimulated cells entered S phase (43). The
induction of cyclin D1 protein led to an increase in the activity of Cdk4 (the
major cyclin D1-associated CDK in T-47D cells). Although this increase was
modest, the proportion of pRB in the hyperphosphorylated form also increased,
indicating an increase in CDK activity following progestin treatment. Cyclin
D1 expression is high in murine mammary epithelium during pregnancy, when
serum steroid levels are high, but largely undetectable in mammary epithelium
from virgin or lactating animals (44). In ovariectomized mice, estrogen increases
cyclin D1 mRNA and protein expression in the mammary epithelium, and the
addition of progesterone as well as estrogen further increases cyclin D1 levels
(45). The correspondence between induction of cyclin D1 and subsequent pro-
liferation suggests cyclin D1 induction as one of the elements coupling steroid
hormone action with cell cycle control mechanisms. Experiments involving ad-
dition of the progestin antagonist mifepristone either at the same time as, or 3
h subsequent to, progestin treatment of breast cancer cells provide support for
this proposition. Simultaneous addition of progestin and antiprogestin prevented
both the progestin-mediated increase in cyclin D1 levels and progestin-induced
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Figure 3 Progestin stimulation of cell cycle progression. Potential models of pro-
gestin molecular mechanisms underlying progestin stimulation of cell cycle progres-
sion are illustrated schematically. Progestin-stimulated entry into S phase is preceded
by induction of the cell cycle regulatory transcriptional factor c-Myc and cyclin D1.
c-Myc then interacts with its dimerization partner Max to activate transcription of target
genes. Cyclin D1 induction is followed by activation of cyclin D1-Cdk4 and increased
phosphorylation of pRB, leading to accelerated progress through G; phase. Progestins
are indicated by P and the progesterone receptor by PR.

entry into S phase (14,43). Similarly, progestin antagonist addition within 3 h
of progestin treatment prevented progestin stimulation of cell cycle progression
(14). Although by 3 h after progestin treatment cyclin D1 mRNA abundance had
already begun to increase, addition of antiprogestin rapidly reversed this increase
(43), indicating that sustained cyclin D1 induction is necessary for acceleration
into S phase following progestin treatment.

The conclusion that cyclin D1 is a critical component of the mitogenic
response to progestins is strongly supported by cxperiments using T-47D breast
cancer cells expressing cyclin D1 under the control of a inducible promoter,
which indicated that cyclin D1 induction led to both an increase in the rate of
G, transit and an increase in the proportion of the cell population engaged in
active transit through G1 (46). Thus, a progestin-induced increase in cyclin D1
abundance could account for the acceleration in G; phase progression. However,
the induction of cyclin D1 is preceded by the induction of other genes (e.g., the
cell cycle regulatory transcription factor c-myc) (14) (see Fig. 3), and the effect
on cyclin D1 expression may not be direct, but rather, result from prior induction
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of another gene or genes. Indeed, the 2 kb of the cyclin D1 gene promoter for
which sequence is available does not contain a classic progesterone response
element.

Studies in transgenic and knockout mice further support the conclusion
that cyclin D1 induction is a critical component of the mitogenic response to
progestins. Overexpression of cyclin D1 in the mammary gland of transgenic
mice led to increased lobuloalveolar development, reminiscent of the changes as-
sociated with pregnancy, whereas conversely, development of the lobular alveoli
did not occur in pregnant cyclin D1-null mice (47-49), indicating a very specific
requirement for cyclin D1 in alveolar proliferation. In cyclin D1-null mice, duc-
tal proliferation apparently occurs normally, allowing both pubertal development
of the gland and some side-branching during pregnancy (48,49). Progesterone is
also necessary for alveolar, but not ductal, proliferation (see Sec. I) suggesting
that cyclin D1 action is essential for progesterone-driven mammary epithelial
proliferation.

B. Inhibition

Progestin inhibition of entry into S phase is associated with decreased phospho-
rylation of pRB and p107 (15,50) and decreases in both cyclin D-Cdk4 (50) and
cyclin E-Cdk?2 activity (15,50), accompanying or slightly preceding the decrease
in the fraction of S phase cells (Fig. 4). Down-regulation of kinase activity was
accompanied by decreases in the expression of cyclin D1 and cyclin E, fol-
lowed later by a decrease in cyclin D3 expression (15,50). Separation of whole
cell lysates by gel filtration chromatography indicated that, in control T-47D
cells, the cyclin E protein eluted as two overlapping peaks of approximately120
and 200 kDa (50). Most of the cyclin E-associated kinase activity eluted at ap-
proximately 120 kDa, with the 200-kDa form displaying little associated kinase
activity, probably owing to association with the CDK inhibitors p21 and p27.
Following progestin treatment, almost all of the cyclin E was in the low specific
activity, p21- and p27-bound, form eluting at about 200 kDa (50). These data
suggest conversion to this CDK inhibitor-bound form as a major mechanism for
the :decreased cyclin E-associated kinase activity following progestin treatment
(see Fig. 4). The reduced number of cyclin E-Cdk2 complexes as a consequence
of the decrease in cyclin E abundance is also likely to contribute to this effect.

The mechanisms for the decrease in Cdk4 activity following progestin
treatment are less clearcut but a major factor appears to be a decrease in the
abundance of cyclin D1-Cdk4 and cyclin D3-Cdk4 complexes, in combination
with increased p27 association with the remaining complexes (50). However, it
remains possible that other factors (e.g., induction of a pl6-related inhibitor)
might also contribute to the marked loss of Cdk4 activity. The increased relative
association of p27 with cyclin-CDK complexes is apparent before there is any
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Figure 4 Progestin inhibition of cell cycle progression. Potential models of progestin
inhibition of CDK activity and, hence, cell cycle progression are illustrated. Progestin
inhibition of entry into S phase is preceded by decreased cyclin D1-Cdk4, cyclin
D3-Cdk4, and cyclin E-Cdk2 activity, with consequent accumulation of underphos-
phorylated pRB. Several mechanisms appear to contribute to the decreases in kinase
activity. These include decreases in expression of cyclins D1 and E and a later: de-
crease in the expression of cyclin D3, in combination with increased CDK inhibitor
association with the remaining complexes.

increase in p27 abundance (15,50). An early decrease in c-myc mRNA expression
(50,51) raises the possibility that p27 is no longer sequestered by Myc-responsive
proteins (52) following progestin treatment and is thus increasingly available to
bind the remaining cyclin~CDK complexes. However, the decreased number of
cyclin-CDK complexes appears to be important in progestin inhibition of CDK
activity, for induction of ectopic cyclin D1 in progestin-inhibited cells leads to
activation of Cdk4 and reappearance of the active, inhibitor-depleted form of
cyclin E-Cdk?2 preceding a resumption of cell cycle progression. Although clear
effects on CDK activity are associated with progestin inhibition of proliferation,
providing a likely explanation for the G; phase arrest, extended progestin treat-
ment (>12 h) is required before these responses are manifest (12,15,50) and the
basis of this delay remains to be defined.
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V. CONCLUSIONS

Although it is apparent that substantial recent progress has been made toward
understanding the potential molecular interactions leading to progestin regu-
lation of cell proliferation, much remains to be learned. For example, further
dissection of the proposed mechanisms underlying progestin inhibition of cell
proliferation will involve identifying the basis for the delayed action on CDK
activity, assessing the relative contributions of inhibition of Cdk4 and cyclin
E~Cdk?2 to the overall effect, and more fully testing the hypothesis that altered
cyclin abundance is among the main initiators of the altered cyclin~CDK com-
plex composition and activity. Potential models for progestin effects illustrated
in Figs. 3 and 4 have largely been based on data obtained using breast cancer
cells:in tissue culture, particularly for progestin inhibition of proliferation. The
degree to which the general features of these models can be applied to other
progestin-responsive model systems is a critical issue. Of particular importance
will be human breast epithelium, although it will be necessary first to more
clearly define the effects of progestins on cell cycle progression in this tissue.
In addition, the mechanisms that might contribute to apoptosis after hormone
withdrawal are still not understood in this tissue. A further challenge arises from
the interactions between progesterone and other hormones. For example, both
progesterone and prolactin are required for the control of proliferation and differ-
entiation in the lobular alveoli. Finally, the degree to which progestin-mediated
growth inhibition or stimulation are the indirect results of induction of a differen-
tiation program remains to be determined. Although progress toward answering
these questions remains a goal of ongoing research, the evidence that cell cycle
regulatory molecules, in particular cyclin D1, play a critical role in progestin
action suggests that their aberrant expression may contribute to alterations in
steroid sensitivity in breast cancer.
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. INTRODUCTION

Progesterone, the natural hormone produced by the corpus luteum of the ovary,
antagonizes the proliferative effects exerted by estradiol (E;) on the endometrium.
Progesterone also triggers a predefined sequence of secretory changes indispens-
able to the establishment and development of pregnancy. Because oral bioavail-
ability of progesterone is notoriously poor, synthetic molecules have been de-
signed to resist enzymatic degradation and remain active when ingested orally.
Yet, these molecules collectively known as synthetic progestins are often the
source of side effects (objective or subjective). Side effects, particularly psy-
chological ones, can be so undesirable that long-term compliance of menopause
treatment becomes problematic in affected individuals. Often the severity of side
effects has been the basis for alternative treatments in these individuals. Also,
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progestins antagonize some of the beneficial effects of estrogens. Finally, in in-
fertility, only natural progesterone can be used, which has. led to experimenting
with all the various practical options for nonoral administration.

The purpose of the present chapter is to describe the recent evolution fol-
lowed by vaginal progesterone and how it became a viable therapeutic option.
Although originally selected merely as the simplest available form of nonoral
progesterone, it is now recognized that vaginal progesterone provides an unex-
pected direct access to the uterus. This “‘surprise’’ finding has shed new light on
the vaginal route and rendered it unique for administrating progesterone to the
uterus which, precisely, is the primary target for the progestational effects. This
direct transport has served to limit the side effects of treatments. Also, in the
scope of this chapter, it is our desire to review the practical advantages of physi-
ological progesterone replacement, particularly for women with chronic medical
conditions, and to stress the low incidence of side effects encountered. For this
we surveyed the advantages of natural progesterone treatments. In Sec. IV, we
analyzed the uses of vaginal progesterone in infertility. In Sec. V, we reviewed
new emerging indications for vaginal progesterone and the available options in
gynecology. This field has been the site of recent developments, in part because
new vaginal delivery forms now allow us to contemplate long-term treatments.
In particular, a new vaginal gel of progesterone with sustained-release properties
makes prolonged use, such as required in hormone replacement therapy (HRT), a
practical and viable option. This should be of particular benefit for women intol-
erant to synthetic progestins, or those who suffer from cardiovascular conditions
or other chronic medical ailments.

IIl. VAGINAL PROGESTERONE: THE BEST PRACTICAL
NON-ORAL OPTION

Progesterone is readily absorbed when ingested orally in micronized form (1).
Yet, because of an intense first-pass liver metabolism, the bioavailability of oral
progesterone is poor (2). As illustrated in Fig. 1, the vast majority of progesterone
absorbed orally is rapidly metabolized to Sa-reduced metabolites on reaching
the peripheral circulation (2,3). Part of the large amount of Sx-reduced metabo-
lites is further transformed into the 3-OH derivatives (@ and §8), which are potent
stimulators of the y-aminobutyric acid type A (GABA) receptor complex. This
explains the side effects of sleepiness, loss of vigilance, and other psycholog-
ical symptoms often observed after oral administration of progesterone. These
central nervous system (CNS) effects induced by oral progesterone may be well
tolerated by some women, whereas they are feared by others who would rather
avoid these pharmacological effects. Also, as a result of the intense first-pass
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Figure 1 Plasma results after oral and vaginal administration. Oral progesterone
induces an unphysiological elevation of progesterone metabolites, particularly the Sc-
reduced ones that are the source of side effects on the CNS. The measured products
are estradiol (E»), estrone (E;), desoxycorticosterone (DOC), Sa-dehydroprogesterone
(5-P5), and progesterone (P4). (From Ref. 2, with permission.)

liver metabolism are the plasma progesterone levels, which are only minimally
elevated after oral progesterone (3). In the light of findings reported by Nahoul
et al. (2,3), it comes as no surprise that the endometrium shows only partial
secretory transformation after oral administration of even large amounts of pro-
gesterone (4). On the contrary, vaginal administration of progesterone (4-7)
reliably induced all the predecidual changes of the endometrial stroma (or ‘‘in-
phase endometrium’’). In these latter cases, findings were indistinguishable from
those made during the late luteal phase of the menstrual cycle.

Originally, intramuscular (IM) injections (50 mg/day) were used for ad-
ministrating progesterone and priming receptivity in women deprived of ovarian
function. This practice stemmed from the nearly concomitant reports of Lutjen
et al. (8) in Australia and Navot et al. (9) in Israel. Both authors described the
possibility of priming endometrial receptivity with the sole help of exogenous Ej
and progesterone and achieve pregnancy through donor egg in vitro fertilization
(IVF). In these early attempts at donor egg IVFE, it was considered important that
progesterone supplementation raised circulating levels of plasma progesterone
to or above the physiological range for the menstrual cycle. This satisfied the
then: prevailing concept that endometrial effects were truly confrolled by the
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Table 1 Pregnancy Rates

Vaginal gel of ™M
progesterone progesterone
No. of fresh transfers 54 ; 18
Implantation rate (%)* 23 (42/180) 18 (11/62)
No. of positive pregnancy tests® 29 (54) 7 (39)
No. of clinical pregnancies? 26 (48) 5(28)
No. of miscarriages 7 1
No. of therapeutic abortions 2 —
No. of ongoing pregnancies’ 17 (31) 4 (22)

4Values are percentages, with ratios in parentheses.
PValues in parentheses are percentages.
Source: Ref. 15.

circulating levels of ovarian hormones. Today, evidence has been gathered that
indicates there is a ‘‘permissive’’ mode of endometrial control by sex hormones
(10). In this alternative view, progesterone elicits preorganized actions or set of
actions in the target organ, but does not truly control them.

In the nearly 15 years that followed the original donor egg reports, the
efficacy of IM injections of progesterone has never been truly questioned. More-
over, donor egg IVF findings logically also led to adopt IM progesterone for
luteal support in regular IVF. Yet it has been suggested that similar reliability
on endometrial effects (5,11) and pregnancy rates (12) could be achieved with
the more user-friendly vaginal administration. The practical advantages of the
vaginal route for luteal support in regular IVF were also studied. In regular
IVF, the objective is to restore a physiological sequence of changes in the en-
dometrium that may be disrupted by the hormonal manipulations inherent to
IVF treatments (13). When analyzing the quality of midluteal phase biopsies in
controlled ovarian hyperstimulation (COH), Bourgain et al. (14) observed better
endometrial quality (fewer signs of luteal phase defect) after vaginal admin-
istration of progesterone than seen after either no supplementation (controls)
or even IM administration. More recently, Gibbons et al. (15) studied a new
sustained-release vaginal gel (Crinone; Wyeth-Ayerst Pharmaceuticals, Radnor,
PA) containing 90 mg of progesterone. Originally, the gel was administered twice
daily to donor egg IVF candidates. These authors observed equivalent biopsy
quality (in-phase late luteal endometrium) when comparing results obtained after
IM supplementation. More importantly, in actual transfer cycles, pregnancy rates
were also similar in women receiving progesterone from IM injection or from
the vaginal gel (Table 1). Furthermore, in an extension of their first study, these
authors observed that the amount of progesterone could be further reduced to



Vaginal Progesterone 81

Table 2 Past Experience with Vaginal Progesterone
in Gynecology®

Indication Years Effects
PMS >20 Reported efficacy
IVF 12 Secretory endometrium

Highly effective

High pregnancy rates

Subphysiological levels
Menopause 7 Predictable bleeding

No side effects

Favors continuance

2Vaginal suppositories of progesterone have been used in PMS
for more than 20 years. In menopause, on the contrary, the ex-
perience is shorter with pioneers in the field reporting 7 years
experience.

Source: Ref. 66.

once-daily vaginal application of the 90-mg gel (Crinone 8%) without affecting
pregnancy rates (16).

Because of its proven efficacy, use of vaginal progesterone started as the
most practical mode of nonoral administration of progesterone in infertility treat-
ments (6,11). On the contrary, other nonoral options are less effective or are im-
practical (17). Transdermal administration, which became the primary nonoral
route for Ep (18) is ineffective for delivering progesterone (19). At least three
factors account for this impossibility: (a) the amounts of progesterone produced
daily during the luteal phase peak at 25 mg/24 h which exceeds by more than
two orders of magnitude the amounts of Ey commonly replaced transdermally
in HRT (0.05-0.1 mg/24 h); (b) the skin is poorly permeable to progesterone;
and (c) the skin is rich in Se-reductase, an enzyme that inactivates progesterone.
Alternative transdermal options have investigated circumventing these problems
by administering synthetic progestins, such as norethisterone acetate (NETA).
Yet, transdermal NETA is far from providing physiological hormonal replace-
ment because of the synthetic nature of the NETA molecule. Side effects of
NETA, as are those of other synthetic products, are molecule-dependent and
route-independent. For synthetic molecules, the route of administration can only
succeed in lowering side effects if the amounts administered can be decreased
as in local deliveries on, or near, the target tissue. Other nonoral option, such
as the transnasal route, have been tested (17), but are completely impractical.
The duration of clinical experience with vaginal progesterone in gynecology is
summarized in Table 2.
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lll. VAGINAL PROGESTERONE: A DIRECT
VAGINA-TO-UTERUS TRANSPORT OR
UTERINE “FIRST-PASS EFFECT”

The early experience with vaginal administration of progesterone for priming en-
dometrial receptivity in women deprived of ovarian function has been rewarding.
In women receiving vaginal progesterone, pregnancy rates most often exceeded
results obtained in the respective regular IVF programs (6). However, it is only
with the availability of a new sustained-release progesterone vaginal gel that a
vaginal route paradox has become truly evident. Because of the low doses admin-
istered, the progesterone gel revealed endometrial effects that far exceeded the
expectations normally drawn from the minimal elevation of plasma progesterone
levels (Fig. 2). In a dose-ranging study (20), the sustained-release characteris-
tics of the gel (Fig. 3) have been emphasized by decreasing the amount and

Figure 2 Plasma progesterone levels after vaginal progesterone gel 4% every-other-
day. Every-2-day administration of the vaginal gel of progesterone, Crinone 4% (45
mg), raised plasma progesterone to ‘‘luteal phase defect’” levels. Despite these low
plasma progesterone levels, secretory changes of endometrial glands (day 20) and
stroma (day 24) were no different from those findings made in the normal menstrual
cycle. The discrepancy between high uterine efficacy and low plasma levels was the
basis for the uterine first-pass effect hypothesis. (From Ref. 20, with permission.)
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Figure 3 The sustained-release gel of progesterone. The vaginal gel of progesterone
gains its sustained-release properties from its base. The base for this gel is polycar-
bophil, an inert substance that plays the role of mucin in mucus and: provides bioad-
hesion. The gel, acting as an artificial mucus, adheres to the surface of the vaginal
epithelial cells from where the release of progesterone is sustained over time.

frequency of administration. Studies were undertaken to determine the safety
margins existing when the gel is used at the recommended dose (90 mg) and
regimen (one application per day). In the dose-ranging study, infertile women
deprived of ovarian function received physiological quantities of estrogen (rang-
ing from 0.1 to 0.4 mg/day) and various amounts of the vaginal progesterone gel.
In the lowest-dose group, as little as 45 mg of progesterone was administered
every-other-day. In this treatment group, plasma progesterone levels (see Fig. 2)
were determined every 6 h for the first 6 days (days 15-20). Results showed
plasma progesterone values that were markedly subphysiological, being frankly
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in the ‘‘luteal phase defect’” range (with peaks under 5 ng/mL and troughs at
or near 1 ng/mL). Despite these low progesterone levels, endometrial changes
observed in endometrial glands (day 20 biopsies) and stroma (day 24 biopsies)
were not different (20) from findings observed with either higher doses of pro-
gesterone (IM injections) or in the luteal phase of the menstrual cycle (21).
This striking observation has been the basis for formulating the hypothesis that
a fraction of progesterone administered vaginally is transported directly to the
uterus through a local “‘portal’’ distribution system or uterine first-pass effect.

Also intrigued by the high efficacy of vaginal progesterone, Miles et al.
(22) have observed higher uterine tissue concentrations after vaginal than after
IM administration of progesterone, despite higher plasma progesterone concen-
tration in the latter cases. Recently, similar findings were made when comparing
the vaginal gel and IM progesterone administered before retrieving endometrial
tissue from hysterectomy specimens (23). Confirming high uterine progesterone
concentration, the latter experimental model was important because it excluded
the possibility that endometrial specimens (nanogram amounts) might have been
contaminated by progesterone still remaining in the vagina (milligram amounts).

With an original ex vivo model for perfusing the human uterus, Bulletti
et al. (24) verified the veracity of the uterine first-pass effect hypothesis. These
investigators applied tritiated progesterone on the rim of vaginal tissue remaining
attached after hysterectomy and observed a direct transport of radioactivity from
the cervical to the fundal end of the uterus. In their model, these authors showed
that the wave of radioactivity spread from the cervical to the fundal area of
the uterus in approximately 5-6 h. In contrast, absorption and elimination in
the venous effluent collected in an ‘‘open’” circulation system, peaked after
only 1-2 h. At each time interval, the progression of the ‘‘front”” of tritiated
progesterone was parallel in endometrial and myometrial tissues, which spoke
against the possibility of transcervical aspiration and subsequent absorption from
the endometrial cavity. Furthermore, this latter possibility was formally excluded
by Bulletti et al. when they repeated the ex vivo studies after obliterating the
cervical canal with latex (25).

The nature of the mechanism responsible for the direct vagina-to-uterus
transport still remains hypothetical. Putative candidates include passive diffu-
sion, transport through the lymphatic system, or a facilitated diffusion with
vein-to-artery passage and countercurrent transport. The latter possibility, al-
beit complex, let alone implausible at first glance, is a common mode of ex-
change of substances or heat in a variety of physiological systems. Counter-
current exchange can take place between fluids running in opposite directions
and separated by a relatively large exchange surface. This situation exists when
arteries and veins have an extensive course in close contact. That countercur-
rent exchanges take place between vagino-uterine veins and arteries was sug-
gested by an earlier work of Cicinelli et al. (23). These authors demonstrated
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higher (approximately two times) uterine artery concentration of progesterone
than peripheral arterial values after vaginal administration of progesterone (23).
In support of this concept are earlier works that alluded to the possibility of
countercurrent diffusion phenomena also taking place between the ovaries and
uterus (26-28).

Further work with the ex vivo model is ongoing to determine the ex-
tent of vascular involvement implicated in the direct vagina-to-uterus transport.
However, it remains that our efforts to administer progesterone vaginally have
unveiled a previously unknown local vagina-to-uterus transport system. Specu-
lations on the physiological role of this newly discovered local ‘‘portal’’ system
includes a putative involvement in a local transport of prostaglandins (PG) con-
tained in sperm. Following this concept, PG reaching the uterus by this local
portal system would activate uterine and tubal contractility and thus facilitate
sperm transport without raising PG level in the peripheral circulation. This local
transport system is dependent on vaginal and uterine anatomy, but not the nature
of the molecule administered. Hence, direct vagina-to-uterus transport could be
put into play for any molecule that needs to be administered vaginally. The drug
to be administered, however, must remain in the vagina for a prolonged time
either through repeated administrations (three times daily for progesterone) or
by using some form of sustained-delivery apparatus, as with the bioadhesive
vaginal gel. Most interesting clinically is the administration of drugs that exert
their effects on the uterus.

IV. VAGINAL PROGESTERONE IN INFERTILITY:
OPTIMAL RECEPTIVITY WITHOUT THE PAINFUL
IM INJECTIONS

Infertility treatments require that only the native ovarian hormone, progesterone,
be used for fear that synthetic compounds could be embryotoxic or lead to the
masculinization of a female fetus. Hence, in the early days of IVF, clinicians
only had the possibility of administrating progesterone by IM injections, using
a peanut-sesame oils preparation.

The need for luteal support became essential with the onset of donor egg
IVE. Here the challenge is to prime endometrial receptivity in women whose
own ovarian function failed (or was suppressed in case of incipient ovarian
failure) with the sole help of exogenous hormone. The first need is for estroge-
nization. Early investigators in this field used oral estrogen, E;-valerate (8,9), or
micronized E, (29). Later, similar efficacy was achieved with transdermal deliv-
ery systems (5,30). Yet, despite a more physiological profile of estrogen levels
relative to the physiological Ep/E, ratio, no benefit could be seen on endometrial
morphology by nonoral administration of Ez (31).
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The second need was to replace progesterone normally produced by the
corpus luteum. The first investigators used IM progesterone for priming en-
dometrial receptivity (8,9,29). Yet, similar or possibly improved efficacy at re-
producing the endometrial changes of the luteal phase has been shown with
vaginal progesterone given in the form of suppositories (50 mg ti.d.) (5) or
capsules (200 mg t.i.d.). Bourgain et al. reported that vaginal administration of
200 mg of progesterone t.i.d. induced an in-phase endometrium in most women
whose ovaries were inactive (4). This endometrial efficacy was achieved despite
lower than normal plasma progesterone levels (6). More importantly, when preg-
nancy rates were compared, this team of investigators found similar results with
a trend toward a lower incidence of early embryo losses in women receiving
vaginal progesterone (32). In a different study, it was documented that endome-
trial effects induced by vaginal progesterone in previously estrogenized women
(physiological levels of Ey) were independent of the actual levels of Ey during
the progesterone treatment phase (7). Hence, it was through a logical extension
of their experience that these teams adopted vaginal progesterone administration
for luteal support in regular IVF (33).

More recently, the advent of a vaginal progesterone gel with sustained-
release characteristics has ultimately permitted a reduction of the number of vagi-
nal administrations to once-a-day. In oocyte donation, Gibbons et al. (15) first
reported that two daily applications of the 8% gel (90 mg) resulted in pregnancy
rates similar to those achieved with IM progesterone. Subsequently, however,
these authors extended their trial and observed that once-daily administration
was sufficient, with similar clinical (ongoing) pregnancy rates in the vaginal and
IM groups of 48% (38%) and 52% (41%), respectively (16). Hence, once-a-day
administration having been tested in the worst-case scenario (no endogenous
progesterone), it was logically concluded that once-daily administration of the
8% gel is the best means of luteal support in all forms of infertility treatments
(34). We know from the dose-ranging study mentioned earlier (20) that this is
still far more than the minimum required for an in-phase endometrium and thus
provides a reasonable safety margin. This is most reassuring if one application
is forgotten, for example.

V. VAGINAL PROGESTERONE IN HRT:
A CARDIOVASCULAR FRIENDLY OPTION
WITHOUT SIDE EFFECTS

There is now overwhelming evidence that synthetic progestins prevent the risk
of endometrial hyperplasia. But contrasting with those reassuring findings, there
are also mounting suspicions that these molecules may interfere with some of the
beneficial effects of estrogen treatments. This possible antagonism is particularly
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concerning the beneficial cardiovascular effects of E;. Moreover, synthetic pro-
gestins are also notorious for their side effects, particularly psychological ones.
These effects have their share of responsibility in the poor long-term compli-
ance that characterizes HRT. Progesterone, however, is uniquely different from
the synthetic progestins in all these issues.

On the variety of cardiovascular endpoints studied to date, a dualistic situa-
tion'most often prevails that casts the beneficial effects of E; and the antagonistic
actions of progestins. Depending on the model studied, synthetic progestins an-
tagonize part of all Ey effects. Hence, on all these parameters, the beneficial
effects recognized with E; treatments are opposed to some variable degree by
the synthetic progestins most commonly used in HRT. In contrast, however,
natural progesterone has been found cardiovascular neutral (see Chap. 16).

The first arena in which the conflicting effects of E, and progestins have
been identified are blood lipids. These endpoints, originally believed to be the
primary mechanism of action for the beneficial effects of Ey on the cardio-
vascular system, are considered today as only one of the many mediators of
E; effects (35-38). It remains consequential, however, that exogenous estrogen,
particularly when taken orally, increases high-density lipoprotein (HDL.) choles-
terol (particularly the HDL, subfraction) and decreases LDL cholesterol levels
(35-38). As stated earlier, synthetic progestins partially oppose these changes
(35-38). Despite the amplitude of the net effects being variable and dependent
on the nature of the synthetic progestin used, its concentration, and the degree
of estrogenization (35-37), it remains an undebated observation that synthetic
progestins at least partly antagonize the action of estrogens on lipids.

The deleterious effects of progestins on lipids are not shared by pro-
gesterone. In the Postmenopausal Estrogen/Progestin Intervention (PEPI) Trial,
natural progesterone taken orally (200 mg/day) induced no important alterations
of the lipid profile, when compared with women taking estrogens only (39).
HDL cholesterol increased by 5.6 and 4.1 mg/dL in women who received con-
jugated equine estrogen (CEE) (0.625 mg/day) alone or in conjunction with pro-
gesterone, respectively. In contrast, the increase in HDL cholesterol was much
more limited, ranging from 1.2 to 1.6 mg/dL, in women who received medrox-
yprogesterone acetate (MPA). The clinical consequences of progestin effects on
blood lipids are unknown and probably less significant than originally thought.
Moreover, speculations on lipid actions of synthetic progestins and progesterone
made by analyzing lipid effects in isolation are probably futile and clinically ir-
relevant. On the contrary, we know today that effects on lipids must be analyzed
in the context of all the other changes induced by any given treatment. In the
case of progestins, direct vascular effects of hormones on vessels are probably
overwhelmingly more important.

The renowned monkey model developed by Clarkson for studying the car-
diovascular effects of hormones bears a lot of clinical relevance because to this
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Figure 4 Effects of disease and hormones on vascular reactivity. Acetylcholine (ACh)
induces a vasodilation of healthy coronary arteries, but vasoconstriction of atheroscle-
rotic estrogen-deficient vessels. Short-term CEE treatment restores a vasodilative re-
sponse, but this is blunted by 60% if MPA is concomitantly administered with CEE.
On the contrary, addition of progesterone does not hamper the estrogenic effects on
vascular reactivity to ACh. (From Ref. 46, with permission.)

date its findings have never been contradicted in human studies (40). Findings of
Clarkson’s team have all concurred to unveil similar, but yet not related, antago-
nisms between the effects of estrogens and synthetic progestins as just described
for lipids. Contrasting with synthetic progestins, however, progesterone appeared
neutral. Female monkeys fed a highly atherogenic diet developed less coronary
atherosclerosis, when exposed to E; of either endogenous (41) or exogenous
(41,42) source, than did untreated castrated animals. Remarkably, this benefi-
cial effect of E, treatment was not diminished by concomitant administration
of progesterone (42). Medroxyprogesterone acetate (MPA) however, completely
opposed the inhibitory effects of CEEs on coronary artery atherosclerosis (43).

Studies on the effects of sex hormones on vascular reactivity have also
revealed a similar opposition between E; and synthetic progestins (Fig. 4).
Coronary arteries of castrated cynomolgus monkeys fed an atherogenic diet for
more than 2 years acquired a constrictive response when exposed to acetylcholine
(ACh). This represents a pathological response characteristic of atherosclerotic
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estrogen-deficient coronary vessels. The arterial response returned to normal
(vasodilation) when monkeys received short-term treatment with CEE (44,45).
Yet, when MPA was added to the CEE regimen, the amplitude of the dilation
induced by ACh was reduced by approximately 60% (46). A different group
of investigators observed similar findings in a somewhat similar monkey model
(47). With an established coronary vasospasm model, these latter authors ob-
served that progesterone (physiological levels) in combination with E, protected
against vasospasm, whereas the combination of MPA (low therapeutic range) and
E did not (47). Extending the studies of vascular reactivity to humans, Sullivan
and his team observed that synthetic progestins, but not estrogens, enhanced the
undesirable vasoconstrictor responsiveness (48).

Similar differences between the effects of estrogen, estrogen plus pro-
gestin, or estrogen plus progesterone have been observed on the uterine artery
model taken as an amplified reflector of vascular effects of ovarian hormones.
In early studies, exogenous Ep given at physiological (49) or HRT levels (50)
induced prompt and profound vasodilative effects in women of reproductive
(49) or menopausal age (50). The vasodilation induced by E;, however, was at
least partly antagonized by synthetic progestins (51), but not vaginal proges-
terone (49).

Finally and most importantly for the clinician, similar antagonisms be-
tween synthetic progestins on estrogen effects have been recently reported in
human trials. A wealth of observational studies have concurred to show that
postmenopausal estrogen therapy significantly reduced the risk of death from
cardiovascular disease (52). One epidemiological study failed to show that such
protection was hampered when progestins (mainly MPA) were combined with
estrogens (53). But in apparent contradiction with the optimistic finding of case—
control epidemiological studies, a recent prospective, blinded and randomized
trial reached different conclusions. The Heart and Estrogen/Progestin Replace-
ment Study (HERS) compared the effects of a 4-year treatment of menopausal
women with preexisting CHD with either placebo or CEE (0.625 mg/day) and
MPA (2.5 mg/day, constantly). The results showed no cardioprotective effects
of the combination treatment CEE-MPA (54). Knowing the beneficial effects
of estrogens on cardiovascular ischemia in humans (52), and how MPA can
interfere with cardiovascular effects of estrogens, we are led to believe that the
null results of the HERS study (54) reflect the antagonistic effects of MPA on
estrogenic action. Consistant with this hypothesis are the findings of Adams
et al. (42,43). Even more important are the results of a prospective human trial
made by Rosano et al. (55). These authors observed that cyclic treatment with
MPA, but not vaginal progesterone gel, interfered with the anti-ischemic effects
of E, already reported previously (56). Moreover puzzling, because unexpected,
these authors observed that vaginal progesterone provided further anti-ischemic
effects as compared with the Ep-only phase of treatment. This suggested that



Table 3 Cardiovascular Effects of Progestins: Comparison Between Progesterone and a Synthetic Progestin, MPA

Estrogen only

Estrogen/MPA?

Estrogen—Progesterone

Lipids

Vasodilative effects

Coronary atherosclerosis
the “‘Clarkson model”’

Vasoreactivity

Clinical studies

HDL cholesterol 4 HDL,
LDL cholesterol | (39)

Uterine artery: Rapid and profound
dilation (49, 50)

Prevents atherosclerosis development
seen in untreated castrated females

Endogenous E, (41)

Exogenous Ej in castrated animals
42)

In monkeys: Estrogen restores
vasodilative response of
atherosclerotic coronary arteries to
acetylcholine (44, 45)

In humans: In the presence of
estrogen acetylcholine triggers
vasodilative response to
acetylcholine (48)

Epidemiological: Beneficial effects,
RR » 0.5 (52, 65)

Reverse changes induced by E; or
no increment

Larger or similar decrease
(35, 37, 39)

Less dilation that with E, alone (51)

MPA completely antagonizes
beneficial effects of exogenous
estrogens (43)

In monkeys: MPA blunts the
vasodilative response to
acetylcholine in estrogenized
animals (46)

In humans: In the presence of MPA
acetylcholine triggers a
vasoconstrictive response to
acetylcholine (48)

Epidemiological: No difference from
estrogen alone (53)

Prospective: (II prevention) HERS
study (54)

No effect of CEE (0.625 mg + MPA
(2.5 mg) (54)

In symptomatic ischemic women
MPA antagonized effects of E;
(55)

No impairment of E effects on HDL
No impairment of E effects on LDL
(35, 39)

Dilation unaltered (49)

Progesterone does not interfere with
beneficial effects of estrogens (42)

Pregnancies provide better protection
against coronary atherosclerosis
than the menstrual cycle (64).

In monkeys: Progesterone does not
affect the vasodilative response to
acetylcholine in estrogenized
animals (44, 45).

Epidemiological: Cardioprotective
effects linked to ovarian function
(estrogen and progesterone).

Prospective: In symptomatic
ischemic women, progesterone
improved effects of Ep alone (55).

4MPA is the most extensively studied existing synthetic progestin.

Effects of other products may differ.
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progesterone might have cardiovascular effects on its own. Consistent with the
possibility that progesterone might have cardioprotective effects of its own is the
observation made by Clarkson’s team that pregnancy offers improved cardiopro-
tection as compared with the menstrual cycle levels of Ey (40). The distinctive
interactions of synthetic progestins and progesterone with the cardioprotective
effects of estrogens are summarized in Table 3.

Progesterone also differs from progestins by the characteristically low in-
cidence of side effects encountered. Progestins, on the contrary, are notoriously
responsible for a wide variety of side effects, including negative mood changes
(57), other CNS symptoms, and water retention. It is currently hypothesized
that the difference in CNS effects (including effects on mood) between proges-
terone and synthetic progestins lies in divergent nongenomic properties of these
molecules. In one study, it has been demonstrated that the reduced metabolite
of MPA equivalent to the neuroactive steroid 3o-OH-5a-pregnane-20-one (allo-
pregnanolone) failed to bind the steroid site of the GABAA receptor complex
(58). Hence, this provides an explanation for clinical observation that MPA failed
to exert the anxiolytic—sedative effects of progesterone (57,59).

VI. A SUSTAINED-RELEASE GEL OPENS
THE DOOR TO LONG-TERM TREATMENTS:
VAGINAL PROGESTERONE IN CYCLIC AND
CONSTANT COMBINED OPTIONS FOR HRT

Although vaginal progesterone has been used in infertility for more than 12 years
(4-6), the need for multiple daily administrations has greatly limited its potential
for long-term use, such as in HRT. The recent development of a sustained-release
gel, Crinone 4%, has opened new perspectives for prolonged treatment in HRT.

In previous work, the vaginal gel of progesterone 4 or 8% concentration
has triggered full predecidual transformation of the endometrium, with only sin-
gle daily (16) or even every 2-day administration (20). In women suffering from
secondary amenorrhea, every second-day administration of the vaginal gel of
progesterone 4 and 8% resulted in secretory transformation of the endometrium
in 100 and 96%, respectively (60). The bleeding patterns achieved with these
two: dosing regimens were no different among themselves and were similar to
those seen with two doses of the synthetic progestin, MPA (61) (Fig. 5).

In a separate trial, we studied the effects of every-day administration of
the vaginal gel 4% for 10 days a month. As shown in Table 4, this treatment
induced true withdrawal bleeding (i.e., bleeding occurring only after discontinu-
ation of the progestin) in more than 90% of women (62). These data indicate that
every-day administration should be the preferred regimen when optimal control
of the bleeding pattern is sought. Because the number of vaginal applications
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Figure 5 Bleeding patterns with MPA and vaginal progesterone. Bleeding patterns
when two doses of MPA (5 and 10 mg) and vaginal gel of progesterone (4 and 8%)
are administered in conjunction with conjugated equine estrogens (CEE 0.625 mg/day
continuously). The bleeding patterns were similar with these two treatments, and in
both cases were not affected by increasing the dose of progestin used.

of the gel is limited to once daily, this approach retains its appeal for long-term
treatments (HRT) particularly for (a) women whose past experience indicates
that they are intolerant to synthetic progestins; (b) women whose medical con-
dition precludes ingesting hormones orally, notably those with coronary heart
disease (CHD) (54); or (c) women who for personal reasons would rather avoid
the oral intake of hormones. Our experience indicates that despite its apparent
complexity, women are likely to show remarkable compliance if they partici-
pate in selecting the vaginal progesterone option for their HRT. This probably
results from two distinct phenomena: (a) the notoriously low incidence of side
effects with this physiological approach. This practical advantage is readily rec-
ognized by HRT users, particularly if they had a prior experience of side effects
while using synthetic progestins; (b) the second basis for treatment compliance
is linked to women being more likely to remain compliant with a therapeutic
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Table 4 Vaginal Progesterone Gel in HRT

Mean age Type of bleeding n %
Group 1 50 &£ 1.5  Expected Withdrawal only 63/69 91.3
Abnormal Breakthrough or other 6/69 8.7
abnormal bleeding
Group I 58 & 5.3  Expected Amenorrhea (no bleeding)  54/67  80.6
Acceptable Isolated spotting— 9/67 134
mild bleeding
Unacceptable  Heavy bleeding— 4/67 6

repeated spotting

The 'vaginal progesterone gel was used either in cyclic (group I) or combined (group II) as-
sociation with estrogens as part of HRT. When used cyclically (10 days/month), the majority
of women experienced only true withdrawal bleeding (bleeding occurring after the last dose
of treatment). The constant combined regimen allowed 80% of women to remain amenorrheic
throughout their treatment period.

option they participated to select. On the contrary, regimens that may be felt
imposed are less likely to gain long-term compliance, even if their ease of use
appears relatively superior.

Another approach for using the vaginal progesterone gel in menopause
takes a maximum advantage of the sustained-release properties of the gel Crinone
4%. Because of the clinical appeal for constant combined or ‘‘no-bleed’’ reg-
imens, we made an attempt to use the vaginal gel of progesterone in constant
association with estrogen replacement therapy. Prefactory to this approach was
the: prerequisite to limit the number of vaginal administrations to a frequency
judged reasonable and acceptable by women who begin HRT. Evidently, con-
stant daily administration of a vaginal product could not be considered. Hence,
following our quest for a practical constant combined regimen with vaginal pro-
gesterone, we concluded that twice weekly administration should be the best
practical compromise. On the one hand, the sustained-release properties of the
polycarbophil base gel cannot reasonably be extended more than 3.5 days be-
cause of the turnover time of the vaginal epithelium. On the other hand, it would
not have seem practical to impose more frequent administrations of a vaginal
product for a prolonged treatment, even if it were highly successful at main-
taining a no-bleed situation. Preliminary work with 20 women who used this
twice weekly, constant combined regimen showed very positive results. The vast
majority of women stayed and remained amenorrheic throughout the treatment
period (63). Encouraged by these early results, the regimen has been adopted
in our gynecological practice. Results available from 67 women receiving this
treatment for at least 6 months appear in Table 4. As can be seen, the vast
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majority of women (> 80%) remained completely amenorrheic throughout their
treatment period. These results are far superior than any published data with con-
stant, combined regimens using oral hormones. In oral treatments, amenorrhea is
a state usually reached only after months of spotting (61), and irregular bleeding
is experienced in most participants. In our study, the endometrial thickness was
measured with ultrasound. In women who received the vaginal progesterone gel
twice weekly in conjunction with estrogen therapy, mean endometrial thickness
was 3.9 & 1.2 mm. An endometrial biopsy was performed each time the thick-
ness was greater than 5 mm or bleeding occurred. None of these cases showed
endometrial hyperplasia.

In conclusion, vaginal progesterone, the best nonoral option for short-term
replacement in infertility, has also its place in long-term treatments. Because of
the sustained-release properties of a new vaginal gel, it is now also possible
to consider the vaginal progesterone option for HRT. It can be speculated that
this physiological option will appeal to women who cannot or do not want to
use synthetic progestins because of medical contraindications or subjective side
effects.

Vii. CONCLUSION

Progestins completely protect from the risk of estrogen-induced endometrial hy-
perplasia or cancer. Yet, because of side effects and interferences with the bene-
ficial effects of E;, there are circumstances when physiological replacement with
natural progesterone administered vaginally is preferred. Today there is a multi-
tude of practical options available for delivering progestins. At one extreme, the
simplest option consists in taking a synthetic progestin orally. At the other end
of the spectrum, the natural hormone progesterone can be administered vagi-
nally, which represents the physiological option. Because of direct access to the
uterus, vaginal progesterone using a sustained-release gel only minimally raises
peripheral progesterone levels. Within the range of acceptable options are other
compromise solutions. These include (a) oral progesterone, which however re-
sults in an unnatural elevation of progesterone metabolites with depressive CNS
effects; or (b) nonoral synthetic progestins, such as NETA, through transdermal
therapeutic systems. Although viable, this latter option carries the side effects
of NETA, which are molecule-dependent.

Sadly, we must also realize that other non—-FDA-supervised options are
commonly proposed and even compared with treatments of proven efficacy.
These include transdermal progesterone preparations that have been proved iin-
effective at raising plasma progesterone levels and do not prevent development of
hyperplasia. Therefore, it is crucial that our discussion on the use of progestins
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in gynecology differentiates the acceptable options, each with their particular
advantages (e.g., ‘‘simple’” or ‘‘natural’’) from other remedies (such as proges-
terone creams) that have no proved efficacy.
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. INTRODUCTION

In the combined estrogen—progestin oral contraceptives (OC), one type of es-
trogen prevails, that is, 17«-ethinyl estradiol (EE). This substance was first syn-
thesized and tested by Inhoffen and Hohlweg in 1938 (i.e., 60 years ago) (1).
Because EE and its methyl ether (mestranol) exhibited potent oral activity and
were not protected by patents, there was little incentive to search for other oral
estrogens for contraceptive purposes. Thus, for estrogens, synthetic efforts can-
not be described as extensive. On the other hand, the first contraceptive study
conducted by Pincus et al. (2) about 40 years ago, prompted the synthesis of
numerous progestins, about a dozen of which have been clinically used in es-
tablished contraceptives. In addition, at least three compounds are in various
stages of preclinical and clinical development. Besides these compounds, cer-
tain modified progestins have been used in areas other than contraception (e.g.,
spironolactone as an antiandrogen).
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li. DEFINITION

According to the classic definition, progestins transform the estrogen-primed
endometrium into a secretory one and are able to support the development
and maintenance of pregnancy. The advent of molecular biology has defined
progestins as compounds that bind with progesterone receptors within the target
cells. However, binding with progesterone receptors (PRs) does not preclude the
progestin molecule from binding with other receptors or expressing effects other
than progestogenic. For example, norethindrone, under certain circumstances,
can stimulate the proliferation of the atrophic endometrium and cyproterone
acetate is a recognized antiandrogen both in men and women (3-5).

. STRUCTURE AND CLASSIFICATION

Contraceptive progestins are derived from the three tetracyclic structures, preg-
nane, estrane, and gonane (Fig. 1).

In characterizing the steroid molecule, the four rings of the tetracyclic
structure are identified as A, B, C, and D. The numbering system of the steroid

21
CH 18
; o 3 CH,
regnane 20 Estrane
2 CH CH,
19 16
2
15
3
4 6 H,C
S
CH

Gonane 13-Ethyl-Gonane

Figure 1 Skeleton steroid structures from which contraceptive progestins are derived
(details in text).
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Figure 2 Classification of contraceptive progestins. Norpregnanes are a cross between pregnanes and estranes.
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molecule designates the 17 carbons that form the steroid skeleton as C-1 through
C-17, and the two angular methyl radicals are numbered C-18 and C-19. In the
pregnanes, the two carbons of the side chain that is attached to C-17 are specified
as C-20 and C-21. Progesterone is a typical example of the pregnane family.

The estrane structure lacks the C-19 angular methyl radical between rings
A and B. Removal of a radical from a certain position in the molecule is abbre-
viated in chemical shorthand as NOR (i.e., no radical). Thus, the 19-norsteroids
belong to the estrane series. As will be stressed later, removal of the C-19 methyl
radical substantially increases the progestational activity of these norsteroids.

The gonane structure lacks both the C-18 and the C-19 angular methyl
radicals. However, gonane progestins bear an ethyl group between rings C and
D at C-13, and this chemical modification further enhances their progestational
activity.

From these definitions, we have classified the contraceptive progestins into
four groups as summarized in Fig. 2.

It has become currently fashionable to call the estrane progestins the ‘ ‘first-
generation’” OC, whereas the gonane progestins are divided into the ‘‘second-"’
and “‘third’’-generation OC. It is difficult to understand why this generational
classification omitted to encompass pregnanes, although these compounds en-
tered the contraceptive field at its inception and continue to play an important
role in the effort to curb the human population growth.

In this chapter, we will discuss various pharmacologic aspects of preg-
nanes, estranes, and gonanes of the second generation, related to contraception.
Gonanes of the third generation are discussed in a subsequent chapter. It is in-
dispensable, however, to bring up certain comparative features of progestins of
the third generation in our review. The description of each type of progestin
will begin with a brief discussion of the structure—function relation of the in-
dividual molecules, followed by pharmacokinetics and metabolic disposition. A
separate section is devoted to the pharmacodynamic aspects of the discussed
progestins.

IV. PREGNANES

A. Structure and Function

Pregnanes that are derived from the progesterone molecule reveal how seemingly
minor structural modifications of the steroid molecule can have far-reaching
consequences for biological activity (Fig. 3) (6). For progestogenic activity, the
C-17 position is of key importance. Indeed, chemical manipulations at this site
profoundly change the function of the molecule. Thus, progesterone loses its
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Figure 3 Pregnane progestins derived by manipulation of the progesterone molecule.
For progestogenic activity, the C-17 position is of key importance. Progesterone loses
its biological activity with the introduction of the hydroxyl group in position « to
C-17. Acetylation of the C-17 hydroxyl restores progestogenic activity of the molecule.
17«-Hydroxyprogesterone acetate has been the starting point for the synthesis of other
potent progestins (see Fig. 4). (From Ref. 6.)
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biological activity with the introduction of an a-hydroxyl group at C-17. Esteri-
fication of this group not only restores the progestational activity, but also renders
this compound orally active. The resulting substance, 17«-hydroxyprogesterone
acetate, became the starting point for the synthesis of other potent progestins.
Further synthetic work showed the importance of the C-6 position in the B ring
for oral progestational activity. The 6-methyl analogue, medroxyprogesterone
acetate (MPA; Provera, Pharmacia-Upjohn Company) is used as a tablet for
various gynecological indications. The injectable depot preparation is an ef-
fective 3-month contraceptive. Another C-6 methyl analogue, megestrol acetate
(Megace), differs from MPA by an additional double bond between C-6: and
C-7. This compound is used for management of breast, endometrial, and pro-
static carcinomas.

Halogenation of C-6 led to compounds that are among the most potent
progestins synthesized in the acetoxyprogesterone series; namely, the acetates
of chlormadinone and cyproterone (Fig. 4). Both compounds are used in com-
bination OC in several countries outside the United States. They are also highly
effective antiandrogens. Recently, a chlormadinone acetate-containing combina-
tion OC has been successfully applied in women with acne (7). Cyproterone ac-
etate has been established in the therapy of benign prostatic hypertrophy (BPH),
prostatic carcinoma, and precocious puberty.

B. Certain Toxicological Aspects of Pregnanes

Medroxyprogesterone acetate, chlormadinone, and cyproterone acetates have
been proscribed for contraceptive use in the United States for a number of
years because preclinical toxicology had shown an accelerated occurrence of
benign and malignant breast nodules in beagle dogs—a breed that shows a
spontaneously high incidence of breast tumors, including carcinoma. Extensive
clinical studies conducted by the World Health Organization (WHO) have lifted
the cloud of potential carcinogenicity hanging over MPA, with the result that this
compound is currently being used as an injectable contraceptive in the United
States (8).

The acceleration of the development of breast nodules in beagle dogs
was not observed in toxicological studies with various estranes and gonanes.
The differences in carcinogenic potential among the various types of steroids
have not been well studied in animals and remain unexplained. Also, long-term
toxicological studies in monkeys have not shown formation of breast nodules.
In monkeys, spontaneous breast carcinoma is unknown and, therefore, the in-
duction of hormone-associated breast pathology would have been particularly
important.
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Figure 5 Serum concentrations of radioimmunoassay-labeled medroxyprogesterone
acetate (MPA) before and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 h after ingestion of 10 mg
MPA. Three healthy women were examined. Reproduced here are representative data
of one subject. (Modified from Ref. 9.)

C. Pharmacokinetics and Metabolism

The pharmacokinetics and metabolism of the pregnane progestins are illustrated
with MPA. After an oral dose of 10 mg, maximum circulating concentration of
3-5 ng/mL is achieved 14 h after dosing. A gradual decline follows, and at
24 h after dosing, the circulating concentration ebbs to 0.5 ng/mL (Fig. 5) (9).
The half-life of MPA is about 24 h. In the circulation, MPA is mostly bound
nonspecifically to albumin.

MPA is metabolized by reduction of the A ring and hydroxylation, mainly
at C-6 with subsequent glucuronidation. The acetate group remains intact (10).
After injection of 150 mg of depot-MPA, MPA rapidly appears in the circulation.
During the 20-40 days after injection, blood levels are relatively high, fluctuating
between 1.5 and 3 ng/mL. At the end of 3 months after the injection the blood
levels of MPA are about 0.5-1.0 ng/mL. Thereafter, the MPA levels decline to
0.2 ng/mlL at the end of the sixth month, and during the seventh month after
injection, MPA is undetectable in the circulation (Fig. 6) (11). The relatively
high circulating levels of MPA during the first 3 months after injection of depot-
MPA are paralleled by high protection against pregnancy, and repeated 3-month
injections are recommended.
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Figure 6 Serum medroxyprogesterone acetate (MPA, dots), estradiol (open bars),
and progesterone (solid bars) concentrations in three women (subjects A, B, and C)
following intramuscular injection of 150 mg depo-MPA. Hatched horizontal bars of full
and half thickness indicate uterine bleeding and spotting, respectively. Undetectable
levels of MPA are indicated by v. (From Ref. 11.)

V. [ESTRANES: THE FIRST-GENERATION PROGESTINS

A. Structure and Function

The estrane progestins are derivatives of the testosterone molecule. Possibly,
the most important estrane is 17¢-ethinyl-19-nortestosterone, known under the
generic names of norethindrone and, mostly in Europe, as norethisterone; it is
abbreviated as NET. Figure 7 shows NET and its four derivatives which have
been used in various combined oral contraceptives. These derivatives differ from
the parent molecule by minor structural modifications, and they have to be
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Figure 7 Norethindrone (NET) and its four derivatives. To become biologically ac-
tive, these derivatives have to be metabolically converted to NET. (From Ref. 12).

metabolically converted to NET before they become biologically active (12). In
this sense, they can be considered as prodrugs. Norethynodrel differs from NET
by the position of the double bond in the A ring: in norethynodrel the double-
bond is between C-5 and C-10, whereas in NET it is between C-4 and C-5. This
modification affords norethynodrel some degree of estrogenicity. Norethynodrel
was the progestin component of the first combined OC; however, today it is
rarely used. Lynestrenol is characterized by the absence of an oxygen function
at the C-3. NET-acetate bears an acetoxy group at C-17. Ethinodiol diacetate
bears acetoxy groups on both C-3 and C-17.

The development of norsteroids is an example of biochemical ingenuity
and innovation (Fig. 8). Henzl (13) and Edwards and Henzl (14) have given a
detailed account of the development of contraceptive steroids.

The cornerstone in the quest for highly potent orally active progestins
was the recognition that removal of C-19 methyl radical profoundly changes the
biological properties of both the progesterone and testosterone molecules. For
progesterone, removal of C-19 methyl group resulted in 19-norprogesterone,
the first compound found to be more potent than progesterone itself. How-
ever, this compound was only parenterally active. Removal of the C-19 methyl
radical from testosterone resulted in the loss of androgenicity of the parent
molecule. Earlier, it had been found that attachment of the ethinyl group in the
a-position (- - -C=CH) at C-17 afforded the molecule oral activity. Combination
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of both described modifications (i.e., removal of the C-19 group and attachment
of ethinyl group to C-17) resulted in norethindrone. This compound exhibited
high progestational potency when administered orally and was the first oral pro-
gestogen more potent than progesterone given parenterally. The discovery of
NET, accomplished by Djerassi et al. in 1951 (see details in Refs. 13 and 14),
enabled the development of modern oral contraceptives. The synthetic process
leading to NET, coupled with the earlier discovery that intermediate products
for steroid synthesis could be obtained from roots of certain plants, principally
of the genus Dioscorea, enabled the large-scale production of OC that made
their wide distribution financially feasible.

Because NET is derived from testosterone, and ‘‘testosterone’’ is part of
the chemical name of the compound, it is sometimes assumed that NET has
androgenic properties. In fact, in the doses and combinations used in current
clinical practice, NET does not exhibit any discernible clinical androgenicity.
Interestingly, NET containing OC has been used in combination with a GnRH
agonist for the management of hirsutism in women (15).

B. Pharmacokinetics and Metabolism

The four derivatives of NET have to be metabolically converted to NET to
exercise their biological action. This conversion happens rapidly, with only NET
being detected in the circulation within 30 min after oral administration of any
of the derivatives (12). Compared with an intravenous dose, the bioavailability
of NET given orally averages 60-70%, indicating a first-pass effect (12).

The single-dose pharmacokinetics of NET fits the two-compartmental
model, with the tj/2, of the rapid phase averaging 0.6 h and the slower t;/2g
phase averaging 8.4 h (16). The pharmacokinetic parameters of NET are sum-
marized in Table 1.

Table 1 Pharmacokinetic Parameters of Norethindrone (NET) in 20 Normal Adult
Women After a Single Oral Dose of NET (1 mg) plus Ethinyl Estradiol (0.12 mg)

Mean value #+

Parameter standard deviation
Maximum plasma concentration (Cppmax) 15.7 & 6.19 ng/mL
Time to maximum plasma concentration (tmax) of NET 1.17 £ 0.65h
Total area under plasma concentration vs. time curve (AUC) 845+ 276 ng x h
Plasma half-life (ty,7) 8.054+ 192h

Source: Ref. 16.
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About 36% of the circulating NET is bound to serum hormone-binding
globulin (SHBG), about 60% is bound to albumin, and the remainder circulates
as free NET.

NET is mainly metabolized to glucuronide, but about 10-25% is metab-
olized to sulfate (12). The major plasma metabolite is the product of reduction
of the A ring; namely, the 38-hydroxy-5a-tetrahydro-derivative. This metabolite
exhibits high affinity for the estrogen receptors, whereas NET by itself and other
metabolites of NET do not (17,18). The estrogenic effects of NET have been
demonstrated earlier; however, the explanation of the estrogenic activity of NET
has been controversial (3). Besides the possibilities outlined in the foregoing,
metabolic conversion of NET to EE has also been suggested as a reason for
the estrogenic effect of NET. In perimenopausal women, the transfer constant in
blood for the conversion of NET to EE was established at about 2%. Although
small, this amount was considered sufficient to produce an estrogenic response
(19).

VI. GONANE PROGESTINS OF THE SECOND
GENERATION

A. Structure and Function

The gonane progestins are divided into two classes called the second and third
generations. Compounds of the second generation include dl-norgestrel (NG)
and levonorgestrel (LNG) (Fig. 9).

A brief discussion of the terms optical isomerism and absolute configura-
tion is required to understand the differences in the stereochemical and biological
properties of NG and LNG. Optical isomers are distinguished by their ability to
rotate a plane of polarized light (sodium source) in solution. Thus, an isomer

H3C OH

I =es* C=CH
‘ l H I NORGESTREL
Figure 9 Levonorgestrel (LNG) is the [ (—) enantiomer. Norgestrel (NG) is a racemic

d/! (+/~) mixture composed of the depicted structure and its mirror image. Only the
levorotatory enantiomer is biologically active.

0
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that rotates the plane of polarized light in a clockwise direction is referred to
as the dextrarotatory (d) or (+) enantiomer. Similarly, an optical isomer that
rotates the plane of polarized light in the opposite direction is referred to as
the levorotatory (/) or (—) enantiomer. An equal mixture of optical isomers is
identified by the expression (+/—) and is often referred to as a d// mixture
(20).

Steroids prepared by total synthesis consist of a 1:1 mixture of d and [
enantiomers. Norgestrel was the first progestin to be prepared by total synthesis
and marketed as a d/] mixture. There are several disadvantages associated with
the marketing of pharmaceutical products as d/! mixtures, such as the cost
of synthesis and formulation. These disadvantages stem from the fact that the
biological activity of a d/[ mixture actually resides in only one of the optical
isomers. In the case of NG, this prompted the development of synthetic methods
that produced only the biologically active levo (—) enantiomer. As expected,
the latter enantiomer, named levonorgestrel (LNG) exhibited twice the potency
of NG in comparative bioassays. Thus, LNG was rapidly developed and soon
replaced all NG-containing OC preparations.

The term absolute configuration refers to the actual arrangement of a
molecule in space (21). There are various procedures available for determin-
ing the absolute configuration of a molecule, including X-ray crystallography,
optical rotatory dispersion, and several chemical methods. Application of these
procedures to several of the natural steroids revealed that progesterone has the
absolute configuration represented by the structure depicted in Fig. 3 and not
its mirror image. In fact, all steroids from plant and mammalian sources, and
compounds derived from them, have the same absolute configuration (21-23).

Optical rotatory dispersion studies (24) and, subsequently, an X-ray crys-
tallographic analysis (25) of LNG indicated that the biologically active enan-
tiomer has the structure depicted in Fig. 9. This LNG has the same absolute
configuration as the natural steroids, such as progesterone as well as clinically
useful progestins described in this chapter. The name D-norgestrel has been em-
ployed to describe this circumstance. The use of the letters D and L originated
from an early convention that was created to permit the unambiguous assign-
ment of the absolute configuration to molecules bearing a single asymmetric
carbon atom, such as glyceraldehyde and lactic acid (21). In an investigation
of the structure of cholesterol, it was demonstrated that the hydroxyl-bearing
carbon C-3 has the same absolute configuration as glyceraldehyde. Therefore,
according to the convention, cholesterol would be categorized as D-cholesterol.
Because the structure of LNG was correlated with that of cholesterol by X-ray
studies, this enantiomer was called D-norgestrel (25). There is no relation be-
tween the sign of the optical rotation of an asymmetric substance [d or (+);
[ or (—)] and its absolute configuration, designated either D or L (see foregoing
for details).
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In recent years, the International Union of Pure and Applied Chemistry
has adopted a more rigorous convention to define the absolute configuration of
asymmetric molecules (26). However, the old convention is still used for the
amino acids and sometimes for LNG.

The successful synthesis of LNG enabled the development of an OC with
an extremely low progestin content. In one monophasic combination pill, 150 g
LNG is used with 30 ug EE. In the triphasic 21-day combination, a dose as low
as 50 pg is given for the first 5 days, followed by 75 pg daily for 6 days, and
150 g daily for the last 12 days. The progestin-only method employs a daily
" dose of 30 ug in a continuous, uninterrupted treatment regimen. For emergency
contraception (interception), 750 pg LNG are recommended. In describing the
pharmacokinetics of LNG, we will concentrate on these three doses.

B. Pharmacokinetics and Metabolism

The pharmacokinetics of the two optical isomers of dl-norgesirel differs sub-
stantially. Notably, the half-life of both the «- and the B-phase of the inactive
dextrarotatory enantiomer is longer than that of LNG. Thus, in evaluating the
pharmacokinetic data of NG, we need to consider whether LNG or the racemic
mixture was assayed.

Fotherby has most comprehensively reviewed the pharmacokinetics of
LNG, and his survey is the main source for the following description of the
pharmacokinetics of LNG (27,28).

The pharmacokinetics of LNG displays certain unique features (Table 2).
The compound’s ty /2 is about 14 h, with a range of 8-25 h. Only progestins of the
third generation have similarly long ti/2. Most importantly, the time required
for the circulating levels of LNG to decline by 50% is about 15 h, whereas
for NET, it is about 7 h. The difference in the elimination time is one of the
reasons why contraceptive doses of NET must be higher than those of LNG.
Concentrations of circulating LNG also vary widely within subjects and between
individual subjects. That concomitant administration of estrogens is associated
with a marked increase of the circulating concentrations of LNG is one of its
important characteristics (28) (Fig. 10).

