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Frank H. Netter, MD

Frank H. Netter was born in 1906 in New York City. He studied art
at the Art Student’s League and the National Academy of Design
before entering medical school at New York University, where he
received his MD degree in 1931. During his student years, Dr Netter’s
notebook sketches attracted the attention of the medical faculty and
other physicians, allowing him to augment his income by illustrating
articles and textbooks. He continued illustrating as a sideline after
establishing a surgical practice in 1933, but he ultimately opted to give
up his practice in favor of a fulltime commitment to art. After service
in the United States Army during World War Il, Dr Netter began his
long collaboration with the CIBA Pharmaceutical Company (now
Novartis Pharmaceuticals). This 45-year partnership resulted in the pro-
duction of the extraordinary collection of medical art so familiar to
physicians and other medical professionals worldwide.

Icon Learning Systems acquired the Netter Collection in July
2000 and continues to update Dr Netter’s original paintings and to
add newly commissioned paintings by artists trained in the style of
Dr Netter.

Dr Netter’s works are among the finest examples of the use
of illustration in the teaching of medical concepts. The 13-hook
Netter Collection of Medical lllustrations, which includes the
greater part of the more than 20,000 paintings created by Dr
Netter, became and remains one of the most famous medical
works ever published. The Netter Atlas of Human Anatomy, first
published in 1989, presents the anatomical paintings from the
Netter Collection. Now translated into 11 languages, it is the
anatomy atlas of choice among medical and health professions
students the world over.

The Netter illustrations are appreciated not only for their
aesthetic qualities, but more importantly, for their intellectual
content. As Dr Netter wrote in 1949, “. .. clarification of a subject
is the aim and goal of illustration. No matter how beautifully
painted, how delicately and subtly rendered a subject may be, it is
of little value as a medical illustration if it does not serve to make
clear some medical point.” Dr Netter’s planning, conception, point
of view, and approach are what inform his paintings and what
makes them so intellectually valuable.

Frank H. Netter, MD, physician and artist, died in 1991.
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OVERVIEW

Pharmacology is the study of drug action at both the mole-
cular and the whole-organism levels. At the molecular level,
drug action refers to the mechanism by which a drug or other
molecule produces a biologic effect. At the whole-organism
level, drug action refers to the therapeutic effects of a drug
and its unwanted (ie, adverse, or side) effects. Drugs
produce biologic effects in several ways, eg, killing harmful
invading organisms such as bacteria and viruses; killng the
body’s own cells that have gone awry (e, cancer cells); neu-
tralizing acid (mechanism of action of antacids); modifying
ongoing underactive or overactive physiologic processes. In
the last case, direct replacement of chemicals (eg, insulin) or
indirect or more subtle modulation of biochemical processes
(eg, inhibition of enzyme action) may be requi

Drugs can be said to modify the communication system
within an organism. The modification should not interfere
with the fidelity of the signal and should not activate

d D i

target specific cellular components that function in the nor-
mal signaling process. The study of molecular, biochemical,
d

Equally important to drug action are the absorption, distri-
bution, metabolism, and elimination (ADME) of drugs. The
study of these processes (which involves the movement of
the drug molecules through various- physiologic compart-
ments) and how they affect drug use and usefulnessis termed
pharmacokinetics. Complete understanding of the action of a
drug involves knowledge of both pharmacodynamic (PD)
and pharmacokinetic (PK) properties. In addition, the physi-
cal characteristics of an individual patient (eg, age, sex,
weight, liver function, kidney function) dictate how the PD
and PK characteristics of the drug are manifested.
Pharmacognosy is the study of drugs from natural sources.
Pharmacy s the lnical practice devoted to the formulation
and proper and safe distribution and use of therapeutic agents.
Therapeutic drug action involves interaction between an
exogenous chemical and the endogenous biochemical tar-
get. The study of chemical structures of drugs and the study
of normal and abnormal physiology are thus interrelated.
Only by a clear understanding of the anatomy, physiology,
and pathology of the organism can the proper drugs be
designed and administered. The study of pharmacology

therefore invol d-based knowledge of the drug mole-

and physiologic effects of df and drug
mechanisms of action s termed pharmacodynamics.

cule, the organism, and the interaction between them.



BASIC PRINCIPLES Major Ways in Which Drugs Work

Electron microscopic apy
influenza A, vins; flaments a
spherical forms ( 10,000)

Virus viewed insection at much
Higher magnifcation (X300,000)

compression of
a (I18)

FIGURE 1-1 ELIMINATE EXTERNAL AND INTERNAL THREATS

Invading organisms such as bacteria, viruses, fung, and helminths  and invasiveness. Drug therapy (chemotherapy) aims to kil invad.
can threaten the health of the host. Cancer cels are abnormal and  ing organisms or aberrant cells directly or to reduce their numbers
differ from normal cellsin terms of chromosome alterations, that can be manag
uncontrolled proliferation, dedifferentiation and loss of function,  drug targets for invading organisms include biochemical processes
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ged by a hostmounted defense. Typical
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FIGURE 1-1 ELIMINATE EXTERNAL AND INTERNAL THREATS

needed forcellwalsynhesis or integiy. abnor- pk

d

pro-
tein synthesis, so as to inhibit cancer cell mg« tion. I both cases,
ot

unwanted (adverse or side) effects—minimizes harmiul drug
effects.
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Major Ways in Which Drugs Work

FIGURE 1-2 REPLENISH OR NEUTRALIZE CHEMIC/

‘When the amount of bstance is t for s

normal i pply i or formation. Gastric acid levels can be reduced

side y iy insuli direcly by id (a base such

used for d i parkinsonism. The I h-inhibiting acid
i humans, animal - hieved by hista-

‘ganisms, or minerals or it oftech-  mine on H, of ith cimetidi

ol ? o d

precurs:
the substance (eg, levodopa is metabolized to dopamine). Excess
4

the proton
parietal cell (eg, with omeprazole).
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Interdependent and Interacting Factors in Blood Pressure Regulation
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FIGURE 1-3 MODULATE

PROCESSES

Drugs use different mechanisms to modify normal homeostatic
and ocharica cmuricaton b cabla and physiologic
carbachol

‘mediators or components of signaling processes such as receptors.
“The total effect depends on whether a drug promotes o reduces

)
Tt ot nformation aross synapies. Chemical substances
such as hormones also act over long distances in the body. Drugs

hel in metal atoms that form
with toxins or drugs), antimetabolites (masquerade as endogenous
ina

that

ctveoclase active than thse beiae), i

by targeli DNA, other chemical

and nutitional or replac
it is).
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Chemical Communication

Excitatory

Presynapic

Tammiter

Inbibitory ey
Synaptic

vesicles
in synapiic

embrane

wbstar

Sy

Postsynaptic
membrane

napic deft

postsynapic membrane to Na * and K*. More
Na* moves nto postsynapiic cell han K+
moves out,due o greater lectrochemical
aradient,

ey
synaptic cell,but no net flow of €I~
membrane potential

‘occurs at resting

Synapic bouton

edin postsynaptic cel.

Potential (mV)

reach threshold

Potential (V)

FIGURE 1-4 CHEMICAL TRANSMISSION AT THE SYNAPSE

[ (ransmission of

occurs via

tors. Tr

by enzymatic
dest

remove
d active

vesicles in presy

tion, diff

rons.

Is steps that

etylcholine and

jor perip
epinephrine, dopamine). In the brain and spinal

mole-
cules into a synapse, which cross the synaptic cleft and bind
reversoy t postsynaptc receptos Receploracvation eads (o
celular response. Receptor activators (eg,

cord, major excitatory neurotransmitters are glutamate and aspar-
tate; major inhibitory neurotransitters are GABA and glycine.
 serotonin, and

54

antagonists are drugs that combine with et activate recep-

6
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FIGURE 1-5 SYNAPSE
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Pharmacodynamics

Asignaling molecule in the

Selected Ligands/Receptors

Acetylcholine
Adenosine
Adrenoceptors
Angiotensin

Chemotactic peptide
a KK)

binding pocket of it receptor

Intracellular domain
with enzymatic activity

SIGNAL TRANSDUCTION

Second

Transcription factors
Cellular C

effects
o1

Changes in gene expression

FIGURE 1-6 RECEPTORS AND SIGNALING

Gastrin

Corticotropin-releasing factor
pamine.

Endothelin

Neurotrophin
Opioid

Prostanoid
Protease activated

Tyokopinreassng bt

Urotensin

Vaniloid (capsaicin)

Vasoaciive intestinal
polypeptide

Vasopressin

Receptors are the first molecules in or on a cell that respond o a
neurotransmitter, a hormone, or another endogenous or exoge-
fous inaling molecle (ganc) an transmi mesages (via rans
duction) from the molecule to the cell machinery. Receptors
ensure fidelity of the intended communication by responding only
10 the intended signaling molecule or to molecules with closely
related chemical structures (such as drugs with the required

8

shape). Receptors are composed primarily of long sequences (typ
ically hundreds) of amino acids. The body has dozens of receptor
types to maintain communication pathways that must be different:
ated from each other and serve different purposes. An individual
cell may express one or many types of receptors, with the number
depending on age, health, or other factors.
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Dy Amino Acid Sequence
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Alternative splice sequence
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FIGURE 1-7 RECEPTOR SUBTYPES

coom

Receptors can be classified into subtypes, asfirst noted for re-
ceptors for the structurally related catecholamines epinephrine,
isoproterenol, and norepinephrine. The order of potency (struc
ture-activity relation, or SAR) of these drugs in some tissues is nor-
epinephrine > epinephrine > isoproterenol; in other 1 it
reverse. Catecholamine receptors in pharma

itis the

translational processing, as shown for dopamine receptor sub-
types. A clinical example of receptor sublype targeting involves
asthma treatment. Activation of adrenoceptors in the lung relaxes
smooth muscles and dilates bronchioles to ease breathing, To
avoid stimulation of heart adrenoceptors, b selective drugs (eg,

cologically distinct types ( and f) and subtypes (eg, a, a, and s
on). Sublypes are differentiated by amino acid sequence and post-

albuterol, itodrine, terbuta
10 activate only lung adrenoceptors; B-selective drugs would
affect the heart.
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Pharmacodynamics

Agonists

Endogenous
ligand.

Ligand-receptor
complex

EFFECT

Drug
molecule
(agonist)

Drugreceptor
complex

EFFECT EFFECT

J. Perkins.
oy

FIGURE 1-8 AGONISTS

interactions, increasing the cumulative effect.

®g o0 @

EEn T

EFFECT EFFECT EFFECT EFFECT EFFECT EFFECT

C
(3-dimensional) characteristics that impart affnity for a receptor,
affnity being the quantifiable tendency of a drug molecule to form
a complex with (bind to) a receptor. Binding involves interaction
between a ligand molecule (L) and a receptor molecule (R) to form
a ligand-receptor complex (LR): L + R > LR. Affnityis quantified by

affiniy i, the smallerthe K value is. Drugs can activate receptors
and thus elicit a biologic effect (ie, have intrinsic activity, or eff
cacy). Such molecules have shapes complementary to receptor
shapes and somehow alter the activity of a receptor. Full agonists
possess high efficacy and can elcit a maximal tissue response,
whereas partial agonists have intermediate levels of efficacy (the ts-
sue response is when al receptors are occupied)

P of th d
commonly reported (often designated K, or K); the greater the.

10
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Antagonists

Endogenous
ligand

Ligandseceptor
complex

Receptor
activatio

EFFECT

i

T T

EFFECT EFFECT

J. Perkins

FIGURE 1-9 ANTAGONISTS

reducing the cumulative effect.

"’.‘

holinergic), atenolol

have a trait
that impart afinity for a receptor but cannot activate it. Such mole-
cules bind to (occupy) receptors and block access of agonists,
thereby reducing the effects of agonists. Such pharmacologic
antagonists do not elicit biologic effects directly; they modify the
physiologic process thatis maintained by agonist action (e
neurotransmitters). Examples of drugs that are receptor antagonists
are atropine (muscarinic cholinergic), d-tubocurarine (nicotinic

corticoid), diphenhydramine (histamine H,), ondansetron (5-H),
flumazenil (benzodiazepine), haloperidol (dopamine), and nalox-
‘one (opioid). Chemical antagonism (eg, neutralization of gastric
acid by chemical bases) or physiologic antagonism, in which an

fiect of one drug opposes an effect of another agent (e, epi
nephrine used to counteract the histamine response to a bee
sting), of drug effects can also occur.
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Pharmacodynamics

Binding pocket

Binding pocket

FIGURE 1-10° STEREOCHEMISTRY AND Fir

enantiomeris only

). Perkins
S, MIA
o

One enantiomer of a racemic pair is often observed to bind more
avidly to (has greater affinity for) a receptor than does the other
enantiomer of the pair. Because the only difference between them
is the stereochemistry, the 3-dimensional shape of a molecule must
be a crucial characteristic for binding affinity. The relation between
chemical structure and biologic response is known as the SAR and

12

is a common focus of drug discovery efforts. Computer modeling
of the ligand-receptor fit provides a visual representation of the fit
of a ligand into the receptor pocket. It can also be used for virtual
screening for goodness of fit of potential drug candidates before
they are synthesize
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Signal transduction i

Effector

EFFECT

Effector 1

|

EFFECT 1

FIGURE 1-11 RECEPTOR-EFFECTOR COUPLING

prn —
Effector 1 Effector 2

EFFECT 1 EFFECT2

Effector 2

). Perkins
EFFECT2 S, MEA

In most cases, a drug activates or inhibits only 1 molecule in a long
series of biochemical reactions. When a drug binds to a receptor
on a cell membrane, the extracellular drug signal must be passed
1o the intracellular physiologic processes, ie, it must be converted
(ransduced) to an intracellular message, the process termed signal
transduction, which occurs via many mechanisms. The effect of a
drug depends on its receptors, the transduction pathways to which
its coupled, its level of receptor expression in cells, and its cellular

response capacity. In the simplest case (A), a drug binds 10 1 recep-
tor coupled to 1 effector (transduction pathway) and produces 1
effect. A drug can bind to 1 receptor coupled to more than 1 effec
tor (B) 50 it produces more than 1 effect i the same or different
cels. A drug can also have affinity for more than 1 receptor (C),
with each receptor coupled 10 a different efector. Effect 2 can be a
therapeutic end point or an adverse effect

13
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Pharmacodynamics
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FIGURE 1-12 SIGNAL TRANSDUCTION AND CROSS TALK

Receptors provide speciflcity for cell esponses to only certain
extracellular chemical signals. Different receptor types can have
1 or more intracellular second-messenger transduction mecha-

larized (transmembrane potential is more negative) and are less

14

likely to fire (generate action potentials). The effect depends on
ligand concentration, cell type, and expression of receptor and
second messenger system components. Integrated communication
between and within cells thus occurs. A cell with multple receptor
types can be regulated by various ligands and by interaction
among receptor types. Interaction among receptor types consti-
tutes receptor cross talk, which allows cells diverse and sophisti-
cated response possibiltes
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FIGURE 1-13 SECOND-M|

Signal transduction commonly occurs by means of several general
mechanisms: (1) ligand-gated ion channels modulate the influx or
outllow of ions that alter transmembrane potential or modulate
intracellular biochemical reactions (g, the calcium-calmodulin
system); (2)ligand binding to GPCRs modulates enzyme activity

(e8, adenylyl cyclase or phospholipase C); (3) ligand binding act
vates a catalytic portion of the receptor (eg. tyrosine kinase activ
ity);(4)a ligand enters the cell nucleus and alters protein (receptor)
synthesis; and (5) a ligand amplifies or attenuates nitric oxide syn.
thesis and the subsequent production of cGMP.
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Pharmacodynamics

An example of  ligand-gated ion channel:
fibbon model of nicofinic acetylcholine
receptor viewed from the side

The receptor s composed of 5 subunits:
24,1, 18,and either
1yorie

Extracellular (“top) view of
acetylcholine receptor

BaBau
TR

FIGURE 1-14 LIGAND-GATED 10N CHANNELS

Some drugs bind to molecules (on channels) hat form transme
brane pores for ions (usually N 1), the channels
cing Composed of many subunis. A drug'sbnding (o 1 of more
subunits modifies the receptor function (ion passage),ie, the
channels are ligand gated. A single ion channel can accommodate
muliple drugs, with each drug binding 10 a different subunit or site
on or within (extracellular, transmembrane, or intracellular) the
channel. Membrane-bound channels include nicotinic cholinergic

16

fonotropic glutamate, GABA,, 5-HT, (serotonin), and glycine
receptors. Intracellular channels include those for Ca?* on the sar
coplasmic reticulum, endoplasmic reticulum, and mitochondia.
Barbiturates, for example, bind 1o sites on the GABA, receptor
complex, which increases C1- influx and produces increased
resting transmembrane potential difference and decreased cell
excitability. One drug that modifies activity of an intracellular
ligand-gated ion (Ca**) channel is caffeine.
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Selected G Protein-Coupled Receptors/Ligands
SHT Histamine
Acetylcholine

(muscarinic)
Adenosine.
Adrenocorticotropic

hormone Neuropeptide Y
Angiotensin Neurotensin
Bradykinin Norepinephrine
cok Opioids
Dopamine
Epinephrine Somatostatin
Follicle-stimulating Tachykinins

hormone Thrombin

Thyroid hormone

Glucagon Parathyroid hormone
Glutamate Vasopressin

a-Adrenergic receptor, a G protein-coupled receptor
with 7 transmembrane a helices

G protein

coon

). Perkins

FIGURE 1-15 G PROTEIN-COUPLED RECEPTORS
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Ton channels
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Some drugs bind to receptors whose transduction involves a
physical association of a receptor with G proteins—the GPCRs,
GPCRs, a large family of receptors, mediate effects of neurotrans-
mitters, hormones, and drugs. GPCR are large proteins that span a
cell membrane many times; many drugrelated GPCRs, the 7TM
GPCRs, do this 7 times (amino terminus is outside the cell carboxy
terminus i inside). Examples are receptors for epinephrine, norepi-
nephrine, dopamine, 5-HT, ACh (muscarinic), histamine, adeno-

sine, purines, GABA, glutamate, opioids, and vasopressin. Binding
of an agonist (drug or endogenous ligand) 1o a GPCR activates
associated G proteins by GTP-GDP exchange, which stimulates dis-
Sociation of  from By subunits. Inherent GTPase activity within the
a subunit restores the initial conditions. One receptor can be cou
pled to more than 1 type of G protein. Some G proteins activate and
others inhibit biochemical steps in signal transduction.

17
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FIGURE 1-16 TRk RECEPTORS
of ligands (and drug mimetics) that bind to trk

an extracellu  stimuli. Exampl
lar ligandbinding domain, a transmembrane region, and an intra-  receptors include insulin, nerve growth factor, plateletderived
cellular domain that has tyrosine kinase (rk) activity. When growth factor, cytokines, and other growth factors. Itis hypothe:
activated, these receptors catalyze the intracellular phosphoryla-  sized that agonists cause a change in the con

osine residues in target proteins that are important for  receptor, thereby promoting it action s a tyrosine kinase.
fation and responses to metabolic

Some drugs bind 10 receptors that are composed of
ormation of the

tion ¢
cellular growth and differenti
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I? R3]
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FIGURE 1-17 NUCLEAR RECEPTORS
Some drugs produce their effects by binding to rec

ptors located
in the cytoplasm or the nucleus of the cell. For

r example, steroid
hormones, thyroid hormone, corticosteroids, vitamin D, and
retinoids diffuse through the plasma membrane of the cell
bind to their respective receptors in the cytoplasm. The complex or
activated receptors then act as transcription factors by entering the
nucleus and binding to DNA hor

PROTEIN

> SYNTHESIS

the nucleus. The DNA-binding es certain base
iences, which leads to promotion o repression of particular
Regulation of gene transcription by this mechanism can
Jead t0longerm effects Oe clase of nuclear receptors functions
in increased expression of drugmetabolizing enzymes induced b
many drugs.
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Agonist

FIGURE 1-18 UP-REGULATION AND DOWN-REGULATION OF RECEPTORS e

type and number of recerers that a ol expresses ar he et

effect and may be a defense mechanism. Also, the effect of subse-
uent

o drugl roae oo o bt of il

effect of simultaneous in addi
lon o Other factors, the number of rectslon K odiad w Jors

exposure, and abrupt withdrawal of drug leaves e uu

term exposure to drugs. Chronic stimulatio

decrease receptor number Lduw»rswhmm], s e

inhibition by antagonists tends to increase the number of receptors
" The
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responsive © nd. Down-

regulation is one mechanism by which uharmarn\()glr tolerance
can occur, in which increasing doses of a drug must be used to
chieve the same effect.
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FIGURE 1-20 POTENCY
Potency is the drug quantity required for a specified level of a spec-  used s (B): 1 mg/kg of drug A

ified effect. For the drug with a DRC given by line A (A), potency is
1 ma/kg for the 50% level of effect A. The 50% level is usually
used, an ED value. pr

ADME and PD properties. Potency for desirable and adverse
effects can be established: the potency of one drug for effects A, B
and C (A} s 1, 10, and 100 mg/kg. Potency s thus related to the.
relative position of a DRC along the horizontal axis. Potency s also

i

og (Dose)

FIGURE 1-21 EFFICACY.

is needed for 50% of the effect. Ten times the amount of drug B
(10 mg/kg)is required for this level, 5o drug A is more potent than
drug B; both are more potent than drug C. Potency is clinically
important only ifa drug is expensive or the amount needed is too
large. The EDsy/LDyo atio (therapeutic index is used to compare
potency (EDyq) with lethality (LDso)

A moleclar i, effcacy e e of g 1o prokic
zer0

agonists; pamal agonissare drugs whose effectsess than maxi-
mal

than 100%

efficacy) and prdtad At
an organism level, it refers o the maximum effect of a drus.

Maximum effects of drugs whose DRCS are given by lines A, B,
04 Cle 100% 50% and 25%, wilh th e of sfhcacy b

of. called spare.
receptors. Effcacy s ssocated with the malecular acions ofa
drug, not its PK properties. Efficacy can be determined for each of

A> B> C. Hficacy
along the vertical axs. Drugs with a maximal possible e re il
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a drug's effects. Unlike potency, efficacy i relatively important clin-
h wr adrug
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Resting State (No Ligand)

Agonist and
Inverse Agonist

Pore diameter

FIGURE 1-22 INVERSE AGONISTS

Pore diameter

Drug first thought to be binary.
{actatd) or of (esting). Agoniststumed the switch o antage
nists blocked agonists’ access 1o receptors. Today, a receptor is
viewed as a continuous switch, with the resting state between on
or off. Two types of agonists can existat these receptors: those that
move the receptor from resting toward on and those that move it
toward off. Both types are agonists, because both have affnity and
intrinsic activity. For example, the channel pore of a ligand-gated

jon-channel receptor may have a certain resting diameter; some
agonists bind to the receptor and increase pore size (increase ion
i), whereas others decrease pore size (decrease ion flux). Which
agonistis said to be the inverse of a
on which was discovered frst Classic examples of inverse agonists
reduce CI- flow through a GABA, receptor and cause rather than
inhibit anxiety. The same antagonist should block both types of
agonist
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Antagonists: Surmountable (Reversible)

Antagonists: Nonsurmountable (Irreve

Agonist . +More
Alone  Antagonist  Antagonist AA!‘:’::’
‘Antagonist
+ More
‘Antagonist
log (Dose) log (Dose)
Function Example
Sumountable antagonist
i Atopine
Treat asthma. Ipratropium
Manage parkinsonism Trihexyphenidyl

Adrenoceptor antagonists

Treat hypertension

tenolol, propranclol

Treat asthma. Abuterol, erbutaline
Haloperidol
Histamine Hrecept duodenal Cimetidine, famotic i
raniidine
<
( adrenoceptor) excess catecholamine release
from an adrenal tumor
(pheochromocytoma)
FIGURe 1-23 AND
“The abili alter an agonist cal bonds) or receptor sites, those sites are.

the afiniy of the anagonist ¢m lhe shared receptor. With weak,
thermal

navallaefor agoist molecules. Antagoist moleclesdo ot

o causessome anagonst mieculs o unm..pse from receptor

agita

unoccupied e Fewev drug eceptor complexes mean dimin-

and

DRC with sumountable antagornists i @ the right long the

horzonta do

agonist

“The agonist DF

occur. If antag-

shifts 1o the right along the dose axis and downward. The same.
by dose.
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ROUTES OF ADMINISTRATION.

e

DISTRIBUTION ELIMINATION

Portalsystem

Blood
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FIGURE 1-24 ROUTES OF

The oral route is gener

all the 3 d

e rapidly and well absorbed along the Gl tract,
although some (e, insuli) are not because of inactivation by
enzymes. Drugs given intravenously enter the systemic circulation
rapily; drugs given intra-arterially reach a target site in high con-
centration. Subcutaneous and intramuscular routes rely on diffu-

a drug because of the large surface area
of the lungs and their extensive blood supply. Transdermal applica-
b i

Other routes or sites of drug administration include derma (for
local action), mucous membranes (for systemic action), insuffation

sion of the drug into y which can
warming or cooling the area or by other drugs. Inhalation pro

(lungs),intraneural (nerves), optic (eyes), otic (ears), intraperitoneal
(abd d epidural (spinal cord).
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FIGURE 1-25 FIRST-PASs EFFECT
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Drugs that are administered into the G tract (orally orrecaly) re

subject to a firstpass effect. Venous drainage of bloos

portions of the G tract enters the portal circulation, hich ders

blood o the liver. In the liver (sometimes the gut wall), drug mole-

to metabolized) to

less active substances (usually). The amount of active drug that

enters the systemic circulation after Gl administration is thus

by the amount of th frstpass b e wcdi i
of is effect on a
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bioavailability (F) s expressed as the extraction ratio (ER):
F=fX (1=ER)=1 X (1 = Clye/Q),

where fis the extent of absorption, Cly, s the hepatic iearance,
and Qs the hepatic blood flow (normally approximately 90 Lh in
a 70+g person). Two related drugs that have comparable bioavaik
ability and similar £, fime to peak concenration) are said to be
bioequivalent.
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FIGURE 1-26 MEMBRANE TRANSPORT

Sugar (eg,

Steroid

Fatty

acid
“til"

Adhesion
molecule

Cytoskeleton

The biologic membrane is a phospholipid bilayer, a hydrophobic

Drugs can pass across membranes by passive diffusion (through
lipid or aqueous channels), by active transport (combining with
carters), or by pinocytosis. To cross membranes, most drugs must
be both water soluble (hydrophilic or ipophobic) and fat soluble
lipophilic or hydrophobic), which is achieved by weak acids

+ A") and weak bases (BH" = B + H*), whose charged

(hydrophilic) and uncharged (lipophilic forms are in equilibrium.
The extent of drug absorption is a function of pK, of the drug and
oH of the local environment. Equations for determining distribution
of protonated and nonprotonated forms of a drug across a me:
Acids: PK, = pH + log(HA/A")
Bases: PK, = pH + log(BH"/B).
For reference, pH values in the stomach are 1.0 to 1.5 that in
blood plasma is approximately 7.4
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— Bound dr

Unbound
drug

FIGURE 1-27 DISTRIBUTION

After absorption, drugs enter the systemic circulation and are dis-
tributed widely in the body; they leave and enter

flew binding sites are available, so a high dose can saturate binding
tes, and additional drug circulates unbound in the bloodstream.

cells, with the amount entering depending on local blood flow,
capillary permeabiit, and relative drug lipophiicity. Drugs in the
blood are either unbound or bound reversibly to plasma proteins
(eg, albumin) in equilbrium. The unbound portion is bioactive.
Binding of drugs to these proteins is determined by affinity
between drug and protein and protein binding capacity. Only a

28

1f 2 0r more drugs have affinity for the same binding sites, the one
with highest affinity will bind, which increases plasma concentra-
tion of displaced drug, These effects, which may have linical con-
sequences, must be considered for the dosing regimen. Drugs with
high plasma protein binding (=95% include lithium, midazolam,
and warfarin (99%).
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FIGURE 1-28 BARRIER!

Asiooyte
foot processes

Because of various anatomical and physiologic features, endo-
thelial cels of the capillaries can limit drugs from the

drugs camnotcross thisbloo-brainbarrie because they cannot

bloodstream to tissues. For example, endothelial cels of brain cap-
illries, whose tight junctions merge into a continuous wall, are.
highly impermeable to s, a blood-brain bar-
rier s established that generally limits accessibility of a good num-
ber of drugs, many of which are ionized in the biood at pH 7.4, to
the brain. Watersoluble drugs, polar drugs, and ionized forms of

raversing the liid
ol ik Ukischible drug pss more reachly g ol
mbranes. In g fenestrations allow most drugs free
e o b rebiam it subsequent metabalsm of
e cruge.The lacentaimits bt does not revent ey of s

into the fetal circulation.
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Conjugation Endogenous Intracellular | Common Drug Examples
Reaction Conjugant Sites Substrates
‘Acetyation ["Acetyicon Cytosal ~OH, ~COON, Clonazepar
“NH,, —NR,, ~SH mm.mﬂ phiniin
valpr
Glutathione Reduced form of Cytosoland | Hectrophilc benzyl m.amm..»., 5
conjugation FGluCy: microsomes | halides,aliphatic ethacrynic acd
(the most common nitrate est
intracellular thiol epoxides, and
quinines
Gly amino acid) | Gy, Gl others Mitochondria | ~COOH Benzoic and salicylc acid
conjugation
Glucuronidation | UDPGA (uridine5 | Microsomes | Hydroxyl,amino, or | Acetaminophen, codeine,
diphosphoa- sulfhydry groups diazepam, disulram,
Dglucuronic acid) St sseaid
galant zepam,
o, mowhm(
propanolol, paroxetine,
| Soionamides
Methylation CH,from Sadeno | Cytosol g | —OH, —NH,, - Oxprenolol (N,
(N, O-and 5) syimethionine comn clomethiazole and
(SAM) isoproterenol (0,
captopri (5)
Sulfate conjugation | 3'Phosphaadenosine- | Cytosol —OH, ~NH, ["Acetaminophen, ethiny!
5*phosphosulfae. estradiol, methy/dog
(PAPS) paoretine, steroids,
amterene
FIGURE 1-29 OF DRUGS

Drugs many of
s endogenous compounds. Drugs are usually metabolized to less
active and more onized (water-soluble) forms, but equally or more
active metabolites can also be created. An inactive parent druy

at forms active metabolites is called a prodrug. Although drug.
metabolism occurs in almost al tissues, including the G tract, the
liver s the major site because of its strategic place in the porta cir-
culation and its many metabolic enzymes. Two general types of

30

hase 1, involving chemical modi-
fication, typically by oxidation, reduction, or hydrolysis; and phase
2,in which an endogenous chemical is covalently attached (conju
gated) (glucose conjugation, or glucuronidation, the most com-
mon). Drugs often undergo muliple phase 1 and 2 reactions,
which produces many metabolies, each with ts own pharmaco-
logic profile. Liver disease alters drug metabolism, so appropriate
dosage adjustment i required.
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Ribbon model
of CYP2C9

isozyme.

Cytochrome P-450

cve Substrate
" i, clo I e phenacetin, lozol e, tamanifen, theophyl
warfarin
246 Coumarin
286 Jsinin, buproprio e ol selegil "
208 Piogitazone
209 Carvedilol celecondb, fluvastati, gimepiride, hexobarbita,buprofen o fer o eluk inide, ph
tolbutamide, rimethadone, sulaph fen, zafiokast
219 it alopra b h ) ol
‘pantoprazole, proguani, propranolol
206 ' bufuralol, bupranlol, carvediol, clo ozapine, codelne, debr dol o
, paridat fadeacnd ol mexilet
olanzapine, oxycodone, paroxetine, phenformin, phenothiazines, propoxyphene, isperidone, seleline (deprenyl,sparteine, thioridazine,
{imolol, tolerod dol, ic e, flecaini ferone), venlafaxine
E o urane, halothane, pathway)
34 alfetanil, i " budesonide, Sb bamas
al aine, cortise, cyel ‘dapsone, delavirdine, d il oy
et gtasim i i todone, imatinaby indinavr, i ole letrozole, docaine, loratad
p lovastati, macrolides, methadone, miconazole, midazol eluk, iaxe,
o e, piogh idine, abeprazol jinide, elacto
fentani, tacrolimus, tamoxien, terienadine, lesost bi Jam, roleandomy
verapamil, vinca alkaloids, ziprasidone, zonisamide
2 Doxercalciferol (activated)
No/ bac loride, I cabergoline, digoxin disoproni, Snezobd, lsinopr, o
b ipl R, recsdline e inc i v, tludronic acd, valacyclovs, valsartan,
involvement  zoledronic acid

FIGURE 1-30 CYTOCHROME P-450 (CYP450) ENZYMES

A major enzyme system that catalyzes phase 1-type drug metabo.
| CYPa50

(monooxygenase) system located in lipophilic membranes of the
endoplasmic reficulum in liver, GI tract, lungs, kidney, and other tis
sues. These enzymes catalyze an oxidation-reduction process that
requires CYP450, CYP450 reductase, NADPH (reducing agent),
and O,. The enzymes have litle substrate specificity; the only com:
mon feature of the many drugs metabolized by this pathway is

lipid solubility. Drugs can be metabolized by the CYP3A, CYP2D6,
CYP2C9, and CYP1A2 isozymes. Known polymorphisms in these
enzymes reqire a drug dosage adjustment. If 2 drugs are meta-
bolized by the same CYP isozyme, they can interfere with each
other's normal route o rate of metabolism, and a drug interaction
may decrease or increase plasma drug concentrations. An example
is PK interaction between fluoxetine (a selective serotonin reup-
take inhibitor) and St john's wort.
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FIGURE 1-31 METABOLIC ENZYME INDUCTION AND INHIBITION
o including drugs, can or decrease i for prodrus, whose biolosc efects increase). Barbiturates
actiy. Long erm inducers of
induces CYP450 activity dramatically by enhncing th rat of syn-  stances can inibit CYPA0 enzymatic actiy. In this case,the
thesis o reducing the rat o degradation of thse hepaicmicro-  metabolism of ther crugstroush tis patfway i recuced, which
oo levels of hes e g The il
of the drug and all other dr abolized by f the altered blood le be greater biologic
X, plasma levels and bologic eecs of the drugs o i eodiug o nerse oy
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FIGURE 1-32

‘The major route of drug elimination is through the kidneys, which
receive one fifth to one fourth of the cardiac output. Other routes
are feces and lungs (especially for anesthetic gases). The rate of
elimination of most drugs follows fistorder kinetics (exponential
decline). The time for the plasma levels of a drug to reach half the.
initial value s the halfife (t,,). A is ethanol,

clearances from all elimination routes, eg, clearance from the kid-
ey i given by the volume of plasma that is completely cleared of
the drug per unit time (usually 1 minute). In this case, the amount
of drug in urine is measured. Kidney clearance of drug X (G is cak
i g oncenabons i i Uy and plsa )

which foll rder (inear) ki

= (Uy X VI/Py alters
sothe. dosase must be adjusted.

centrations. The clearance of a drug from the body is the sum of
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DRUGS USED TO AFFECT THE AUTONOMIC

AND SOMATIC NERVOUS SYSTEMS

OVERVIEW

“The nervous system functions as a major communication
system within the body. Information is transmitted by electri-
cal conduction along axons of neurons to (via afferent
nerves) and from (via efferent nerves) the central nervous sys-
tem (CNS). Between neurons or between neurons and target
cells are gaps termed synapses across which the signal is
transmitted chemically rather than electrically (with some
exceptions). The endogenous chemical substances that trans-
mit these signals are termed neurotransmilters. Accuracy of
signal transmission requires that the postsynaptic cell reliably
receive the intended message from the presynaptic cel. The
fidelity is ensured by neurotransmitter-specific. receptors

located on the postsynaptic cell membrane.
ecause an action potential, or the change in membrane
po«cnua\ occurring in excitable tissue during excitation, relies

chemical process (ion flux across the membrane) a

the transmission across synapses is primariy chemical
exogenously administered chemicals or drugs can modify
physiologic processes mediated by the nervous system. The
major neurotransmitters in the periphery are acetylcholine
(ACh) and norepinephrine, and drugs can be designed either
to mimic or to inhibit their actions. The integrated arrange-
ment of the nervous system and the special distibution of
fora effect.In

somatic nervous system (SNS) and the autonomic nervous
system (AT

The nerves of the SN innervate skeletal muscles, and
drugs that act on this system thus affect skeletal muscle func-
tion such as tone (eg, muscle relaxants given before surgery).
Because all skeletal neuromuscular junctions contain ACh as
the neurotransmitter, ACh and its receptors are targets for
drugs intended to modify skeletal muscle function. The
cholinergic receptors at these skeletal neuromuscular junc-
tions are sufficiently different structurally (3-dimensional
shape) from those at other sites to allow drugsto be designed
to bind to only this type (nicotinic) of cholinergic receptor.

rves of the ANS innervate the organs of the body

and can be further classified into sympathetic and parasym-
pathetic subdivisions. Sympathetic activity is increased by
drugs that mimic or enhance the action of norepinephrine.
Parasympathetic activity is increased by drugs that mimic or
enhance the action of ACh. Both systems are tonically active.
Hence, antagonism of one system results in enhanced activ-
ity of the other. The SNS and ANS together provide a mecha-
nistic framework for understanding the effects (good and
bad) of dru

Elucidation of additional roles for neurotransmitters and
identification of other receptor subtypes will likely lead to
more selective drugs. Such drugs will be

ot Case,th actue o of the dvgand even much of
its unwanted action-is predictable on the basis of the
anatomy and physiology of the nervous system. It is conve-
nient for the understanding of drug action to subclassiy the
peripheral nervous system (PNS) into 2 components: the

found by using, for example, highthroughput screening
assays or molecular modeling techniques—or even
serendipity. However they are discovered, they should per-
mit more selective targeting of the therapeutic end point with
fewer unwanted effects
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Some Cell Types of the Nervous System
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FIGURE 2-1 ORGANIZATION OF THE NERVOUS SYSTEM

“The actions of input (eg, local anesthe ain), e,
of the nervous system’s control of physiologic processes. The CNS - muscle eaanis forsurgery),orautonamic oput (e, deugs that
and P or the heart o reduce high blood pressure).

et o 4 sttt eganization, o ca e se»sory
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FIGURE 2-2 ACTION OF DRUGS ON NERVE EXCITABILITY
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Posterior hor Dorsal oot ganglion

Anterior horn

Motor neuron cellbody

FIGURE 2-3 INTERFACE OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS
AND ORGANIZATION OF THE SOMATIC DIVISION

Spinal i thoracic,  and i
lumbar, and sacral portions of the spinal cord and distribute of the PNS. Drugs can selectively modulate the activity of afferent
i

o pathologic
states (eg, he: i gesi o neur
brain. Efferent neurons carry motor signals from the spinal cord  muscular, junctions produce tetanus; those that inhibit these:

and brain to the
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Somatic Neuromuscular Transmission
A Neuromuscular junction (motor endplate)
longitudinal section)
Schwann cell

Ason terminalin
synaptic trough

8. Synaptic trough (crosssection)
Schwann cell
Sarcolemma

P
JUS—

2,

FIGURE 2-4 ULAR

A, The v i 1on (D),a Ca’ i he
has extensive foldings that increase the surface area of exposure tic cleft and binds reversibly to specific receptor sites on the
o it ACh, Ton flux d the post-
from izes (E), which
mitochondiia acetykCoA and extracellar choline via an entyme.  potenial ha leads to muscle contractin. Released ACh s
catalyzed reaction. ACh i stored in presynaptic vesicles (C) until  eliminated from the synapse by cholinesterase action (F).
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Extracellular view of membrane-spanning region

odel of
ic acetylcholine

nicoti The receptor consiss of 5 subunits (a, B, ¥, )
receptor (MACHR) surrounding a cental pore. Each subunt includes 4
‘membrane.spanring o helices (M1, M2, M3, M)
The M2 helices form the “gate” that opens and
closes the pore.
Ligandbinding
domain

Membranespanning

Intracellular

domain {

Schematic of nAChR
B subunit removed to
expose pore and gate

). Perkins Kinked” M2 helic Upon inding ACh
v forming the swing aside, openin

FIGURE 2-5 NICOTINIC ACETYLCHOLINE RECEPTOR

Drugs that long the ACh pore. Two AChbindi inthe
in the synapse and enhance the effect of ACh. Receptors at neuro-  extracellular part of the receptor between a and the other sub-
muscular junctions are termed nicotinic cholinergic receptors units. When ACh binds o the stes, the receptor conformation
(RAChRS) because nicotine s  relatively selective agonist at these  changes: @ subunits swing ou, and the channel opens. Charged
sites. In an DACHR, 5 subunits (a, B, 1, o) form a cluster around a  amino acidslning the pore select ions tha can pass nto the cell
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FIGURE 26 OF THE ULAR JUNCTION
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FIGURE 2-7 PHARMACOLOGY OF THE ULAR JUNCTION
as botulinum toxin (food poisoning) and nAChR antagonists, have
Juncron by aharing il involved n A synlhesrs, songe the same effect. With suffcient suppression of ACh, complete
ly its. by sub-
Thzy can also have direct actions on skeleal muscle, For example, hat enhance ACh action or mimic its ol

inhibitors of choline uptake limit ACh synthesis and depress neuro-  receptor sites (cholinomimetics).
muscular functioning (eg, paresis). Inhibitors of ACh release, such
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NORMAL

Acetylcholine
o
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Acetylcholinesterase (AChE)
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NCHs)y

e

IRREVERSIBLE INHIBITION
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FIGURE 2-8 MECHANISM OF ACTION OF ACETYLCHOLINESTERASE INHIBITORS

Enhancement of endogenous ACh action resultsfrom increasing
ACh release or inhibitng degradation of ACh by AChE. ACh binds
10 active subsites (choline, catalytic, and acy) on ACE, choline is
released by hycrolyss, acetylated enzyme s formed and rapidly
ycrolyzed, and active enzyme i reformed by hycholyss. Only
ACHR agonist or antagonists selectively moclfy ACh action at

Choline.

N(CHy)y
M 3

A
site Catalytic
site

Phosphorylated enzyme

Acetate O

o oH
id hydrolysi
(microseconds)
oH
=>
(anionic) site
Diethy- 0
carbamate

3
NCHs) on

B

| cni l

Diisopropyl phosphate

the skeletal neuromuscular junction. Neostigmine and other
reversible inhibitors bind to the active site and form a carbamoy.
lated enzyme that s hydrolyzed slowly by ACE; ieversible
inhibitors such as organophosphates (eg, isofluorphate) form a
ble, phosphorylated enzyme that is very slowly hycolyzed.
Effects of AChE inhibition persist until new enzyme s synthesized.
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Oculomator nerve (1)
Facialnerve (VI)
Glossopharyngeal nerve (X
Medulla oblongata
Vagus nerve (X)

Arector (smooth) .
musdle of hairfolicle '+

occur atallleves

Note: Bue-shaded
areas ndicate zones of
parasympathetic
outow from CNS,

Presynaptic ———

Sympathetic
ibers Postsynaptic =====+

Parasympathetic
fbers

Cilay ganghon
Prerygopalaine ganglon
Oic ganglon
Submandiblar anglon

Sublingual and
Submandibular glands

= peripheral cranial
e rdacalvessels
Laryn
Trachea
Bronchi
Pulmonary plexus
Cardiac plexus

Celiac ganglion

Aorticorenal ganglion

Superior mesenteric
ganglion

Inferior mesenteric
gangion

Superior hypogastric
plexus

Prosate
External genitalia
Presynaptic ———

Postsynaptic ==

FIGURE 2-10 AUTONOMIC NERVOUS SYSTEM: SCHEMA

In contrast to SNS nerves, which innervate skeletal muscles, ANS
 gland:

‘Sympathetic or parasympathetic fibers innervate almost al organs.
sympa-

i the
‘movement of the body; the ANS primarily controls more.
i The

e
selecti

actions and adverse effects of drugs. Sympathetic neu-
i broncho-

efferent
(from CNS to periphery) and afferent (from periphery to CNS)
components and is subclassified on the basis of anatomy and
physiology into sympathetic and parasympathetic divisions.

rons ,
dilation, increased heart rate). Parasympathetic neurons usually
mediate the opposite response and control daly functions such
as peristasis, saliva flow, and near vision accommadation.
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Autonomic Nervous System

Neural,

and Systemic C

of Rage Reaction

FIGURE 2-11 SYMPATHETIC FIGHT OR FLIGHT RESPONSE
Atesult of activating the sympathetic ANS has been viewed as an
evolutionary adaptation for a fight or flight response to a real or
perceivd threa o theorganism. The response s rapd and wide-

Actaton ofthee eonses by 3 el s hcs  benecil

gnified, shorterm response; prolonged activation (stress) has
Rarmiul efec, Most available sympathomimetics~ie, drugs or
other

 an asubset
ofblood o fight or flight responses. For common
s i muscles for nasal
Energy rom fat stores is mobilzed, and blood glucose levels blood vessels effect on the heart.

increas. Simutaneously,parasympathetc actity i depressed,
and fu

The opposite reactions occur during times of rest. The release of

‘Bampl
igedientof ephecks, or M, recenty banmed in e Unied

e adrenal
uupmemn gland is part of the fight or fight response. Epinephrine

e 193052 shematie 10 ephedra), and tyramine (present in
femente oo, intrconnectons among orgas heough ANS

in the bloodstream activates receptors located throughout the
body.

nearly but does so local
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Parotid

gand
Larynx

o [
N ]
oo
ot
spinal cord Peripheral arteries
[t
At s
Y
ot
s
-
= ——
-
unws
et
Sympathetic venmaptic Parasympathetic
s o
Somaic s 2 }I,a:;
o e
FIGURE 2-12 Ci AND SYNAPSES
Drugs affect organs innervated by the ANS and SNS by mimicking drenali at
P o it s and v o i
sbrc - i he o i re
the of adrug, be  such as increased heart rate. Drugs that mimic or potentiate ACh
e ACh ool < prlde s
preg: P ymp: d )
, il ey
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PRIMARY CLOSED-ANGLE GLAUCOMA iocresseii
Normal Pupillary block v plateau intraocular

i \

Corneal edema.

Primary.
block at
angle

Closed

N Hyperemia angle

ked
ging periphery ofis. Both result increase in intraocula pressure with

and drainage
and fixed middilated pupi.