Another interesting feature of NG and LNG is their relation to SHBG.
LNG, at a dose of 150 pg/day without an estrogen, decreases plasma concen-
trations of SHBG by 50%. However, SHBG is strongly affected by the estrogen
component of the combined OC. EE given alone will increase plasma SHBG
two- to threefold from baseline. However, it is important to realize that NG
and LNG are effective antiestrogenic agents, which suppress estrogen-induced
formation of SHBG. Monophasic combination treatment with 300 ug NG and
30 pg EE has been associated with only a minor (26%) and not statistically sig-
nificant SHGB elevation from baseline (29). Results in users of triphasic LNG
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Table 2 Pharmacokinetic Parameters of Levonorgestrel (LNG) given orally in

Henzl and Edwards

Three Contraceptive Regimens: (a) Low-Dose Continuous Contraception (30 pg/day);
(b) Monophasic Combination of 150 g LNG with 30 g Ethinyl Estradiol (EE) per day;

(c) Emergency Contraception (750 ug)

Plasma concentration of LNG (ng/ml)

after oral dose of

150 pg +
30 ug 30 ug EE 750 ng
2 studies 6 studies 3 studies

Parameter n=_8 n =54 n =26
Time to maximum plasma concentration N/D

(tmax; 1)
Range of means across studies 1.0-2.4% 1.9¢
Range of means of individual patients 0.2-3.1% 1.0-2.7¢
Mean after achieving steady state 1.0£02
Maximum plasma concentration N/D

(Cpmax; ng/mL)
Range of means across studies 3.2-38 9.0-11.2
Range of means of individual patients 1.5-6.8 8.1-18.4
Mean after achieving steady state 6.8 £ 2.1 7.1+28
Total area under plasma concentration vs.

time curve (AUC; ng x h)
Range of means across studies 6.7% 20.2-37.8 116.0-124.0
Range of means of individual patients 3.5-11.1 14.0-120.0 41.0-177.0¢
Mean after achieving steady state 115.0 £ 520 118.0 & 50.0
Terminal plasma elimination half-life

(T1/28; hs)
Range of means across studies 13.7-14.8 8.0-25.0 8.9-14.5
Range of means of individual patients 7.4-23.0 8.0-35.0 1.9-18.5
Mean (£SD) after achieving steady state 235 £ 8.6 120 £ 4.8

4Data of three women.
®Data of 42 women.
®Data of 10 women.
dData of 16 women.

Legend: n, total number of women in studies; N/D, not determined.

Source: Ref. 27.
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Figure 10 Mean serum levonorgestrel (LNG) concentrations in women receiving
LNG alone (open columns) or with ethinyl estradiol (EE) (hatched columns). Con-
comitantly administered EE substantially elevates blood concentrations of LNG. (From
Ref. 28.)

combination are inconsistent. After six treatment cycles, some studies reported
elevations up to 70% from baseline (30-32), whereas at least one investigator
detected a 6% decrease in SHBG, also after 6 months of treatment (33). The
changes in SHBG concentrations should be viewed in the context that the use
of combination oral contraception with cyproterone acetate and EE is associated
with a fivefold increase of SHBG (see also Fig. 12).

LNG binds more strongly to SHBG than other progestins. This interaction
does not explain the wide variability of blood levels of LNG after oral dosing or
that circulating concentrations of LNG are elevated in the presence of estrogens.

Table 2 gives the elemental pharmacokinetic parameters for LNG. Few
data are available for the 30-ug dose because only a total of eight women were
examined in two studies. The t; 24 ranged in individual women from 7 to 23 h,
with an average from 13 to 15 h.

More data are available for the contraceptive combination of 150 ug LNG
+ 30 g EE. In six studies, 54 women were studied. There was a wide variability
of values between individual subjects and among individual studies. Maximum
serum levels ranged from 1.5 to 6.8 ug/L and were attained within 1-2 h after
oral dosing. The mean t;» ranged from 8 to 25 h. Maximum serum LNG levels
after the single ‘‘interceptive’’ dose of 750 ug were three to four times higher,
and the area under the concentration—time curve (AUC) was three to five times
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greater than after ingestion of the combined dose of 150 ug with 30 ug of EE.
These high LNG levels were necessary for an effective emergency contraception.

Pharmacokinetics of progestins released from silastic implants, vaginal
rings, and intrauterine devices are discussed in other chapters of this book.

LNG is metabolized by reduction of the A ring, and conjugation to glu-
curonic and sulfuric acid, and further by oxidation at C-2 and C-16. About
20-67% of the administered radioactive dose is excreted in urine, and 21-34%
is excreted in the feces. No metabolite with estrogenic activity has been identi-
fied (12).

VIi. NORPREGNANES AND OTHER MODIFIED
PROGESTINS

A. 19-Norpregnanes

The 19-norpregnanes are a cross between the pregnanes and estranes. These
compounds are derived from progesterone, but lack the C-19 methyl radical
(Fig. 11). Nomegestrol, an important member of this series, is currently un-
dergoing extensive clinical investigation as a contraceptive implant. It has been
intensively studied for its ability to inhibit uterine contractions (34,35).

Nestorone (NES) is another 19-norpregnane of the 17«-acetoxy-progester-
one series, which bears a methylene group on C-16. Thus, the compound is 16~
methylene- 1 7a~-acetoxy,19-norpregn-4-ene-3,20-dione. In receptor assays NES
showed progestational effects equal to or better than LNG, without estrogenic,
androgenic, or anabolic activities (36). However, NES binds to glucocorticoid
receptors. NES has low oral, but high parenteral progestational activity. There-
fore, The Population Council is studying NES as a contraceptive in subdermal
implants, vaginal rings, and transdermal formulations. The compound is suitable
for nursing mothers because of its low oral action (see also Chap. 7).

B. Other Modified Progestins

Dienogest is an interesting estrane. In this compound, the cyanomethy! group
(- - -CHj CN) has replaced the C-17 ethinyl group (- - -C=CH). There is an extra
double bond between C-10 and C-11. Dienogest is 100% orally available. The
terminal half-life of dienogest varies from 8 to 10 h, which is slightly longer than
t1/2 of NET, but it is shorter than that of LNG. It is claimed that the compound
is without any androgenic activity and, supposedly, it affects glucocorticoids to a
lesser degree than mifepristone (RU 486). The compound suppresses endometrial
growth and was tested in the management of endometriosis. Preliminary studies
in women with mild endometriosis have shown some beneficial effects. The
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Figure 11 Chemical structure of two norprogestins: nomegestrol and nestorone.
Dienogest is a modified norethindrone in which cyanomethyl has replaced the 17a-
ethinyl group.

antigonadotropic activity of dienogest is relatively low, and 2 mg has to be
used in combination with 30 ug EE in a 21-day—cyclic regimen (37) (see also
Chap. 8).

Vill. PHARMACODYNAMIC ASPECTS OF PROGESTINS

A. Progestational Activity

The: progestational activity of steroids can be established in several ways. The
relative binding affinity (RBA) of the tested compound to progestin receptors is
the most advanced method. Receptors can be cloned, and computerized receptor-
binding assays can test hundreds of compounds. Receptors are obtained from
various experimental animals, sometimes hormonally influenced in vivo, or from
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Table 3 Relative Binding Affinities of Progestins to Human Endometrial
Progesterone Receptors

Binding Binding
Reference standard affinity (%) Reference standard affinity (%)
Progesterone® 100 R5020? 100
Levonorgestrel 95 3-Ketodesogestrel 130
Norethindrone 85 Medroxyprogesterone 115
acetate
Medroxyprogesterone 78 Levonorgestrel 90
acetate

Megestrol acetate 70 Cyproterone acetate 90
Norgestrel 49 Progesterone 40
Norethynodrel 5 Desogestrel 1
Ethynodiol diacetate 5 Norgestimate <0.1

2Qriginally, progesterone was used as the reference standard in the test. Later, it was replaced
with a synthetic progestin promegeston (R 5020).
Source: Ref. 10,

human endometrium. Originally, tritiated progesterone was used as the reference
standard. In recent years, it has been replaced by tritiated promegestone (R 5020),
a highly potent synthetic progestin. RBA is expressed by the concentration of'the
tested steroid that competitively inhibits 50% of the reference standard (ICsq)
(10). The method is highly effective and today’s chemists do not need to wait for
results of lengthy animal experimentation to learn about the biological activity
of compounds they have synthesized. Table 3 gives the relative progestogenic
potencies expressed as RBA for the most important contraceptive progestins.
The high activity of NET in the receptor assay contrasts with the extremely low
activity of NET derivatives. This indicates that NET derivatives acquire their
biological activity only after in vivo metabolic conversion to NET.

Receptor-binding assays superceded the Clauberg test and its various mod-
ifications. This test evaluated secretory changes in the estrogen-primed uterus
of immature rabbits.

In women, two tests have been used to determine the progestational activity
of various compounds. The first one measures the delay of menses produced
by the tested compound, given daily with 50 ug ethinyl estradiol, starting in
the late luteal phase of the menstrual cycle (10,38,39). The dose required to
delay menses for 20 days in 50% of the tested women (EDsp) is established.
Comparative potencies of the most important progestins are given in Table 4.

The second test establishes the dose that transforms estrogen-primed en-
dometrium into a secretory one. The endometrial response is graded from ‘‘nosef-
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Table 4 Delay of Menses Test: Relative Potencies of
First and Second Generation Contraceptive Progestogens,
and Medroxyprogesterone Acetate®

Progestin Relative potency®
Medroxyprogesterone acetate 0.2
Norethindrone acetate 0.5
Ethynodiol diacetate 0.5
Norethindrone 1.0
Norgestrel 3.0
Levonorgestrel 6.0

#Individual progestogens are given with 50 ug ethinyl estradiol,
starting in the late luteal phase of the menstrual cycle. The hor-
mones are given orally. The dose required to delay menses for
20 days in 50% of the tested women (EDsg) is established.

bpotency of norethindrone is assumed to be 1.

Sources: Ref. 10, 38, 39.

Table 5 Amount of Progestin Achieving Full Secretory Transformation of
Estrogen-Primed Human Endometriom

Daily dose Number of days

Progestin (mg) of administration
Oral administration

Progesterone 2000 10-14

Medroxyprogesterone acetate 10 10-14

Norethindrone 5-10 10-14

Chlormadinone acetate 2-5 10-14
Parenteral administration

Progesterone in oil 20 10

Norethindrone enanthate 100-200 1

Medroxyprogesterone acetate—depot 150 1

fect,”” with proliferative endometrium unaffected by the test compound, to ‘‘good
progestational effect,”” with fully developed late secretory phase endometrium.
Table 5 gives comparative results of this test with various progestins.

B. Androgenic and Antiandrogenic Activity

The androgen receptor-binding test estimates the androgenicity of a compound
by: its ability to displace tritiated testosterone from the androgen receptor. The
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tritiated synthetic androgen metribolone (R 1881) is now used instead of testos-
terone. Animal tests are conducted on immature or castrated rats, the endpoint
being the weight increase of the prostatic glands.

In tests determining androgenicity by RBA of various molecules, the dis-
placing potency of testosterone is 100%. The displacing potencies of LNG, NET,
and MPA relative to testosterone are 42, 23, and 23%, respectively. Measured
by prostatic growth, the potency of LNG is 15% (testosterone = 100) and that
of NET is only 1.6%. In this biological test, MPA and chlormadinone acetate
are inactive (10).

In humans, androgenicity is difficult to test clinically. It has been suggested
that measurements of SHBG can reflect an overall balance between androgenic
and estrogenic properties of a drug, specifically of a combined OC, as SHBG
is raised by estrogen and reduced by androgen. Figure 12 shows the increase in
circulating levels of SHBG during six contraceptive cycles with four different
combination OC regimens. The lowest levels of SHBG were associated with
the LNG monophasic regimen, whereas treatment with cyproterone acetate was
associated with the highest SHBG concentrations (31,32).

C. Clinically Important Antiandrogenic Effects of OC

Contraceptive progestins exercise their antiandrogenic effect by two mecha-
nisms. The first one is attributed to competitive binding of the compounds that
are not androgenic per se to the androgen receptor. Of the pregnanes, chlor-
madinone and cyproterone acetates are the main representatives of contraceptive
progestins, with high antiandrogenic potency. These compounds have high affin-
ity for the androgen receptor, but lack the ability to activate it. Consequently,
the receptor-antiandrogen complex fails to interact with the acceptor site of the
gene, and the gene is not activated. Another antiandrogen is spironolactone,
which is a modified pregnane, although it is not a contraceptive.

The second mechanism associated with the antiandrogenic effects of pro-
gestins is nongenomic and is estrogen mediated. The estrogen component of
combined OC stimulates globulin synthesis, including SHBG. This protein, in
turn, binds free testosterone and in this way reduces the circulating levels of
this active androgen and its availability to target tissues. Generally, progestins
counteract the formation of estrogen-induced SHBG. However, the degree of
interference with the SHBG-stimulating effects of estrogens depends on the
biological potency and characteristics of each individual progestin.

Levonorgestrel best illustrates the interplay of progestogenic, androgenic,
and estrogenic properties of a combined OC. LNG is a highly active progestin.
However, relative to other progestins, it also has increased androgenic activity.
In women who are using combined oral contraception, the increase in circulating
SHBG is not sufficient to bind free testosterone to a clinically meaningful extent.
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Figure 12 Increase in circulating levels of sex hormone-binding globulin (SHBG)
during six contraceptive cycles with four different contraceptive regimens. Presented
are 'the adjusted mean values (corrected for differences in pretreatment values). The
following contraceptive regimens were used:

Daily dose of  Daily dose of
progestin ethinyl estradiol

Progestin and type of regimen (ng) (EE) (u1g)
Cyproterone acetate (CPA); monophasic (21 days) 2000 35
Levonorgestrel (LNG); triphasic (6-5-10 days) 50-75-125 30-40-30
Norethindrone (NET); monophasic (21 days) 1000 35
Levonorgestrel (I.NG); monophasic (21 days) 150 30

(From Ref. 31.)

However, androgenic signs, such as acne, hirsutism, and male-type alopecia are
recognized adverse events in a few women receiving pure LNG in contraceptive
implants.

In contrast to LNG, norgestimate, a progestin of the third generation, does
not interfere with the estrogen-stimulated formation of SHBG. Women taking a
norgestimate/EE OC have a fivefold increase in circulating levels of SHBG, with
about a 50% reduction of free testosterone concentrations in plasma. Clinically,
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these changes translate into a 50% reduction of total acne lesions during the: use
of the norgestimate OC for 6 months (40). The antiandrogenic action of OC has
been recently reviewed (41).

D. Lipid Metabolism

Important differences exist among progestins in their effect on lipid metabolism,
particularly on the cardioprotective lipoproteins. Estrogens increase total choles-
terol, but they also increase the high-density lipoprotein fraction (HDL) and'de-
crease the low-density lipoprotein fraction (LDL) of cholesterol. Progestins exert
an antagonistic effect on these positive actions of estrogens by various mech-
anisms, including an increase in the activity of hepatic lipase which degrades
HDL. However, there are quantitative differences among individual progestins,
and the net metabolic effect depends on an intricate interplay between the two
components of the combined contraceptives, the type and dose of the progestin,
and the treatment regimen, whether it is monophasic, biphasic, or triphasic (42).
In general, the higher the androgenic properties of a progestin, the more pro-
nounced are the negative effects on cardioprotective lipoproteins.

The effects of MPA on lipid metabolism have been studied mainly in
women receiving hormone replacement therapy (HRT). A 21-day treatment reg-
imen of estradiol valerate, 2 mg/day, combined for the last 10 days with MPA,
10 mg/day, has shown a slight increase in HDL and a small, but significant,
reduction of LDL, over the 6-month treatment period (43). In general, when
HRT is given by transdermal delivery systems, the hormonal effects on lipid
metabolism are less pronounced than after oral administration. Once-a-month
injections of MPA combined with an estrogen, given as a contraceptive over a
1-year period, were associated with only small changes in the lipid profile (44).

Figure 13 compares the effects of three generations of monophasic com-
binations on the lipoprotein profile. Of the first-generation progestins, norethin-
drone (combined with EE) significantly elevates HDL and significantly reduces
LDL. This effect can be considered as beneficial. Of the second-generation pro-
gestins, levonorgestrel (combined with EE) increases LDL only slightly, but sig-
nificantly reduces HDL—an undesirable effect. Norgestimate, a third-generation
progestin (combined with EE), significantly elevates HDL, with only slight and
nonsignificant elevation of LDL. This indicates an overall beneficial profile:of
norgestimate (42,45).

E. Carbohydrate Metabolism

Both estrogens and progestins are associated with the development of insulin
resistance. Of the pregnanes, 150 mg of MPA alone, given by intramuscular,
3-month—depot injections, causes deterioration of glucose tolerance or hyperin-
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Figure 13 Percentage change from baseline in HDL and LDL in users of three gen-
erations of oral contraception. Contraceptive codes: NET 500 + 35 EE: combined
norethindrone (NET) 500 pg and ethinyl estradiol (EE) 35 ug/day, monophasic; LNG
150! 4 30 EE: combined levonorgestrel (LNG) 150 pg and EE 35 pg/day, monopha-
sic; NMG triphasic: EE 35 pg/day for 21 days, combined with norgestimate (NMG)
180 pg/day for the first 7 days, followed by 215 ug/day for 7 days and 250 pg/day
for the last 7 days. (From Refs. 42 and 45.)

sulinemia or both (46,47). Of the other pregnane progestins, data are available on
the low-dose (0.5 mg daily) continuous contraceptive regimens with chlormadi-
none acetate and megestrol acetate. Most reports indicate that the two steroids
have no or minor effects on carbohydrate metabolism.

Figure 14 compares three generations of OC relative to two split products
of proinsulin, C peptide, and insulin. C peptide is a better indicator of pancreatic
function than insulin itself. In general, increased insulin levels indicate resistance
to insulin. Norethindrone in combination with EE has some influence on car-
bohydrate metabolism, but the elevations of C peptide and insulin are modest,
just passing the statistical significance of 0.05. On the other hand, levonorgestrel
combinations with EE have a highly significant effect in elevating both C pep-
tide and insulin. The third-generation progestin desogestrel, combined with EE,
has no significant effect on C peptide, although it significantly elevates insulin
(42,46).

F. Progestins and Coronary Circulation

Interventional cardiologists have demonstrated that, after an acute infusion of
estrogen into dogs, the cross section of the coronary arteries expands by about
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Figure 14 C peptide and insulin in response to oral glucose tolerance test: difference
in incremental area (%) between oral contraceptive users and nonusers. Contraceptive
codes: NET 500 + 35 EE: combined norethindrone (NET) 500 ug and ethinyl estradiol
(EE) 35 pg/day, monophasic; LNG 150 + 30 EE: combined levonorgestrel (LNG) 150
ng and EE 35 pg/day, monophasic; 150 DSG + 30 EE: combined desogestrel (DSG)
150 pg/day and EE 30 pg/day, monophasic. (From Refs. 42 and 46.)
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Figure 15 Estrogen-induced coronary vasodilation in dogs. A solution of 178-
estradiol hemisuccinate was infused directly into the coronary circulation at concentra-
tions increasing from 10710 to 1076 mol/L. (From Ref. 48.)
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Figure 16 Medroxyprogesterone acetate (MPA) interferes with ovarian steroid protection against coro-
nary vasospasm in monkeys: Twelve rhesus monkeys, at least 3 months after ovariectomy, received silastic
implants with 200 mg of estradiol (Ez2). Two weeks later, silastic implants containing either 400 mg pro-
gesterone or 400 mg MPA were implanted. Six weeks after the start of the experiment (i.e., when the
monkeys had been 4 weeks under the influence of both E; and the two respective progestogens) intracoro-
nary catheters were introduced and standard angiograms and hemodynamic measurements were obtained.
Both treatment groups were then challenged by an injection of thromboxane, a potent vasospastic agent.
Thromboxane had virtually no vasospastic effect in animals that received Ep and progesterone. Monkeys
treated with MPA responded with massive vasospasm. (From Ref. 49.)

sunsaboid jo ABojoseunieyd

yx43



128 Henzl and Edwards

10%. This translates into a 32% increase in blood flow velocity and over a 40%
increase in the volume of blood passing through the coronaries (Fig. 15); this
effect is nongenomic (48).

To determine whether progestins counteract the described beneficial effects
of estrogens on the coronary circulation, a long-term experiment was conducted
(49). Ovariectomized monkeys received silastic implants containing estradiol;
2 weeks thereafter, they received silastic implants containing either progesterone
or MPA. Six weeks after estradiol-only capsules were implanted, the coronaries
of the monkeys were catheterized and standard angiograms and hemodynamic
measurements were obtained. Both treatment groups were then challenged by an
injection of thromboxane, a potent vasospastic agent. Thromboxane had virtually
no vasospastic effect in animals that received estradiol and progesterone. How-
ever, monkeys treated with MPA responded with massive vasospasm (Fig. 16).
In other words, MPA counteracted the vasodilatory effect of estradiol (see also,
Chap. 16).

It would be interesting to determine whether MPA shares its coronary
vasoconstrictive effects with other synthetic progestins. There is some indication
that nomegestrol does not counteract the vasodilating effect of estradiol (50).

IX. NOTE ON CONTRACEPTIVE PROGESTINS AND
VENOUS THROMBOEMBOLISM

In the preceding section we have discussed pharmacodynamic differences be-
tween the three generations of oral contraceptives. Previously, we have evaluated
the clinical relevance of toxicological studies showing development of breast
nodules in connection with pregnanes, but not with estranes and gonanes. This
section touches on some differences in the adverse event profile among third-
generation progestins. Specifically, the section discusses the alleged differences
between individual third-generation progestins relative to venous thromboem-
bolism (VTE).

It has been suggested that the third-generation OC desogestrel and gesto-
dene, but not norgestimate, double the risk of nonfatal VTE when compared with
the first- and second-generation OC containing norethindrone or its derivatives,
and levonorgestrel (51-54). These results were surprising, because we have as-
sociated the thrombotic phenomena with the estrogen content of OC. The data
were immediately questioned and the relation of the various progestins to VIE
became controversial (55-57). Indeed, studies showing an excess of VTE in
gestodene and desogestrel users over users of norgestimate containing OC were
much disputed.

In VTE, do first- and second-generation progestins differ from those: of
the third-generation? Are there indeed toxicological differences among the third-
generation progestins? These are important questions that can be resolved only
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by extensive basic research, carefully designed clinical studies, and epidemio-
logical surveillance.

X. CONCLUSION AND MESSAGE

Each of the clinically effective progestins is a unique chemical entity. In this
chapter we have stressed repeatedly that seemingly minor structural modifi-
cations can profoundly affect the biological function of the steroid molecule.
Although large amounts of information have been accumulated on the relation
between the chemical structure and physiological response of steroids, less in-
depth data were generated addressing the relation between the structure and tox-
icological effects of individual steroid molecules. These are challenges to come.
Indeed, numerous scientific and practical problems must be solved to continue
improving the safety of the highly effective method of hormonal contraception.
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. INTRODUCTION

The pharmacokinetics and pharmacodynamics of synthetic gestogens have been
comprehensively reviewed (1,2), and additional reviews have appeared (3-6).
This chapter will deal only with three gestogens derived from levonorgestrel
(LNG; 13B-ethyl-17a-ethinyl-178-hydroxygen-4en-3-one): desogestrel (DSG;
11-methylene-3-deoxy-LNG); gestodene (GSD; A15-LNG); and norgestimate
(NGM; 17B-acetoxy-LNG-3-oxime). These three gestogens have been described
as “‘third-generation’’ gestogens, a term that should not be used because (a) it
has never been properly defined and, therefore, leads to confusion; (b) it is some-
times used in reference to the gestogens themselves and sometimes in reference
to the combined oral contraceptives (COC) containing them; (c¢) several COC
containing various doses of the gestogen in combination with various doses
of ethinyl estradiol (EE) are in use and under development, and not all may
be classified as third-generation formulations; (d) it could imply that there is
some similarity in the pharmacology and clinical effects of the three formula-
tions which, as this chapter will show, is not true; (e) the classification of NGM
is anomalous because its conversion in vivo to LNG, a ‘‘second-generation’’
gestogen, may account for most, if not all, of its biological activity; (f) it has
been used to refer to the date of introduction of the COC, but there is a large
difference in these dates; COC containing DSG were first marketed in 1981,
those with GSD in 1987, and those with NGM after a preliminary introduction
in 1986, were not mainly marketed until 1992,
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Levonorgestrel is a 138-ethyl gonane steroid (in contrast with norethis-
terone which is a 138-methyl gonane). The major aspect that DSG, GSD; and
NGM have in common is their chemical structure; they can all be considered to
be derived from LNG, and generically, they can be considered as derivatives of
LNG (DLNG). ]

This chapter will deal mainly with the clinical pharmacology of the DLNG
and COC containing them. Animal pharmacology and in vitro studies will be
mentioned only briefly where they are relevant to the human pharmacology.

. PHARMACOKINETICS

A. Absorption and Bioavailability

The gestogens are readily absorbed after oral administration. In most subjects
peak serum concentrations (Cipax) occurs between 1 and 2 h, although in a few,
Cmax may occur from 2 to 4 h and there appears to be no difference among the
three gestogens. However, there are important differences in their bioavailability

.
1. DSG

Desogestrel is a prodrug and, after ingestion by humans, it is rapidly and almest
quantitatively converted in the liver in a two-stage process (hydroxylation at' C-3
followed by oxidation of the C-3-hydroxy group to the C-3-ketone) to 3-keto-
desogestrel, the biologically active metabolite. After oral administration DSG
was detected in blood in only low concentration during the first 3 h (1). Serum
concentrations of 3-keto DSG are similar after giving DSG or 3-keto DSG in
the same dose. Three studies of bioavailability, as measured by the area under
the serum concentration—time curve (AUC), gave values of 76 +22%, 81427%,
and 62 4+ 7% with a mean overall of 73% (7).

2. GSD

Gestodene is not a produg and is absorbed without modification so that its
bioavailability is almost 100%. Four studies gave values of 88 +18%, 99+ 11%,
111 4 18%, and 87 4 19%, with an overall mean bioavailability of 96% (7).

3. NGM

Norgestimate is a prodrug, and determination of its bioavailability is difficult
owing to its rapid metabolism after ingestion. NGM itself can be detected in
blood for less than 6 h after oral administration, and it is present in only very low
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concentrations. Hydrolysis of the 178-acetyl group occurs rapidly, some in the
intestinal tract and during absorption, resulting in LNG-3-oxime, which appears
in the circulation in measurable amounts (4). This is surprising because oximes
are also readily hydrolyzed in vivo, to some extent in the gastrointestinal tract.
Considerable hydrolysis of LNG-oxime does occur, for LNG itself is a major
metabolite in blood and accounts for 20-25% of the dose (8). Because of this
rapid and extensive metabolism of NGM, methods other than AUC are required
to determine its overall bioavailability.

From the values given for DSG and GSD it will be noted that there is
a large variation in the values both within any study and between studies. Part
of this variability is due to intersubject variability and part to the different
methods employed in the studies. The bioavailability of sex steroids and their
measurement are discussed in a recent review (7).

B. Serum Concentrations

Most of the information available relates to the gestogen administered with EE.
Values quoted are means calculated from published reports. Values are given
for single-dose oral administration, when steady-state levels will not have been
achieved, and also for steady-state values (i.e., values obtained usually at or near
the end of a treatment cycle) after 3 weeks of daily oral dosing. Steady-state
concentrations will be higher and more relevant to the pharmacological activ-
ity of the gestogen than single-dose values. The time to achieve steady-state
conditions will be longer than that calculated on pharmacokinetic considera-
tions (about 4 days) because the estrogen in the COC will increase serum sex
hormone-binding globulin (SHBG) concentration to which the gestogens show
variable degrees of binding. SHBG concentrations do not reach plateau levels
until about day 10 of the treatment cycle, and serum gestogen concentrations
will .continue to increase until this time. (Note: these are better described as
‘pseudo’—steady-state conditions because the COC is administered only once
per day and serum concentrations will continue to show daily increases and
decreases.)

1. DSG

After a single dose of 150 ng DSG with 30 ug EE, serum DSG concentrations
increase rapidly to reach Cyax of 1.5 ng/mL, falling rapidly to 0.5 ng/mL at 4 h,
and then more slowly to 0.3 ng/mL at 8 h and 0.1 ng/mL at 24 h (1). Under
steady-state conditions Ciyax values would be 4 ng/mL falling to 2 ng/mL at
4 h, 1.7 ng/mL at 8 h, and 0.8 ng/mL at 24 h (2). The ratio of steady-state to
single-dose concentrations is about 2.7 at Cipax and about 8.0 at 24 h.



136 Fotherby

2. GSD

After a single dose of 75 g GSD with 30 ng EE, serum GSD concentrations
reach Cpax of 3.7 ng/mL, slowly decreasing to 2.2 ng/mL at 4 h, 1.1 ng/mL at
8 h, and 0.6 ng/mL at 24 h (4). Under steady-state conditions Cmax 1s 10 ng/mL,
decreasing to 8.8 ng/mL at 4 h, 7.0 ng/mL at 8 h, and 5 ng/mL at 24 h. The
ratio of steady-state to single-dose concentrations is about 2.7 at Cpax and about
83 at24 h

3. NGM

Little information is available for this gestogen. With doses not used in con-
traception (360 g NGM + 70 pg of EE), both after single-dose and under
steady-state conditions, NGM disappeared rapidly from serum, and none was
detected after 5 h (4). LNG-3-oxime (17-deacetyl NGM) reached a peak at I'h of
about 4 ng/mL and was still readily detectable (concentration about 0.8 ng/mL)
at 36 h. With a contraceptive dose (250 ug NGM + 35 ug EE) in 12 women
(8), LNG was a major metabolite, and it was calculated that about 22 & 6% of
the NGM dose was converted to LNG.

C. Serum Binding

Only small amounts of the gestogen are present in serum in an unbound state; and
it is this fraction that appears to be responsible for the biological activity. Most
of the gestogen in serum binds to albumin and SHBG. The binding to albumin is
loose, and the gestogen can readily dissociate to maintain the level of unbound
steroid. The binding to SHBG is much tighter; hence, dissociation occurs:less
readily. Measuring the distribution of the gestogen between the unbound and the
two protein-bound fractions can be difficult because the method of estimation
may itself disturb the equilibrium. Furthermore, the equilibrium between bound
and unbound in vivo is constantly changing, partly as a result of changes in the
serum gestogen concentration throughout the day and the treatment cycle, and
partly as a result of changes in the serum concentration of SHBG throughout
the treatment cycle. Administration of EE alone in a daily dose of 30 ug will
increase serum SHBG concentrations two- to threefold by day 10 of treatment,
decreasing during the pill-free interval (1). Although some gestogens in COC
will antagonize this estrogenic effect, it is not inhibited by DSG or GSD. It has
been claimed that the amount of DSG bound to SHBG almost doubles from
37 to 69% as a result of the increase in serum SHBG concentrations during
the treatment cycle (9). This large increase in SHBG binding is at the expense
of albumin binding (decreased from 63 to 36%) and also leads to a decrease
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in the unbound fraction from 2.1 to 1%. For GSD, which has a higher-binding
affinity for SHBG, under similar conditions, the SHBG bound increases from
48 to 76%, with decreases from 48 to 24% and from 2 to 0.6% for albumin-
bound and unbound, respectively. The characteristics of binding to SHBG differs
between DSG and GSD. The binding of GSD is tighter; thus, it dissociates more
slowly from SHBG than does DSG. Further details on the binding of DSG and
GSD will be found in Kuhnz et al. (10,11). Little is known about the binding
of NGM. One major metabolite LNG-oxime, does not bind to SHBG, but LNG
itself binds strongly. After a single dose of LNG + EE about 50% of LNG binds
to SHBG, 47.5% to albumin, and 2.5% is unbound (1). Because little increase, if
any, in serum SHBG concentrations occurs with this formulation, there is little
change in these values under steady-state conditions. Reported values for the
proportions of the gestogens in the bound and unbound states vary (a) among
studies owing to the differing methodologies used; (b) with the time of sampling
in the treatment cycle; and (c) owing to the large intersubject variability in the
pharmacokinetics of the gestogens.

D. Metabolism

Little is known about the metabolism of gestogens. Although DSG and GSD
can be considered to be derivatives of LNG, these are not converted to LNG in
vivo, in contrast with NGM for which the modifications of the LNG molecule
are those that can be readily hydrolyzed.

1. DSG

Between 40 and 50% of the dose is excreted in urine, and 30-35% in feces
(4). Although the main urinary metabolites are conjugated (glucuronides 25—
60%, sulfates 20-40%), surprisingly large amounts (12-28%) are voided in an
unconjugated form (4). Metabolism mainly appears to follow the usual initial
stages for most steroids—reduction of the 4-en-3-one structure of ring A to the
3,5-tetrahydrosteroids, followed by substantial hydroxylation.

2. GSD

Although GSD differs from LNG by only the double bond at C15-C16, it is
not converted to LNG in vivo. About 50% of the dose is excreted in urine
(25% as glucuronides, 40% as sulfates, and 25% unconjugated) and about 33%
in feces (4). The major pathway of reduction of 4-en-3-one structure to the
tetrahydrosteroids is followed, and substantial hydroxylation occurs at C-1, C-6,
and:C-11.
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3. NGM

As indicated earlier, NGM is rapidly metabolized and is present in blood only in
very small amounts and for only a few hours after ingestion. Three metabolites,
LNG-17-acetate, LNG-3 oxime, and LNG, may appear in the circulation, but
the acetate is rapidly hydrolyzed. About 40% of the dose is excreted in urine
(57% as conjugates, 12% unconjugated) and 16-49% in feces. No NGM or
LNG is found in urine (4). The urinary metabolites are similar to those of LNG,
tetrahydrosteroids, and hydroxylated steroids (at C-2« and C-16f) and even tri-
hydroxysteroids. The pattern of urinary metabolites reinforces the idea that LNG
is the major metabolite of NGM. Some esters are hydrolyzed in the gastrointesti-
nal tract; therefore, seems likely that some conversion of NGM to LNG-3-oxime
occurs during absorption. In addition, esterases are widely distributed in body
tissues. Hydrolysis of oximes can also occur in the gastrointestinal tract, and
they are usually readily hydrolyzed in tissues (12).

Both endogenous and exogenous steroids are metabolized in vivo to a
great extent by the hepatic cytochrome system. Under in vitro conditions, ethinyl
steroids can inhibit the enzyme system, and GSD was a more potent inhibitor
than other gestogens tested (6). Considering the artificial conditions of the in
vitro studies, the findings are unlikely to have any relevance to the in vivo
situation, and no information is available concerning such an effect in vivo.

E. Pharmacokinetic Parameters

Available data for pharmacokinetic parameters for the three gestogens are sum-
marized in Table 1. It must be emphasized that these values

1. Relate to the gestogen administered with EE in contraceptive doses.
Values for the gestogen administered alone are likely to be very dif-
ferent owing to an interaction between the estrogen and gestogen.

2. Are compiled from published reports and, where possible, are con-
sensus values. For some parameters (e.g., bioavailability and serum
concentrations) sufficient studies have been performed to determine a
consensus value, whereas for others (e.g., volume of distribution and
clearance) often only data from a single study is available.

3. Will vary according to whether they apply to single dose or steady-
state conditions.

4. Will vary widely among the different studies owing to the differing
methods that have been used in their derivation

5. Will show a very wide variation (more than fourfold) between subjects
and for some parameters, information is available to show that there
is an almost equally wide within-subject variability.
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Table 1 Pharmacokinetic Parameters for Gestogens Values Relate Mainly to
Gestogen Administered with 30-35 ug EE

NGM
(250 pg)*
DSG GSD LNG
(150 png)* (75 ng)* oxime LNG

Serum concentration (ng/mL)

Peak 1.5 37 4.0 —

24 h 0.1 0.6 1.0 —
Absorption time (h) 1.7 1.3 —_ —
Volume of distribution (L) 130 32 — 110
Clearance (L/h) 8 3 — 6
Elimination half-life (h) 12 11 16 14
Bioavailability (%) 73 96 220 95
SHBG binding affinity (% DHT) 5 17 0 13
Serum binding (%)

Albumin 65 24 e 50

SHBG 31.5 75.5 0 48

Unbound 3.5 0.5 — 2

2Daily dose.
bValue relates to amount of LNG resulting from NGM administration.
Source: Ref. 1.

Little information is available on the correlation of the parameters with
subject characteristics. The parameters are likely to be affected by many factors
that may influence the absorption, binding, and metabolism of the gestogens;
most of these effects have been inadequately studied (13). Further details of the
pharmacokinetics of gestogens and how they might relate to pharmacological
activity were summarized by Fotherby (1).

F. Pharmacokinetics: Conclusions

Because of the large number of factors, excluding pharmaceutical ones, that
may operate between oral administration of a drug and its appearance in the
systemic circulation (e.g., metabolism in the gastrointestinal wall, variations
in absorption, metabolism in intestinal tract and on first passage through the
liver [first-pass effect], binding in blood, rate of metabolism and elimination),
it has long been recognized in pharmacology that dose is not a satisfactory ba-
sis for comparison of the biological activity of different drugs and that blood
concentrations might be a more satisfactory parameter. Two of the gestogens
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(DSG and GSD) considered in this chapter, to some extent, appear to substan-
tiate this. In combination with 30 ug EE, the daily dose of DSG (150 ug)
required for an antifertility effect is twice that of GSD (75 ng) and the daily
dose of the gestogen administered alone for ovulation inhibition is 60 pg for
DSG and 40 pug GSD (i.e., relative to dose, GSD is 1.5-2 times as potent as
DSG). However, serum concentrations of GSD are much higher than those of
DSG. For 75 ug GSD + 30 pg EE and 150 pg DSG + 30 ug EE, serum
concentration ratios of GSD/DSG after single doses are 2.5:1 at Cpax and 5:1
at 24 h, and under steady-state conditions, these ratios are even higher 3:1 at
Cmax and 8:1 at 24 h, even though the dose of GSD is only half that of DSG.
These aspects are considered in greater detail by Fotherby (1). Although definite
conclusions cannot be made from the limited amount of information available
for some of the parameters shown in Table 1, it seems likely that the main
determinant of the large difference in the serum concentrations of GSD and
DSG is the avid binding of GSD to SHBG. This restricts GSD to mainly the
intravascular compartment and leads to a low volume of distribution to tissues
and also a low clearance compared with DSG, which binds with a much lower
. affinity.

There is little difference between GSD and DSG in the elimination half-
life (tg1). This is partly because te is a derived parameter and depends on volume
of distribution and clearance. A compound with a low volume of distribution
and a low clearance may have a value for tg similar to that of one with a
high volume of distribution and high clearance. Caution has to be used in the
interpretation of te; values for tg varies widely and is very dependent on the
procedures used in its estimation. In a few studies, t¢) is derived from volume of
distribution and clearance as determined by computer analysis after intravenous
administration of the gestogen, whereas most studies determine tg graphically
from serum concentrations after oral administration.

Difficulties in the determination of the distribution of the gestogens among
the various serum fractions mean that the values shown in Table 1 are only
approximations of the in vivo situation. Minor variations in the amount bound are
likely to have a major effect on the very small unbound fraction, especially for
drugs that are highly bound and have a low volume of distribution. The increase
in SHBG during a cycle of COC use as a result of the estrogen component
leads to a decrease in the unbound fraction from 2.1 to 1% for DSG (a decrease
of about 50%) and a larger decrease about 70% for GSD from 2 to 0.5% (10).
Despite the difference between GSD and DSG for the percentage in the unbound
fraction, it seems possible that the concentrations of unbound GSD and DSG in
serum and, hence, presumably in extracellular fluid and in contact with tissue
cells, may be similar. If this is so, it suggests that the biological response to the
gestogen will be determined by the extent to which the gestogen interacts will
the cell receptors.
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As is evident from Table 1, little information is available for the pharma-
cokinetics of NGM; therefore, comparison with DSG and GSD is not possible.
Table 1 includes information for LNG, which is the major metabolite of NGM,
and for which a large amount of information is available (14).

It is apparent from this summary that although structural differences be-
tween the gestogens derived from LNG are minor, they do lead to marked
differences in their pharmacokinetics. As the next section will show, although
there are differences among the gestogens in their pharmacodynamic effects,
these differences cannot yet be correlated with the pharmacokinetic differences.

lil. PHARMACODYNAMICS

Unlike many drugs, the dose regimen and doses used in COC are not based on
pharmacokinetic characteristics. The dose regimen of 1 pill/day is based on user
convenience. The doses used are decided by clinical studies to determine the
optimum dose of estrogen and gestogen, in combination, that will provide effi-
cient contraception by inhibiting ovulation and a satisfactory pattern of regular
menstruation.

A. Ovulation Inhibition

The 'modern low-dose COC provide satisfactory inhibition of pituitary gonado-
tropin secretion to prevent follicular growth and ovum maturation in most treat-
ment cycles (15,16). Some ovarian activity with initial follicular development
occurs in many women during the interval between cycles of treatment (the
pill-free interval), and this is quickly inhibited when commencing the next cy-
cle of treatment. However, evidence such as serum hormone measurements and
ultrasonography of the ovary suggests that in occasional cycles, follicular de-
velopment may occur, which in rare instances, may lead to ovulation and the
possibility of pregnancy. Follicular development is less likely to occur when
pill-taking starts on day 1 of the initial cycle, as is now more usual, than on
day 5. Missing pills during the treatment cycle, or more importantly at the be-
ginning or end of the cycle so that the pill-free interval is lengthened, or an
interaction between the COC and other drugs taken concomitantly, may also
increase the likelihood of follicular development and ovulation. The gestogen
component of the COC appears to be responsible mainly for ovarian suppres-
sion, and this action is reinforced by the estrogen. Two lines of evidence from
human pharmacology support this conclusion.

First, several clinical trials have been performed and at least one product
marketed with COC in which the estrogen dose has been reduced to 20 ug,
without a reduction in the gestogen dose. These formulations still inhibit ovu-
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lation, and their effectiveness is no less than that of the corresponding COC
containing 30 pg of EE (2).

Second, studies have been performed to determine the minimum daily dose
of gestogen per treatment cycle administered alone to inhibit ovulation. Values
reported (17) in noncomparative studies are GSD, 40 pg/day, DSG, 60 pg/day;
and NGM, 200-250 pg/day. Thus, in this assay, GSD is more potent than DSG,
and both are considerably more potent than NGM. If, as the pharmacokinetic
studies suggest, NGM is active by conversion to LNG, the dose of NGM alone
would be metabolized to 50-60 ng LNG, and this is the daily dose of LNG
required to inhibit ovulation. However, these ovulation inhibition studies have
included only a few subjects during few treatment cycles and the ‘‘endpoint”
is often indistinct. Administration of the gestogen alone may lead to (a) com-
plete inhibition of ovarian activity, with no follicular development and with no
increase in estradiol and progesterone secretion; or (b) varying degrees of fol-
licular development and estradiol secretion, but without formation of a corpus
luteum or secretion of progesterone.

There are also marked variations among subjects and possibly between
different cycles in the same subject. Accordingly, the values are to be seen as an
approximate indicator of the activity of the gestogen. They do show, however,
that the daily dose required to inhibit ovulation in this assay, in which the drug
is given daily, is only about half of the daily dose in the COC for which the
drug is given 3 weeks out of 4, for GSD and DSG, but approximately equal to
the daily dose for NGM.

B. Lipid Metabolism

About 200 studies have been published on the effect of COC on serum concen-
trations of the major lipids; thus, although there is enough information on this as-
pect, insufficient information is available on the details of these changes and the
mechanisms responsible. Serum lipid changes are determined by the relative and
absolute dose of estrogen and gestogen in the COC. Estrogens increase serum
concentrations of cholesterol, triglycerides (TG), and high-density lipoprotein
cholesterol (HDL-C) and decrease low-density lipoprotein cholesterol (LDL-C).
These changes can be counteracted by gestogens, depending on their dose and
structure (2). Many of the studies with COC have been comparative ones. For
COC containing DSG or GSD (30 pg EE with either 150 nwg DSG or 75 ug
GSD or GSD triphasic) there is no change in serum cholesterol or LDL-C con-
centrations, but significant increases in TG and HDL-C which tend to be more
pronounced with DSG than with GSD (2). Much less information is available
for other lipids; the HDL apoprotein (apo-Al) increases and the LDL apoprotein
(apo-B) decreases. Although two HDL subfractions (HDL, and HDL3) can be
measured by a relatively simple precipitation method, ultracentrifugation gives
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more accurate and reproductible results. In addition, ultracentifugation enables
other subclasses to be estimated (e.g., at least seven subclasses of LDL are now
recognized), and there is some evidence to suggest that the various subclasses
differ in their effect on atherosclerosis or are associated with different degrees
of risk of developing cardiovascular disease (CVD). Both VLDL and HDL can
also be separated into a number of subclasses.

Any changes that occur in lipid metabolism on starting a COC regimen are
usually manifest within the first 3 months and usually do not progress with con-
tinued use, and they return to pretreatment levels on discontinuing the COC (2).

Little information is available for COC containing NGM. Preliminary stud-
ies indicate no change in serum total cholesterol and LDL-C concentrations, but
in contrast with DSG and GSD, HDL-C is increased without any increase in
TG (2). Triglycerides do increase, however, with the triphasic formulation of
NGM (2).

Numerous other factors affect lipid metabolism in addition to estrogens
and gestogens, and changes in serum lipid concentrations will be a result of
these factors. It also must be emphasized that most of the studies of the effect
of estrogens and gestogens on serum lipids have been performed with subjects
in the fasting state; therefore, they may not be directly relevant to the normal
situation. It has been suggested that changes in serum lipids, particularly TG,
postprandially may be more important for the risk of developing CVD, but little
information is available on the effect of estrogen and gestogens on postprandial
lipid levels (13).

Another serum lipoprotein [lipoprotein (a), Lp(a)], similar to LDL, but
with an extra protein that is structurally similar to plasminogen, has been claimed
to be an indicator of the risk of developing CVD (6). However, increased levels
of Lp(a) appear to be important only when LDL is high, and because serum
levels of Lp(a) are mainly genetically determined, the effects of estrogen or
gestogen are minimal.

C. Carbohydrate Metabolism

Despite numerous investigations during the almost 40 years COC have been
used, the mechanisms by which they may affect carbohydrate metabolism is still
unclear. Initially, any effects observed were ascribed to the estrogen component.
However, the relative lack of effect of estrogen administered alone in doses
similar to those of the COC shifted the emphasis to the gestogen. Most recent
studies suggest that any effects observed result from a synergistic action of the
estrogen and gestogen (18).

- All the modern low-dose COC have what appear to be only minor ef-
fects. Mostly, there is no change in fasting serum levels of glucose and insulin.
During an oral glucose tolerance test (OGTT), minor increases may occur in
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serum glucose and, particularly, in serum insulin responses. Direct comparative
studies showed no differences between DSG and GSD, although one study (18)
suggested that GSD COC may affect insulin levels more than DSG. There is
much less information for NGM, but it also does not seem to have any effect.
Changes are more apparent when an intravenous glucose tolerance test IVGTT)
is used. In a large study involving 296 COC users (19), computer modeling of the
glucose and insulin responses to an IVGTT showed differences among various
COC, with a reduction in insulin sensitivity. However, the insulin changes and
differences among the COC were minor, and it was concluded that the changes
were primarily due to the estrogen, with the gestogen having a slight modifying
action. The validity of this approach needs substantiating, and the conclusions
require confirmation. It must also be emphasised that the OGTT results may
not be entirely relevant to the normal in vivo situation. Subjects also vary in
their pancreatic reserve and, although for most subjects, COC use will have little
effect on carbohydrate metabolism, for a few it may be a sufficient challenge to
produce an impaired insulin response.

With short-term COC use the effects are minor and, although some studies
suggest the effects become more marked with long-term COC use, this is not
supported by other studies or by clinical findings (19). It is apparent that even
with long-term COC use, any changes in carbohydrate metabolism are unlikely
to be clinically significant, with no increase in incidence of diabetes, diabetic
symptoms, or impaired glucose tolerance (4).

Few studies have investigated the changes on COC use in other hormonal
factors (e.g., growth hormone, glucagon, or adrenocortical hormones) involved
in regulation of carbohydrate metabolism. No study has found changes in the
serum concentrations of glycosylated proteins, even though these are sensitive to
consistent increases in blood glucose levels. For a more detailed account of COC
and carbohydrate metabolism see the review by Hirsch and Goldzieher (20).

D. Hematological Factors

Two somewhat recent reviews of the effect of COC use on hematological factors
have been published (21,22). From the large numbers of publications on this
topic, three conclusions are regularly repeated: (a) any changes that occur are
mainly due to the estrogen; (b) the estrogen effect may be modified by gestogens;
and (c) any changes in coagulation are matched by changes in fibrinolysis;
therefore, there is no change in the hemostatic balance. It is also often claimed
that the newer COC have a smaller effect. However, the experimental basis for
these conclusions is often suspect. There is great variability in the results from
various studies, and the changes are often minor and of doubtful significance.
In many investigations, particularly the earlier ones, the methodology has been
inadequate. These factors make the interpretation of the results questionable.
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A comprehensive review that adopts a different approach to an analysis of
the results of the effect of COC on hematological factors has been published by
Kluft and Lansink (23). Because of the large inter- and intrasubject variability in
the levels of the hemostatic variables, they compared the mean intersubject coef-
ficient of variation of published studies for control data (women not using COC)
with:that of women using COC and calculated the percentage change (COC use
versus control). By applying this approach to COC containing DSG or GSD, 15
hematological factors showed significant changes. Of these, 6 can be excluded
owing to a small number of data points. For the remaining 9, six (plasminogen,
prothrombin, and factors VIlc, VIII, X, and XII) showed significant increases
and three (protein S, t-plasminogen activator [t-Pa]), and plasminogen activator
inhibitor [PAI] showed significant decreases. Application of a similar approach
for results from women using COC containing LNG showed little difference
from the foregoing results for DSG and GSD. It must be stressed that most of
the studies included in these analyses did not involve a direct comparison of
LNG-containing COC with DSG and GSD-containing COC.

The changes with DSG-containing COC were similar to those containing
GSD, and this finding receives confirmation from the few direct comparative
studies that have been performed and in which no significant differences were
apparent.

Although this approach is interesting, it is not without its drawbacks.
Whereas for many coagulation factors, large changes in concentration or activity
(> 50%) are necessary before any clinical consequences result, the range of
normal values for almost all of the hematological factors is wide, such that for
any individual subject, a change from a level pre-COC use near the low end of
the normal range to a level near the high end of the normal range while using
COC could still be highly significant, although the levels do not fall outside the
normal range.

Little information is available for NGM COC. Recent direct comparisons
of COC containing NGM or GSD suggest no differences in either procoagulatory
changes or fibrinolysis (24,25).

E. Serum Proteins and Androgens

An increase in synthesis and secretion of several hepatic proteins, mainly globu-
lins; occurs with oral administration of estrogen, and this is particularly marked
with ethinyl estradiol. Many of these proteins act as a transport mechanism
for other molecules, particularly ones with a low aqueous solubility (e.g., vita-
mins, minerals, and hormones). Most information is available for SHBG (sex
hormone-binding globulin) owing to its central role in the biological activity
of sex steroids. Less information is available for cortisol-binding globulin and
ceruloplasmin (copper-catrying protein), and even less for thyroxin-binding glob-
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ulin, transferrin (iron-carrying protein), and retinol (vitamin A)-binding protein.
The magnitude of the estrogen-induced stimulation varies with the dose of EE
administered and with the protein being measured (e.g., EE 30 ng daily for
14 days will increase serum SHBG concentrations by 177% and ceruloplasmin
concentrations by only 69%) (26). The estrogen-induced increase in some pro-
teins may be inhibited by gestogens, depending on their type and dose; thus,
administration of 150 pg DSG or 75 png GSD with-30 ug EE will not inhibit
the increase in serum SHBG induced by EE, whereas 150 g LNG will inhibit
most (> 95%) of the increase (26). The estrogen-induced increase in cerulo-
plasmin is not inhibited by any of the three gestogens under similar conditions.
Administration of COC containing EE 30 ug + DSG 150 ug, or EE 30 ug +
GSD 75 pg, for a treatment cycle will increase serum SHBG concentration by
100-300% (11); less information is available for EE 35 pg 4+ NGM 250 ug, and
reported increases are smaller (100-200%) (2). With both DSG and GSD COC,
the increases for ceruloplasmin are 65-140%, and for cortisol-binding globulin
100-200% (26). Although both cortisol-binding and thyroid-binding globulins
are increased with COC use, there is no change in cortisol or thyroid hormone
activity because only the bound hormones increase, without any increase in the
unbound biologically active fraction. Although EE does not bind to SHBG, the
gestogens do to varying extents (see Table 1). As SHBG is the main carrier for
testosterone, it has been suggested that the binding of the gestogen to SHBG
will displace some of the bound testosterone, leading to an increased serum
concentration of unbound testosterone, the biologically active moiety. There is
a large amount of information for EE 4 DSG, less information for EE + GSD,
and only sporadic reports for EE + NGM, to show that this does not occur and
that concentrations of both total and unbound testosterone in serum decrease
(2). The reason for this decrease secems to be a general decrease in secretion of
C-19 steroids related to the androgens by inhibition of the tropic hormone that
stimulates the synthesis and secretion of these steroids from the ovary or the
adrenal cortex (2).

IV. CONCLUDING REMARKS

During the past 37 years, the metabolic effects of COC have been widely, but
somewhat superficially, investigated. In the early years, the methods used were
limited in scope and often did not meet the reliability criteria of accuracy, speci-
ficity, sensitivity, and reproducibility. Developments in methodology have im-
proved the validity of the results and widened the scope of investigations. Also,
during this time, the doses of estrogen and gestogen in the COC have been
markedly reduced, and new gestogens have been developed. These new formu-
lations need to be assessed clinically and pharmacologically and compared with
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existing products. The investigations summarized in this chapter indicate that the
currently used low-dose COC produce only minor changes in most metabolic
parameters. It might be argued that even minor changes with long-term use of
the COC might have a significant clinical effect, but there is no evidence to
substantiate this belief, and any metabolic changes that do occur do not usually
appear to progress with continued use of the COC.

The main areas of metabolism studied—Iipid metabolism, carbohydrate
metabolism, and hematological factors—are those that are relevant to the devel-
opment of cardiovascular disease. This is partly because cardiovascular disease
was the first major adverse side effect ascribed to COC use. Although effects
of the new COC on carbohydrate metabolism are minor, they may affect the
insulin response to a glucose tolerance test, indicating glucose intolerance and
hyperinsulinemia. There is an increased risk of cardiovascular disease in dia-
betes, and this has been ascribed by some to hyperinsulinemia. Hyperinsulinemia
is a risk factor for CVD and is associated with an increase in blood pressure,
increased TG concentrations, with a decrease in serum HDL-C, and changes in
some hematological factors (27).

The concern that this effect on carbohydrate metabolism may increase
the risk of CVD is not supported by the findings that there is no increase in
the incidence of diabetes in the long-term user and no increase in serum levels
of glycosylated hemoglobin (20). These changes in carbohydrate metabolism,
therefore, may not be important, even if they should occur under normal in vivo
conditions.

The recognition of serum lipids as important indicators of CVD risk di-
rected attention to the changes induce by COC. With the passage of time, COC-
induced changes in serum lipid levels have become less important, although
it is still widely thought that COC that have what appear to be desirable ef-
fects (e.g., increasing HDL-C and decreasing LDL-C and VLDL-C) are to be
preferred. These views may be modified again when more detailed informa-
tion about COC-induced changes in lipid metabolism becomes available. Use of
COC containing DSG and GSD, and to a lesser extent NGM, is associated with
increases in serum TG concentrations. The role of TG as a risk factor for CVD
is still controversial and the effect of COC on postprandial hyperlipidemia and
especially TG has been little studied. Elevation of serum TG levels may increase
blood levels of some coagulation factors, especially factor VII, which may be
important in causing thrombosis (28). In addition, other hematological factors
may be altered in hyperlipidemia. Estrogens have widespread effects on lipid
metabolism (29), most of which are beneficial. There is insufficient information
to decide how many of these and to what extent they are changed by concurrent
administration of the various gestogens.

Changes in the blood levels of hematological factors may be a poor in-
dicator of thrombosis risk, and local events in the vessel wall and subendo-
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thelial space, such as LDL oxidation, or release of vasoactive peptides and
prostaglandins, may be much more important. It is of interest that four of the
five hemostatic factors identified in the analysis by Kluft and Lansink (23) as
showing significant increases in women using low-dose estrogen COC contain-
ing DSG or GSD (27), are the same as those identified by a similar approach
by Beller and Ebert (21) in women using COC containing EE 50 ug or more
and different progestogens.

Almost all the parameters measured in the pharmacodynamic studies show
a wide interindividual variation. This necessitates using a satisfactory method of
analyzing the results obtained in the clinical trials. The statistical method used
in most of the investigations has been inadequate, involving mainly comparing
the mean and variance of one group of subjects with that of another group. Ow-
ing to the wide intersubject variability, variances are usually large so that any
changes caused by COC administration have to be very large to be significant.
Most take the view that changes that occur without the values lying outside the
normal range are of no significance, a conclusion that may be invalid. Clinical
significance may not always correlate with statistical significance. In most stud-
ies, there are usually a few subjects, who show an abnormal response in one or
more of the parameters being measured, the ‘‘outliers,”” with the possibility that
these subjects may show an exaggerated clinical response.

During the past few years the term ‘‘selectivity’’ has been widely used
relative to COCs containing DSG, GSD, and NGM. These COCs were con-
sidered to be safer, with a lower incidence of serious side effects, than COCs
containing other gestogens. However, the term selectivity has never been ade-
quately defined. It usually invokes the androgenicity of gestogens. However, it
is my belief that, none of the gestogens used in COC are androgenic in humans
(30,31) and the definition of selectivity is, therefore, invalid.

Although CVD is still considered to be the major serious side effect of
COC use, the relative risk of CVD for COC users in epidemiological studies
has decreased during the past 30 years to very low levels. This is due to vari-
ous factors (e.g., better prescribing habits with discouragement of subjects with
CVD risk factors from using COC, improvement in epidemiological analyses
to eliminate bias and confounding factors, and reduction in the doses of es-
trogen and gestogen in the COC). The risk for developing CVD with COC in
women younger than the age of 35-40 years and who do not smoke, is now
so low, particularly for arterial disease, but less so for venous disease, that it
could be argued that it is due to an idiosyncracy of the affected women to the
COC and, therefore, it is unlikely that it would show any correlation or rela-
tion to metabolic changes. For venous disease, metabolic changes appear less
important than for arterial disease because the mechanisms involved in the itwo
clinical conditions are different. It seems that about half of the cases of venous
thrombosis occurring on COC use are due to these subjects having an inherited
thrombophilia, often due to a gene mutation (32).
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From this review, two points regarding COCs that contain NGM are
evident:

1. There is little information on its pharmacodynamic effects so that it
cannot be considered in the same way as DSG and GSD COCs.

2. There is still controversy over the extent to which it is metabolized
in vivo to LNG and, if so, whether the LNG produced is sufficient
to account for all the pharmacological activity of NGM. A decisive
clinical trial comparing use of 250 ug NGM + 35 ug EE with 50-60
g LNG + 35 pg EE is necessary.

~ The major question still outstanding is the extent to which third-generation
COCs containing DSG and GSD are an improvement over, or preferable to, other
low-estrogen—dose COCs. The efficacy and acceptability relative to menstrual
bleeding patterns of the earlier COCs is such that it is difficult to improve on
them. The pharmacological activity of the COC reviewed does not indicate any
marked improvement of third-generation COCs over second-generation ones.
The major difference is in lipid metabolism, the third-generation COC increasing
serum HDL-C (which might be beneficial) and serum TG (which may not be
beneficial), whereas a second-generation COC that contains LNG produces little
change in either HDL-C or TG (2).

Controversy still exists over the extent of serious clinical side effects. It
was hoped that DSG and GSD COCs would further reduce the low incidence of
arterial disease in COC users: this may be a forlorn hope if the occurrence in
women younger than 40 years, who do not smoke, is due to a drug idiosyncrasy
or a rare genetic mutation. For venous thrombosis, evidence would suggest that
the incidence is higher with DSG and GSD COC use than with LNG COC. Both
of these aspects are still very controversial (33), and it may be some considerable
time before they are resolved.
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I. INTRODUCTION

Several new progestins have been introduced in the last decade. Although the so-
called third-generation progestins derived from 19-nortestosterone, were essen-
tially developed for contraceptive use (see Chaps. 6 and 9), the19-norprogesterone
molecules have been mainly studied for progesterone-replacement therapy. In
contrast with some 19-nortestosterone—derived progestins, the 19-norprogester-
one-derived compounds are devoid of androgenic properties.

The group of 19-norprogesterone derivatives include promegestone and
its derivative trimegestone, dimegestone, nomegestrol acetate, and nestorone.
The latter being ineffective orally was developed for use in controlled-released
delivery systems contrary to the former, which are developed for oral adminis-
tration.

. STRUCTURE AND METABOLISM

The structure of the 19-norprogesterone molecules is shown in Fig. 1 and Ta-
ble 1. 19-Norprogesterone is inactive when administered orally. However, the
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Figure 1 Structure of 19-norprogesterone molecules.

modification of its chemical structure with the addition of a double bond at
C6-7, a methyl group at C-6, and an acetoxy function at the C-17 position,
results in nomegestrol acetate, an orally active compound (1).

Although Nestorone is very similar in structure to nomegestrol acetate, the
double bond at C6-7 and the methyl group at C-6 are missing. This difference
may account for the absence of oral activity of the Nestorone molecule.

Table 1 Structural Formulas of Some 19-Norprogesterone Molecules

Nomegestrol  17a-Acetoxy-6a-methyl-19-norpregna-4,6-diene-3, 20-dione (TX 066)

acetate

Nestorone 16-Methylene-17w«-acetoxy-19-norpregn-4-ene-3,20-dione (ST 1435)
TX 525 1,2a-Methylene,6a-Methyl, 1 7a-acetoxy, 1 9-norprogesterone
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The 19-norprogesterone molecules are metabolized mainly through hy-
droxylations. Dimegestone and promegestone are essentially hydroxylated at
C-21. In the latter compound, the hydroxylation results in its increased activity
(2). Nomegestrol acetate undergoes mono- and dihydroxylations (3).

lil. PHARMACOLOGICAL PROPERTIES

A. Promegestone

Promegestone is one of the most-studied molecules known under the code name
R 5020. It binds specifically to the progesterone receptor, with a relative binding
affinity, compared with 100 for progesterone, of 220 after 2 h of incubation and
535 after 24 h (2).

It showed no binding affinity to the estrogen, androgen, mineralocorti-
coid, or glucocorticoid receptors. The compound has strong antiestrogenic po-
tency both in vitro and in vivo. It decreases the uterotropic activity of estrogens
and also decreases human breast cancer cell proliferation in in vitro models
(4): Promegestone does inhibit luteinizing hormone (LH) secretion in animal
models (5) and, when given at higher doses to normal-cycling women, leads to
anovulation.

The pharmacokinetics of the molecule indicate a rapid absorption and a
short half-life. Owing to these properties, the molecule has been used as a tool
in biochemical studies, but has not been developed for clinical use except for
limited indications, such as treatment of anovulatory and irregular cycles.

- Through C-21 hydroxylation, other metabolites with enhanced progesta-
tional potency have been identified and are under development (6).

B. Trimegestone

Trimegestone is one of the active metabolites of promegestone and is also a
potent progestin devoid of any androgenic effect (7).

This 19-norpregnane derivative is being developed for postmenopausal
therapy. Ross et al. (7) studying the effects of three doses of trimegestone on
the endometrium of estrogen-treated postmenopausal women showed a secretory
transformation with the lowest dose of 0.1 mg/day.

Pharmacokinetic studies have indicated a tpax of 0.5 h. and a Cpax of
25.0 & 3.2 ng/mL, after a single oral dose administration of 1 mg, and of
46.0 £ 3.9 ng/mL after ingestion of 2 mg. The half-life (t ! ) was on average
13.8 h, and the product is designed for a once-daily administration (8).

In animal models, the compound potentiated the bone-sparing effect

of ‘estradiol, which makes it very suitable for hormonal replacement therapy
(HRT) (9).
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C. Nomegestrol Acetate

Among the progesterone derivatives, nomegestrol acetate is one of the most
potent progestins and exerts a strong effect on the endometrium (1,3,10).

This agent, when given orally, is four times more potent than medroxypro-
gesterone acetate (MPA) by the McPhail test and is about half as potent as MPA
in the inhibition of estradiol-induced uterotropic action (1), Its binding affinity
to the progesterone receptor is 2.5 times higher than that of progesterone (11)
and also higher than that of MPA and chlormadinone acetate (CLA) (12).

Nomegestrol acetate does not stimulate the growth of the rat ventral
prostate and is able to counteract the testosterone effect on this organ by 62%
(13). Its antiandrogenic effect is higher than that of CLA, but lower than that of
cyproterone acetate (3,13).

The compound does not bind to the estrogen receptor (2), the aldosterone
receptor, or the glucocorticoid receptor (14,15). Also, it does not induce sodium
retention or exert antidiuretic activity (15). Nomegestrol acetate does not exert
any estrogenic effect in animals or in cell cultures of endometrial Ishikawa cell
lines and MCF7 or T47D breast cancer cell lines (16,17).