NERVE PATHWAYS AND DRUG TREATMENT

Trabecular
meshwork
Canal of
Cillry. Sphincter
gangion

Episcleral Pupil

Superior
ervical Meridional Circular
sympathetic ganglion ibers.

+—— Preganglionic sympathetic =
=== Postganglionic sympathetic

—— Preganglionic parasympathetic
-~ Postganglionic parasympathetic

FIGURE 2-13 EXAMPLE OF CHOLINERGIC AND ADRENERGIC DRUG TREATMENT: GLAUCOMA

Certain types of glaucoma (excess intraocular pressure) canbe  Choli b as plocarpine,
y v and ad h as timolol, which
he opens  decrease humor infl au-
i meshwork and enh; flow of coma. Ad h reduce aque-
ous humor Schlemm. Sympath onthe  ous humor  imeversible AChE
he secretion of h also used.
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NICOTINIC

Acetyicholine

FIGURE 2-14 CHOLINERGIC RECEPTORS

Nicotine

(VO - i ™ 1

Gprotein  Phospholipase C ,

). Perkins|
it s

Cholinergic receptors are classiied into 2 major types: nicotinic
(RAChR) and muscarinic (mACHR), each having several sublypes.
PAChRS are ligand-gated ion channels, and mACHRS are GPCR.
(ors were named on the basis of selective actions of

nicotine and muscarine (from the mushroom Amanita muscaria).

Muscarinic agonists mimic the actions of ACh at the postgan-
glionic MAChRS in synapses of the parasympathetic subdivision of
the ANS; antagonists inhibit these actions. Nicotinic agonists mimic
the actions of ACh at PAChRs at skeletal neuromuscular junctions
(SN; deailed earlier); antagonists inhibit these actions
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‘The pupils in poisoning

Miosis (pinhole pupils)

Seennpisoningby morhine
morphine derivatves, |

some
cholinesterase inhibitors,
parasympathomimeics
nicotine, chioral hydrate,
sympatholytics,and some
other compounds

Motor unit (3 units illustrated)

Torin
T Dorsal nerve root
LS Nt

;

Spinal cord

Mydriasis (pupils dilated and not reactive) r
Sotin poonig by barate, catson moide
ot ot sty s oo S

scle

Mos
belladonna derivatives, camphor, cyanide,
i L Peripheral nerve

sympathomimetics, parasympatholytics, and
anumber of other compounds.

Anterior horn cell

Venral nerve root

i

FIGURE 2-15 Ci DruGs

ine is rapi down by in the time. M ich as pil parasymp:
blood and AChE in the synaptic cleft. AChE inhibitors (drugs such  thetic actions and, for example, decrease pupil diameter (miosis),
as physostigmine or poisons) enhance actions of ACh by decreas-  decrease heart rate, increase gastrointestinal motiity and secretion,
i W stimulat
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Cenvical  Brainstem

Thoracic

Lumbar

SYMPATHETIC

L
Cervical _ Brainstem

Thoracic

Lumbar

Sacral

s

..“,,
:

Sympathetic eferen nerve.

4 Firing rate of
s
~| EbE

t map

FIGURE 2-15 CHOLINERGIC DRUGS

glandular M h

the oppo-

and nicotinic

(derived from Atropa bell

d PP
sie effects. Nicotinic agonists such as succinylcholine stimulate,



AUTONOMIC AND SOMATIC NERVOUS SYSTEMS

Autonomic Nervous System

Myasthenia Gravis

Pathophysiologic Concepts

Synaptic et

vesices containing acetylcholine (ACH) form in
nerve terminal. i response to nerve impulse,
ch

number and length of subneural sarcolemmal
folds indicates that underying defect e in

(ACE hycrolyzes ACH, thuslimiting effectand.
duraton of s acton,

Ach he

Clinical Manifestations

Regional disrbution
of muscle weakness

s

FIGURE 216 EXAMPLE OF CHOLINERGIC DRUG TREATMENT:

Myasthenia gravis is characterized by progressive weakening of
skeletal muscles. It preferentiall affects women and islethal it
ted. 4 b i

Prosis and weakness of smile-
are common earlysigns.

¥,

Improvementafter
edrophonium chiorde

In eary stages, patient may feel
finein the morning but develops
diplopia and speech slurs

Tater in the day.

Gravi

edrophonium produce a rapid recovery of function, which i diag:
nostic, and can be continued for therapy. Adverse effects of AChE
inhibitors are those of excess ACh, known as DUMBELS: diarrhea,

d the number of nAChR at

junction. In early stages of the disease, AChE

urination,
and CNS),lacrimation, and sal d
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Ribbon model of an adrenergic receptor

Primary Tissue Locations of Adrenergic Receptor Subtypes

lon  Phospholipases

Increase lon
AMP  channels

ap 1

B1: Heart (timulation) 2 Bronchial,uterine, and

(contra

Mucous cells

axons

FIGURE 2-17 A

RECEPTORS

o
) hepatic, renal, endocrine), and
blood platelets

muscle

(relaxation)

Adrenergic receptors (adrenoceptors) are classified into 2 major
types, a and , each with multiple subtypes that differ in terms of
their mechanism of signal transduction (eg, increased or decreased
CAMP). All adrenoceptors are 7-transmembrane GPCRS: they
cross the cell membrane 7 times (with the amino terminus of the
receptor on the extracellular side) and are coupled to a guanine
nudleotide-binding protein (G protein). When an agonist binds to a
GPCR, it enhances the association of a receptor with a G protein,

which then stimulates (eg, G,) or inhibits (e.8, G a step in the.

pathway, adenyll cyclase, phosph
lipase C, or an ion channel. The same adrenergic agonist (eg,
h or drug) can

efiects depending on the G protein coupling i a cel ffects of
receptor activation include muscle contraction (;, a) and relax.
ation (@, B,), increased heart rate and force (B, and lipolysis
and thermogenesis (f).
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Puimonary infection,

tovicgasinhalaton,

asphyxia, high attude
+

ciculation

Ve

Allegic reacton,
shock

Myocardial infrct

Changes of heartrate
and contraciity

Leftventicular stain
and/or failure

Increasd L ventricular
diastoic pressure

Increased pulmonary.
venous capillary pressure.

DRu

FIGURE 2-18

agonists (eg,
d are used |

atenolol) the heart and func-

tion and myd

d in eye
Jonidine) bind to

B, agonists (eg,

i d activat i
inhibits further release of norepinephrine; they serve as antihyper-
v 15. - Adk d

e
also used 10 treat hypertension. i -Adrenoceptor agonists (eg,
dobutamine) augment sympathetic innervation of the heart and
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i used to treat asthma.
Certain drugs (e, isoproterenol and labetalol) affect muliple
receptor types. Adverse effects include vasoconstriction, vasodila-
tion, and tachycardia
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Sympathetic: Parasympathetic
wAdrenergic i
Cholinergic
Receptors Receptors Hasstan
Natural agonists
Norepinephrine (released et + - .
by sympathetic nerve
endings)
oinehrine elesed by + et -
nal medulla)
Acetylcholine (released by - - et
parasympathetic nerve
endings)
Other (synthetic) agonists Methoxamine Isoproterenol Muscarine
Phenylephrine Methoxyphenamine Pilocarpine
Oxymetazoline Dobutamine. Carbachol
Albuterol
Terbutaline
Direct effects of agonists on:
Heart - Increased rate and Decreased rate and
force of contraction
contraction
Blood vessels Vasoconstiction Vasodilatation Vasodilatation
Intestines Decreased motilty Decreased motilty Increased moltiity
Antagonists (blocking agents) Phentolamine Propranolol Atropine
Phenoxybenzamine Pindolol Scopolamine.
Doxazosin Alprenolol 3-Quinuclidiny!
Prazosin Nadolol benzylate
Terazosin Timolol
Ergot alkaloids
‘Agents that block enzymatic Monoamine oxidase (MAO) inhibitors Anticholinesterase:
degradation of transmitter CatecholO-methyliransferase (CCMT)
inhibitors
FIGURE 2-19 DRUGS THAT ACT ON THE NERVOUS SYSTEM

Actions of drugs affecting the PN can be organized on the basis  onists). Parasympathetic effects can be produced by drugs that

OfANS anaomy a the etrorransite ecepiors it meciale  skhs enn paseympathtcone of depres s/ rpak

ic tone.
ion by activating receptors

phy:

bydmgs that ei k di
b as ad

nists) or d

g0 action by some other means, eg, by mhibrung enzymes that
fegrade. are ks

tor antag
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Autonomic Nervous System

FIGURE 2-20 DRUG SIDE EFFECTS

that drugs can have on organs other than those that are the.
f drug acti ple, dr

i i be give
light (mydiasis) as an

intended action. that are s, the

igned ChRs on the heart  but ipation as an adverse
activate MAChRs throughout the I fMACHR  effect. . Also,
that  drugs that have different therapeutic targets can share a similar

subtype. The therapeutic and adverse effects of a drug are some-
times a function of intended use. The same drug (eg, an mACHR
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DRUGS USED IN DISORDERS

OF THE CENTRAL NERVOUS SYSTEM

AND TREATMENT OF PAIN

OVERVIEW

disorders, so Ahnv are best treated with a combination of
intervention. Drug treat-

There is something special and inherently compelling about
drugs that afect behavior or cognitive processes. However, in
many ways the pharmacology of drugs that have effects
(wanted or unwanted) on the CNS is similar to the pharma-
cology of drugs that have effects on peripheral organs. The
properties of the CNS,like the properties of peripheral organs,
are mediated by neurochemical transmitters acting at recep-
tor sites. Hence, at the molecular level, the fundamental
mechanisms of action of drugs affecting the CNS differ ltle
from the mechanisms of action of drugs that act on the PNS,
Neurotransmitter pathways exist in the CNS (brain and
spinal cord) just as they do in the PNS, although more CNS
than PNS neurotransmitters have been identified, and amino
and peptides play a rolein
the CNS than they do in the PNS. As in the ANS, the CNS
consists of opposing neurotransmitter systems. The major
excitatory neurotransmitters are the amino acids glutamate
(Glu) and aspartate (Asp); the major inhibitory neurotrans-
mitters are GABA and glycine (Gly).
The etiology of CNS functional disorders s often difficult to
determine. Psychosocial influences are important in many

mesiiof thise sorders developed partly as "he resul of
serendipity and, more recently, targeted drug discovery
efforts Mnny CNS disorders are imperfectly treated with cur-
rent medications, and basic research findings continuously
provide promising leads for new drugs.

More is also being leared about the disorders themselves
For example, itis now recognized that clinical depression and
clinical anxiety are biochemically distinct from normal
rienced feelings of sadness or apprehension. Schizophrenia s
now known to consist of what are known as positive and neg-
ative symptor seen as multifaceted. Neuronal atro-
phy is implicated in conditions in which it was not previously
suspected.

Drugs targeted to CNS disorders, like drugs used for condi-
tions affecting the PNS but to a much larger extent, are sub-
ject 1o abuse—sometimes by patients but more often by
nonpatients. Such abuse can adversely affect the availabilty
of these drugs (such as opioids for relief of severe pain) to
patients in need.



CNS AND TREATMENT OF PAIN Introduction to the CNS and Drug Action

Brain at 9 Months (Birth) Central Nervous System at 3 Months
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FIGURE 3-1 DEVELOPMENT OF THE NERVOUS SYSTEM
derived P th embr hemispheres). h 6
‘months but develops sulci and gyri only in the 3 months before

onic disk formation. The neural tube develops bulges, bends, and
at form mature brain structures and ventiicles. Three birth. The developing brain is affected, especially in the first

the fore-  trimester, i d

br

(thombencephalon). At approximately day 36, the posterior (cau-  in development of normal CNS function and restoration of function
dal) portion of the forebrain develops into the diencephalon; the  after injury. Eforts aimed to identify these substances and design
anterior i ol i actions are ongoing.
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Circulation of Cerebrospinal Fluid Sugtalsectionof  Cerebrum: Medial Views
o brain sulate gyrus  Paraceniral sulcus
s o
el ol s
st ofcoun calonam

Superior sagtal inus
o e

yanu\m\am Septum pellcidum,
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Coreralaqedct (/i Modln nga
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o

o et hom
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FIGURE 3-2 ANATOMY OF THE NERVOUS SYSTEM

Cerebral hemispheres are separated by a fissure and fal cerebri  cating cavities (ventricle) i the brain contain CSF produced by
bu are conneced by commisures snd the sictures The choroid plexuses. CSF circulation—from ventricles to central canal

edial of spinal cord to drainage in venous sinuses—provides protection
of the hemispheres. The spinal cord i (he v e e CNS) gt rauma ad a 1o commanicate chemicaly: cten
merge at the level of the brainstem. T bstances (e nev-
beveen ha? harighare e al Imporant s tides, h idenced by Introdk bt

of = into CSF. The central action of a drug s studied by direct injection
tures ivoive with smell,memory, anl smotion. Four commani. . in venticles
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Rostrum of corpus callosum

Anterior horn of

>
V)
0>
29
Motorsensory {“"

(toMs 1)

Premotor
orientation; eye and
head movements

Smil

Prefrontal;
inhibitory control
of behavior;
higher

inteligence

of speech
Auditory I
'

Prefrontal
inhibitory control

Cingulate girus
femotional behavior)
and cingulum

Offactory

FIGURE 3-3 FUNCTIONAL CORRELATIONS AND VISUALIZATION OF BRAIN STRUCTURES

Although many, if ot most, brain functions involve coordinated
interaction among muliple brain structures and each portion of
the brain is connected to almost every other portion, some func
tion: d with certain regions. For example, the
somatosensory (motor-sensory and sensorimotor) regions of the
frontal and parietal lobes and the premotor cortex of the frontal
lobe are involved with initiation, activation, and performance of
motor activity and reception of primary sensations.
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e loosely associa

Sensory
analysis visual i

Language;
Auditory | reading; speech

? Temporocingulate
and parietocingulate
pathway

BN Corpus callosum
Hippocampal commissure:
Anterior commissure

Confluence of sinuses

Mot ‘"“}~ sory-motor

Visual |

Visual |

Interconnections among parietal (integration and interpretation of
sensory information), temporal (reception and interpretation of
auditory information), and occipital (vision) lobes provide an orga
nized, integrated system. The prefrontal cortex is involved with
higher mental functions. Association pathways provide added
anized communication via intrahemispheric and interhem
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Action potential

Nat conductance

K conductance

Nembrane

Exacelular Acoplsm
luid, e

ductance
retums to normal; K+
conductance increases,

Atfing level Nar*
conductance s greatly
increased,

Stmulus current

8 =50t0 150

FIGURE 3-4 RESTING MEMBRANE AND ACTION POTENTIALS

‘The CNS comprises many types of neurons. In general, myelinated
d

ioward Na current

Pl

Na*/K* active transport exchange mechanism (ion pump). If the

toa

0
neurons. The magnitude of the electrical potential difference
scrosthe newrora mersbxan n e resing st emied he

o S e R A O (higher on the out

mately —40 mV (threshold potential), an action potential develops:

2010 +30 mV and then returns to its resting level, in approxi-
mately one thousandth of a second. The frequency of a neuron's
by ‘within

side) and K- (higher on the inside).
potential is more negative than the extracelular fluid by approxi-
mately ~70 mV. The potentialdifierence is partly maintained by an

the CN.
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Temporal and Spatial Summation of Excitation and Inhibition
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FIGURE 3-5 EXCITATORY AND INHIBITORY

excite or inhibit

POTENTIALS

st nfuance of 3P s P3P Exclaory

postsynaptic membrane permeabilty o ions. For example,
Icressed ermashily 1o Na* peoduces exchation, nd increased
pemeabilly to oK and CF rosces il

mh:b:lovv
neurotransmitters such as CABA o Gly produce IPSPs. Dru
ot son G o Aws o o atbetwin sl 5Fa)

fests as

(eg, in the CNS; drugs

(EPSP) (PSP

Gly action (or

Each neuron receives input from many other neurons, so a mem-
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“IONOTROPIC” RECEPTORS

lular view)

Selected CNS Neurotransmitters
and Neuromodulators

Acetylcholine

Calcitonin gene-related peptide
GRP)
Cholecystokinin

receptor

5 subunits
(1 removed
1o show pore)

Opioid peptides (endorphins,
enkephalins, dynorphins)

Ligand

Muscarinic cholinergic receptor

FIGURE 3-6 CENTRAL NERVOUS SYSTEM NEUROTRANSMITTERS, RECEPTORS, AND DRUG TARGETS

Many substances within the CNS modulate neurotransmitter
actions. ACh and norepinephrine (NE), predominant in the PN,
also function in the CNS. Dopamine and 5-HT (serotonin)—more
prominent in the CNS—and peptides such as endorphins are
important in CNS function. Transduction mechanisms for neuro-
transmitter action are similar to those in the PNS: ionotropic types
include voltage-gated ion channels (respond to membrane poten
tial changes) and ligand-gated ion channels (alter membrane ion

Oxytocin
Somatostatin
Gopr ipled recept
Receptor tyrosine kinases Taurine
Others Vasoactive intestinal
polypeptide (VIP)

Second messengy

Vasopressin

permeability i response to ligands such as neurotransmitters or
drug

tions). Drugs affect various sites along neuronal pathways,
including neurotransmitter synthesis, storage, and release; receptor
activation and inhibition; modulation of intrasynaptic neurotrans
mitter metabolism or reuptake; and direct second-messenger path
way effects
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Sedative-Hypnotic Drugs

Selected Sedative-Hypnotics
Class. Drug Class Drug Class Drug.
Alcohols i Benzodiazepines  Alprazc Carbamates. Meprobamate
Chioral hydrate Glousamosse
Clorazepate
Barbiturates Amobarbital Diazepam Miscellneous  Buspirone
Aprobarbital Flurazepam Zaleplon
Mephobarbital Lorazepa Zolpidem
Pentobarbital Oxazepam
Phenobarbital Prazepam
Secobarbital azepam
Thiopental Triazolam
Alcohol (Ethanol) Zaleplon

Meprobamate

GABAL Recepior
spanning subunits

Normal CI” influx
Normal neuron polariz:

). Perkins

o

FIGURE 3-7 GABA, RECEPTOR COMPLEX AND

ased CI influx
perpolarization

H DruGs

Many CNS depressants, including alcohols, barbiturates, benzodi-
azepines, and carbamates, produce sedation (reduction of anxiety)
orbypross nducton ofiee) Sedativebyproticsshow consider
able chemical diversity but share an ability to modulate CI- inf

via interaction with the GABA, receptor-Cl

to @ or b subunits. CI- influx hyperpolarizes the neuron and makes
itless likely to fire in response to stimulation (EPSPs). Barbiturates
depress neuronal activity by faciltating and prolonging inhibitory
ffects of GABA and Gly by interacting with CI” channel sites

G

heteroligomeri glycoprotein comprising 5 or more membrane.
spanning subunits. Various subunit combina
multiple receptor sublypes. GABA enhances CI- influx by binding
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give rise 1o

I opening.
Benzodiazepines (see Figure 3-9) bind to Spc:lﬂf receptor stes
on the complex and increase the frequency of GABAmediated
channel opening,
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Ansiety State

‘Doctor, I'm worried,

tobe, butlam.”

Cerebral cortex.

Bed nucleus of the.
stria terminalis

Hypothalamus

Hippocampus

FIGURE 3-8 CLINICAL ANXIETY

Somatic symptoms, such as
chest pain or difficuly breathing,

Panic Disorder

To experience anxiety is normal. However, clinical anxiety i ten-
sion or apprehension that is grossly dmpvnpnmnnnle toan auual

common (possibly more often reported) in women than in men.
The age at onset s usually between 20 and 30 years.Both endo-
[

e source of
o et b st s g ol U etct
and genetic predisposition are hypothesized. Clinical anxiety,
whethe chronic ot i theform o  panc atack often produces

actors and
expression of the clnical problem. Common adult anxiety disor-
ders include generalized anxiety disorder, social phobia, OCD,
panic disorder, and posttraumatic stress syndrome. Drugs for

o  aniolytics, includk

adversely
afects the qualityof e, K i e approximately twice s

i
and buspirone.
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Anxiolytic Agents

Zaleplon

Diazepam

Selected Benzodiazepines

GABA
receptor

Chlordiazepoxide
Clorazepate.
Diazepam
Flurazepam
Lorazepam
Oxazepam
Prazepam
Temazepam
Triazolam

Buspirone
Zaleplon
Zolpidem

Distribution of Benzodiazepine Receptors in the Br.

Fornix and stria terminalis Thalamus.

Septal

Alprazolam Oxazepam

Increased CI” influx

Hyperpolariz.

Reduced number of action po’

Metabolism of Benzodiazepines

Chlordiazepoxide Diazepam  Prazepam  Clorazepate

(inactive)

Oxazepam

Hypo- Red nucleus

thalamus

Offactory
bulb

Amygdala
Hippocampus

FIGURE 3-9 ANXIOLYTIC AGENTS

Periaqueductal
‘gray matter
Midbrain
tegmentum

Flurazepam — ~— Alprazolam
| Conjugation

Lorazepam —=

03

«—— Triazolam

). Perkins

Two main categories of anxiolytics are d mis-
cellancous (eg, buspirone, zolpidem, zaleplon). Subclassiication
of benzodiazepines is based on speed of onset or duration o
action, metabolism, and adverse effects. Benzodiazepines cross
the bloodbrain barier and bind to specific receptors on the
GABA, complex; these receptors occur in many brain regions. The
drugs do not bind to the same sites as does GABA but poteniate
GABA action. Benzodiazepines are safer than barbiturates (lrgely
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obsolete); and drowsi-
ness. Diazepam, chiordiazepoxide, prazepam, and the prodrug
clorazepate undergo hepatic metabolism to the intermediate
‘oxazepam. Alprazolam, flurazepam, lorazepam, and triazolam
directly undergo conjugation before excretion. Zolpidem and zale-
plon resemble benzodiazepines in pharmacology but differ chem.

all. Buspirone (an azapirone) acts on 5-HT, receptors. These last
drugs have fewer adverse effects and less abuse potential,
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Causes of Seizures

Intracranial

A
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FIGURE 3-10° CAUSES OF SEIZURES AND THEIR TREATMENT.
Seizures have various (nusts, bolh miem:l (mlmuamah and exter- by the age of 80 years. Epilepsy, a type of seizure disorder, is a
H majry,
diopathi 1% of the popula-
errors in metabolism, infection, trauma, fever, intracranial hem(x— tion. For optimal drug theuw, n.spmr: Hpe of epilepsy should
rthage, lic, be 1de ifie ed
electrolyte, and other disorders; d hyj
glycemia as well as excess doses of drugs or abrupt cessation or on inhibitory or excitatory neurotransmitter function.

of drugs. Approximately 10% of the US population has a seizure
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Antiepileptic Agents

Generalized
A-Tonic phase
Inconinence

Cyanosis
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curomuscular
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Incontinence
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Continuous repetitve generaized
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FIGURE 3-11 EPILEPSY: GENERALIZED SEIZURES AND STATUS EPILEPTICUS

Primary generalized seizures, the most common type being gener
alized tonic-clonic (grand mal) seizures,

develop. Genralze toiclonic status epleptcus s alfe

hemispheres. The seizure begins with tonic stiffening of the limbs
in an extended position, with arching of the back, followed by syn-
chronous clonic jerks of muscles of the imbs, body, and head. The
tongue may be bitten, and incontinence may occur. A period of
postictal lethargy, confusion, and disorientation follows the seizure.
An unbroken cycle of seizures—termed status epilepticus—can
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st alway

medication fo setaue control Drugs for tonieclonc (and partia
phenytoin, val

primidone; those for status epilepticus include d\arspam g

lorazepam. Adverse effects such as sedation, confusion, and

hepatic toxicity and drug interactions occur.
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Absence (Petit Mal) Seizures

Between Seizure
seizures vacant stare,
patient eyes ol upward,

eyelids flutter

EEG normal Absence seizure

Ll 11 VVUYERY =
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M\’u\ VYV VWYV VU A ——
WYV

Y

J200uv
3

Patient is unresponsive, blinks eyes

FIGURE 3-12 EPILEPSY: PARTIAL AND ABSENCE SEIZURES

affect i the function of the underlying affected
meacyany brsin functon, rom motor o sensoryivolvemet brain region. Postictal confusion and disorientation often occr.
purposeless, undirects Drugs for these sizures incude carbamazepine,phenyioin,vlpoi

motor activities. Patients can be unaware of

mal) seizures, characterized
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Simple Partial Seizures
]

Centa
Postcental sulcus_Precentral Focal motor. Tonic-lonic
Byus. i upper

P
‘Somatasensory. Tinging B a
of contalateral b, By 5o

and eyes tumed 1o

Visual. Sees flashes opposite s
Autonomic.