Although the antigonadotropic activity of the compound is weak in animal
models, it inhibits ovulation effectively in humans (18). Also the administration
of the progestin to postmenopausal women receiving estradiol treatment, re-
sulted in a decrease in the frequency of pulsatile LH secretion, similar to that
observed with norethisterone acetate (NETA) (19). The authors showed that this
antigonadotropic effect is induced through the progesterone receptor. The an-
tiovulatory effect of nomegestrol acetate occurs with a dose of 1.25 mg/day
when given orally (18), and at much lower doses when given continuously, by
subdermal implants (20).

The pharmacokinetic profile of the progestin when given orally shows
a Cpax reached within 2-4 h and a prolonged elimination half-life of 35-50
h, which is much longer than most progestins, such as MPA (24 h) or NETA
(20 h) (19,21). Compared with other 19-norprogesterone molecules, such as
promegestone, nomegestrol exhibits a much longer half-life. These properties led
to the clinical use of nomegestrol acetate for the treatment of several conditions.
It induces a full endometrial secretory transformation with oral doses as low:as
0.5 mg/day when given to post-menopausal women receiving estrogen therapy
by implants (10).

Because of the lack of androgenic activity of the molecule, this agent does
not modify glucose and insulin response in oral glucose tolerance tests (22) and
does not induce any changes in the lipid profile (23). Moreover, although some
progestins may oppose the vasodilator action of estrogens (see also Chaps. 4
and 16), nomegestrol acetate does not modify the coronary dilator response to
therapy in atherosclerotic female rhesus monkeys (24). It also does not oppose
the estrogen-dependent vasodilator response in the human uterine artery (25).



Pharmacology of New Progestogens 157

D. TX525

Another new synthetic 19-norprogesterone derivative sharing structural charac-
teristics of nomegestrol acetate also showed potent pseudogestagenic activity. It
is four to nine times as potent as MPA, but only half as active as cyproterone
acetate. The molecule has no androgenic or estrogenic activities and appears to
be a potent antiovulatory agent in rodents (26,27).

E. Nestorone

Nestorone (NES), 16-methylene-17a-acetoxy-19-norpregnene-3,20,-dione (pre-
viously called ST 1435) is a progestin that has several features that make it ideal
for wse both for contraception and hormone replacement therapy (HRT). NES
has:low oral activity, but is very potent parenterally when given in sustained-
release formulations (28,29). The pharmacological profile of NES has been
compared with that of levonorgestrel (LNG) and 3-keto-desogestrel, two 19-
nortestosterone-based progestins that are widely used for contraception, in in
vitro and in vivo bioassays (30). 3-Keto-desogestrel showed the highest-binding
affinity to rat uterine progesterone receptors (PR) followed by NES, levonorg-
estrel (LNG), and progesterone (Table 2). The binding affinity of NES to andro-
gen receptors (AR) prepared from rat prostate, was negligible. However, both
levonorgestrel and 3-keto-desogestrel showed significant binding to AR (30).
None of the progestins bound to estrogen receptors (30). The progestational
activity of NES in the Clauberg, pregnancy maintenance, and ovulation inhibi-
tion tests was higher than that of levonorgestrel. The in vivo androgenic activity
of these progestins in castrated immature male rats correlated well with their
binding affinity to AR (30). Both levonorgestrel and 3-keto-desogestrel showed
significant androgenic activity. In contrast, NES showed no androgenic activity

Table 2 Relative Binding Affinity (RBA) and Biopotency of NES

Activity P NES - LNG DSG T

RBA (PR) 100 490 450 980 ND
Progestational (EDsp, ng)? 100 1.0 10 ND ND
RBA (AR) ND 0.2 73 39 100
Androgenic (EDsg, 1g)° ND NA 140 110 45

P, progesterone; NES, nestorone; LNG, levonorgestrel; DSG, desogestrel; T, testosterone; PR,
progesterone receptors; AR, androgen receptors; EDsg, effective dose 50%; ND, not determined;
NA; no activity.

4McPhail index.

bprostate stimulation in castrated rats.

Source: Ref. 30.
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(see Table 2). NES does not bind to sex hormone-binding globulin (SHBG)
(31). This accounts for its short half-life and rapid clearance, compared with
other synthetic progestins (32). Both levonorgestrel and 3-keto-desogestrel bind
strongly to SHBG. NES showed no uterotropic or antiuterotropic activity in
ovariectomized rats (30). However, it blocked estrogen-induced vaginal corni-
fication (30). NES showed significant binding to glucocorticoid receptors (30).
However, it showed no glucocorticoid activity in in vivo models. Because of
its excellent pharmacological profile and lack of oral activity, NES is being
formulated into various parenteral dosage forms (33).

Subdermal implants designed to last 2 years and releasing about 80100
pg/day of NES, have proved to be highly effective for contraception (34). No
ovulation occuired when the mean serum NES concentrations were higher than
40 pg/mL. Cervical mucus showed a decrease in quantity and thickening, leading
to decreased permeability in sperm penetration tests. There were frequent irreg-
ular bleeding patterns, a phenomenon common to progestin-only contraceptive
methods.

Contraceptive vaginal rings are flexible rings made of silicone elastomer
measuring approximately 58 mm in diameter. The rings contain steroid cores
of different lengths to meet dose requirements. Rings delivering steroids: by
the vaginal route have several advantages over other methods of contraception.
Unlike oral contraceptives they do not require daily administration or attention.
In contrast to injectables, implants and intrauterine devices (IUDs), they iare
under user control and can be terminated at will (see also Chap. 12).

Rings delivering NES alone at doses of 50, 75, or 100 pg have been
investigated for continuous use and were shown to inhibit ovulation consistently
(T Jackanicz, The Population Council, personal communication). Combination
rings containing NES and ethynyl estradiol are being investigated for 3-weeks
in and 1-week out cyclic use (29,35).

Bioavailability studies have shown that NES is absorbed through the skin
readily. Hence, various transdermal formulations of NES are being investigated
(36,37). By adjusting the dose of NES and estrogen, both gels and patches have
the potential of being developed for contraception and other indications.

In summary, initial studies in rodents and primates have demonstrated
that NES has little progestational activity when given orally. However, when
administered subcutaneously or intramuscularly, the molecule was 10~1400 more
potent than progesterone applied by the same route (28). Therefore, this agent
is being essentially developed for administration through sustained-release drug
delivery systems (28,29).

Several studies are ongoing in which NES is administered either through
implants or vaginal rings or transdermally, exploring its potential use for contra-
ception and for the treatment of postmenopausal women. The lack of androgenic
or estrogenic side effects makes NES highly attractive in the aforementioned in-
dications.
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IV. CONCLUSION

As has also been stressed in Chap. 5, minor structural modifications can pro-
foundly affect the biological activity of a progestational steroid. In this chapter,
the 19-norprogesterone molecules have been shown to be very potent compounds
able to exert antiestrogenic and antigonadotropic activities at levels comparable
with those observed with 19-nortestosterone derivatives. The main characteris-
tics of these progesterone derivatives relate to their lack of androgenic activity.
This may account for a better safety profile that makes this class of compounds
highly attractive for future developments both for HRT and for contraception.
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Hybrid Progestins:
The Example of Dienogest

Michael Oettel and Cornelia Holz
Jenapharm GmbH & Co. KG, Jena, Germany

. INTRODUCTION

The history of the progestins began with progesterone, and now again, general
interest is focused on this natural hormone produced by the corpus luteum.
There are several progesterone formulations on the market, including orally,
intravaginally, and (as gel) transdermally active ones. However, at least the oral
formulations have a big disadvantage: progesterone shows a very strong liver
first-pass effect, and the 5c-reduced metabolites possess side effects on the
central nervous system (CNS) (1,2).

Thus, it seemed reasonable to develop progestins that were highly effec-
tive ' when used orally, and that were at least partly similar to progesterone in
their pharmacodynamic profile (Table 1). Examples of such progestins include
the norpregnanes promegestone (R 5020), nomegestrol (acetate), and trimege-
stone, and the androstane derivative drospirenone (3). It now became interesting
to know if it was also possible to find substances resembling progesterone in
certain pharmacodynamic features among the modern 19-nortestosterone deriva-
tives. Because the structural feature that 19-norprogestins have in common (i.e.,
the toxicologically not inconspicuous 17c-ethinyl group) (4,5), was absent in the
so-called Cy; progestins suggested searching for norprogestins without the 17¢-
ethinyl group. The first compound in this group, dienogest (17«-cyanomethyl-
17 8-hydroxy-4,9-estradien-3-one; code STS 557), is now on the market in Ger-
many (Fig. 1). Dienogest was selected from a group of potential progestins
characterized by a methyl group substituted in position 17« and was first syn-
thesized and pharmacologically characterized under the leadership of Ponsold

163
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Table 1 Progestin and Oral Contraception

Aim Means Problem
Oral contraception Progestin alone Amenorrhea
N
Regular bleeding Combined estrogen— Large doses
progestin pills
4
Stable cycles, low doses Modern 19-norprogestins Residual androgenicity
4
Combination of desirable New hybrid progestins ?

effects of 19-nor- and
C21-progestins

H,C. OH_ C=CH OH_ C=CH
Desogestrel o Gestodene
OH,_ ,CH.CN
o Dienogest
oo on, o=
HO— Norgestimate Levonorgestrel

Figure 1 Chemical structure of dienogest in comparison with other 19-norprogestins.
Note the cyanomethyl group at position 17«, as well as the double bond between C-9
and C-10 in ring B of the molecule.
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(6). This novel type of substitution appeared to be favorable, because it enabled
directed changes in the physicochemical properties of the steroids chosen. By
variation of the substituent in the 17«-methyl group, hydrophobicity, polarity,
and the size of the substituent were changed and, therefore, it became possible
to optimize absorption, distribution, and metabolism (6).

The aim of this chapter is to present selected and, so far, relatively un-
known, more or less recent findings of the pharmacoendocrine dynamic profile,
postcoital fertility inhibition in females, fertility inhibition in males, and an-
tiproliferative action of dienogest. Also presented here are investigations into
the microbial transformation of the steroid. These findings have already been
published elsewhere individually, but they have not yet been analyzed and dis-
cussed in connection with each other.

. PHARMACOENDOCRINE PROFILE OF DIENOGEST

Current overviews are given in Oettel et al. (7-10) and Foster and Wilde (11).
Dienogest exhibits moderate binding affinity for the human and rabbit uterine
progesterone receptor (approximately 10% compared with progesterone). This
may be due to a relatively fast dissociation of the dienogest-receptor complex
(12,13). Nevertheless, the 17«-cyanomethyl group is tolerated preferably by the
progesterone receptor and contributes to the high selectivity of receptor binding.
This is indicated by negligible binding affinities for the estrogen, glucocorticoid,
and, especially, mineralocorticoid receptors. Dienogest exhibits low competitive
binding to the androgen receptor, which is well in keeping with the preclinical
and «clinical findings of its lack of androgenic effects.

The EDsq values for the expression of alkaline phosphatase in T47D cells
well agree with the relatively moderate binding affinity of dienogest to the
progesterone receptor (14). In contrast with this, dienogest showed a high pro-
gestational (transformatory) activity in the Clauberg/McPhail assay, using im-
mature rabbits. After oral administration dienogest was five times as active as
levonorgestrel and ten times as active as medroxyprogesterone acetate (MPA)
(8,15). Additionally, unlike MPA, dydrogesterone, and NETA, dienogest main-
tained pregnancy in ovariectomized mice and rats (9,15).

As Vij et al. (16) found in the progesterone-treated rat uterus, dienogest
enhanced the concentration of cytosolic as well as of nuclear progesterone re-
ceptors. However, in the deciduoma tissue, the number of nuclear receptors
was reduced by this progestin. This may have been an antiprogestational effect,
as emphasized by Kitchlu and Mehrota (17) observing that dienogest inhibits
the progesterone-dependent deciduoma formation in rats. The progestational ef-
fect of dienogest on the rabbit uterus was only partially antagonized by the
antiprogestin—antiglucocorticoid mifepristone (RU 486), whereas in this assay



166 Qettel and Holz

the progestational activities of MPA and progesterone were fully abolished by
the antiprogestin (15).

Surprisingly, unlike progesterone, dienogest does not bind at all to cortisol-
binding globulin (CBG), nor does it show any binding to sex hormone-binding
globulin (SHBG), whereas other 19-norprogestins do (13). The 4,9-diene struc-
tural element seems to contribute to this property by analogy with this element in
promegestone, another progestin that does not bind to CBG (18). Consequently,
a displacement of the binding of endogenous steroids to SHBG (e.g., testosterone
or Sa-dihydrotestosterone) or CBG (e.g., cortisol or progesterone) by dienogest
is impossible. This suggests that the endocrine profile will not be affected by
displacement of endogenous steroids from specific transport proteins.

We determined the free fraction of dienogest in the plasma of female rats,
rabbits, beagle dogs, and female volunteers using the method of centrifugal ul-
trafiltration with centrifree micropartition systems (19). The reference compound
was levonorgestrel. Surprisingly, dienogest had a considerably higher fraction of
free, non—protein-bound compound in plasma, up to 10% of the total concentra-
tion (the unbound fractions of the other progestins ranging between 1 and 3%).
This extremely large fraction of biologically active steroid obviously contributes
to the strong progestational effect of dienogest, including strong tissue penetra-
tion in vivo. The residual 90% of the compound was bound nonspecifically to
albumin. Similarly, the concentrations of dienogest in saliva are also very high
(6.0 £ 1.0% of the plasma total dienogest) (19).

The contradiction between only moderate progesterone receptor binding
and very strong progestational activity in the endometrium can be explained by
the high levels of free (i.e., biologically active) dienogest, the influence of the
conjugated 9(10)-double bond inhibiting some metabolization pathways, and the
specific pharmacokinetic parameters of this progestin (20).

The endocrine—pharmacological profile of dienogest, very logically, de-
rives from its receptor specificity (Table 2). Apart from its very strong proges-
tational activity on the endometrium, estrogenic, antiestrogenic, and androgenic
activities are completely absent. Antigonadotropic actions (e.g., inhibition of the
secretion of follicle-stimulating hormone [FSH] and luteinizing hormone [LH])
are weak. In cyclic women a reliable antiovulatory effect is achieved by oral ad-
ministration of 1 mg dienogest per day predominantly by peripheral mechanisms
(e.g., inhibition of the preovulatory, ovarian 17B-estradiol peak). This prevents
the positive feedback on the pituitary, and the ovulatory peaks of FSH and 1.H fail
to occur (23). We compared the ovulation inhibition dose (mg/day) as a mark for
the antigonadotropic action with the so-called endometrium transformation dose
(mg/over 14 days) in the known Kaufmann assay (24) using estrogen-primed
postmenopausal women (determination of the total progestin dose over 14 days
that leads to full secretory transformation of the endometrium). Estimating the
quotient between ovulation inhibition dose (central activity) and the transforma-



Table 2 ' Endocrinopharmalogical Profiles of Several Progestins in Laboratory Animals

Inhibition of

Progestational Antiestrogenic  Androgenic  Antiandrogenic gonadotropin
activity effect effect effect secretion
Endometrial Vaginal smear  Vaginal smear ~ Hershberger Hershberger Gonadal growth
glandular or uterine assay assay or gonadotropin
proliferation in growth assays  growth assays  in immature in immature estimations in
Progestin immature rabbits in rodents male rats male rats immature rats
Progesterone + + - - -
Chlormadinone acetate ++ + - + +
Cyproterone acetate ++ (+) - ++ +
Norethisterone acetate +-+ + + - ++
Levonorgestrel +++ ++ + - +++
Desogestrel +++ + - - +++
Gestodene +++ + + - +++
Dienogest +-++ - - A4+ -

—, no/scarce effect; (+), weak effect; +, distinct effect; ++, strong effect; +-++, very strong effect.

Sources: Refs. 8,9,15,21,25.

sunseboid pugiH
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Table 3 Pharmacoendocrinological Assays in Which Dienogest Shows Significant
Antiandrogenic Properties

Assay Ref.

Inhibition of androgen biosynthesis in human ovarian slices in vitro 27
Androgen receptor competition on human genital skin fibroblasts 28 cited in 10
Prostatic cancer cells LNCaP in vitro 29 cited in 8
Hershberger assay in immature male rats 915
Influence on vocal fold elasticity in female beagle dogs 30 cited in 10

tion dose (peripheral activity) we found the following ranking: norethindrone
acetate, levonorgestrel, gestodene: 1; desogestrel and norgestimate: 3; cypro-
terone acetate and chlormadinone acetate: 5-7; and finally dienogest: 17. We
can see that dienogest shows the highest ratio (i.e., there is a pronounced dis-
sociation with favorable effects of dienogest on the uterus). Dienogest comes
close to naturally occurring progesterone. One might also speculate on a uterine
first-pass effect of dienogest after oral ingestion (8,25). Despite its low antigo-
nadotropic activity, dienogest is perfectly qualified for combination with natural
estrogens for oral contraception (replacement of ethinyl estradiol) (26).

The antiandrogenic activities of dienogest deserve particular notice. As
far as we know, dienogest is the only 19-nortestosterone derivative to have
definite and clinically relevant antiandrogenic activities. Table 3 lists the most
important preclinical assays in which dienogest shows a statistically significant
antiandrogenic effect (for references, see Table 3).

. POSTCOITAL FERTILITY INHIBITION

In rats, dienogest arrested the division of early embryos resting in the tube. At
the same time, an acceleration of tubal egg transport was observed (31). The ac-
celeration of tubal egg transport, the morphological changes in the endometrium
shown by scanning electron microscopy, and the effects on the outcome of blas-
tocyst transfer, all investigated in rats, suggest a peripheral mechanism of action
when dienogest is given postcoitally. Postcoital fertility-inhibiting effects were
found in mice, rats, rabbits, and baboons (32,33). The significant fertility in-
hibition in baboons was seen when dienogest, 0.4 mg/animal was given orally
immediately after the mating period (33). However, when the mating period
was extended to 42 h after single dosage of dienogest to baboons, the con-
ception rate was not reduced, indicating that dienogest possesses no precoital
fertility-inhibiting activities (34).
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These animal studies were encouraging enough to initiate corresponding
studies in women. The administration of 0.5 or 2.0 mg dienogest during the
LH peak neither prevented ovulation nor interfered with corpus luteum function
(35). Fifty-cight fertile female volunteers between 20 and 45 years of age were
enrolled in a clinical trial to evaluate the efficacy and tolerance of dienogest as
a postcoital contraceptive. An oral dose of 2 mg dienogest was administered
immediately after each coitus. The 58 women reported 872 intercourses during
302 cycles. The frequency of ingestion was on average three times per cycle.
Pregnancy occurred in 14 women. The observed pregnancy rate referring to all
intercourses was 1.6%. The incidence of expected pregnancies in relation to
the coital exposures was 4.0%. As a result, the risk of pregnancy was reduced
2.5 times by dienogest. This corresponds to a high Pearl index of 55.6 or a
reduction to 60% in the number of pregnancies to be expected if no dienogest was
used :after unprotected intercourse. Bleeding irregularities occured in 18.9% of
all cycles (36). On the other hand, the U.S. Food and Drug Administration (FDA)
has approved an emergency contraceptive containing 0.5 mg levonorgestre]l and
0.1 mg ethinyl estradiol to be administered twice at an interval of 12 h within
72 h after unprotected intercourse, resulting in a 75% reduction in the number
of pregnancies (37). Apart from the additional ethinyl estradiol, the chosen
levonorgestrel total dose is about ten times higher than necessary for daily dosage
in oral contraceptives. For dienogest, that could mean a total dosage of 20 mg
instead of 2 mg postcoitum. The aforementioned clinical studies, with only 2 mg
dienogest once, the aim of which was to establish optimal doses or regimens
(e.g., two higher dosages 12 h apart) were not continued. From our personal point
of view, it is rather unlikely to realize an acceptable emergency contraception
with: dienogest.

IV. MALE FERTILITY INHIBITION

As early as 1980 in male hybrid mouse-mating tests over 35 days (38), dienogest
showed potent antifertility activities in comparison with levonorgestrel and chlor-
madinone acetate. A certain dissociation was seen between fertility inhibition
and 'mating rate. All changes were reversible. In male rats, the reduction of
testicular growth, testicular DNA content, and plane of tubular cross-section,
after dienogest treatment over 14 days was less than that for levonorgestrel. The
LH-suppressive effect of dienogest was about 15 times lower than that of lev-
onorgestrel. These male rat findings were confirmed by Warikoo and Das (39).
Treatment of the male rats with 1.0 mg dienogest subcutaneously for 3 weeks
reduced the fertilizing ability and motility of spermatozoa. The initial motility
of spermatozoa, recovered from the terminal segment of epididymis, and the
glycerylphosphorylcholine content of the epididymis were also reduced, indi-



170 Oettel and Holz

cating an impairment of the epididymal function. Twenty-eight percent of the
seminiferous tubules in testis were partly or completely devoid of germinal cells.
On the other hand and in contrast with the known progestin effects, the treat-
ment had no effect on the weight of the accessory male genital organs. Acid
phosphatase activity in the ventral prostate was significantly reduced. The oral
treatment with dienogest 5 mg/rat over 60 days led to spermatogenic arrest and
loss of libido (40). The subcutaneous dosage of dienogest 10 mg/kg for 4 weeks
induced atrophy of the seminiferous tubules in adult male rats, with a reduc-
tion in tubule diameter and in the number of round spermatids at stage VIL
Elongated spermatids were not detected. Leydig cells were atrophied from the
second week of administration, with a concomitant decrease in blood levels of
testosterone. The blood levels of FSH and LH were decreased from the third
week of treatment. Dienogest induced sterility in 50% of rats after 2 weeks of
treatment, but after 4 weeks, none of the treated males mated. Normal fertility
and normal levels of testosterone and FSH were restored after 6 weeks, and of
LH after 4 weeks of withdrawal of treatment (41).

To ascertain the effects on the reproductive and endocrine functions in
male rabbits, dienogest was given orally daily over 8 weeks. In doses of 10 and
20 mg/animal, fertility inhibition was accompanied by a decrease of spermato-
genesis and sexual activity. At the chosen dose of 5 mg/day, dienogest caused
a decrease of sperm motility, semen fructose content, and sterility of the bucks.
On the other hand, libido, semen volume, sperm number, sialic acid content
in semen, serum LH, and testosterone levels remained unaffected. Concomitant
injection of testosterone did not reverse the suppressive effect of dienogest on
male fertility. The motility of human sperm was lowered markedly by dienogest
in vitro. The human sperm penetration and pronuclear formation were signif-
icantly reduced in the in vitro fertilization assay with zona-free hamster eggs.
The question arises from these findings whether there is a ‘‘dosage window’’
for dienogest, in which fertility is safely inhibited, but libido remains unaf-
fected. The development of male contraceptives without concomitant androgen
supplementation, therefore, might very well be worth investigating (42,43).

In the bonnet monkey (Macaca radiata), daily intramuscular treatment
with 10 mg/animal for 12 weeks resulted in a significant decline in the count,
motility, acrosin, and hyaluronidase activities, and the fertilizing ability (zona-
free hamster egg penetration assay) of spermatozoa by the sixth week of initia-
tion of the administration. The circulating levels of dienogest were low after 1
week and increased from the second week of treatment, when the serum level
of testosterone was significantly reduced. Complete recovery was observed by
the 11th week after withdrawal of treatment (44,45). Unfortunately, the stud-
ies on male bonnet monkeys provided no information on the aforementioned
dosage window. Therefore, Sharma and Das (46), concomitantly with dienogest
12 mg/monkey daily for 15 weeks IM, applied the depot androgen, testosterone
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bucyclate 40 mg IM as a single dose. The sperm count was reduced from the
10th week, with near azoospermia ensuing in the 13th week, which continued
until the 12th posttreatment week. The motility was low from the 8th week of
treatment to the 6th week after withdrawal of treatment. The fertilizing ability of
spermatozoa was abolished from the 8th week. The serum level of testosterone
was naturally maintained within the normal range during the treatment period.
The authors conclude that dienogest in combination with testosterone bucyclate
may have the potential to be used as a contraceptive for men (46,47). Currently,
a clinical trial is under way with male volunteers to examine the nature and the
site of testicular or posttesticular antifertility action of dienogest in men.

V. ANTIPROLIFERATIVE ACTION

What should be pointed out first is that dienogest acts favorably on endometrio-
sis if used at a low dosage (48). This is in contrast with other progestins that are
used in much higher dosages for endometriosis treatment (e.g., as the proges-
tational component in oral contraceptives or for hormone replacement) (49). In
rats and rabbits with surgical induction of endometriosis, we found a pronounced
beneficial effect of dienogest. With various time intervals between surgical auto-
transplantation of the endometrial explants, ovariectomy, steroid treatment, and
autopsy, dienogest was effective for the prevention and therapy of experimen-
tal endometriosis (50). In the model of renal subcapsular autotransplantation of
endometrial tissue in rats, dienogest diminished the volume of endometriosis
implants to the same extent as did danazol, which has also been a ‘‘gold stan-
dard™ in clinical trials on endometriosis (51). Mifepristone (RU 486) reduced
the suppressive action of dienogest on endometrial cells only somewhat, but not
totally. On the basis of these findings, the inhibitory action of dienogest on cell
proliferation seems to be dependent on its progestational effect (52).

The effects of dienogest on the intracellular-signaling systems, with and
without RU 486, were also assessed by Katsuki et al. (51). The compound
ameliorated the endometrial implant-induced alterations of the immune system
(i.e., increased the natural killer activity of peritoneal fluid and splenic cells,
decreased the number of peritoneal fluid cells, and decreased interleukin-1p8
production by peritoneal macrophages). As opposed to this, danazol had none
of these specific effects. The inhibition of protein kinase A activity and the de-
creased cyclic-AMP content, which are also effects of dienogest and danazol,
were due to the progestational activity. Unlike danazol, dienogest also inhibited
the protein kinase C activity of rat endometrial cells in the presence of RU
486. This finding substantiates the view that dienogest also induces inhibitory
actions by mechanisms other than those due to its progestational properties (52).
Importantly, in contrast to gonadotropin-releasing hormone (GnRH) analogues,
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dienogest shows bone protective effects (9,51). This is not normal for all pro-
gestins, because, for example, medroxyprogesterone acetate use is associated
with a significant reduction in bone density (53). Also, dienogest does not affect
lipid metabolism in rats (54) or in humans (55). Dienogest is now being tested
in various clinical studies for its clinical effect on endometriosis (56,57).

Another aspect of the antiproliferative action of dienogest refers to specific
antitumor activities of the progestin. An association between breast tumor devel-
‘opment and reproductive hormones has been suspected since Beatson, in 1896,
discovered the beneficial effect of ovariectomy in some patients with metastatic
breast cancer. Nowadays, it is well known that estrogens promote the growth of
breast tumor cells. On the other hand, the involvement of progestins, alone or
in combination, is controversial (58).

At first, we were surprised to find that in T47D cells given dienogest—
despite its very strong progestational activities—the expression of alkaline phos-
phatase was less than that of progesterone (14). More comprehensive studies
were presented by Katsuki et al. (15). At oral doses of 0.01-1 mg/kg per day in
ovariectomized mice, dienogest significantly suppressed the 178-estradiol ben-
zoate (Ep)-dependent tumor growth of transplanted HEC-88nu cells, which were
unresponsive to known progestins, such as medroxyprogesterone acetate (MPA;
100 mg/kg per day, administered orally) and norethindrone (NET; 100 mg/kg per
day administered orally). HEC-88nu cells expressed estrogen receptor (ERw),
but not progesterone receptors (PR). The suppressive effect of dienogest on
tumor growth was not diminished in the presence of excess MPA. Addition-
ally, Ishikawa cells and MCF-7 cells expressing both ERa and PR were used.
Dienogest also suppressed the Ep-dependent tumor growth of both Ishikawa and
MCEF-7 cells, both of which responded to MPA. However, the minimum effective
dose of dienogest (0.01-1 mg/kg per day) was much lower than that of MPA
(100 mg/kg per day). In contrast, dienogest did not suppress the Ep-induced
increase in uterine weight, indicating no antiestrogenic activities, whereas MPA
and NET suppressed it significantly. The question about the mode of action
must remain open for the time being. The fact that dienogest suppresses Ep-
dependent tumors without itself having antiestrogenic effects, may be due to
hitherto unknown antiestrogenic metabolites or an independent mode of action
still unexplained.

It remains for more extensive clinical studies to also demonstrate the an-
tiproliferative effect of dienogest in humans.

The antiproliferative action of dienogest is also useful for HRT in post-
menopausal women. A continuous combined regimen of 2 mg estradiol valerate
plus different doses of dienogest (0.5, 1.0, 2.0, 3.0, or 4.0 mg) has been tested
in 120 postmenopausal women over 6 months. Endometrial histology at the end
of the treatment period and bleeding patterns were evaluated. The histomor-
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phological pattern of the endometrium showed a clear dose dependence. The
percentage of atrophic endometrium was directly correlated with the increase of
the dienogest dose in the preparation used (e.g., between 55 and 60% atrophic
specimens after 6 months treatment with 3 or 4 mg/day of dienogest), whereas
proliferative specimens were more often seen in preparations with lower doses
of dienogest (0.5 and 1.0 mg). No case of hyperplastic endometrium was found
in this study (25).

VI. THE MICROBIOLOGY OF DIENOGEST

The broad variety of microbial reactions opens possibilities to investigate the po-
tential metabolic pathways as well as the behavior of drugs in the environment
in a relatively uncomplicated way. It can be concluded from microbial trans-
formation experiments using Rhodosporidium toruloides and Mycobacterium
smegmatis (59), Rhodosporidium rubrum, Rhodotorula glutinis, and Clostridium
paraputrificum (20,60); that is aerobes, anaerobes, and fungi, that the chemical
structure of dienogest makes both biotransformation and degradation in the en-
vironment much easier. None of the microbial metabolites of dienogest show a
higher endocrinological activity than the mother substance (61).

An unusual result was published by Klinger et al. (62). Using two different
oral  contraceptives (dienogest plus ethinyl estradiol [EE], or desogestrel plus
EE), they studied the influence of hormonal contraceptives on microbial flora of
gingival sulcus in cyclic women. The occurrence of the periodontopathogenic
microorganism Prevotella intermedia was significantly higher in plaque samples
in the desogestrel-EE group than in the dienogest-EE group.

Vii. CONCLUSION

A new segment between pharmacodynamic profiles of modern 19-norprogestins
and conventional derivatives of natural progesterone has been created by pro-
gestins without the 17«-ethinyl group, pioneered by dienogest.

The following properties of dienogest derive from the norprogestins:

Strong progestational activity on the endometrium

Short half-life

High oral bioavailability

Perfect cycle control if combined with estrogens (e.g., for oral contracep-
tion)

Low liver impact

Normal toxicological or genotoxicological patterns
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Properties that derive from the progesterone derivatives include

Excellent tolerability

Antiandrogenic action ;
Relatively low antigonadotropic activity
Mainly peripheric mode of action
Antiproliferative activities

Low penetration through the skin
Dosage in the milligram range

Original characteristics of dienogest include the following:

Receptor selectivity

No binding to serum transport proteins

Extremely high level of unbound, free drug in the blood serum

No accumulation after daily intake

Postcoital inhibitory effects with weak antigonadotropic effects
Low-dose antiendometriotic effects

In liver and vessel wall, no cancellation of estrogen effects

To a very large extent, neutrality for hepatic metabolism of xenobiotics
Very easy microbial transforthation

Only a few, selected features have been discussed in the present chapter.
However, also presented here are relatively unknown, more or less recent findings
on the postcoital fertility inhibition in female animals and in women, on fertility
inhibition in male animals, and the in vitro as well as in vivo antiproliferative
action. The interesting special investigations into the microbial transformation
are pilot studies for similar investigations using other steroids.

Such hybrid progestins (promegestone, trimegestone, nomegestrol, drospir-
enone) may be increasingly used clinically in the future. Dienogest paves the
way for this new and very interesting group.

REFERENCES

1. FS Wu, HM Yu, JJ Tsai. Mechanism underlying potentiation by progesterone of
the kainate-induced current in cultured neurons. Brain Res 779:354-358, 1998.

2. R Maggi, A Poletti, LA Casulari, F Pimpinelli, F Piva, MR Zanisi, L. Martini. Ef-
fects and metabolism of steroid hormones in human neuroblastoma cells. Steroids
63:257-262, 1998.

3. U Fuhrmann, R Krattenmacher, EP Slater, KH Fritzemeier. The novel progestin
drospirorenone and its natural counterpart progesterone: biochemical profile and
antiandrogenic potential. Contraception 54:243-251, 1996.

4. FP Guengerich. Mechanism based inactivation of human liver microsomal cyto-
chrome P450IIIA4 by gestodene. Chem Res Toxicol 3:363-365, 1990.



Hybrid Progestins 175

10.

11

12.

13.

14.

15.

16.

17.

18.

R Boecker, B Kleingeist. Der Einfluf von Dienogest auf das humane Cytochrom
P-450 Enzymsystem in vitro. In: AT Teichmann, ed. Dienogest-Priklinik und
Klinik eines neuen Gestagens. Berlin: Walter de Gruyter, 1995, pp 141-147.

M Huebner, K Ponsold, M Oettel, R Freund. Eine neue Klasse hochwirksamer
Gestagene: 170CHyX-substituierte Gona-4,9(10)-diene. Arzneimittelforschung
Drug Res 20:401-404, 1980.

M Oettel, S Bervoas-Martin, W Elger, S Golbs, G Hobe, G Kaufmann, M Mathieu,
C Moore, C Puri, P Ritter, G Reddersen, R Schon, G Strauch, H Zimmermann. A
19-norprogestin without 17«-ethinyl group I: dienogest from a pharmacokinetic
point of view. Drugs Today 31:499-516, 1995.

M Oettel, W Carol, W Elger, G Kaufmann, C Moore, W Romer, G Klinger,
B Schneider, J Schrider, L Sobek, F Walter, H Zimmermann. A 19-norprogestin
without 17«-ethinyl group II: dienogest from a pharmacodynamic point of view.
Drugs Today 31:517-536, 1995.

M Oettel, W Elger, M Ernst, R Freund, A Kurischko, B Schneider, W Stolzner.
Experimentelle Endokrinpharmakologie von Dienogest. In: AT Teichmann, ed.

Dienogest—Priiklinik und Klinik eines neuen Gestagens. 2nd ed. Berlin: Walter
ide Gruyter. 1995, pp 11-21.
M Oettel, H Breitbarth, W Elger, T Griser, D Hiibler, G Kaufmann, C Moore,

V Patchev, W Rémer, J Schroder, L Sobek, H Zimmermann. The pharmacological

iprofile of dienogest. Eur J Contracept Reprod Health Care 3:1-12, 1998.
‘RH Foster, MI Wilde. Dienogest. Drugs 56:825-833, 1998.

U Verma, KR Laumas. Screening of anti-progestins using in vitro human uterine
progesterone receptor assay system. J Steroid Biochem 14:733-740, 1981.

M Juchem, M Schaffrath, K Pollow, G Hoffmann, G Kaufmann. Dienogest:
Bindungsstudien an verschiedenen Rezeptor-und Serumproteinen. In: AT Teich-
mann, ed. Dienogest—Préklinik und Klinik eines neuen Gestagens. 2nd ed. Berlin:
Walter de Gruyter, 1995, pp 141-147.

L Sobek, D Di Lorenzo, M Oettel, G Kaufmann. Normal and stable transfected
cancer cell lines: tools for a screening of progestogenic, antiprogestogenic and
antiglucocorticoid substances. Methods Findings Exp Clin Pharmacol 16:545-
551, 1994.

Y Katsuki, S Sasagawa, Y Takano, Y Shibutani, D Aoki, Y Udagawa, S Nozawa.
Animal studies on the endocrinological profile of dienogest, a novel synthetic
steroid. Drugs Expt Clin Res 23:45-62, 1997.

U Vij, K Murugesan, JC Kalita, A Farooq. Interaction of antiprogestins with
progesterone receptors in rat uterus. J Steroid Biochem 32:279-282, 1989.

S Kitchlu, PK Mehrota. Relative potentiality of some contragestational agents
on trauma induced deciduoma formation in immature rats. Indian J Exp Biol
35:589-593, 1997.

D Philibert, T Ojasoo, J-P Ranaud. Properties of the cytoplasmic progestin-binding
protein in the rabbit uterus. Endocrinology 101:1850-1861, 1977.

G Hobe, G Klinger. Determination of free nonprotein-bound dienogest in plasma
and of salivary dienogest in female volunteers taking Certostat for oral contra-
ception. 1998, (submitted).



176

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Qettel and Holz

K Schubert, G Schumann, G Kaufmann. Influence of a 9-double bond on stere-
ospecific microbial 4,5-reductions. J Steroid Biochem 18:75-80, 1983.

RA Edgren. Issues in animal pharmacology. In: JW Goldzieher, ed. Pharmacology
of the Contraceptive Steroids. New York: Raven Press, 1994.

H-D Taubert, H Kuhl. Kontrazeption mit Hormonen. Ein Leitfaden fiir die Praxis.
2nd ed. Stuttgart: Georg Thieme Verlag, 1995, p 76.

M Oettel, W Carol, T Griiser, G Klinger, U Mellinger, C Moore, AE Schindler,
UH Winkler. Der Einflug einer Ethinylestradiol-Dienogest-Kombination auf die
Serum-Androgen-Konzentrationen. Zentralbl Gynikol 119:597-606, 1997.

W Boéhm, E Hempel, G Carlsohn. Zur Problematik der Transformationsdosen-
bestimmung von Gestagenen. Vortrag; IIl. Jenaer Symposium zur hormonalen
Kontrazeption. Jena, Germany. April 10-11, 1984.

T Griser, M Oettel. Organ targeting with the oral progestin dienogest. Drugs
Today 32(suppl H):43-55, 1996.

H Hoffmann, C Moore, H Zimmermann, W Elger, S Schwarz, T Griser, M Oettel.
Approaches to the replacement of ethinylestradiol by natural 178-estradiol in
combined oral contraceptives. Exp Toxicol Pathol 50:458-464, 1998.

P Schiirenkiimper, K Lisse. Effects of the new progestagen STS 557 on the biosyn-
thesis of steroids in tissue slices of the human ovary. Exp Clin Endocrinol 86:185-
189, 1985.

HU Schweikert, D Schnabel. Trial to investigate the antiandrogenic efficacy of
Valette in comparison to placebo by evaluation of the number of androgen recep-
tors in the interscapular region of female acne patients before and after treatment.
Interim Report; 1998, (submitted).

L Sobek. Antiandrogene Effekte von Dienogest und Cyproteronacetat in LNCaP-
Zellkulturen. Mitteilung an die Jenapharm GmbH, May 1995.

R Dettmann, B Kramp. Chronische Toxizititspriifung der Substanz STS 557 am
Beagle-Hund—Supplementary Report. University Rostock.

M Oettel, A Kurischko, J Strecke, M Koch. Embryotoxic effects of post-coital
fertility inhibiting steroids. Arch Toxicol Suppl 4:248-251, 1980.

J Strecke, W Stolzner, H Freund, A Kurischko, M Koch, W Romer, R Stracke,
M Oettel. Interceptive activities of STS 557 in rabbits, mice and rats. Exp Clin
Endocrinol 81:122-136, 1983.

A Komor, NP Goncharov, K Schubert, M Oettel. STS 557 as an interceptive in
baboons. Exp Clin Endocrinol 81:217-221, 1983.

VD Castracane, JW Goldzieher. Evaluation of STS 557 as a postcoital contracep-
tive in the baboon. Contraception 23:335-339, 1981.

G Kohler, G Goretzlehner, K Rudolf, M Riiting, J Meissner, S Kunkel, K Scholl-
berg. The effect of a single midcycle administration of 0.5 or 2.0 mg dienogest
(17a-cyanomethyl-178-hydroxyestra-4,9-dien-3-one) on pituitary and ovarian
function—investigation for the use as a postcoital contraceptive. Exp Clin: En-
docrinol 81:299-301, 1984.

G Kohler, E Canzler, S Lembke, I Amon, HJ Ahrendt. Postkoitale Kontrazeption
mit Dienogest. Zentbl Gynikol 109:1296-1302, 1987.

SL Nightingale. From the Food and Drug Administration. JAMA 280:1472, 1998,



Hybrid Progestins 177

38.

39.

40.

41.

42.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

M Oettel, H Tkocz, O Low, G Hesse, A Kurischko. Effects of levonorgestrel and
STS 557 on testis in rodents. Endokrinologie 76:13-22, 1980.

PK Warikoo, RP Das. Fertilizing ability of spermatozoa of rats treated with STS
557. Arch Androl 11:157-159, 1983.

A Srivastava, JP Maikhuri, BS Satty. Evaluation of STS-557 as an oral contra-
ceptive in male rat. Contraception 36:253-272, 1987.

J Chaudhary, RK Sharma, SS Majumdar, DPS Bhatte, MM Misro, RP Das. Effect
of STS-557 (17a-cyanomethyl 17B-hydroxy-estra-4,9(10)-dien-3-one) on blood

hormone levels, the testis, accessory sex organs and fertility of rats. Int J Androl
13:398-407, 1990.

H Freund, G Hesse, M Oettel. Effect of STS 557 on semen composition, fertility
and sexual behaviour of male rabbits. Contraception 21:641-650, 1980.

M Oettel, H Freund, G Hesse, MH Raj, K Dietz, KH Chemnitius, W Stélzner.

Inhibition of male fertility by STS 557. Exp Clin Endocrinol 81:137-145, 1983,
'SS Majumdar, RK Sharma, RP Das. Effects of STS 557 on semen and semen

functions in bonnet monkey (Macaca radiata)—a preliminary report. Contracep-
tion 37:631-641, 1988.
SS Majumdar, J Chaudhary, RK Sharma, RP Das. Contraceptive potentiality of

STS-557—a feasibility study in male bonnet monkey (Macaca radiata). Contra-
‘ception 41:641-653, 1990.

RK Sharma, RP Das. Effects of STS-557 and 20 AET-1 on sperm functions and
serum level of testosterone in bonnet monkey (Macaca radiata). Contraception
45:483-491, 1992.

RK Sharma, RP Das. Effect of fertility regulating agents on motility and zona-
free hamster egg penetration by spermatozoa of bonnet monkey. Ind J Expt Biol
30:977-981, 1992.

G Kohler. Die Therapie der Endometriose mit Dienogest: eine Renaissance der
Gestagene. In: AT Teichmann, ed. Dienogest—Priklinik und Klinik eines neuen
Gestagens. 2nd ed. Berlin: Walter de Gruyter, 1995, pp 243-251.

G Kohler, G Goretzlehner, I Amon. Endometriosetherapie mit Dienogest. Zentbl
Gynikol 109:795-801, 1987.

M Oettel, T Bocker, T Giittner, M Horn, W Stolzner. Studie zur Entwicklung
eines geeigneten Modells der Endometriosis externa bei Kaninchen und Ratten
und die Effekte von Dienogest und Danazol. Fertilitit 8:131-135, 1992.

Y Katsuki, Y Takano, Y Futamura, Y Shibutani, D Aoki, Y Udagawa, S Nozawa.
Effects of dienogest, a synthetic steroid, on experimental endometriosis in rats.
Eur J Endocrinol 138:216-226, 1998.

A Kauppila. Reappraisal of progestins in endometriosis therapy. Eur Endocrinol
138:134-136, 1998.

T Cundy, J Cornish, H Roberts, H Elder, IR Reid. Spinal bone density in women
using depot medroxyprogesterone contraception. Obstet Gynecol 92:569-573,
1998.

Y Katsuki, Y Shibutani, D Aoki, S Nozawa. Dienogest, a novel synthetic steroid,
overcomes hormone-dependent cancer in a different manner than progestins. Can-
cer 79:169-176, 1997.



178

55.

56.

57.

58.

59.

60.

61.

62.

Qettel and Holz

G Kohler, G Goretzlehner, K Brachmann. Lipid metabolism during treatment of
endometriosis with the progestin dienogest. Acta Obst Gynecol Scand 68:633—
635, 1989.

C Moore, M Oettel. The endocrine pharmacological profile of the progestin
dienogest (DNG) for treatment of endometriosis. VI World Congress on En-
dometriosis. Québec City, Canada, June 30-July 4, 1998. Poster 340.

A Miiller, B Christensen, A Henkel, C Moore, AE Schindeler. Treatment of
endometriosis with the novel progestin dienogest. VI World Congress on En-
dometriosis. Québec City, Canada, June 30-July 4, 1998, Poster 341.

WGEJ Schoonen, JWH Joosten, HJ Klosterboer. Effects of two classes of pro-
gestagens, pregnane and 19-nortestosterone derivatives, on cell growth of human
breast tumor cells: I. MCF-7 cell lines. J Steroid Biochem Mol Biol 55:423-437,
1995.

K Schubert, G Hobe, G Kaufmann, G Schumann, K Wehrberger, C Horhold.
Studies on biotransformation of STS 557. Exp Clin Endocrinol 81:168-174, 1983.
C Horhold-Schubert, G Hobe, G Kaufmann, G Schumann. Zur Biotransforma-
tion von Dienogest durch Mikroorganismen. In: AT Teichmann, ed. Dienogest—
Priklinik und Klinik eines neuen Gestagens. 2nd ed. Berlin: Walter de Gruyter;
1995, pp 51-58.

M Oettel, G Kaufmann, A Kurischko. Das endokrinologische Profil von Metabo-
liten des Gestagens Dienogest. Pharmazie 48:541-545, 1993.

G Klinger, S Eick, G Klinger, W Pfister, T Griser, C Moore, M Oettel. Influence
of hormonal contraceptives on microbial fliora of gingival sulcus. Contraception
57:381-384, 1998.



9

Progestogens in Contraception:
Third-Generation Pills

Ulysse J. Gaspard
University of Liege, Liege, Belgium

. INTRODUCTION

Since the beginning of the 1980s, three major new progestogens have been
introduced in the field of oral contraception, essentially in combined oral con-
traceptives (COCs) that also contain ethinyl estradiol in a low daily dose (< 35
1g). These progestogens are desogestrel (DSG), gestodene (GSD), and norges-
timate (NGM). All three belong to the 13-ethyl gonane group of steroids and,
as such, are derived from the parent ethyl gonane levonorgestrel (LNG). Chem-
ically speaking, they differ from earlier progestogens, such as norethynodrel,
lynestrenol, and norethindrone, that are 13-methyl gonanes (or estranes). How-
ever, all these compounds belong to the 19-nortestosterone group.

The recent classification of DSG, GSD, and NGM as ‘‘third-generation
progestins’’ is a rather misleading, historical, classification because on the one
side 'the more prominent so-called second-generation representative LNG is also
a 13-ethyl gonane and on the other side NGM, which is a prodrug, is probably
acting essentially through conversion to its main metabolite LNG (1) and could
as well be classified as a second-generation progestogen. These third-generation
progestins were designed and developed to obtain potent progestogens capable
of exerting adequate contraceptive effects, such as those shown by LNG, but at
the expense of much less clinical and metabolic androgenic-type effects that are
clearly displayed by LNG and believed to be involved in an adverse effect on
the cardiovascular system.

After a brief review of the more salient points resulting from the phar-
macodynamic and metabolic comparison of third-generation progestogens with
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Table 1 Composition of Currently Available COCs Containing Third-Generation Progestogens

Progestogen Type of Combination Composition
Desogestrel Monophasic 20 ug DSG + EE 21 x 150/20 pg/day

Monophasic 30 ug DSG + EE 21 x 150/30 ug/day

Biphasic DSG + EE 7 x 25/40 + 15 x 125/30 pg/day

Sequential EE 7 x 50 pg/day, + DSG + EE 15 x 125/50 ug/day
Gestodene Monophasic 20 pg GSD + EE 21 x 75/20 pg/day

Monophasic 30 ug GSD + EE 21 x 75/30 pg/day

Triphasic GSD + EE 6 x 50/30 4+ 5 x 70/40 + 10 x 100/30 pg/day
Norgestimate Monophasic NGM + EE 21 x 250/35 pg/day

Triphasic NGM + EE 7 x 180/35 + 7 x 215/35 + 7 x 250/35 ug/day

Abbreviations: DSG, desogestrel; GSD, gestodene; NGM, norgestimate; EE, ethinyl estradiol.

piedser)
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LNG, the major question as to which new COC containing one of these pro-
gestogens may be considered or not as an improvement over second-generation
low-dose oral contraceptives (OCs) will be envisaged through a review of their
comparative clinical and safety aspects.

ll. CLASSIFICATION OF COCS CONTAINING
THIRD-GENERATION PROGESTOGENS

A range of preparations containing low doses of both ethinyl estradiol (EE) and
new generation progestogens are available either in monophasic or multiphasic
combinations to meet potentially optimal acceptability and safety, with preserved
effectiveness, in women presenting with somewhat different clinical features
(Table 1).

lil. MAIN PROPERTIES OF THIRD-GENERATION
PROGESTOGENS VERSUS LEVONORGESTREL

A. Desogestrel

Desogestrel’s structural formula is depicted in Fig. 1. It is a prodrug nearly
quantitatively and rapidly converted to 3-keto-desogestrel when taken orally.
3-keto-DSG, also named etonogestrel, is a potent progestogen, with only mild
androgenic properties and with an ensuing high selectivity index (progesto-
gen/androgen potency quotient) (2). This index, however, is of limited clinical
significance, as it has been developed from in vitro receptor binding affinities
and, therefore, is difficult to extrapolate as a marker of biological activity (1).
Its progestagenic activity is similar to that of LNG, and results in powerful
inhibition of gonadotropin levels, ovulation, and cervical mucus, with a low en-
dometrial secretory transformation dose, whether given alone or combined with
small concentrations of EE (20 or 30 pg/day) (Tables 2 and 3). The substantial
increase in serum concentrations of sex hormone-binding globulin (SHBG) dur-
ing use of low-dose COCs containing DSG (3.5 times basal pretreatment levels;
see Table 3) is another interesting marker of the low androgenic—antiestrogenic
properties of these OCs.

B. Gestodene

Gestodene is the most potent, directly active progestogen currently available (see
Fig. 1), twice as potent as LNG, which means that its antigonadotropic, antiovu-
latory, and other contraceptive effects, including the endometrium transformation
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Figure 1 Third-generation progestogens.
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Table 2 Relative Binding Affinity of Various Progestogens to Cytosolic Steroid
Receptors and Serum Binding Proteins

Progestogen PR AR ER GR MR SHBG CBG

Progesterone 50 0 0 10 100 0 36

Desogestrel 1 0 0 0 0 0 0

3-Keto-desogestrel 150 20 0 14 0 15 0
(260)*

Gestodene 90 100 0 27 350 40 0
(350)2

Norgestimate 5 0 0 1 0 0 0

Levonorgestrel 150 45 0 2 70 50 0
(135)*

Abbreviations: PR, (rabbit uterus) progesterone receptor (promegestone = 100 and #Org 2058
= 100); AR, (rat prostate) androgen receptor (metribolone = 100); ER, (mouse uterus) estrogen
receptor (estradiol = 100); GR, (rat thymus) glucocorticoid receptor (dexamethasone = 100);
MR, (rat kidney) mineralocorticoid receptor (aldosterone = 100); SHBG, sex hormone-binding
globulin (dihydrotestosterone = 100); CBG, corticosteroid-binding globulin (cortisol = 100).
Source: Ref. 1.

dose, are obtained with half the concentrations necessary for LNG (see Tables 2
and 3). Moreover, the ratio between the progestogenic and androgenic effects of
GSD is distinctly higher than that of LNG, and the increase in SHBG induced
by COCs containing GSD is only slightly less marked (three times over basal
levels) than with preparations containing DSG. These data collectively indicate
a low androgenic potential of these OCs.

C. Norgestimate

Norgestimate is a prodrug (see Fig. 1) with extensive and rapid metabolism after
oral intake. Its binding affinity to the progesterone receptor is low, and very low
to the androgen, estrogen, glucocorticoid, and mineralocorticoid receptors. LNG
itself is a major metabolite of NGM, accounting for 20-25% of the ingested
dose. When 250 pg of NGM are taken orally, an ensuing average serum LNG
level of 0.5 ng/mL is obtained, which may explain (although it is still some-
what controversial), the antiovulatory and antigonadotropic properties, as well
as the inhibitory effect on cervical mucus, and the endometrium transformation
obtained with combined preparations containing 250 g of NGM. This corre-
sponds roughly to the effect of a daily oral dose of 50-60 pg of LNG (1,4).
Accordingly, the androgenic activity of OCs containing NGM is low, and the
SHBG increase is similar to. that observed during use of COCs containing DSG
or GSD (see Tables 2 and 3).
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Table 3 Selected Pharmacokinetic and Pharmacodynamic Properties of Second- and Third-Generation Progestogens

Increase in

SHBG from Minimum
baseline using oral daily Endometrial
SHBG Selectivity index  corresponding dose inhibiting secretory

Bioavailability binding of (progest:androg COCs ovulation transformation
(oral route) progestin + EE? potency)© (Prog + EE) in women dose

3-Keto-desogestrel 75% 69% 40 x3.5 60 pg/day 2-3 mg/cycle
Gestodene 100% 76% 26 x3.0 40 pug 2 mg
Norgestimate NAD NA NA x3.3 200-250 ug 5-10 mg
Levonorgestrel 95% 50% 8.8 x1.75 60 ug 4-6 mg

4EE, Ethinyl estradiol.

PNA, not available; norgestimate thought to be active essentially through its major metabolite levonorgestrel.
“Ratio of relative binding affinity (RBA) of progestogens to progesterone receptors in rabbit uterus: RBA to androgen receptors in rat prostate.

Source: Refs. 1-3.

piedsen
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IV. CONTRACEPTIVE EFFICACY

As well delineated by Trussell et al. (5), current studies of contraceptive effec-
tiveness are still hampered by methodological flaws that reduce reliability and
comparability of studies related to OC efficacy. More specifically, the life-table
analysis (actuarial method for calculating the failure rate as a function of time)
should be preferred to the Pearl Index (PI) method, and large, comparable study
populations should be randomly assigned to the new OC product under study
and older agents, allowing differential failure rates for subgroups to be calcu-
lated. Moreover, strict criteria for observation of subjects under study, using the
“‘intention-to-treat’” analysis, as recommended by Good Clinical Practice (GCP)
guidelines should be carefully followed (6).

More than 40 studies have been devoted to the evaluation of contraceptive
efficacy of low-dose OCs containing third-generation progestogens versus low-
dose and standard-dose OCs containing second-generation progestogens, such as
LNG or norethindrone (NET). Reviews of these studies (6,7) report a uniformly
low pregnancy rate for the new formulations (zero to 1.1 pregnancy per 100
woman-years [WY] of exposure) and an efficacy similar to that of older products.
By recalculating with the 13-cycle PI formula, the contraceptive efficacy of new
formulation low-dose OCs, Newton interestingly shows that with a more accurate
methodology, taking GCP guidelines into account, the overall PI value is close to
1:100 WY, whereas studies performed before implementation of these guidelines
reported PI values from 0.05 to 0.27 (6), with both lower method and user failure
rates. In some studies, the triphasic preparations, hampered either by a lower
dosage of steroids during the first OC phase or by the increased complexity of
multiphasic drug intake, display—although not convincingly—a slightly higher
failure rate (8,9). However, a mean overall PI of low-dose new COCs close to 1
is considerably better than the failure rate of 3:100 WY reported for the general
population of OC users in the United States (5).

Moreover, when the extent of ovarian activity during the use of COCs
is appreciated by sequential ultrasound measurement of follicular activity and
assessment of serum concentrations of ovarian hormones and gonadotropins,
it appears that low-dose preparations containing new-generation progestogens
induce an adequate suppression of ovulation if not always of follicular or ovarian
secretory activity (10,11). Even with incorrect use of the new COCs (missed
tablets, extension of pill-free interval, vomiting), although less inhibition of
ovarian activity or even escape ovulation are recorded (12,13), occurrence of
pregnancy is usually prevented, implying that other contraceptive mechanisms
such as cervical mucus hostility and endometrial alteration are effective (14).
Comparison of low-dose OCs containing progestogens of newer versus older
generation products yield either similar results in terms of suppression of ovarian
activity (15) or a better inhibition with new OCs, and this also holds true for
new-generation triphasics (16).
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Even new preparations containing only 20 pg of ethinyl estradiol with
DSG or GSD induce an equally good suppression of ovarian function (17), al-
though this does not seem to be true with the older preparation containing 20 ug
EE + 1 mg norethindrone. It must be remembered that in the new preparations
containing DSG and GSD, the progestin concentration used is approximately
twice the dose necessary for ovulation inhibition. By contrast the dose of NGM
“contained in OCs (250 pg) is only slightly higher than the ovulation-inhibiting
dose (200 ug) and, accordingly, for preserving a high contraceptive effective-
ness, the 35 pg dose of EE contained in these OCs should probably not be
reduced (1).

V. CYCLE CONTROL

Ideal cycle control during COC use could be defined by the occurrence of a
regular withdrawal bleeding in addition to no unscheduled bleeding (i.e., break-
through bleeding plus spotting) during tablet taking (18). The best possible cycle
control is important to obtain, as unscheduled vaginal bleeding and amenorrhea
are a leading cause of low acceptability and compliance and, hence, a high dis-
continuation rate in OC users (7,19,20). More than 40 extensive cycle control
studies have now been published concerning new low-dose OCs—either com-
parative or noncomparative versus older-generation OCs. Most of these studies,
however, are hampered by the use of nonstandardized protocol design, and vary-
ing definitions for bleeding characteristics, leading to a wide variation of results
that render evaluation and comparison more difficult. Therefore, it has been
proposed (6) that, in addition to a ‘‘classic cycle control analysis,”” which is
usually performed, an analysis of total bleeding experiences of women during
a reference period (of 90 days) should be performed according to a protocol
proposed by the WHO (21).

Notably, women using COCs usually have a better cycle control than
women not using OCs, making it understandable that spontaneous irregular cy-
cles and unscheduled bleeding are a noncontraceptive indication for OC use
(18,21).

There are numerous, often very large studies of cycle-control data in
women using OC preparations containing the new progestogens DSG, GSD,
and NGM combined with low doses of EE (35, 30, or 20 ng). However, an-
other weakness of many of these studies is that they are noncomparative or not
performed against a sufficiently near comparator.

A large, exemplative, open trial of the monophasic preparation containing
DSG 150 pug + EE 30 pg was reported in 11,605 women over 69,630 cycles,
with a rate of unscheduled bleeding (breakthrough plus spotting) of about 7%
at cycle 3, decreasing to 3% at cycle 6. A low rate of amenorrhea (1-2%), and
a low dropout rate of 13%, with only 2% of women discontinuing treatment
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because of irregular bleeding, were also reported (22). Two studies of the low-
dose formulation DSG 150 g + EE 20 g, conducted in a total of 13,015 cycles
in 530 women, yielded similar rates of irregular bleedings: 11% at 3 months
and 9% at 6 months (23,24). This rate of unscheduled bleeding seems somewhat
higher than with the preparation c%ﬁfﬁiﬁfﬁﬁ*@ﬁ png of EE instead of 20 g, and
this difference was significant in one comparative study (25). However another
trial comparing. these particular combinations showed that cycle control and
tolerance were similar with both formulations tested (26).

A large trial of the monophasic preparation containing GSD 75 ug + EE
30 pg was reported in 1095 women over 14,281 cycles, with cycle-control data
very near those reported earlier for the combination containing DSG 150 ug +
EE 30 ug. A low incidence of amenorrhea (0.5% of all cycles) was observed
in this study. Similar results were observed with the corresponding triphasic
preparation containing GSD + EE (i.e., irregular bleeding rates of 9-16% at
cycle 1 and 6-9% at cycle 6) (27). The monophasic preparation containing
30 ng of EE was comparatively tested more recently against the combination
containing GSD 75 ug + EE 20 ng, showing low and comparable levels of
unscheduled bleeding with both preparations in relation to all cycles, with a
rate of 14% for the preparation containing 20 pg of EE and 8.8% for the
30 pg preparation; in both cases, low discontinuation rates of 9.8 and 7.2%
were recorded, respectively (28).

More limited but corresponding data were reported with the use of the
preparation containing NGM 250 ug + EE 35 ug, or with its triphasic coun-
terpart. Data from a large controlled comparison of the monophasic prepa-
ration with another combination containing a second-generation progestogen
(norgestrel; NG) showed that in women who took the NGM monophasic prepa-
ration over 9000 cycles (29), an unscheduled bleeding rate of 12% at cycle 1
rapidly declined to less than 6% after cycle 4. Failure to experience withdrawal
bleeding was a very rare event, about 1% during cycles 1-6 and 0.4% during cy-
cles 13-24. Very similar data were reported with the triphasic NGM formulation
(30).

Some comparative studies with new-generation OCs reported somewhat
contradictory results: comparison of monophasic preparations containing DSG,
GSD, and NGM showed that the overall incidence of irregular bleeding was
slightly, but statistically significantly lower, with the GSD preparation versus the
other new OCs (31,32), whereas other studies could not show any statistically
significant difference between preparations when using the classic cycle analysis
(33-35). Overall, comparative studies of new-generation preparations indicate a
similar favorable cycle control for all these products.

When reviewing cycle control data from studies comparing preparations
containing new-generation progestogens with older products (7), such as those
containing levonorgestrel or norethindrone, similar results are obtained in terms
of low rate of irregular bleedings. New preparations achieve this excellent result
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usually with dosages, particularly of EE, that are often much lower than in older
products. Moreover, decreasing rates of bleeding over time, and particularly low
rates of amenorrhea with new OCs result in higher continuation rates compared
with older preparations, but differences are usually not significant (7).

VI. OVERALL ACCEPTABILITY OF NEW-GENERATION
ocs

Overall acceptability of an OC is related to parameters of cycle control and
also minor side effects, such as weight gain, mastalgia, acne, and other signs of
androgenization, and is best reflected by long-time continuation rates, a measure
of compliance to any OC use. COCs containing new progestogens have been
repeatedly reported (6,7) to exert a good cycle control and are expected to gener-
ate fewer side effects owing to their higher progestogenic to androgenic activity
ratio (i.e., ‘‘selectivity’’) when compared with older COCs. Indeed, most of the
studies reporting data on cycle control, mentioned in the foregoing, also showed
excellent overall acceptability and particularly low annual discontinuation rates
(usually less than 15%) when new OCs are used. When compared with each
other, OCs containing third-generation progestogens showed similar results in
terms of overall acceptability. When comparing them with low-dose monopha-
sic or triphasic preparations containing the older progestogen LNG, significant
differences in acceptability could not be demonstrated clearly between these
preparations (36,37).

A. Effects on Body Weight

Although there have been reports concerning weight increases in women treated
by high-dose progestogens for endometriosis, and in tall girls prepubertally
treated by high-dose estrogens, and in spite of frequent statements that the
use of previous generations high-dose COCs may be associated with weight
gain (38), well-controlled studies of early high-dose formulations, such as the
study of Goldzieher et al. (39) could not substantiate this assumption. No evi-
dence of any weight-increasing effect of standard and low-dose older prepara-
tions could be firmly demonstrated (40), in spite of the well-known, although
frequently restricted, effect of contraceptive steroids used in COCs on water
and electrolyte, lipid, carbohydrate, and nitrogen metabolism. When review-
ing data from either carefully controlled studies of body weight changes or
body fat distribution (41), it essentially appears that over periods of OC use
varying from 6 months to 3 years, most women (70-80%) show only slight
weight fluctuations (less than 2 kg), whereas a few experience a more sustained
increase or decrease in body weight, maybe in predisposed individuals, with
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an unclear causal relation to OC use. Moreover, body fat distribution remains
unchanged.