Sweating,
fushing or palor,
and/or epigastic
Sensations

Auditory. Hears ringing
or hissing noises
Tmpairment of consciousness:
Copnitive, affective symptoms. Formed auditor
hallucinations. Hears
music etc

Oreamy sate;blak vacant - A I e s
expresion; déja s jomais - Superior R ity ed

w;or fe

EEG: left temporallobe seizure

friniy Dysphasia
ments,
wetiing ips,

Sutomatims t{ rr, ’e:

(picking at

clothing)

FIGURE 3-12 EPILEPSY: PARTIAL AND ABSENCE SEIZURES
by periods of vacant staring or inattention (absence), occur with  cence, can disrupt academic performance, and are treated with
out warning and last approximately 20 seconds. Hundreds may  ethostimide and valproic acid and with clonazepam. Side effects
occur daily.Patients often have no memory of the events. These of these drugs include sedation, leukopenia, and hepatc failure.
seizures usually occur in children, are often outgrown in adoles-
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‘The Face of Depression

“Doctor, what's wrong with me?”

epression is a
moc»wcany ‘mediated
state most likely based on
abnormalities in metabolism
of 5:HT and norepinephrine.

Clinical syndrome
characterized by
withdrawal, anger,
rustration, and
loss of pleasure

Associated Symptoms and C

Depressed mood with feelings
of worthlessness and guit

- v
1%

Fatigue

Po
concentration Withdrawl

Substance abuseis a Weight loss may result Sleep disturbance is
P

FIGURE 3-13 CLINICAL

linical (ends de biopsych classified according to a presumed
logic disorder with genetic wed\sposmon Tan occur atamy time 1 mechanium of scon o chaiclstruchre, TCAS and hetero
lie, unrelated to d: approxi-  cyclics both 5-HT and NE.

mately 15% of these patients commit suicide. Severe (major Grags metboled vl th cytochiome A4S0 pathwiay. MAG
depression) and mild (dysthymic disorder) forms exist. Findings inhibit amine metabolism. Adverse effects (eg, mania, agitation,

endoge-
nous amines (5-HT or NE)in the CNS led to the amine hypothesis  TCAs or SSRIs) do occur.
of etiology and spurred efforts to enhance synaptic action of these
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Antidepressants

Selected Antidepressants.
Class Drug Mechanism of Action Class Drug. Mechanism of Action
Tricyclic Amitriptyline Nonselectively inhibit Heterocyclic  Amoxapine Nonselectively inhibit
agents Clomipramine. both 5-HT and NE t Bupropion both 5-HT and NE
Desipramine reuptake Maprotiline reuptake
Mi

Imipramine

Nortriptyline Trazodone

Protriptyline Venlafazine
SSRls Citalopram Selectively inhibit MAOIs Phenelzine Inhibit amine metabolism

Fluoxetine SHT reuptake Tranylcypromine
i

Imipramine
(atricyclic

Serotonergic neuron

Loas s Metabolites
0) ;

Tricyclics,
rocyclics,
and SSRis

Postsynaptic neuron

Phenelzine
(an MAOI)

Venlafaxine
(aheterocyclic)

Noradrenergic neuron

Monoamine oxidase.
(MAO)

© Tricyclics
-

—

NEreceptor

 Postsynaptic neuron

FIGURE 3-14 ANTIDEPRESSANTS: MECHANISMS OF ACTION

Most antidepressants primarily enhance the action of endogenous
amine neurotransmitters; they act indirectly, not binding to 5-HT or
NE receptors but enhancing neurotransmitter action by inhibiting
metabolism or removing neurotransmitters from synapses.

increasing amine levels. Mechanisms of newer drugs include direct
binding to 5-HT or NE receptor subtypes (eg,

presynaptic a,-adrenoceptors stimulates NE release). The action of
bupmvmn doed oo ik

antagonist action at

HT or NE and therefore

SHT or NE levels the abnor-
mally low levels that produce depression. 5HT enhancement may
be more important than enhancement of NE, so SSRls have
become popular. MAOIs inhibit metabolism of 5-HT and NE, thus
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The long-erm mechanism of

anidepressant acion s gkl drugs modify neuro-
chemical pathways and can elcit adverse effects (e sedation
and excitation)
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Obsessive Compulsive Disorder

1 am embarrased that
my hands are so chapped.
Inever told you before

“Tbought 11 carslast week
Pl them alland make a
fortune. 'm going 10 set up

and constant washing
because | was afrad you
would think | was crazy.

Phospholipids of outer leaflet
of cell membrane

FIGURE 3-15 BIPOLAR DISORDER AND COMPULSIVE BEHAVIOR

Bipolar disorder is characterized by alterating periods of mania
and depression. The manic phase can be productive but can also
be disruptive and physically exhausting. Bipolar disorder often
responds to treatment with lithium, which is rapidly absorbed from
the Gl tract and i distributed throughout the body. Lithium may
reduce neuronal activity by inhibiting cellular phosphoinositide
pathways involving the second messengers inositol trisphosphate.
and diacylglycerol. Compulsive behaviors impair social interaction

make us both famous.”

EFFECTS

5 7 % N

EFFECTS

and disrupt daly activities. OCD affects atleast 2% of the popula-
tion (males and females approximately equally), with a genetic pre-
disposition. The TCA clomipramine and SSRIs are usually chosen
for OCD therapy. Other drugs, given individually or as combina:
tion therapy, include different TCAS, lithium, buspirone, clon-

epam, dopamine antagonists (eg, haloperidol), and trazodone.
Drugs used together with behavioral or psychosocial therapy are.
usually optimal.
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Schizophrenia Neural Pathways Involved in Schizophrenia

Tegmentum

negative symptoms.

Negative Symptoms (fat affect, apathy)

Mesocortical pathway Prefrontal
.—u—<@ b

Tegmentum (inhibited in schizophrenia)

Positive Symptoms (delusions, hallucinations)

Mesolimbic pathway ®
.———"—"—-< accumbens
(Disinhibited in schizophrenia)

Tegmentum
10 auditory hallucinations. Atematively, she may have signiicant
of speech. Finally she may have parkinsonism secondary 10 ants-
psychotic medication.
q Adverse Effects (eg, parkinsonism)

Nigrostratal pathway Corpus
sriatum

Substantia nigra

Inhi
results inloss of inhibition
excitatory ACh neurons

in corpus striatum.

Haloperidol Risperidone

FIGURE 3-16 PSYCHOSIS AND DOPAMINE PATHWAYS

Pychoses disorders involving a loss of primarily as dopamine D, receptor antago-
contact with reality. The inwhich  nists. Typical h haloperidol
perception, thinking, communication, social functioning, and atten-  better for reating positive signs than negative signs. For treating
tion are altered. Caused by genetic and environmental factors, it negative signs, the newer (atypical) antipsychotic drugs (e
i 10% of lled  clozapine, risperidone) target other receptors, particularly 5-HT.
positive (e, delusions, hallucinations) or negative (g, flat affect,  Neurologic (eg, dystonia, parkinsonism), anticholinergic (eg,

dy occur.  and (ex, hy u

5HT, and Glu l drugs’ targeting  eff
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Horizontal Brain Section Showing Basal Ganglia
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FIGURE 3-17 MOTOR TRACTS, BASAL GANGLIA, AND DOPAMINE PATHWAYS

Several ma spinal cord. rubrospinal,reticulospinal,
One s the pyramidal tract, for motor control. The
from the precentral gyrus through the internal capsule and mic-  basal ganglia (including caudate nucleus, putamen, and globus pak
brain and terminates on motor neurons in the anterior hom of the lidus) are subcortical masses found between the cerebral cortex
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Primary motor
cortex (area 4)

Pyramidal System
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FIGURE 3-17 MOTOR TRACTS, BASAL GANGLIA, AND DOPAMINE PATHWAYS (continued)
and thalamus that, together with

help to coor- lus oth i

jor pathway, the nigrostriata, originates in put i from SHT,
the substantia d oth GABA, Defects in lead to motor
structures. The subs Jinput from :
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Clinical Signs of Parkinson Disease

Tremor often improves.
or disappears with *

Tremor of one handis
an early manifestation

Difficulty performing simple manual
functions may be initial symptom.

tage 3: pronounced gt
disturbances and moderate
generalized disability;
posturalinstabilty and
tendency to fall

Stage 1: unilateral
involvement; blank
facies; affected arm
in semiflexed position
with tremor; patient
leans 1o unaffected
side

Stage 2: bilateral involvement with
early postural changes;slow shufling
galt with decreased excursion of legs

Stage 4 significant Stage 5: com;
disabilty; limited invalicism; patient
ambulati confined to bed or
assistance chair cannot stand
r walk even with
assistance
Neuropathology of Parkinson Disease
NORMAL PARKINSON
Excitatory DISEASE
cholinergic i
neurons (green) Dopamine g
in striatum v [“wy
i
i
GABAergic i
neurons (red) 15
in stratum i
Nigrostiatal and B —Doparminergic newrons
Substantia nigra shows

lenticulonigral tracts

Dopaminergic neurons of
substantia nigra (pars compacta)

<

YMPTOMS AND DEFECT

from ventral tegmentum
project to cerebral
cortex (mainly frontal).

may exhibit Lewy bodies.

FIGURE 3-18 PARKINSONIS
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Parkinsonism: Hypothesized Role of Dopa
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FIGURE 3-19 PARKINSONISM: LEVODOPA, CARBIDOPA, AND OTHER DRUGS
Trosiit st wpai dopunind of sl 1 eesablah e locopaha et b, Rl nmny given with an inhibitor
ACH
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Huntington

disease

Middie-aged person
menial deteoraon
grimacing, choreiform
movements

Genetic chart (example)

Young woman exhibiting
choreiform movements:

Degeneration and atrophy of caudate.
nucleus and cerebral cortex, wit
resulting enlargement of ventricles

Differential diagonosis
Sydenham chorea

Lupus ery

thematosus

Chorea gravidarum
fects

FIGURE 3-20 HUNTINGTON DISEASE AND TOURETTE SYNDROME

Various tremors (rhythmic oscillations around a joint), tcs (repeti-
tive, sudden, coordinated, abnormal movements), and chorea
involuntary muscie jerks) are components
ted movement. Gilles de la Tourelte syn-
drome (which includes involuntary verbal outbursts) is a disorder
of unknown cause. Current therapy consists primarily of haloperi
dol and other dopamine D, receptor antagonists. Huntington
disease is a dominantly inherited disorder characterized by

CT scan of brain: atrophy of caudate.

nucleus and enlargement of ventricles

rogeahe chares ind demena. t s yicaly ssochied it s
cklt arae ard ot Wespan. GABA s enyms for ACh
21l GABA synthesi re deficen; i he basal gangla of patients
with Huntington disease. Current therapy consists usually of
amine-depleting drugs, such as tetrabenazine, or haloperidol

or other dopamine D receptor antagonists. Hypotension,
depression, sedation, restlessness, and parkinsonism are the

most common adverse drug effects.
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Possible Factors in Development

and Progression of Alzheimer Disease
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Nevropi
tread

Rt

.

ol B e e Mo B
e

N S T 7 g

NA
\r::?::m Chromosomes

Atered s metabolism

ot
-
e

hellcal
laments

2,141
Toins
Hyposia

o

{
g/:wm papid

pepide plaques

bl formation

)

Grandlovacuolar
rmation of pamyloid degeneration

Neurofbilary
ange.

5

Synapicloss

JorN
Clfacfecé-
oo

Hirano bodies

Eample

Memory loss

“Where is my checkbookt”

tofind "

Circumlocution “Asks husband, “John dear, please call

that woman who fixes my hair”

‘More advanced phase.

fused, disoriented, stooped posture

Terminal phase

Becridden, stif, unresponsive, nearly

mute, incontinent

FIGURE 3-21 ALZHEIMER DISEASE: SYMPTOMS, COURSI

E, AND PATHOLOGY.

v other mem-

e nd

), type AB,

in the reverse order in which they were attained. In advanced
stages, patients cannot perform simple activities of daily ife.

larly

pus and posteri
lude nd

3 years or more aiter )

dysfunc-

is 710 10 years 8
Gross brain atrophy accompanies the progression of the disease,
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Alzheimer disease: pathology
Regionalatrophy of brain

occipital gy fairy well
preserved; association
cortex mostly involved

(Bodian preparation); neurons decreased in
number, with charactersic tangles in cytoplasm _

Meynert (substanta innominata)
1o corticalgray matter

Basal nucleus:

FIGURE 3-22 ALZHEIMER Diseast: Ci AND DRUGS
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Pharmacologic Management Options
in Alzheimer Disease

Cholinergic therapies attemp 0 boost chlinergic fuction
imiishe b los of cholineric pojections rom basal
forebrainto rotal cortex, amygl, and hiopocampus.

bitors prevent hycrolyss of

Cholinesterase
acetyicholine and increase cholinergic acton.
Cholinesterase.

resteinsse) ishoion

loading (o increase:
acetyicholinelevelsineffective.

Muscarinic agonists under study
(postsynaptic muscarinic receptors usually
preserved afte loss of projection neurons)

JOMN,
Clifachack.
FIGURE 3-22 ALZHEIMER DiseAsk: Ci AND DRUGS
ibit has d 4, galant d por y i \B or  protein, and.
g ocharins o

st iy Ong P me
research is investigating other potential targets, such as enzymes  gression of the disease.
82




Drugs Affecting Movement-Degenerative Disorders

CNS AND TREATMENT OF PAIN

Ischemic «+—— Stroke —+ Hemorrhagic

FIGURE 3-23 STROKE: SYMPTOMS AND DRUG TREATMENT.

Sk cosbiiase da e i NS effects. s«mkes

Thrombolysis

Tissue Plasminogen Activator (1PA)

Kl(n!l!l Kringle 2
main  domain

Finger
domain

Protease domain

Plasminogen activators
(e, LPA, streptokinase, urokinase)

Plasminogen ——— s Plasmin

TR

Cleavage at
Args61-Vals62

al(ep\ase or reteplase issue plasminogen activators), anistreplase.

hagic (oxces blood. Most ischemic srokes are caused w

plasminogen),
streptokinase, and urokinase  ll plasminogen activators). The most

i o Sracad o g el b Yen oy et
ment intervention reduces subsequent neuronal damage and func-
tional loss. The most common current drug therapies for ischenic
stroke involve use of intravenous thrombolytic agents, such as

orthage). Low-dose aspirin ‘Coxr miukmor) is given for stroke

revention. Hemorthagic stroke requires anticoagulant or surgical
intervention. Research efforts now focus on drugs that may limit
the extent of CNS damage after stroke.
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CNS Skeletal Muscle Relaxants

1aafferents

Dorsal oot
ganglion

FIGURE 3-24 Mmol NEURONS AND DRUGS

Skeletal t muscle

deficis.
inthe

I influx (Figure 3-9) throughout the CNS, includ-
. They s

spinal cord. These spinal 2

a number of drugs, mc\udlns barbiturates. However, nonspecific

depression of synapses is not desirable because normal muscle
M i including CN

receptor agoni "
ductance. Other CNS-acting antispasmodic agents include a-

cting dr
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facilitate

preferred.

adrenoceptor agonists (eg, tizanidine), GABA, and GABA,
agonists, and the inhibitory. .

con-
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Opioid pathways from
hypothalamus and PAG

Locus ceruleus

Enkephalin-containing

malcord_ Lateralspnal
S cord thalamic tract

FIGURE 3-25 PAIN PATHWAYS

d
chemicals ( or and other stes. A
i enkephaling), 5-HT (eg. rom raphe nuclei, and noradrenergic
i ion. For example, ( i
the C1 the s percepi
DRG. D ve abnormal  are local (eg, lidocaine) and general joids

dor- (g hine),

sal horn of the spinal cord. Secondary neurons cross the spinal
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Analgesics and Anesthetics

Selected Local Anesthetics
Class Drug. Relative Duration of Action Class Drug. Relative Duration of Action
Amides  Bupivacaine  Long Esters Benzocaine  Topical only

Lidocaine Medium  Cocaine Medium

Mepivacaine  Medium Procaine Short

Prilocaine Medium Tetracaine Long

Ropivacaine  Long

Voltage-Gated Na* Channel

Channel

Extracellular (“top”) view of Na~ channel

Local Anesthetic Mechanism of Action

ooy — Ors — #

FIGURE 3-26 LOCAL ANESTHETICS: SPINAL AFFERENTS AND LOCAL ANESTHETIC MECHANISMS OF ACTION

Local anesthetics cause temporary loss of pain sensation without

loss of consciousness by blocking conduction along sensory nerve

fibers. Some selectiviy for pain afferentsis achieved partly by
using the agent close 1o target neurons. Al currently used drugs
block voltage-dependent Na* channels in excitable cells, which
decreases the likelihood of an action potential. The target site of
the drugsis on the cytoplasmic side of the neuron membrane, so
drug molecules must pass through the membrane. They are both
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Side view of Na channel

Extracellular

Cell membrane

Cytoplast 1. Perkins

oy

lipophilic and hydrophilic and are weak bases (amides or esters)
that exist in equilibrium between ionized (hydrophilic) and nonion-
ized (ipophilic) forms. The latter diffuse more readily through the
membrane; the former diffuse more readily through cytoplasm.
Esters are metabolized by plasma cholinesterases; amides are.
hydrolyzed i the liver. Because they act on all excitable cels,local
anesthetics can cause toxicity,including fatal cardiovascular effects
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Selected General Anesthetics
Drug Type and Name. Mechanism of Action
Inhalational
Desiurane Notentirely known; postulated
Enflurane 1o diectly activate the GABA,
Halothane receptor,leading to enhanced
soflurane influxof CI-and hyper-
Methoxyflurane polarization of neurons
Nitrous oxide
Sevoflurane
Inravenous
Barbiurates Facitate inhibitory action of
Methoenxital ABA at the GABAL receplor
Secobarbital by increasing duration of CI-
jamylal channel opening.
Thiopental
azepin Facltate inhibitory action of
Alprazolam ABA at the GABA, receptor
o by increasing requency of CI-
Flurazepam channel opening
Midazolam
foids Agonists at opioid recepiors
Alentani widely distributed throughout
Fentanyl the central nervous system
Morphi
Remifentani
Phe Notknown
Propofol
Dissociative anesthesia | Antagonist at the NMDA
withoutloss of (Nmethyko-aspartate) sublype
consciousness) of the excitatory amino acid
Ketamine glutamate receptor

@<

Phenobarbital

Diazepam
(abarbiturate) (a benzodiazepine)

Inhaled general anesthetics

Othertssues

Propofol
(an opioid) (aphenol)

FIGURE 3-27 GENERAL ANESTHETICS: PROPERTIES

General Jational o
rapid, smooth onset of action and clinicaly desirable rapid reversal
inhalational the body an

reduced. The site of drug action is the brain; the exact mechanism
s unknown but may be related to lipi solubility and activation of
hanced CI- influx, of ne-

a
9

pharmacokinetics depend on the drugs’ partial pressure in the
lungs and solubility in blood and brain tissue. Induction of anesthe-
siais more rapid for drugs with high partial pressure in the lungs
and high solubiliy in blood (e, nitrous oxide, desflurane, sevoflu
rane). Onset of anesthesia is slowed when pulmonary blood flow is

rons). Elimination from brain and exhalation from lungs stop the
effect of the drug. Redistribution to other tissues delays elimination
and may increase occurrence of adverse effects. Iniravenous
agents include barbiturates, benzodiazepines, ketamine, opioids
and propoiol.
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Endorphin System

Periaqueductal gray matter

Cerebral aqueduct

Morphine’

Morphine

Afferent pain fibers in

rigeminal nerve

Spinal trigeminal ract
d nucleus

Enkephalin-containing neuron

Serotonin pathway

Posterolateral funiculus

Lamina V intemeuron

Afferent pain neuron
of dorsal oot ganglion

Enkephalincontaining
neuron in substantia
gelatinosa (lamina Il Spinoreicular neuron

FIGURE 3-28 OPIOIDS: ENDOGENOUS OPIOID PATHWAY

Lamina | pain nterneuron

Stimul rom higher
centers (psychological,
o efect,etc)

Enkephalin-conaining

Mesencephalon

1 Indirect pathways
[ pathway

Raphe magnus
nucleus

Medulla
oblongata

Spinoreticula
pathway

be acti-
a

Morphine and mission of i
dorph consciously, which may
kephali i [ Anhnghom Opioids ater the percepti
the pathways that relay the pain si tohigher  pain of the can
NS centers for processing,evaluat via  improve i in the presence of a contin-
see Figure 3-

including endogenous opioids, NE, it HT, modulate the trans-
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Selected Opioid Analgesics

Alfentanil
Buprenorphine
Butorphanol
Codeine
Dezocine
Fentanyl
Hydromorphone
Meperidine

Morphine Codeine

Nalbuphine
Oxycodone
Oxymorphone
Pentazocine
Propoxyphene
Remiphentanil
Sufentanil

= NH,

Ziransmembrane
upled receptor

1

J. Perkins

FIGURE 3-29 O

Opioids have an onset of
administration and have
const
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Cyclooxygenase (COX enzyme) dimer

NSAIDs: Mechanism of Action

\
Carboxylic
sroup binds
Arg120

Heme group

Hydrophobic
drugbinding

COX-1 Isoform COX-2 Isoform

channel Hydrophobic

hamd channel Hydrophilic

i pocket”

NH; NHS
J. Perkins
h

Coxibs: Mechanism of Action

Sulfonamide
group binds Arg 513
in “side pocket”

NSAIDs

Aspiin huprofen

Celecoxib

Rofecoxib,

FIGURE 3-30 NONOPIOIDS: NSAIDS, SELECTIVE CYCLOOXYGENASE-2 INHIBITORS, AND ACETAMINOPHEN

N idal

ave efficacy
(but ofen less than tht of opoids), rsm-my rapid onset, and

COX-2 inhibitors (coxibs) is approximately equal to that of tradi-
ot NSAD i he v et of K2 inhibition have

(eg, possibly fatal and dis
turbed salt and water balance). All NSAID effects—analgesic, antiin-
flammatory, antipyretic, and antiplatelet—are thought 10 be due to
decreased prostanoid biosynthesis via COX inhibition. Traditional
NSAIDs inhibit both COX-1 and 2 isoforms, but newer COX-2
inhibitors are more selective. The analgesic eficacy of selective
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ind are somewhat controversial.
The abily o slecively mhibit COX.2 has b related (0 the
difference in amino acids at position 523 of COX-1 and COX-2
isoleucine in COX-1, valine in COX-2. The mechanism of action of
acetaminophen s uncertain but is thought to be via CNS effects.
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Aura Ph
ura Phase Transient aphasia

Photophobia
Thick speech

Unilateral
numbness or
weakness.