Large-scale efficacy and safety trials with new low-dose OCs containing
DSG, GSD, and NGM in monophasic or multiphasic regimens, combined with
small doses of EE (20-35 pg) show the same pattern of only small variations of
body weight and an attending low discontinuation rate for that reason (6). One
of these typical large studies reports tolerability of the low-dose monophasic
EE 20 ug + GSD 75 pg during 3 years of use in 670 young women for
19,095 evaluable cycles: 55% of women had maintained a body weight near
baseline after 36 cycles of OC use, whereas a body weight increase of 2 kg was
reported for 29%, and a loss of 2 kg occurred in 17% of these women; only
6 women discontinued OC use for alleged weight increase (42). In a particularly
well-controlled study, Reubinoff et al. (43) observed after 6 months of use of
monophasic EE 30 pug + GSD 75 pug a marginal weight gain of more than
0.5 kg in 30% of OC users as well as in 30% of the nonusers in the control
group; simultaneously, 20% of the users and of the nonusers had lost more than
0.5 kg body weight. The users who gained weight had a statistically significantly
higher weight (+ 1.13 kg) and body fat (+ 1.8%) than the control nonusers. This
effect of OCs on body weight was judged as very discrete, and no abdominal
fat accumulation—a marker of increased risk of cardiovascular disease—could
be demonstrated.

Qverall, no significant differences in body weight changes could be recorded
in different comparative studies bearing on new-generation low-dose OCs (6).

B. Androgenicity of New OCs: Effect on Acne
and Hirsutism

Appreciation of the androgenic potential of progestogens in clinical studies is
difficult, and the so-called selectivity index (see Table 3)-—a theoretical approach
to this potential—is not helpful. Clinical assessment of acne and hirsutism (either
improvement or worsening) in users of COCs or their progestogen component
may be useful, but this assessment is usually far from quantitative. Serum levels
of sex hormone-binding globulin (SHBG) could be considered as an interest-
ing, although imperfect, marker of ‘‘estrogenicity’” or ‘‘androgenicity’’ of OCs,
as EE stimulates liver synthesis of this transport protein, and androgens and
19-nortestosterone-derived progestogens have an opposite effect. The ensuing
SHBG level is, accordingly, the result of both opposing steroid actions when
COC use is analyzed (see Table 3). Moreover, as SHBG is avidly binding testos-
terone, any increase in this binding protein is attended by a decrease in free,
biologically active blood testosterone, with an ensuing decrease in androgeniza-
tion potential, although this mechanism is certainly not the only one related to
COC effect on acne and hirsutism (44-47).
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When older OC preparations were used, it was clearly demonstrated that
estrogen-dominant OCs may improve preexisting acne, whereas progestogen-
dominant OCs—and more specifically those containing NG or LNG—may ex-
acerbate or even trigger acne or seborrhea and hirsutism (48,49). Additionally,
they exert a potentially deleterious effect on lipid and carbohydrate metabolism,
in plausible association with the high androgenicity of NG.

If new-generation progestogens, such as DSG (50), are, when used alone,
able to moderately decrease SHBG concentrations in relation to their mild an-
drogenic action, this effect is completely blunted in low-dose COCs owing to
the presence of EE (see Table 3). In several open efficacy and acceptability stud-
ies bearing on the use of almost all low-dose COCs containing third-generation
progestogens (review in Refs. 6,7), a subjective improvement of preexisting acne
was noted in as frequently as 25-95% of the women treated, although these stud-
ies were not specifically designed to demonstrate efficacy on acne. By contrast,
it is common clinical experience to observe triggering or worsening of acne in
women using COCs containing first- or second-generation progestogens, even in
low-dose monophasic preparations. However, when these progestogen concen-
trations are further decreased and associated with adequate levels of EE, such
as in the triphasic combination of EE 4 LNG, the androgenic effect on the skin
is much less obvious. Comparative studies of GSD and LNG triphasic formu-
lations yielded similar results in terms of clinical assessment of acne, increase
in SHBG concentrations, and decrease in circulating androgens (51). Similarly,
DSG-containing OCs improve preexisting acne significantly more than do LNG-
containing OCs (52). Even when compared with OC preparations containing the
antiandrogen cyproterone acetate and EE, DSG-containing OCs improve acne
similarly or nearly as well in the treated subjects (53-55). We recently assessed,
as a primary outcome measure, the effect of a triphasic COC that contained GSD
on preexisting mild to severe facial acne in a group of 33 young women. Acne
was carefully monitored during 13 cycles of treatment by strict clinical evalu-
ation, sebum production, and superficial follicular biopsy. Global evaluation of
the patients’ acne status revealed a statistically significant improvement in 95%
of the women (56). OC preparations containing NGM seem to yield favorable
results, similar to those obtained with DSG and GSD when effects on acne and
related endocrine parameters are considered (57). The overall beneficial effect
on the severity of acne of different COCs that contain new-generation progesto-
gens is probably in relation not only to a favorable effect on SHBG, androgen,
and free testosterone levels, but also to a very low intrinsic androgenic activity.

Provided prior adequate investigation and etiological assessment are per-
formed in hirsute women, COCs have been proposed for therapy, and used
extensively (44,46,47,49). As far as OCs containing new progestogens are con-
cerned, Bilotta and Farilli (22), in a large open efficacy and tolerability trial,
used DSG + EE for more that six treatment cycles in 11,605 women. Acne dis-
appeared or improved in over 80% of 1021 women with this preexisting lesion.
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Nearly 500 women in the same study experienced an improvement or disappear-
ance of hirsutism in almost 50% of cases, whereas it newly occurred in only 2%
of these women. In more specifically controlled studies, COCs containing low
doses of DSG displayed a similar effectiveness when hirsutism was evaluated by
different methods (58,59) in different populations of OC users, including women
presenting with polycystic ovarian disease. Interestingly, a study comparing the
use of EE + DSG and EE + cyproterone acetate for 2 years in hirsute women
showed a significant improvement that was similar for both preparations (60).
A comparative study bearing on two low-dose OCs containing DSG or GSD
also showed a similar and significant decrease of hirsutism in both treatment
groups (61).

VIi. EFFECTS ON LIPID AND CARBOHYDRATE
METABOLISM AND HEMOSTASIS

The metabolic effects of OCs have been described in detail in other chapters of
this book. Accordingly, only the main features of the metabolic action of OCs
are summarized in this section. /

A. Lipoprotein Metabolism

As far as lipoprotein metabolism is concerned, there is a general agreement
that changes in plasma lipid profile clearly reflect the balance of estrogen and
progestogen dose and type in OCs. Older-generation OCs were able to decrease
circulating levels of HDL cholesterol (particularly, HDLy-chol) and to increase
LDL cholesterol and specifically its small dense fractions, while only modestly
increasing triglyceride (TG) serum levels (62). By contrast, newer low-dose OCs
containing less androgenic progestogens (DSG, GSD, NGM), which are slightly
more estrogen-dominant preparations than older-generation OCs, do increase
large VLDL and triglyceride circulating levels in the users, as well as hepatic
uptake of LDL and intermediate-density lipoprotein (IDL). However, they do
not change—or eventually slightly increase—HDL cholesterol or the cholesterol
and apolipoprotein content of its subfractions, HDL, and HDL3, potentially in-
dicating a preserved reverse cholesterol transport (63,64). The particularly small
changes in lipid and lipoprotein levels observed during use of third-generation
low-dose OCs do not seem biochemically or clinically related to an increased
risk of atherogenic cardiovascular disease (64-68).

B. Carbohydrate Metabolism

Relative to carbohydrate metabolism, use of all generation OCs has been asso-
ciated with reduced glucose tolerance and increased resistance to insulin. These
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alterations were obvious in users of first- and second-generation high-dose OCs,
particularly those containing LNG (69). High-dose OC users with predisposing
risk factors developed impaired glucose tolerance more frequently than nonusers
(69,70). Considerably fewer changes in glucose tolerance and insulin sensitiv-
ity have been observed with low-dose older- and newer-generation OCs, and a
recent large prospective study was unable to find any appreciable increase in
the risk of non-insulin-dependent diabetes mellitus either among current users
of OCs or among past users (71). However, when studying a large population
of young healthy white women, it was demonstrated that women’s use of OCs
was one of the four most important determinants of insulin sensitivity (72).
This is in good agreement with the large study of Godsland and colleagues
showing a significantly decreased insulin sensitivity index in users of low-dose
OCs of any generation (73). However, with third-generation low-dose OC use,
glucose tolerance is only marginally decreased by 10-20% versus pretreatment
baseline, and pancreatic beta-cell function seems only discretely altered as C
peptide concentrations, representing pancreatic insulin secretion, are essentially
unchanged. Only small changes in insulin response to an oral glucose challenge
are reported when low-dose COCs containing DSG or GSD are used (74). The
mechanism underlying these limited alterations of carbohydrate metabolism is
mostly unknown, and these changes cannot be clearly attributed to the estrogen
or the progestogen component of OCs. Although it was previously postulated
that insulin resistance was induced by the progestogen component, a hypothesis
formulated by Godsland and co-workers suggests that the estrogen component
of OCs is primarily responsible for any insulin resistance, and it is eventually
combined with progestogen-associated changes in insulin half-life (68,74). Con-
sidering the important cardiovascular effect of chronic hyperinsulinemia and
insulin resistance, well described by Reaven (75) as a multifaceted metabolic
syndrome, it is essential to appreciate whether OC use can contribute to an
increased cardiovascular risk by altering parameters of insulin sensitivity. How-
ever, when analyzing the limited influence of current OCs on these parameters
and considering, as Godsland and co-workers do (76), that the insulin resis-
tance seen in OC users differs on many points from that associated with arterial
disease, it is far from obvious that current low-dose OCs may have a delete-
rious effect on the cardiovascular system through their effects on carbohydrate
metabolism.

Vill. HEMOSTASIS

Pharmacodynamic studies, particularly related to the use of COCs containing
high-dose or standard-dose of EE combined with first- or second-generation
progestogens, showed adverse effects of lipid and carbohydrate metabolism and
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raised concern about increased arteriosclerosis (67,70). However, epidemiolog-
ical findings showed increased risks of myocardial infarction, stroke, and ve-
nous thromboembolism in current, but not past, users of any type and genera-
tion of COCs, suggesting a thrombotic effect of combined OCs, rather than an
atherosclerotic mechanism (77).

Early reports already drew attention to the effects of COCs on the hemo-
static system, and established that high doses of estrogens increased risk for
thrombotic cardiovascular disease (78).

The increase in thrombotic disease seems mainly related to the estro-
genic component of OCs (79), with good evidence that CVD risk is decreased
when estrogen content is decreased from 100 to 50 g, but less obviously so
when further decreased to 30 or 20 ug of EE (77,80). Because a modulating
role of progestogens was also suspected (80), new lower-dose compounds, such
as (levo)norgestrel were first introduced, and followed by less androgenic and
more metabolically neutral steroids, such as the third-generation DSG, GSD,
and NGM, in a general effort to lower the effects of new OCs on hemostasis
variables, lipid and carbohydrate metabolism (7).

Very recent epidemiological studies seem to indicate that myocardial in-
farction (81) and cerebral thrombosis (82) are less prevalent in women us-
ing low-dose third-generation OCs than other high- or low-dose OCs of first
and second generation, in spite of the observation of a potential increase in
venous thromboembolism in third- versus second-generation OC users (83).
Therefore, it is of paramount importance to analyze the effect of all these
OCs and their separate components on hemostatic variables to uncover bio-
logical plausibility supporting, at least partly, the epidemiological data recently
reported.

Many reports have documented the effects of various OCs on hemostatic
variables (84,85). However, the drastic reduction in estrogen and progestogen
content of OCs, the change in type of progestogens, the earlier age of the women
taking OCs, and for a longer period of time, the better selection of candidates for
OC use (lower risk population) or, by contrast, preferential prescribing of low-
dose new-generation OCs (supposed to be safer) to a population with a higher
risk of CVD, and the more precise diagnosis of CVD, do effectively profoundly
alter data concerning OCs and their users, making it mandatory to rely on recent
well-conducted epidemiological studies that accurately reflect these changes. The
challenge is then to relate the observed changes in vascular risk to hemostatic
changes induced by new-generation OCs and to compare them with older OC
preparations.

The remaining problem is that there is no established way to assess throm-
bogenicity of one particular OC preparation, and that there is no definite causal
relation between particular hemostatic changes induced by OCs and specific
cardiovascular risk (85-87).
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A. Effects of COCs on Plasma Concentrations
of Components of the Coagulation and
Fibrinolysis System

1. Coagulation Factors

In an extensive review, Kluft and Lansink (85) studied the changes in hemostatic
variables, expressing the results, for the sake of clarity, as percentages of the in-
terindividual variation coefficient of each variable, in women using low doses of
EE (30-35 pg) associated with either second- or third-generation progestogens.
Results encompassing the study of 37 hemostasis parameters were tabulated.
In about 15 variables, the change induced by COCs was of a magnitude close
to the standard deviation of the population range, reflecting a significant shift
of the distribution. Many procoagulant factors were increased by all COCs for-
mulations used, either in terms of concentration, activity, or both. OC use has
been shown to increase fibrinogen, prothrombin, factor VIII (F VIII), F X1I, and
F VII levels, and to significantly reduce. activated partial thromboplastin time
(APTT), among other parameters (85). These changes are observed as well with
high-dose OCs as with low-dose preparations of any generation, and are more
pronounced with OC preparations containing more than 35 ug of EE. Reducing
EE from 30 to 20 ug in third-generation preparations, containing the same dose
of progestogens, is not accompanied by differential changes in coagulation vari-
ables in women using these OCs (88). As far as progestogens are concerned, the
first-generation progestogen norethindrone, may have some estrogen-like effect
on hemostasis, probably in relation to some of its metabolic products that exert
estrogenic activity (89). Low-dose second-generation OCs induce small changes
in coagulation factors (90) and, when comparing these results with the effects
of third-generation OCs, it seems that they are very close to each other, but with
some exceptions: vitamin K-dependent F VII, and to a smaller extent F X and
prothrombin, seem to increase somewhat more during use of third-generation
OCs containing gestodene and even more so with desogestrel than during use of
OCs containing LNG (85). If an increase in coagulation variables augments the
coagulation potential without necessarily leading to an increased vascular risk,
a recent observation has shown that a prothrombin gene mutation that increases
plasma prothrombin levels by 30% in heterozygous carriers versus noncarriers,
is an established genetic risk factor for venous thrombosis, including cerebral
vein thrombosis (91). This risk is further strongly raised in women presenting
with the prothrombin gene mutation and using OCs.

2. Coagulation Inhibitors

Antithrombin III (AT III), protein C (PC), and protein S (PS) play a central
inhibitory role in the prothrombin to thrombin activation step, which is of
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Table 4 Prevalence of the Deficiency of Coagulation Inhibitors Antithrombin III,
Protein C, Protein S, and Resistance to Activated Protein C in the Asymptomatic
Population, in Thrombosis Patients, and in Thrombosis Patients with a Positive
Family History

Prevalence (%)

Thrombosis patients

Thrombosis with a positive

Population patients family history
Antithrombin I deficiency 0.1 12 42
Protein C deficiency 0.3 3.6 4.9
Protein S deficiency 0.1 2.4 5.1
Activated protein C resistance 5.7 28.0 46.0
Total 6.2 35.2 60.2

Source: Ref. 94.

paramount importance in the coagulation process. Decreases in plasma activities
of these coagulation inhibitors can precipitate venous thrombosis. Indeed, it is
now well delineated that an increased risk of venous thrombosis (i.e., essentially
deep vein thrombosis and pulmonary embolism, or cerebral vein thrombosis) can
occur in predisposed individuals (thrombophilia). Aside from acquired risk fac-
tors (such as obesity, autoimmune disease, or others), inherited abnormalities of
the hemostatic system may explain one-third of all venous thromboembolism
(VTE). Deficiencies in AT III, PC, and PS have been already well described.
More recently, resistance to activated protein C (APCR), characterized by the
inability of activated PC to prolong the clotting time in an APTT reaction,
was described (92). This APC resistance is essentially, but not only, caused by
a mutation of the substrate of APC, coagulation factor Va (factor V Leiden
mutation) (93) which, therefore, cannot be neutralized by APC and leads to in-
creased thrombin generation. Table 4 reproduced from Winkler (94) summarizes
data concerning prevalence in Western Europe of deficiencies in coagulation in-
hibitors and in APCR in the asymptomatic population, in thrombosis patients,
and in thrombosis patients with a positive family history—which underlines the
importance of inherited disturbances in thrombophilia. It is important to con-
sider that the thrombophilic trait may create a latent prothrombotic state that
may become thrombogenic in the presence of precipitating risk factors, such
as pregnancy, postpartum, surgery, immobilization, and OC use. In the Leiden
Thrombophilia Study (95) the risk of VTE in the heterozygous carriers of the
factor V Leiden mutation is already increased 7-fold, and there is a 28-fold
higher risk for Leiden mutation-positive OC-users in comparison with women
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not genetically predisposed and not taking OCs. In that setting, it is important
to consider that COCs reduce plasma concentration and activity of AT III and
PS by about 10-20% versus baseline and do not interfere, or increase slightly
PC concentrations (85,87). Many studies clearly show that AT III levels and
activity are inhibited by OCs containing high doses of EE (> 50 ug) and that
second- and third-generation OCs containing 35 pg EE or less have much less
or no effect on AT III levels and activity (88,96). Whereas total protein S anti-
gen concentrations are frequently reported to be decreased with use of any type
of OC (97), there is some controversy over free PS and PS activity that can
remain unchanged or even decreased slightly in some studies using low-dose
third-generation OCs (88). PC levels and activity are usually increased with any
type of OCs (87). APC sensitivity is slightly reduced (by about 10%) during
use of either second- or third-generation OCs (85,98). The mechanism of this
reduction is not well understood; however, as small variations of F V, F VIII,
and PS (which are known to be caused by OCs) may overcome the anticoagulant
effect of APC, this could be a partial explanation of this OC-induced APCR of
unknown clinical significance (98). A new in vitro assay measuring the effect of
APC on thrombin generation in the plasma of women using OCs showed more
thrombin generation during use of third-generation OCs than during second-
generation OC use. This APCR-like response during use of third-generation
OCs was interpreted by the authors (99), to be associated with an increased risk
factor for VTE. However, these results are at variance with the classic APCR
measurements, which do not provide differential results in users of second- ver-
sus third-generation OCs. Moreover, no VTE patients have been tested using
this method, and additional data are necessary for better interpretation of these
results (87).

3. Fibrinolytic Activity

There is a rather large consensus in numerous studies related to the assessment
of fibrinolysis variables during OC use, indicating a significant increase in plas-
minogen concentration and activity, and ap-antiplasmin antigen (88,90,100), a
decrease in histidine-rich glycoprotein (101), a decrease in tissue plasminogen
activator (t-PA), and an even more important decrease in plasminogen activator
inhibitor 1 (PAI-1) concentration and activity (85,87,88,101). Altogether these
results point to an increased fibrinolytic potential during OC use, whatever the
type and dose of the preparation used.

4. Coagulation and Fibrinolysis Activation Markers

These markers are generated in the proteolytic process of the coagulatory (throm-
bin-generating) or the fibrinolytic (plasmin-generating) cascade. Coagulation
activation markers are prothrombin fragment 142 (F 142), reflecting throm-
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bin generation rate, thrombin-antithrombin (TAT) complexes, and fibrin pep-
tide A (FPA), whereas the corresponding markers of fibrinolysis are plasmin—
antiplasmin (PAP) complexes, reflecting plasmin generation rate, and D-dimer
fibrin degradation products, another measure of plasmin activity on polymerized
fibrin.

FPA levels are increased during use of second- and third-generation OCs,
but eventually slightly less with a preparation containing 20 ug EE (85); F 142
and TAT are increased in the same way during use of OCs containing 35, 30, or
20 ug EE, irrespective of the progestogen contained in the combined preparation.

Fibrinolysis activation during OC use has been observed with all combined
OCs tested, with significant increases in PAP complexes and D-dimers.

These markers of hemostatic activity clearly indicate that OCs increase the
basal rate of thrombin and plasmin generation and the comprehensive review
of Kluft and Lansink (85) as well as other reports show that this activation is
largely dependent on the presence of EE in the OCs used and almost unchanged
when EE dosages are reduced from 35 to 20 pg. Additionally, no differential
effect of the progestogen component of OCs has been described (102-104). It
has been frequently hypothesized that increased coagulation potential and ac-
tivity was balanced by increased fibrinolysis potential and activation. However,
changes observed during OC use in coagulation and fibrinolysis variables do not
correlate (105) and cannot be systematically considered as part of a balanced
process. Indeed, some women become ‘‘high hemostatic responders’” when ex-
posed to OCs (106). Moreover, women presenting with inherited or acquired
prothrombotic abnormalities may be facing the risk of vascular, mainly venous,
occlusion with notable coagulation—fibrinolysis imbalance (107).

IX. RISK OF CARDIOVASCULAR DISEASE AND NEWER
ORAL CONTRACEPTIVES

The association between OC use and cardiovascular disease, including venous
thromboembolism (VTE), myocardial infarction (MI), stroke, and hypertension
has been a major safety issue ever since the 1960s, inasmuch as OCs are more
than ever extensively used by young and generally healthy women for longer
and longer time periods. Early concern about cardiovascular safety first led to
reduction of estrogens to the 50-ug and then considerably sub~50-ug level and,
secondly, to reduction of progestogen dosage and introduction of new progesto-
gens with a more neutral metabolic profile. They culminate at the time being
in a number of third-generation combined OCs (see Table 1), thought to have
a better cardiovascular risk profile than older first- and second-generation OCs,
this notion not only being supported by medical literature, but also forcefully
put forward by the pharmaceutical industry, which invested many resources in
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the development of new progestins. Several recent epidemiological studies have
been devoted to analysis of the cardiovascular effect of the sub-50 second- and
third-generation OCs (< 50 pg EE), some of them reaching a size sufficient
to more objectively: ascertain whether preparations containing new progestogens
were indeed safer than older combinations.

A. Venous Thromboembolism

The surprise came suddenly at the end of 1995 and beginning of 1996, when
four studies reported, through somewhat different epidemiological approaches,
that current use of low-dose COCs was not only still associated with a signifi-
cantly increased risk of VTE—which was already known—but also that products
containing DSG or GSD were apparently associated with a 1.5-3.1 greater risk
of VTE than OCs containing second-generation progestogens (mainly LNG)
(95,108-110). COCs containing NGM were not taken in consideration because
of its too recent introduction into the market, accordingly reducing the num-
ber of cases available for study. In later studies or reanalyses, subjects using
NGM were grouped with LNG users, as it is usually considered that NGM is
potentially acting mainly by its major metabolite, LNG. The most important
results from these initial studies are summarized in Table 5. To evaluate these
results, it is important to consider that current prevalence of idiopathic VTE in
OC nonusers is fewer than 1:10,000 woman-years (WY) and that the incidence
of VTE in first- and second-generation OC users was 8:10,000 to 9:10,000 WY
in the RCGP 1978 report (111), but fell to 4.1:10,000 WY in mainly low-dose
second-generation OC users in the report of Gertsman et al. (112). Data available
from two of the four 1995-96 studies reported in Table 5 indicate an incidence
of VTE of 1.0:10,000 and 1.6:10,000 WY in second-generation OC users (WHO
and Boston Collaborative Drug Surveillance Programme [BCDSP] studies, re-
spectively) and 2.1:10,000 and 2.9:10,000 WY in third-generation OC users in
the same studies. Accordingly, the absolute risk of VTE in third-generation OC
users recently described by no means exceed the prevailing occurrence rates
of VTE described in 1991 by Gertsman et al. in users of second-generation
low-dose OCs (112). Additionally, it is important to remember that the inci-
dence of VTE in pregnancy and postpartum is about 6:10,000 WY, well higher
than values currently reported for absolute risk of VTE in OC users. Finally, in
terms of public health interest, VTE case~fatality is 1-2% (i.e., much lower than
for other cardiovascular accidents, such as myocardial infarction and stroke, for
which case—fatality is about 10-20% and higher) (113,114). Accordingly, excess
mortality attributable to VTE in OC users has been calculated to be 1:million
to 1.5:million WY (115). The observed 1.5-3.1 increase in relative risk of VTE
in current users of third-generation OCs versus second-generation OCs reported
in the 1995-1996 studies is altogether surprising and unexpected, although this



Table 5 Main Results of Initial Venous Thromboembolism Studies

Leiden
WHO BCDSP Transnational Thrombophilia
(all regions) nonfatal VTE study study
(108) (110) (109 95)
Type of study® Case—control Nested case—control Case~control Case—control
adjusted ORs analysis adjusted ORs adjusted RR
Adjusted OC use vs. no use 4.1 3.2-5.2) e 4.0 (3.1-5.3) —_
DSG vs. seconcl—generationb OCs 2.4 (1.3-4.6) 2.2 (1.1-4.4) 1.5 (1.1-2.2) 2.5 (1.2-5.2)
GSD vs. second-generation OCs 3.1 (1.6-4.6) 2.1 (1.044) 1.5 (1.0-2.2) —

VTE, venous thromboembolism; ORs, odds ratios; RR, relative risk; numbers in parens, 95% confidence intervals; adjusted, adjusted

for different confounding variables.
aQCs, oral contraceptives; DSG, desogestrel; GSD, gestodene; LNG, levonorgestrel.

beSecond generation OCs,”” levonorgestrel-containing OCs for WHO and Boston Collaborative Drug Surveillance Programme
(BCDSP) studies, all second-generation OCs for Transnational study, and second- + first-generation OCs for Leiden study.
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increase, translated in terms of absolute risk of morbidity and mortality, is very
limited. Important questions have been raised concerning potential bias and con-
founding factors in these epidemiological studies and subsequent studies (see
following section) are not yielding the same results, also pointing to some poten-
tial limitations and bias in the initial studies. Additionally, no clear and plausible
biological mechanism can currently explain the discrepancies in relative risk of
VTE observed between second- and third-generation OCs.

1. Limitations, Bias, and Confounding Factors in the “Initial”
1995-1996 Studies and Confrontation with Newer Studies

A comprehensive discussion of these important epidemiological aspects has been
provided in reviews by Spitzer (116) and Walker (117). However, their conclu-
sions are divergent, as, for the former author discrepancies of results for risk
of VTE between second and third-generation OCs are ‘‘more likely to be ex-
plained by bias inherent in observational research than by a causal relationship,”’
whereas for the latter author, the ‘‘most plausible explanation of the available
data is that combined OCs containing DSG and GSD carry a very small risk of
VTE which exceeds the even smaller risk carried by products containing LNG,
the position of NGM being uncertain’’ (116,117).

a. Consistency or Inconsistency of Studies

The odds ratios (ORs) for VTE in the four initial studies are consistent, but the
rate-ratios [ratio of the relative risks (RR)] of third- versus second-generation
OCs are small even when statistically significant. However, consistent findings
going in the same direction may suggest the presence of the same systematic
errors in all studies. In fact, two subsequent studies by Farmer’s group inves-
tigated the risk of VTE during use of second- versus third-generation COCs,
using the British Mediplus database of patient record (118) or the German
Mediplus database (119). In the U.K. study, the rate-ratio of VTE in users
of third-generation relative to second-generation OCs after adjustment for age,
was 1.68 (95% CI 1.04-2.75), at the limit of statistical significance. Farmer
stressed that residual confounding by age could have hampered initial studies.
Indeed, age distribution of second- and third-generation products was not simi-
lar and might reflect prescribing bias (118). However, reanalyses of WHO and
BCDSP studies do not confirm this potential distortion. In the German study, no
significant differences relative to VTE risk between users of second- and third-
generation OCs were found (OR 0.77 [95% CI 0.38-1.57]), with no significant
age difference between users and control subjects (119). Another important and
heretofore unexplained element of inconsistency lies in the observation not only
in the WHO, BCDSP, and Transnational studies, but also in the UK Mediplus
study that, among users of third-generation OCs, the risk of VTE was higher



Contraception: Third-Generation Pills 201

in users of 20 pg than of 30 ug EE combined with the same dose of DSG
(150 pg). These results are paradoxical, as the progestogen concentration was
constant; a decrease in the EE dosage should reasonably not increase the risk
for VTE in a biologically plausible manner. Therefore, unsuspected confounding
factors have to be postulated (recent introduction to the market, prescribing bias,
and such).

b. First Use, Duration of Use, and Time Trends

Vessey and Doll (120) reported, as early as 1969, that the risk for VTE dur-
ing OC use is higher in the first year than at a later period (120). First-time
use is more likely to occur with newly introduced third-generation products
(new-starter effect). Reanalyses of the Transnational study by Suissa (121) also
showed that for first-time users of OCs, no significant difference was found
for risk of VTE between second- and third-generation OC users. A decrease in
relative risk of VTE is recorded with increased duration of use, as well demon-
strated in a large recent Danish case—control study (114) with sufficient power
to ensure the possibility of correction for duration of use. As described in the
initial studies, current users of OCs with second- and third-generation progesto-
gens had an OR for VTE of 1.8 (1.1-2.9) and 3.2 (2.2-4.4), respectively, when
duration of use was not taken into account. After adjustment for duration of use,
however, no significant differences were found between users of OCs contain-
ing different types of progestogens. Moreover, this study distinctly showed that
the risk for VTE among current users of (all) OCs was primarily influenced by
duration of use, with significantly decreasing ORs over time: less than 1 year:
5.1 (3.1-8.5); 1-5 years: 2.5 (1.6-4.1); and more than 5 years 2.1 (1.5-3.1).
As control for duration of use in the initial studies was not always adequate,
particularly in Leiden and BCDSP studies (95,110), it implies that, at least in
the latter studies, risk estimates of third- versus second-generation OCs could
have been overestimated. Additional analysis of Transnational study database by
Lewis et al. (122) showed important changing trends in OC use as a function of
time: the highest risk for VTE was not confined to particular OC formulations,
but correlated very significantly with recency of market introduction of OCs. A
reasonable explanation may be found in preferential prescribing by physicians
of third-generation low- and very low-dose COCs, because of their perceived
improved safety profile. Accordingly, a new user will receive the more recent
OC, with an attending higher risk for VTE, and women with cardiovascular risk
factors will be switched from older second-generation OCs to a newer third-
generation product, potentially ‘‘safer’” for them. Numerous physician surveys
across Europe clearly indicate this prescribing trend (123,124) that leads, in
epidemiological studies, to an unexpected bias owing to attrition of suscepti-
bles (healthy user effect). A striking illustration of prescribing bias is provided
by a recent study of Lidegaard (125), aiming at assessing potential preferential
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prescribing of OCs according to different thrombotic risk factors: women with
familial thrombotic predisposition were four times more likely to be prescribed
third- versus second-generation OCs, compared with women without such a
disposition. It was concluded that, for thrombotic diseases, for which familial
predisposition and duration of use of OCs play a role for the pill-associated risk,
these differences in prescribing may introduce biases in observational, nonran-
domized studies, unless confounder control is conducted (125). The unexplained
observation that risk for VTE is higher with use of the recently introduced very
low-dose OC, containing 20 pg EE and 150 g DSG may be partly related to
prescribing bias, such as just described.

2. Biological Plausibility

If one refers to the numerous literature devoted to the effects of OCs and, more
specifically of low-dose and very low-dose second- and third-generation OCs on
hemostasis (see foregoing), there seems to be a reasonable agreement that all
combined OCs tested may constitute a precipitating risk factor for VTE (87),
essentially relative to their content in EE. The increase in some coagulation fac-
tors and fibrinolysis variables and the decrease in some coagulation inhibitors
seem particularly related to EE action on the hepatocyte, with possibly restricted
effect of progestogens, but the general mechanism of action of OCs is largely un-
known (85). The only potential discrepancy may be observed between low-dose
OCs containing desogestrel versus other progestogens relative to the effects on
levels of F VIlc, which seem somewhat more increased during use of the former
progestogen (85). However, this increase is probably not associated with the oc-
currence of VTE (126). An unverified hypothesis could be that third-generation
COCs are more ‘‘estrogenic’’ than second-generation COCs containing the same
amount of EE, because of a less androgenic—antiestrogenic balance of the new
OCs, owing to their content of less androgenic progestogens. A direct effect
of this estrogen dominance is exemplified by the increase in serum levels of
SHBG during use of third- versus second-generation OCs. However, the SHBG
increase recorded under the influence of 20 ug EE + 150 pg DSG is slightly
less than with the same combined preparation containing 30 ng. In that prospect,
the paradoxical increased VTE risk, which has been described in many studies,
reported in the foregoing with the 20- versus the 30-ug preparation, seems rather
biologically implausible. The study of Rosing and colleagues (99) assessed, with
the use of a personal in vitro method, the effects of APC on thrombin gener-
ation in the plasma, showing a significantly decreased APC sensitivity in the
plasma samples from women using third-generation versus second-generation
OCs. They described these results as a type of ‘‘acquired APC resistance,”” as
observed in heterozygous female carriers of factor V Leiden mutation. However,
in the same study, measurement of APC resistance by a validated method did not
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show any differential result for users of different OCs. Validation of Rosing’s
method, which is in progress, and repetition of this study with an appropriate
(and not a cross-sectional) design are mandatory before adequate assessment
of additional observations can be conducted. Anyway, if, to say the least, poor
biological plausibility exists to explain a probably very restricted increased risk
of VTE with use of third- versus second-generation OCs, this can, however, not
be considered a crucial flaw. As recently stressed by Walker (117), “‘in drug
research, it is almost tautological that serious adverse effects will not have a
well understood physiological basis when they are first observed.”

B. Acute Myocardial Infarction

The WHO, the BCDSP, and the Transnational epidemiological studies cited ear-
lier (108-110), were designed not only for appreciation of risk for VTE, but
also mainly for evaluation of risk for acute myocardial infarction (AMI) and
stroke. Earlier epidemiological studies showed that current use of OCs was as-
sociated with a two- to fourfold increase in risk of AMI, which may be further
increased by smoking or clinical risk factors, such as hypertension (127). How-
ever, changes in the formulations of OCs, prescription to low-risk and to younger
women are probably associated with a lower risk for AMI, which is now lower
than twofold when compared with no use (128). Only a few studies have directly
assessed the risk of AMI in users of low EE-containing OCs by progestogen
type: the WHO, the BCDSP, and the Transnational studies cited earlier, as well
as the specific study by Sidney et al. (129) were specifically designed for this
purpose. From these studies, it is difficult to draw a definite answer for any
differential effect of OCs containing third-generation progestogens on the risk
of AMI. The BCDSP study is hampered by a very low number of cases, and
by a comparison of risk for AMI in current and noncurrent users, which may
be misleading (128). The Transnational study (81) reported an overall OR for
AMI of 2.3 (1.4-4.1) during use of any low-dose OC; for second-generation
OCs, the OR for AMI was 3.0 (1.5-5.6) and for third-generation OCs 0.8
(0.3-2.3). Seven cases and 49 controls were exposed to third-generation OCs.
The rate-ratio for third- versus second-generation OCs was 0.3 (0.1-0.9), show-
ing a significantly lower risk for AMI in case of third-generation versus second-
generation OC use, with no increase in risk between third-generation OC use
and non-OC users. However, the study of Sidney et al. (29) reported a rela-
tive risk of less than 1.0 for low-estrogen OCs containing levonorgestrel. In the
WHO case—control study (130), the overall OR for AMI in current users of any
type of OC was 5.01 (2.54-9.90) in Europe; however, this risk estimate reflected
coexistence of other risk factors for AMI. The study had unhappily insufficient
power to examine whether progestogen dose and type had any effect on AMI
risk. Tt will be difficult to establish clearly whether progestogen type or dosage
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are effectively modifying the effect of current use of OCs for MI because of
the low prevalence of that disease in young women. However, it is important
to acknowledge the fact that the risk of MI during use of third-generation OCs

is probably very low, because the case—fatality rate for that disease is elevated
(113).

C. Stroke

Both the incidence of stroke in young women and the relative risk of stroke
in OC users has been falling for some years (131). For OC use, the risk of
stroke decreased owing to younger age at use of OCs, avoidance of risk fac-
tors such as hypertension, and use of lower—steroid-dose preparations. The risk
of thromboembolic stroke decreases with decreasing doses of EE in OCs (82).
Two recent American epidemiological studies (132,133) concluded that the use
of low-dose OCs was not associated with an increased risk of stroke. The large
case—control WHO and Transnational studies (134,135) revealed no different
rate-ratios of second- and third-generation OCs for thrombotic stroke. By con-
trast, the recently reported Danish cerebral thrombosis and oral contraceptive
case—control study (82) concluded not only that use of OCs with 50 ug of EE
(but not lower dosages) and OCs with second-generation progestogens increased
the risk of thromboembolic stroke significantly, whereas OCs containing third-
generation progestogens did not. In the Danish study, both levonorgestrel- and
norgestimate-containing OCs constituted the second-generation group. Conse-
quently, these contrasting results ask again for additional, clarifying data con-
cerning the potential differential effect of second-generation progestogens. In
that prospect, Schwartz et al. (132) already noted that a higher risk of hemor-
rhagic stroke was associated with current use of OCs containing the second-
generation progestogen levonorgestrel.

X. SUMMARY AND CONCLUDING REMARKS

In the last 18 years or so three third-generation progestogens—DSG, GSD,
and NGM—have been increasingly used in COCs. These progestogens were
designed to have a higher progestogenic to androgenic activity ratio than older
second- and first-generation progestogens (e.g., LNG and norethindrone) and,
accordingly, to exert a lower metabolic influence, potentially leading to fewer
side effects and fewer serious sequelae, particularly for the cardiovascular
system.

Available literature clearly shows that whether in monophasic or in multi-
phasic combinations with particularly small dosages of EE, the resulting third-
generation COCs demonstrate a high level of contraceptive effectiveness, cer-
tainly comparable with the efficacy of higher-dose older generation OCs, even in
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the case of suboptimal compliance with OC intake. In terms of cycle control, all
new products, including the 20-p1g preparations, appear to be roughly equivalent
to each other, and there seems to be a nonsignificant trend to a lower frequency
of spotting, breakthrough bleeding, absence of withdrawal bleeding, and accord-
ingly, a lower discontinuation rate for these reasons when third-generation OCs
are compared with older-generation products.

Overall acceptability is also based on low rates of body weight alter-
ation and androgenic side effects. Here again, use of low-dose COCs containing
third-generation progestogens tend to better improve acne and hirsutism than
do second-generation OCs, probably because of their slight estrogen dominance
and low intrinsic androgenic potential.

Lipid and lipoprotein metabolism is essentially unaltered in healthy users
of third-generation OCs, except for a slight increase in triglyceride levels. This
rather neutral effect is significantly better than the one recorded during use
of older-generation OCs. Although a mild degree of glucose intolerance and
insulin resistance is still observable during use of new OCs, it seems generally
less marked than with older OCs, and of limited clinical significance. Overall,
the metabolic effect of low-dose OCs does not seem to induce any increased
atherogenic risk in the users.

Collectively, available studies indicate that use of low-dose OCs that con-
tain third-generation progestogens is attended by high level contraceptive effec-
tiveness and cycle control, with excellent overall acceptability and low discon-
tinuation rate. However, accurate comparison between different OC preparations
in large randomized trials, extending on sufficient periods of time, is still needed.

All studied combined OCs seem to increase, at least slightly, molecu-
lar markers reflecting in vivo activation of coagulation and fibrinolysis, increase
some procoagulant and profibrinolytic variables, and alter coagulation inhibitors.
It is felt that in individuals with acquired or inherited increased thrombotic risk,
OC intake may serve as a precipitating factor for arterial and, even more so,
for venous thrombotic accidents. Most of the changes of hemostatic variables
recorded in OC users are related to the dose of EE and accordingly less fre-
quently observed with new-generation OCs, which also contain the lowest con-
centrations of EE. Higher levels of factor VII are observed with third- versus
second-generation COCs, and it has been postulated—with a still unvalidated
procedure—that third-generation OCs may increase in vitro thrombin generation,
the clinical significance of which is difficult to evaluate.

As far as serious vascular sequelae are concerned, epidemiological studies
are hampered by low frequency of cardiovascular accidents in young women
using or not using OCs, which renders interpretation of these studies difficult.
If we take into consideration established risk factors, such as hypertension and
smoking, recent studies, which are still controversial and based on too few cases,
tend to show that risk of AMI and stroke seems to be lower in users of low-
dose third- versus second-generation OCs. This is a very important observation in
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view of the high case—fatality rate associated with these diseases and necessitates
further evaluation. By contrast, large epidemiological studies have reported an
unexpected twofold increased risk of VTE in users of third- versus second-
generation OCs. This observation is paradoxical because third-generation OCs
essentially contain low levels of EE—which should normally be accompanied
by a reduced risk for VTE—and because third-generation progestogens are not
known to be associated with a biologically plausible increased thrombotic risk.
Bias and confounding factors that hamper these studies may indeed account
for some, but probably not all, of the discrepancy observed. Newer studies with
more-focused adjustment for risk factors and anticipated biases have yielded very
similar results for risk of VTE when using either second- or third-generation
OCs. It should be stressed, however, that the small increase in risk of VTE shown
in the initial studies during use of third-generation OCs was not likely to have
any significant public health effect in view of both the low incidence of VTE
that was recorded, and the low case-fatality rate of this disease. Accordingly,
the warning issued by the UK Committee on Safety of Medicines (CSM) after
review of the initial VTE studies, to switch when possible from third- to second-
generation OCs triggered an inappropriate pill scare in many countries, which
led to panic interruption of contraception and a dramatic increase in subsequent
abortion rates (136,137).*

To further evaluate third-generation OCs, and according to a judicious re-
quest of the Committee for Proprietary Medicinal Products (CPMP) of the Eu-
ropean Medicines Evaluation Agency (EMEA), two large specific studies have
been designed and are in progress. The first one is a randomized, double-blind
study comparing COCs containing third-generation progestogens with prepara-
tions containing LNG, for illustrating differences in the profiles of common side
effects. The second one is a randomized, open-label, parallel group, comparative
study of seven monophasic OCs containing either a second- or a third-generation
progestogen, to investigate the discrepancy between alleged differences in risk
of VTE between second- and third-generation OCs and the knowledge on the
effects of OCs on hemostasis parameters (138). We could not agree more.

Finally, beyond critical analysis of the effects of third-generation OCs, the
quest for ever safer oral contraceptives is still open: lower dosages of available
steroids, combined according to different regimens, new progestins (derived, for
example, from spironolactone or 19-norprogesterone), and estradiol in. place of
EE, are currently being extensively tested.

*Note: In April 1999, the UK Medicines Commission issued the new warning that, provided
women are fully informed of the very small risks for VTE when using oral contraception, the
type of pill to be used (i.e., either second or third generation) is for the woman, together with
her doctor or other family planning professionals, to decide in'light of her individual medical
history—A U-turn in advice on the use of third generation OCs when compared to earlier
warnings.
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LLevonorgestrel-Releasing
Contraceptive Implants

C. Wayne Bardin
Thyreos Corporation, New York, New York

. INTRODUCTION

Research on contraceptive implants began with the demonstration that steroids
could be released from capsules manufactured from the polymer Silastic. Various
progestins were investigated, and by 1974 the six-capsule Silastic drug-delivery
system, which was to be termed the Norplant contraceptive system, was per-
fected and made ready for clinical trials. By 1978 sufficient data were available
from these clinical studies to indicate that the failure rate of Norplant implants
was unexpectedly low: 0.6% after 2 years. In 1983, Leiras Pharmaceuticals of
Turku, Finland, was licensed to manufacture Norplant, and Finland became the
first country to give regulatory approval for the distribution of this new con-
traceptive. In 1984, the World Health Organization (WHO) made a technical
evaluation of the Norplant method in response to a request by the United Na-
tions Fund for Population Activities (UNFPA). WHO concluded that Norplant
implants are an effective, reversible, long-term method of fertility regulation that
has particular advantage for women who wish to have an extended period of
contraceptive protection. After approval of Norplant implants by the U.S. Food
and Drug Administration (FDA), Wyeth-Ayerst Laboratories began to distribute
this implantable contraceptive in the United States as the Norplant system. More
than 50 countries have now approved Norplant implants for distribution for use
in women.
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ll. WHAT IS THE NORPLANT CONTRACEPTIVE SYSTEM?

Norplant implants are a method of providing a progestin-only contraceptive for
women. They consist of six soft, flexible capsules of Silastic rubber that contain
levonorgestrel. This hormone is also used in other contraceptives, such as the
progestin-only minipill and in several widely used progestin—estrogen combina-
tion pills. The capsules are inserted in a superficial plane beneath the skin on the
inside of the upper arm. It is recommended that Norplant implants be inserted
at the time of menstruation. Once in place, levonorgestrel diffuses through the
wall of the Silastic capsule into the bloodstream and provides effective protection
against pregnancy during the first month and through 5 years of use (1).

Immediately after implantation, the dose of levonorgestrel provided by
Norplant implants is about 85 pg/day. This declines to about 50 pg/day by
9 months, to about 35 pg/day by 18 months, and to about 30 ug/day over the
remaining 5 years of use.

The blood levels of levonorgestrel that result as this progestin diffuses
out of the Silastic capsules are lower than those usually observed in women
using combined oral contraceptives containing 100-150 ug of levonorgestrel.
As noted below, however, the greater effectiveness of the implants relates to the
constancy of the blood levels, rather than the peaks and valleys that occur after
the use of each pill. The concentrations of levonorgestrel in women using Nor-
plant implants are constant, the serum concentrations in individual women show
considerable variation, depending on individual clearance rates, body weight,
and other possible factors. Nonetheless, levels in an individual remain relatively
consistent: women with high levels tend to maintain such levels, and women
with low levels tend to maintain low levels.

lll. MECHANISM OF ACTION

The mechanism of action of Norplant implants is of interest in view of the high
effectiveness that results from a low dose of levonorgestrel. Every-other-day
blood samples from a randomly selected group of users show serum proges-
terone levels compatible with ovulation in some women (2). Furthermore, the
percentage of women with elevated serum progesterone levels suggestive of ovu-
lation increases with longer durations of Norplant implant use. After 3-5 years,
approximately 50% of women using implants have progesterone levels consis-
tent with ovulation. Thus, ovulation suppression cannot account entirely for this
method’s extremely high effectiveness (2).

Norplant implant users with regular menstrual periods are more likely to
have elevated progesterone consistent with ovulation. In such women, the luteal
phase progesterone levels are 50% lower than in ovulatory women who are not
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taking hormonal contraceptives. In these regularly cycling Norplant users, the
midcycle surges of luteinizing hormone are blunted even though cyclic estradiol
secretion by the ovary continues (2). These results suggest that not all Norplant
implant users who have elevated progesterone levels ovulate. Such individuals
may secrete progesterone from a luteinized follicle or from an ‘‘inadequate
corpus luteum.”” Ultrasonic studies show that many women who have regular
menses while using Norplant implants develop a follicle that does not rupture,
but regresses over several weeks.

Examination of cervical mucus from Norplant implant users shows that
most women have scanty mucus that is extremely viscous, and thus sperm pene-
tration is impaired (3). These observations suggest that levonorgestrel increases
the viscosity of cervical mucus, thus changing its structure. As a result, sperm
cannot enter the uterus and fertilization cannot occur (3).

Norplant implants, therefore, mediate their effects on fertility by a variety
of mechanisms, including suppression of ovulation, alteration of cervical mucus,
and possible other effects. These actions of levonorgestrel are mediated on the
cervix and on the pituitary—gonadal axis and are the principal mechanisms by
which Norplant implants provide extremely effective contraception.

To ensure that the woman is not pregnant at the time of capsule place-
ment and to ensure contraceptive effectiveness during the first cycle of use, it
is advisable that insertion be done during the first 7 days of the menstrual cy-
cle or immediately following an abortion. However, Norplant implants may be
inserted at any time during the cycle provided pregnancy has been excluded
and a nonhormonal contraceptive method is used for at least 7 days following
insertion. Insertion is not recommended before 6 weeks postpartum in women
who are breastfeeding.

IV. EFFECTIVENESS

In the original pivotal trials on Norplant implants, only 0.2% of all continuing
users became pregnant in the first year (4). In the second year, the pregnancy rate
was 0.5% for all users. During years 3-5, the pregnancy rates rose to slightly
over 1% (Table 1). The cumulative rate was 3.9% at 5 years. After 2 years
of use, differences in pregnancy rates were noted among women of differing
weights. For example, in women weighing less than 50 kg, there were almost
no pregnancies, even after 5 years of use, whereas in women weighing more
than 70 kg, the yearly pregnancy rate rose to 2.5-5.1% in years 3 and 4. In
the clinical trials from which these data were derived, Norplant implants were
manufactured from two types of silicone rubber tubing. Approximately one-
fourth of the women used Norplant implants manufactured from silicone rubber
that was slightly more flexible (soft tubing) and that released slightly more
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Table 1 Annual and 5-Year Cumulative Discontinuation Rates per 100 Users of
Norplant Made Predominantly with Hard Tubing

Year 1  Year2 Year3 Year4 Year5 Cumulative

Pregnancy 0.2 0.5 1.2 1.6 0.4 3.9
Bleeding problems 9.1 7.9 4.9 33 2.9 25.1
Medical problems 6.0 5.6 4.1 4.0 5.1 224
(excluding bleeding
irregularities)
Personal reasons 4.6 7.7 11.7 10.7 11.7 38.7
Continuation 81.0 774 79.2 76.7 77.6 29.5

Table 2 Annual and 5-Year Cumulative Discontinuation Rates per 100 Continuing
Users of Norplant Implants Made with Soft Tubing

Year 1 Year2 Year3 Year4 Year5 Cumulative

Pregnancy 0.0 0.0 03 0.0 1.0 1.3
Bleeding problems 5.1 49 42 2.0 2.6 17.5
Medical problems 4.3 5.9 4.8 4.1 37 20.8
(excluding bleeding
irregularities)
Planning pregnancy 0.9 2.9 6.4 8.8 6.4 23.2
Personal reasons 1.3 3.5 2.4 5.1 53 16.4
Continuation 88.3 83.7 82.8 80.0 80.0 39.3

levonorgestrel than the implants made from less flexible (hard tubing) that were
used in the other three-fourths of the women. The study showed that women
using implants manufactured from soft tubing had fewer pregnancies than those
who used implants made with hard tubing.

Because most of the results in the pivotal trials were from women using
implants made from hard tubing, the efficacy data used in the labeling reflect the
results of hard tubing (see Table 1). A subsequent clinical trial confirmed that
the effectiveness of Norplant implants made with soft tubing is much greater
than that of implants made with hard tubing (5). In a study of 511 women, only
3 women became pregnant with a cumulative 5-year rate of 1.3:100 continuing
users (Table 2). Women younger than 25 years of age had a cumulative pregnancy
rate at 5 years of 2.8%, and women older than 25 years had a rate of 0.7% of
continuing users. No women who weighed less than 79 kg at admission became
pregnant; the three who became pregnant weighed 79, 82, and 100 kg. Implants
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made with soft tubing are the contraceptive devices that are marketed throughout
the world.

When implants were used for longer than 5 years, the yearly pregnancy
rate rose to 2.5-3.0% for all users (4). The latter rates are comparable with
those for oral contraceptives (OCs) and are higher than during the previous
years. Therefore, Norplant implants are replaced at the end of 5 years. This
schedule provides a 1-year margin for noncompliance in which the protection
afforded is equivalent to that of OCs (4).

To place the effectiveness of Norplant implants in perspective, typical
pregnancy rates in various contraceptive methods for the first year of use are
as follows: spermicides, 21%; diaphragm, 18%; male condom, 12%; female
condom, 21%; progestin-only pill, 7-9%; combined pill, 2-6%; Copper T 380A,
0.8%; Norplant, 0.09%; female sterilization, 0.4%; and male sterilization, 0.15%
(6). The efficacy of most methods partly depends on the reliability of use. By
contrast, the efficacy of Norplant implants, similar to that of intrauterine devices
(IUDs) and sterilization, does not depend on patient compliance.

The effects of Norplant implants are completely reversible. Observations in
women who terminated use because they desired to become pregnant suggested
that fecundity is about the same as it was at the time of marriage. The life-table
pregnancy rates were 24% at 1 month after removal, 90% at 1 year, and 95%
at 2 years (4).

V. INSERTION AND REMOVAL

Insertion and removal are not difficult procedures, but instructions must be fol-
lowed closely. It is strongly advised that all health care professionals who insert
and remove Norplant implant capsules be instructed in the procedures before they
attempt them. A proper insertion just under the skin will ensure that implants
are not displaced from the site of insertion and will facilitate removals. Proper
implant insertion and removal should result in minimal scarring. If the capsules
are placed too deeply, they can be harder to remove. The original method of
removal was developed by a group of physicians with extensive experience in
Norplant use. As is true with many medical procedures, other physicians have
had ideas about how removal could be performed. As a result, several modifi-
cations of the removal procedure have been described in the medical literature,
including the pop-out method, the U-technique, and the hook—traction technique
(7). Physicians who have used multiple procedures report that implants are rela-
tively easy to remove with all procedures when they have been inserted correctly,
and are difficult with any technique when they have been inserted improperly.
There have been infrequent reports of the use of general anesthesia during the
removal procedure; this is generally not required.
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Before initiating the removal procedure, all Norplant capsules should be
located by palpation. If all six capsules cannot be palpated, they may be local-
ized by ultrasound (7 MHz), or x-ray, with a technique similar to compression
mammography. If all capsules cannot be removed at the first attempt, removal
should be attempted later when the site has healed. Bruising may occur at the
implant site during insertion or removal. Other cutaneous reactions that have
been reported include blistering, ulcerations, and sloughing. There have been
reports of arm pain, numbness, and tingling following these procedures. In some
women, hyperpigmentation occurs over the implantation site, but this is usually
reversible following removal.

There have been reports of capsule displacement (i.e., movement), most
of which involve minor changes in the positioning of the capsules. However,
infrequent reports of significant displacement (a few to several inches) have been
received. In some instances displacement is associated with improper insertion.
For example, in one woman a Norplant implant that was inserted into a muscle
migrated along the muscle to the end of the arm. Such displacement is sometimes
associated with pain or discomfort. In the event that capsule movement occurs,
the removal technique may need to be modified, such as additional incisions or
Visits.

Dunson et al. (7) reported the complications associated with removal of
Norplant implants in 3416 users from 11 countries. More than three-fourths
of all complications were due to implants that were broken by the health care
provider doing the removal (1.7%), embedded implants below the subdermal
plane (1.2%), and displaced implants (0.6%). Removal complications occurred
in 4.6% of women in this study. Most complications resulted in longer re-
moval times. The mean removal times were 11.5 min and 29.7 min for implants
without and with complications, respectively. It was concluded that proper in-
sertion by well-trained health care providers will reduce the number of difficult
removals.

Vi. CONTRAINDICATIONS

Who should not use Norplant implants? Until greater experience is available,
clinical judgment and experience with other hormonal contraceptives suggest that
Norplant implants should not be used in women with active thrombophlebitis
or thromboembolic disorders, undiagnosed abnormal genital bleeding, known
or suspected pregnancy, acute liver disease, benign or malignant liver tumors,
known or suspected carcinoma of the breast, history of idiopathic intracranial
hypertension, or hypersensitivity to levonorgestrel or any of the components of
the Norplant implants.
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Vil. ADVERSE EFFECTS

A. Menstrual Problems

The major reason women with Norplant implants discontinue their use is be-
cause of menstrual problems similar to those associated with other progestin-
only methods (1,4,5). Therefore, women must be warned of the probability of
irregular bleeding or spotting. A typical woman is likely to have increases in
the numbers of bleeding or spotting days per cycle. Menstrual diaries show that
women who eventually terminate Norplant implant usage because of menstrual
problems tend to have more bleeding days than do other users. Even though
menometrorrhagia is the prime reason for terminating implant use, hemoglobin
values are not usually lower in women who stop use because of menstrual prob-
lems. Furthermore, anemia is a rare side effect of the implants. These findings
are consistent with the observations that menstrual flow volume decreases during
implant use (8). Thus, women who keep menstrual diaries over a S-year period
document an overall decrease in bleeding events. The total number of bleeding
days per year declines significantly from a mean of 54 days per year in year 1
to 44 in year 5 (8). The total number of spotting days per year also decreases
significantly after the first year.

Disruption of the normal cycle during implant use produces long intervals
without overt bleeding, although spotting often occurs in such intervals. Because
delayed menses can be interpreted as pregnancy, a long interval of amenorrhea
may be stressful for women who are not counseled in advance and who are
not reassured that the Norplant implants are unlikely to fail. In fact, the typical
woman who becomes pregnant while using Norplant implants has regular men-
strual bleeding that is then interrupted by a period of amenorrhea, which signals
the onset of pregnancy. Thus, women with oligomenorrhea or amenorrhea are
unlikely to become pregnant and should be counseled accordingly.

B. Medical Problems

A significant number of women stop using the implants for medical reasons
other than menstrual problems (see Table 1).

1. Delayed Follicular Atresia and Ovarian Cysts

Ovarian cysts develop in some women using Norplant implants. These cysts,
some of which are 7-10 cm in diameter, may be detected by palpation at the time
of routine pelvic examination, and regress over several weeks. Daily ultrasono-
graphic studies performed in Norplant implant users who had regular menses
show that the following sequence occurs in some cycles: a dominant follicle is



224 Bardin

selected, ovulation does not occur, the follicle persists for up to 2 weeks past
the time of expected ovulation, and involution gradually occurs (2). We, there-
fore, conclude that use of Norplant implants is associated with delayed follicular
atresia in some women. Because the enlarged follicles may be indistinguishable
from ovarian cysts of other causes to the casual examiner, women using Nor-
plant implants and their health care providers should be advised that delayed
atresia occurs and that invasive measures are not required. Rather, these women
should be observed for 6 weeks or until regression occurs. If regression does
not occur, the ovarian enlargement must be further evaluated. The incidence of
ovarian cysts requiring surgery is no greater than that in women who do not use
hormonal contraception.

2. Infection or Pain

Another medical reason for terminating Norplant implant use is infection at the
site of insertion. This rare event (0.7% of users) is usually associated with inad-
equate asepsis and no longer occurs once health care providers gain experience.
If infection occurs, suitable treatment is instituted; if infection persists, the im-
plants should be removed. Pain or itching at the implant site occurs in 3.7% of
users (4). These complaints are usually transient.

3. Drug Interactions

Certain drugs used to treat epilepsy increase the risk of pregnancy in implant
users because they increase the rate of levonorgestrel metabolism. Evidence of
drug interaction is most convincing with phenytoin or carbamazepine (9,10).

4. Ectopic Pregnancy

Because ovulation and subsequent pregnancy do occasionally occur, there is
concern that users may be subject to a heightened risk of ectopic pregnancy, a
factor of marked importance in users of progestin-only contraception. Ectopic
pregnancies have occurred among users of Norplant capsules at an average rate
of 1.3:1000 woman-years, The risk of ectopic pregnancy may increase, with
duration of use, and possibly with increased body weight. Thus, implants must
be removed after 5 years (1,4,5).

To put this ectopic pregnancy rate into perspective, the rate for all women
in the United States in 1992 was calculated from the combined ectopic preg-
nancies treated in hospitals plus outpatient clinics. In that year 108,800 ec-
topic pregnancies were recorded in approximately 60 million women, a rate of
1.8:1000. The reason that Norplant implants might reduce ectopic pregnancy
rate is because this contraceptive is so effective at protecting women against
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all types of pregnancy. Nonetheless, a pregnancy in a Norplant implant user is
more likely to be ectopic than in women not using contraception, as about 20%
of Norplant users who become pregnant will have an ectopic pregnancy. Thus,
physicians should be alert to the possibility of ectopic pregnancy in all Norplant
users who have had regular menses followed by amenorrhea and who have a
positive pregnancy test.

5. Foreign Body Carcinogenesis

Rarely, cancers occur at the site of foreign bodies or old scars. None has been
reported in clinical trials of Norplant implants. In rodents, which are highly
susceptible to such cancers, the incidence decreases with decreasing size of the
foreign body. Because of the resistance of human beings to these cancers and
because of the small size of the capsules, the risk to users of Norplant implants
is judged to be minimal.

6. ldiopathic Intracranial Hypertension

Idiopathic intracranial hypertension (pseuduotumor cerebri) is a disorder of un-
known etiology that is seen most commonly in obese women of reproductive age.
Growth hormone treatment is also associated with the appearance of this disor-
der. There have been reports of idiopathic intracranial hypertension in Norplant
implant users. Cardinal signs include visual disturbances and headaches. The
headaches are often different from those previously experienced by the women
for frequency patterns, severity, or duration. Of particular importance are those
headaches that are unremitting, and in obese patients with these symptoms with
recent weight gain. These women should be screened for papilledema, and, if
present, the patient should be referred to a neurologist for further diagnosis
and care. Norplant implants should be removed from patients experiencing this
disorder.

7. Other Adverse Reactions

Approximately 50% of Norplant users with medical problems (see Tables 1 and
2) have complaints commonly associated with other steroid-containing contra-
ceptives. Comparative clinical trials suggest that the following adverse reactions
occurring during the first year are probably associated with use of Norplant
implants: headache, nervousness, nausea, dizziness. adnexal enlargement, acne,
mastalgia, weight gain, and hirsutism. In addition, the following adverse reac-
tions have been reported with a frequency of 5% or more during the first year
and possibly may be related to Norplant implant use: breast discharge, cervicitis,
musculoskeletal pain, abdominal discomfort, leukorrhea, and vaginitis (4,5).
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The pivotal studies used to define the adverse reactions to Norplant im-
plants involved 2470 women. This exposure, even though quite large for a newly
introduced method, is not sufficient to determine whether Norplant implants are
associated with many of the rare, but serious, risks of combined OCs.

Viil. BENEFITS

A. Contraception

Pregnancy and abortion are leading causes of death in women younger than 35
in developing countries. To put this into perspective, women in the United States
are 38 times more likely to die in an automobile accident than from pregnancy or
abortion. Nonetheless, contraception can also reduce maternal mortality even in
the United States. Child mortality can also be significantly reduced by prevent-
ing teenage pregnancy and by spacing of births. Thus, in addition to allowing
women to have children when they want, contraception has a beneficial effect
on both maternal and child health. One might argue that the more effective the
contraceptive, the greater is this health effect. The Norplant implant system is
one of the most effective contraceptives yet devised, ranking with sterilization
and modern IUDs (such as the TCu 380A), for preventing pregnancy.

B. Convenience

When women are questioned on what they liked best about Norplant implants
after 5 years of use, the majority respond ‘‘convenience.’”” That is, after insertion,
implants promoted long-term contraception that does not require daily intake,
use with each intercourse, or frequent return to the clinic for new supplies.

C. Reduction of Adverse Reactions

Many women who choose to use Norplant implants do so owing to previously
discontinued OCs because of annoying medical problems, such as nausea, light-
headedness, and weight gain. Many former users of OCs continued to use Nor-
plant because they felt there were fewer adverse reactions.

D. Prevention of Anemia

The average blood loss during the first year of implant use was not increased,
even though bleeding and spotting did increase. After the first year, menstrual
blood loss was reduced, and hemoglobin levels rose (8).
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IX. WHO MAY WISH TO USE NORPLANT IMPLANTS

1. Women who desire highly effective, low-dose hormonal contraception

2. Women who want long-term contraception after completing their fam-
ily, but do not want sterilization

3. Women who wish to delay having children for long periods

4. Women who cannot use estrogen

5. Women who are unhappy with other forms of contraception

X. WHO MAY NOT WISH TO USE NORPLANT IMPLANTS

1. Women who are happy with their present method of contraception
Women who do not want to use a method that requires a visit to a
health care provider to discontinue

3. Women who do not wish to or cannot pay the up-front cost of Norplant
implants, even though they know that the overall cost over 5 years is
lower

4. Women who do not wish to tolerate irregular menstrual bleeding,
should it occur

Xl. NORPLANT i

During the development of the Norplant implant system, clinicians involved in
the clinical trials realized that an implant system with fewer than six capsules
would likely be much easier to insert and remove (4). After many studies, im-
plants were structurally modified from capsules to covered rods and lengthened
so that two 4-cm covered rods (Norplant II) could release the same amount
of levonorgestrel as six 3-cm capsules. Five-year clinical trials showed that the
safety and efficacy of Norplant II implants were the same as the Norplant im-
plant manufactured with soft tubing (11). These clinical trials also confirmed
that Norplant II implants were easier to insert and remove. In 1995 an applica-
tion was made to the FDA to market Norplant 1I implants in the United States.
The Norplant II contraceptive was recently approved by the FDA.

ACKNOWLEDGMENTS

This review is published with permission of Mosby-Year Book Inc., St. Louis;
portions of this chapter were published by C.W. Bardin in Current Therapy in
Endocrinology and Metabolism.