Visual disturbances, most common element of
miggaine aura: blurred cloudy vision, scotomas,

Some other manifestations

Attack Phase

Severe, throbbing.
headache; unilateral
atiirst but may spread
10 opposite side

Local erythema

sy be present

“Sonaphobla an
ph oph ia

pmmmn

Speaks inlow

lashes of light, etc

Pathophysiology of Migraine
@ Trigger

@ Release o
vasoactive
europepides

Dural and pial vessels
Trigeminal
vascular

afferents

of aura,
individually orin combination

® promote associated
symptoms

voice to avoid
aggravating pain

“Triptan Drugs: Mechanism of Action

Vasodilation

Stimulates 5T,
receptors, causing
vasconstriction

Inhibits release of
vasoactive petides

Sumatriptan

Parasympathetics sustain
vasodilation and may

Superior salivatory nucleus-

4

FIGURE 3-31 SUMATRIPTANS AND REUPTAKE INHIBITORS

Certain types of pain are sometimes successfully treated with drugs
that are not analgesic for other types of pain. Two examples are
sumatriptan and related compounds (triptans) and inhibitors of
neuronal euptake of NE o SHT. Trptans eg,almo, el rova

Facial n. (VIl)

Sphenopalatine ganglion

s AW
nemtschaon

are used for some patients with migraine and for some patients
experiencing neuropathic pain with hyperalgesia (increased sensi-
tivity to painful stimul) or allodynia (painful sensitivity 10 non-
painful stimuli). Neither the triptans nor the reuptake inhibitors are

ofenthe py for

very eff or acute pain.

of,
{68 cycie s oore slecis N2 or el reuptake nhibitors

vascular e triptans, and numerous ANS.
fats can occur wit the reuptake mhbior,
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DRUGS USED IN DISORDERS

OF THE CARDIOVASCULAR SYSTEM

OVERVIEW

“The heart and circulatory system are mechanical marvels
that must provide continuous, efiicient, and reliable opera-
tion while adapting to short- and longterm physiologic
changes. As with other organ systems, evolutionary adapta-
tions have resulted in a cardiovascular system that is
designed to meet its multiple requirements.

Drugs that are used to treat cardiovascular disorders con-
stitute_one of the largest categories of prescription drugs
used. Two factors suggest that the use of these drugs will con-
tinue to increase: an aging population and the increasing use
of drugs as prevention against future cardiovascular disease.
These 2 factors work synergistically: as preventive care
increases the average lifespan, the population has a greater
risk of cardiovascular disease, and as life expectancy
increases, greater emphasis is placed on earlier preventive
intervention.

Certain cardiovascular disorders, such as cardiac arrhyth-
mias and congestive heart failure (CHF), produce symptoms
that are readily apparent to the person affected and have
consequences long known to necessitate treatment. Other
conditions, however, do not produce obvious symptoms and
have become recognized as health problems only as a result
of epidemiologic studies in relatively recent years. For exam-
ple, blood pressures that had been considered normal
because they were average (the age-appropriate mean) are
now widely considered to fall into the hypertension category
and are routinely treated with medication. Even more

recently, cholesterol levels that were once deemed normal
(or were even thought to be so insignificant that they went
unmeasured) are now routinely treated with drugs.

For many years, the treatment of cardiovascular disorders
primarily targeted the innervation of the heart and blood ves-
sels by the 2 subclassifications of the ANS. Parasympathetic
innervation of the heartis principally via the vagus nerve (cra-
nial nerve X) and is mediated by the action of acetylcholine
(ACh) at muscarinic cholinergic receptors. Sympathetic inner-
vation of the heart is mediated principally by the action of
norepinephrine (NE) on § adrenoceptors (more specifically,
the B, subtype). The vasculature is controlled in a site-depen
dent manner by the parasympathetic subdivision mediated
by ACh, which usually causes vasodilation, and by the sy
pathetic subclassification mediated by NE, which generally
causes vasoconstriction. Hormones and local factors also
contribute to overall vascular tone.

A major advance in reatmen strategies for cardiovascar

result of recognition of
contributions made by other neurotransmitter and hormone
systems to normal and pathologic cardiovascular function.
Targeting these systems, such as the rerinanglersi o1
tem, has led to a broader variety of treatment optior

(ardmvascular dnugs incude some of the oldest medica
tions, red by serendipity, and some of the newest, dis-
covered by molecular modeling and screening technology.
They include a wide variety of receptor agonists, receptor
antagonists, and enzyme inhibitors.

iy




CARDIOVASCULAR SYSTEM

Cardiovascular System

To upper body

Tolungs

From
lower body

FIGURE 4-1 CARDIOVASCULAR FUNCTION: ANATOMY

To lungs

b
“oy

‘The heart muscle pumps blood through the circulatory system.
Each day, the heart beats 100,000 times and pumps 2000 gal

of blood. The heart comprises 4 chambers (divisions): the upper
two, the right and lef aria; the lower two, the right and left ven-
trcles. Blood is pumped through the chambers, in only 1 direction,
via 4 valves: the tricuspid, located between the right atrium and
the right venticle; the pulmonary, between the right ventricle and
the pulmonary artery; the mitra, between the lft atrium and the

94

left ventricle; and the aoric, between the lft ventricle and the
aorta. Dark blood, low in oxygen, returns from body tissues
through veins, enters the right atrium, and then flows to the ight
ventricle, the pulmonary artery, and the lungs, where it s oxy-
genated. Blood returns by pulmonary veins (o the left atrium and
goes through the mitral valve into the left ventricle, which pumps
oxygenvich, brightred blood through the aortic vaive into the
aorta and then into the circulation.




Cardiovascular System

CARDIOVASCULAR SYSTEM

Mechanism of Heart Adjustment to Body-Perfusion Requirements

sympathetic
stmulation;
vagalinhibiion

Sympathetic
cardiac nerves

Circulating
catecholamines
Suprarenal
medula Increased
venous return

Increased
Garnury daaton s
(increased O, s

i metabalie removal) Increased

cardiac
output

nresed

myocardial —— - for
metabolism Coneacton

Frank Staring effect

Effects of Resting Tension, Coronary Blood Flow, and Norepinephrine on Myocardial Contraction

ventricular
tension

Contraction =

Resting ——>

A

Resting tension
increased increase

FIGURE 4-2 CARDIOVASCULAR FUNCTION: DEFINITION OF TERMS AND REGULATION

a the total blood per
minute (heart rate  stroke volume) Soke voume i the blood
pumped by the left o right ventricle per beat; in a resting adul, it
averages 60 to 80 mL of blood. Systole i the contraction phase of
the cardiac cycle, when ventricles pump stroke volumes. Diastole
is the resting phase of the cycle, which occurs between heartbeats.
Enddiastolic volume is the blood volume in each ventricle at the
end of diastole: 120 mL at rest. Endbsystolic volume is the blood

Coronary perfusion

s 4

o

volume in each ventricle after contraction: 50 mi.at rest. To main

85%) during intense exercise 10 transport more oxygen to muscles.
“This greater blood flow is caused by higher blood pressure and
in muscles, which is muscle

relaxation.

95



CARDIOVASCULAR SYSTEM

Cardiovascular System

Anticipation of exercise
stimulates cardioregulatory

mis overwhelmed by
generalized stimulation of sympathetics.

Circulating Vagus nerve (X)
NEandEPl |
o Sympathetics | | Sympathetic Sympathetic
: Cardiac nerves
sympathetics | | Baroreceptors stimulated by
— terens | |
H . tonic sympathetic inhibition.
NE and EPI output by suprarenal medullae S
promoted by sympathetic simulation

Sympathetic nerve stimulation
and circulating NE and EPI, plus
relative decrease in vagal tone,
accelerate SA node discharge rate.

Increased venous return due

10 action of muscle pump.

mpatheicnerves nd

FIGURE 4-3 ROLE OF CATECHOLAMINES IN HEART FUNCTION

) major
lators of heart function, are released by the adrenal medula after
activation of pregangionic sympathetic nerves, which occurs dur-
ing stress (eg, exercise, heart faiure, pain). More EPI (85%) than
NE (15%)is released. A second source of NE s that from sympa-

Kidneys: vasoconstiction

Skin: vasoconstriction at first,
then dilation for heat dissipation

Muscle:ntal compression fllowed by - erkins
marked vasodlation due o release of i
etabolies and rculating cpnephrine o

arteries and veins by activating a-adrenoceptors; vasodilation in

and vasoconstiction at high concentrations by activating a, recep-
tors. The overall cardiovascular response i greater cardiac output
i l mean arteral . EPl release has simi

theic nerves, espet pacemaker cells
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Heartrate, by
because of baroceptor activation and vagakmediated heart rate
slowing.
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Neural and Humoral Regulation of Cardiac Function

Emotional tress or a
exercise may stimulate sympathetic
Jamus,

Afferent nerve fbers from baroreceptors i carotid
Sinuses via glossopharyngeal nerves (1) and n aorta
viavagus nerves (X) form afferent imbs of reflex arcs
10 vagus and sympathetic efferents.

of vagus and Vagus efferent cardiac fibers g0 chiefly (0 SA node.
cardioregulatory and AV node: stimulation causes reease of
ter acetyicholine at nerve endings,slowing heart rate:
tion; vaal ihibiton causes
Descending ract ‘acceleration o heartrate and conduction

Sympathetic efferent fber stmlation accelerates
ear rate, ncreases force of confraction, and dites.
coronary areries by releasing norepinephrine at

of spinal cord nerve endings,stimulating B receptors.

Increased pH heightens
catecholamine and lowers
acetylcholine actions.

Circulating catecholamines have same

suprarenal medulla promoted by upon coronary areris.

sympathetic stmulation

FIGURE 4-4 SYMPATHETIC AND PARASYMPATHETIC REGULATION OF HEART FUNCTION
the i heart rate, and

regulate he: d
contraction force by increasing EPI and NE release. The latter sys-  rate, AV node conduction, and contraction force. Increased ACh
tem stimulates ACh release and reduces heart rate. inic M receptor ediate these

cels of the SA o effects. M, recept lular CAMP levels and
Ventricular contraction s due to impulses going from the AV node  increases K* conductance, which leads to pacemaker cell hyper-
1o the AV bundle to Purkinje fibers. Increased i polarization. force result

activates b, receptors in the SA node and increases pacemaker cell
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Tyrosine
Tyrosine

®
9

Dopamine

DOPA

1

Catecholamine
pump

decarboxylase

Dopamine

©
2

Effector Cell
J. Perkins
s, M
Norepinephrine

FIGURE 4-5 SYNTHESIS AND STORAGE OF CATECHOLAMINES
Norepinephrine synthesis starts with the amino acid tyrosine. catecholamine pump and is converted to NE by addition of a
Catecholaminergic nerves obtain it by active transport; tyrosine  hydroxyl group. Synaptic vesicie catecholamine levels are much
hydroxylase adds a hydroxyl group to form the catechol part of the  higher than surrounding cytosolic levels. Reserpine is a drug that
molecule. Tyrosine hydroxylation is the rate-imiting step in cate-  inhibits the vesicular catecholamine pump, thus stopping vesicular
cholamine synthesis and i regulated by feedback inhibition. The  catecholamine uptake and reducing catecholamine levels. The

d aromatic in nerves the

pamine, one of 3 vesicular amine uptake pump and by mitochondrial monoamine

D a oxidase, which degrades catecholamines.
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Nerve

T

action
potential

Nicotinic Receptor Agonists

Acetylcholine:

@ Ach

) Ca2*influx
Ca ) o
Docking and
exacytosss
N of synaptic.
[ 2 ) ides
4
4
4
NE released

into synapse

Adrenergic receptors

Effector Cell

Nicotinic

ACh receptor

(in adrenal

PR medula)
1‘ &
v

NE released
into circulation

). Perkins
S, MIA

omn

FIGURE 4-6 REGULATION OF RELEASE
Vesicular release of NE depends on depolarization of the nerve ter-
minal and the influx of Ca?* ions. The influx of Ca®* promotes the.
docking of synapiic vesicles t the plasma membrane and subse:
quent exocytosis of the vesiles. I the adrenal medulla, ACh act
ing as the neurotransmitter of the sympathetic ganglion acts on

i

nicotinic receptors and promotes the release of catecholamines
into Certain di promote

release. Under certain experimental conditions, itis possible to
mimic f ACh not only at th
but at also at the sympathetic gangla. Thus, activation of choliner-

gic receptors
mine release from postganglionic neurons and the adrenal
™
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Cardiovascular System

Nerve Fiber

Amine transporter

Sympathetic
synaptic ceft

Adrenergic receptors.
Effector Cell

Nerve Fiber E'

Transporter Inhibitors.

£

Sympathetic
synaptic cleft

Adrenergic receptors

Effector Cell

). Perkins
s, MFA
-

FIGURE 4-7 INACTIVATION OF

The primary NE nactvation mechanism s reuptake via a plasma
n This

imipramine. NE uptake is a major mechanism for ending sympa-
Inhibitors of the amine transporter

ssporter, the trans-
orer s amember of a tamily of membane p por

tem or are taken up

different transritter
The

In h as the

driven indi-
rectly by a sodium gradient, is selective for NE and EPI, and is
inhibited by cocaine and tricyclic antidepressants such as
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suc
heart, the major uptake of catecholamines is neuronal uptake.



Hypercholesterolemia and Atherosclerosis CARDIOVASCULAR SYSTEM

percholesterolemia
Clmlesieml Synthesis and Metabolism

Cholesterol
synthesis

Physicalactivty

Enterohepatc
recirculation

& '

o neracton ofacors
Hestendld
o,

Chylomicron
Dietary fatand
cholesterol Lipoprotein Structure AvOC
i m

Polarshell
Free cholesterol
Phospholipid

Nonpolar core
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ester.
Trglyceride

S
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Ciforieon =
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FIGURE 4-8 HYPERC CAUSES
feserl,  simpe i i feback nion. When
of steroids, bile acids, and vitamin D and a major part of atheroscle- low, the
rotic plaques. he d related
o eyl ConAn s e ko OV 2% f 101015 i promot e o 101 e hks
blood cholesterol is from the diet, but high-fat diets increase liver terol i transport it to the liver
cholesterol production and blood cholesterol levels. HM(‘(‘ A lesterol rmm plaques and slow a\hevusd«usn Control of
formation from HMG-CoA reductase, hol goal in



CARDIOVASCULAR SYSTEM ia and i
Hypercholesterolemia
General Management Measures
Dietary Management
weight ncressed
control evere

fatty acids, and salt. Decrease total
Calorc ntake.

in ber,

Fish il
supplements

Lowering Medications

Statins
Statins (HMGCoA reductase:
Inhibitors) inhibit choleserol
synthesis and increase
receptor uptake of LDL.

Bile Acid Sequestrants
Sequestrants prevent
il acid reabsor

and increase uptake

by hepatic LD receptors

Nicotinic Acid
Drugs reduce tissue ipase:
i

Synhesis of VDL,

thereby decreasing VLDL.

FIGURE 4-9 HYPERCHOLESTEROLEMIA:

Primary goals of therapy are lower LDL levels and higher HDL
levels. The best drugs for such therapy are statins: lovastatin, flu-
vastatin, pravastatin, simvastatin, and atorvastatin. They interfere:
with the cholesterol production of the liver by blocking HMG-CoA
synthesis, o the liver can better remove cholesterol from circulat.
ing blood. Statins lower LDL cholesterol by 60%; side effects can
‘oceur. Nicotinic acid (or niacin) lowers total and LDL cholesterol
and raises HDL cholesterol levels, but it can be toxic because the
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therapeutic dose is 100-fold greater than the recommended daly
allowance. Resins (eg, cholestyramine and colestipol) bind intesti
nal bile acids and prevent recycling through the fiver. The liver
needs cholesterol to make bile, so it increases uptake of choles-

boxane A, synthesis, which leads to reduced platelet agaregation
and blood viscosity.
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CARDIOVASCULAR SYSTEM

Common precipitating factors in angina pectoris:
exertion, heavy meal, cold, smoking

FIGURE 4-10 ANGINA OVERVIEW.

-

)
(5
Q\k- fSs

Characteristc distribution of
pain in angina pectoris

Angina, or angina pectoris, s a gripping pain feltin the center of
the chest that may move to the neck, jaw, and arms and is caused

because of blood vessel narrowing, which results mainly from
aging and also from levels, obe-

cardiac load and increase myocardial blood flow; vasospastic
angina (variant or Prinzmetal angina), caused by severe coronary
Vessel contraction, with chest pain at rest and drugs aimed to
stop vasospasm; and unstable angina (crescendo anginal, in
which pain occurs without stress. Nitrates and § blockers are

sity, and diabetes. The 3 types are stable angina (exertional or typi-
cal angina), caused by atherosclerosis, with treatment to reduce

used, as antagonists f the mechanism is
vasospasm. Reducing platelet function and thrombotic episodes

helps decrease mortality in unstable angina.

103
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Nitrate Drugs

Drug Duration of Action

“Short acting” iy
Nitroglycerin, sublingual {glycen rinirate)
Isosorbide dinitrate, sublingual 10:60 minut
Amyl nitrate, ihalant 3.5 minutes

“Long acting”
Nitroglycerin, oral sustained-action 68 hours
Nitroglycerin, 2% ointment 36 hours 1sosorbide
Nitroglycerin, slow release, buccal 36 hours dinitrate

Nitroglycerin, slow release, transdermal | 810 hours
di

ingual 152 hours
irate, oral 46hours

osrokde dinate chewable 23 hours

Isosorbide mononitrate. 610 hours

Side Effects

Headach, SR e seveion o hews s

Amyl
ic hypotension, facialflushing, and tolerance; nitate:

Convindicaied il shdenatl Isosorbide-5mononitrate
(SISMN)
Nitrc Onide Relaxation
2
Ligand (angiotensin G @

N, epinephrine) — NITRATES
Receptor

A )

G protein  Phospholipase C

~ CGMP PK %— cGMP 4= GTP
\ Guanylate
oyclase
¥
- Perking S Calmodulin Myosin ——» Myosin - + Actin — —» Contraction

FIGURE 4-11 NITRATES FOR ANGINA TREATMENT: CLASSES, ADMINISTRATION ROUTES,
PHARMACOLOGY, AND ADVERSE EFFECTS

Organic nitrates are known as nitrovasodiiators. The most com the liver; dinitrate metabolites likely produce the therapeutic
monly used nitrates are GTN, isosorbide dinitrate, and 5ISMN. effects. S4SMN avoids firstpass metabolism and is 100% available:
Another group of agents, organic nitrtes (eg, amy nitrite, isobutyl  oral acute attacks, [

nittite), contain the itrite functional group. The final class of drugs (oral, transdermal) with a slow onset of action are used for
dnuge-NO contaningagents (nivoghcerin, ivoprssde)— prolonged prophylaxis. Loss of nitrate efficacy caused by tolerance

organic nitrat sed by use of sulfhydrylyielding agents such as
differs, i i |1MrmaLu\u;(m effects. Oral GTN is com-  Neacetylcysteine.
pletely absorbed but undergoes extensive firstpass metabolism in
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Atherogenesis: Unstable Plaque Formation

Fatty streak

atmargin

Eythrocyte

Fibrous cap

Intimal disruption

FIGURE 4-12 NITROGLYCERIN IN ANGINA TREATMENT.

Totalor partial
occlusion of
coranary arery
due to plague

taque rupture

Plaques el torupture r emed urtable. Ruure
sually occurs n picich and foam celic
eripheral m-m T et vt
arteial occlusion.

Drugs tht et oo el reuce

ease the amount of oxyaenated blood 1 the heart are used for

work, dil arteries,

d headache.

o= of attacks,
just before certain activities to prevent acute attacks, and during
attacks o relieve pain and pressure. Nitroglycerin (shortacting,
long-acting, or intravenous form) i indicated for angina, AMI, and
CHE. By releasing NO, nitroglycerin promotes venous diation,

nitroprusside, a similar organic
nitrate, in reducing venous return but s less effective in expanding
arteries. Nitroglycerin should not be used with sildenafil because of
possible marked hypotension; it also interferes with anticoagulant
actions of heparin.
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Angina

ical Areas of Atherosclerosis
Brain

Acute occlusion s Infarction
Rupture s Hemorrhage .