228 Bardin

REFERENCES

1. Bardin CW. Long-acting steroidal contraception: an update. Int J Fertil 1989; 34
(suppl):88-95.

2. Alvarez-Sanchez F, Brache V, Tejada AS, Faundes A. Abnormal endocrine profile
among women with confirmed or presumed ovulation during long-term Norplant
use. Contraception 1986; 33:111-119.

3. Croxatto HB, Diaz S, Salvatierra AM, et al. Treatment with Norplant subdermal
implants inhibits sperm penetration through cervical mucus in vitro. Contraception
1987; 36:192-201.

4. Sivin I, International experience with Norplant and Norplant 2 contraceptives.
Stud Fam Plann 1988; 19:81-94,

5. Sivin J, Mishell DR Jr, Darney PH, Wan L , Christ M. Levonorgestrel capsule
implants in the United States: a 5-year study. Obstet. Gynecol. 1998; 92:337-344.

6. Trussell J, Hatcher RA, Cates W Jr, et al. Contraceptive failure in the United
States: an update. Stud Fam Plann 1990; 21:51-54.

7. Dunson TR, Amatya RN, Krueger SL. Complications and risk factors associated
with the removal of Norplant implants. Obstet Gynecol 1995; 85:543-548.

8. Nilsson CG, Holma P. Menstrual blood loss with contraceptive subdermal lev-
onorgestrel implants. Fertil Steril 1981; 35:304-306.

9. Haukkamaa M. Contraception by Norplant subdermal capsules is not reliable in
epileptic patients on anticonvulsant treatment. Contraception 1986; 33:559-565.

10. Odlind V, Olsson SE. Enhanced metabolism of levonorgestrel during phenytoin
treatment in a woman with Norplant implants. Contraception 1986; 33:257-261.
11.  Sivin I, Campodonico I, Kiriwat O, Holma P, Diaz S, Wan L, Biswas A, Viegas O,
el din Abdalla K, Anant MP, Pavez M, Stern J. The performance of levonorgestrel

rod and Norplant contraceptive implants: a 5-year randomized study. Hum Reprod
1998: 13:3371-3378.



11

Progestin-Releasing Intrauterine
Devices

Tapani Luukkainen
University of Helsinki, Helsinki, Finland

. DEVICES

There are two commercially available progestin-releasing intrauterine devices
(TUDs), or intrauterine systems (IUSs), as these are called by the manufacturing
companies. The first intrauterine progesterone-releasing contraceptive system on
the market was Progestasert. It received regulatory approval in the United States
in 1976 and has been on the market since that date. It is manufactured in the
United States in Palo Alto, California by ALZA Corporation and is currently
available in the United States, Canada, and France. The drug reservoir contains
38 mg of progesterone, with a release rate of 65 pg/day. According to the
company (1), the system is indicated for 1 year of intrauterine contraception in
parous women who are in a stable, mutually monogamous relationship, and who
have no history of pelvic inflammatory disease. After 12 months, the woman
must return to her clinic to have the system removed or replaced.

The intrauterine levonorgestrel-releasing system Mirena was approved in
Finland in 1990. It is manufactured by Leiras OY, Turku, Finland, and it is cur-
rently available in Austria, Belgium, Denmark, Estonia, Finland, France, Ger-
many, Greece, Israel, Italy, Luxembourg, Netherlands, Poland, Portugal, Singa-
pore, Switzerland, and United Kingdom for contraceptive use. It is also avail-
able in most countries for treatment of menorrhagia and in some countries for
menopausal use.

A steroid reservoir surrounds the vertical arm of a T-shaped carrier device.
The levonorgestrel (LNG) is dispersed in polydimethylsiloxane and is covered
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with a membrane of the same material, which controls the release rate. The
reservoir contains 52 mg of LNG. The initial release is 20 pg/24 h. The release
rate slowly decreases to about 15 pg/24 h at 5 years, and to about 12 pg/24 h
at 7 years. The plasma levels of levonorgestrel are of 170 pg/mL at 1 year,
150 pg/mL at 2 years, and 140 pg/mL at 5 years (P. Lihteenmiki, personal
communication).

The device’s currently approved lifetime is 5 years; removal should occur
in the sixth year. If the woman desires continued contraception by this method
the device can be replaced with a new one at the same visit for removal of the
old device.

There are current reviews on progestin-releasing IUDs for historic and
developmental aspects (2) and for instructions on clinical use (3). Only the
research on the LNG-releasing IUD has been reviewed (4), and a risk—benefit
assessment of its use has been published (5,6). The interested reader is referred
to these reports for additional information.

. PROGESTASERT

The name Progestasert first appeared in the report of Pharris et al. in 1974 (7).
The device in their study was T-shaped with a steroid reservoir. The release was
controlled by ethylene vinyl acetate copolymer, and progesterone was dispersed
in silicone fluid with barium sulfate to make it radiopaque. The lifetime of the
device was 1 year.

The requirements for toxicological studies were minimal with Progestasert
for two reasons. First, the intrauterine release of progesterone was in amounts
that are only fractions of the daily release of progesterone in the uterine cavity
by the placenta during pregnancy. Second was the short lifetime of the device.
Therefore, the Progestasert system was quickly introduced to the market. After
3 years on the market, the effectiveness of the device was well evaluated in a
well-designed double-blind study by Newton et al. (8). In this randomized study,
600 women used either an inert control device without progesterone or the active
Progestasert for 1 year. The active Progestasert and the control device were
visually identical so that neither the women nor the doctors could differentiate
them at insertion.

A. The Contraceptive Effectiveness of Progestasert

The study by Newton et al. (8) demonstrated that the intrauterine release of
progesterone significantly reduced the pregnancy rate compared with the control
device. The cumulative net pregnancy rate at 1 year for parous women was
0.9:100 women. Finally, the hopes and the hypothesis of the development of
this device had now, 1979, been proved to be correct. However, the hope that
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the release of progesterone would decrease the expulsion rate was not verified.
The clinical performance was evaluated in the second part of their study.

The package insert dated 12/89 indicates higher total pregnancy rates of
1.8 for parous and 2.5 for nulliparous per 100 women in 1 year of use. The
total pregnancy rate includes ectopic pregnancies (0.5 for parous and 0.4 for
nulliparous per 100 women) (1). Progestasert’s lack of protection against ectopic
pregnancy has been a main concern; in fact, it may even slightly increase the risk
(9-11). Effectiveness no better than first-generation copper IUDs, and duration
of action of only about 1 year are factors in Progestasert’s limited use as a
contraceptive method.

B. Endometrial Protection in Hormonal
Replacement Therapy

There is no demonstration that the minute amount of progesterone released in
the uterine cavity from Progestasert has any systemic effects. Studies do show,
however, that during the use of Progestasert there is a significant reduction
of menstrual blood loss (12). The reduction of blood loss is the result of the
suppression of the endometrium. Two investigations have evaluated the use of
intrauterine release of progesterone in hormonal replacement therapy (HRT)
(13,14). The intrauterine administration of progesterone did not change the cir-
culating progesterone concentrations (13,14); therefore, no systemic effects of
progesterone were observed. The estrogen-induced rise in high-density lipopro-
tein (HDL) cholesterol is not suppressed (13,14), and the slight increase in serum
estradiol concentration during the last months of the first year use (14) show that
estradiol’s effect on the synthesis of sex hormone-binding globulin (SHBG) is
not affected. In addition, the effect on the lumbar spine mineral density during
the first year was similar to that with estrogen-only replacement therapy (14).

The studies on endometrial morphology revealed a uniform progestin ef-
fect. Late secretory changes and pseudodecidualized stroma were observed, but
without proliferation during the later part of treatment with progesterone (13,14).
The decrease in the duration of spotting and bleeding corresponded with the en-
dometrial morphology. The treatment was highly accepted, but the duration of
the progesterone release from Progestasert is 18 months maximum.

Ill. MIRENA, LEVONORGESTREL-RELEASING
INTRAUTERINE SYSTEM
A. Effectiveness and Mode of Contraceptive Action

The clinical trials have demonstrated that intrauterine release of levonorgestrel
(LNG) is highly effective during long-term use. It is equally effective among
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young and older women, with Pear] pregnancy rates from 0 to 0.2 over 7 years
of use. It seems that the rare failures to prevent accidental pregnancies are
associated with unnoticed expulsion or with problems with the insertion. The
insertions have been performed during the first 7 days of a woman’s cycle,
immediately after abortion, or during lactation, with good results. The method
is highly accepted by well-informed women, and the continuation rates have
been about 80:100 women at 1 year (15) and up to 56:100 women at the end of
6 years of use (16).

In several trials there were no pregnancies. The duration of the trial was
3 years in India (17) and 4 years in the Netherlands (18). In the multinational
study in Europe there were no pregnancies among 1138 women over 5 years
in clinics in Denmark, Hungary, and Sweden. Faundes and associates reported
no pregnancies during 7 years (19). The Pearl pregnancy rate of zero in these
trials also indicates that there were no ectopic pregnancies. Sivin et al. (20)
reported in the Population Council trial no ectopic pregnancies during 7 years
with an experience of 3371 woman-years. Prevention of implantation does not
explain this high rate of effectiveness because it does not account for the absence
of ectopic pregnancies. The mode of the contraceptive action, therefore, is the
prevention of fertilization. Croxatto and coworkers (21) speculate that there
must be an extrauterine mechanism of action of the IUD in the prevention
of fertilization. However, it is possible that copper-releasing IUDs do prevent
fertilization with mechanisms that are different from those associated with the
use of Mirena, the LNG-releasing 1US.

The intrauterine release of LNG has a strong local action (22) owing
to the high tissue concentration of progestin in the endometrium (23). The
endometrium becomes insensitive to the circulating estradiol as the high tis-
sue concentration of progestin inhibits the synthesis of the estradiol recep-
tor (24). As a result, a strong antiproliferative effect is seen. The prolifer-
ate and secretory endometrium produce many highly active compounds (e.g.,
prostaglandins, estrogen and estrogen—progesterone-induced growth factors, and
other bioactive peptides). When the endometrium is suppressed, the produc-
tion of many of these regulatory factors ceases. On the other hand, progestin
stimulates the synthesis of proteins, such as insulin-like growth factor-binding
protein in the stroma (25). It is more likely that some of these changes in
the normal function of the endometrium are responsible for the prevention of
fertilization.

The prevention of ectopic pregnancies is in sharp contrast with the results
from trials with Progestasert and its bioequivalent LNG device used by WHO
(26). This device initially released 2 g LNG daily, but the release in vivo is
unreported. The development of this approach was discontinued owing to the
high number of accidental pregnancies and ectopic pregnancies observed. The
endometrial suppression, as judged by bleeding control and the endometrial mor-
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phology, is far less than that with Mirena. The studies on endometrial function
during use of Progestasert and Mirena could demonstrate the difference in the
function and could elucidate how Mirena prevents fertilization.

B. Bleeding Control, Menstrual Blood Loss
and Amenorrhea

During the first 3 months following insertion, the endometrium is transformed
into a thin, inactive epithelium that resembles that seen during lactational amen-
orrhea or during the postmenopausal years. The suppression of endometrium
leads to a substantial reduction in duration and amount of menstrual bleeding.
Many women, about 20%, have no bleeding at all at the end of the first year after
insertion. With the Mirena IUS in place, the endometrium becomes nonprolifer-
ative and is insensitive to the estradiol produced by the ovaries. Therefore, this
endometrial amenorrhea occurs in spite of completely normal ovarian function
(16,27). Amenorrhea is not a side effect of the treatment, it is a sign that the
system is in the proper fundal position. The correct fundal position is neces-
sary to ensure the uniform domination of the endometrium by progestin. The
correct position is also important for prevention of expulsion, for full noncon-
traceptive health benefits, and for uniform therapeutic effects. Amenorrhea is
also highly accepted in well-informed women; in Sweden the cumulative gross
removal rate at 5 years was only 1.7:100 women (27), and Tang reported high
acceptance of amenorrhea in Chinese women who were treated for menorrha-
gia with Mirena (28). Understanding this medically induced local amenorrhea,
or, better stated, absence of bleeding, is important in the counseling of po-
tential users of Mirena. Women, providers, and medical personnel need to be
informed that amenorrhea during use of Mirena is the goal of its use, rather
than being a side effect. It is not a symptom of pregnancy, nor a disturbance
of ovarian or pituitary function. Normal menstruation returns in 1 month after
the removal of the device, even among women who have been amenorrheic for
7 years (27). Removals for the reason of amenorrhea are unnecessary in well-
informed women, and most women find that they prefer the absence of menstrual
bleeding.

Women with heavy menstruation or women who cannot use conventional
IUDs because of menorrhagia can use Mirena with good results. Well-informed
women tolerate the infrequent or irregular bleeding. The discontinuation for
bleeding problems is significantly less at 1 year for users of Mirena than for
users of copper IUDs (19).

No reduction in menstrual blood loss indicates that the device is not prop-
erly placed in the uterine cavity. Dislocation of the device in the myometrium
or in the peritoneal cavity reduces its effectiveness on both bleeding control and
pregnancy prevention (29,30).
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C. Insertion of Mirena

The timing of insertion in menstruating women has been during the first 7 days
of the cycle. Postabortal insertions have been done immediately after a first-
trimester legal abortion (length of gestation less than 12 weeks). The experience
with 5 years follow-up has been very satisfactory. The insertions during lacta-
tional amenorrhea have been performed during full lactation 6-8 weeks after
delivery. In postmenopausal use, insertions were preceded by 1 month’s use of
estrogen replacement therapy to prime the cervical canal.

The correct fundal placement is important for suppression of the entire
endometrium when Mirena is used for therapeutic purposes. Therefore, paracer-
vical infiltration of local anesthesia and dilation of the cervical canal to 5 mm
should be used liberally. Before the insertion, the cervical os is inspected for
any sign of cervical infection. Any infection is treated before insertion of the
device. Because the insertion technique is different from other IUDs, special
emphasis should be given to training in the correct technique. The device is
inside the insertion tube during passage through the cervical canal. When the
tip of the tube has passed the inner os of the cervical canal, the side arms of the
device are released by withdrawing the tube down to a mark on plunger. Then
the device is gently lifted upward with the tube into the fundal position. The
device should be completely released from the tube by pulling the tube down to
the ring part of the plunger. First the plunger and then the tube is removed. With
this technique, insertions are safe, and the need for using sound is minimized.
Sounding is contraindicated in insertions during lactation.

D. Endometritis and PID

The most important factor in acquiring pelvic inflammatory disease (PID) is
the predisposition to sexually transmitted diseases (STDs). Therefore, IUDs,
including the progestin-releasing ones, are for women at a low risk for STDs.
Special emphasis must be placed on the selection of the users of the method and
on counseling. Many studies show a transiently increased risk of STD during the
first months after insertion because of the contamination of the uterine cavity by
pathogens during the insertion. Therefore, any suspected existing infection of
the vagina or cervical canal must be diagnosed and treated before the insertion.
Adherence to this policy has eliminated the higher risk of infection during the
first months after the insertion (31,32). Furthermore, the infections observed
were not related to the parity in a large randomized study with two different
copper IUDs. The highest infection rate was in young women less than 25 years
of age. The older women had a very low rate of infection during 5 years of
follow-up (33). It was concluded that IUDs do not cause infection, but they do
not protect against the STD infection progressing to PID. Furthermore, it was
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concluded that the reason for infections among young women using IUDs was
the sexual behavior of their partners or of the young women (31).

Careful studies evaluating Mirena were conducted in large modern gyne-
cological hospitals with excellent facilities and round-the-clock accessibility to
the women in the studies, and which provided follow-up and diagnosis. These
studies show that Mirena gives significant protection against the progression of
STD infection to PID (34). The women using the control device, a copper IUD,
had a lower rate of PID than the average population because of selection, aseptic
insertion, and counseling. Only after 3 years was the rate of PID in 3000 women
using Mirena, found to be significantly lower than that in copper IUD users. The
analysis after 5 years demonstrated a significant prevention of the progression
of vaginal and cervical infections to PID and endometritis (32).

The pilot study with 5-years follow-up did show an even lower rate of
PID with the use of Mirena than the low rate in the copper IUD users (35). The
Population Council study (20), which was not designed to detect PID, reported
the same PID rate in women using Mirena or copper IUDs. However, the clinics
with good diagnostic facilities reported very low rates of infection among users
of Mirena, rates lower than the clinical findings for users of copper IUDs (36).
Similar to the Population Council study, the Indian field trial of different IUDs
did not include modern PID diagnosis (17) in its design. The typical and strong
local action of the progestin released from LNG IUSs on the cervical mucus
and on the endometrium, and the reduction of menstrual blood loss (MBL),
may contribute to the reduction in relative risk of PID and endometritis seen in
sexually active young women. The reduction of the risk of PID is also seen in
users of oral contraceptives (OCs), although the effects on cervical mucus and
endometrium of OCs are less pronounced than those of LNG IUSs.

E. Therapeutic Use of Mirena
1. Sterilization

Mirena is a highly effective long-acting contraceptive method with a Pearl preg-
nancy rate 0.0-0.2 for 7 years (19,20). Therefore, Mirena can be used to re-
place tubal sterilization. A recent study reports that the cumulative probability
of pregnancy 10 years after sterilization was 18.5:1000 procedures (37). Tubal
sterilization does not rule out the possibility of ectopic pregnancy, even many
years after the procedure. The 10-year cumulative probability of ectopic preg-
nancy for all methods of tubal sterilization combined was 7.3:1000 procedures
(38). The same U.S. collaborative, multicenter cohort study has further reported
the cumulative probability of hysterectomy after sterilization. The risk of hys-
terectomy was significantly higher if women reported at the time of sterilization
a history of heavy menstrual flow, severe menstrual pain, or bleeding more than



236 Luukkainen

7 days during menstrual cycles (39). For some of these women, hysterectomy
later became necessary, as tubal ligation has no beneficial effect on heavy men-
strual blood loss or dysmenorrhea; whereas Mirena is the method of choice
for treatment of these conditions, in addition to its contraceptive effect. As a
contraceptive method, Mirena is also reversible (40), contrary to sterilization.
As an alternative to permanent sterilization, Mirena would be highly acceptable
to those in their early reproductive years. Among American women using con-
traception, nearly half of those between the ages 35 and 44 have chosen tubal
ligation as their method. In countries where Mirena is available, the continuation
rate in the same age group is high: 87:100 women at 1 year (15).

2. Iron Deficiency Anemia

All studies in which menstrual blood loss (MBL) has been quantitatively mea-
sured demonstrate a significant reduction of MBL during the use of Mirena.
This reduction is seen as early as 3 months after insertion and persists for the
duration of use of the device. The reduction of MBL results in an improvement
of blood hemoglobin. A prospective study with use of Mirena over 40 months in
a population with a high incidence of anemia showed improved body iron stores
and hemoglobin concentrations (41). Thus, Mirena is useful in the prevention
and the treatment of iron deficiency anemia and the depletion of iron stores by
heavy menstrual blood loss.

3. Menorrhagia

The analysis of the results of a large comparative study in Europe (15) showed
that heavy menstrual blood loss was the reason given for discontinuation of
use by ten times more women with copper IUDs than by women using Mirena
as their contraceptive method. Scholten et al., 1989 (18) reported a significant
reduction in MBL of 11 women, 7-12 months after insertion of Mirena. The
mean reduction was from 117 to 17 mL, with significant increases in hemoglobin
and serum ferritin levels (p < 0.005).

Andersson and Rybo (42) and Milsom et al. (43) studied the treatment
of idiopathic menorrhagia with Mirena. They included women who each had
MBL of over 80 mL/menses during two consecutive cycles and who had a
normal or slightly enlarged uterus. In both studies the reduction of MBL was
approximately 82% after 3 months and 96% after one year. Comparatively, the
rate of reduction of MBL was 21% by flurbiprofen and 44% by tranexamic
acid. Tang and Lo (28) reported that Mirena was the safest and most effective
medical therapy for menorrhagia. They also studied the acceptability of the
treatment in well-informed Chinese women. They emphasized the importance
of preuse counseling for long-term compliance.
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The noninvasive diagnosis of adenomyosis is possible by transvaginal ul-
trasonography and by nucleomagnetic resonance imaging (44). Fedele et al. (45)
reported their experience with using Mirena in the treatment of adenomyosis-
associated menorrhagia. They observed a significant reduction in MBL and a
significant increase in hemoglobin, serum ferritin, and serum iron levels. Lipid
metabolism and clotting variables remained unchanged. A study in Finland re-
ported that 67% of menorrhagic women who were treated with Mirena while
awaiting hysterectomy canceled their surgery because they were satisfied with
treatment with Mirena (46).

These studies uniformly demonstrate that Mirena is an effective, long-
term treatment for menorrhagia. This less expensive method could replace the
invasive procedures for treating this disorder, such as endometrial ablation and
hysterectomy, both of which require hospitalization. Furthermore, surgical treat-
ments for menorrhagia result in loss of fertility and are not widely available in
developing countries. Thus, the intrauterine levonorgestrel-releasing system is a
simple, highly effective, fertility-sparing alternative to the invasive treatments of
menorrhagia.

F. Intrauterine Levonorgestrel Release in Hormonal
Replacement Therapy

The use of unopposed estrogen replacement therapy leads to increased risk of
endometrial cancer (47-49). Therefore, a woman with her uterus still intact needs
addition of a progestin as a second component in her hormonal replacement
therapy (HRT). The duration of modern sequential progestin is 12-14 days per
cycle (50). Depending on the dose and the quality of the progestin, effects can
be observed that could counteract the beneficial effects of estrogen therapy. The
progestin component can cause unwanted steroidal side effects (51), and it does
cause withdrawal bleeding. Because of these side effects, the conventional use
of progestin may lead to dissatisfaction with or discontinuation of the entire
replacement therapy.

The progestin treatment in HRT can be focused on the target, the en-
dometrium, by releasing progestin locally in the uterine cavity. The daily dose
is lower than in the systemic sequential or continuous progestin administra-
tion, causing fewer side effects. The tissue concentration of progestin in the
endometrium during the use of Mirena far exceeds that found with high sys-
temic doses of levonorgestrel (23), explaining the strong suppression of the
endometrium (22) and induction of the absence of the bleeding (52). The en-
dometrium is suppressed because the high concentration of progestin inhibits
the synthesis of the endometrial receptor (24). Therefore, the endometrium is
insensitive to estradiol, and no proliferative activity is seen (53,54), despite the
continuous estrogen replacement.
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Women using the levonorgestrel-releasing system for contraception had
less risk of PID and endometritis (32,34) compared with those using copper-
releasing devices. The peri- and postmenopausal use of Mirena is not associated
with PID or endometritis (52,53,56). The large long-term clinical trial for the
safety and effectiveness of this contraceptive method shows a significant reduc-
tion in the occurrence of uterine fibroids in women who used this device over a
period of 7 years (55). This could be of importance in long-term use of Mirena
in HRT.

The reported trials on using LNG IUSs as the progestin component of
HRT show uniform positive results. Estradiol was administrated continuously
by oral route (52), by subdermal implants (56), or by transdermal delivery (53),
and ultrasound was used to record the suppression of the endometrium. The
endometrium was thin despite the continuous administration of estradiol. After
an initial 3- to 4-month phase of occasional spotting, most women had no
bleeding or spotting. During the last month of the 1-year treatment, 83-88%
of the women had no bleeding or spotting (52,54). All studies reported the
uniform finding of a rapid reduction of subjective complaints of symptoms that
may have been related to estrogen deficiency. This shows that the intrauterine
administration of levonorgestrel had no antagonistic effect on estrogen action
outside the uterine cavity.

Endometrial biopsies revealed a pronounced progestin effect on the en-
dometrium . and stroma (54). Neither proliferation nor endometrial pathology
were observed. All of these studies (52-54,56) reported a high acceptance and
high continuation of the treatment. The study with 3 years of follow-up reported
a continuation rate of 82:100 women at 3 years (54). One reason for the high
continuation rate could be that most women prefer the absence of bleeding in
HRT (57). Another factor contributing to the acceptance of this type of HRT
could be the absence of systemic progestin-related side effects. Finally, it is a
simplified treatment in that women need only remember to take the estrogen
component. According to the investigators, discontinuations of the treatment
because of pain and bleeding may have been related to the small size of the
uterine cavity (53) of those women. Body weights and blood pressures did not
change significantly during the study period, and no other significant changes
were observed (52).

G. Problems, Side Effects, and Counseling

A common problem with levonorgestrel-releasing IUSs is a change in bleeding
pattern, especially during the first months of use. Users should be informed that
more frequent episodes of spotting in the early stage are to be expected, and
that such spotting is typical of progestin treatment and is not harmful. The goal
of treatment is the reduction of amount and duration of menstrual bleeding.
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The first indication of this reduction is longer intervals between bleeding. MBL
is progressively reduced until there is no bleeding at all. Absence of bleed-
ing is a health benefit, rather than a sign of pregnancy or ovarian or pituitary
dysfunction. Successful use of Mirena requires intensive counseling with the
users, providers, and community health personnel. This is important to avoid
unnecessary removals for amenorrhea.

Some side effects of Mirena reported in studies were considered to be
related to the low daily release of levonorgestrel. These steroidal side effects
were headache, depression, other mood changes, breast tenderness, acne, and
other skin problems. The gross discontinuation rate in Europe for all these side
effects combined was 2.7:100 women (15). In another study outside Europe
(58), the discontinuation rate for these hormonal reasons was 0.7, not unlike
that found in users of copper IUDs. Women should be informed about the
effectiveness and the mode of action of this method, and reassured that fertility
and normal menstrual function return immediately after removal of the TUS.

IV. RECENT DEVELOPMENTS

Young nulliparous women with small uterine size have few options among the
contraceptive methods. These women typically have problems with conventional
IUDs, and they are less than ideal users of Norplant. The methods requiring
daily motivation have poor compliance and low continuation rates. Being both
fertile and sexually active early, this population particularly needs a safe, ef-
fective, long-term contraceptive method specifically designed for this phase of
reproductive life. Studies have shown that the current models of levonorgestrel-
releasing intracervical devices (ICDs) (59) have many of the same benefits as
Mirena, with a possible lifetime of 10 years. The acceptability study shows that
this method is as well-accepted as Mirena (60). It is safe and effective and
could be on the market in 610 years. The great challenge of the next century
is providing the opportunity for young, urban women to become well-educated.
Meeting this challenge requires removing the obstacles of unplanned pregnancy
and childbearing that too often interfere with the goals and potential of our
youth. ‘
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Contraceptive Vaginal Rings
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California

. INTRODUCTION

It has been known for decades that steroids, when placed into the vagina are
rapidly absorbed through the vaginal epithelium and enter the circulation (1).
In 1965, it was demonstrated that when steroids were placed within polysilox-
ane tubes or solid discs, they pass through the polysiloxane at a constant rate
(2). Combining these principles led to the development of contraceptive vaginal
rings (CVRs) containing various progestins, with and without estrogen, which
are placed in flexible, doughnut-shaped polysiloxane rings (3). The steroids are
released from the polysiloxane and are transported through the vaginal epithe-
lium into the circulation.

The magnitude of release of steroids from a CVR is directly proportional
to the area of its outer surface (2) and inversely proportional to the thickness of
its outer wall. The duration of action of the CVR is determined by the amount of
steroid contained within the reservoir of the device. Cylindrical CVRs are usually
made with an outside diameter of 50-58 mm. The diameter of the polysiloxane
cylinder varies between 5 and 10 mm. CVRs, which are slightly smaller than the
diaphragm which ranges from 60-80 mm in diameter, may be placed anywhere
within the vaginal cavity. Unlike the diaphragm, they do not need to cover the
cervix to be effective. Constant low levels of steroids diffuse directly through the
vaginal epithelium and circulate systematically, thereby, avoiding the first-pass
effect through the liver that occurs after ingestion of steroids.

There are three major designs of CVRs: homogeneous, shell, and core
(Fig. 1). In the homogeneous CVRs, the steroids are mixed throughout the

245



246 Shoupe and Mishell

& :
A

Steroid Layer
Core

Figure 1 Schematic drawing of three-layer ‘‘shell’” design of contraceptive vaginal
ring. (From Ref. 12.)

polysiloxane in a homogeneous manner. The homogeneous design is no longer
used because it is associated with an initial burst of steroid release, followed by
a rapid decline as the outer portions of the ring are depleted.

In the shell design CVR, the steroid-containing portion is a thin coating
that is located outside a nonmedicated central core and covered by a thin coating
of polysiloxane The steroid in this design is contained in a narrow zone so that
the difference between the initial diffusion rate and that seen after depletion of
the steroid is small (4). In the core design, the drugs are placed in silicone rods
which are placed in the core of a polysiloxane ring. The rate of release of the
steroids is controlled by the distance the steroid has to diffuse through the ring
to get to the surface. Contraceptive rings that are currently used in clinical trials
are all of the core design. Both the shell and core design permit a fairly constant
release of steroid over 3-6 months, and thus are now the most commonly used
designs. There are two different types of CVR formulations. CVRs containing
both an estrogen and progestin are similar to combination oral contraceptive pills
(OCs), as they inhibit ovulation and administer active medication for 3 out of 4
weeks. Rather than taking a daily oral pill, however, combination CVRs are left
in the vagina for 3 weeks and removed for 1 week to allow withdrawal bleeding.
Progestin-only CVRs release a small dose of progestin without estrogen and are
used either in an intermittent schedule, similar to combination CVRs, or are left
continuously in the vagina for 36 months. Either type of CVR may be removed
for up to 3 h for intercourse if so desired.
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il. VAGINAL RING FORMULATIONS

A. Progestin-Only for Intermittent Use

1. Medroxyprogesterone Acetate, Norethindrone,
and Norgestrel

The original CVR was a 65-mm CVR containing 100 mg of medroxyproges-
terone acetate (MPA). The device was inserted on day 5 of the menstrual cycle
and removed on day 26 to allow withdrawal bleeding. Ovulation was suppressed
in all cycles, and breakthrough bleeding was minimal (3). Use of CVRs con-
taining 100 and 200 mg of norethindrone (NET) were associated with a high
incidence of bleeding and ovulation. CVRs with 50 and 100 mg of norgestrel
(NG), also were associated with more breakthrough bleeding and lack of with-
drawal bleeding compared with MPA-containing CVRs (5).

B. Progestin-Only for Continuous Use

1. Levonorgestrel

The CVRs that release levonorgestrel (LNG) were developed by the World
Health Organization (WHO) and have undergone extensive clinical investiga-
tion. This type of CVR releases 20 ng of LNG daily resulting in a total release
in 1 month (30 days) of 600 pg. This ring releases nearly constant amounts of
LNG for 3 months and is worn continuously for this time period (6).

In a large multinational clinical study, conducted by WHO and involving
more than 1000 subjects, after 1 year of continuous use of the LNG-releasing
CVR the overall pregnancy rate was 4.5:100 women, with a method failure rate
of 3.7:100 (7). The main reason for discontinuation was bleeding problems,
resulting in a termination rate of 17.2:100 at 1 year (Table 1).

Unlike combination CVRs, this progestin-only CVR does not consistently
suppress ovulation, as about one-third of treatment cycles are ovulatory. Similar
to other widely used progestin-only methods, most progestin-only CVRs rely
heavily on various other mechanisms, such as alterations in cervical mucus and
the endometrium, for contraceptive action.

In other studies with this CVR, the 1-year continuation rates ranged be-
tween 50 and 75%, which are rates similar to those of OCs (7-8). In these
studies, although the number of days of bleeding was increased compared with
control cycles, the total blood loss was decreased. In one study, monthly men-
strual blood loss decreased from 64.7 mL before insertion to 48.7 after 12 -months
of use, and hemoglobin levels increased after 6 and 12 months of use (8).
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Table 1 Cumulative Discontinuation Rates of
Levonorgestrel-Releasing CVRs at 1 Year

Reason for Number Rate at 1 yr
discontinuation of events per 100 women
Pregnancy 32 45
Menstrual problems 138 17.2
Other medical reasons 109 14.0
Nonmedical reasons 77 10.8
Expulsion 57 7.1

Loss to follow-up 99 12.7

Source: Ref. 7.

2. Progesterone

Studies using a CVR releasing between 2.4 and 4.8 mg progesterone (P) per
day reported unsuccessful use in normally cycling women owing to unacceptable
bleeding patterns. However, use of a ring releasing 5-10 mg/day of P in lactating
women appears to be an acceptable, effective method (9). In a comparison study
between the P-releasing CVR, a copper T-200 IUD, and breastfeeding alone, no
deleterious effects on lactation or infant growth were noted in any study group.
The rings and IUDs were inserted on day 60 postpartum in women who were
exclusively breastfeeding. The CVR was replaced every 3 months. There was
one pregnancy in 739 women-months of CVR use in a subject who failed to
reinsert the CVR after intercourse. In the untreated nursing women, there were
19 pregnancies in 677 women-months and no pregnancies in the IUD group (9).

3. Megestrol

As with most progestin-only CVRs, the Shanghai megestrol-releasing vaginal
ring blocks ovulation in only a small percentage of cycles. The mechanism of
action is primarily at the level of the cervical mucus and endometrium. The
cervical mucus remains thick and impenetrable to sperm, and the blockage of
estrogen receptor synthesis prevents endometrial growth. The pregnancy rate is
reported to be 6.0:100 women-years (10).

C. Estrogen Plus Progestin Rings for Intermittent Use

Because higher levels of steroids are released daily, the bleeding patterns and
pregnancy rates in these combination CVRs are superior to progestin-only CVRs.
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1. Norethindrone Plus Estradiol

A CVR releasing 850 pg NET plus 200 g estradiol (E2) inhibited ovulation and
was associated with a 10% (insignificant) decrease in low-density lipoprotein
(LDL) cholesterol, a 6.9% (insignificant) decrease in high-density lipoprotein
(HDL) cholesterol and a 5.4% decrease in total cholesterol (11). However, in
one report, bleeding control was poor, as five of eight cycles (14% of treatment
days) were associated with breakthrough bleeding (11).

2. Levonorgestrel Plus Estradiol

The Population Council developed a CVR releasing 280-300 pg LNG and
180 pg Ey daily and studied it extensively in multicenter clinical trials. The
ring is inserted and retained for 3 weeks and removed for 1 week to allow
withdrawal bleeding. With use of this CVR, the serum levels of LNG range
from 1-3 ng/mL and remain relatively constant during each treatment cycle.
This level was sufficient to inhibit ovulation, as documented by consistently
low endogenous progesterone levels (12). During use of this CVR, there were
no significant changes in glucose tolerance and liver function, although a small
decrease in levels of alkaline phosphatase was reported (13). Although E; levels
fluctuated, levels remained high enough to support the endometrium, and low
levels of breakthrough bleeding were reported during the treatment. The levels
of LNG during use of this CVR were similar to those following ingestion of an
OC containing 0.3 mg LNG and 0.3 mg ethinyl estradiol (EE;) (14). Withdrawal
bleeding after removal of the ring occurred within 1-5 days, with a mean of 2.6
days, and lasted from 3 to 7 days, with a mean of 4.5 days (12). Breakthrough
bleeding or spotting with the CVR in place occurred in only 7% of cycles.

Two sizes of shell CVRs, 50 and 58 mm, containing LNG and E; were
compared with an OC containing 150 pg LNG and 30 pg EE; in a large mul-
ticenter study in eight clinics involving 1103 ring users and 533 OC users (15).
The net 1-year—pregnancy rates in the CVR users were 1.8:100 and 1.0:100
women for the two sizes, which was not significantly different from the preg-
nancy rate of 2.0 among the OC users (Table 2). The continuation rate at 1
year with both sizes of CVRs was 50%, significantly better than the 38% that
occurred with the OC users. Terminations for the CVR were mainly for vagi-
nal problems, whereas those for OCs were mainly for headache and nausea. In
this study, only 13% of sexual partners complained about the ring, and only
one-fourth of users removed the ring at any time for coitus, compared with pre-
treatment (16). Following treatment, compared with pretreatment, differences in
body weight, hemoglobin levels, and blood pressure among both the CVR users
and the OC users were small and insignificant.



Table 2 One-Year Termination Rates for Different Reasons per 100 Acceptors by Women Using Levonorgestrel—-
Estradiol and Women Ingesting an Oral Contraceptive Containing Levonorgestrel and Ethinyl Estradiol

Net rates (CVR) Gross rates (CVR)
Rate 50 mm 58 mm Nordette 50 mm 58 mm Nordette
Pregnancy 1.8 1.0 2.0 2.4 14 33
Medical termination 235 22.5 18.7 29.2 27.0 24.7
Use-related termination 6.6 44 2.0 8.4 54 3.6*
Personal termination 8.8 9.7 11.2 12.2 13.7 18.5
Moving 2.0 2.1 2.0 2.8 3.2 32
Loss to follow-up (LFU) 8.5 9.9 259 9.5 11.3 31.0*
Continuation, LFU a termination 48.8 50.4 38.2 48.8 50.4 38.2**
Continuation, LFU not a termination 54.0 56.8 554 54.0 56.8 55.4
Type of termination : Events Standard errors
Pregnancy 9 5 10 0.8 0.7 1.1
Medical reasons 119 115 95 2.3 2.2 2.3
Use-related reasons 35 23 10 1.4 1.1 1.2
Personal reasons 45 47 55 1.8 1.9 2.4
Moving 10 10 10 0.9 1.0 1.1
Loss to follow-up 46 53 133 1.4 1.5 23
All 264 253 313 2.3 2.3 2.2
No. of women enrolled 547 556 553
No. of women at risk, month 12 239 220 193

*p < 0.01; *p < 0.001. Tietze Method, May 1980 cutoff.
Source: Ref. 16.
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Table 3 Extent of Coronary Artery Atherosclerosis in Monkeys
with TPC/HDL Cholesterol Ratio <15

Mean TPC/HDL Coronary artery

cholesterol intimal area
Males (n = 14) 11.0=15 0.532 = 0.114¢
Control females (n = 14) 103=1.2 0.329 = 0.0854
OC(n=9) 120=2.2 0.059 = 0.034
IVR (n = 11) 150=1.7 0.503 = 0.156¢

2Groups included controlled males and females and animals ingesting an oral
contraceptive (OC) and intravaginal ring (IVR) releasing levonorgestrel estra-
diol.

PValues are mean = standard error of the mean.

“Different from OC, p < 0.03.

dDifferent from OC, p < 0.05.

Source: Ref. 20.

Although the major advantage of this CVR is its contraceptive effective-
ness and minimal side effects, the major disadvantage is its androgenic domi-
nance owing to the use of a 19-nortestosterone derivative with an estrogen of
low potency. Use of this ring was associated with a significant decrease in HDL
cholesterol, 18-32%, and a small decrease in LDL cholesterol, 0-11%, resulting
in large increases in the LDL/HDL ratio (16-19). In a study using this CVR
in macaque monkeys, a significant increase in the amount of coronary artery
atherosclerosis compared with controls was noted after 2 years of use (20) (Ta-
ble 3). These findings motivated researchers to design CVRs that did not have
the unacceptable androgenic effect

3. Nestorone Plus Ethinyl Estradiol

One of the new synthetic progestins with lowered androgenic activity is Nestor-
one previously termed ST-1435. Nestorone is inactive orally, but its use as a
nonoral progestin is promising. When administered alone by subcutaneous im-
plants, Nestorone has no adverse effect on lipoproteins and no androgenic or
estrogenic side effects (21). A CVR releasing 100 ug of Nestorone and 30
wg/EE, daily was tested in two small studies. Use of the ring was associated
with good bleeding control and minimal side effects (22,23). Serum P values
remained low, indicating complete suppression of ovulation. Mean serum lev-
els of Nestorone were 289 pmol/mL (100. pg/mL), which are higher than the
minimum levels needed for suppression of ovulation (50 pg/mL). Overall serum
HDL cholesterol and total cholesterol increased 40% with no change in LDL
cholesterol. The conclusion of this study was that this ring was easy to use, well
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accepted by the users, and could be further improved by decreasing the steroid
dose.

4. 3-Keto-Desogestrel and EEp

CVRs releasing 75, 100, and 150 ug of 3-keto-desogestrel (DSG) per day and
15 ng of EE; per day in a core of ethylene vinyl acetate, instead of polysiloxane,
showed very promising results. Of the three doses of steroid in this ring, the
combination of 150 ug 3-keto-DSG, and 15 ug EE; was associated with the
best bleeding control and ovulation suppression. When used in 11 women for
three cycles, this combination CVR inhibited ovulation in all cycles and was
associated with good bleeding control (24). Similar to OCs with this combination
of steroids, there was a significant increase (up to 93%) of sex hormone-binding
globulin (SHBG) levels, indicating a low androgenic, high estrogenic effect of
this CVR formulation.

Pharmacokinetic studies of these 3-keto-DSG-EE; CVRs demonstrated a
relatively constant release rate of 3-keto-DSG (Fig. 2) for the 3 weeks the ring
was in place (25). A CVR with a daily release rate between 100 and 150 pg/day
of the progestin in combination with 15 pg/day EE; is a promising contraceptive
option and clinical trials have taken place. Extended use of a CVR containing
150 png EE/120 png DSG for up to 84 days consistently suppressed ovarian
activity (26).

pmollvml"l pmot. 11
10! 1 KDG (Study 11) 10° 4 EE  (study 11)
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« CVR 100/15 ¢ CVR 100/15
L
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days days

Figure 2 Mean KDG and EE serum levels for Marvelon and CVR 100/15. (From
Ref. 27.)
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5. NET Acetate Plus EE;

CVRs releasing between 600 pg and 2 mg/day NET acetate (NETA) plus 20—
65 pgl/day EE; have also undergone clinical trials (27,28). The combination
of release rates of NETA 650 ug/day plus 20-30 ng/day of EE; offers both
excellent suppression of ovulation and good bleeding control. In a comparative
trial, a core design CVR (releasing 10, 20, 30, or 65 ug EE; and 650 ug NETA)
provided better control of uterine bleeding than did an OC containing 30 ug
EE; and 1.5 mg NETA, and side effects were comparable (27). The 20 and 30
ug/day EE;-releasing CVRs caused an increase in serum HDL cholesterol and
triglycerides, with minor changes of angiotensinogen and SHBG. Once-weekly
mean levels of circulating norethindrone and EEj levels are shown in Fig. 3. The

NET and EE2 Levels with CVRs

Weekly average
NORETHINDRONE ETHINYL ESTRADIOL

~10000

ng/mi
pg/mi

1 Il cycle NI iv°
20mcg CVR 30mcg CVR 65mcg CVR
Figure 3 Mean weekly norethindrone (NET) and ethinyl estradiol (EE) levels during
four cycles of CVR use. Line styles represent the release rates of CVRs with different
amounts of ethinyl estradiol: __ 20 ug, ...... 30 pg; --- 65 g EE. (¥) represents
weekly NE levels () represents weekly EE levels. (From Ref. 28.)
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conclusion of this study was that this new CVR offers an excellent contraceptive
alternative with the best performance provided by the 30 ug EE, dose (27).

lll. ADVERSE EFFECTS

The major concerns associated with CVR use are related to its placement in the
vagina.

A. Vaginal infections

Because the CVR is a foreign device that remains inside the vagina for long time
periods, the effect on the vaginal flora has been of concern. In many women,
there is an increase in vaginal secretions with CVR use. In one large multicenter
study, 23% of CVR users complained of vaginal discharge as compared with
only 14.5% in OC users (16). The discharge is probably a result of mechani-
cal effects of the ring on the vaginal epithelium (29), rather than a change in
vaginal flora (30). Cultures from the posterior fornix showed no greater inci-
dence of pathogens in CVR users than in OC users, and no significant changes
in vaginal flora, including Lactobacillus, Candida, Gardnerella vaginalis, and
Neisseria gonorrhoeae, and aerobic and anaerobic cultures (30). If a vaginal
infection occurs with the core in place, it can be treated without removing the
CVR.

B. Local Effects

Concern has also been raised about the effect of a vaginal device left in place
for long time periods on cervical cytology. After 2 years of CVR use, however,
no cervical changes were noted on colposcopic examination (31). One report of
cervical erosion was noted in one study, but the lesion disappeared spontaneously
when the CVR was removed.

C. Other Vaginal-Related Problems

Other use-related problems vary, but are usually low in frequency. Most women
are comfortable leaving the CVR in place during coitus and complaints during
intercourse are reported in only a small percentage of users (1-2%). About 0.5%
of users discontinue use because of odor and from 1 to 23% for discomfort (31).

Spontaneocus expulsion can occur on occasion. It is usually associated
with laxity of the vaginal wall in multiparous patients and often occurs during
squatting or defecation. The ring is usually replaced by the user after cleaning.
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V. ACCEPTABILITY

To evaluate the acceptability of the CVR in both rural small towns and urban
areas, four clinics in Brazil and the Dominican Republic offered the CVR as
a new method of birth control (32). The CVR was described as similar to the
pill, but placed in the vagina for 3 weeks each month. Of the total birth control
acceptors in the four clinics, 3, 8, 9, and 12.5% selected the CVR compared
with 30.6% who preferred OCs. The anticipated use-related problems were most
often mentioned by the women as reasons for not selecting the CVR. Following
its use, however, the ‘‘ease of use’’ was mentioned in 55% of ring users as
the “‘most-liked’’ characteristic (32). In the CVR users, no coital difficulties
were experienced by 82% of sexual partners, discomfort was reported in 30%,
and only three partners (2%) described coitus as feeling different. Seventy-seven
percent never removed the CVR for coitus, and 10% removed it every time (30).

V. CONCLUSION

In conclusion, the CVR offers another route for administration of contracep-
tive steroids that is user controlled. Although the CVRs offer the same high
contraceptive efficacy of OCs, the ease of use and the once-monthly insertion
are advantages over the daily requirements of OCs. Another advantages over
OCs are the attainment of constant steady-state blood levels of steroid, with
less effect on hepatic globulins. Because of the similar mechanisms of action
between CVRs and OCs, the noncontraceptive health benefits associated with
OCs are also expected to be shared with CVR users. There are many different
CVR formulations undergoing clinical trials that have excellent bleeding control
and contraceptive efficacy. It is hoped that one of these formulations will soon
be marketed so that women can have another contraceptive option.
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Progestins for Emergency
Contraception

André Ulmann
HRA Pharma, Paris, France

Emergency contraception is defined as any drug or device that can be used
after intercourse to prevent pregnancy (1). Many methods of hormonal emer-
gency contraception have been used since 1960s when it was first introduced (2).
Initially, a 5-day regimen of high-dose ethinyl estradiol was used, witha high
incidence of severe side effects (nausea and vomiting). In 1977, Yuzpe proposed
the method that was named after him, employing a combination of 0.1 mg ethinyl
estradiol and 1 mg of dl-norgestrel, given twice, 12 h apart, within 72 h after
intercourse, allowing fewer side-effects than the estradiol alone method. This
method has been widely used since, despite the absence of a dedicated prepa-
ration in most countries: the physicians usually prescribe off-label the amount
of commercially available combined oral contraceptive (e.g., Ovlane or Stediril)
2 x 2 tablets 12 h apart. In some countries a dedicated product has been li-
censed for several years (PC4, containing 4 tablets of 0.5 mg ethynil estradiol
plus 0.5 mg di-norgestrel, or Tetragynon, containing 4 tablets of 0.5 mg ethynil
estradiol plus 0.25 mg [-norgestrel).

Other hormonal contraceptives have been used or at least evaluated, such as
danazol (3) or the antiprogesterone mifepristone (4,5). For the latter, encouraging
results published initially have not been confirmed by larger studies, which
nevertheless indicate that the efficacy of the product is equivalent to the Yuzpe
method, but fewer less side-effects. However, the abortifacient nature of the
molecule makes it unsuitable for large-scale use of emergency contraception,
especially in countries where pregnancy termination is illegal, or subject to
well-defined legal requirements.
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The mode of action of emergency contraception is not fully understood,
and most probably involves more than one mechanism (6), such as (a) inhibi-
tion or disruption of ovulation, which might be a common mechanism to all
the agents tested so far, although its reality has not been unequivocally demon-
strated with the regimens used in emergency contraception; this mechanism is
probably the most important because the probability of fertilization is maximal
during the days immediately preceding ovulation (7,8); (b) direct effect on fer-
tilization; (¢) modifications of luteal-phase progesterone secretion; (d) inhibition
of implantation. Apart from mifepristone, none of the other agents (estrogens,
progestins, danazol) are able to interrupt an early pregnancy once implantation
has taken place, which clearly differentiates emergency contraception with these
agents from early pregnancy termination.

Progestins, such as levonorgestrel (/-norgestrel), alone at high doses have
been used for many years for emergency contraception (9-11), prescribed ei-
ther off-label (intake of 25 Microval tablets, twice, 12 h apart), or as Postinor
or as Norlevo, dedicated preparations containing 2 tablets of 0.75 mg levo-
norgestrel. However, only recently has the efficacy of levonorgestrel alone been
demonstrated. Two studies sponsored by the World Health Organization (WHO)
(12,13) have shown that levonorgestrel alone, given at the dose of 0.75 mg
twice, 12 h apart, within 72 h following a supposedly fertilizing intercourse,
is at least as efficient and better tolerated than the Yuzpe regimen. This could
constitute the future reference method for hormonal emergency contraception
(14). The main findings of these studies are reviewed here, as well as the avail-
able pharmacokinetic data, with the recommended levonorgestrel dosage for this
indication.

Methodological aspects are of high importance for the efficacy assessment
of emergency contraceptive methods: the proper efficacy evaluation of the Yuzpe
method has been a matter of concern (15). Indeed, in most of the earlier publica-
tions, the efficacy was evaluated by the calculation of the failure rate (observed
pregnancies divided by the number of patients treated), yielding efficacy rates
as high as 95-99%. However, this is an inappropriate measure because in most
publications, the timing of drug intake relative to the probable date of ovulation
was not recorded or reported. This leads to an overestimation of the efficacy
rate. (In large trials, it is assumed that many women have received the drug at
a time when their risk of pregnancy was minimal). On the other hand, under-
estimation of the efficacy rate could have derived from inappropriate inclusion
or monitoring of the patients; for example, if the patient had several acts of
unprotected intercourse before treatment, or if she underwent other unprotected
intercourses after it. Therefore, for accurate efficacy assessment (16) (a) women
should have had only one act of unprotected intercourse since the last menstrual
period; (b) this supposedly fertilizing intercourse should have taken place within
72 h before drug administration; and (c) subsequent to treatment, women should
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abstain or use condoms until the results of therapy could be verified. In addition,
accurate recording of intercourse timing, usual menstrual cycle length, and date
of last menstrual period are mandatory to allow an estimation of the expected
number of pregnancies using the Dixon’s table (7). This table gives an estima-
tion of the probability of being pregnant after a single act of intercourse relative
to the date of ovulation. The probability of pregnancy can also be derived from
the more recent work of Wilcox et al. (8), which confirms that the fertile days
of the menstrual cycle are the 6 days immediately preceding ovulation, and that
the likelihood of fertilization is almost nil from the days after ovulation onward.

Literature survey of trials using this method indicates that the efficacy rate
of the Yuzpe method (defined as the number of observed pregnancies divided
by the number of expected pregnancies derived from the Dixon’s table) ranges
from 55 to 94%. Pooling the largest studies give an average efficacy rate of
74%, which can be viewed as the reference efficacy rate for the Yuzpe method
a7.

The two WHO studies reviewed here fulfill the methodological criteria
indicated in the foregoing. In addition, as they include a control arm versus the
reference Yuzpe method, they permit some comparison with the other published
studies, thereby strengthening their conclusions.

The first study took place in the Family Planning Association of Hong
Kong (12). In this open study, 880 women were randomly allocated to the
levonorgestrel or to the Yuzpe groups (440 in each group). In both groups, the
most common request for emergency contraception was breakage or slippage of
condom (46 and 50% in the Yuzpe and levonorgestrel groups, respectively), and
unprotected intercourse (46 and 40%, respectively). The second (international)
study (13) is a double-blind, randomized comparison of Yuzpe and levonorgestrel
for emergency contraception, and constitutes an extension of the Hong Kong
study. It was performed in 1998 women over 21 centers in 14 countries. Eligible
women were randomly assigned to Yuzpe method (4 tablets) or to levonorgestrel
(0.75 mg twice) with a placebo. The first dose was taken in the prescribing center
under supervision, whereas the second dose was taken at home, less than 24 h
after the first intake.

For both studies, the primary outcome measure was unintended pregnancy,
expressed as both crude and adjusted rates, as well as the estimated reduction
in expected pregnancies. The probabilities of conception by cycle day were
estimated from the works of Dixon (Hong Kong study (7) or of Wilcox et al. (8)
(international study), taking into account clinical pregnancies only (the chemical
pregnancies were excluded).

In the Hong Kong study, 15 pregnancies (3.5%) occurred in the Yuzpe
group and 12 (2.9%) in the levonorgestrel group (no statistically significant
difference). Of these, 6 in the Yuzpe group and 4 in the levonorgestrel occurred
in women who had further acts of intercourse and, therefore, can been considered
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as protocol violations. After excluding these patients, the failure rate was 2.7%
(95% confidence interval [CI], 1.0-4.1%) in the Yuzpe group, and 2.4% (95%
Cl, 0.8-4.1%) in the levonorgestrel group. The difference was not statistically
significant. Table 1 compares the number of expected pregnancies derived from
Dixon’s table and the number of actually observed pregnancies after treatment
in each group for women with reliable menstrual data. As shown by the table,
in both groups, the number of pregnancies observed after the treatment was
significantly lower than expected from Dixon’s table (7) (p < 0.05, chi-square
test).

In the international study, levonorgestrel prevented 85% of expected preg-
nancies, a figure significantly higher than that after Yuzpe (57%). In addition,
the efficacy of both methods was highest when they were used as early as pos-
sible after intercourse. However, at each time, levonorgestrel was more efficient
than Yuzpe.

Table 2 indicates the efficacy rate for both groups in the international
study, and the effect of time since unprotected coitus. The pregnancy rate was
significantly higher—3.2% (95% CI 2.2-4.5) among women assigned the Yuzpe
method—than in those assigned levonorgestrel alone—1.1% (0.6-2.0). Identical
results were obtained after adjustment for center, cycle day on which inter-
course took place, age, body-mass index, and reason for requesting emergency
contraception. All pregnancies were intrauterine; five women continued their
pregnancies with normal outcomes, the other opted to have induced abortion.

Table 2 also shows that the earlier emergency contraceptive is given, the
greater its efficacy, in each group. However, at each time, levonorgestrel was
associated with a significantly higher efficacy rate than Yuzpe. In this study, a
further act of intercourse (with or without a barrier method) after treatment was
associated in a decline in efficacy of both methods, which was more marked
with the Yuzpe method. The difference between the two methods persisted in
a subgroup of women who met all the criteria for correct use of the assigned
treatment: the pregnancy rate was 1.9% (95% ClI interval, 1.0-3.4) in the Yuzpe
regimen and 0.9% (0.3-2.0) in the levonorgestrel regimen. Conversely, in pa-
tients without all criteria of correct use, the efficacy rate declined more in the
Yuzpe than in the levonorgestrel group.

In both studies, the incidence of complaints (nausea and vomiting) was
significantly lower after levonorgestrel alone than after the Yuzpe regimen (Ta-
ble 3 summarizes results obtained in the international WHO study).

In both studies, the time of resumption of menses was similar for women
in the two groups (p = 0.67). For instance, in both groups combined in the large
international study, 13% of women had a delay of more than 7 days beyond the
anticipated onset of next menses; 15% had a delay of 3-7 days; 57% had menses
return within 3 days of the expected day; and 15% had an early onset. The mean
duration of next menses was 4.7 (SD 1.4) days for both groups.



Table 1 Efficacy of Yuzpe and Levonorgestrel Methods

Yuzpe Levonorgestrel
Number of Number of
pregnancies pregnancies
Day of Probability Number of Number of
cycle? of pregnancy women Expected Observed of women Expected Observed
<—8 0 30 0 0 32 0 0
-8 0.001 10 0 0 11 0 0
-7 0.007 8 0 0 10 0 0
-6 0.025 17 0 0 15 0 0
-5 0.055 18 1 1 18 1 1
—4 0.104 25 3 1 19 2 1
-3 0.146 26 4 1 22 3 0
-2 0.169 24 4 0 21 4 0
-1 0.173 22 4 1 24 4 4
0 0.141 21 3 0 20 3 1
1 0.091 21 2 0 12 1 0
2 0.049 16 1 2 25 1 0
3 0.019 26 0 1 13 0 0
4 0.005 12 0 0 12 0 0
5 0.001 9 0 0 20 0 0
>5 0 56 0 2 57 0 1
Total 341 22 9 331 20 8

4Days of cycle: 0 = day of ovulation.

Source: Ref. 12.
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Table 2 Pregnancy Rate per Treatment Group and Time Since Unprotected Coitus

No. of pregnancies Yuzpe Levonorgestrel
All patients Observed/expected 31/72 11/75

% prevented (95% CI)* 57 (39-71) 85 (74-93)
<24h % prevented 77
25-48 h % prevented 36
49-72 h % prevented 31

ACI = 95% confidence interval.

Source: Ref. 13.

Table 3 Side Effects Reported in Both Groups in the International WHO Study

% with symptom (95% CI)

Yuzpe Levonorgestrel

Side-effect (n =979) (n=977) P
Nausea 50.5 (47.3-53.6) 23.1 (20.5-25.9) <0.01
Vomiting 18.8 (16.4-21.4) 5.6 (4.3-7.3) <0.01
Dizziness 16.7 (14.4-19.1) 11.2 (9.3-13.3) <0.01
Fatigue 28.5 (25.7-31.4) 16.9 (14.5-18.4) <0.01
Headache 20.2 (17.8-22.9) 16.8 (14.5-19.3) 0.05
Breast tenderness 12.1 (10.1-14.3) 10.8 (8.8-12.9) 04
Low abdominal pain 20.9 (18.4-22.6) 17.6 (15.3-20.1) 0.07
All other adverse effects? 16.7 (14.4-19.1) 13.5 (11.4-15.8) 0.06

Mostly diarrhea and some irregular bleeding or spotting.
Source: Ref. 13.

Pharmacokinetics data for levonorgestrel at the dose used for emergency
contraception (0.750 mg orally) is limited (18). Levonorgestrel absorption is
rapid, with an absorption half-life of less than 1 h, the mean time taken to achieve
maximal serum concentrations being approximately 2 h. In blood, levonorgestrel
binds to both albumin and sex hormone-binding globulin (SHBG). Sex steroids
can modify SHBG concentration: after a single administration of 0.750 mg
levonorgestrel, plasma SHBG is decreased by 25%. However, with the dosage
regimen for emergency contraception, the relevance of such finding, if any,
should be clinically insignificant.

Similarly, only few studies provide information on the pharmacological ef-
fects of levonorgestrel given at the dose of 0.750 mg. In a study by Shi Yong-en
et al. (19), six healthy women were given levonorgestrel at the dose of 0.75 mg
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orally for 7 days during the periovulatory phase. During the study, four of the
six women ovulated. In the remaining two, estradiol levels increased, suggesting
some degree of follicular activity, but this was not followed by an increase of
progesterone secretion. Prolactin remained in the normal range throughout the
study in all women. In a multicenter study (Sweden, India, China) sponsored
by WHO (18), 72 volunteers received 0.75 mg levonorgestrel every 2 days for
treatment periods of 4 days each. Each treatment period took place at different
times during the menstrual cycle: follicular phase (days 2-8), early periovula-
tory phase (days 9-15), late periovulatory phase (days 11-19), or luteal phase
(days 16-22). When levonorgestrel was given during the follicular phase, the
mean cycle length was significantly prolonged during treatment, compared with
pre- and posttreatment cycles. The prolongation of cycle length was due to an
increase in the follicular phase, but was not accompanied by suppression of ovar-
ian function. When levonorgestrel was given in the early periovulatory phase,
overall no modifications of the mean cycle length was observed, despite some
site-related differences (cycle shortening in Swedish and Indian women, cycle
prolongation in Chinese women). In this group, 3 women showed follicular ac-
tivity only, 7 exhibited follicular activity followed by insufficient luteal function,
and 7 women ovulated normally.

Very similar findings were observed in the group given levonorgestrel at
the late periovulatory phase: there was overall no change in cycle length. Seven
women out of 18 in this group did ovulate during the treatment, 6 women had
follicular activity followed by inadequate luteal function, and 5 exhibited follicu-
lar activity only. In the posttreatment group, 1 woman did show follicular activity
only, 1 showed follicular activity, followed by insufficient luteal function, and
16 ovulated normally. When levonorgestrel was given during the luteal phase,
no effect on cycle length or ovarian function was observed. Quantitative reading
of endometrial samples in a subgroup of patients showed that in all but one
patient (who showed a late proliferative endometrium), all pretreatment biop-
sies showed normal secretory endometrium. In all women given levonorgestrel
.during the follicular phase, biopsies (taken on cycle days 20-22) were prolif-
erative during treatment, probably reflecting the prolongation of the follicular
phase. In women given the treatment during early and late periovulatory phase,
all biopsies were irregular secretory or proliferative, none was normal secre-
tory. In women given levonorgestrel during the luteal phase, three biopsies were
irregular secretory and three were normal secretory.

The effect of treatment on the number of glands, diameter of glands, and
glandular epithelial height has also been quantitated. When given during the
follicular phase, levonorgestrel significantly decreased the number of glands,
suggesting a suppression of the proliferative activity at the endometrial level.
Similarly, the glandular diameter was significantly smaller than in the control
cycle in women given levonorgestrel during the follicular phase, or in the early
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periovulatory phase. The treatment had no effect on the glandular epithelial
height. Taken together, these results indicate that the effects of levonorgestrel on
ovarian function depend on the date of administration during the cycle, the late
follicular period being the most sensitive to. the progestin treatment. This could
explain the efficacy of this regimen as an emergency contraceptive agent, because
this preovulatory period corresponds to the highest probability of fertilization in
case of intercourse (7). The observed changes are compatible with some degree
of ovarian functional suppression. At the endometrial level, administration of
levonorgestrel during the follicular phase is associated with suppression of the
proliferative activity. When given during the luteal phase, levonorgestrel does
not induce any significant endometrial change. Finally, the posttreatment cycle
appears unmodified by the treatment, whatever the date of administration.

In conclusion, available data confirm that the use of progestin alone, as
0.75 mg levonorgestrel twice, 12-24 h apart constitutes a mean of emergency
contraception more efficient and significantly better tolerated than the reference
Yuzpe method, when taken within 72 h after unprotected intercourse. The addi-
tional advantages of an estrogen-free emergency contraceptive are obvious and
twofold. On one hand, the absence of estrogen explains why there are much
fewer side effects with the levonorgestrel-alone product. On the other hand,
contrarily to preparations containing estrogen, which theoretically should be
contraindicated or used cautiously in women at risk of vascular diseases, no
such limitation exists with levonorgestrel alone. Emergency contraception is an
efficient and cost-effective method (20) to prevent unwanted pregnancies and the
consequences of induced abortion. However, until now, the use of emergency
contraceptive methods has been hampered by the lack of an available dedicated
product and by the side effects related to the estrogen component of the Yuzpe
method.

Levonorgestrel is not an abortifacient, and it cannot be misused to induce
medical abortion. A recent study (21) has suggested that making emergency
contraception easily available may reduce the number of unwanted pregnancies:
the high efficacy and good tolerance of levonorgestrel, and the absence of con-
traindication, make it the ideal candidate for large-scale use as an emergency
contraceptive agent.
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Progestins in Hormonal Replacement
Therapy and Prevention of
Endometrial Disease

Régine Sitruk-Ware
Hépital Saint-Antoine, Paris, France

. EPIDEMIOLOGY OF ENDOMETRIAL DISEASE AND
PROGESTIN USE

Since the mid-1970s, several retrospective studies have indicated that unopposed
estrogen replacement therapy is associated with an increased risk of endometrial
cancer in postmenopausal women (1,2). Since then, a better understanding of
the role of progesterone on the endometrial tissue led to the demonstration of
the protective effect of progestins against endometrial hyperplasia and cancer
(see also Chap. 15).

The major benefit of progestins administration in postmenopausal women
is nowadays well documented and recognized. It is undisputed that addition of a
progestational agent to estrogens would oppose the proliferative effect of these
steroids on the endometrial tissue.