Hypertension

Intrarenal
athero-

sclerosis

Hypertension,

Kidney

Aorta and,

peripheral or visceral arteries

3 Heart

Inmmlﬂzm} ap Arna  Chronic

ischemia pectoris

FIGURE 4-13 NITROGLYCERIN: MECHANISM OF ACTION
ioglcernproduces vasodion by rleasing NO, whichpro-
s blood vessel relaxation in cardiovascular and nervous sys-

T o St rionsn o Relicg MO vl ae 1Bt
treatng hypetesio,hean tizcs nd aher blood flow diseases.

o s

jocardial

o} > o

cyclase. h
second messenger, cCGMP, from GTP. cGMP modulates activity of
peoteininase G, 2 cykc e phosphodiesterases (PDE2
and-3),

Heart attacks
ot Gt e i Mt st o Tt e o NO
relaxes the blood vessels and allows them o widen, thus increas-
ing blood flow. NO released by nitroglycerin diffuses into cells and
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nirosylation, als,
catin of DNA. Trs ivgiveutih promotes vasodiation an ree
of the pressure associated with angina by activating the NO-<GMP
pathway.
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Diltiazem
(abenzothiazepine)

Verapamil
(a diphenylalkamine)

® ®

FIGURE 4-14 CALCIUM CHANNEL

Cal CBs) reduce Ca?* flow

Blockade of by the latter 2 drugs can have

onduction

by blocki which
d reduces Ca?-depends
e e e et S o

rate. Resulsare negative inotropic (force of contraction),
cheonotropic ate), and dromolropic (conduction) ffects. CCBs

troponin in the heart and affects muscle contraction. CCBs block
cCBs  workload; help
fedipine, nimodipine, nicardi henyl-  flow. tension, cardiovas-
Ihylami i cular events, Gl bleeding, and cancer.
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Summary of Pharmacologic Treatment of Patients

With Chronic Stable Angina

6 fiect on Cardiovascular
Medication Dosage Which Patients? kil tad Points
80325 mg ad Al patients with vascular Decreases the risk of death,
discase myocardial infarction, and stroke
Statin drugs Varies depending on IFLDL >130; all patients who | Decreases the risk of death in
partcular drug » aprior
disease. In patients with myocardial infarction
known CAD, LDL >100
ACE inhibitors depenci In the HOPE tial, ramipril 10 mg/ad
particular drug; initial disease (in particular, any reduced the rate of death, MI, and
dosage will depend on P
blood pressure disease and hypertension disease
or diabetes)
B Blockers Begin atlow dose (e, Patients with prior Decreases the risk of death in
metoprolol 6.25 or patients prior
12.5 mg bid) and titrate h
depending on heart rate ded when
and blood presstre init Kersin with dilated cardiomyopathy
patients with congestive
heart failure)
Nitrates Sublingual or buccal spray Patients with anginal None
can be used pr longer symptoms
acting oral and transdermal
formulations are available
Calcium channel | Varies depending on Patients with anginal No beneficial effect; ifedipine
blockers particular drug; inital symptoms ival in acute
dosage will depend on coronary syndromes; diltiazem
blood pressure and heart worsens survival in left ventricular
ate dysfunction
Varies depending on Useful in A
Warfarin response; need: with vascular disease reduction in the rsk of death, M,
continual monitoring orstroke if INR >2 and used with
concurent ASk besing
increased by 1.9-fol

FIGURE 4-15 DRUG SUMMARY FOR ANGINA'
‘The aim of pharmacologic therapy for angina has changed from

dysfunction. ACE inhil

g pr
vival and reduce the number of cardiovascular events include
¢ o

ors (eg, enalapril, captopril are recom-

blockers and diureics are contraindicated, inef-
fective, or not tolerated. Nitrates (eg, nitroglycerin) and CCBs.
affecti

ol

5 lova-

toprol
in patients with previous myocardial infarction or left ventricular
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(eg,
survival. Warfarin can reduce the risk of serious cardiac events
r death.
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FIGURE 4-16 HEART FAILURE OVERVIEW.
the de to coronary artery disease. mz
ts older than 65 years, the he cannot meet less blood is available.
il lling pr oxygen and nutrient loss
the inability nor- and heart d:
ly i il

properly. Aging, smoking, obesity, fats, cholesterol, inactivity,
viruses, and genetic defects promote heart falure; rsk i also
increased by hypertension and diabetes. Accumulation of fatty

ing each i 3
In COPD, abnormal lung function causes the heart to work harder
to get oxygen to the body. Heart faiure results when the workioad
is 100 grea.
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Heart Failure

) ——Bronchus

Pulmonary

Defoaming agents
(alcohol)

FIGURE 4-17 HEART FAILURE: TREATMENT.

Heart failure caused by excessive workload is cured by treating the
primary disease (eg, thyrotoxicosis) surgery can help that related
10 anatomical problems. Acute myocardialinfarction (AM) results
‘when reduced blood supply to the heart, caused by thrombus,
leads to insufiicient The

reduce the amount of body lud by decreasing sal and water
retention. Glycosides increase heart contractiity and contraction
force by activating Na“-K* pumps on heart cells. ACE nhibitors

. and slow the loss ty by

forms of heart failure—caused by damaged heart muscle—are
treated with drugs to improve quality of lfe and survival,
Combinations of at least 2 drugs are usually given. Diuretics

110

pressure and workload. Organic nitrates are used
when ACE inhibitors cannot be given. For AMI, thrombolytic drugs
(eg, alteplase) or plasminogen activators produce plasmin ant
dissolve blood clots by digesting fibrin.
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FIGURE 4-18 HEART FAILURE TREATMENT: f- s AND BLOCKERS

BReceptor activation augments sympathetic output, which resistant 10 a single drug. Because dihycropyridines do not alter

increases heart contraction and rate. SA or AV nodal the adverse

actions. They block Breceptor activation by NE and EPI, thus effect of propranolol. Triple therapy (coadministration of 3 drugs)
i rate. f Blockers such ed by nitrates, afterload

ind heart
pranolol are especially useful for exertional angina but are ineffec- by CCBs, and heart rate by  blockers is effective for treatment
i of angina that s not controlled by 2 types of antianginal agents.
Dihydropyridines, but not dillazem and verapamil, can be used
in such inai

ive agai angina.
alcium channel antagonists (eg, dihydropyridines, verapamil,di
nitrates, or both to

11
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Action of Digitalis Glycosides on the F:

{1 O S A/ 2T )
t

Vagal nerve

Vagal tone:

in atralfiilation
Toxiity
v
Complete heartblock

Ventricular muscle
and Purkinje fibers:

‘Conducton slowed,
automaticiy increased,
Fefractory period shortened

Toxicity

FIGURE 4-19 HEART FAILURE TREATMENT: CARDIAC GLYCOSIDES

Cardiac glycosides inhibit the Na* K*-ATPase pump and increase
intracellular Na*, thus slowing the rate of the Na*/Ca?* exchanger
and tracelluar Ca®*. They are heart
failure with atrial arrhythmias. Digoxin is the most common digitalis
prepmabor gl s when o onger bl e e led

7 days versus -2 days fo digorin. Improvement with digtalis

reserve; badly damaged hy

g dwm., restores heart function, its use is continued to
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Cardiac output:
Increased,
venous preasure
decreased,
renal blood flow

Fore of conraction
ncre
ersion of
Tetabole (0
mechanical energy
mre efficen

Heartsize:
Reduced

prevent recurrence of heart fiure. Ditals may reduce the pro-
ression rate of heart damage in some patients, especialy those in
whom an increase in enddastolc pressure and volume will occur.
istals reducessympathtcton b et bt he bro
coio esponse. Because thisdrg as oceffects, ncuing
vertciar ety s, dizziness, and convul
Sion, s s by some. ptents shouktbe avoided
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Winsor Sinus and Atrial Arrhythmias

Sinus Bradycardia

Vagus nerve _l

SAnode —(
o

Sympathetc l — Sinus Tachycardia

Medulla Sinus Arrhythmia

oblongata

Vagus

respiration .
Archythmia With Wandering Pacemaker

FIGURE 4-20 CARDIAC : GENERAL

Arthythmia s a disturbance of the heart thythm. SA node malfunc.  maker to produce an abnormal beat and arrhythmia. The term
tion usually triggers an abnormal electrical impulse rate. Because  sinus arrhythmia is used when the changes are caused by sponta-
all heart tissue can start a beat, any part of the heart muscle can  SA node. The i

interrupt the electrical rhythm or take over as the heart’s pace- mally slows the spontaneous discharge rate of the SA node from

13
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Tachycardia, Fibrillation, and Atrial Flutter

Al == Paroysmal Tachycardia
pacemaker ——A \\
\‘ 3

\

- Onset atialtachycardia
Al >
pacemaker j:
T:ma\‘h\nrk 1 &
s : S\\)
ec Sb Tl Onsetatialtachycarda withbod
et b il tachycardi withbock

(cigtalseffect

AV nodal
pacemaker

Venricular
pacemaker

Chaotic
multple circle
movements and
refactory areas
inaria

Variable & i
degree of lock Rapid ve Slow venricula response
spor

Atial Flutter

Variable
degree of lock 4
Ventricular Fibrilation

Chaoic
ventricular
depolarzation

FIGURE 4-20 CARDIAC ARRHYTHMIAS: GENERAL

100 beats/min to approximately 70 beats/min. Arthythmias can  fluttering or pounding. Medical conditions (eg, anemia, fever,
range from entirely benign to immediately life-threatening. Most  heart failure, electrolyte imbalance) may cause arthythmias.

ut peopl anxiety, hronized el k (defibrilltion), electronic pace-
lightheadedness, dizziness, fainting, heartbeat, and sensations of  makers, and radiofrequency ablation are nondrug treatments.
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Acute and LongTerm Management of Arrhythmias

Arhythmia Acute Care LongTerm Management
e Pesisen.condder
REA f hewpsto porter
i vention
i
Check Check
i symptomatic,consider b blocker.
Check potassium, magnesium. and LV wal thickness, :
I echor no intervention.
B Blocker for sympto
Honoml e Bt cicogy
and add bl
N ! o lows the
use off blocker in patients with
tachybrady syndrome.
Prolonged PR iterval Nontervention No inerventon uness symplomatic
Second-degree AV block
Mobitz ype | (Wenkebach) Jess unstable
permanent pacemaker
Mobitz type 2 AV block ess unstable
Supraventiculr tachycardia (SVD) | Control SV with adenosine
Velsrasionti yndome | Conml VTt s WPW with SVT needs EPS and RFA,
and concesled accesson because o ik of sudden death
pathway
Avioventiclar nodal ‘Control SVT with adenosine, Consider EPS and RFA forrecurrent
reentrant achycrdia metoprolol, ditiazem episodes
Avialtachycardia Conirol SV with metoprolol, Consider EPS and RFA for recurrent
diliazem episodes
continued)
FIGURE 4-21 CARDIAC 2 TREATMENT
Several drug srategies are used to hy Warari , such d sotalol, maintain
an anticoagulant, is used for atrial fbrillation to pvevem Sooke. e nommal ythm of the heat. Adverse e o hypo-
wartarin tension, AV block,various rhythmias, and pulmonary toicty
is bleeding. from mild nosebleed B Blockers, such as
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Acute and Long-Term of i i
Arhythmia Acute Care LongTerm Management
Avial brilaion Rate contrl Warfrin with INR 2010 301 allat-

tisk patents. Consider pharmacologic
treatment and/or elective DC
cardioversion

Paroxysmal Rate control Recurrent episodes need
antiarhythmic agent. Focal ablation
fordrug failures.

Persistent Rate control o, ki
aniar recurrences.

 agent fo
s

Permanent Rate control Rate control. Unsuccessful AV node
ablation and permanent pacemaker.
Avialftter Rate control RFA for recurrent episodes

fcho o asess LV nclon. chemic
evalvation = )
acement Nomnal echo,comidr
RVOT or LV VT and sblaon

Ventricular fbrilltion Emergent DC cardioversion Rl ut e mocardl nfarcton
€D pi in absence of acute.
e

Nonsustained ventricular Rate control Low efection fracton, need
tachycardia (3 o 30 beats) electrophysiology study. If positve,
needs ICD.
e
death ejection raction <30% requie, ICD
placement
w e
I positive, needs IC.
Long QT syndrome Resuscitate 2 for anthythmia ' Blocker/permanent pacemaker at
bpm/ICD
Brugada synchome Resuscitate s for anthythmia 1 e st
abnormal EKG, E
DC, direct curent; B study; ICD, implantable cardioverter defibrillator; INR,
rnaions Nomum Rior v, i venmwlir m vadlofrequency ablation; R, gt venircular; RVOT, ight ventricular
outfow tract;
FIGURE 4-21 CARDIAC TREATMENT i
acebutolol, esmolol, i such as il and dil slow the heart rate and suppress
EPl and NE on the heart, thus slowing the heart rate in atrial tachycardia, although they can worsen ventricular tachycardia.

fibrilation. The selective b blockers have fewer central adverse:
effects than nonselective  blockers, such as propanolol. CCBs,



Arthythmias

CARDIOVASCULAR SYSTEM

Internal Cardiac Massage
Direct cardiac

compression

massage

Thorax opened in let 4th
or Sth intercostal space;
heart grasped and inter-
mittently compressed

Vassopressor
cardiotonic agent
isinjectedinto
heart

Phase 1
Earlyfast
repolarization

Phase 2 3=

External
(closed-chest)
defibrillation

Open-chest
defibrillation

Ca* channel antagonists: block slow Ca2*

. Infu, decrease sponancous deporzaton

(ditiazem, verapamil)

Plateau

- S Phase0

N chamelamagonits B0
(qiniding,idocane, depolarization

procanamide, fecamde,
propatenonc

Qs

Phase 3 «.-
Repolarization

s
block depolarization,
K¢ channel antagorist depres automaticy
o [ S
oo (metoprlo esmoll,
propranolol, pindolol)

Resting potential

: DRUG CL

‘The standard classifcation was based on the 4 types of action of
these drugs. Clas | drugs block voltage-ated sodum chamnels

FIGURE 4-22 CARDIAC

channel-blocking agents but have itk efect on repolarization
(increase PR). Class Il drugs act inirecty on electrophysiologic
R). Class Il

d into 3 subgroups on

dr i with litle

Feeaion ncrese  QRS). 1B drugs are the least potent sadmm
ot alter actior
horen repolarzaon IC druss are the most potent b

Q). Class IV drugs are reltively
selective AV nodal CCBs, primarily Ltype channels (increase PR).
In addition to these drug classes, cardiac glycosides act on
arthythmias.
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Hypertension as Risk Factor for Cardiovascular Disease*
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FIGURE 4-23

OverviEw

Nearly 25% of aduls have hypertension (high blood pressure)—
increased arterial blood pressure that stays abormaly high for a
ong period. The heart pumps blood from the left atium ino the
arteries. The blood flow exerts a force against arterial walls, This
force, or blood pressure, s a measure of how much work is
e the et o psh ood e the e T 2

reflects pressure of blood against arterial walls that results from
contraction of the heart. The diastolic number (bottom) reflects
arterial blood pressure while the heart i filing and resting between
beats. High blood pressure in adults i defined as a consistently
increased blood pressure of 140/90 mm H or greater. Hyper-
tension i called the “silent killer” because it causes serious com-

numbers u tole
and dastole {rg 120/80 mm 15 The syl o) mimber

18

vious symptoms. Some signs are headaches,
iziness, and blurred vision
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Essential hypertension

Causes of Hyperten:

Unknown etology

Glomerdonephrits  Hypemephroma

o pyinevis € umor
et nephmopathy. Wi
parenchymal Inersttatpopias  Sobtaryrenal st
Fikpiai Fohosickaney Perephits
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ease R omiln
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5 il Atherosclerotic, thrombotic,
5 o el oEAuchon
Indicationsforspeciic enovascuar Fbromuseiar byperpaia
rogs sease Ao s sheuysm
Drabetes melits | ACE mvbioror ARD Blamniton
Congestive heart failure | ACE inhibitor or ARB, M»erahxummldexnesﬂ rimary or idiopathic
B blocker, duretc Adrenal Corcald "y lronism, DOC-excess snaromes)
diorders i o rdone
Myocardialinfarction | ACE inhibitor, B blocker Mm,‘,‘_\,y‘,m,,,mmw
Chioeicdriniry Mtary| ACE lbibita; \n(mascdmlrauamalnms;mt Cord transection
dsease B bocker T Buiba polomyl ran umors
Renal insuffciency | ACE inhibitor, ARB. disorders é c::;fm,m fopita:
PR Revtabisioms b newropaties
i dn
Speifc drugs P, Pohcythemia
Pregnancy ACE inhibitors, AR disorders Erythropotetin
= Parathyroid Foperpaathyrodm
Renalinsufficiency” | Potassumsparing oo Bt Cases of hypercalcemia
agents disorders. a " J
Peripheral vascular B Blockers
dnease Coarctation Thoracic
Haora Abdomna withor ithoutrenal artery iohvement)
Gour Duretics
Depression” B lockers, cental H— —
a agonists pregnancy Prasclampsis L
Reactive anway diease | B Blockers
v L2 Drug-or Oralconraceptives  Cocaine
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FIGURE 4-24 Causes

W%

Hypertendon s ased s pimary (essenia o sccondr. The
former cannot

spteriregite specs oo s el ACE

of hyper\znyon cases, Thelatter cecisnles than 0% of e
nd is , adrenal

W (All. Circulating All

well
2 corticoterid (e, prednisone,cortsone), NSAID (g, a5,
I, nicotine, and caffeine.

all of whic re and
afterload.

reduces bradykinin levels, and increases salt and water retention,
d
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Hypertension Treatment: Diuretics

Renin substrate
(angiotensinogen)

Compression of extrarenal

or intrarenal vessels promotes

output of renin by
juxtaglomerular cells
C

DIURETICS

Reduce water and
sodium retention

Na ork*.

——>- Angiotensin | == Angiotensin I
ACE

Pheochromocytom;
ocrease catecholamine butput

Cortical tumor may increase
) aldosterone output.

output of aldosterone.

Angiotensin 1, a powerful
vasoconstrictor

Blood volume
fiects blood

Aldosterone promotes Na* and H,0 retention, affects blo
K* excretion, and arteriolar constriction.

pressure unless

pressure in
hypertensives.

- i

rigidity of
oot
pressue.

Kidneys in Hypertension

Granular arteriosclerotic
kidney typically found in
essential hypertension

FIGURE 4-25 HYPERTENSION TREATMENT: DIURETICS

variegated hemorthages

The goal for most patients is 1o decrease blood pressure to less
than 140 mm Hg systolic and less than 90 mm Hg diastolic. Drug.
thersyimohves 4 o g clse st ACE ohbon,

eldery. Three majortypesof duretics are used Thiazides e,

ypertensionor used n combinaton el drug types. Loop
fu

ccas, dureics g * transport in the
d Kidney. The e greater than those
il lhuugmm e the best therapy for Afican American and o faskics Vomssmmspanng agents (eg, ammmae spironolac-
the best agents Diureics

aso minimize blood cloting and reduce osteoporosis nthe
120
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Hypertension Treatment: ACE Inhibitors

Renin substrate
l

(angiotensinogen) > ""Biotensint

Angiotensin Il

Angiotensin-

Compression of extrarenal
orintrarenal vessels
promotes output of renin
by juxtaglomerular cell.

FIGURE 4-26 HYPERTENSION TREATMENT: ANGIOTENSIN-CONVERTING ENZYME INHIBITORS

Angiotensin-converting enzyme converts the inactive form of
angiotensin (A1) to the active All All causes arterial vasoconstric-
onad cesses blood presmre. Blocing ACE i nirs
(eg. captopril, enalapril) inhibits Al formation, which re
blood pressure, enhances the pumping efficiency of papies e
Improves carkacoutputn hewtskrs pasents. ACE niion

Angiotensin
promotes
aldosterone.

Hplstoise romets ' sl
fon, K- excretion,
e testoace

Captopril
(an ACE inhibitor)

i

. Perkins

pressure in cases that also involve chronic kidney falure in diabet
annondabetic patnt, CHf,and heartaiack,which damage
heart muscle. Using only ACE inhibitors allows 60% of white

et s coteotyperionsonsbackpatins need ghr doses
and use with a diuretic. Al receptor antagonists are new drugs that
decreas bood prssre by blockng A o binding o recptors

panems ‘These agents are thus the best rugs forhigh blood

ild; renal

ks st tmocnt morbidity may occur
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Hypertension Treatment: B and a Blockers

Emotional states and mental stress
stimulate sympathetic nerves to
vessels, adrenal medulla, and
heartvia hypothal ticul

Intracranial pressure may affect
blood supply to brain, thus
influencing neural mechanisms

formation, and pressor centers in
medull; afected by sedatives,
sleep, rauwolfia, and cerebral
blood supply.

P baroreceptors
in carotid sinuses (1X) and aorta (X)
form afferent pathway in neurogenic
regulation of blood pressure.

affect heart rate and output.

"T—Vagus and sympathetic nevchT

S —
e e

Adrenal cortical stimulating
ed by

anterior pituitary, stimulate
aldosterone output.

affect tone of resistance in vessels
as well as heart rate and output.

Parasympathetic
efferents

Sympathetic
efferents

Propranolol (a § blocker)

Afferents s

Terazosin (an a blocker)

Humeral
effects

4

it

FIGURE 4-27 HYPERTENSION TREATMENT: f§ AND ot BLOCKERS

B Blockers decrease cardiac output and blood pressure by reduc-
ing the frequency of spontaneous depolarizations in pacemaker
cells. They prevent activation of  adrenoceptors by NE and EPI
and block ncreased sympathetic effects on the heart. p Blockers

rate), asthma, and chronic bronchitis. Main B blockers include
122

o, atenolol, acebutolol, lol, pindolol,
nadolol. Side effects are fatigue, insomnia, nightmares, impotence,
Gl disorders, and limb cooling. a-Adrenergic antagonists (tera-
zosin, doxazosin) decrease blood pressure by blocking sympa-
thetic effects on a receptors in smooth muscle of peripheral
arteries. These agents increase the risk of heart attack and stroke
and are not the drugs o first choice for treating hypertension.
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Hypertension Treatment: Minoxidil

Sympathetic nerves modify tension
n peripheral and visceral vessels

FIGURE 4-28 HYPERTENSION TREATMENT: MINOXIDIL

K* channel

Minoxidil given orally is the most potent of the drugs that decrease.
blood pressure by dilating peripheral arteries. Topical minoxidil has
garnered much attention for its abilty to increase hair growth in
men and women. Minoxidil, unlike  and  blockers, does not
work through the peripheral sympathetic nervous system. Instead,
itis a muscle relaxant that directly activates K- channels in smooth
muscle cells of the peripheral ateries. This effect increases K- per
meability and enhances K* efflux, which causes hyperpolarization

of the cell membrane and an overallreduction in blood pressure.
Blood flow to the skin, skeletal muscle, and
drugis used only in patients who do not respond to other ani
hypertensive agents. It s used in combination with  blockers or
clonidine 1o reduce heart rate and is contraindicated during preg:
nancy. The most common adverse effects are fluid and salt reten-
tion and hair growth on the face, back, arms, and legs.

heartincreases. This
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Hypertension

centers in medulla

Activates presynaptic

Dampens
sympathetic ignals
o heart and vessels

Emotional states and mental stress stimulate.
sympathetic nerves o vessels and heart via
hypothalamus,reticular formation, and pressor

Sympatheic nerves
affect heart rate.
and output

Sympathetic nerves modify
tension in peripheral
and visceral vessels

FIGURE 4-29 HYPERTENSION TREATMENT: CLONIDINE

Clonidine, an oral and topical drug, slows heart rate and reduces
blood pressure. By stimulating adrenoceptors in the brain, it damp-
ens signals that start in the CNS and are transmitted to the body by

efectsare dry mouth and fatigue. Clonidine can lead to bradycar-
‘antagonists, which decrease heart rate. Clonidine also increases

the sympathetic Clonidine acts on
pathetic control center and is caled a central @ agonist. It reduces
sympathetic drive rom the brain and peripheral arterial resistance,
which resulsin lower blood pressure via vasodiation. Clonidine is
used only when other drugs have been unsuccessful. Adverse
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pain relievers, barbiturates, and alco-
hol. Abnormal heart thyth:

pamil. Also, cocaine, pseudoephedrine, phenylephine, and
the
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i after 2 or

Etiology and pathogenesis

Reduced buorsceptor

Increased peripheral
vascular resistance.

Lower renin evels

Higher sensitvity
t0s0dium

Reduced glomerular
itration rates
Decreased abilty

to maximaly excrete

The mst common

of hypertension for
this age group s

renal artery stenosi.

Another difierental diagnosis 1o be:
s increased
" hypertension, especially

considered that present
prevalence in oder per

among women.

inical presentation

Mostpatients are asymptomatic
but some present sympioms that
reflect damage to cerebrovascular
circulation, and those with end
organ damage may experience
iysprea on exertion or chest pain.
Postural
i olde prson. Sancina od.
pressure readings should be
Frctsired sher s rinates.

Differential diagnosis
“Pseudohypertension” shouid be
comsideredin e ersons with

rgan damage,

<ymptoms with

therapy. This conditon s caused by

- advanced atherosdlerotc changes
in the upper extremitiessuch as

decreased arterial wll compliance

and increased vascular stfness.

FIGURE 4-30 IN ELDERLY PATIENTS

Older patients present a challenge in both drug selection and

dosage adjustment to conrol biood pressure. One major concern

isimpaired drug metabolizing abilty, 5o toxic actions of agents

L Diwretics are saf,efective,and well toler
(low

Potassium supplements or potassiumsparing agents can help (o
counter the K* loss. Drugs other than diuretics can be given, but

they are usualy more costly and less effective. p Blockers are less
effecive thandietisin prevening ke, and CCBs hav side

ankle swelling, and upset

blood K* levels
‘Thiazides expel water from the body, which makes them useful
for ver, or. b

g bty
but should not be gven to patients with enal o carotd artery
stenosis.
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Pheochromocytoma

Adrenal
pheochromocytoma

Tumor secretes
increased amounts
of catecholamines,
wsually epinephrine,

secretion suggests
malignant tumor.

Hypertension may
isodic or

povppertretmanca st
blood pr

Increased dopamine

Potential it of pheochromocytoma,

Most heochromocytomas ae adenaln i
but can occurin various sites and may be

Vascular reistance and hypertension

Clinical Features

Headache

Sweating and
ushing

Symptoms secondry o excesdvectcho,

areherediary
of Pheochromocytoma
Random hour
vioesimple i e
Random urineassay forcreatine and
metanephrine or 2 hour urine assay of

metanephrine and free catecholamines
used in diagnosis

Fi

C scan or MRI may reveal

prsence of umor
lamine secretion and are usually paroxysmal.
Nore than 50% of et with phecchromo- C fachach-
cytomahave headaches, paiaons,and A
Shcsing e o comboton
FIGURE 4-31 PHEOCHROMOCYTO! D
rare from achenal land  ancs the tumor s usualy needed 10 abolish
n‘ssue The lumm‘ increases production of EPI and NE, thus increas- 3
hypertension,

e«ects on cud.a: cells and pripheal blood vessel,andincress
ing blood pressure and heart rate. Sweating, h

and in cases in which surgery is not passlhle g b s
B blockers are in

but they may be associated with malignant tumors in endocrine
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cases of dangerous hypertension, organic nitrates such as itro-
prusside or phentolamine are routinely given intravenously.



Hypertension

CARDIOVASCULAR SYSTEM

Cushing

Causes of Cushing syndrome

Clinical features
Red checks

oon face.

Osteaporosis
Hypersecretion of Eehopke ACTH .
ACTH by pitutary secreton by non- - Hypokaleria
gland (Cushing wrisr iyl .
syndrome)
Adrenal icas v of Thin arms
i cortisoland det T
G corticosterone (DOC) o e e s
abdomen
adrenal cortex
> Hypertension
wound
vkl i fdiogs o Cuting
Carcinoma of e T S e heatng
adrenl corex Sosentin the ectopc ACTH synome.
Glesconcod xes cantestin
Eogenous ypertension associated wil
oo i 0O OF5 Gon i sy

primary aldosteronism.

Possible Mechanisms of Hypertension Associated With Glucocorticoid Excess

Production of
Vasoconstrictor agens

Bxcess (angiotensinogen,
okt endothelin, achenergics)
of corisol

ghieo o
o

e

il f..ammm

i Simtnonot

s P

oo L e

e

‘Unnaw = Hypokalemia

FIGURE 4-32 HYPERTENSION IN CUSHING SYNDROME

l

Vasoconstriction

e

Production of
vasodiltor agents
nitic oxide, prosta-
‘landins ANP)

Peripheral
resistance

Blood
pressure

g g ey

Clfachock-
R

Jling asthma, arthrits, and Ifa tumor

Cushing synds

d when adrenal glands o
cortisol or after prolonged corticosteroid use. The unique features
of this syndrome are a fatty hump between the shoulders,

rounded face, and pink-to-purple sirations on the skin. The syn-
drome can cause hypertension, diabetes, and bone loss. Therapy
aims o decrease cortisol levels. If cortcosteroid use is the cause,

causes the or radiation therapy is
preferred. When surgery and radiation do not normalize cortisol
levels, therapy with drugs, most commonly ketoconazole and
mitotane, can impede cortiol sythesis Thy are faken oral

presaursthat sccompany Cushings synﬂmme, but they are not used
ther

to treat ot the syndrome.
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CARDIOVASCULAR SYSTEM

Peripheral Vascular Disease

isk Factors and Comorbidities

Hypercholesterolemia Hypert
(2 Loy

Oldage

8 hdrostatic pressure)

Disbetes melitus

Cigarette
smoking (0 glucose)

Pathologic Mechanisms in Peripheral Vascular Disease

Large atheromatous
plague impedes low
on igh demand.

Plaque rupture exposes-
thrombogenic core resulting
in pltelet agaregation and
activation slong with
brinogen activation.

FIGURE 4-33 PERIPHERAL VASCULAR DISEASE

1 May result

Aortoliac
usive
disease may
claudication
in thigh and

painin foot.

Peripheral
pulses usually
diminished

My et

3 embolic occlusion
Pty
Gemvents

Periphera vascular disease can cause loss of mb or e and s

mune disorders. Conventional reatment incudes antplateet
ridamole, ticlopidine) and

characteriz

d

rugs (niacin, lovastatin, pravastti) which

atheroscerosis and compounded by emboli s th primary cause.
i

lostazol,

dures (ie, angioplasty, ather

Coronary artery disease, myocardial illtion,
stroke, and renal failure are additional causes. Risk factors are
hyperlipideia, smoking, diabetes, hyperviscosity, and autoim-

128

placement, and bypass) are reserved for patients with progressive
symptoms.



DRUGS USED IN DISORDERS

OF THE ENDOCRINE SYSTEM

OVERVIEW

The endocrine system has often been viewed as more
complex than other physiologic systems, primarily because
the target organ is usually located relatively far from the site
of release of the chemical mediator of the signal. However,
it is now recognized that the signaling mechanisms—which
use enzymes, neurochemical transmitters, hormones, and
receptors—are similar (aside from distance) to those of other
systems. Hence, the basic pharmacologic principles of ther-
apy are the same. Some of the major applications of these
drugs include treatment of hypothalamic and pituitary disor-
ders, thyroid dycrum tions, disorders involving adrenal cortico-
steroids, and diabet

Hypopituitarism may oy be partial o complete and may resut
from hypothalamic disease (leading to deficiency of hypo-
thalamicreleasing hormones) or intrinsic pituitary disease
(causing pituitary hormone deficiency o Hypopit ism may
affect any of these pituitary horm hyrotropin, growth
hormone (GH), lteiiing hormone. (ulln.lemmulaung hor-
mone, and corticotropin (ACTH). In targeting one of these

The principal functions of glucocorticoids involve regula-
tion of carbohydrate metabolism and a variety of other phys-
iologic actions. Synthetic corticosteroids (eg, hydrocortisone,
prednisone, and dexamethasone) are-widely used as thera-
peutic agents in treatment of cancer and autoimmune or
inflammatory-type disorders. Pharmacologic treatment s also
available for insuficient adrenal function, which is manifested
as Addison disease, and excess glucocorticoid exposure,
which results in Cushing syndrome.

Diabetes mellitus (DM) is a syndrome caused by a relative
or absolute deficiency of insulin, with hyperglycemia being
the hallmark medical finding. DM can occur as either an
early onset form (type 1) or a graduakonset form (type 2)
In the former, insulin-producing B cells of the pancreas are
destroyed or insufficiently active, and patients require lifelong
treatment with exogenous insulin. In type 2 DM, adequate
control of disease may be achieved by means of diet and exer-
cise; if these methods fail, patients take oral hypoglycemic
agents, which cause lower plasma glucose levels, improve
insulin resisance, and reduce Inng—!erm complications

hormones, therapy for GH deficiency aims to
body composition, as well as, in omdren to promote linear
growth. Therapy for acromegal by excessive GH
Secrtion, incudes surgery andjor ekt o 8 of &
GH inibitor.

Hypothyroidism can result from either thyroid or hypothal-
amic dysfunction. The treatment of choice is hormone sub-
stitution by using a synthetic. hormone. Hyperthyroidism
(thyrotoxicosis) is characterized by increased metabolism,
and the primary treatment options include surgery, radioac-
tive iodine, or drugs that inhibit the formation of thyroid hor-
mones, such as by blocking the uilization of iodine.

ms such as neuropa-
iy nephropathy and reinopathy). il th sole reatment
for type 1 DM and is sometimes also used for type 2 DM. For
type 2 DM, drugs include sulfonylureas, which stimulate insulin
secretion from pancreatic f cells; metformin, a biguanide that
decreases blood glucose levels by reducing hepatic glucose
production and glycogen metabolism in the liver and improv-
ing insulin resistance; meglitinides, which increase insulin
secretion from pancreatic B cells; a-glucosidase inhibitors,
which delay carbohydrate digestion and glucose absorption;
and thiazolidinedione (TZD) derivatives (eg, rosigltazone and
pioglitazone), which reduce insulin resistance.
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ENDOCRINE SYSTEM

Hypothalamic and Pituitary Disorders

Neurohypophysis

4

Pars wberalis

Pars intermedia

sisdudodAyouspy

Pars
disals

GHRH (growth hormone~

releasing hormone) (+)

H
somatotropin)

i
| ‘
! !
! !
: Dol
i o ¥
. c1eN
S S
Hypothalamic Hormones Pituitary Hormones Target Organ Specific Hormone
e e

CRH (corticotropin-eleasing.

'ACTH (corticotropin)

Adrenal cortex

Glucocorticoids,
mineralocorticoids,

ne)
androgens
i Thyroid Thyroxine, riodothyronine
hormone) hormane, o thyrotropin)
sH Gonads Estrogen
hormone) hormone)
UH (uteinizing hormone) Gonads Progesterone, testosterone

FIGURE 5-1 REGULATION OF HYPOTHALAMIC AND PITUITARY HORMONES

ntrol a complg

The  pituitary control
system that governs metabolism, growth, and reproduction. The
hypothalamus produces both inhibitory and releasing neuropep-
tides and hormones, which reach the pitutary via a hypophysial
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portal system.

trigger release of anterior

induce

., which are sent

st of
function via negative feedback, eg, hypothalamic CRH stimulates



Hypothalamic and Pituitary Disorders ENDOCRINE SYSTEM

Blood-borne
‘molecular

influences on
CRF neurons

Neurosecretion of releasing factors and inhibitory
factors from hypothalamus into primary plexus of
hypophyseal portal circulation

Superior Hypophysea portal vein ca
i pophyseslarery 8 heuronecretom 0 anieror obe
ol o
meumhyuophysm Specific secretory cells of
anterior lobe (adenohypophysis)
inflence
from rypothalamus

Skin
(melanocytes)

Diabetogenic
factor

Breast (milk

producion) 18 = 4 g{ "z\‘

Adrenocortical Estrogen o srowth) Y
Thyroid  hormones
hormones Testosterone  Progesterone

FIGURE 5-1 REGULATION OF HYPOTHALAMIC AND PITUITARY
pituitary ACTH secr drenal cortisol xample, ACTH and CRH, which target the
Teceion which . tum nhbits CRH and ACTH seceton adrenal cortex, st insufficiency diagnosis. Pituitary hor-
Hypothalamic and pituitary hormones are used as tools in stimula-  mones are akso used as replacement therapy for deficiencies such
tion tests it

131



IDOCRINE SYSTEM

Hypothalamic and Pituitary Disorders

Mild ant
Nion deency
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ACTH gor

X

Postpartum pecrosis
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wchoiabi)

Moderate anterior
pituitary deficiency
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A
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EH0lo8Y | Cariopharyngioma

sl STH normal

4,

Normal growth and

Mpa’lor may development

except
- .mm.n.m.y ononly iy for cffcts of sonadotropin
Deoyedpber rom )
B s sy
Deficient Hormane Manifestations
A T kness, headach o bedominal pain, altered
and pubic hair. but
‘depend on ACTH.Inconirast,
Normoch
aiso occur.
Thyrotropin Fatigue, weakness, weigh (or i tipation,and cold
d
i s "
nomochromic, normocytc anemia.

i vaginal
yness, and dyspareunia. Pubic and axilary hirispresent uness there is concomitant adenal
faire.

I adul Tock nd o
e and
pubertal iage.
FIGURE 5-2
Hypopiitarism may be paralor complete and may resu o ACTH deficency cortslsecreion i aways subnorma. Diagnoss
hypothal pothalamic- of. 4
sl pituitary disease titary 1

Hormone defcency. Patents maypresent with for example,
cl

riisol, thy-

roxine, and testosterone in men) and pititary hormone (eg, ACTH,
thyrot d Causes

the degree and gty of ovset of he dm-mq For example,

mal in partial ACTH de
during an fines advenalinsuficency may occur In (nmplﬂ:
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Hypothalamic and Pituitary Disorders ENDOCRINE SYSTEM

Extensive destructive

Occasionaly granuloma
or trauma
Postsurgical

Gonadotropins n ACTH " MsH
‘Deficent Defcent  Deficest

v

Child
Detayedpuberty  Low enersy, AR .
e owhredueed Soepih, i pemia, o, "WpOtodm - Adrnalcorica ek
i 4 B ftome" amtnceh

Gmichd rodwed oo, " Tacaland

Wbt mparedsioon bty har

Extensive tumor

or trauma

g™ R =" Gonadotopi
 Defcnt Deﬂdenl Deﬁdem Defdem

Defdnt”
g |
o t’ > i
L @ w
Adult M A e el
Dela vedv erty  Lowenergy, p Dedecied roidism Adrenlcorc "
et redueed o, D e, Vi, Hpothyidam Ad kel e
precludes  weight i, (igeni’ lossofsome  amenorhea
Smcholl  redwedibide, et e [a5
cortca Ui r..u...
hormones are i
present or administered) o
FIGURE 53 GROWTH HORMONE DEFICIENCY AND TREATMENT
G d differ in chikdren and adults. I adults,they are o improve condr
pararine pocicton of (G Bekesdiptono gt toing nd srengih,eors ol body composion,and
G Gaficncy o cause ncesased ubcutanecas iceral sl nchree wowih
reduced muscle mass, bone density, thetic GH s for chi
Chidrenhave short stature and ow growthvelociy for age and e with ¥ dehcioncy o on ey v ot e e
Aduls, who usually wmors or .
tension, b yper-

resd trauma, show low energy, reduced strength, weight gain,

b loss,
anxiety,reduced libido, and impaired sleep. GH therapy goals glycemia, and the more serious risk of cancer.
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NDOCRINE SYSTEM

Hypothalamic and Pituitary Disorders

Acromegaly

Acidophil Adenoma
Relatively small, slow-growing
adenoma causing endocrine
Symptoms (acromesgaly)

Large acidophil adenoma; extensive
destruction of pituitary substance,

of sella

He—DPhe-CysPheTrpdysThr-CysThr—OH + CHyCOOH

Ocreotide acetate
acyclic octapeptide, somatostatin analog

Ocreotide.

i 2l
b

Acidophil cell
o . Decreased
2> production of
== > product

Hand IGF-1

Somatostatin

FIGURE 5-4 GROWTH HORMONE EXCESS (ACROMEGALY) AND TREATMENT.

Acromegalyis a d

spor h

GH secretion from a megaly include
coarse facial features and enlarged s iy tongue, and inter-
nal organs (which lead 1o heart disease, hypertension, diabetes,
arthralgias). Therapy includes surgical removal of the tumor and/or
radiation, or subeutaneous use of ocireotide, a GH inhibitor, avail-
able in a long-acting depot form. Octreotide effects mimic those
of the natural hormone somatostatin (inhibition of GH and IGF-1
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o
and IGF-1-both markers for a(mmeaa\v—ouleol\de controls
clinical signs and symptoms. Common adverse effects are gastro-
intestinal;the more seious effects include cardiac arthythiias,
hyposlycemia or hyperglycemia, suppression of thyrotropin,
pancreaits, and bilary tract abrormaites.



Thyroid Disorders

ENDOCRINE SYSTEM

Anatomy of the Thyroid and Parathyroid Glands

External carotid artery
Descendens hypoglossi-
Superior thyroid artery.
Superior laryngeal

Superior
thyroid vein

Common carotid artery
Internal juglar vein
Cricoid cartlage
Middle thyroid vein
Inferior thyroid veins
Inferior thyroid artery
Anterior scalene
muscle

Vagus nerve
Thyrocervical

trunk.

Anterior jugular vein

Brachiocephalic
(innominate) veins

Superior vena cava

External carotid artery.
Superior thyroid artery

Common carotid artery

e

Internal jugular vein

Inferior thyroid artery.

Recurrent inferior)
laryngeal nerve

FIGURE 5-5 THYROID Hi

Hyoid bane
Superior laryngeal
nerve

Internal branch
External branch

Thyrohyoid membrane
Thyroid cartilage
Cricothyroid muscles

Pyramidal
Tobe
Thyroid gland

Recurrent (inferior)
laryngeal nerves

superior laryngeal

Superior parathyroid gland

Inferior parathyroid gland

W,

The i gnd s respansbl o reglatios cormal growth

Jpment by maintaning a level of metabolism in body tssu
T T i Th W st s
and releases 2 major, metabolicaly active hormones: riodothyro-
vine (1, e oo (1, T the actve fomof th o o
mone, s 4 times more potent than T,, but

of T, resul ofT,toT,

and T, exist in either free (active) or proteinbound (inactive)
forms. More than 99% of circulating T, is bound to plasma pro-
teins, S0 only a smallfraction exists n free form. As a result T, is
metabolized very slowly and has a long halfife (7 days). T, sess
faster metabolism

N oo, Aconimanty S0 o e gt oy ecion

and has a shorter halflife (15 davsl
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ENDOCRINE SYSTEM Thyroid Disorders

TSH or thyrotropin
from pituitary.

FIGURE 5-6 THYROID HORMONES: SYNTHESIS, RELEASE, AND R

d stored id
residues of [ is and rel
ind iodination i tor (TRF), which i

of ine resic of h “TSH). Increasing TSH

i i  release i
0f T, and T, into blood, and conversion of T, to T, in peripheral  Circulating hormones halt TRF and TSH secretion. The thyroid also.
tissues and the thyroid. i i i he
controlled by a negati id; P fodide is ingested.
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Disorders

NDOCRINE SYSTEM

Primary Myxedema

Hair dry,

Pituitary Myxedema
(diferential features)
Hair finer, softer

Lethargy, memory impairment)
slow cerebration (psychoses
may oceur)

Edema of face and eyelids

Thick tongue,
slow speech

Deep, coarse voice.

Sensation of coldness:

Diminished perspiration
Heart enlarged,

Hypertension (irequently)
Skin coarse, dry

scalding, cold

(follicular keratosis),
yellowish (carotenemia)

occur late in disease)

Weakness

Reflexes, prolonged recovery.

Loss of axillary hair

Loss of pubic hair

Amenorrhea

PBI and BEJ; low—no rse after TSH

Low, but rise after TSH

1131;24hour uptake low-—no rise ater TSH

Low, but rise after TSH

Cholesterol; elevated (usually)

Normal (usually)

Uric acid; elevated in males and postmenopausal females Same
Urinary gonadotropins; positive Absent
17Ketosteroids; low Lower
BMR; usuallylow, but very variable: Same

FIGURE 5-7
thy- les and ider than 60 years. It typi
an primary callypresents “Sowing dowr (g, weigh gan,
v The fatigue, shuggishe e aches).
mon cause o primary hypothyroidsmis ashimoto hyrodi present. Patients
- unsuppressed T ,cofsion g
ibodies cells. v

G dmg, such aslihium, nitroprusside, odices, ard suWo
nylure: I

Uaboratory fncings nclud increased 1511 an low po Teievels
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ENDOCRINE SYSTEM

Thyroid Disorders

Medications and Conditions Affecting Levothyroxine.

TSH or thyrotropin

Drug or Condition Effect
Resin binders Decrease T absorption
(e, cholestyramine,
colestipol)
Aluminum-containing | Decrease Ty absorption
roducts
ron sulfate: Decrease T, absorption
Icium carbonate Decrsse T shuoplon
Sertraline and possibly | Increase T, eliminat
her selective
serotinin reuptake
inhibitors
Enzyme inducers Increase metabolism and
Sy clearance of Ty
nytoin,rfampin,
Poacburih
Pregnancy e demid oet,
Age Decrease clearance of T,
Malabsorpiion Decresse Ty abiorpion
leg, diarrhea)

Conversion

o
L Body cell

Thyroid cells

FIGURE 5-8 HYPOTHYROIDISM: TREATMENT OF CHOICE

The m...p..,.n treatment goal for hypothyroidism s to achieve a

roi
ofchoice i levothyroxine  synhet

verdon 3T, Pulerts shotkl nodceIrprmvement o typical symp-
toms fer 310 4 weeks of reatment. Toxicty is

advar
tages including stability, uniform e ity o o o
daily dosing, and lack of

Televel tachycar-
i heat intolerance, and myn fom evotyrouie s avlble

innate metabolic activi
138

1 but most of its activity is due to its con-

only 1 nmdud rociveised throughout treatment.



Thyroid Disorders

ENDOCRINE SYSTEM

TSH or thyrotropin

Liothyronine

LIOTHYRONINE
(pure Ty)

4

) perins LIOTRIX
oy TyTs-401
FIGURE 59 L AND /T, C

Liothyronine s a pure T, preparation thatis not recommended for
routine thyroid replacement. Afte oralingestion, T, is absorbed

is therefore not better than T,, which is converted to T, anyway.
However, T, s recommended for acute severe mvxedemi. Liotrix

more rapidly than T, which ma
Tyl which cunload b ot Ak oe Ty el

remain low during T,
Jead 1 incorrect use of more hormone. Therefor, Ty levels must
be monitored. Other disadvantages are the.

doses, bigher expense, and greate potential for cardiotosichy. Ty

T, plus
L 41 but has

Tyand de"ved iy
pork, P

d ltin toxic effects, including allergic reactions to animal
protein.
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Perspiration Nervousness
Excitabilty
Restlessness
Emotional instabilty
Insomnia

Facial flushing.

Age 12 10 50 years. :
(usual Exophthalmos +

Goiter
Faloatis rogh oges (may have thiil and bruit)
Muscle wasting. -Warm, velvety skin

Palpitation, tachycardia
Shortness of breath; Poor response 1o digitals
Breast enlargement- Increased appetite
‘gynecomastia in male

Diarrhea (occasional)
Loss of weight

Tremor

'Clubbing o fingers
(in some patients with
severe exophthalmos)
Oligomenorrhea:

. Muscular weakness,
oramenorthea pirrel

Localized myxedema.