Long-term epidemiological studies have clearly demonstrated that pro-
gestins, when administered for more than 10 days per month of estrogen therapy,
would prevent the excess risk of development of endometrial hyperplasia and
of endometrial cancer associated with use of estrogen alone (3). In all studies,
use of estrogen with a progestin was associated with a lower relative risk of
endometrial cancer than use of estrogen alone, but the risk was not reduced
below that of untreated women. Both studies that presented results according to
the duration of progestin use each month found that the relative risk was lower

269
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in women using progestin for 10 or more days per month than in women using
progestins for fewer than 10 days per month (3) (See also Chap. 15).

. STUDIES ON THE ROLE OF PROGESTINS IN
PREVENTING ENDOMETRIAL HYPERPLASIA

From previous retrospective studies, it was clear that the duration of progestin
addition had an important influence on the rate of endometrial hyperplasia.
Although unopposed estrogens were able to induce hyperplasia in up to 30%
of subjects, 7 days of progestins would still lead to 4% and 10 days to 2% of
hyperplasia (4). More recent prospective studies have better defined the necessary
dose and duration of the progestin course to oppose the proliferative effect of
estrogens.

A. The PEPI Trial

The Postmenopausal Estrogen—Progestin Interventions (PEPI) Trial provided
definite results (5). Among the 875 women enrolled in that trial, 596 (68%)
had a uterus. These women were followed for up to 3 years and underwent
annual endometrial biopsies following ultrasonographic assessment of the en-
dometrium. The women were randomly assigned to receive placebo or one of
four active treatments for 3 years. All active treatments included daily conju-
gated equine estrogens (CEE) at a dose of 0.625 mg/day. One group received
unopposed CEE and three groups received a progestin, either medroxyproges-
terone acetate (MPA), given at a dose of 2.5 mg daily on a continuous combined
regimen, or on a cyclic regimen at a dose of 10 mg daily for 12 days per month.
In one group the progestin was micronized progesterone administered at the
dose of 200 mg daily for 12 days in a cyclic regimen.

The results of this 3-year prospective study were clear-cut. Of the women
receiving unopposed estrogens, 62.2% developed some type of endometrial hy-
perplasia. Hyperplasia was found in the endometrium of less than 1% of all
groups of women receiving combined therapy. In 34 of 36 women with hyper-
plasia, the lesions reverted to normal after progestin therapy.

B. Other Midterm Trials

Several other progestins have been tested in shorter studies with at least 12-
months follow-up (Table 1). As many as 42% of women in the groups receiving
unopposed estrogens could develop endometrial hyperplasia, if they received
a high estrogen dose. In that case medroxyprogesterone acetate (MPA) at a
dose of 10 mg daily for 12 days was unable to totally counteract the high-dose



Table 1 Incidence of Endometrial Hyperplasia According to Various HRT Regimens

Duration of

Estrogens type

No. of treatment and dose Progestins type and dose Hyperplasia

1st Author (yr) women (mo) (mg/d) (mg/d x No. days) Y%
Clisham (6) (1992) 26 24 TD E; (0.1) MPA 10 x 13d 4
: 20 24 ED E; (0.1) None 42
*Moyer (7) (1993) 126 60 E, perc 1.5 MP 200 x 14 d 0
23 60 E; perc 3 300 x 10d 0

Thomas (8) (1993) 150 12 Ex V(2 NOM Ac 0.75
! 5x12d
Foidart (9) (1994) 418 6 TDE; (0.05) MPA 0
2.5/5/10 cc

Sturdee (12) (1994) 124 24 Ey or BV NETA 1 x 10dor NG 0.5 x 10d 24

. 289 24 CEE 0.625 or TDE, 0.05 NG 0.15 x 12d or NETA 1 x 12d 2.8

Woodruff (10) (1994) 283 12 - CEE 0.625 None 21.0

277 12 CEE 0.625 MPA 5 x 14d 1.1
272 12 CEE 0.625 MPA 10 x 14 d 0

279 12 CEE 0.625 MPA 2.5 cc 0.7
274 12 CEE 0.625 MPA 5 cc 0

Pepi (5) (1996) 119 36 Placebo Placebo 2.5

119 36 CEE 0.625 Placebo 62.5

118 36 "CEE 0.625 MPA 10 x 12d 5.1

120 36 CEE 0.625 MPA 2.5 cc 0.8
120 CEE 0.625 MP 200 x 12d 5

36

*Retrospective.

Ej, estradiol; EpV, estradiol valerate; TDE,,
micronized progesterone; MPA, medroxyprogesterone acetate;

continuous combined; d, days; mo, months.

transdermal estradiol; CEE, conjugated equine estrogens; Ep perc, percutaneous estradiol; MP,
NETA, norethisterone acetate; NG, norgestrel; NOMAc, nomegestrol acetate; cc,
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estrogen effect, leading to 4% hyperplasia (6). The lower doses of estrogens
were all well opposed by micronized progesterone 200 mg/day, MPA at 10 mg
daily, nomegestrol acetate at 5 mg daily, trimegestone at 0.5 mg daily, and
didrogesterone at 20 mg/day (7-11).

The results were less clear when fixed combinations of estrogens and pro-
gestins were used. Adding progestins, such as levonorgestrel or norethindrone
(norethisterone) acetate at very low doses would decrease the rate of hyperpla-
sia, but not below the 1% threshold value (12). Therefore, the dose and the

duration of the added progestin are of importance to totally control endometrial
abnormalities.

C. Bleeding Patterns and Prediction of
Endometrial Hyperplasia

From previous retrospective trials it was believed that regular bleeding occur-
ring after day 11 of the 12-day progestin course reflected a normal secretory
pattern of the endometrial tissue (13). However, further prospective trials did
not confirm these findings, and no correlation could be established between
bleeding patterns and histological findings (12). Nevertheless, most studies with
cyclic administration of progestins, as aforementioned, showed a high percentage
of regular withdrawal bleeding in women with normal secretory endometrium.
The patterns were less reliable when continuous combined regimens were used.
Those hormone replacement therapy (HRT) schedules were developed to avoid
the withdrawal bleeding for better convenience. According to the type of HRT
used, the observed bleeding patterns were indeed unpredictable.

The arguments for cyclic regimens allowing a regular reassuring with-
drawal bleeding were indeed challenged, as no direct correlation could be es-
tablished between occurrence of normal tissue and a regular-bleeding pattern.
The prevalence of unscheduled uterine bleeding in users of cyclic or continuous
combined (cc) progestin treatment was assessed on a long-term follow-up by
Ettinger et al. (14) in 590 postmenopausal women. These authors also assessed
the gynecological resources required to care for these women.

In the first few years of HRT, whatever the progestin schedule, women
had a 1:3 chance of having unexpected bleeding and about 1:6 chance of having
an endometrial biopsy (EB) to determine endometrial histology. No statistical
difference in incidence of either of these events was found between women
using either cyclic progestin or continuous combined progestin administration.
However, among those women who used HRT for longer than 2 years, those
using a continuous combined regimen had a lower rate of unexpected bleeding
and of EB than those using the cycling regimen. These findings confirm several
other studies showing a decreased rate of breakthrough bleeding with passage
of time in women using the continuous, combined regimen.
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lil. THE MINIMAL EFFECTIVE DOSE OF PROGESTINS
VERSUS SATISFACTORY BLEEDING PATTERNS

Although observational studies indicate that sequential progestin treatment of 12
days or more per month would substantially reduce the excess risk of endometrial
cancer, associated with estrogen alone, the long-term effects of combined HRT
are still not known. Controversy still exists over whether the minimum dose of
progestin that is able to transform the endometrial tissue into a secretory state
would be sufficient to ensure long-term protection against endometrial cancer.

To avoid the metabolic drawbacks or some progestins with androgenic
properties, the trend is to decrease the progestational component of HRT to the
minimal effective dose. Also, owing to the controversy over progestin’s role on
breast tissue (see also Chaps. 3 and 18) the scientific community recognizes
the endometrial protection as the only rationale for adding progestin to estrogen
replacement therapy.

The present regulations and guidelines about the evaluation of the efficacy
of a progestational molecule to protect the endometrium, require assessment of
one 12-month dose-ranging pivotal trial, comparing the selected unopposed es-
trogen dose, and the same dose associated with several doses of the progestin
(15) (Table 2). The primary efficacy analysis must show a clinically and statis-
tically significant reduction in the 1-year incidence of endometrial hyperplasia,
in at least one combination estrogen—progestin group, compared with the equiv-
alent dose of unopposed estrogen group. From a clinical perspective, the cut-off
point should be about 1% of endometrial hyperplasia in the combined group.

Although the lowest effective dose might produce an adequate endometrial
response, data suggest that uterine bleeding is often unacceptably prolonged
with low progestin doses (11,12). Even though the regulatory authorities in
North America tend to favor the lowest dose of progestin to prevent hyperplasia
(15), it might be preferable to select the dose that also produces a satisfactory
bleeding pattern (11). This would be more relevant for long-term compliance of

Table 2 FDA HRT Working Group Recommendations for Endometrial
Protection in HRT Trials

One 12-month placebo-controlled trial

® Includes unopposed estrogen (E)/group

Two progestin (P) doses for each E dose

Need to demonstrate the minimum effective dose of P for each proposed E dose
Endometrial biopsy at base line and at end of study

Independent, replicated, blinded assessment of biopsy slides

Source: Ref. 15.
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postmenopausal women. Other sequential regimens have been proposed, and one
of their goals was to induce a lower number of bleeding episodes per year. Thus,
once-every-3—months administration of progestins has been studied as a ‘‘long-
cycle’” regimen (16). The Scandinavian long-cycle study group has published
the results of their long-term follow-up, which revealed adverse endometrial
effects leading to the premature conclusion of their study (16).

Also, the selection of progestin molecules that would be metabolically
weak, with no negative effect on the lipids, carbohydrate metabolism, or the
vessels, but still be endometrially active would be highly relevant (17). Prelimi-
nary data (see Chaps. 5-8) indicate that molecules devoid of androgenic effects

and with a high progestational activity would answer the foregoing requirements
(11,18).

V. MONITORING HRT

It would be preferable to monitor patients under long-term HRT with less ex-
pensive and invasive screening methods than a biopsy. Langer et al. (19) com-
pared transvaginal ultrasonography with endometrial biopsy for the detection
of endometrial disease. The women included in the PEPI trial underwent both
assessments yearly at 48-h intervals. With a threshold value of 5 mm for the
endometrial thickness, transvaginal ultrasonography had a poor positive predic-
tive value, but a high negative predictive value for detecting serious endometrial
disease in asymptomatic women. With this value, biopsies would have been
indicated after more than half the ultrasonography examinations, but less than
10% of them would have revealed serious abnormalities. Therefore, the authors
concluded that ultrasonography would offer no economic advantage, for half
the women would need a second procedure, such as an EB. Nevertheless, ultra-
sonography appeared more useful for detecting endometrial hyperplasia than a
more serious abnormality.

In practice, women receiving cyclic progestin therapy would have less
than 1% risk of developing hyperplasia, and more than 60% would have regular
withdrawal bleeding. Those women electing to use the continuous combined
regimen are at a high risk of unscheduled uterine bleeding during the first 2 years,
but this rate declines with time.

The endometrial biopsy would appear more reliable than ultrasonography
in asymptomatic women. However, the frequency of this monitoring is still
subject to debate, and a yearly biopsy would detect the 1-2% abnormal findings
expected in women using combined HRT. Therefore, the recommendation should
be for a yearly biopsy in all long-term users of HRT.

Progestins with a high antiestrogenic potency would be preferable, because
they would oppose the estrogenic proliferative effect, at much lower doses than
progestins with less antiestrogenic activity. Table 3 indicates the effective dose
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Table 3 Progestins Classification, and Recommended Doses for Endometrial Protection
in Hormonal Replacement Therapy (when used with various estrogens, sequential
administration of progestins 10-14 days per month, of estrogen therapy)

Recommended
Dose/oral dose (mg)
tablet for endometrial
Progestin type (mg) protection (&)
1. PREGNANES
1.1. PROGESTERONE (P)
e Micronized P 100 200-300
® Vaginal progesterone (cream) 45 or 90 45
e retro-progesterone (didrogesterone) 5or 10 20
1.2. 17 HYDROXY PROGESTERONES
® Chlormadinone acetate 2,5 10
e Medroxyprogesterone acetate 2.5, 5, 10 (seq) 10 (seq)
2.5 cc with CEE 2.5 (co)
e Cyproterone acetate 1 (with E2V 2mg) 1
50
1.3. 19-NORPROGESTERONES (8)
® Promegestone (R5020) 0.125, 0.250 0.25-0.5
® Demegestone 0.5 1
o Nomegestrol Acetate 5 5-10
e Trimegestone 0.25, 0.5* 0.5*
@ Nestorone (CVR or TTS) 0.05, 0.075, 0.1* 0.05-0.1*
® Medrogestone 5 5-10
2. “TESTOSTERONE DERIVATIVES
2.1. ESTRANES
® Norethisterone 0.35,5 1

® Norethisterone acetate

e Ethynodiol di-acetate

® Lynestrenol

2.2. GONANES

® ].-Norgestrel

® Desogestrel

® Norgestimate

e Gestodene

® Dienogest (Hybrid progestin)

5~10 (TTS 0.14 or 0.25)
2
05,5

0.075
*

*

0.025-0.05
2,3, 4%

1 (oral); 0.25 (TTS)
24

0.15-0.5

0.05 with E; 2mg
3 and 4*

«. Data derived from references 4, 5, 8, 10-13.

*not yet registered for HRT.

Doses tested with various estrogens CEE 0.625 mg; E2V 2mg; micronized E2 2mg.
B. This new class of progestogens is not yet available in all countries.
Abbreviations: CEE, conjugated estrogens; E2, estradiol; E2V, estradiol valerate; CVR, contraceptive
vaginal ring; TTS, transdermal system; P, progesterone; cc, continuous combined; seq, sequential.
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of the progestins presently available for clinical use according to the published
literature. Several continuous therapies are also available, but not included in
the table.

Also progestins administered transdermally are available in combination
transdermal systems. Their effect on the endometrium at doses as low as 0.250
mg of norethindrone (norethisterone) acetate (or even less in another system)
appears sufficient to balance the endometrial estrogen stimulation (20). How-
ever, given the levels of estradiol (E;) reached in some women, it has been
recommended to perform an endometrial biopsy once a year especially in those
women with high E; values (20).

Other routes of administration of progestins for HRT have also been pro-
posed such as medicated IUDs or vaginal rings or gels (see Chaps. 4, 11, 12).

V. CONCLUSION

Several factors have to be taken into consideration for selecting a progesta-
tional molecule for HRT. According to the estrogen dose selected, the type of
progestin, its antiestrogenic potency, the dose, and the duration of its adminis-
tration per month of estrogen exposure, should be considered. Also molecules
with a better safety profile are to be preferred to enhance long-term compliance
of postmenopausal women with HRT.
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Progestins in Postmenopausal Women:
Epidemiological Data on Relationships
with Endometrial and Breast Cancer Risk

Timothy J. Key
University of Oxford, Oxford, England

. INTRODUCTION

Epidemiological studies published in the mid-1970s showed that hormone re-
- placement therapy (HRT) with estrogen alone increases the risk for endometrial
cancer, and this has been confirmed in many subsequent studies (1,2). Clinical
studies have shown that combined treatment with an estrogen and a progestin
can prevent the development of endometrial hyperplasia (3,4), and it is now
standard practice to give combined treatment to postmenopausal women who
have a uterus, with the intention of reducing the risk for endometrial cancer.
There are strong theoretical reasons for predicting that combined hormone re-
placement therapy will reduce or eliminate the increase in risk for endometrial
cancer caused by treatment with estrogen alone, but randomized, controlled tri-
als to test this have not been conducted, and current knowledge is based on a
few relatively small epidemiological studies.

Hormone replacement therapy with estrogen alone increases the risk of
diagnosis of breast cancer as well as endometrial cancer; the relative risk asso-
ciated with estrogen replacement therapy is smaller for breast cancer than for
endometrial cancer, but breast cancer is more common than endometrial can-
cer and survival is poorer. There is no reason to add progestins to hormone
replacement therapy for the benefit of the breasts, and it has been suggested
that progestins might cause a further increase in breast cancer risk (5). As for
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endometrial cancer, current knowledge of the effects of progestins on breast

cancer risk in postmenopausal women is based on relatively few data from epi-
demiological studies.

Il. LIMITATIONS OF THE EPIDEMIOLOGICAL DATA

The data available are important but they do have limitations. The use of
progestins as part of hormone replacement therapy has only recently become
widespread, and in most of the existing epidemiological studies the majority
of women have used estrogens alone. Furthermore, even among women who
have used progestins, this use may have been of short duration, or the informa-
tion available on patterns of use may be scanty. One particular problem with
studies of hormone replacement therapy is that such use commonly begins at
menopause, and there is usually a close association between duration of use
and time since menopause. Failure to adjust properly for this association can
produce serious underestimation of the risks associated with hormone use (6).

lll. ENDOMETRIAL CANCER

The effects of hormone replacement therapy with estrogen alone on the risk
for endometrial cancer are now reasonably well defined. Risk increases with
increasing duration of use, reaching a relative risk of about 10 after 10 or more
years of use; the elevation in risk declines after cessation of use, but the risk is
still significantly raised 5 or more years after last use (7).

There are fewer data in relation to combined hormone replacement therapy
with an estrogen and a progestin. The results of six epidemiological studies are
shown in Table 1 (8-13). For-each study, the results plotted are the relative risks,
compared with women not using any HRT, for women using estrogen alone, and
for women using estrogen combined with a progestin. All six studies found a
substantial increase in relative risk in association with use of estrogen alone, and
this increase was statistically significant in all except the very small study of
Jick (11). In all six studies, use of estrogen with a progestin was associated with
a lower relative risk than use of estrogen alone, although in four out of the six
studies (including the two largest studies) the relative risk was slightly, but not
significantly higher than in untreated women. Both studies that presented results
according to the duration of progestin use each month found that the relative
risk was lower in women using progestins for 10 or more days per month than
in women using progestins for fewer than 10 days per month.

The data are thus completely consistent in showing that addition of a
progestin reduces the increase in risk of developing endometrial cancer that is



Table 1 Relative Risks of Endometrial Cancer, Compared with Never Users, in Relation to Hormone Replacement
Therapy Comprising Estrogen alone or Estrogen with Progestin in Six Studies

uswopl jesnedoususod ul sunssbold

Study and Number of
treatment?® cases Relative risk (95% confidence interval)
Persson et al. (8)
E 48 14 (1.1-1.9) __.._
E+P 7 0.9 (0.4-2.0) .
Brinton et al. (9)
E 60 3.4 (1.8-6.3) +
E+P 11 1.8 (0.6-4.9) .
Jick et al. (10)°
E 32 6.5 (3.1-13.3) ._.__'__.
E+P 18 1.9 (0.9-3.8) ____.._*‘_.
Jick 1993 (11)¢ v
E 4 5.1 (0.9-30.2) : .
E+P 4 0.6 (0.2-1.9) .
Beresford et al. (12)°
E 324 4.0 (3.1-5.1) _.,_
E+P<l0d 25 3.1 (1.7-5.7) .___..____
E+P10-21d 25 1.3 (0.8-2.2) ——
Pike et al. (13)f
E 422 2.2 (1.9-2.5) -
E+P<l0d 74 1.9 (1.3-2.7) __.__
E+P=>10d 79 1.1 (0.8-1.4) F_
T T 1 T T T T T
0.25 0.5 1 2 4 8 16 32

2E, estrogen alone; E + P, estrogen with progestin, including duration of progestin per month where available.

bCase~cohort analysis.

Relative risks for use currently or within the year before diagnosis or pseudodiagnosis. Some overlap with study of Voigt et al. (14).
dRelative risks for current use.

®This study is an extension of that of Voigt et al. (14). The relative risks given here for progestin use exclude cases in the earlier paper.
fRelative risks are per 5 years of use. Reference group includes never users and users of other types of hormone replacement therapy.
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Table 2 Relative Risk of Endometrial Cancer, Compared with Never Users, in
Users of Estrogen Combined with Cyclic Progestin

Duration of hormone therapy

Progestin use 6-35 mo 36-59 mo >60 mo
Progestin < 10 days/mo 2.1 (0.9-4.7) 1.4 (0.3-5.4) 3.7 (1.7-8.2)
Progestin 10-21 days/mo 0.8 (0.4-1.8) 0.6 (0.2-1.6) 2.5 (1.1-3.5)

Source: Ref. 12.

due to estrogen replacement therapy. However, the most important question is
whether adequate use of progestins can completely eliminate the increase in
risk caused by estrogen, or can even reduce the risk below that of untreated
women. The first four studies summarized in Fig. 1 are small and do not pro-
vide information on the number of days per month for which progestins were
used. The recent studies of Beresford et al. and Pike et al. (12,13) are more
informative and the results of these studies, therefore, are described in more
detail.

The study of Beresford et al. (12) is a population-based study of 832 cases
and 860 controls (the first part of this study was reported in an earlier paper; 14).
As shown in Table 1, the relative risk in current users was substantially increased
among women who used estrogen alone and in women who used progestins for
fewer than 10 days per month, but only slightly and insignificantly increased
among women who used progestins for 10-21 days per month. However, further
analysis by duration of use of combined HRT showed that the relative risk was
significantly increased (relative risk [RR] 2.5; 95% CI, 1.1-5.5) among women
who had used combined treatment with a progestin for 10-21 days per month for
5 years or more, as well as in women with long-term use of combined treatment
with a progestin for less than 10 days per month (Table 2).

Pike et al. (13) conducted a population-based study of 833 cases and 791
controls. As shown in Table 1, the relative risk was significantly increased in
women who used estrogen alone (RR per 5 years = 2.2; 95% CI, 1.9-2.5) and
in women who used combined treatment with a progestin for fewer than 10
days per month (RR per 5 years = 1.9; 95% Cl, 1.3-2.7). However, women
who used combined treatment with a progestin for 10 days or more per month
had no significant increase in risk (RR per 5 years = 1.07; 95% CI, 0.8-1.4),
nor did women who used combined replacement therapy with continuous use
of a progestin (RR per 5 years 1.07; 95% CI, 0.8-1.4; not shown in Table 1).
These results appear to differ from those of Beresford et al. (12), and more data
are needed to clarify the effects of long-term use of combined treatment with
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a progestin for 10 days or more per month. More data are also needed on the
type and dose of progestin (15).

Iv. BREAST CANCER

The epidemiology of breast cancer suggests that endogenous estrogens increase
risk: risk is increased by early menarche, late menopause, and postmenopausal
obesity, and recent prospective studies have shown that high serum concen-
trations of estradiol are associated with an increase in breast cancer risk in
postmenopausal women (16). These observations suggest that postmenopausal
hormone replacement therapy with estrogen alone may also increase breast can-
cer risk. Furthermore, whereas both progesterone and synthetic progestins stop
the endometrial cell division that is stimulated by estrogen, there is no evidence
that this occurs in the breast; therefore, there is no reason to predict that pro-
gestins might be protective for breast cancer. It is also possible that progestins
might augment the mitotic effect of estrogens and, thereby, increase breast cancer
risk (5,17).

For many years, researchers have debated the interpretation of epidemio-
logical studies of HRT and breast cancer risk; some studies did show an increase
in risk with increasing duration of use, but others appeared to show no asso-
ciation. Much of this controversy was probably due to two features of these
studies: (a) the effect of HRT on breast cancer risk is relatively small, much
smaller than the effect of estrogen replacement therapy on the risk for endome-
trial cancer; therefore, it is difficult to detect; (b) there is strong confounding
owing to menopause—women with early menopause are at reduced risk for
breast cancer, but are also likely to begin HRT therapy at a young age and to
continue treatment for a long time.

The report in 1997 from the Collaborative Group on Hormonal Factors in
Breast Cancer (6) has overcome these problems and produced definite answers
to some of the outstanding questions. This group conducted a collaborative
reanalysis of data from 51 epidemiological studies of 52,705 women with breast
cancer and 108,411 women without breast cancer. The large size of this data set
made it possible to produce precise estimates of risks, and a particular feature
of the main analyses was that women were only included if there was a reliable
estimate of age at menopause, and all results were adjusted for the number of
years since menopause.

The main findings of this analysis were as follows: (a) among current users
of hormone replacement therapy or those who ceased use 1-4 years previously,
the relative risk of having breast cancer diagnosed increased by 2.3%/year of
use; (b) 5 or more years after cessation of use of hormone replacement therapy
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Table 3 Relative Risk of Breast Cancer, Compared with Never Users, in Relation to Hormone Replacement Therapy Comprising
Estrogen Alone or Estrogen with Progestin (or Progestin Alone), by Time Since Last Use and Duration of Use

Number of
Treatment cases Relative risk (95% confidence interval)
Last use < 5 years before diagnosis
Duration < 5 years
Estrogen alone 498 0.99 (0.83-1.15) _-_
Estrogen and progestin, or progestin alone 136 1.15 (0.78-1.52) —
Duration > § years
Estrogen alone 558 1.34 (1.16 -1.52) B
Estrogen and progestin, or progestin alone 58 1.53 (0.88-2.18) ——
Last use > 5 years before diagnosis
Estrogen alone 310 1.12 (0.90-1.34) ——
Estrogen and progestin, or progestin alone 21 1.30 (0.40-2.20) B

Source: Ref. 6.
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there was no significant excess of breast cancer diagnosis overall or in relation
to duration of use; (¢) cancers diagnosed in women who had ever used HRT
tended to be less advanced clinically than those diagnosed in women who had
never used HRT.

These findings were for all use of any type of HRT in the 51 studies;
most of the data were from the United States and most of hormone replacement
therapy was estrogen alone, predominantly conjugated equine estrogens. Infor-
mation on the specific hormonal constituents of the therapy used was available
for 22 of the 51 studies. This information was used to ascertain the preparation
used most by each woman, and women were grouped according to whether
they had used predominantly preparations containing estrogens alone, prepara-
tions containing both estrogen and progestin (or progestin alone), or preparations
containing estrogen together with some other compound.

Table 3 shows the results for women known to have used predominantly
estrogen alone and for women who had used predominantly estrogen and pro-
gestin (or progestin alone). For use of estrogen alone, the relative risk of breast
cancer was significantly raised (1.34; 95% CI, 1.16-1.52) among women who
had recently used HRT for at least 5 years, but there was no significant in-
crease in risk in women who had recently used hormone replacement therapy
for fewer than 5 years or in women who had used hormone replacement therapy
5 or more years previously (irrespective of the duration of use). The results for
therapy including progestins are based on only 215 cases altogether. All three
relative risks were above 1.0 and were higher than the corresponding relative
risk in women who had used predominantly estrogen alone, but none of these
results was statistically significant.

V. CONCLUSIONS

Addition of progestins to hormone replacement therapy reduces the risk for
endometrial cancer relative to women receiving estrogen alone. The reduction is
greater if the progestin is used for 10 or more days per month than if it is used
for fewer than 10 days each month. More data are required to determine the
optimum type, duration, and dose of progestin use per month, and to determine
whether optimal use can completely eliminate the increase in risk.

There are few data for breast cancer and firm conclusions cannot be drawn
except that progestins do not protect against breast cancer. Analyses of all HRT
show that risk increases with duration of use while the therapy is being used,
but then falls after cessation of use. In the data available, breast cancer risk
is slightly higher among women receiving HRT containing a progestin than in
women receiving estrogen alone. This difference is not statistically significant,
but use of combined HRT is now very common, and more epidemiological data
are urgently needed.
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Progestins in Hormonal Replacement
Therapy and Cardiovascular Risk

Régine Sitruk-Ware
Hépital Saint-Antoine, Paris, France

l. INTRODUCTION

The main benefit for progestin use in hormonal replacement therapy (HRT)
is the protection of the endometrium by opposing the proliferative effect of
estrogens. On the other hand, several risks are attributed to progestins as a class-
effect, although the molecules used in HRT vary and do not induce the same
side effects according to their different pharmacological properties. Among the
alleged risks of progestins in HRT, cardiovascular risk has been one of the most
debated issues. This chapter will address both risks and benefits of progestins
in HRT and analyze the available data that led to opposing views on the risk of
cardiovascular disease (CVD).

It is now well established that CVD represents the major cause of death
in women, just as in men, but at a later age. In women the incidence of CVD
increases after the menopause, and the risk of atherosclerosis increases by three-
to fourfold after a natural menopause (1). Several epidemiological studies per-
formed since the early 1980s indicate about a 50% reduction in cardiovascular
morbidity and mortality in women using estrogens after the menopause (2—4).
However, controversy is ongoing over a possible selection bias in the studies (i.e.,
healthier women receive estrogens for long-term use more often than women
at risk) (3). This hypothesis has been reinforced by the recent results from the
Heart and Estrogen/Progestin Replacement Study (HERS) research group, indi-
cating that in postmenopausal women with established CHD, an HRT regimen
with conjugated estrogens (CEE) and medroxyprogesterone acetate (MPA), does

289
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not reduce mortality compared with untreated controls (5). These findings were
disappointing, but not unexpected, in the light of previous animal experiments.

Indeed, a better understanding of the mechanisms underlying the protective
effect of sex steroids was provided by animal studies using the monkey model
(6), as well as studies of postmenopausal women, using surrogate markers of
cardiovascular risk (7,8). There is now evidence that estrogens will improve the
endothelial function and, hence, the vascular tone (8), as well as improve the
lipid profile (9), the carbohydrate metabolism (10), and hemostatic parameters
(11).

The controversy was again raised over the role of progestins, prescribed
together with estrogens to protect the endometrium, and some of the most pre-
scribed molecules were shown to partially oppose the beneficial cardiovascular
effect of estrogens (12). Unfortunately, that concern was directed toward pro-
gestins as a class effect, although several categories of progestins are often
prescribed, and striking differences exist according to the type of molecules
that have been tested (13-15). Obviously, natural progesterone and some of its
derivatives, such as the 19-norprogesterone molecules, do not exert any andro-
genic effects (13,15); hence, no negative effect on the lipid levels, whereas the
19-nortesterone derivatives and even some 17-hydroxyprogesterone molecules
exert a partial androgenic effect (13,16), explaining some of the negative effects
observed on cardiovascular risk factors or on surrogate markers of risk.

Given these class differences, it would appear inappropriate to claim that
progestins in general compromise the cardioprotective effects of estrogens with-
out specifying which of these progestins reverse the estrogenic effects and those
that do not as indicated by the existing data.

il. EPIDEMIOLOGICAL DATA

A. Coronary Heart Disease

Barrett-Connor (4) reported the results of her metanalysis of 25 published studies
on the relation between HRT and coronary heart disease (CHD). The relative
risk (RR) for estrogen users was 0.7 (confidence interval [CI], 0.65-0.75) and
in the studies that assessed the combined HRT, the RR was 0.66 (CI, 0.53—
0.84). Among the studies included in the metanalysis, an epidemiological study
analyzing the relative risk of myocardial infarction of estrogen—progestin users
versus nonusers, indicated a ‘‘protective’’ effect for all therapies, as compared
with no treatment, even in the group using levonorgestrel, the most androgenic
of the progestins used so far in HRT (17).

Grodstein et al. (18) reported the relation between cardiovascular disease
and HRT in 59,337 women followed for up to 16 years. Compared with the
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Table 1 Key Ongoing Trials Focusing on Primary or Secondary Prevention of
CHD and Including Progestin Treatment in Combined HRT

Steroids ~ Expected
studied Population ' results
Primary prevention ‘
WHI (Women’s Health Initiative) CEE/MPA 164,000 2005
MRC-HRT study CEE/MPA 34,000 2006
(Medical Research Council)
Secondary Prevention
HERS (Heart and Estrogen/Progestin CEE/MPA 2,763 1998
Replacement Study) with CHD (Ref. 25)

Coronary atherosclerosis '
WELL~-HART (Women’s E/P Lipid E,/MPA with CHD 20017
Lowering Hormone Atherosclerosis
Regression Trial)

risk of major coronary heart disease for women who did not use hormones,
the relative risk was 0.6 (95% CI, 0.43-0.83) for women using estrogens alone
and even lower at 0.39 (CI, 0.19-0.78) for those using combined hormones. The
authors found no association between stroke and use of combined hormones. For
this study, conducted in the United States, the progestin used was nearly always
medroxyprogesterone acetate. Although this large observational study confirms
the previous results of Falkeborn et al. (17) in Sweden and Psaty et al. (19)
in the United States, the possibility of a selection bias is raised again. Women
who stay on long-term HRT are usually healthier, on average, than those who
do not, with lower blood pressure, lower weight, and they exercise more often.
Grodstein et al. (18) have adjusted for these confounding factors as did the
other researchers. However, only the long-term, randomized, controlled trials,
will bring a definite conclusion (Table 1).

B. Primary and Secondary Prevention Trials

Several ongoing epidemiological trials focus on primary or secondary prevention
of CHD (5,20). From all the large ongoing studies, HERS has published the first
results (5). The other trials will be completed just after the turn of the century
(see Table 1).

The Women’s Health Initiative in the United States and the Medical Re-
search Council—HRT study, in Europe are designed as long-term primary pre-
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vention trials and would enroll postmenopausal women without coronary disease.
The long-term follow-up under treatment or placebo will help answer the ques-
tions of the presumed protective effects of HRT in preventing the occurrence of
CVD and CHD. In women using estrogen alone, observational studies indicated
an 80% reduction of risk, also in secondary prevention, in women with doc-
umented coronary disease (4). In the latter women, it was not clear, however,
whether estrogen plus progestin would improve survival or not until the results
of HERS appeared.

Among the secondary prevention trials addressing that question, the Heart
and Estrogen/Progestin Replacement Study (HERS) recently gave a negative
answer (5). The study was designed to determine whether estrogen (conjugated
equine estrogen; CEE) plus continuous progestogen (medroxyprogesterone ac-
etate; MPA) is better than placebo in preventing recurrent events in women
with documented coronary disease. In this randomized, double-blind, placebo-
controlled trial, 2763 women have been followed up for 4.1 years on average.
The main objective of the study was to determine whether HRT would reduce
the morbidity and mortality of cardiovascular disease in this high-risk group,
and the primary outcome was the occurrence of nonfatal myocardial infarction
(MI) or CHD death.

After 4 years of follow-up the same number of events were recorded
in both the active and the placebo groups, indicating that the combined HRT
regimen selected did not reduce the overall rate of coronary events in post-
menopausal women with previous CHD. Their relative hazard (RH) for a further
event was 0.99 (95% CI, 0.8-1.2). Also, there was no significant difference be-
tween groups in any of the secondary outcomes, despite a net decrease in low-
density lipoprotein (LDL) and an increase in high-density lipoprotein (HDL)
cholesterol levels in the hormone group. A more detailed analysis is ongoing
to explain why the therapy did not bring the expected protective effect of HRT.
Nevertheless, the authors concluded that, although they do not recommend start-
ing HRT for the secondary prevention of CHD, they would find it appropriate
for women receiving it to continue, given the favorable pattern of CHD events
after several years of treatment.

Angiographic trials are also ongoing comparing estrogens with and without
progestins with placebo on the vessels of women with previously documented
CHD. These studies will answer the question of whether HRT can slow or even
reverse the accumulation of atherosclerotic plaque in the coronary arteries by
providing direct evidence of the arteries’ anatomical changes. It is obvious that
different molecules may bring along different results; unfortunately, most of
the large ongoing trials have selected the same HRT regimen for their study
design, and we will not have an answer about a possible beneficial effect of
other treatment regimens.
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C. Stroke and Venous Thromboembolism

Hormone replacement therapy is not consistently associated with a reduced or
increased risk of stroke, either of hemorrhagic or thromboembolic origin (4). In
the large cohort studies, and in mainly the Nurses Health Study (18), no signif-
icant association has ever been found between stroke and hormones. In recent
observational studies current users of HRT have been found to be at an increased
risk of venous thromboembolism (22-25). Three papers published in Lancet on
12 October 1996, led to a published statement from the Committee on Safety of
Medicines of the MCA in the United Kingdom (26). The articles express con-
cern, because all studies showed an increased risk of deep venous thrombosis or
pulmonary embolism in women currently taking HRT. The relative risks ranged
from 2.1 to 3.5 according to the study (Table 2). That the risk appears to be
concentrated in the first year would suggest that some women who are more
sensitive, or with predisposing factors, would develop thrombotic events with
any HRT and then stop therapy, whereas the other women who tolerate it better
remain in the longer-term users group. The recent results of HERS indicate that
combined treatment with CEE and MPA did increase the rate of thromboembolic
events in women with previous CHD, as compared with placebo (5) (RH 2.89;
95% Cl, 1.5-5.6). This double-blind radomized, placebo-controlled study con-
firmed the results of the aforementioned observational studies. The role of the
progestin in this apparently negative effect has to be evaluated. Therefore, it is of
the utmost importance to investigate the effects of the various sex steroids on the
hemostatic parameters to select therapy with those agents devoid of unwanted
effects.

Although the large prospective trials are the only way to answer definitely
the role of HRT in CVD and CHD in postmenopausal women, several short-term

Table 2 Studies of Venous Thromboembolism with HRT

Relative risk

First Author (yr) Study population (95% CI)

Daly (23) (1996) VTE case~control 3.5 (1.8-7.0)

Jick (24) (1996) VTE case—control 3.6 (1.6-7.8)

Grodstein (25) (1996) PE cohort 2.1 (1.2-3.8)

Perez-Gutthan (22) (1997) VTE case—control Adjusted (odd ratios)
Unopposed 1.9 (1.0-3.8)
Opposed 2.2 (1.4-3.5)
Current use 2.1 (1.4-3.2)

VTE, venous thromboembolic events; PE, pulmonary embolism; CI, confidence interval.
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trials used surrogate markers of risk to compare the various molecules available
for HRT. Those markers are well-known risk factors for CVD.

lil. ROLE OF PROGESTINS ON THE RISK FACTORS FOR
CARDIOVASCULAR DISEASE

Among the main cardiovascular risk factors recognized for both men and women,
cigarette simoking, high cholesterol levels, hypertension, diabetes mellitus, and
obesity may be preventable causes of coronary heart disease (28). The existence
of atherosclerosis in the vascular tree definitely increases the risk of cardiovascu-
lar disease. In women, the estrogen deprivation following menopause may affect
several of these risk factors, and it is now well accepted that estrogen replace-
ment therapy (ERT) will improve cholesterol levels, diastolic blood pressure,
insulin sensitivity, and some of the clotting factors (9-11,13). The beneficial ef-
fects of estrogens on the vasodilating endothelial factors, hence, on vasomotion
(29), would definitely play a major role in the primary prevention of coronary
heart disease in women.

A. Effects of the Progestins on Lipids and Lipoproteins

Most of the studies evaluating the effect of estrogens on the lipoproteins indi-
cated a reduction of LDL-C levels and an increase of HDL-C levels by 10 to 15%
(13) (see also Chap. 20). The addition of a progestin to ERT may affect the lipid
formula, however, the effects differ according to the type of the progestogen.
Progestogens with androgenic properties partially reverse the HDL-raising effect
of estrogen (13,30), whereas natural progesterone and some 19-norprogesterone
derivatives, such as nomegestrol acetate do not affect the HDL levels (13,31).
The results from various studies indicate that it is not the dose or route of
administration that is the most important factor to consider for progestins’ effect
on HDL, but rather, the molecule from which they derive. Those progestogens
derived from progesterone and devoid of androgenic properties, do not impede
the beneficial estrogen effects. Therefore, as a pratical recommendation, one
should conclude that, overall, the effects of most HRT regimens on lipids and
lipoproteins would, on balance, seem to be beneficial (9), but the selection of
the least androgenic progestins should be recommended for long-term therapy.

B. Effects of Progestins on Carbohydrate Metabolism

Glucose intolerance and hyperinsulinemia are well-known risk factors for car-
diovascular disease. Postmenopausal women have an age-related deterioration
of glucose metabolism (32) and have a reduced number of peripheral insulin re-
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ceptors, compared with premenopausal women in the early follicular phase (33).
Insulin is a potent stimulus to endothelial cell growth and also regulates LDL
receptor activity (34,35). Therefore a reduction in fasting insulin levels may be
important in controlling one of the mechanisms of CVD (see also Chap. 21).

In several studies using various progestins in combined HRT, variations
in response to oral or IV glucose tolerance test are observed according to the
androgenic or nonandrogenic properties of the progestin used, the latter being
neutral toward carbohydrate metabolism (10,36-38).

C. Efifects of Progestins on the Hemostatic Risk Factors

The suggested preventive effect of sex steroids on the development of atheroscle-
rosis might be counteracted by their possible thrombogenic effect, indicated by
recent studies among oral contraceptive users. Obviously, ethinyl estradiol con-
tained in the contraceptive pill is no longer used in ERT, and the so-called
third-generation progestins are not yet widely used for HRT.

In the large 3-year Progestin/Estrogen Postmenopausal Intervention Trial
(PEPI trial) the combined regimen of equine estrogens plus MPA or plus pro-
gesterone lowered fibrinogen levels (13), one of the markers considered to be an
independent risk factor for myocardial infarction and stroke (11). The plasma
fibrinogen concentrations increase with age, especially during the menopausal
transition. In a 2-year open, prospective study, 42 postmenopausal women re-
ceived estradiol given transdermally (50 pg/day) and MPA (5 mg/day, 12 days
every second month). The hemostatic risk factors were measured at baseline, at 3
months, and after 2 years of treatment, and compared with the results observed in
an untreated control group of 18 postmenopausal women, as well as a reference
group of 20 premenopausal women. Fibrinogen levels significantly decreased
under ' HRT, whereas they slightly increased in the untreated women. Similarly,
factor VII antigen and PAI-1 antigen decreased after 2 years of treatment, but
slightly increased in the control group. There were no changes in antithrombin
I (AT-III) or protein C values in any group. Therefore, a beneficial effect of the
sex steroids used in the study was demonstrated on the hemostatic parameters
involved as a defense system against thrombosis (11). Also with a progestin
other than MPA, Basdevant et al. (38) showed no effect of nomegestrol acetate
on plasminogen, fibrinogen, or proteins C and S. The only change observed was
a significant increase in antithrombin III which indeed may not be considered
as a negative effect.

D. Effects of Progestins on Blood Pressure

Menopause by itself has no influence on high blood pressure (BP) according to
longitudinal studies (39). Whether normotensive or hypertensive women would
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be at higher risk of increased BP under treatment has been questioned. Recently,
Foidart et al. (40) have evaluated the effect of transdermal estradiol (50 pg/day)
and sequential use of MPA (10 mg/day for 12 days/month) on the blood pres-
sure of hypertensive women whose condition was therapeutically controlled.
Only 1 patient out of 92 experienced an increase in diastolic blood pressure; no
effect of treatment was detected on either the systolic or diastolic blood pres-
sure of the remaining 91 patients. In another study, long-term treatment with a
combined regimen of transdermal estradiol and medroxyprogesterone acetate in
normotensive postmenopausal women was reported by Pang et al. (41). In this
study, treatment was associated with a reduction in mean systolic and diastolic
blood pressures. In neither study did combined HRT with MPA as the progestin
component appear to affect blood pressure negatively.

IV. DIRECT EFFECTS OF PROGESTINS ON THE VESSELS

Much attention has been directed toward the effects of sex steroids on the vessels
and, although estrogens exert beneficial effects on the vascular wall, it has been
suggested that some progestins may reverse that benefit.

A. Atherosclerosis

The relevance of the lipid changes induced by sex steroids has been questioned,
as the role of HDL changes in the alleged cardiovascular protective effects of
estrogens accounts for 30%, to a maximum of 50%, of these effects (42). The
results obtained by Adams et al. (14) in the female cynomolgous monkey de-
nied a direct relation between lipid changes and atherosclerosis. These authors
examined the effects of sex hormone replacement therapy on diet-induced coro-
nary artery atherosclerosis, expressed as the plaque area developed in the vessels
of female ovariectomized monkeys. The animals received either no therapy or
estradiol, or combined estradiol and progesterone from subcutaneous implants.
In parallel, the animals were fed with a highly atherogenic diet for 25 months.
The plaque area was significantly decreased in both groups of animals that re-
ceived steroids, although HDL and total cholesterol levels were not significantly
different among groups. Their results suggest, first, that HRT has antiatherogenic
effects independently of variation in the lipid formula, and second, that natural
progesterone does not reverse the beneficial effect of estradiol. To date, these
results have not been reproduced with other progestins (Table 3 and Fig. 1).

B. The Vessel Wall and Endothelial Factors

The most recent studies on the mechanisms by which estrogens may afford
cardioprotective effects have examined their effect on endothelial function. The
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Table 3 Coronary Artery Atherosclerosis (Plaque Area), Total Plasma Cholesterol
(TC) and Plasma HDL Concentrations in Ovariectomized Monkeys With or Without
Sex Steroid Treatment Given During 25 Months

No treatment E, +P Ey
Variable n=17 n=720 n=18 p
Plaque area (mm?) 0.204 0.105 0.109 p = 0.002
TC* (mg/dL) 463 +26 433 +30 448 £ 33 NS
HDL* (mg/dL) 349440 352433 359+3.0 NS

*means + SEM; NS, not significant; Ey, estradiol; p, progesterone (implants).
Source: Ref. 14.

presence of estrogen- and progesterone-binding sites in endothelial cells and the
vessel wall has been documented in animal and human arteries (43). A direct
role of estrogens on the endothelium has been suggested and may be related to
binding of the steroids to their receptors.

The endothelium is actively involved in regulating vascular tone through
the production of endothelial factors with vasodilating or vasoconstricting prop-
erties. Hayashi et al. (44) have found evidence of a greater production of nitric

Figure 1 Effects of sex hormone replacement therapy on the coronary artery
atherosclerosis (plaque area) in ovariectomized monkeys. (From Ref. 14.)
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oxide in female than in male rabbit aorta, suggesting that estrogens might affect
the release of this endothelial vasodilating factor. In postmenopausal women,
the levels of vasodilatory factors, nitric oxide, and prostacyclin, as well as
vasoconstrictive factors—endothelin-1 and thromboxane-A,—vary under ther-
apy. Ylikorkala et al. (45) have recently shown that especially women who
smoke have high levels of endothelin-1. In these women, transdermal combined
therapy, with estradiol and norethisterone acetate, was able to significantly de-
crease the levels of that potent vasoconstrictive agent.

C. Smooth Muscle Celis

Other recent studies performed in vitro, on vascular smooth muscle cells (VSCM)
indicated that sex steroids, both Ep and P, inhibit their proliferation (46). Pro-
gesterone at physiological levels inhibited DNA synthesis and proliferation in
these cells in a dose-dependent manner (47).

D. Vasomotion

From the major studies performed in the primate model at the Winston-Salem,
Bowman Gray School of Medicine, since the early 1990s, it is now well-known
that sex hormones modulate the vasomotor response of the main arteries, par-
ticularly the coronary arteries. ‘

In the cynomolgus monkey (6,18), 178-estradiol modulated the responses
of the coronary arteries of the animals to acetylcholine (ACh). Estrogen-deprived
-athetosclerotic monkeys were compared with animals receiving estrogen replace-
ment therapy. The degree of coronary artery constriction following an infusion
of ‘acetylcholine. was measured in both groups of animals. Paradoxical vaso-
constriction occurred following ACh administration in the untreated animals,
whereas estradiol therapy restored the normal endothelium-dependent vasodila-
tion. The process occurred rapidly, vasomotion being restored to normal within
20 min of an intravenous injection of estrogens. Progesterone did not reverse the
effects of estrogens. The authors concluded that estrogens preserved the normal
endothelium-mediated dilation of coronary arteries, and natural progesterone did
‘not reverse this potential cardioprotective mechanism.

Similar regulation of the vasomotion was found in women with coro-
nary disease, those receiving ERT exhibiting a dose-dependent vasodilation in
response to ACh, in contrast with the untreated women who exhibited a vasocon-
‘striction (48). The changes observed in the vasomotion of the postmenopausal
women appear to be as prompt as observed in monkeys (49). Collins et al. (50)
showed that intracoronary estradiol decreased the ACh-induced vasoconstriction
in nine postmenopausal women, but not in seven men of similar age.
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Figure 2 Coronary artery vasomotion in ovariectomized monkeys treated with sex
steroids: CEE, Conjugated equine estrogens; MPA, medroxyprogesterone acetate. (From
Ref. 6.)

It has been suggested that progestins would partially reverse the estrogenic
effects based on the assumption that these molecules exert an antiestrogenic
effect at several target levels. Sullivan et al. (12) studied the effects of conjugated
equine estrogen, given alone during 21 days and with added progestin, MPA
10 mg for 10 days, on forearm vascular resistance in postmenopausal women.
They found that resting vascular resistanee and resistance after cold pressor
stimulation rose significantly and at a higher level during combined treatment
than after estrogen alone.

In the monkey model, as described earlier, the addition of cyclic or contin-
uous MPA to estrogens inhibited ACh responses by 50% (51) (Fig. 2). Williams
et al. (51) administered MPA to ovariectomized animals with diet-induced athero-
sclerosis. The progestin was given either continuously at a low dose, or at a
cyclic, high-dose regimen. Both regimens were equivalent to the currently rec-
ommended regimens used in postmenopausal women. In both instances, MPA
decreased the estrogen-induced dilator response to ACh. However, other pro-
gestins exert different effects on the vascular tone.
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Miyagawa et al. (52) comparing the effects of progesterone and MPA on
the same model, from the standpoint of coronary artery vasospasm, showed that
progesterone plus estradiol protected, but MPA plus estradiol failed to protect,
allowing vasospasm. Conversely, Williams et al. (53,54) indicated that a nonan-
drogenic progestin, nomegestrol acetate, does not diminish the beneficial effects
of estrogen on the coronary dilator response in monkeys.

Although these studies differed in design and in duration of follow-up,
it appears that not all progestins act similarly on vasomotion. Different HRT
combinations may affect the vascular reactivity in different ways. From the data
now available, nonandrogenic molecules would appear to be safer in that respect.

V. CONCLUSION

Although the benefits of progestins are undisputed as far as endometrial pro-
tection is concerned, the controversies related to the potential risks have to be
reassessed according to the type of progestins considered. Progesterone itself
and natural derivatives of the molecules do not display androgenic properties;
hence, they behave differently on the vascular wall than androgenic progestins.
Further epidemiological data are needed that consider separately the different
types of steroid used in clinical practice, which vary from country to country.
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Control of Estrogen’s Effects by
Progestins in Breast Cancer

Jorge R. Pasqualini
Hormones and Cancer Research Unit, Paris, France

. INTRODUCTION

Recent statistical information indicates that in the United States 1:8 women will
be at risk of developing breast cancer during her life; the values are 1:12 for
countries of the European Community, and 1:80 for Japan. Two-thirds of breast
cancers are manifested during the postmenopausal period. The great majority
(approximately 95%) are initially hormone-dependent, for which estradiol plays
a predominant role in their development and evolution (1-4). The remaining 5%
of breast cancers, denoted BRCA-1 and BRCA-2, are considered hereditary; the
gene BRCA-1 is localized on chromosome 1721 (5,6) and gene BRCA-2 on
chromosome 13q12-13 (7,8).

Three main enzymatic mechanisms are involved in the last steps of estra-
diol formation: the ‘‘sulfatase pathway,”” which transforms estrone sulfate into
estrone; the ‘‘aromatase pathway,”” which converts androgens into estrogens;
and the 17B-hydroxysteroid dehydrogenase (178-HSD) mechanism, which trans-
forms estrone into estradiol.

Figure 1 gives a schematic representation of the enzymatic process in-
volved in the formation and transformation of estrogens in breast cancer.

There is a huge amount of information showing that breast cancer tissues
contain the enzymes necessary for the formation of estradiol (E;) from circu-
lating precursors; these processes include sulfatases (9-15), aromatase (16-18),
and 178-HSD (19-22) activities. Breast cancer tissues also have the capacity to
form estrogen sulfates from unconjugated estrogens. Estrogen sulfotransferase
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Figure 1 Enzymatic mechanisms involved in the formation and transformation of
estrogens in human breast cancer. The sulfatase pathway (A) is quantitatively 10-500
times higher than that of the aromatase pathway (B): 178-HSD; 178-hydroxysteroid
dehydrogenase.

activity was demonstrated in breast tumors (11,23), as well as in isolated human
breast cancer cells (24). ;

After a period that can span several years, the breast tumor becomes
hormone-independent by a very complex process, still under scrutiny. One expla-
nation for the progression toward hormone-independence may be the presence
of estrogen receptor (ER) mutants (25,26). As the cancer cell evolves, mutations,
deletions, and truncations appear in the receptor gene (27-29), the ER becomes
“‘nonfunctional’” and, despite estrogen binding, the cancer cells do not respond
to the hormone; this might explain why 35-40% of breast cancer patients who
are ER-positive fail to respond to antiestrogen therapy (30,31).

. ESTROGEN CONCENTRATIONS IN BREAST
CANCER PATIENTS '

Estrone sulfate (E;S) is quantitatively the most important circulating estrogen
in the menstrual cycle and in postmenopausal women (32,33). Because during
the postmenopausal period, two-thirds of breast cancers are manifest, and in
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Figure 2 Mean concentration of estrone (E;), estradiol (Ey), and their sulfates (E;S,
E;S) in the tumoral tissue of pre- and postmenopausal patients with breast cancer
(vertical bars = S.E.).

that period, as a consequence of the ovary being nonfunctional, the circulating
estrogens are very low, it was interesting to evaluate the tissue levels of the
various estrogens in postmenopausal patients with breast cancer.

Figure 2 gives the concentration values of Ej, Ej, and their sulfates (E;S,
E,S) in the breast tissues of pre- and postmenopausal patients with breast cancer.
The high estrogen concentrations in the tumor of postmenopausal patients are
noteworthy, in particular that of E;S.

Table 1 Ratio® Concentration Between the Tumor Tissue and
Plasma of Estrone (E1), Estradiol (E;), and Their Sulfates
(E1S, E;S) in Human Breast Cancer

Patients E; E, E;S EsS
Premenopausal 7 5 03 2
Postmenopausal 6 22 9.0 4

2The ratio corresponds to values obtained with the tissue concentration
of each estrogen (pmol/g) divided by the plasma concentration of the
respective estrogen (pmol/mL). The data represent the average values
obtained from 10-15 patients.

Source: Ref. 34.
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Table 1 gives the tumor/plasma concentration ratios of the various es-
trogens. As observed, the gradient of tumoral tissues to blood increases very

significantly for E; and E;S when pre- and postmenopausal patients are com-
pared.

lll. SULFATASE VERSUS AROMATASE ACTIVITIES IN
BREAST CANCER

As the two main pathways of estrogen formation in the breast tumor are the
transformation of androgens by aromatase and the conversion of estrone sul-
fate to estradiol by sulfatase, the quantitative evaluation of these activities in
the breast tumor is the most interesting. Figure 3 shows that the tumoral sul-
fatase activity is many times higher than that of aromatase in both pre- and
postmenopausal women (34). Figure 4 shows data on the activities of sul-
fatase (A) and aromatase (B) in individual patients. The values of both en-

zymes are significantly higher in postmenopausal than in premenopausal patients
(34).

IV. EFFECT OF PROGESTINS ON THE PROLIFERATION
OF HUMAN BREAST CELLS

A. In Normal Breast

Despite that development of human breast starts during fetal life, the breast is
one of the few organs of the body that is not completely developed at birth.
Its growth, with lobule formation, occurs during puberty, but the development
and differentiation are completed only at the end of puberty and then regress
in the postmenopausal period. During the menstrual cycle, the volume and
morphology of the breast is a function of the fluctuations of gonadal steroids
{mainly estrogens and progesterone). The maximal epithelial mitosis is found
between 22 and 26 days of the cycle, which corresponds to the high serum
levels of estradiol and progesterone (35). During pregnancy, it is suggested that
the elevated values of circulating progesterone are responsible for the induc-
tion of the lobular-alveolar development, to prepare the breast for lactation
(36).

A possible ““direct effect’” of progesterone was extensively explored in in
vitro studies using organ culture, transplantation of normal human breast to nude
mice, or primary cell culture. The data on the effect of progesterone on breast
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and postmenopausal patients with breast cancer (horizontal line is mean value). (From
Ref. 34.)

epithelial proliferation are contradictory. Progesterone increases DNA synthe-
sis in normal breast epithelium in organ culture (37). However, other studies
show that progesterone either decreases or has no effect on the proliferation
of normal mammary epithelium explanted into nude mice (38,39). In normal
epithelial human breast cells, the progestin, promegestone (R-5020) decreases
cell proliferation (40).

Progestins can inhibit (40) or not (38,41) the stimulatory effect provoked
by estradiol. The present information clearly demonstrates that, in normal breast,
gonadal steroids can act directly in the epithelium, but a possible paracrine
mechanism involving stromal factors is to be explored.
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B. In Breast Cancer

The effects of progestins on cell proliferation in in vivo studies in patients
with breast cancer are very limited. Most of the data were observed after a
combined treatment of estrogens plus progestins. Interesting information was
obtained after administration of progesterone alone in patients with breast can-
cer, in whom a decrease in growth was found in four of six tumors; how-
ever, in the other two there was stimulation of growth (42). The same authors
reported that in a combined treatment of estradiol plus progesterone, growth
increased in four of seven patients at low doses, but treatment with 10- to 100-
fold higher concentrations of both hormones invariably led to a decrease in
proliferation.

The most important information on the effect of progestins in breast cancer
was explored with isolated models: cell lines, organ culture, or transplantation of
breast cancer cells in nude mice. The data are contradictory, as it was reported
that progestin can either inhibit (43-47), stimulate (48-52), or have no effect
(53) on the proliferation of breast cancer cell lines.

The structure of the progestins is an important parameter because, in ad-
dition to their progestagenic activity, they can possess estrogenic, androgenic,
and glucomineralocorticoid properties (54—56). 19-Norprogestins (such as those
derived from testosterone: norethindrone, norgestrel, or norethynodrel) possess
a weak estrogenic activity and can stimulate (at 107® M) the proliferation of
ER™, but not ER™ breast cancer cells (48). Interesting data were obtained with
nomegestrol acetate (Lutenyl), a 19-norprogestin derivative. This compound does
not possess estrogenic activity and is exclusively antiproliferative in MCF-7 and
T-47D cells. It was postulated that the estrogenic activity is determined mainly
by the 17«-hydroxyl group associated with estrogenic progestins, rather than
by the absence of a methyl group at the C-19 position (57). Differences in the
effects of progestins in cell proliferation could also be due to the experimental
conditions (source of cell lines, media, sera, presence of phenol red, insulin,
duration of treatment) as well as to dose concentration (58-63).

The effects of progestins alone or in combination with estradiol on the
proliferation of tumor cell lines are markedly different. A series of data indicate
that progestins can stimulate cell proliferation in an estrogen-free environment
and induce inhibition of cell growth when cells are cultivated in an estrogenic en-
vironment (58,64). This observation could be explained by the well-known fact
that estradiol is necessary to induce the progesterone receptor (PR) (65). How-
ever, Horwitz and Freidenberg (45) show that R-5020 can inhibit the growth of
the ER™ T-47Dco antiestrogen-resistant cell line, in which the two PR isoforms
are constitutively expressed.

The process by which progestins are involved in the regulation of cell
growth includes steroid receptors (66,67), growth factors and their receptors,
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oncogenes (68-71), cell cycle (72,73), and the effect on the enzymes implicated
in the formation and transformation of estrogens (see Sec. V).

V. EFFECT OF PROGESTINS ON THE ENZYMES
INVOLVED IN THE FORMATION AND
TRANSFORMATION OF ESTROGENS IN NORMAL
AND CANCEROUS BREAST CELLS

A. Effect of Progestins on Estrone Sulfatase

The estrone sulfatase activity in mammary tumors is significantly higher in post-
menopausal than in cycling patients, and this activity is increased in the tumor
tissue, compared with the surrounding area or in areas considered as ‘‘nor-
mal’’ (34,74). No correlation has been found between sulfatase activity lev-
els and estrogen receptor status (75,76). However, in intact breast cancer cells
in culture, a marked difference in sulfatase activity exists between hormone-
dependent (MCF-7, T-47D) and hormone-independent (MDA-MB-231, MDA-
MB-468) cells. The former possess high activity, whereas the latter have little
effect on the hydrolysis of estrone sulfate (77,78); however, when these hormone-
independent cells are homogenized, the sulfatase activity is restored (14,79).
The data suggest that, in the mechanism involved in the hydrolysis of the sul-
fate, *‘stimulatory factors’’ necessary for the enzyme activity are present in the
hormone-dependent cells, but they could be absent in the hormone-independent
cells.

The effect of progestins on the sulfatase activity in breast cancer has, as
yet, been explored in only in vitro studies. In breast tumors, progestins, such
as demegestone or chlormadinone acetate, at 10~ M, inhibit by 25-50% the
sulfatase activity (80,81). In breast cancer cells (MCF-7, T-47D), promegestone
(R-5020), nomegestrol acetate, medrogestone, norethisterone, as well as dana-
zol, at a range of concentrations between 5 x 1077 and 5 x 107° M decrease
the sulfatase activity by 40-70% (82-87). Another compound, tibolone and its
metabolites (Org 4094, Org 30126, and Org OM38) at low doses (5 x 1078 M)
are very potent antisulfatase agents, for they inhibit the activity of this enzyme
by 80-90% in these cell lines (88). Table 2 gives a comparative study on the
effects of the conversion of estrone sulfate to estradiol by various progestins in
the MCF-7 and T-47D cells.

B. Effects of Progestins on 178-Hydroxysteroid
Dehydrogenase

17 8-Hydroxysteroid dehydrogenase (178-HSD) catalyzes bidirectional reactions
(oxidative activity: Ep — Ej, and the reductive activity: E; — Ej) and can be
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Table 2 Effect of Various Progestins as well as Tibolone on the Conversion of
Estrone Sulfate (E;S) to Estradiol (E;) by the MCF-7 and T-47D Human Breast
Cancer Cells (% Inhibition)?

MCEF-7 cells T-47D cells

(Progestin concentration)

05uM  50uM  ICs®  05uM  50uM  ICs®

Progestins (% inhibition) (uM) (% inhibition) (uM)
Nomegestrol acetate 16 77 6.10 45 71 2.20
Medrogestone 37 84 2.50 45 88 0.35
Tibolone 93 98 0.02 93 98 0.04
Norethisterone 74 93 7.30 72 93 7.30

aE;S (5 x 1072 M) was incubated with or without the progestins or tibolone for 24 h, Data
are the average of three duplicate experiments.

bICsp, progestin concentration for 50% of inhibition.

Source: Refs. 82, 84, 88.

involved in both the inactivation or the synthesis of Ep, respectively. It is now
known that the enzyme 178-HSD consists of several isoenzyme forms (I-VII)
that express different activities, substrate specificities, regulations, and localiza-
tions (91). This aspect is very complex because the orientation of the enzymatic
activity (oxidative or reductive) is dependent on the nature and concentration of
the cofactors [NAD(P) or NAD(P)H] produced by the cells (92,93).

In normal breast tissue, it was observed that the oxidative 178-HSD activ-
ity (E; — E;) is the preferential direction, and that this activity is more intense
during the secretory phase of the menstrual cycle (19). The data is confirmed
using epithelial cells of a normal breast. In these cells, it was observed that
the progestin, promegestone, can increase the 178-HSD activity in the E; —
E; direction; this stimulatory effect of the progestin depends on preliminary
sensitization by the estrogens (94).

Immunochemical studies indicate that the cytosolic type 1 178-HSD is
essentially expressed in breast cancer tissues and in estrogen-sensitive breast
cancer cell lines (MCF-7; T-47D; ZR-75-1; R-27). This isoform is specific to
estrogens and possesses a preferential reductive activity (91,95). However, types
II and 1V, with oxidative preferential activity, have also been detected at low
levels in several cell lines (T-47D; BT-20; MDA-MB-231; MDA-MB-436) (95).
Studies on estrogen metabolism have demonstrated that the 178-HSD reduc-
tive activity is very high in hormone-dependent breast cancer cells (MCF-7; T-
47D), whereas in hormone-independent cells (MDA-MB-231; MDA-MB-468)
the oxidative activity is preferential (22,96), suggesting that there is a change
in 178-HSD phenotype in neoplastic cells (15). Figure 5 schematizes the inter-
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Figure 5 Interconversion of estrone (E;) and estradiol (Ez) in human breast cancer
cells.

conversion of estrone and estradiol in both dependent and independent human
breast cancer cells.

A series of progestins have been tested in breast tumors or in breast cancer
cells for their capacity to act on 178-HSD to decrease the production of E;.
Breast tumors from postmenopausal patients receiving lynestrenol display higher
oxidative 178-HSD activity than tumors from untreated patients. The activity
depends on the ER or PR status of the tumor (97).

Interesting results show that nomegestrol acetate, medrogestone, as well
as tibolone significantly reduce the reductive 178-HSD activity in hormone-
dependent breast cancer cells (82,84,98). This effect is more intense with the
PR-rich T-47D cells. Promegestone (R-5020) has no effect on this reductive
activity but can increase the oxidative activity (Ep — Ej) of 178-HSD in T-
47D cells (22,96). The relative inhibitory effects of various progestins on the
conversion of estrone to estradiol by the MCF-7 and T-47D breast cancer cells
are shown in Table 3.

Other authors have obtained an increase of both the reductive and the
oxidative 178-HSD activities with progesterone, medroxyprogesterone acetate
(MPA), levonorgestrel, and norethisterone in MCF-7 cells (99,100). MPA also
stimulates these dual activities in ZR-75-1 cells, whereas Org 2058 increases
the oxidative direction in T-47D cells (101,102).

C. Effect of Progestins on Sulfotransferase Activities

The formation of estrogen sulfates by the action of sulfotransferase is of partic-
ular importance because: (a) these conjugates can be utilized as reserve material
for the biosynthesis of estradiol through the action of endogenous sulfates; (b)
estrogen sulfates can be one of the ways to protect the hormone, as it is well
documented that estrogen sulfates do not bind to the estrogen receptor and have
no estrogenic activity; therefore, the increase of sulfotransferase activities can
diminish the estrogenic stimulation.

In breast cancer cells, several isoforms are present; the estrogen sulfo-
transferase (EST) is specific to estrogens and acts at nanomolar concentrations,
Hydroxysteroid sulfotransferase (HST) and phenol sulfotransferase (PST) can
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Table 3 Effect of Various Progestins as well as Tibolone on the Conversion of
Estrone (E;) to Estradiol (E;) by the MCF-7 and T-47D Human Breast Cancer Cells
(in % Inhibition)?

MCE-7 cells T-47D cells

(Progestin concentration)

05uM  50uM  ICss® 05 uM  S0uM  ICsP

Progestins (% inhibition) (uM) (% inhibition) (uM)
Nomegestrol acetate 5 46 202.7 35 85 1.1
Medrogestone 33 55 12.0 57 79 04
Tibolone 27 61 10.6 30 73 21

AR, (5 x 1079 M) was incubated with or without the progestins or tibolone for 24 h. Data are
the average of three duplicate experiments.

ICsp, progestin concentration for 50% of inhibition.

Source: Refs. 82, 84, 98.

also transform estrogens, but at micromolar concentrations (103-106). In gen-
eral, sulfotransferase activities are higher in hormone-dependent (MCF-7; T-
47D; ZR-75-1) than in hormone-independent breast cancer cells, although in
MDA-MB-468 cells, sulfotransferase activity is very elevated (24).

Little information is available on the regulation of EST expression in breast
cancer. Recent data have shown that, in hormone-dependent breast cancer cells
(MCE-7; T-47D), low concentrations (5 x 10~7 M) of promegestone (R-5020)
can increase the enzyme activity, whereas higher concentrations (5 x 107> M)
decrease this activity. This dual effect is correlated with the mRNA expression of
EST that is modulated by promegestone in a similar manner (107). A stimulatory
effect on sulfotransferase activity was also found with low, but not with high,
concentrations of medrogestone in MCF-7 and T-47D cells (Fig. 6) (108).

D. Effects of Progestins on Aromatase

The aromatase cytochrome P-450 catalyzes aromatization of androgens to estro-
gens; biochemical and immunocytochemical studies have revealed the presence
of this enzyme in the adipose stromal cells of breast cancer tissues. Although
levels of aromatase activity are relatively low in breast, this local production of
estrogens ‘‘on site’’ can contribute to the pathogenesis of estrogen-dependent
breast cancers. Aromatase inhibition by antiaromatase (e.g., by aminoglutethi-
mide, 4-OH-androstenedione, vorozole, letrozole, anastrozole [Arimidex]) is a
well-defined second-line therapeutic treatment for breast cancer in postmeno-
pausal women (109-112).
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Figure 6 Dose-response effect of medrogestone (Prothil) on the conversion of estrone
(Ey) to estrogen sulfates (ES) by the action of the sulfotransferase in human MCF-7
and T-47D breast cancer cells. (From Ref. 108.)

The role of progestins on aromatase activity in breast is not well under-
stood. Perel et al. (18) observed that progestins can inhibit the aromatase activity
in cultured breast carcinoma cells.

VI. CONCLUSIONS AND PERSPECTIVES

Recent findings in this laboratory and others demonstrate very clearly that human
breast cancer tissue contains the enzymes necessary for the formation of Ep: sul-
fatase, aromatase, and 178-HSD. Sulfotransferases, which transform estrogens
into their sulfates, are also present in this tissue. Evaluation of various estrogens:
E1, Ej, and their sulfates, in cancer tissues (see Fig. 2) of postmenopausal pa-
tients shows that the concentrations of these estrogens are relatively high. This
accumulation of estrogens in the carcinoma tissue at a period in which the ovary
is nonfunctional is very intriguing, and complementary information is required
for clarification and better understanding.

Comparative data show that, in breast cancer tissues, the sulfatase activity
is 100-500 times higher than the aromatase, suggesting that the main pathway
for the formation of Ej in this tissue is through the hydrolysis of E;S.

In another series of studies, it was well established that mRNA of sulfatase
is present in different breast cancer cells and that the expression of this messenger
is correlated with sulfatase activity. However, the capacity to hydrolyze ES in
some cell lines does not reflect the levels of sulfatase activity; for instance, for
the hormone-independent MDA-MB-231 cells the sulfatase activity is very low
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Figure 7 Hypothetical concept of the factors involved in the transformation of breast
cancer from hormone-dependence to hormone-independence. The transformation of
breast cancer cells from hormone-dependent to hormone-independent is a very com-
plex mechanism for which only limited information is now available. One interesting
discovery is the presence of ER mutants; the ER evolve to nonfunctional and the hor-
mone becomes inoperative. Another attractive aspect concerns the enzymes involved
in Ep formation. The sulfatases are very active in the intact hormone-dependent (HD)
cells but, despite the presence of the enzyme and its mRNA, the sulfatase activity in
hormone-independent (HI) cells is very low, suggesting either the presence of activator
factor(s) in HD or repressive factor(s) in HI. Similarly, in the interconversion of E;
—> Ej, the factors for the formation of E; (the biological form) are very active in
HD, whereas in HI the factor(s) act to the formation of the less active estrogen E;.
E;S: estrone sulfate; E;: estrone; Ey: estradiol; 178-HSD: 178-hydroxysteroid dehy-
drogenase.

in the intact cells, but becomes very active after homogenization of the cells. The
data indicate that the presence of the enzyme and its mRNA are not sufficient,
suggesting that other ‘‘factors’’ are involved in the mechanism for the hydrolysis
of E;S; these factors could be absent from hormone-independent cells.
Another example in the alteration of the enzyme activities implicated in
the formation of E; as the breast cancer evolves from hormone-dependent to
hormone-independent concerns 178-HSD. It was observed that in the hormone-
dependent cells, the activity of the 17-HSD is formation of E;, whereas in the
hormone-independent cells, the tendency is to the oxidative form (formation of
E1). All this information, and the interesting finding of ER mutants, suggests that
the evolution of cancer to hormone-independence is a very complex mechanism.
A present hypothetical concept of this transformation is represented in Fig. 7.
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In the exploration of sulfatase inhibitors using isolated breast cancer cells,
interesting findings were obtained with the progestins; nomegestrol acetate,
promegestone, tibolone, and medrogestone. These drugs can also block the con-
version of E; to Ey by inhibition of 178-HSD activity.

More recently it was found that some progestins (promegestone, medro-
gestone) can stimulate sulfotransferase activity. This is an important point in the
physiopathology of this disease because the estrogen sulfates are biologically
inactive.

The utilization of various progestins in trials with breast cancer patients,
showing an inhibitory effect on sulfatases and 176-HSD, and a stimulatory
effect on sulfotransferases, will provide a new possibility in the treatment of
this disease.
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l. INTRODUCTION

The label benign breast disease includes a large spectrum of physiopathological
lesions in the epithelial, stromal, or other components (adipocyte, vascular) of
the breast. The classification and analysis of benign breast disease are controver-
sial owing to the lack of a clear-cut clinical and histopathological dividing line
between the physiological and pathological changes in the breast. Much of the
controversy concerning the relation between benign breast disease and the subse-
quent development of carcinoma may be related to this ill-defined terminology.
However, a classification based on the work of Dupont and Page (1) was adopted
at the 1985 consensus meeting of the College of American Pathologists. The
concept of benign epithelial proliferative disease identifies the histological char-
acteristics of benign breast disease that have a cancerous potential. Three groups
of benign breast disease have been characterized; nonproliferative lesions, pro-
liferative lesions without atypia, and atypical hyperplasia. However, most of the
epidemiological studies have not used this new classification; consequently, two
major conditions are often considered in the epidemiological literature: fibroade-
noma and fibrocystic disease. It would also be valuable to include mastalgia as
a first stage of benign breast disease, and as a potential link to subsequent breast
cancer.
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The etiology of benign breast disease appears to be multifactorial. Al-
though the mechanisms of the breast pathological changes remain unclear, the
role of hormonal factors appears essential. In the early 1980s, on the basis of
both experimental animal studies and in vitro studies using human breast cells in
culture, estrogen was commonly accepted as the major hormonal determinant of
breast pathology. In contrast, progesterone appeared to oppose estrogen’s effects
on the breast epithelial cells both locally at the breast tissue level and centrally
at the hypothalamopituitary level by its antigonadotropic effect (2,3). Whereas
the antiestrogenic activity of progesterone has been well documented for the
endometrium, only few data are available on the human mammary gland. Obvi-
ously, the difficulties in collecting normal breast tissue, unlike the endometrial
tissue, have drastically limited the studies about the hormonal control of the nor-
mal human mammary gland. Therefore, several controversial articles appeared
during the last decade about progesterone’s action in the breast (4-6).

ll. INCIDENCE OF BENIGN BREAST DISEASE

Benign breast disease (BBD) incidence is generally overestimated. Indeed, be-
nign breast diseases are not always symptomatic, and most of the women do not
come to medical attention. Women ending with a well-defined clinical or cyto-
logical diagnostic entity, represent a selected subgroup of all cases. However, the
incidence of benign breast disease may be estimated by their prevalence rates in
autopsy studies, as well as their cumulative incidence rates from cohort studies.

In a recent review of the postmortem studies, Goehring and Morabia (7)
estimate that about one out of every two women may develop some degree of
fibrocystic breast disease during her lifetime, and one out of every five women
may develop fibroadenoma. In contrast, from cohort studies data, the cumu-
lative incidence of biopsy-proved fibrocystic breast disease before the age of
65 years was 8.8%; the corresponding cumulative incidence of fibroadenoma
was 2.2%. Thus, compared with autopsy studies only 10-20% of benign dis-
ease cases would be histologically diagnosed by biopsy. Therefore, interpreting
epidemiological studies related to pathologically proved BBD is difficult as the
cases included in the studies might be restricted to the most clinically advanced
lesions.

lil. HORMONE DEPENDENCE OF HUMAN BREAST:
CONTROVERSIES

The human breast is a target organ for the main steroids secreted by the ovary:
estradiol (Ep) and progesterone (P). The natural life cycle of the mammary



Progestins in Benign Breast Disease 329

gland is incompletely understood. However, the menstrual cycles, pregnancy,
breastfeeding, and menopause are periods of a woman’s life-time when the
breast tissue is exposed to variation in sex steroid secretion.

A. Experimental Data in Animals

Experimentally, there is indirect evidence to suggest synergy and antagonism be-
tween estradiol and progesterone on the breast tissue. Many investigators have
shown that the mammary gland of different species responds differently to es-
trogens, according to its administration, either at physiological or supraphysio-
logical doses, or in combination with progesterone (8-10).

High doses of estrogen, administered for a prolonged time to castrated
female rats, induce proliferation and dilation of the lobules in the glandular
tissue, with formation of cysts and overgrowth of the epithelium (9). Admin-
istration of estradiol to female rats results in a cascade of mammary changes
(i.e., proliferation of tubular system secretion, dilation of ducts, formation of
cysts, and fibrosis). These changes observed with supraphysiological doses of
estrogen are comparable with human fibrocystic disease. In contrast, when estra-
diol is administered in combination with progesterone, complete and proper de-
velopment of the mammary gland, with an extensive alveolar proliferation is
observed, provided the ratio between estrogen and progesterone is adequate.
Cowie et al. (8) found that a combination of estrogen and progesterone in
castrated goats resulted in uniform development and secretion when the dose
of estrogen remained low (0.25 mg/day). Therefore, maintenance of a bal-
anced ovarian hormonal function would be important for a normal mammary
development.

Which ovarian steroids stimulate normal human mammary epithelial cell
proliferation is an important issue that can be addressed, using the athymic nude
mice model. McManus and Welsch (11) and more recently Laidlaw et al. (12)
have analyzed the effects of estradiol and progesterone on normal human breast
tissue implanted into athymic nude mice. They showed that estradiol appears
to be sufficient to stimulate human breast epithelial cell proliferation at physio-
logically relevant concentrations, and progesterone does not affect proliferation
either alone or after estradiol priming. They also demonstrated a dose-response
relation between proliferation and serum estradiol concentrations. Longman and
Buehring (13) showed that progesterone or progestins, when added alone, did
not stimulate cell growth in explants of normal mammary tissue. When added
to ethinyl estradiol, progestins slow down cell growth (13).

Hormone-dependent mammary tumors can be induced in animal models
by chemical carcinogens or radiation. In animal studies, induction of breast can-
cer by a chemical carcinogen is prevented when the mammary gland has been
completely differentiated by a first full-term pregnancy before exposure to the
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carcinogen (14). Experimentally, the dimethylbenzanthracene (DMBA)-induced
tumor incidence was significantly decreased in animals previously treated with
Ep, P, or Ey + P, in that order of efficacy. Combined administration of E; +
P induced tissue differentiation similar to that observed after a first full-term
pregnancy (i.e., rapid and complete differentiation of all terminal end buds into
alveolar buds, and these into lobules). The protective effect of progesterone
against various carcinogens seems to be dependent on the time of administra-
tion relative to the carcinogen and is generally related to the stimulation by pro-
gesterone of terminal duct differentiation, thus protecting lobuloalveolar glands
from carcinogens (14,15).

B. Studies in Primates

In in vivo studies performed in surgically postmenopausal female monkeys, it
was suggested by Cline et al. (16) that medroxyprogesterone acetate (MPA),
administered orally, at doses equivalent to those used in women for hormone re-
placement therapy (HRT), would increase the tissue proliferation. These authors
indeed showed from morphometric studies that the mammary gland thickness
was increased with therapy, and also the percentage of mammary gland occupied
by glandular tissue was increased more markedly in the group. of animals re-
ceiving HRT. This finding was interpreted as a marker of a mitogenic role of the
progestin. However, there was no statistical difference in the proliferative index
measured in animals receiving estrogens alone or in combination with MPA.
In addition as E and P act synergistically to promote tissue growth and acini
formation, the increase in glandular volume may also account for the findings
of Cline et al. (16).

C. Biochemical Data

In experiments conducted on human breast adenoma cells, P regulated E; and P
receptors in epithelial cells. Also, P stimulated the enzyme 178-dehydrogenase
activity, which converts E; into Ej, a less active metabolite (10,17). The hormone
dependence of those adenomas was confirmed in tumors with a high epithelial
content. Also, progestins that are 19-norpregnane derivatives decreased cell mul-
tiplication in normal human breast cells in culture. These findings, however, have
been criticized as being obtained under experimental conditions.

In addition, another important effect of progestins is related to their ability
to decrease the amount of estrone sulfate (E1S) in breast tissue. Pasqualini et
al. (18) have demonstrated that several progestins can block the conversion of
E;S to Ep very significantly in hormone-dependent breast cells.

On the other hand, progestins exert different effects according to the steroid
from which they are derived (e.g., pregnanes, estranes, or gonanes). Some of the
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estrane derivatives are able to stimulate breast cell multiplication in vitro through
an estrogen receptor (ER)-mediated pathway. From using human breast cancer
cells lines in culture, Catherino et al. (19) described the estrogenic activity of
some 19-nortestosterone derivatives, such as norgestrel and gestodene, which
stimulate breast cancer cell growth through an estrogen receptor mechanism.
Later, Catherino and Jordan (20) tested 19-norpregnane derivatives using the
same model and showed that they inhibited cell growth and did not exhibit any
estrogenic effect. Also, some of the pregnane derivatives stimulate the apoptotic
process leading to cell death (21).

D. Role of Progesterone and Progestins on the Cell Cycle

Musgrove et al. (22) have performed elegant in vitro studies demonstrating
that breast cells in the last phase of cell cycle activity, are initially driven to
the S phase of DNA synthesis by progestins (see also Chap. 3). This effect
is transient, and further application of progestins suppresses the cyclins, then
halting the breast cell division in early G; phase. These experiments underline
a dual effect of the progestins according to the duration of their application,
and may reconcile both hypotheses for the role of progestins: stimulator or
suppressor of breast cell mitoses (22,23).

E. Human Studies

In women, the effects of sex steroids on breast tissue are less well known than
their effects on the endometrium, mainly because normal breast tissue is not
easy to sample in humans. In vivo studies were designed to detect changes in
breast structure and function during the menstrual cycle, and identify what might
predispose it to malignant changes. The uptake of tritiated thymidine has been
used for calculating a thymidine-labeling index as a measure of the proliferative
activity of the normal breast tissue at different times of the human cycle in
women undergoing breast surgery (23).

In some studies, the mitotic activity of breast epithelial cells was reported
to be higher during the follicular than during the luteal phase of a normal cycle,
whereas other authors have shown a peak of mitotic activity of epithelial cells
and DNA synthesis in the late luteal phase (24). Because the midluteal phase
of the cycle immediately follows the secretion peaks of both progesterone and
estrogen, it was inferred that progesterone is involved in the promotion of breast
epithelial cell mitoses, in contrast with the well-documented antiproliferative
effect of progesterone on the endometrium. However, this hypothesis remains
controversial, for the exact timing of the biopsy within the menstrual cycle
was not always well defined. In addition, other authors argue that breast cells
would react to the cumulative effect of estrogens and progesterone secreted over
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several cycles, rather than to the change in hormonal secretion in the 24-h period
preceding the biopsy (25,26).

The recent development of monoclonal antibodies against specific cell
proliferation marker antigens has also made possible a measurement of prolifer-
ation in cytological breast samples. Recent studies have shown the feasibility of
mammary fine-needle aspiration biopsy in healthy women (27,28). The study by
Sodergvist et al. (27) analyzed proliferation of breast epithelial cells in healthy
women during the menstrual cycle. Late luteal phase was associated with high-
mitotic activity of epithelial cells, compared with early follicular phase. Fur-
thermore, the putative specific role of progesterone, mainly based on a temporal
relation, could not be separated from a possible cumulative effect of estrogen.
Hence, the selection of the different times for mammary needle aspiration ap-
pears determinant to interpret data on breast epithelial cells in healthy women
during the menstrual cycle.

Interesting results on the interaction and effects of estradiol and proges-
terone on breast cell multiplication have recently been obtained in vivo (29).
Women undergoing surgery for benign breast disease were randomly treated
with either estradiol, progesterone, or placebo, applied locally to the breast be-
tween day 11 and 13 of the follicular phase of the menstrual cycle, before
surgery. The number of mitoses in the epithelial cells of the normal part of the
breast was counted. After estradiol treatment, both estradiol concentrations in
the breast and the number of mitoses were high. After progesterone adminis-
tration, progesterone concentration in breast tissue was high, but the number of
mitoses was low; in the placebo group, the number of mitoses was also low. The
authors concluded that in vivo high intratissular concentrations of progesterone
were able to decrease the mitotic activity of the normal lobular epithelial cells.
Similar tests were conducted in postmenopausal women before breast surgery.
Exposure to progesterone for 14 days reduced the estradiol-induced proliferation
of normal breast epithelial cells in vivo (30).

IV. EPIDEMIOLOGICAL DATA

A. Oral Contraceptives and Risk of Benign Breast Disease

Previous epidemiological studies have suggested that oral contraceptives (OC)
use is associated with a significant decrease in the fibroadenoma incidence.
A significant duration effect has been observed. The large Royal College of
General Practitioners Study, performed in the early 1970s, in 46,000 women,
showed that for a fixed dose of ethinyl estradiol (EE) in the oral contraceptives,
increasing doses of the same progestogen (a 19-nortestosterone derivative) led
to a decreased risk of fibroadenomas in young women (31).
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Only few studies have analyzed the effect of the new low-dose OC. In one
study, the decreased risk observed with OC containing 50 ug of EE, was not
found for pills with a lower content in EE (32). Controversial results have been
observed for the relation between OC use and fibrocystic disease. A lower risk of
fibrocystic disease has been observed with OC use (33). However, when patho-
logical lesions associated with high cancerous potential are taken into account,
OC use has no significant effect (33).

B. Hormonal Replacement Therapy and Benign
Breast Disease

Although mastalgia is a relatively common side effect of postmenopausal estro-
gen therapy (ERT) sometimes related to overdosage, there are few data suggest-
ing that postmenopausal women receiving estrogen replacement therapy may
develop an increased incidence of benign breast disease.

A large metanalysis of epidemiological studies evaluating the relation be-
tween ERT and breast cancer found no association between ERT and breast
cancer in women with a previous history of benign breast disease. The relative
risk for users compared with nonusers was 1.16 (95% confidence interval [CI];
0.89-1.5), which was not statistically significant (34).

Some discrepancies between the various epidemiological studies may be
related to the fact that a previous history of benign breast disease is defined
differently, according to the studies (34,35). Nevertheless, in women with a
previous history of fibrocystic disease with atypia and a history of breast cancer
in a first-degree relative (mother or sister), ERT should be prescribed only if the
breast x-ray is normal, and monitoring should be made on a regular basis.

C. Postmenopausal Estrogen Therapy and Breast Cancer

The relation between long-term ERT and risk of breast cancer remains contro-
versial. A large metanalysis has shown an increased risk (30%) in long-term
users (510 years) (35). This result essentially concerns estrogen-only use. Few
studies have focused on combined estroprogestin hormonal replacement therapy
(HRT) and risk of breast cancer. This relates to the recent coprescription of pro-
gestins with estrogens for menopausal therapy, especially in the United States
where most of the large epidemiological studies were conducted. Three most
recent studies showed contradictory results. In the Nurses Health Study (36),
concerning 70,000 women who were followed for up to 16 years, the relative
risk (RR) of breast cancer was significantly increased among women who were
current users of estrogens (RR, 1.32; CL, 1.14-1.54) or of combined estrogens
and progestins (RR, 1.41; CI, 1.15-1.74). No statistically significant difference
was observed between the two groups using either estrogens alone or combined
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HRT. The main finding was of an earlier appearance of risk, after 5 years of use
of HRT. In the two population-based control studies published shortly after the
Nurses Health Study, no increase in risk of breast cancer, in any group of HRT
long-term users was observed (37,38). A complete reanalysis of all these studies
has been made by Valerie Beral et al. (39). The results have been published and
are reported in Chapter 15.

These conflicting data have resulted in an active controversy over whether
progestins should be added to estrogens in HRT and especially whether hys-
terectomized women would need progestins (6). Our experience has been to
recommend combined therapy also in hysterectomized women.

D. Mastalgia and Risk of Breast Cancer

Cyclic pain (mastalgia or mastodynia) must be defined and differentiated from
other thoracic or intercostal pain. Painful bilateral swelling of the breasts, be-
ginning toward the end of the cycle and lasting at least 4 days and up to 3
weeks before menstruation, but is alleviated after menstruation, is most likely
hormone-dependent (40). Sometimes, however, the pain and swelling can start
2 or more weeks before menstruation. The women are asked specifically about
the characteristics and intensity of mastalgia to eliminate other causes of the
painful symptoms.

A strong association between a previous history of cyclic mastalgia and
increased breast cancer has been found in a case—control study (41). In that
study, 210 premenopausal women, younger than 45 years old and with a recently
diagnosed breast cancer, were matched with 210 controls (for age, age at first-
full term pregnancy, and socioeconomic status) (40). The cyclic mastalgia was
associated with a twofold increase of relative risk of breast cancer (2.1 [95% CI,
1.3-3.4], adjusted relative risk for a familial history of breast cancer, personal
history of BBD, and age at menarche) with a significant symptom—duration
effect. These results have been confirmed by Goodwin et al. (42), who showed by
another methodological approach a significantly increased risk of breast cancer
in women with severe mastalgia. Therefore, mastalgia appears to be a marker of
breast cell susceptibility and should not be neglected, especially when women
are incapacitated by severe pain.

V. TREATMENT OF BENIGN BREAST DISEASE

A. Rationale for Treatment of Benign Breast Disease

For many years, long-term prospective studies have indicated that women with
a previous breast biopsy for benign breast disease (BBD) were at increased
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risk of breast cancer. More recent epidemiological studies have indicated that
the risk was higher in women who exhibited proliferative lesions associated
with fibrocystic disease when atypia was identified, compared with women with
nonproliferative disease. :

Two controversial hypotheses prevailed during the last two decades, both
related to the characteristics and the number of menstrual cycles before a first
full-term pregnancy. On one hand, Korenman (4) suggested that anovulatory
menstrual cycles, with an estrogen secretion unopposed by progesterone and
with infertility, increased the woman’s risk of breast cancer. His hypothesis was
based on the role of estrogen—progesterone imbalance, leading to an ‘‘unopposed
estrogen effect,”” favoring the development of breast disease. With this rationale,
progestin treatment for various benign breast diseases and menstrual disorders
has been proposed (3).

On the other hand, Key and Pike (5) proposed the ‘estrogen augmented by
progestogen’” hypothesis. Here, the cumulative number of ovulatory menstrual
cycles may represent an important etiological factor and some epidemiological
hormonal risk factors for breast cancer could be explained.

The treatment of benign breast disease should be considered only in terms
of its ability to correct breast cell overproliferation. That only benign breast
disease with proliferative changes increases the breast cancer risk argues for
the necessity to correct these changes, to keep the breast cells in a low rate of
proliferation.

B. Progesterone and Progestins for the Treatment of
Benign Breast Disease

Several therapeutic options have been used in women with BBD (40,43). Among
those are danazol, progestins, bromocriptine, GnRH analogues, antiestrogens,
and primrose oil. For the purpose of this chapter, only the use of progestogens
and their action on breast disease will be addressed.

The therapeutic approach is based on the fact that in vivo benign breast
disease is characterized, at least at the beginning, by a hormonal milieu of inad-
equate luteal function. In addition, progesterone and progestogen administration
in patients with fibroadenomas leads to an increase in 178-hydroxysteroid de-
hydrogenase activity and to an increased retention of progesterone receptors in
the nucleus of breast epithelial cells.

Estrane derivatives are particularly effective, acting both as antigonado-
tropic agents at the pituitary level and as antiestrogenic agents on the breast
cell. Also, progesterone dissolved in a hydroalcoholic gel is absorbed through
the skin and concentrated in the mammary tissue. Topical daily application of
this gel throughout the cycle stimulates 178-hydroxysteroid dehydrogenase ac-
tivity in human breast fibroadenomas. More recently, in Europe, 19-norpregnane
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derivatives, such as nomegestrol acetate or promegestone (R 5020), not only did
not increase breast cell proliferation, but also acted to decrease it under exper-
imental conditions. Those progestins that also act as antigonadotropic agents
have been recommended for therapy. In our hands, the best treatment for benign
breast disease consisted of 9 months of cyclic administration of a progestin with
antigonadotropic effects (such as lynestrenol acetate at the dose of 10 mg/day),
from day 10 to day 25 of the menstrual cycle. Normal cycles will return in
most cases after therapy is withdrawn. With irregular cycles, there is a risk of
relapse of mastalgia and, later, of breast nodularities, especially, if the hormonal
imbalance persists for several months. A fresh course of progestin therapy is
then advised, with careful follow-up of breast symptoms, lipid and high density
lipoprotein (HDL) cholesterol levels in plasma, body weight, and blood pressure.
To date, there have been no randomized, placebo-controlled trials to assess the
efficacy of the different progestins in benign breast disease treatment. The long-
term effects of such therapies has been evaluated in only one epidemiological
study.

In that cohort study of 1150 premenopausal women with a diagnosis of
benign breast disease, the use of 19-norsteroid derivatives was significantly as-
sociated with a lower risk of breast cancer, compared with untreated women
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Figure 1 Risk of breast cancer according to 19-nortestosterone derivatives use. (From
Ref. 44.)
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(RR 0.48 [95% CI, 0.25-0.90]). In addition, there was a significant linear rela-
tion between the duration of use and the decrease in breast cancer risk (p for
trend = 0.02) (Fig. 1) (44). These results should encourage further research in
this direction.

As a summary, the role of progestins on the breast tissue has generated
a great deal of controversies. The merit of the scientific debate has been to
generate a large number of experimental and epidemiological trials. A better
understanding of the dual role of progestins on the breast cells has recently
emerged that may reconcile some apparently contradictory findings. Neverthe-
less, further long-term controlled studies should be conducted to determine the
role of various progestational molecules on breast disease and breast cancer
risk. The influence of these trials on women’s health care in general would be
enormous. The results of the Women’s Health Initiative should bring some in-
formation about the role of MPA in postmenopausal women, but will not be
available before the turn of the next century.
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Therapeutic Use of Progestins:
Practical Recommendations

Régine Sitruk-Ware
Hépital Saint-Antoine, Paris, France

. INTRODUCTION

Different types of progestins have been synthesized, and they may be classified
according to the parent compound from which they derive (see Chaps. 5-8).
Except for the oral or vaginal preparations of progesterone, all the progesto-
gens available to the prescriber differ from the natural hormone. However, they
mimic some of its actions through the progesterone receptor (PR) and exert other
effects according to their structure and binding capacities to other steroid recep-
tors. Progesterone binds with other steroid receptors and not only exerts its main
progestational activity, but also antiestrogenic, antiandrogenic, and antimineralo-
corticoid properties. Therefore, luteal deficiency often leads to symptoms related
to the other missing actions of progesterone.

The potential therapeutic benefits of progestins are related not only to
their progestational potency, but also to the other properties they may possess.
Therefore, the clinical decision for prescribing one molecule or another would
depend on the indication and the desired effect to be achieved. Owing to the
binding of the progestins to the PR, most of them would exert the main ac-
tion of progesterone. The correction of luteal deficiency, clinically expressed
through secondary amenorrhea, or irregular cycles and abnormal uterine bleed-
ing, could be ensured by any progestin. However, the molecules with a high,

selective, progestational potency and no other parallel effects should preferably
be used.
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Should the therapeutic goal be to oppose the estrogenic effect on the tar-
get organs and to prevent endometrial hyperplasia, those progestins with a high
antiestrogenic effect should be preferred. In clinical situations, for which ovu-
lation suppression is required, progestins with high antigonadotropic potency
should be selected. Usually, the molecules capable of suppressing the secre-
tion of the gonadotropins also possess high antiestrogenic properties. Should
the clinical symptoms include signs of hyperandrogenism, progesting with a
potent antiandrogenic effect are recommended. Therefore, although any pro-
gestin would be able to correct luteal deficiency, the most appropriate molecule
could be selected according to the required properties for relief of associated
symptoms.

Il. INDICATIONS FOR PROGESTINS

The progestational molecules available for clinical use have been registered for
several indications. However, there are slight differences among the products,
related to the specific properties beyond the main progestational action. The
most logical use for the progestins remains the correction of luteal insufficiency
that induces several clinical situations.

A. Luteal Insufficiency and Related Menstrual Disorders

Anovulatory cycles in the adolescent or during the perimenopausal years are most
frequent. During these two extreme periods of the reproductive life the control
of the gonadotropins and of the menstrual cycle may often be disturbed, leading
to anovulatory or dysovulatory cycles. In those instances, clinical symptoms
vary, from polymenorrhea 10 oligomenorrhea, with irregular menstrual cycles,
of longer than 35-40 days. Less severe ovulatory dysfunction manifests itself
at varying cycle lengths of 21-35 days and usually with dysmenorrhea and
premenstrual sydrome.

Progesterone acts at several sites, under physiological conditions. It con-
trols the pituitary storage of follicle-stimulating hormone (FSH), the FSH/LH
ratio, and the selective increase in baseline FSH levels over those of lutein-
ing hormone (LH), by slowing the rate of pulsatility of gonadotropin-releasing
hormone (GnRH). It thus indirectly induces the FSH-dependent recruitment of
the follicles. At the endometrial level, it causes the well-known changes in the
down-regulation of estrogen and progesterone receptors, leading to the secretory
transformation of the estrogen-primed endometrium, thereby preventing hyper-
plasia.

During adolescence, a very small amount of progesterone produced by
luteinized follicles is able to trigger the development of the cyclic function. A
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failure in this process may lead to unruptured asymptomatic follicular cysts,
excessive ovarian androgen production, and anovulation (1). The clinical symp-
toms include irregular cycles with hypermenorrhea, and often acne and hy-
pertrichosis. Progesterone administration would be the most logical therapy to
restore cyclicity, decrease endometrial thickness and, hence, decrease the amount
of bleeding. It also can decrease the androgenic symptoms through the antian-
drogenic properties of the native hormone; however, in these cases, should the
hyperandrogenism be prominent, more potent antiandrogenic progestins would
be appropriate.

Oral administration of micronized progesterone (200 mg daily for 12 days)
or medroxyprogesterone acetate (MPA) at doses of 5-10 mg/day, or didroges-
terone (20 mg daily) for 10-12 days per month (then from day 15 to 25 of
the cycle) would restore regular withdrawal menses and decrease the amount of
uterine bleeding. In addition, endometrial hyperplasia is prevented. In the anovu-
latory cycles, with high LH levels and enlarged ovaries, with clinical symptoms
of hyperandrogenism, treatment able to inhibit the gonadotropin secretion would
be more appropriate. This is also true in perimenopausal years in which anovu-
latory cycles, but with high FSH levels and high estradiol (E,) levels lead to
endometrial hyperplasia and hypermenorrhea.

Although combined estrogen plus progestogen preparations, such as com-
bined oral contraceptives (OCs), have been recommended in those cases, pro-
gestin-only therapy, selecting molecules with high antigonadotropic potency,
such as levonorgestrel, lynestrenol, or nomegestrol acetate among others, may
be also appropriate.

Hypermenorrhea (or menorrhagia) can also be treated with local appli-
cation of progestins. Lihteenmikki et al. (2) have shown that the insertion of
a levonorgestrel-releasing intrauterine device (LNG IUD), in patients with ex-
cessive uterine bleeding would decrease blood loss. In their randomized study
comparing LNG IUD and medical treatment, 64.3% of the women in the IUD
group cancelled their decision to undergo hysterectomy, against 14.3% in the
control group. This method, would prevent surgery, although endometrial resec-
tion has also been well accepted by the women (3).

In women with hyperandrogenism, progestins with antiandrogenic proper-
ties are recommended. Cyproterone acetate (CPA) at doses of 50 mg/day for 20
days/cycle, and associated with percutaneous estradiol as an add-back therapy,
have proved useful in hirsute patients (4). At much lower doses of 2 mg/day
associated with 35 pg of ethinyl estradiol, the combination has a strong antian-
drogenic action, increases sex hormone-binding globulin (SHBG), reduces LH
and FSH secretion, and inhibits Sa-reductase activity. It has been recommended
also in young adolescents with polycystic ovarian syndrome and hirsutism. This
therapy should last for 12-18 months, with 6-month monitoring of ovarian vol-
ume and hypertrichosis.
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In menstrual disorders of the perimenopausal years, the shut-off of the
gonadotropins is recommended and progestins with potent antigonadotropic ac-
tivity have been recommended and used successfully. In this period of life,
nonandrogenic molecules are preferred to avoid unwanted lipid changes. The
19-norprogesterone molecules proved useful and devoid of metabolic side ef-
fects (5,6). Nomegestrol acetate at 5 mg/day or promegestone at 0.5 mg daily,
have been used, administered for 3 weeks and 1 week off, to restore cyclic
bleeding patterns. However, after several cycles, amenorrhea may occur, and an
Ep add-back therapy may be needed.

B. Premenstrual Syndrome and Dysmenorrhea

Although anovulatory cycles do not lead to premenstrual syndrome (PMS), or
painful menses, dysovulatory cycles characterized by a short luteal phase lead to
these clinical symptoms. Primary dysmenorrhea without organic pelvic disease
is related to an increase production in prostaglandins, leading to painful cramp-
ing, sweating, nausea and vomiting, diarrhea, and dizziness. Abel and Baird
(7), in previous experimental studies have indicated that an estrogen-primed
endometrial tissue was unable to produce prostaglandins (PGs). However, low
levels of progesterone transforming the tissue into a secretory phase triggered
the estrogen-related PGs’ production. Increasing the progestin levels reversed
this effect, owing to the antiestrogenic action of progestogens. Therefore, it is
assumed that progestins with high antiestrogenic properties may be useful in the
treatment of dysmenorrhea.

An antiprogesterone molecule, such as mifepristone (RU 486), is able
to induce increased sensitivity to prostaglandin in the myometrium (9). Con-
versely, progesterone would decrease this effect. Although nonsteroidal anti-
inflammatory drugs (NSAIDs) have been recommended as the treatment of pri-
mary dysmenorthea, it appears more physiological to restore an adequate luteal
phase.

Several progestins have been approved for the treatment of dysmenorrhea.
In the adolescent, didrogesterone at doses of 20 mg/day from day 15 to 25 of the
cycle has been recommended. Other nonandrogenic progestins, such as nomege-
strol acetate or promegestone, have also been registered in a few countries for
this indication. In patients with severe dysmenorrhea, it may be necessary to use
antigonadotropic agents; progestins, such as norethisterone, lynestrenol, nomege-
strol acetate, or promegestone, may be used for 15-20 days/cycle with success.

The use of progestins for the treatment of premenstrual syndrome has
been very controversial. Although it has been considered ineffective by most
authors (10), one double-blind, placebo-controlled trial indicated the efficacy of
progesterone (11). Here again, contradictory results may have been related to
different design, definition of symtoms, and selection of the progestin.
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Several molecules have been registered for that indication in several Euro-
pean countries. It must be stressed however, that in severe PMS it may be neces-
sary to suppress ovulation and estroprogestin combinations are more often pre-
scribed. Antigonadotropic progestins such as norethisterone (NET), lynestrenol
(LYN), nomegestrol acetate (NOMAc), or promegestone may be used for 15-20
days/cycle with success (12—14).

C. Progestins for Replacement Therapy

In several situations of hormonal deprivation, such as delayed puberty with pri-
mary amenorrhea, Turner’s syndrome, or postmenopause, estrogen replacement
therapy must be combined with progestins to avoid endometrial hyperplasia.
Once the diagnosis of these hypoestrogenic states is made and estrogen substi-
tutive therapy envisaged, progestogens would be selected for their antiestrogenic
properties and the least metabolic effect. In those instances, progesterone itself in
its micronized form (MP), didrogesterone (DDG), medroxyprogesterone acetate
(MPA), and 19-norprogesterone, all have been used. The daily doses selected
to oppose replacement doses of estrogen are of 10 mg of MPA sequentially
(or 2.5-5 mg continuously), 200 mg of oral MP, 20 mg of DDG, 5 mg of
NOMAc prescribed for 12-13 days each month of estrogen substitution. Also,
norethisterone 1 mg has been recommended (see also Chap. 14).

D. Mastalgia and Benign Breast Disease

Mastalgia is one symptom of the premenstrual syndrome and has been consid-
ered the first step of further breast changes of benign nature (15). Although the
role of progestins on human breast tissue has been highly controversial, some au-
thors have published interesting results on the treatment of benign breast disease
with progesterone and progestins (16) (see also Chap. 18).

E. Endometriosis

Progestins alone have been the most popular medical treatment of endometriosis
for about 20 years (17). Other therapies, such as danazol and GnRH analogues,
have shown good clinical response of the endometriosis lesions. However, these
recent endocrine treatments are unable to achieve complete healing and disap-
pearance of those lesions. No superiority of the more recent treatments over
progestins has been found. Also, the progestational molecules, such as MPA at
doses up to 100 mg/day, induce less harmful metabolic changes that danazol
(17). Therefore, it may be more appropriate to prescribe progestins with potent
antigonadotropic properties and nonandrogenic side effects in the treatment of
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endometriosis. Several molecules meet these requirements, such as CPA, chlor-
madinone acetate (CLA), NOMAc, and more recently, dienogest.

The antiprogesterone molecule mifepristone also decreases endometriosis-
related symptoms- at doses of 50 mg daily (18). This effect may also be due
to the partial agonistic action of the molecule. Katsuki et al. (19) have shown
that mifepristone decreased the suppressive action of dienogest on endometrial
cells, indicating the receptor-related mechanism of action of dienogest (see also
Chap. 8). Therefore, progestins that are able to suppress the ovarian function,
and act through progesterone receptors are potential agents for the treatment
of endometriosis. Selection of molecules with less androgenic properties and,
hence, less metabolic effect, would be appropriate for this indication.

F. Progestin Use in Cancer

Progestins have been used for many years as one element of the endocrine
therapy of breast cancer. The main therapeutic strategy being the reduction of
the estrogen amount available to the breast cells; the physiological antiestrogenic
effect of progesterone and its derivatives has been proposed and widely used
(20).

The two main progestins used in clinical practice, as treatment of advanced
breast cancer, are medroxyprogesterone acetate (MPA) and megestrol acetate
(MA). When used at high doses, these compounds exert an antigonadotropic
effect that has been observed both in pre- and postmenopausal women. Serum
levels of androgens are reduced to about 60% of basal levels and estradiol
(Ep) and estrone (Ey) are also decreased by 30% during progestin treatment
(21,22). A significant decrease in the sex hormone-binding globulin (SHBG)
has been observed under progestins, likely related to the decrease in estrogen
levels. Therefore, less Ej is available for cellular uptake.

Another important effect of progestins is related to their ability to decrease
the amount of estrone sulfate (E(S) in breast tissue (23,24). Breast cancer cells
transform E;S into more active estrogens, such as Ej, then E;. MPA and MA
are able to significantly decrease E;S in the circulation (21). More recently,
Pasqualini et al. (24) have demonstrated that several progestins can block the
conversion of E|S to Ep very significantly in hormone-dependent breast cells.
Also, the ability of several progestins to stimulate the enzyme activity 178-E»
dehydrogenase, which converts Ep into Ej, a less potent estrogen, has been
described in human breast cells maintained in culture (25).

The other antiestrogenic effect of progestins is exerted through their ability
to decrease the levels of progesterone receptors (PR), although nonreceptors
pathways have been described (26). Therefore, potent progestational molecules
may, in theory, be used in the endocrine treatment of breast cancer to decrease
the amount of estrogens available to the cells. To date, only MPA and MA have
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been used, and their effect on breast cancer response has been well documented
(22). In the strategy of endocrine treatment, progestins are used only as second-
line agents in advanced breast cancer.

That tamoxifen is used in the adjuvant setting of breast cancer is now well
established. This antiestrogen is also used as first-line therapy in those patients
with metastatic disease who have not received this agent as an adjuvant or have
discontinued it for more than a year. Other patients receive either aromatase
inhibitors or progestins. Those receiving aromatase inhibitors (Al) in first-line
treatment would then be candidates for progestins in second-line therapy. A sim-
ilar response rate has been observed when either MPA or MA is used. From an
overall analysis of several clinical trials, performed in postmenopausal women,
Lundgren (22) has published an overall response rate [complete response (i.e.,
complete tumor regression; CR) + partial response (i.e., partial tumor regression;
PR)] of 26.7% with MPA used as second-line or later treatment, given orally at
doses ranging from 600 to 1400 mg/day. The usual dose is 1000 mg/day. With
MA given at doses of 160 mg/day and up to 1600 mg, similar responses were
observed with 25.3% CR plus PR. Stabilization of disease (SD) is observed in
21.9% of patients with MPA and 34% with MA.

Megestrol acetate has a longer half-life than MPA, of 18 h, and can be used
once daily. Because of the high dose of progestins needed to obtain a positive
response in advanced breast cancer, several side effects were reported. The most
frequent ones are weight gain and edema. Also Cushing-like symptoms are
described with MPA. A partial glucocorticoid activity of MPA has been described
(27) and may account for some of the reported unwanted side effects, when the
steroid is used at high doses. Thromboembolic events have been reported in less
than 1% of the cases with both progestins.

The results of progestin therapy used as first-line therapy is more encour-
aging, for 40.2% CR plus PR were reported with MPA and 29.8% with MA.
However, the availability of several new aromatase inhibitors giving similar or
better response rates with fewer side effects may lead to a decrease in the use
of progestins, such as MPA and MA, in the management of breast cancer.

However, other potent progestins are now available and decrease the go-
nadotropin levels both in post- and premenopausal women and also decrease the
production of Ep, E;, and E;S (24). Some derivatives of the 19-norprogesterone,
which exhibit a potent antiestrogenic activity without androgenic or glucocorti-
coid effects, might be proposed in future trials. It must, however, be borne in
mind, that second-line therapy is proposed in patients with advanced disease,
whose prognosis is already compromised. The rate of response observed in those
patients cannot be expected to be much higher than the 25% described in pre-
vious studies with MPA and MA. The only major advantage would be to use
lower doses of those potent new molecules for better tolerability.
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G. Progestins Used for Contraception

The properties of the progestins on the pituitary, the endometrium, and the
cervical mucus have been used in combined oral contraceptives and also in
progestins-only contraception. These aspects have been addressed in Chaps. 9
to 13. In addition, the progestin-only pills (POP) usually referred to as ‘‘mini-
pills’” exert a contraceptive effect through the peripheral actions of progestins.
Under their action, cervical mucus shows a decrease in quantity and thickening,
leading to decreased permeability in sperm penetration tests. It also transforms
the endometrium and decreases tubal motility.

The POP available for contraception are usually estrane and gonane deriva-
tives. Levonorgestrel (LNG) 30 ug daily, norethindrone (NET), 350 pg/day, and
lynestrenol, 500 pg/day, have been available for this indication. The failure rate
ranges between 1 and 3%, and irregular bleeding is the most common side ef-
fect (28). Long-acting systems for delivery of low doses of progestins have been
developed to improve efficacy. They are described in Chaps. 10 to 12.

In addition, injectable contraceptives containing only a synthetic progestin
have proved to be an effective, safe, and acceptable method suitable in national
family planning programs. The two most widely used formulations are depot
medroxyprogesterone acetate (DMPA) and norethisterone enanthate (NET-ET)
with a use-effectiveness higher than that observed with oral contraceptives (29).
More recently a new once-a-month injectable contraceptive, combining an es-
trogen, estradiol cypionate, and DMPA has been made available after a large
development program conducted by the WHO.

H. Progestins Used in Male Contraception

Although male contraception is less used than female contraception, several
methods have been used, including progestins (30). Molecules with antigo-
nadotropic properties have been used to decrease FSH and inhibit spermato-
genesis. The addition of testosterone is necessary to maintain secondary male
sexual characteristics and libido.

. Pregnancy Maintenance

Progesterone directly supports the pregnancy and women with luteal insuffi-
ciency may be infertile. Luteal phase support is necessary in patients with luteal
phase defect or hypothalamic amenorrhea treated with GnRH. Progesterone is
preferred to any other synthetic progestin as the most physiological therapy.
Injectable progesterone (12.5 mg/day IM) has also been used and the treatment
is recommended from the third postovulatory day to the tenth gestational week.
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The success rate of this therapy is low with pregnancy rates of 10-50% per
cycle (31).

The newly available vaginal delivery of progesterone appears to be the
most practical route of delivery of high concentrations of progesterone directly to
the uterus (see Chap. 4). Oral progesterone may also be selected (see Chap. 23).

lll. SIDE EFFECTS OF PROGESTINS

Because of the different properties of progestational molecules, unwanted effects
have been reported. The undesirable effects differ from one molecule to the other
and it would be inappropriate to consider the side effects as a class effect of all
the progestins. Also, according to the dose used for each category of progestins,
some unwanted effects may appear only when high doses are used according to
the indication.

A. Androgenic Side Effects

High doses of estrane or gonane molecules may induce acne and occasionally
hypertrichosis. These effects are usually mild and occur only with the most an-
drogenic derivatives. They are rarely reported with the pregnane or norpregnane
derivatives.

B. Glucocorticoid Side Effects

Only a few progestins exhibit partial glucocorticoid activity (27). This secondary
activity may induce water and salt retention, leading to bloating and weight gain.

C. Central Nervous System Side Effects

Progesterone is converted into Sc-reduced metabolites that are further trans-
formed into the 3-OH derivatives (o« and §), potent stimulators of the y-amino-
butyric acid type A (GABA,) receptor complex. This may account for side
effects, such as sleepiness, loss of vigilance, depressive mood, and other psy-
chological symptoms often observed after oral administration of progesterone.
These CNS effects induced by oral progesterone are reported in a low percent-
age of cases and may be related to high peak levels of plasma progesterone
following oral intake. These side effects. may also occur with molecules able to
convert into these centrally active metabolites. A decreased libido has also been
reported with antiandrogenic molecules, such as CPA.
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D. Metabolic Side Effects

The unwanted metabolic effects are addressed in detail in other chapters of this
book (see Chaps. 6, 9, 20, and 21). Undesirable changes in lipids with a de-
crease in HDL-2 fraction and an increase in LDL have been reported, mainly
with the most androgenic molecules from the estrane and gonane groups (32).
MPA, although belonging to the pregnane group, exhibits so-called synandro-
genic activity at high doses. This may partially explain some of the negative
effects observed on the lipid profile (33). Also insulin-resistance has been de-
scribed with the estrane and gonane derivatives, the most androgenic molecules
leading to the most significant decrease in insulin sensitivity.

E. Estrogenic Side Effects

Some estrane derivatives exert partial estrogenic activity that has been evidenced
in breast cell cultures (34) (see also Chap. 5). Clinical symptoms such as mastal-
gia and bloating may be related to this estrogenic effect. However, it is not pos-
sible to determine any direct relation between these symptoms and progesting
intake.

F. Risk-Benefit of the Progestins

Progesterone is an essential hormone in physiology. Therefore, luteal inadequacy
leads to a variety of symptoms, the most severe of which are endometrial hy-
perplasia and cancer. It is essential to replace progesterone during luteal phase
defects to prevent endometrial disease and also to correct the related symptoms
of progesterone deficiency, as described in the foregoing, in the indications for
progestin use. The only relevant side effects that may cause concern are the
potential cardiovascular effects, on one hand, related to the unwanted metabolic
changes of some progestins and, on the other hand, to the direct effect on the
vessels of some androgenic progestins. The use of the lowest effective dose
of the progestins and the selection of the nonandrogenic compounds should
avoid the occurrence of metabolic and vascular undesirable effects. Therefore,
whenever possible, preference should be given to the nonandrogenic molecules
according to the expected effect in any given indication for progestins use.
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The Effect of Progestins on
Plasma Lipids

Matti J. Tikkanen
University of Helsinki, Helsinki, Finland

l. INTRODUCTION

The transport of water-insoluble lipids and cholesterol is made possible by their
formation of macromolecular soluble complexes with proteins. This lipoprotein
system takes care of the transport and distribution of triglycerides, free and
esterified cholesterol, and phospholipids to various tissues. The major lipoprotein
classes share a common structure. The surface layer consists of free cholesterol
and phospholipids, as well as one or more protein components (apolipoproteins).
The hydrophobic core region of lipoproteins consists of esterified cholesterol and
triglycerides. Both dietary (exogenous) and endogenous lipids are transported by
lipoproteins. Although endogenous lipid transport is effectively influenced by sex
steroids, almost nothing is known about their possible effects on exogenous lipid
transport.

Endogenous plasma lipid transport is coordinated by a complex inter-
play of several transport proteins and enzymes as well as lipoprotein receptors.
Very low-density lipoproteins (VLDLs) are secreted by the liver and transport
triglycerides, which are hydrolyzed in plasma by lipoprotein lipase (LPL), pro-
viding fatty acids to target organs, such as the adipose tissue. During LPL-
mediated hydrolysis (lipolysis), the VLDL particle becomes smaller and en-
riched in cholesterol, first forming intermediate-density lipoprotein, and finally
low-density lipoprotein (LDL). LDL transports cholesterol to all tissues by the
LDL-receptor pathway, a large part of it returning to the liver for catabolism by
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hepatic LDL-receptors. The cellular delivery of cholesterol occurs by internal-
ization of LDL particles bound to LDL-receptors which recognize a receptor-
binding sequence on apolipoprotein (apo) B-100, the apolipoprotein component
of LDL.

High-density lipoproteins (HDL) take part in ‘‘reverse cholesterol trans-
port,”” returning cholesterol from peripheral tissues to the liver. ‘‘Nascent’
HDL particles are formed during LPL-mediated hydrolysis of VLDL when
its cholesterol-phospholipid surface layer becomes partly detached from the
lipoprotein particle, forming discoidal structures. These discoidal structures as-
sociated with lecithin-cholesteryl acyltransferase (LCAT) become acceptors of
free cholesterol derived from peripheral cells. The LCAT reaction creates a gra-
dient, which results in a constant flow of cholesterol esters formed on the surface
of discoidal particles entering the hydrophobic core region. Following acquisi-
tion of apolipoprotein A-I these nascent particles become spherical and move
into the HDL3 density range. These particles are further matured by accumu-
lation of cholesterol and other modifications into HDL,. In a process mediated
by cholesteryl ester transfer protein (CETP), esterified cholesterol may be trans-
ferred from HDL particles to VLDL and LDL, and returned to the liver through
the LDL-receptor pathway.

Progestins and estrogens influence the plasma levels of the three major
lipoprotein classes, VLDL, LDL, and HDL, by having effects on carrier pro-
teins, regulatory enzymes, and receptors. The main actors in this interplay are
the apoliproteins B-100 and A-I, as well as the LDL~receptor and hepatic lipase,
all of which are sensitive to sex steroid effects. Because the plasma concentra-
tions of LDL (cholesterol) and VLDL (triglyceride) are considered risk factors
for coronary heart disease, and HDL concentration as a negative risk factor
(protective factor), this field is of crucial importance when contraceptive or non-
contraceptive hormone treatments are developed.

Il. PROGESTINS USED IN CONTRACEPTION AND
HORMONE REPLACEMENT THERAPY

Combined oral contraceptives (OCs) contain ethinyl estradiol (rarely, mestra-
nol) plus one of a variety of progestin components (Table 1). Plasma lipid and
lipoprotein effects are modified, depending on the estrogen—androgen balance
of the formulation (i.e., the estrogen/progestin dose ratio), as well as the andro-
genic and antiestrogenic properties of the progestin component. Norethynodrel
was contained in the first OC marketed in 1961, which is sometimes referred to
as the ‘‘first-generation.”” OCs containing levonorgestrel and norethisterone are
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Table 1 Progestins Approved for Hormonal Contraception
or Replacement

Progestin Androgenicity?®

19-Nortestosterone-related progestins

Gonanes
Levonorgestrel ++
Desogestrel +)
Gestodene +)
Norgestimate +)

Estranes
Norethisterone (Norethindrone) -+
Norethisterone (Norethindrone) acetate -+
Ethynodiol diacetate +
Lynestrenol +
Norethynodrel +

17w-hydroxyprogesterone-related progestins

Pregnanes
Medroxyprogesterone acetate (-+)
Chlormadinone acetate )
Megestrol acetate (+)
Cyproterone acetate +)
Dydrogesterone +)

aEstimate based on currently used contraceptive or replacement dosages.

conventionally called ‘‘second-generation,”” and those containing desogestrel,
gestodene, or norgestimate ‘‘third-generation”” OCs (1). Third-generation OCs
are all low-dose formulations containing 35 pg of ethinyl estradiol, or less. Their
progestin components, although derived from levonorgestrel, an androgenic 19-
nortestosterone-related gonane (see Table 1), exhibit very little androgenicity (2).
Norethisterone and the other members of the estrane group of 19-nortestosterone-
related steroids exhibit androgenic activity, although less than levonorgestrel (see
Table 1).

In postmenopausal hormone replacement therapy (HRT), mainly two types
of progestin are used. The 19-nortestosterone-derived progestins, such as lev-
onorgetrel (D-norgestrel), norethisterone (norethindrone), and norethisterone ac-
etate (norethindrone acetate) have significant androgenic properties (3,4). The
C-21 progestins derived from 17«-hydroxyprogesterone, such as acetates of
medroxyprogesterone, megestrol, and cyproterone, are less androgenic than the
19-nortestosterones (5,6).
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lll. EFFECTS OF PROGESTINS ON PLASMA LIPIDS
AND LIPOPROTEINS

The issue of the effects of sex hormones on plasma lipids and lipoproteins
was long confused by the difficulty of interpreting the results of a variety of
early studies using combination OCs. Contradictory results for HDL choles-
terol concentrations were a particular concern, as the plasma HDL concentra-
tion reemerged as an important negative risk factor for coronary heart disease
in the 1970s (7). The conflicting results could later be explained when the in-
dividual effects of the estrogenic and progestinic components were investigated
(8), and it became clear that ‘‘estrogen-dominant”” and ‘‘progestin-dominant’’
contraceptive preparations had differing effects on plasma lipid and lipoprotein
concentrations. Third-generation OCs, although considered to have beneficial
lipid effects, may slightly, but significantly, increase venous thromboembolic
disorders (9) (see also Chap. 9).

In HRT, the estrogen—progestin balance is influenced by the estrogen com-
ponents (mainly conjugated equine estrogen [CEE] and estradiol) being weaker
estrogens compared with ethinyl estradiol used in OCs. Accordingly, even pro-
gestins with little androgenicity may partly reverse estrogen effects in com-
bined HRT regimens. Important information has been gained from the Post-
menopausal Estrogen/Progestin Interventions (PEPI) Trial that compared the
effects of unopposed estrogen (CEE), CEE plus cyclic medroxyprogesterone
acetate (MPA), CEE plus consecutive MPA, CEE plus cyclic micronized pro-
gesterone, and placebo on coronary heart disease risk factors. A total of 875
healthy postmenopausal women, aged 45-64 years, participated in this 3-year
randomized, double-blind, placebo-controlled trial (10). HDL cholesterol was
among the main endpoints of PEPI, and plasma cholesterol, triglyceride, and
LDL cholesterol were also monitored. These results will be referred to in the
following sections discussing plasma lipid effects.

A. Very Low-Density Lipoprotein and Triglyceride
1. Underlying Mechanisms

The production of triglyceride-rich VLDL is enhanced by administration of
contraceptive and noncontraceptive estrogens (11,12). Molecular mechanisms
involve hepatocyte apoB mRNA stimulation by estrogens (13). Androgenic pro-
gestins have the opposite effects on VLDL production, and less androgenic pro-
gestins have less or no effect at all, and in combined estrogen-progestin prepa-
rations the ‘‘net effect’”” depends on the doses and properties of the steroids in
question. Oxandrolone, an androgenic—-anabolic steroid accelerates the removal
of triglycerides from plasma in hypertriglyceridemic individuals (14,15), an ef-
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fect also observed in some early studies with combination OCs (16,17). Studies
employing norethisterone have indicated that both reduced splanchnic produc-
tion and increased lipolytic clearance may be involved (18,19). Studies using
a high dose (750 ug) of levonorgestrel and a low dose of estradiol (1 mg) in
postmenopausal women indicated increased catabolism of VLDL (20).

2. Progestin Effects on Plasma VLDL and Triglyceride
Concentrations in Contraception and HRT

In contraception, data available from studies comparing formulations containing
androgenic second-generation progestins, with those containing nonandrogenic
third-generation progestins indicate that estrogen-induced VLDL~triglyceride el-
evations are opposed more effectively by the former (e.g., levonorgestrel) than
the latter (e.g., desogestrel) (21,22). A summary of the lipid effects of third-
generation OCs has indicated that they exhibit an estrogen-dominant effect on
triglyceride levels, with increases ranging from 15 to 38% (23).

In HRT, important information has been obtained in studies administering
progestins alone to peri- and postmenopausal women (3). Farish and co-workers
reported reductions in plasma triglyceride levels in perimenopausal women (24),
whereas other reports suggested nonsignificant decreases with levonorgestrel and
norethisterone acetate (25,26). Addition of the androgenic 19-nortestosterone-
derivative levonorgestrel to estrogen regimens invariably caused statistically
significant reductions in plasma VLDL and triglyceride levels (26-28). The
triglyceride-lowering effect was also dependent on the initial triglyceride lev-
els: norethisterone and norethisterone acetate did not reduce triglyceride levels
significantly when combined with estradiol valerate (27,29), but did so when ad-
ministered to women taking ethinyl estradiol, a synthetic estrogen with marked
triglyceride-increasing properties (29,30). The CEE (0.625 mg/day) used in PEPI
caused an elevation in triglyceride levels, which was not significantly attenu-
ated by any of the progestin components employed: cyclic MPA 10 mg/day on
12 cycle days, continuous MPA 2.5 mg/day, or cyclic micronized progesterone
200 mg/day on 12 cycle days (10).

B. Low-Density Lipoprotein and Cholesterol
1. Underlying Mechanisms

Studies in experimental animals have demonstrated increased hepatic LDL-
receptor mRNA transcription rates caused by estrogen administration (13). All
types of estrogen produce significant reductions in plasma total and LDL choles-
terol levels (31-33), and the magnitude of decrease is proportional to the baseline
level (31). Very few studies have addressed the question of whether progestins
counteract this effect. One theoretical possibility is that androgenic progestins,
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by accelerating the lipolytic degradation of VLDL, could facilitate LDL forma-
tion, resulting in elevated plasma LDL levels (29,34).

C. Progestin Effects on Plasma LDL and Total Cholesterol
Concentrations in Contraception and HRT

Studies employing administration of progestin alone in peri- and postmenopausal
women suggested that levonorgestrel, desogestrel, and 17-hydroxyprogesterone
derivatives did not significantly alter LDL cholesterol concentrations (3). How-
ever, longer-term administration of norethisterone to perimenopausal women
resulted in a significant increase after 12 months of treatment (24). In contra-
ception, the relatively small doses of progestins in currently used OCs had little
effect on LDL cholesterol when administered alone (22) or in combination with
ehinyl estradiol (21,22). Newer formulations containing desogestrel, gestodene,
or norgestimate had, on the average, a slight LDL cholesterol-reducing effect
(23). Although several studies have reported LDL cholesterol increases with
second-generation OCs, and many studies with third-generation OCs have re-
ported LDL cholesterol decreases (35); nonsignificant differences in LDL choles-
terol levels between users of the newer low-dose OCs are the most common
finding (21,22).

Addition of norethisterone to a preexisting estrogen regimen in HRT caused
LDL cholesterol elevations in some studies, proposedly because of accelerated
VLDL catabolism producing increased amounts of LDL particles (29,34). For
some reason, studies employing levonorgestrel, an even more androgenic pro-
gestin, did not increase LDL cholesterol when added to an estrogen regimen (3).
In the randomized PEPI trial, CEE combined with MPA or micronized proges-
terone was equally effective in LDL cholesterol lowering, as unopposed CEE
(10). In summary, currently used doses of progestins do not appear to signif-
icantly blunt the estrogenic effect on LDL in HRT. The differences are small;
therefore, it is probable that coronary risk is not altered much.

Lipoprotein(a) [Lp(a)] consists of one molecule of apolipoprotein(a) which
is covalently bound to LDL-apolipoprotein B, thus forming an LDL-like par-
ticle. There are structural similarities between apoprotein(a) and plasminogen,
suggesting that elevated Lp(a) levels could interfere with fibrinolysis, a possi-
bility in line with its proposed role as an independent risk factor for coronary
heart disease. Lp(a) levels tend to increase after normal or surgical menopause
(36,37). Albers and co-workers were the first to report that a sex hormone, the
anabolic—androgenic steroid stanozolol, reduced plasma Lp(a) levels (38). Sig-
nificant reductions reportedly occurred with other steroids with androgenic and
progestinic properties, including norethisterone (39), danazol (40), and tibolone
(41). Also somewhat surprisingly, unopposed estrogen therapy reduces plasma
Lp(a) levels (37), a finding that constitutes an exception to the general rule that
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estrogens and progestins have opposite effects on lipoprotein fractions. Accord-
ing to many studies, combined HRT regimens also reduce plasma Lp(a) levels
effectively (37), as would be expected. The underlying mechanisms have not
been clarified (42).

D. High-Density Lipoprotein
1. Underlying Mechanisms

The role of HDL cholesterol as a negative risk factor for coronary heart disease
has created interest in all pharmacological agents that influence its levels. In the
1970s, various OCs were reported to increase (43,44), decrease (45), or have no
significant effect on HDL cholesterol (46). The apparently conflicting findings
were later explained by differing contraceptive formulations: HDL cholesterol-
lowering efficacy increased with increasing dose and potency of the progestin
component (47), whereas the HDL cholesterol-elevating effect was increased
with increasing estrogen dose. Depending on the dose, progestins with andro-
genic properties (second-generation 19-nortestosterones) tended to overwhelm
the estrogen effect in OCs (3), whereas pills containing third-generation 19-
nortestosterones, including desogestrel, gestodene, and norgestimate, exhibited
estrogen dominance (23,48,49).

The mechanisms underlying the sex hormone-mediated regulation of
plasma HDL cholesterol levels apparently involve both catabolism of the lipid
components and production of apolipoprotein A-I. Hepatic lipase, a lipolytic
enzyme located on the endothelial cell surfaces of liver sinusoids participates in
the degradation of HDL particles (50). Hepatic lipase may be liberated into the
circulation by an intravenous injection of heparin and the ‘‘postheparin lipolytic
activity’’ in plasma serves as a measure of the activity of this enzyme. Hepatic
lipase activity is down-regulated by exogenous (51) and endogenous estrogen
(52), but androgens are powerful stimulators (53). Hepatic lipase can be up- and
down-regulated in a consistent way by androgenic and estrogenic sex steroids,
respectively (54-58). HDL, appears to be more sensitive to sex steroid effects
than HDL3. Thus, suppression of hepatic lipase by estrogen was, in some studies,
associated with reduction in HDL, cholesterol, triglyceride, and phospholipid
concentrations, whereas HDL3 was not significantly influenced (55,59), Con-
versely, stimulation of hepatic lipase activity by levonorgestrel, administered
alone (60) or in combination with estrogen (55,59), increased hepatic lipase
activity, with concomitant reductions in HDL, cholesterol concentrations. Pro-
gestins with little or no androgenicity, such as medroxyprogesterone acetate and
desogestrel, did not significantly influence hepatic lipase activity or HDL, lev-
els (54,61). The findings indicating a consistent inverse relation between hepatic
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lipase activity and HDL, levels during sex hormone administration (8) suggest
an important regulatory role for hepatic lipase (62).

Early studies indicated that sex hormone effects on HDL apolipoprotein
synthesis also participated in the regulation of plasma HDL levels. Androgenic
steroids suppress HDL apolipoprotein synthesis in animals (63) and humans (58).
On the other hand, ethinyl estradiol administration increased HDL apolipoprotein
synthesis rate in fertile women (64), and both CEE and estradiol increased
apolipoprotein A-I production in postmenopausal women (65).

2. Progestin Effects on HDL Cholesterol Levels in
Contraception and HRT

Various OC preparations consistently tend to reduce plasma levels of HDL
cholesterol in proportion to the dose and androgenicity of the progestin compo-
nent (66). The effect of the progestin can be reduced by developing multiphasic
preparations in which the progestin dose can be minimized. Third-generation
OCs exhibit estrogenic effects because of the nonandrogenicity of their progestin
components, showing greater HDL cholesterol elevations compared with second-
generation preparations (67). As judged from the HDL cholesterol elevation,
desogestrel-containing formulations are slightly more estrogen-dominant than
those containing gestodene and norgestimate (23). The elevations in HDL choles-
terol brought about by third-generation OCs ranged between 8 and 13% (23).

Marked decreases in HDL cholesterol concentrations were reported for
HRT regimens containing androgenic progestins (3). In the PEPI trial, the HDL
cholesterol elevation caused by unopposed CEE was partly reversed by MPA-
containing regimens, but not by micronized progesterone (10). This is in line
with other studies (3) suggesting that the effect of the relatively weak estrogens
used in HRT can be counteracted not only by strongly androgenic, but also
partially by the less androgenic, progestins.

E. Parenteral Administration of Progestins in HRT

The most common parenteral route of hormone administration is transdermal
delivery, using sex steroid-containing patches or ointments that are applied over
the skin. Transdermal estradiol is commonly used in many countries and can
be combined with cyclic oral progestin, or cyclic progestin (e.g., norethisterone
acetate) also administered transdermally. The route of administration may cause
effects on plasma lipids that differ from those achieved using oral treatments.
Oral administration results in supraphysiological hormone concentrations in the
portal circulation and liver, which cause two phenomena: (a) extensive hepatic
metabolism of the hormone (e.g., conversion of estradiol to estrone); and (b) pro-
nounced effects on protein synthesis in the liver (e.g., synthesis of apolipopro-
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teins B-100 and A-I). Thus, when oral and transdermal estradiol were adminis-
tered giving comparable plasma levels and causing similar suppression of plasma
follicle-stimulating hormone (FSH) levels, oral estradiol increased VLDL pro-
duction and LDL catabolism, but transdermal estradiol did not (12,65). Further
studies using endogenous labeling of apolipoprotein A-1 with intravenous infu-
sion of the nonradioactive amino acid tracer, trideuterated leucine, indicated that
oral estradiol increased the production of apolipoprotein A-I mainly in HDLy
and to a smaller degree in HDLj3, whereas transdermal estradiol had no effect
(68). Accordingly, oral estrogen influences lipoprotein metabolism more than
parenteral estrogen, although increasing doses of parenterally administered es-
trogen also alters plasma lipoprotein levels (65). Parenteral administration of
progestins has been investigated relatively little. By analogy, the *‘first-pass”
effect of oral administration probably results in more pronounced effects on
lipids than parenteral administration of progestins. In two studies, transdermal
cyclic administration of norethisterone acetate 250 p1g/day combined with trans-
dermal estradiol 50 ug/day decreased the levels of LDL and HDL cholesterol,
as well as triglyceride levels in postmenopausal women (69,70).

IV. SUMMARY AND CONCLUSIONS

Estrogens and progestins influence the metabolism and plasma levels of all
lipoprotein risk factors for coronary heart disease. Both contraceptive and non-
contraceptive estrogens tend to increase the production of VLDL and its main
protein component apolipoprotein B-100, as well as the production of HDL and
its main protein component apolipoprotein A-I, while increasing the catabolic
rate of LDL.. Progestins tend to oppose these estrogenic effects, and the counter-
effect appears to be proportional to the degree of androgenicity of the progestin
in question. However, for Lp(a), estrogens and progestins have qualitatively simi-
lar effects, both reducing Lp(a) levels. When conventional replacement doses are
used, oral administration of female sex hormones results in alterations in plasma
lipoproteins, whereas parenteral administration has a smaller or no significant ef-
fect, probably because of the higher intrahepatic hormone concentrations during
oral treatment. .

Hormonal preparations are continuously being developed to minimize ad-
verse effects and to maximize beneficial effects on plasma lipoprotein risk fac-
tors. In this process, attention must also be focused on possible changes in
nonlipid risk factors, such as those related to thromboembolic disorders. The
first large randomized, double-blind cardiovascular prevention trial, the Heart
and Estrogen/Progestin Replacement Study (HERS), did not show any reduc-
tion in cardiovascular events in postmenopausal women with coronary heart
disease receiving CEE plus medroxyprogesterone acetate (71). Plasma LDL and
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HDL cholesterol were influenced favorably, but there was an increased rate of
thromboembolic events in HERS. Another great challenge is to define the roles
of oral and transdermal delivery in HRT: What is lost and what is gained by
using either one of the two alternative routes of administration?
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. INTRODUCTION

The decrease in risk of having cardiovascular disease (CVD) observed in post-
menopausal women receiving hormonal replacement therapy (HRT) varies be-
tween 50 and 70%, with the most pronounced effect in women predisposed to
CVD (1-3). Well-defined risk factors for CVD are listed in Table 1. Among
these are overt diabetes and even an abnormal glucose tolerance. Aging is as-
sociated with an increased incidence of hypertension, non-insulin-dependent
diabetes (NIDDM), and CVD. Part of the reported preventive effect of HRT for
the occurrence of CVD after the menopause, therefore, may be explained by
an improvement of glucose tolerance associated with estrogen use. This chapter
discuss the influence hyperinsulinemia has on the CVD process and the ef-
fect from sex steroids on the age-dependant decrease in glucose tolerance in
normal women. Also, it addresses the glycometabolic control in women with
non-insulin-dependent diabetes mellitus (NIDDM).

. THE METABOLIC SYNDROME AND CVD

Epidemiological evidence for the relation between deterioration of glucose tol-
erance and CVD has been demonstrated in several investigations (4). Although
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Table 1 Risk Factors for CVD

Dyslipedimia Obesity
Hypertension Smoking
Diabetes Stress and personality

the epidemiological data cannot prove that insulin is atherogenic, the population
studies imply insulin resistance and compensatory hyperinsulinemia as an in-
dependent risk factor for the occurrence of coronary heart disease (CHD). The
combination predisposes to the development of a cluster of abnormalities, in-
cluding some degree of glucose intolerance, an increase in plasma triglyceride
(TG) and a decrease in high-density lipoprotein cholesterol (HDL-C) concentra-
tions, high blood pressure, hyperuricemia, smaller denser low-density lipoprotein
(LDL) particles, and higher circulating levels of plaminogen activator inhibitor
1 (PAI-1). The cluster of changes associated with insulin resistance has been
defined as the metabolic syndrome, and all of the manifestations of the syn-
drome increase risk of CVD (5) (Table 2). Of particular interest is the effect
of insulin on lipoprotein metabolism. Insulin stimulates the synthesis of very
low-density lipoprotein (VLDL) in the liver, thus explaining why hypertriglyc-
eridemia is associated with increased insulin resistance. Also restrained removal
of TG-rich particles owing to decreased stimulatory action of insulin on lipopro-
tein lipase activity may contribute, and increased insulin resistance provides ex-
cess glucose and free fatty acids for the VLDL formation because of decreased
glucose disposal and decreased suppression of lipolysis. The decreased HDL
levels often observed concomitantly with increased VLDL levels during insulin
resistance may be explained by increased hepatic lipase activity. Obesity and
fat distribution are also associated with insulin resistance, the closest relation
is with upper-body (android) obesity. Hyperinsulinemia may also directly af-
fect the growth of vascular cells and promote formation of ‘fatty streaks.”
An established atherosclerotic plaque is characterized by excessive amounts of
lipid and collagen, foam macrophages, and proliferated muscle cells. All of
these constituents are affected by the plasma insulin concentration. Insulin and
insulin-stimulated growth factors, such as insulin-like growth factor (IGF), fa-
cilitate proliferation of smooth muscle cells and migration of cells from media

Table 2 The Metabolic Syndrome

Resistance to insulin-mediated glucose uptake
Hypertension

Dyslipidemia

Decreased fibrinolysis
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to intima. Moreover, hyperinsulinemia inhibits the reabsorption of the plaques
once formed. Finally, atherosclerosis and thrombosis go hand in hand. Obliter-
ation of the vessel lumina in an atherosclerotic artery is not established without
activation of the hemostatic system. Carbohydrate disorders are accompanied
by platelet hyperactivity, with an increase in von Willebrand factor; hyperco-
agulability, with increased fibrinogen and factor VII levels; and hypofibrinol-
ysis, with increased plasma concentrations of plasminogen activator inhibitor
(PAI-1). A particularly strong association exists between plasma insulin levels
and PAI-1.

A reduction in the coronary vasodilatory reserve is common in patients
with cholesterol narrowing of the epicardial coronary arteries. Whether hyper-
insulinemia causes a reduction in nitric oxide (NO) synthesis, or a more gen-
eralized reduction in vascular reserve through the effect on the sympathetic
nervous system, is not known. It is interesting, however, that insulin resistance
often coexists with a condition referred to as the cardiological syndrome-X,
consisting of microvascular angina in patients presenting with normal coronary
arteriograms. The prevalence of this syndrome, with combined insulin resistance
and endothelial dysfunction, is high in premenopausal women (6)

Several investigative techniques have been devised for in vivo quantitation
of resistance to insulin-stimulated glucose uptake. All have limitations, and none
is suitable for routine clinical use. The euglycemic clamp technique, which in-
volves simultaneous infusions of insulin and glucose, has been used extensively
and is considered the standard. The method is, however, complex, nonphysio-
logical, and resource-demanding. A computer (minimal change) modeling of an
intravenous glucose tolerance test (IVGTT) is easier to apply in larger series,
although the differential equations necessitating simultaneous changing glucose
and insulin concentrations are complex.

lll. SEX STEROIDS AND CARBOHYDRATE METABOLISM

Several conditions suggest interrelation between insulin sensitivity and effects
of sex steroids. Examples include the increased insulin resistance during the
high estrogen and progesterone state of pregnancy, during the luteal phase of
the menstrual cycle, and in women with high androgen production (polycystic
ovarian syndrome, stromal hyperthecosis). In the context of sex steroids, during
the fertile period, the insulin sensitivity to glucose is greater in women than in
men. The overall association between estrogen levels expressed as sex hormone-
binding globulin (SHBG) and glucose metabolism are as follows: SHBG is
suggested to be a strong predictor of subsequent diabetes (NIDDM) in pre- and
postmenopausal women, whereas low concentrations of SHBG are associated
with insulin resistance and android obesity.
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Postmenopausal women exhibit many features of the metabolic syndrome,
with a rapid decline in insulin sensitivity following the menopause, which re-
lates to menopausal, rather than chronological age (7). The effects of estrogens
suggest that estrogen replacement therapy would have the potential to reverse
the cluster of metabolic changes included in the metabolic syndrome and of im-
portance for development of CVD. Thus, in the San Antonio Heart Study, SHBG
was negatively correlated with fasting insulin and insulin and glucose responses
to oral glucose (8). Some discrepancy, however, may exist between the physi-
ological and pharmacological action of sex steroids. Sex steroids with estrogen
and progestogen activity represent a wide spectrum of hormones with differ-
ent molecular structure and, therefore, also differences in their pharmacokinetic
properties and pharmacodynamic effects. The estrogens may be natural human
or equine from genuine sources, or artificial, with or without steroid structure.

The progestogens represent an even wider selection of hormonal com-
pounds, with progesterone-like activity, and still newer types will be introduced
in the coming years. Moreover, patches, jells, implants, and vaginal pessaries,
with no first-pass hepatic effect are available as exogenous sex steroids. One
must remember that such differences in pharmacokinetic properties will also
influence the metabolic effect of hormonal treatment.

In animal studies 17g-estradiol treatment enhances insulin secretion in
islet cells, thereby augmenting the insulin response to glucose and, additionally,
reducing insulin resistance. Also, natural progesterone may result in an increased
insulin response to glucose, but probably because of decreased insulin sensitivity
in target tissue, resulting in an increased beta cell responsiveness. Much of our
knowledge about the effect of the exogenous sex steroids on glucose metabolism
in women is derived from the oral contraceptive (OC) data. When administering
OCs, a decrease in glucose tolerance is often observed, concomitant with a
hyperinsulinemic response to the glucose load. The effect on glucose metabolism
is clearly dose-dependent, and the newer types of combined OCs, therefore, have
less influence on the glucose tolerance; most often there is no deterioration of
the glucose curve, whereas hyperinsulinemia and decreased insulin sensitivity
can still be observed (9). Following HRT administration of preparations with
acetylated estrogens (i.e., ethinyl estradiol [EE] and mestranol [ME] combined
with norethindrone [NET] or megestrol acetate [MGAYJ]), there have been reports
of abnormal glucose tolerance, similar to the effect of combined OCs. Luotola
and co-workers have performed OGTT during sequential intake of estradiol 178
combined with NET. No influence was found on glucose or insulin values (10).

Barret-Connor and Laakso have published results from a comparative study
on postchallenge glucose and insulin levels in women using no HRT, unopposed
conjugated estrogen (CE), and CE plus medroxyprogesterone acetate (MPA).
The glucose and insulin values were age and body mass index adjusted before
comparison was made. Fasting glucose levels were significantly lower in the
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estrogen-treated group compared with the untreated group. No difference was
seen between the CE plus MPA group and the group with unopposed CE treat-
ment, but fasting insulin values were lower in the estrogen-treated group than in
the untreated group. This is interesting because fasting insulin is considered to
be a fairly good marker for insulin sensitivity (11). In contrast Cagnacci et al.
(12) found no significant effect on fasting insulin levels or beta cell sensitivity
to oral glucose from oral intake of CE. This group compared oral intake of
CE with transdermal administration of 178-estradiol. Following the transdermal
administration, fasting insulin levels decreased and beta cell response to glucose
increased, indicating an increase in insulin sensitivity. The study is interesting
because it evaluates the significance of the estrogen effect on the liver for glucose
homeostasis, and in contrast to oral CE, the transdermal estrogen administration
increased hepatic insulin clearance.

Godsland et al. (13) have compared insulin sensitivity IVGTT, minimal
model) during sequential intake of oral CE plus LNG and transdermal admin-
istration of estradiol 178 plus oral NET. Oral intake of CE plus LNG caused
a decrease in glucose tolerance and an increased overall plasma insulin re-
sponse. Insulin resistance was greater during the combined phase than during
the estrogen-only phase. The transdermal regimen had relatively few effects on
insulin metabolism, although the first-phase beta cell insulin secretion was en-
hanced. Both regimens increased hepatic insulin uptake. This study, therefore,
indicates that the addition of a progestogen with high androgenicity, such as
levonorgestrel, to estrogen therapy may markedly influence the effect on glu-
cose metabolism, in parallel with the observations made during administration of
OCs. Lindheim et al. demonstrated a bimodal effect of oral equine estrogens on
insulin sensitivity with an improvement occurring with the lower dose of 0.625
mg, but with a deterioration with the dose of 1.25 mg. The authors suggest that
this effect may be related to a first-pass hepatic—portal effect in that transdermal
E; (0.1 mg), which may be equated more closely with the larger dose of oral
estrogen (1.25 mg), improved insulin sensitivity. Progestin, however, appeared
to attenuate the beneficial effects of transdermal estrogen and may alter the
clearance of insulin (14-15).

We have examined the influence on glucose metabolism and insulin sen-
sitivity from oral administration of 2 mg estradiol in combination with an in-
trauterine delivery system of levonorgestrel (LNS, Mirena) and compared the
results. with data obtained with a continuous, combined treatment with 2 mg
estradiol plus 1 mg NETA (Kliogest). After 6 months, no changes were ob-
served in the glucose tolerance tests nor in insulin sensitivity using the minimal
model technique (Table 3) (14). Preliminary 12-month data, however, indicate a
significant difference in estrogen and estrogen—progestin effect on insulin levels
(data not shown).

Insulin resistance and its associated abnormalities are of utmost importance
in the pathogenesis of NIDDM. However, estrogen replacement therapy is pre-
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Table 3 HRT and Insulin Sensitivity (6 mo)

AUC AUC Insulin
HRT glucose insulin sensitivity
E; + LNS (n = 20) (local progestin) <« P <«
E; 4+ NETA (n = 21) (cont. comb.) < <> >

<>, no change.
Source: Ref. 14.

scribed only infrequently for patients with NIDDM. In a randomized controlled
trial, Brussaard et al. (16) assessed the effect of oral 178-estradiol during 6 weeks
in 40 postmenopausal women with. NIDDM. Glycated hemoglobin (HbAlc), in-
sulin sensitivity, suppressibility of hepatic glucose production, lipoprotein pro-
file, and parameters of fibrinolysis were determined. The estrogen-treated group
demonstrated a significant improvement in the major glucometabolic variables
and in hemostatic risk markers (16). Similarly, Andersson et al. (17) demon-
strated that estrogen replacement therapy decreases hyperandrogenicity and im-
proves glucose homeostasis and plasma lipids in postmenopausal women with
NIDDM.

IV. CONCLUDING REMARKS

The association between deterioration of glucose metabolism and CVD has been
observed in numerous studies. During more recent years, research has demon-
strated that insulin resistance and hyperinsulinemia are common features in sev-
eral conditions known to promote the atherosclerotic process (i.e., hypertension,
android obesity, and dyslipidemia). In the vessel wall, insulin stimulates prolif-
eration and migration of smooth muscle cells, binding of LDL to receptors in
monocytes, and the activity of major enzymes in lipogenesis. Altogether, these
changes result in formation of lipid-filled lesions preceding the atherosclerotic
plaque. In any individual, insulin resistance is genetically determined and de-
clines with age, but exogenous and endogenous sex steroids have a modulating
effect. In postmenopausal women, exogenous estrogens decreases insulin re-
sistance, although the effect may be blunted by increased synthesis of growth
factors and decreased hepatic insulin clearance following the first-pass effect
of orally administered hormones. Moreover, administration of progestogens, es-
pecially those with high androgenicity, together with estrogens may counteract
the estrogen effects on insulin resistance. The estrogen modulation of the di-
rect insulin-action on the endothelial cell function also needs further elucidation.
Specific studies on the effect of HRT on insulin resistance, therefore, are needed,
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with proper adjustments for confounding factors, such as route of administra-
tion, configuration of the steroids, blood pressure, lipoprotein levels, exercise,
and diet, before a proper conclusion can be made on the interrelation between
HRT, insulin, and CHD.

REFERENCES

10.

11.

12.

13.

Welborn TA, Wearne K. Coronary heart disease incidence and cardiovascular mor-
tality in Busselton with reference to glucose and insulin concentrations. Diabetes
Care 1979; 2:154-160.

Pyorila K. Relationship of glucose tolerance and plasma insulin to the incidence
of coronary heart disease: results from two population studies in Finland. Diabetes
Care 1979; 2:131-141.

Fontbonne A, Charles MA, Thibault N, Richard JL, Claude JR, Warnet JM,
Rosselin GE, Eschwege E. Hyperinsulinemia as a predictor of coronary heart
disease mortality in a healthy population: the Paris Prospective Study, 15-year
follow-up. Diabetologia 1991; 34:356-361.

Stampfer MJ, Colditz GA, Willett WC. Menopause and heart disease. A review.
Ann NY Acad Sci 1990; 592:193-203.

Reaven GM. Pathophysiology of insulin resistance in human disease. Physiol Rev
1995; 75:473-486.

Dean JD, Jones CJH, Hutchinson J, Peters JR, Henderson AH. Hyperinsulinemia
and microvasular angina. Lancet 1991; 337:456-457.

Walton C, Godsland I, Proudler A, Wynn W, Stevenson JC. The effects of the
menopause on insulin sensitivity, secretion and elimination in nonobsese, healthy
women. Eur J Clin Invest 1993; 23:466-473.

Goodman-Gruen D, Barrett-Connor E. Sex hormone-binding globulin and glucose
tolerance in postmenopausal women. The Rancho Bernardo Study. Diabetes Care
1997; 20:645-649.

Skouby SO. Oral contraceptives: effect on glucose and lipid metabolism in pre-
vious gestational diabetic women and in insulin-dependent diabetic women—a
clinical and biochemical assessment. Dan Med Bull 1988; 35:157-167.

Luotola H, Pyorild T, Loikkannen M. Effects of natural oestrogen/progestogen
substitution therapy on carbohydrate metabolism in postmenopausal women. Ma-
taritas 1986; 8:245-253.

Barret-Connor E, Laakso M. Ischemic heart disease risk in postmenopausal women.
Effects of estrogen use on glucose and insulin levels. Arteriosclerosis 1990;
10:531-534.

Cagnacci A, Soldani R, Carriero PL, Paoletti AA, Fioretti P, Melis GB. Effects
of low doses of transdermal 17-beta estradiol on carbohydrate metabolism in
postmenopausal women. J Clin Endocrinol Metab 1992; 74:1396-1400.
Godsland IF, Gangar K, Walton C, Cust MP, Whitehead MI, Wynn V, Steven-
son JC. Insulin resistance, secretion, and elimination in postmenopausal women

receiving oral or transdermal hormone replacement therapy. Metabolism 1993;
42:846-853.



376

14.

15.

16.

17.

Skouby

Lindheim SR, Buchanan TA, Duffy DM, Vijod MA, Kojima T, Stanczyk FZ, Lobo
RA. Comparison of estimates of insulin sensitivity in pre- and postmenopausal
women using the insulin tolerance test and the frequently sampled intravenous
glucose tolerance test. J Soc Gynecol Invest 1994; 1:150-154.

Lindheim SR, Duffy DM, Kojima T, Vijod MA, Stanczyk FZ, Lobo RA. The
route of administration influences the effect of estrogen on insulin sensitivity in
postmenopausal women. Fertil Steril 1994; 62:1176-1180.

Brussaard HE, Gevers Leuven JA, Frolich M, Kluft C, Krans HM. Short-term
oestrogen replacement therapy improves insulin resistance, lipids and fibrinolysis
in postmenopausal women with NIDDM. Diabetologia 1997; 407:843-849.
Andersson B, Mattsson LA, Hahn L, Marin P, Lapidus L, Holm G, Bengtsson
BA, Bjorntorp P. Estrogen replacement therapy decreases hyperandrogenicity and
improves glucose homeostasis and plasma lipids in postmenopausal women with
noninsulin-dependent diabetes mellitus. J Clin Endocrinol Metab 1997; 82:638-
643.



22

Antiprogestins in Clinical Practice

Irving M. Spitz
Shaare Zedek Medical Center, Jerusalem, Israel

Ann Robbins
Thyreos Corporation, New York, New York

. INTRODUCTION

Progesterone plays a critical role in mammalian reproduction. After the discov-
ery of the progesterone receptor (PR) in 1970 (1), researchers realized that a
progesterone receptor antagonist would have a major influence on female repro-
ductive health. The search for such an antiprogestin extended over more than
a decade. In 1981, Philibert et al. (2) reported on a newly synthesized gluco-
corticoid receptor antagonist, known as RU 38486 which also displayed marked
antiprogestin activity. RU 38486 was subsequently abbreviated to RU 486 and
is now currently known by the generic name mifepristone. Mifepristone has a
relative binding affinity five times that of progesterone and three times that of
dexamethasone at their respective receptors. It has very slight affinity for the
androgen receptor, but does not bind to either estrogen or mineralocorticoid
receptors (3).

Since the initial publication, over 400 additional antiprogestins have been
synthesized, and several are undergoing preliminary clinical investigation. Full
details on chemistry, pharmacology, and mechanism of action of antiprogestins
have been reviewed elsewhere (4-9). This chapter highlights the clinical appli-
cations for treatment with antiprogestins. Because almost all studies in humans
have used mifepristone, this will be the focus of this review.
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II. CLINICAL APPLICATIONS

A. Pregnancy Termination

Progesterone is essential for the initiation and maintenance of pregnancy. It also
promotes uterine quiescence by inhibiting myometrial contractions. Progesterone-
induced relaxation of muscle cells is associated with hyperpolarization of the
cell membrane, prevention of calcium ion influx, and suppression of cell cou-
pling by gap junctions. When antiprogestins are administered, myometrial cell
excitability increases, in association with establishment of gap junctions between
cells and influx of calcium ions. This results in coordinated uterine contractions
(10). Herrmann et al. (11) were the first to demonstrate that mifepristone had the
ability to successfully terminate pregnancy in humans. Subsequent studies have
shown that when 200-600 mg of mifepristone is administered to women with
a gestational duration of 49 days or less, the rate for complete termination of
pregnancy usually ranges from 64 to 85% (4,12-14). Clearly, this is inadequate
for general clinical use.

The next major advance was made by Bygdeman and Swahn (15), who
showed that the addition of a prostaglandin, administered 36-48 h after mifepris-
tone significantly improves the success rate. Prostaglandins enhance uterine con-
tractions and antiprogestins increase endometrial prostaglandin concentrations
by inhibiting prostaglandin dehydrogenase, the progesterone-dependent enzyme
that metabolizes the active prostaglandins, PGE, and PGF,,. As a consequence,
there is accumulation of these active prostaglandins (16,17). Antiprogestins also
increase the myometrial response to exogenous prostaglandins (15).

The first prostaglandin used in combination with mifepristone was the
PGE, analogue sulprostone, which was administered by injection. However be-
cause of the occurrence of a death from myocardial infarction in a 38-year-old
smoker and of cardiovascular side effects in other subjects, this agent was with-
drawn (13). The prostaglandins currently used with mifepristone are the PGE;
analogues, misoprostol (given by the oral or vaginal route) or the vaginal pes-
sary, gemeprost. To date, no untoward cardiovascular events have been reported
when these prostaglandins are used together with antiprogestins. The combina-
tion of either prostaglandin administered 36-48 h after mifepristone provides
an effective method of medical termination of pregnancy (15,18-23). In women
whose duration of gestation is less than 49 days, the success rate reaches 95%
(18-23). With oral misoprostol, the rate of successful pregnancy termination
decreases after 49 days (20,24). Vaginal misoprostol administration has been re-
ported to give better results than the oral administration (23). Gemeprost is more
potent than misoprostol (21), and if it is used, the window of application can
be extended to a duration of gestation of up to 63 days, with excellent efficacy
(21,22). The reasons for failure include incomplete abortion or ongoing preg-
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nancy. Surgical intervention may also rarely be performed for excess or severe
bleeding, other medical reasons, or because of a patient request.

With this method, expulsion usually occurs in 50-60% of women during
the 4-h observation period following misoprostol, and the vast majority of the
other women expel gestational tissue in the first 24 h after the prostaglandin
is administered (18,19,24). All women who abort have vaginal bleeding. Other
adverse events observed include abdominal pain, nausea, vomiting, and diar-
rhea. Most of these symptoms occur during the 4-h observation period after
prostaglandin administration.

We have recently reported the results of the first large multicenter trial in
the United States on the use of mifepristone and oral misoprostol to terminate
pregnancy in women with a duration of gestation of up to 63 days (24). The
success rates observed in this U.S. study ranged from 92% at 49 days to 77% at
63 days, somewhat lower than those previously described (18-23). This may be
related to lack of experience with medical abortion in the United States, protocol
design, and that oral misoprostol (rather than vaginal misoprostol or gemeprost)
was used. The combination of mifepristone, 600 mg orally, and misoprostol,
400 pg orally, has been approved for use in pregnancy termination in France
for up to 49 days gestation and in China for up to 63 days. In Sweden and the
United Kingdom, mifepristone 600 mg orally, followed by gemeprost 1 mg per
vaginum, is registered for up to 63 days of amenorrhea.

B. Cervical Softening

Antiprogestins have numerous other obstetrical and gynecological applications.
In addition to their ability to enhance myometrial contractility, antiprogestins
also dilate and soften the uterine cervix. The available data indicates that antipro-
gestins do not act on the cervix by stimulating endogenous prostaglandin produc-
tion (25); rather, their action originates from inflammatory cells and chemotactic
agents, such as cytokines (e.g., IL-8, IL-18; 26). Indeed progesterone inhibits
and mifepristone stimulates Interleukin-8 (IL-8) release in human choriodecid-
ual cells in vitro (27). Because of its action on the uterine cervix, antiprogestins
are useful in the preoperative preparation of women for first-trimester vacuum
aspiration. Mifepristone is usually administered 48 h before surgical abortion,
is as effective as prostaglandins, and has significantly fewer side effects (28). In
second-trimester abortions, pretreatment with mifepristone reduced the interval
between prostaglandin administration and expulsion. Furthermore, the dose of
prostaglandin required was reduced, and the women experienced considerably
less pain (29).

Mifepristone is very effective in inducing labor following intrauterine fetal
death and it is used routinely in France for this purpose (31). It has also been
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used to induce labor at the end of the third trimester (32). In this latter study,
women at term received either 200 mg mifepristone or placebo daily for 2 days.
In the mifepristone group, 50% of the women underwent spontaneous labor,
compared with 25% in the placebo group. Although the mean time from onset
of treatment and the start of labor was shorter in the mifepristone group, the
number of women ultimately requiring cesarean section was similar in the two
groups (32). Moreover, because this agent crosses the fetal placental barrier (33),
further studies are required to ensure that no untoward effects are observed in
the neonate.

C. Antiprogestins as Possible Contraceptives

In addition to its critical role in pregnancy, progesterone facilitates the luteiniz-
ing hormone (LH) surge, transforms the endometrium to a secretory state, and
maintains endometrial integrity (7). Thus, an antiprogestin may have contra-
ceptive potential by (a) inhibiting the LH surge and ovulation, (b) preventing
secretory transformation of the endometrium and delaying the emergence of the
implantation window, and (c) shedding of the endometrium resulting in men-
strual bleeding and prevention of implantation.

Mid- or late follicular phase mifepristone administration blocks follicular
development and delays the LH surge and ovulation by 12 days (7,34). To in-
hibit ovulation, mifepristone must be given either continuously or intermittently.
Daily mifepristone doses of 2—-10 mg for 1 month blocked ovulation, although
this did not consistently occur with intermittent-dose schedules administered at
weekly intervals (7,35-38). In all anovulatory cycles, estradiol levels were in the
midfollicular phase range and associated with suppressed progesterone levels,
raising the possibility of unopposed estrogen action on the endometrium. For
this reason and because ovulation inhibition is not consistently observed, inter-
mittent administration has been disbanded as a potential contraceptive method.
Further studies with continuous low doses need to be conducted to determine if
this could be developed as a potential contraceptive.

Because endometrial maturation and development is critically dependent
on progesterone, it is possible that this may be altered by antiprogestins. In
women, a single 200-mg dose of mifepristone on the second day after the LH
surge resulted in retardation of endometrial development, but did not alter the
length of the cycle or serum follicle-stimulating hormone (FSH) or progesterone
levels (39). When the strategy was used as the only contraceptive method in 21
unprotected women for a total of 169 treatment cycles for up to 12 months,
only one clinical pregnancy resulted (40). Similar results have been observed in
monkeys (41,42).

These contraceptive effects are explained on the basis of a delay in en-
dometrial maturation, with a shift of the implantation window (43). Very low
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doses of mifepristone (0.5 mg daily or 2.5 mg once a week) can postpone en-
dometrial maturation without altering bleeding patterns, ovulation, or hormonal
profiles (7,44,45). These studies support the concept of endometrial contracep-
tion based on a delay in endometrial maturation, rendering it nonreceptive to
implantation of a blastocyst. Further studies need be conducted to identify pre-
cise endometrial markers critical for development of the implantation window
and to determine which are altered by antiprogestins.

With the fall in estradiol and progesterone at the end of the luteal phase,
endometrial bleeding occurs. Indeed, one of the major effects of progesterone is
to maintain endometrial integrity. Unlike the marked sensitivity of the endome-
trial morphology to antiprogestins, higher doses (50 mg or more) are required to
produce endometrial shedding and bleeding (7,47), which occurs within 3 days
of mifepristone administration.

When used occasionally after missed menses, mifepristone, together with
a prostaglandin prevented pregnancy in women with menstrual delay of up to 11
days (48). Studies have also been conducted using mifepristone as a ‘‘menses
regulator’’ (i.e., mifepristone was administered every month at the end of the
cycle independently of whether or not the woman was pregnant). Unlike the
efficacy of a single dose with menses delay, with repeated monthly use, the
results are not so promising. In the largest studies yet published, the failure
rate ranged from 17 to 19% (7,12,13). This is similar to the failure rate of
mifepristone when used to terminate early pregnancy without a prostaglandin
(11-14). This regimen is clearly not clinically acceptable, and further studies
using other approaches need be undertaken to improve its efficacy.

D. Postcoital Administration

Mifepristone has also been used as an emergency contraceptive. Two random-
ized trials, involving a total of 597 women, compared 600 mg of mifepristone
with the estrogen—progestin (Yuzpe) regimen (49,50). Mifepristone, given within
72 h of unprotected intercourse, was 100% effective in preventing pregnancy,
whereas the estrogen—progestin regimen was associated with nine failures. With-
out treatment, it was predicted that 34 pregnancies would have occurred in the
mifepristone group. Side effects, such as nausea, vomiting, headache, and breast
tenderness, were less frequent among women given mifepristone; however, in
one of the studies, 34% of women using mifepristone had a delay of more than
3 days in the onset of the next menstrual period (49). This occurred if mifepri-
stone was given during the follicular phase of the cycle, which delays the LH
surge and inhibits ovulation. This is clearly an obvious drawback of mifepris-
tone, because the onset of menses reassures the woman who has used emergency
contraception that she is not pregnant. Further studies are in progress to assess
the response to lower doses of mifepristone.
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E. Other Gynecological Indications

Under most circumstances, antiprogestins behave as classic progestin antago-
nists preventing the transformation of the endometrium to a secretory pattern.
However, on occasion, antiprogestins inhibit endometrial proliferation and se-
cretory activity (7,51). In view of these properties, antiprogestins have a role in
the treatment of endometriosis, an estrogen-dependent condition (52). In clinical
studies with daily mifepristone doses of 50 mg for 6 months, there was an im-
provement in pelvic pain and a decrease in the extent of disease as determined by
laparoscopy (52). Antiprogestins have also clinical application in the treatment of
uterine leiomyomas (52). Although this might also represent an antiproliferative
effect of mifepristone, there is both clinical and in vitro evidence that progestins
promote leiomyoma growth (53,54). Thus, under these conditions, mifepristone
may be acting as a classic antiprogestin. After 3 months of daily treatment
with mifepristone in doses of 25 and 50 mg, there were significant decreases in
leiomyoma volume (52). Unlike treatment with gonadotropin-releasing hormone
(GnRH) agonists, there was no decrease in bone mineral density in the treatment
of patients with endometriosis and uterine fibroids (52).

F. Tumors Containing Progesterone Receptors

Antiprogestins have also been proposed in the treatment of tumors that contain
steroid receptors. Many meningiomas contain progesterone receptors. Antipro-
gestins inhibit growth of meningioma cells in culture (55) and reduce the size of
human meningioma implanted into nude mice (56). In one clinical trial, 200 mg
was given daily for up to 62 months to a total of 28 patients with unresectable
meningiomas. Eight subjects demonstrated objective responses, as shown by re-
duced tumor size on computed tomography (CT) or magnetic resonance imaging
(MRI) scans and improvement in visual field examination (57). A randomized
double-blind placebo-controlled phase 3 trial is currently underway to confirm
the activity of mifepristone in unresectable meningioma (57). Three small clini-
cal trials have been reported in advanced breast carcinoma. Two were conducted
in patients who had failed other therapy (58,39). In the third trial, the subjects
had received no previous medical therapy (60). The results in all three studies
have been disappointing. Studies in animals have suggested that antiprogestins
could be used in other tumors, including gliomas and ovarian, prostate, and
endometrial cancer (13,61).

G. Antiglucocorticoid Activity

Mifepristone also binds to the glucocorticoid receptor and displays potent antiglu-
cocorticoid properties. Higher doses of mifepristone are required to produce an
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antiglucocorticoid effect than to produce an antiprogestin effect. This may be
related to the high concentrations of cortisol in blood, to the fact that many gluco-
corticoid effects are permissive, or to feedback regulation of the hypothalamic-
pituitary-adrenal axis (13). High-dose continuous mifepristone administration
(5-22 mg/kg per day) has been used to treat Cushing’s syndrome caused by ec-
topic corticotropin (adrenocorticotropic hormone, ACTH) secretion and adrenal
carcinoma (62,63). Mifepristone normalized the cushingoid phenotype, ame-
liorated depression, decreased hypertension, eliminated abnormal carbohydrate
metabolism, and corrected glucocorticoid-induced gonadal and thyroid hormone
suppression (62,63). However, this drug cannot be used in Cushing’s disease
if the hypothalamic—pituitary—adrenal axis is intact, but is regulated at a higher
setpoint. Under these circumstances the mifepristone-induced increase in ACTH
and cortisol secretion may overcome the glucocorticoid receptor blockade (13).
Mifepristone, however, could be used to prepare a patient for surgery. Moreover,
it has few side effects, compared with those observed with other agents used to
treat these patients (12,13).

There are other indications for these agents besides Cushing’s syndrome
(12,13,64). In general, the applications of mifepristone as an antiglucocorticoid
may be thought of as local or systemic. Studies in rabbits provided a ratio-
nale for the local application of eye drops containing mifepristone to lower
intraocular pressure in humans with glaucoma (65). Systemic administration of
an antiglucocorticoid could be used for the antagonism of large doses of ex-
ogenous glucocorticoid, as well as for inhibition of the physiological effects
of endogenous cortisol (13). For systemic administration to be effective, the
antagonist would need to have highly selective actions on specific organs. For
example, mifepristone blocked the loss of muscle and body weight induced by
pharmacological doses of dexamethasone (66). In this instance, if mifepristone
is to have a potential use in the treatment of steroid-induced myopathy, it must
have a selective antagonistic effect on muscle, without attenuating the beneficial
effects for which the glucocorticoid was administered in the first place. Little is
yet known on whether mifepristone or any other antiglucocorticoid has selective
antagonistic activity (13).

Systemic administration of mifepristone for neutralization of endogenous
cortisol could be of benefit in a wide variety of disorders (64,67). For example,
muscle atrophy associated with conditions as diverse as androgen withdrawal,
denervation, and muscular dystrophy is associated with increased glucocorticoid
receptors in muscle, thus suggesting that endogenous cortisol is a regulator of
muscle mass. This postulate was confirmed with the demonstration that mifepris-
tone could attenuate muscle loss following orchidectomy (68). Several studies
showed that diseases caused by herpes and Maloney viruses in animals were
prevented or inhibited by reducing glucocorticoid synthesis and that cortisol
enhanced human immunodeficiency virus (HIV) and cytomegalovirus expres-
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sion (64,67). These observations suggested that antagonism of the action of
endogenous cortisol could prevent progression of several serious viral diseases
possibly even against HIV (64,67). However, unless the specific action of corti-
sol that one wished to inhibit was sensitive to very low doses of mifepristone, the
use of antiglucocorticoids to neutralize endogenous cortisol will be associated
with a rise in ACTH and cortisol as the pituitary—adrenal axis responds to the
functional decrease in cortisol as glucocorticoid receptors in these organs are
blocked (13).

Other situations in which the antiglucocorticoid properties of this class
of compound may prove useful are in the treatment of burns, glucocorticoid-
dependent hypertension, depression, arthritis, and cataracts (7,13,64,67,69,70).
It is thus evident that this new class of compounds have numerous proved and
possible clinical applications.

ll. UNTOWARD EFFECTS

The adverse events reported during single-dose mifepristone—misoprostol ad-
ministration for pregnancy interruption are invariably due to the prostaglandin
component of the regimen. They could also be related to the pregnancy and
abortive process. Long-term administration of mifepristone in doses ranging
from 100 to 200 mg/day is generally well tolerated (12,13). The most common
side effect reported is fatigue, which develops in most of the subjects (12,13).
Nausea, anorexia, and vomiting may also occur (12,13). That such symptoms
improve with supportive therapy that includes glucocorticoids is not sufficient
evidence to suggest glucocorticoid deficiency. Although hypoadrenalism, con-
sequent to glucocorticoid antagonism with mifepristone, has been reported on
occasion in long-term treatment with doses exceeding 200 mg/day, this has
rarely been objectively proved and is an uncommon occurrence in humans with
an intact pituitary—adrenal axis. Nevertheless, if the clinical picture does suggest
hypoadrenalism, then glucocorticoid replacement is indicated.

Other side effects reported during long-term treatment include slight de-
crease in serum potassium, weight loss, skin rashes, cessation of menses in
premenopausal women, intermittent hot flashes, transient thinning of the hair,
biochemical hypothyroidism, development of Hashimoto’s thyroiditis, and oc-
casional decrease in libido and gynecomastia in males (12,13,71). The latter is
presumably because mifepristone binds with low affinity to androgen receptors
(3). When administered over a prolonged period to women in a dose of 50 mg
daily or higher, there is progesterone suppression, and the endometrium is ex-
posed to unopposed estrogen levels (7). The clinical consequences of this still
remain to be fully evaluated. A single case of massive simple benign endome-
trial hyperplasia was reported in a young 19-year-old subject, with a variant
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of Cushing’s syndrome who was treated with mifepristone (400 mg) daily for
intermittent intervals for a total of 1 year. This resolved completely on cessation
of mifepristone treatment (72).

Because some women fail to abort-and may continue with their pregnancy
following mifepristone administration, it is important to determine if there are
any teratogenic effects. There are isolated case reports of normal pregnancies
and offspring when women have taken mifepristone alone or in combination
with a prostaglandin, have not aborted, and have elected to continue their preg-
nancies (13,73). One woman’s pregnancy was terminated at 18 weeks because
ultrasonography revealed that the fetus had multiple severe congenital defects
not thought to have been caused by mifepristone (74). In rabbits, skull defor-
mities did occur and were attributed to mechanical effects secondary to uterine
contractions because of the decrease in progesterone activity (75). However, the
prostaglandins used in association with antiprogestins for pregnancy termination
may be associated with teratogenic effects (76,77). Because of this, the manu-
facturer of mifepristone recommends that in the case of failure of the method,
the pregnancy should be terminated by surgery.

IV. CONCLUSIONS

Antiprogestins are among the most controversial and yet the more interesting
therapeutic compounds developed in the past 20 years. It is evident that antipro-
gestins have numerous proved and potential clinical applications. To consider
antiprogestins exclusively as abortifacients is to grossly underestimate their use-
fulness. In addition to providing an effective and safe means of medical abortion,
these agents may be used for other obstetric indications, in various gynecologic
disorders, as postcoital contraceptives, as potential contraceptives, as well as
in the treatment of patients with cancer, various forms of Cushing’s syndrome,
and in other miscellaneous disorders. It is of interest that few of these clinical
applications were envisaged when antiprogestins were first described 15 years
ago.

The initial clinical trial of mifepristone for medical termination of preg-
nancy was conducted in 1982 (11). Despite this, antiprogestins are available for
pregnancy termination only in France, the United Kingdom, Sweden, and China.
This is probably related to economic, and legal reasons, as well as opposition
from antiabortion groups. It is expected that the U.S. Food and Drug Agency
(FDA) will give approval for the use of mifepristone for medical termination
of pregnancy in the United States during 1999. It is hoped that this will be an
impetus for the introduction of mifepristone and other antiprogestins into other
countries. Further studies can then be conducted to define the therapeutic values
and benefits of these fascinating compounds.
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Pharmacokinetics of Progesterone
Administered Orally and Parenterally
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. INTRODUCTION

The search for an optional therapeutic agent for progesterone replacement or
supplementation has led to the study of different progestogen formulations and
routes of administration. In recent years, there has been considerable interest
in the therapeutic use of the natural progestogen, progesterone. The objective
of the present chapter is to discuss the methods used to measure progesterone
levels and to summarize the existing data on the absorption, metabolism, and
pharmacokinetic profiles of progesterone administered orally and parenterally.

IIl. ABSORPTION OF PROGESTERONE

The process of micronization has allowed the therapeutic use of progesterone by
the oral route. When progesterone is administered orally in a crystalline form, it
is poorly absorbed. However, when the particle size of crystalline progesterone
is decreased by the process of micronization, oral absorption of progesterone is
increased. Micronization gives rise to a greater surface area of the compound,
allowing it to be dissolved in the aqueous medium of the intestine.

Increased surface area of a water-insoluble compound can also be achieved
by dispersing the compound in water-soluble carriers such as sterols. Oral ad-
ministration of a mixture of progesterone with cholesterol pivalate on a lactose
carrier increases plasma progesterone levels, compared with administration of
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progesterone without the sterol (1). A rat model has been used to provide evi-
dence that progesterone mixed with a sterol is absorbed through the lymphatic
system (1).

Although the processes just described allow progesterone to be readily
absorbed, another obstacle that limits its bioavailability is the extensive intestinal
and hepatic metabolism to which it is subjected. The progesterone molecule is
particularly vulnerable to enzymatic reduction by reductases and dehydrogenases
owing to its characteristic functional groups (i.e., ketone groups at C-3 and C-20,
and a double bond between C-4-5). Reducing enzymes, as well as conjugating
enzymes (sulfuryl and glucuronyl transferases), are present in both intestinal
bacteria and the intestinal mucosa. These enzymes reduce a portion of ingested
micronized progesterone to pregnanediones, pregnanolones, and pregnanediols,
which are found as isomers with the hydrogen at C-5 and the hydroxyl groups
at C-3 and C-20 either in the «- or B-orientation. In addition, the hydroxyl
groups may be sulfated or glucuronidated. Subsequently, progesterone and its
metabolites are absorbed through the intestinal mucosa and enter the portal vein
blood, which perfuses the liver. The liver then transforms a substantial portion of
the unmetabolized progesterone, as well as some of the progesterone metabolites,
by its extensive and highly active reductases, dehydrogenases, hydroxylases,
and conjugating enzymes. The extensive intestinal and hepatic metabolism of
progesterone requires administration of large doses of this compound compared
with other progestogens, when used therapeutically.

. MEASUREMENT OF PROGESTERONE

Although progesterone is measured most commonly in serum or plasma, it can
also be quantified in urine and saliva. Progesterone is measured by immunoassay
methods that include radioimmunoassay, chemiluminescent immunoassay, fluo-
roimmunoassay, and enzyme immunoassay. In urine, progesterone is present in
low concentrations and requires a purification step (e.g., organic solvent extrac-
tion) before quantification by an immunoassay (2). Instead, its main metabolite,
pregnanediol glucuronide, is usually measured in urine. When serum levels of
progesterone and urinary levels of pregnanediol glucuronide are measured daily
throughout a woman’s menstrual cycle, an excellent correlation exists between
the two compounds (3). The concentrations of urinary pregnanediol glucuronide
are about 1000 times higher than those of urinary progesterone during the follic-
ular phase, and as much as 4000 times higher during the luteal phase. Although
urinary pregnanediol glucuronide levels are considerably higher than urinary
progesterone levels, pregnanediol glucuronide excretion is subject to large intra-
subject and intersubject variability. The dramatic elevation and great variability
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in urinary pregnanediol glucuronide levels is primarily attributable to the hepatic
first-pass effect of progesterone.

Although “‘direct”” immunoassays (i.e., without a purification step) are
used most commonly for quantifying progesterone in serum or plasma, such
assays should not be used when measuring progesterone in samples obtained
following exogenous administration of progesterone. This is because high con-
centrations of both unconjugated and conjugated progesterone metabolites are
found in serum following oral progesterone dosing, which results in overesti-
mated progesterone values. To obtain absolute progesterone levels, it is essential
to subject samples to purification (e.g., organic solvent extraction and chromatog-
raphy) before quantification by immunoassay.

Serum progesterone levels also correlate highly with salivary progesterone
levels (4). However, the latter levels are approximately 1/25-1/50 of circulating
progesterone levels. Low progesterone levels in saliva can be difficult to measure
by immunoassay if the assay lacks sensitivity or if there is insufficient volume
of saliva for the assay.

When drawing a blood sample for measurement of progesterone, it is
important to realize that endogenous steroid levels may be influenced by food
intake. One study showed that endogenous progesterone levels were decreased
by as much as 35% at 1 h after food intake (5).

Finally, sometimes, endogenous serum progesterone levels can be under-
estimated when direct immunoassays are used. This is most often due to lack of
dissociation of progesterone from its specific plasma-binding protein, namely,
corticosteroid-binding protein (CBG) in serum or plasma. Approximately 20%
of circulating progesterone is bound with high-affinity to CBG (6). Most of the
remaining portion is loosely bound to albumin; less than 5% is unbound.

IV. PHARMACOKINETICS OF ORAL PROGESTERONE

When a sufficient dose of micronized progesterone is administered to a woman,
therapeutic serum levels of progesterone are attained. Dose proportionality of
micronized progesterone has been evaluated in a three-way, crossover design
study of 100-, 200-, and 300-mg doses in 15 healthy postmenopausal women
(7). Each dose was ingested daily for 5 days, and blood samples were obtained
at frequent intervals for 24 h after the last dose. The results showed that both
the maximum concentration (Cpax) and area under the curve from 0 to 24 h
(AUCp_o4n) values for serum progesterone increased proportionately with in-
creasing dose. Mean Cpax values were 6.5, 13.8, and 32.2 ng/mL for the three
different doses, respectively. However, the times to reach Cpax (Tmax) values
were not very different for the three different groups; they ranged from 2.2 to
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2.7 h. Large intersubject variability in serum progesterone levels was observed
in all three groups.

Serum progesterone levels in the foregoing dose-response study were in
the range observed during the luteal phase of a spontaneous menstrual cycle.
These findings indicate that 100-, 200-, and 300-mg doses of micronized pro-
gesterone can be used clinically for supplemental and therapeutic needs.

Presently, the 200-mg dose of micronized progesterone is commonly rec-
ommended for preventing endometrial hyperplasia in postmenopausal women
receiving estrogen replacement therapy. This dose was evaluated in a group of
nine healthy postmenopausal women following its administration, and frequent
blood samples were taken during a 24-h period (8). The mean Cpax for serum
progesterone was 17.0 & 4.9 ng/mL at a mean Ty, of 2.8 &£ 0.35 h. In the same
study, the Cpax values were not significantly different from midluteal serum pro-
gesterone levels measured in control cycles of a group of premenopausal women;
their levels averaged 14.1 £ 2.7 ng/mL. These observations indicate that a single
oral 200-mg dose of micronized progesterone provides circulating progesterone
levels similar to those normally found during the luteal phase.

The influence of food ingestion on the absorption of oral micronized pro-
gesterone has also been studied (7). Following a daily 200-mg dose of oral mi-
cronized progesterone, either before or immediately after a standardized meal,
food intake increased Cpax by about fivefold and AUCq_p4p about twofold. Tax
also increased, but only to a minor extent.

V. PHARMACOKINETICS OF PROGESTERONE
ADMINISTERED PARENTERALLY

Progesterone can be administered parenterally by a variety of different routes;
these include the following: intramuscular, vaginal, percutaneous, intranasal,
sublingual, and rectal. Although little is known about the pharmacokinetics of
progesterone administered parenterally, some data are available pertaining to
circulating progesterone levels by these routes. A major observation in these
studies is the large intersubject variability in circulating progesterone levels.
Some of these studies will now be summarized.

A. Intramuscular Route

Dose proportionality of progesterone has been evaluated in a study of six pre-
menopausal women who received intramuscular administration of 10, 25, 50, and
100 mg of progesterone in oil (9). Peak concentrations of plasma progesterone
for the different doses increased proportionally with increasing dose and were
attained within 8 h of dosing; the peak levels were 7, 28, 50, and 68 ng/mL
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for each of the doses, respectively. Elevated progesterone levels persisted for
24-48 h, which is consistent with a depot effect of progesterone after intramus-
cular administration. The data indicate that a single intramuscular injection of
25 mg of progesterone in oil can give rise to circulating progesterone levels
that are comparable with those found during the luteal phase of a spontaneously
occurring menstrual cycle.

In another study, a comparison was made between intramuscular and oral
administration of progesterone (2). Three premenopausal women received a sin-
gle oral 200-mg dose of micronized progesterone during days 2-5 of the men-
strual cycle. Two days later, the same women received an intramuscular injection
of 25 mg of progesterone in sesame oil. Blood and urine were collected at base-
line and at 1, 4, 8, 12, and 24 h postireatment. Progesterone was measured in
both serum and urine, and pregnanediol glucuronide was measured in urine.
Following the oral dose, serum progesterone levels rose rapidly, and peak levels
ranging from 8.6 to 11.7 ng/mL were attained at 3—4 h after dosing. By 24 h, the
peak progesterone concentrations fell to approximately 10% of the peak values.
In contrast, urinary progesterone and pregnanediol glucuronide levels peaked
later (i.e., about 4-8 h after dosing), and at 24 h the levels of both compounds
decreased to 5-8% of the peak values. In comparison with the oral dosing, the
results of the intramuscular administration showed that serum progesterone lev-
els rose rapidly and were elevated at a level of about 10 mg/mlL after 12 h
in all three subjects. Urinary progesterone and pregnanediol glucuronide levels
peaked later, and were still elevated, even 24 h after dosing. Both the oral and
intramuscular routes of administration showed that urinary pregnanediol glu-
curonide concentrations were much higher and much more variable than those
of urinary progesterone. The clinical significance of this study is that luteal
phase serum progesterone levels can be achieved by both routes of adminis-

tration; however, the intramuscular route provides a prolonged effect on these
levels.

B. Intravaginal Route

Vaginal administration of micronized progesterone has been an effective, accept-
able, and convenient alternative to intramuscular injections (10). In one study,
200 mg of micronized progesterone was administered intravaginally every 6 h
to one group of 15 women and 50 mg of progesterone in oil was injected in-
tramuscularly twice into a second group of women during a 24-h study period.
After intramuscular administration there was a rapid rise in serum progesterone
levels, with a plateau in levels of about 16 ng/mL after 4 h of treatment. In
contrast, after vaginal administration of progesterone there was a slow rise in
serum progesterone levels that reached a plateau after 4 h. In the same study, en-
dometrial concentrations of progesterone were also measured after intravaginal



398 Stanczyk

and intramuscular progesterone treatments. The endometrial progesterone con-
centrations following intravaginal treatment were considerably higher than after
intramuscular treatment, even though serum progesterone levels were higher af-
ter intramuscular injection. The high endrometrial progesterone concentrations
obtained by the intravaginal route indicate the potential importance of this route,
since the endometriam is the most important site of progesterone action.

C. Ir&tranasal Route

A relatively small number of studies have been performed with progesterone
administered intranasally. In one study, serum progesterone levels were mea-
sured in ten postmenopausal women following administration of progesterone
by nasal spray, using two spray doses per nostril for a total dose of 11 mg of
progesterone (11). The progesterone levels rose rapidly, reaching peak levels
of about 3.75 ng/mL 1 h following treatment, and then fell dramatically up to
about 3 h after treatment. Thereafter, a secondary peak, which had a maximum
concentration of about 28 ng/ml., was observed at about 4 h after treatment. The
significance of the secondary peak is not known. These data suggest that this
route of administration may require mutliple dosing each day for therapeutic
effectiveness.

D. Rectal Route

Progesterone is sometimes administered rectally, and therapeutic circulating pro-
gesterone levels are achieved. In one study, plasma progesterone levels were
measured in two groups of women in the follicular phase of the cycle, fol-
lowing rectal administration of progesterone in a suppository form. One group
received a 25-mg dose, and the other group received a 100-mg dose (9). With
both progesterone doses, peak plasma progesterone levels were attained within
the first 8 h of dosing and varied widely. Peak values ranged from about 1.5 to
14 ng/mL with the 25-mg dose and 15 to 50 ng/mL with the 100-mg dose. The
levels then fell dramatically, and after 24 h, ranged from 0.5 to 1.5 ng/mL with
the 25-mg dose, and 0.5 to 2.5 ng/mL with the 100-mg dose.

E. Sublingual Route

Serum progesterone levels that are similar to those found in the luteal phase can
be achieved following a single dose of progesterone sublingually. In one study,
mean peak serum progesterone levels of 10.5 = 1.8 and 17.6 + 3.8 ng/mL
were obtained at 1 h and 1-2 h following sublingual administration of 50-mg
and 100-mg doses of micronized progesterone, respectively (12). Corresponding
levels 8 h after dosing were 1.22 + 0.18 and 2.34 + 0.22 ng/mL, respectively.
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These data indicate that the rapid absorption and disappearance of sublingual
progesterone may require more than once-a-day use for it to be therapeutically
effective.

F. Percutaneous Route

Limited data are available on circulating levels of progesterone administered
percutaneously. Preliminary data were obtained in one study in which one of
two different doses (30 or 100 mg) of progesterone gel was applied on the
inner portion of the arm of postmenopausal women daily for 1 month (13).
Blood samples were obtained at frequent intervals on the first day of treatment.
Following administration of the 30-mg dose of progesterone gel, serum proges-
terone levels increased by 50-100%, but remained in the follicular phase range
(<0.5 ng/mL). With the 100 mg progesterone dose, peak progesterone levels of
5.8-8.0 ng/mL were attained at 2-3 h after gel application. Thereafter, relatively
uniform progesterone levels were achieved at 1, 2, and 4 weeks of treatment.

Progesterone can also be administered percutaneously in the form of a
cream. Of the several different products that are commercially available as pro-
gesterone creams, some do not contain progesterone. Instead they contain wild
yam extract that contains diosgenin and can be converted to progesterone by
chemical degradation. However, this conversion does not occur in the body.

Percutaneous absorption of progesterone has been studied in postmeno-
pausal women receiving transdermal estrogen replacement during a 5-week cy-
cle, following administration of progesterone cream (14). The cream was applied
during the first 2 weeks of the cycle, using 30 mg of progesterone in 1 gram
of cream. The dosage was doubled during the last 2 weeks of the cycle. Blood
samples were obtained at frequent intervals on days 1, 8, 15, 22, and 29 of the
study. Mean serum progesterone concentrations ranged from 1.6 to 3.3 ng/mL.
Progesterone concentrations were sustained for at least 8 h. Although there was
an increase in progesterone levels after 4 weeks of treatment, compared with
2 weeks of application, no dose-response was observed.

VL. CONCLUSIONS

There are limited data on the pharmacokinetics of progesterone administered
orally and parenterally. This is due to lack of studies and deficiencies in existing
studies. Major deficiencies include use of unreliable progesterone assays, insuffi-
cient number of study subjects, and infrequent blood sampling. In addition, from
the clinical perspective, data are lacking on the optimum dose of progesterone
required for endometrial protection from the proliferative effects of estrogen in
postmenopausal women receiving long-term hormone replacement therapy.
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[Aromatase]
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[Cardiovascular disease]
third-generation progestogens,
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venous thromboembolism, 293¢,
293-294
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296-298
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postcoital, 168-169, 259-267,
263t, 264t, 381-382
third-generation progestogens,
179-215
acceptability, 188-191
acute myocardial infarction, 203-204
androgenicity, 189-191
body weight, 188-189
carbohydrate metabolism, 191192
cardiovascular disease, 197-204
contraceptive efficacy, 185-186



404

[Contraception]
cycle control, 186-188
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pharmacokinetics, metabolism,
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derivatives]
carbohydrate metabolism, 124-125,
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coronary circulation, 125-128
definition, 102
estranes, 109-113
pharmacokinetics, 112t, 112-113
structure, 109-112
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pharmacokinetics, metabolism,
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LDLs (see Low-density lipoproteins)
Levonorgestrel, 181-184, 217-228
adverse effects, 223-226
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ectopic pregnancy, 224-225
foreign body carcinogenesis, 225
idiopathic intracranial hyper-
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infection, 224
medical problems, 220t, 223
menstrual problems, 223
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pain, 224
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convenience, 226
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reduction of adverse reactions, 226
contraindications, 222
effectiveness, 219-221, 220t
insertion, removal, 221-222
mechanism of action, 218-219
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endometritis, 234-235
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menstrual blood loss, 233
pelvic inflammatory disease,
234-235
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Lipids, 294, 355-368
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lipoproteins, 358-363
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parenteral administration, in
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Metabolites, brain, progesterone and,
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plus ethinyl estradiol, vaginal rings,
251-252
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253-254
Neuromediators, brain, progesterone
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Neuroprotection, brain, progesterone
and, 36-37
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22-23, 25, 26-27
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pharmacological properties, 155158
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structure, 153-155, 154, 154t
trimegestone, 155
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Nomegestrol acetate, 156-157
Nongenomic actions, brain,
progesterone and, 25-29
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plus estradiol, vaginal rings, 249
vaginal ring, 247
Norgestimate, third-generation
progestogen, 183-184
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Parenteral administration, progesterone
in hormonal replacement
therapy, 362-363
pharmacokinetics, 396-399
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Percutaneous route, progesterone, 399
PID (see Pelvic inflammatory disease)
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Premenstrual syndrome, 344-345
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and, 34-35
Promegestone, 155
Protein-protein interactions, brain,
progesterone and, 22-23, 24-25

Rectal route, progesterone, 398

Regulation, progesterone receptor
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181-184
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venous thromboembolism, 198-203
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Vaginal progesterone
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