FIGURE 5-10
" - males e heat
y in  intoler Ipitations, weight ind new or wors-
y is ialfibrilati ). L
bnormal ihyroid: i
tha TS receporand acute onset of high v, e«a!xeramd thyrotoxicosis symptoms,

collapse, and shock. Laboratory findings include
mddei, and lithium can akso cause: hypevlhyvmdlsm Like hypothy-  high serum levels of free T, undetectable TSH levels, or both.
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Thyroid Disorders

ENDOCRINE SYSTEM

imadiation
(radioactive fodine or xrays)

Thyroidectomy
Thioamides
b
Propylhiourai (PTU) Methimazole hae
FIGURE 5-11 TREATMENT

Primary reatmentoptions o patints with yperbyroidism

traindications o ofher treatments Of th pharmacologc options,
the

include thi , an

PTU,

1o primary lude adr . d iodide

or
ferred for children, pregnant women, and young adults

o total treat
ment of choice in cases of suspected malignancy, esophageal
obstruction, respiratory dificulties, presence of large goiter, or con

with Graves disease. The agents can be
long+erm therapy or as shortterm therapy to reduce thyroid hor-
mone levels before RAI or surgery.
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FIGURE 5-12
Thioamide

terfering T, levels in patients wi i
storm. is 101 than PTU, but both

i i residues of thyrogl
and inhibiting couping of fodotyrosy residues to fomfodothy:
es. Thi ‘whereas PTU must be given
beause they are lodvmgd o degmded witin the yid glnd,._every 600 hours. PTU s we&ene« for pregnant women. A clini-
U, cal seen after 6 10 8 therapy with
not mmﬁ.mmle innibis perpheral deiolnatin of Ty uﬂ,, Sty e e et therapy is usually 12 to 18 months.
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Thyroid Disorders

ENDOCRINE SYSTEM

LASTIC GLAND

Gland enlarged, red (engorged),
tears easiy, bleeds readily

Gland mass further increased, more engorged,
tears more easily, bleeds more readily

Hepatotoxicity

Maculopapular rash

Other effects:
Agranulocytosis
Peripheral neurits

Nephrotoxicity

Myopathy

Arthrits

Systemic lupus erythematosus

N““

1. Perkins

FIGURE 5-13 ADVERSE EFFECTS
rash, without othe he with much lower poly-
me most common adverse efect of thioamides. Inmid cases the is the most
. ffect O i laise, sore throat)is quite sud-
1 fever,  den; h risk.f his disor-

", thioaide therapy

»: and
obstructive jaundice (with methimazole). Liver function test (LFT)
results should be watched if a history of iver disease or risk for

i
deris a.ax.msgd thioamide administration should be stopped, and
the pat ther serious effects
inclide perphera neurt, neuropathy, tase dorders ahvot
city, myopathy, athritis, and systemic lupus erythematosu
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Moderately

exophthaimos

iy
Suprasternal ndich
Scintigram

Diffuse goiter of
moderate size

size of gand)

FIGURE 5-14 RADIOACTIVE IODINE

tion depend on dosage,with larger doses causing cyotoxiciy.

Proper the gland without

sues. The major v soesof ol hypothyroidism. PostRA!
caused by he leaki th

with Graves ophthalmopathy or history of thyroid surgery, poor

and those with toxic mulinodular goitr. The maximal effects of

Rl donot ocar o o4 monts. ) use most ofen, s iy
wapped by the thyroic: B partiles act m
o coll withminimaldarmage 10 adiacent ssie.Eecs o aca
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-
oid, can occur butis minimized by use of thioamides or B blockers
before RAI (depltes the ghnd of hormones). Immediate adverse:

and
bk el v



Thyroid Disorders

ENDOCRINE SYSTEM

Hyperplastic Gland

Gland enlarged, red (engorged);
tears easly, bleeds readily

FIGURE 5-15 |0DIDE

Aiter Thiouracil Plus lodide (Itrumil*)

Gland reduced in size, pale and firm;
does not tear or bleed so readily

Todide (ie, Lugol solution: 5% iodine and 10% potassium iodide)

in patients with thyroid storm and those awaiting relief from
ioami lodid i

f hyp
roidism, and, before the advent of pharmacologic therapy, it was

thioamides 1010 14 days beore srgery lo facil

te removal of

oday, ap) m
replaced by thioamides and B blockers. lodides act by blocking

given befure Al becane um block retenton of RAI by the

idly and
produce symptomatic relef after 2 10 7 days. They are thus useful

gland. M
reactions .m e s oioldam or wonenngof
yperty



ENDOCRINE SYSTEM

Thyroid Disorders

Perspiration

Facial flushing.

Los of weight
Rapid pulse

Warm, moist palms’

FIGURE 5-16

Emotional instability
Insomnia

Warm, velvety skin

Palpitation, tachycardia

Many signs and symptoms of hyperthyroidism are mediated
through i

as adjuncts to thioamides and RAI for neonatal thyrotoxicosis, thy-
i The pr

nolol, which red TitoT,is
- 3

agents block the effects of thyroid h
drenergi ists do not affe

process, so they are not used as primary therapy, but they are
quite useful in providing rapid symptomatic relef before
thioamides, RAI, or surgery can take effect. They can also be used
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tachycardia,
anxiety sweating, tremor, and neuro-muscular manifestations of
hyperthyroidism. The calcium channel blocker diltiazem may be
useful when propranolol should be avoided (eg, patients with
asthma, CHE, diabetes).



ENDOCRINE SYSTEM

17aOHProgesterone

17a-Ot+Pregrienclone

Liver

Testosterone

on
Cholesterol A 5-Pregnenclone ANDROGENS
Estradiol
Progesterone i
11-Deoxycorticgsterone
3 CHL0H
ol
Il c=0
He

FIGURE 5-17 REGULATION OF ADRENAL HORMONES

The 2 acenal gands n the human body are response for pro.

s electrolyte balance, and glun.»(nr\vtuld) (eg. cortisol), which
etabolism.

releases CRH in response 1o various stimuli including neurotrans-
mitters, vasopressin, and catecholamines. CRH stimulates the ante-
o iyt elsse ACTH which thensimaes he drerl

cortex sy
et wroton of CRH and ACTH docresse v egaive

duction s regulated by the

1L (HPA) axis. First,
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wasting
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Antinflammatory action

FIGURE 5-18

s AND G
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formation or
calcium absorptior =

(itamin D antagonism)

Increased renal
excretion

of calcium

Potassium loss
Sodium retention

Norepinephrine
Maintenance of arteriolar

tone and blood pressure

(with norepinephiine)

Antiallegic action

alleviation of the inflammatory response, and paricipation in neu-
A bl

and

Mineralocorticoids enhance reabsorption of sodium and water
from the kidney o
. g >

i, glucose utliza

trolyte homeostasis, alteration of levels of various immune cells,
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FIGURE 5-19 C
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infammation medtors (e,
I term ther:

vedu(es 4mma|\nn release, and acti
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hypertension, eder and
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Cushing Syndrome (Clinical Findings)
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FIGURE 5-20 CUSHING SYNDROME
Cushing syndrome is a group o clinical symptoms that resuit from
prolonged exposure 0 excess glucocorioid. The condiion may
be caused by

drome.Clnical manfestatons flect mulple ocgan sytems and
depend on the degree and duration of hypercortisolism. The mos
n sign which is seen in the face,

use, or it may be of endogenous origin. The latter may be due to

neck trunk,and abdomen Facil a accumuaton podces 2

ithe exces ACTH serion

Hindependent. C
emocorcasdanamss an oo st weh o sctope ACTH
and CRH syndromes are responsible for the endogenous syn-
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moon-face P
duces a buffalo hump. e symptons inciade weskness, muscle
wasting, reduced arm muscle mass, osteoporosis, and cardiovascu-
far and metabolic complcations.
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FIGURE 5-21 KETOCONAZOLE
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Ul fcs of gy caton sre e T snfurgl g

increase leve agents such as
pieaporinn wartat g, nc byt Sk el ekt

0 treat

secoidaryh eclonit ACTH prlicton The agen s highly effec-
tive

blood dyscrasias, headache, dizziness, fatigue, gynecomastia, GI
symptoms, and rash. Patients respond 1o therapy after 4 to 6
weeks.
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FIGURE 5-22 METYRAPONE
T ——
mbi- ‘water retention, hirsutism, GI
it ol e Dt aAoa o e
o s

side effects occur
nation with other agents. The agent can eyl s oo

aresponse.

Inoting 11 yckenyiation he ol s b glococoreokd .
“This process leads to accumulation of adrenal androgens
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FIGURE 5-23 A

. ®

B> itibited by aminoglurehimide

o

ANDROGENS.

@:ggm
o

used primarily for Ci

andar o sckoal hypeplsia,ecopic ACTH proucton, o
adrenal carcinoma. The drug seems most useful when gi

Idoste d est A

increase in ACTH results, which partly or completely overcomes

the blockade, but this reflex can be prevented by replacement
but

pi n combination

amounts of

of
Indeostenedione (rehormone produced inthe ik o

comitantly. . sedalon, dizzivess
nausea, anorexia, rash, blood dyscrasias, tachycardia, and hyper
tension. This drug may take up to 4 months to produce a response.
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FIGURE 5-24 ADDISON DISEASE, OR PRIMARY ADRENAL

Addison disease is due
adrenal cortex, mycobacteialinfecton,achenal metastass,or use. dehyclation,and hypotension; N s and hmbdose ¥ hcocor-
. of glu-

inaged with
(omm(mds, and sex h from l
e with do
changes. Bochern e per- hould be mntore fo flurocor.
Kalemia) usually e Ivlelhwammng adrenal crisis, ot sone sde e (e, elec(mMe dvangeg, hypertension, edema,
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Diabetes Mellitus ENDOCRINE SYSTEM

Rt dey of o ton of ey
invarious parts of

(Note:  Cells are

Poncesstai: B ranules st dp pue
a cell,orane pin

Dextrose injected (5 g/kg body weight);
thisstimulates output ofnsulin

stage appearance
FIGURE 5-25 THE PANCREAS AND INSULIN PRODUCTION
involved in production and a i , and somatostatin,
secretion of I A jin and g secretion.
o gl Thacarcrenk fcollof (he islets of h..wha..s mgmm of carbohydrates prompts an increase in th release of
whien
the smaller compound proinsulin. Proinsulinis then cleaved to protein ingestion. I stimulates insulin secretion, which in turn
Jin and peptide C. The hib




ENDOCRINE SYSTEM

Diabetes Mellitus

Insulin Secretion

Insulin permits rapid
entry of glucose into.
muscle and fat cels

by muscle

FIGURE 5-26 INSULIN SECRETION

Glucose

Adipocyte

ighly reg P throug!
out the day. In a postprandial setting (after a meal), a burst of
insulin secretion normally occurs in response to a transient
increase inthe plasma ghicoselevl. Ina postabsorpive period,

the
levels of umﬂalmg insulin, Insulin s the key 1o the body's us
ghcose t promotes the uniake of cose, fty acidy, nd amino
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acids, their conversion to forms used for storage in
st ssues. The Important metabolcses that are senstve to
insulin include the liver, where glycogen (the main carbohydrate
reserve, which i easily converted to glucose) is synthesized,
stored, and broken down; skeletal muscle, where glucose oxidation
produces energy; and adipose issue, where glucose is converted
to fatty acids, glycerol phosphate, and triglycerides.
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FIGURE 5-27 LACK OF INSULIN

Forced, deep
breathing

Jucose is
which leads to a cascade of metabolic events. The body reacts by
) o %

Kid
ketonuria and ketonemia. Keto, acids dso veduce blood pH, which

o glucose).

100 scidy which an canded i sha M. e they e con-

a relative or

vrted o glucoe

i ,
hallmark medical finding. Once thought of as 1 disease, diabetesis
i be a chronic heter

Is le: catal
el fatty acids are broken down into keto acids to increase

that result
type.
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Microvascular and Macrovascular Complications
Disbetic rtinopathy Cerebrovascular disease

Visualloss

of retinopathy: form unstable plaques n the arteria wall,

Nonproliferative retinopathy (early stage)

Proliferative retinopathy

(late sage) Ischemic troke due 0 n situ
thrombosis,usually g
plague rupture n the arotid or
cerebralartery.

gomerso-
Sclersosis

FIGURE 5-28 TyPe 1 DIABETES MELLITU:

In type 1 DM, i lyuri i
drinsic fac likely to occur in type 1 than in type 2 DM. Patients require lifelong
such as viruses or chemical toxins. In one theory i
abnormally e ibodies th i  as nephropathy, thy retinopathy, and
di d against B cells red early in i lisease. Or i i
the di Type 1 DM ps patients with type 1 DM because functioning B cells are required.
P y
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ENDOCRINE SYSTEM

Insulin receptor
downsegulation

e
.

.
’

Muscle

FIGURE 5-29 TYPE 2 DIABETES M

Glucose cannot freely ¥,
muscle orfat cell
in absence ofinsulin

Insulin receptor
.
downegulation

Screnn

‘Adipocyte

Central defect 2 DM are decreased
ance. Before diabetes s diagnosed, patients, often

several possible ways, e, chronic hyperinsulinemia causes insulin

drates. The pancreas malfunctions and fals to supply high insulin
demands, This impaired secretion is complicated by insulin resis-
tance: Jucose levels through

and postrecep :
type 2 DM has a more gradual onset, may not present with symp-
toms, and usually occurs in overweight patients older than 35
years. Oral hypoglycemi glucose levels,

receptor down-regulation, which leads to defects in insulin binding
ignaling pathways. Unlike type 1 DM,

pression of hepatic glucose production and stimulation of glucose
use in skeletal muscle and adipose tissue. Resistance develops in

Many patients need insulin therapy.
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Diabetes Mellitus

Oral Antbyperipidemic Agents
orug Ineractions Contraindications
i Type 1 DM, pregnancy or brease feeding, severe
Acctohexamide »:
Chiorpropamide imetid il
Tolazamide corainsulonaideatbiohs,especily i
Tabutamide chlorproparide and tobuta
Glimepiride generation agents
Gl
Ghburide
nd | Maabsor westnal
Acarbose igetive enzymes; possibly reduced digoxin, | obstrction v
Migiol proprancol and anaidin levels
Biguanide 4mydLin
Metfornin acute renal falure possbly caused by iodinated | femaes, >1.5 g/l in males), hepatic dscase
h
of actic acidosis, akcoholism, imminent sugery, before
and 48 hoursate parenteral coniras tudies
Meghinides Effctofrepaginide possbly reduced by drugs | Type 1 DM
Repagiride thatinduce cytochvome P-450 enzyme system
Nateginide antipllepic,fampin)
Type 1M ,
Piogiazone h heart fai ]
osgazone
eytochrome enzymes
Matching Pharmacology to Pathophysiology
e - Pancreas
biguanids,
thiazolcinediones o
slfonyareas
insin,
Decreased repaglinide,
creudl i e
ncrame insuln analogs

s Wm/m l zohdnedon

maciiy,
jones,

De(veased biguarides
= o
i, i B
) -\
ihbiors %!‘;."‘ Muscle

FIGURE 5-30 INSULIN THERAPY

Insulin i the sole therapy for type 1 DM. Its also used (combina-
in type 2 DM poorl

sbtaneousl, o, In emergencie, navenousl. Absorpion of
e Kasenn

Py
diet and oral e hych temperature,
of d phyxlm‘ ity and dose, sl mpmuons iferin dose,
 adipose tissue. Insulin also aic d sources of orgin,
timulates |  protein sy semwsywlhwt insulin (least
sis, and Insulin, a i d beef and pmk (replaced by
protein, is degraded in the G system if used orally, so ts given  human).
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ENDOCRINE SYSTEM

Rapid decine 1
of blood glucose § Brain deprived
stimluates adrenal | § ofglucose

medulla. 1

Epinephrine

Confusion
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Anxiety
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Sweating Drowsiness
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FIGURE 5-31 REACTIONS TO INSULIN: HYPOGLYCEMIA AND ADIPOSE TisSUE CHANGES

Glucose
taken up
by fat

Hypoglycemia

Maor predisposing factors the
d dverse re i

blockers can

ymptoms. Use , candy,
or pure help with h

gar p

food

ion to insulin,
intake, poor timing of injections, exercise, and use of hypo-
glycemic drugs. Symptoms are autonomic (eg, sweating, trembling,
feeling of warmth) or neuroglycopenic (eg, confusion, weakness,
drowsiness). Hunger, tachycardia, blurred vision, and loss of con-

” i tients

with longstanding diabetes (>10 years), and patients taking

Unconscious patients must be injected with glucagon or IV glu-
which occurs in patients who use only 1 ste rather than rotating
sites. Rotating sites solves the problem. Lipoatrophy, an immuno-
logic reaction to insulin, s treated by changing to human insulin

and injecting it into the affected area.
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Diabetes Mellitus

Tolbutamide

Insulin output increased

© Sulionylureas

Ghyburide

Residual functional B cells in pancreaticslets
stimulated to put out insuli; B-cell growth promoted

L
E Possible subsidiary actions:
g8 _r/\”‘""“ gucose 1. Potentiation of insulin action by freeing
GE o
EH lood nsulin Inhibiton of ver u
2 | Administation Blood insul 2.Inhibition ofver glucose output
Time —-
FIGURE 5-32

Sulfonylureas, the historical mainstay of therapy in type 2 DM,
ssed as monott sulin or other oral agents, act

mainly by stimulating insulin secretion from pancreatic p cells,
sensitvity 10 gl
release. They work only if  cells are functioning. Older drugs (eg,

control fails with long-term sulfonylurea use, other agents may be
added lfonylurea doses. Sulfonyl

best for patients diagnosed after the age of 40 years or when dis-
ease duration is less than 5 years, body weight s nearly ideal, and
fasting glucose levels are less than 180 mg/dL. Main adverse

placed by new agents
(eg. glimepiride, glipizide, glyburide), with greater potency, fewer
drug interactions, and better pharmacokinetic profiles. If glucose
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ENDOCRINE SYSTEM

Metformin

Suggested mode of actio

uptake by skeletal muscle
Lowers tiglyceride and total cholesterol levels

Helpiulin snbvhzmg blood sugar in britle diabetics
on insul

ot o mobese, it dbeticsbecause, unlke

o, it G ot enpiance Bpogemesis

Administration

0

otk ‘\__/

of oxidative . oo fabelS

metabolism gE X glucose (& z
%S Sood gucose nondabeti | £ £
2° Blood insulin £
i S

Hows 0 i ? 3
FiGURE 533
Metiormin, the only biguanide available in the United States, is I HDL levels, and causes d is ideal

used as initial monotherapy or with insulin or other oral drugs in

i it ype 2 DM s e socondary ke o sors. ol when et e with s o ypoglcenic dugs

por Gl related and, o
with Metformin by L idosis, caused
d i - pr  which mostly
and insulin resistance via enh renal, hepati rders.
s piake. It Jyceride
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Diabetes Mellitus

Repaglinide

Insulin output increased

Nateginide

© Meglitinides

Increased insulin secretion from pancreatic B cells

€ 1o 5 EE s ispiel
EI e S " it

=
FIGURE 5-34

Megliinides (repaglinide and nateglinide) are approved as
‘monotherapy or in combination with metformin or TZDs in
patients with type 2 DM. Similar o sulfonylureas, megitinides
increase in insulin secretion from pancreatic  celks
Uniike sulfonylureas, megiinides have a rapid onset and a shorter

iy controling postprandial hyperglycemia. The efficacy of megl-
tinides in producing reductions in glycosylated hemoglobin con-
) and the fastin
comparable to that of sulfonylureas and metformin (recuces HbA,.
by 15-2% and FPG level by 50-70 ma/dlL). Adverse effects include
larly if followed

duration, whic
meal. These agents are especially useful for patients who have diff-
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ENDOCRINE SYSTEM

Migitol
(an aglucosidase inibitor)

]

Brush border of

smallintestine

Lower postprandial
Blucose spikes

FIGURE 5-35 0-GLUCOSIDASE INHIBITORS

o i jitoh can be used singl
with insulin or other oral drugs for type 2 DM. These drugs inhibit
Jucosidases in the small

G slightly
(2030 g and oA e by 0.5% o 1% Acvee s

rhea, abdominal pain), which resul

nd ibsorbably

ind gl
absorption is thus delayed, which leads to lower postprandial glu-
cose spikes (by 25-50 mg/dL). These drugs work best in patients
with postprandial hyperglycemia and when taken with a meal con-

tine and on. Used with uvsulm or
other oral drugs, they can cause hypoglycemia. Hepatic trans-
aminase levels can increase (acarbose), so LFT results must be
watched.
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Diabetes Mellitus

Rosigltazone

Glucose uptake

increasedin <8
fat, muscle, ~_
N3
i
). Perkins.
fe
FIGURE 5-36

"  piogli Jativel

hich ed insuli disposal and

new class of antihyperglycemic agents that can be used as
monotherapy or in combination with insulin or other oral agents in
patients with type 2 DM. TZDs reduce hyperglycemia and hyperin-
sulinemia by decreasing insulin resistance (via enhancement of

decreased hepatic glucose output, These effects are accomplished
by selective binding at the peroxisome PPAR-g, which is found in

adipose tissue, skeletal muscle, and liver. Receptor activation mod-
ulates transcription of several insulin-esponsive genes that control

din the liver,
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ENDOCRINE SYSTEM

Rosiglitazone

Glucose
oxidation

FIGURE 5-37 THIAZOLIDINEDIONES: CLINICAL RATIONALE AND ADVERSE EFFECTS

Tiazokdoedionepharacology s based on suggeetons hat
patiens it type 2 DM akesly haveto0 much il The e,

Reduced triglycerides
Increased HDL and LDL

o reduce
i e HOL, but they almm(rease LDL levels. The ssitn
The

oveve i s ot i 0 pro-
ucelare armounts ofgicose.otead o simulatng he i
i ol

drugs now used have not had nmmmw effects, but LFTs i
and during TZD therapy: TZDs ko cause

sulin, sensitivity
increased to slow hepatic glucose Eroicton 20 Mﬂ‘ ts

oy and F5G fll between thos of acarbose and he slony-
luressand meformin. 12Dl sl control

tophis ypoycemia (when ued with s dmgs], and edema
heart failure).
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DRUGS USED IN DISORDERS

OF THE GASTROINTESTINAL SYSTEM

OVERVIEW

“The gastrointestinal (G tract is an epithelium-ined muscu-
lar tube that runs from the mouth to the anus. The major func-
tions of the G system are food digestion, nutrient absorption,
and delivery of nutrients to the blood for distribution. Other
functions are excretion of waste and secretion of hormones
into the blood for delivery to distal targets. The G system has
an important role in fluid and electrolyte balance. Itis the nor-
mal route for water and salt intake and a potential source of
fluid and electrolyte loss. During digestion, a large volume of
digestive secretions is added o the ingested, chewed, and
swallowed food. Nearly all of this combined mixture must be
reabsorbed to avoid major disturbances in fluid-electrolyte
and acid-base balance. The small intestine provides a large
surface area for the absorption of nutrients and drugs.
Substances are moved through the Gl tract by peristalss.
Abnormally fast or slow peristalsis can disrupt absorption of
nutrients, drugs, and water—the origin of most GI dysfunc-
tions, including constipation, diarrhea, peptic ulcer disease,
gastroesophageal reflux disease (GERD), and emesis.
Laxatives are used for constipation. Laxatives cause emply-

heais also treated with
drugs such as the nonsteroidal antiinflammatory drugs
(NSAID) aspirin and indomethacin. Bismuth compounds are
used for simple diarrhea
Peptic ulcer disease is caused by an erosion of the mucosal
layer of the stomach or proximal small intestine (duodenum).
Helicobacter pylori infection is the most common cause.
GERD is a similar disorder that occurs in the esophagus and
is treated with similar medications. Peptic ulcer disease is
best treated by a combination of lfestyle changes and drugs
Histamine Hreceptor antagonists are the frst!
peptic ulcers. These blockers reduce stomach acidity without
producing adverse effects. Proton pump inhibitors (PPIs) are
effective at n:dlmng gastric .md secretion by blocking
1 K*-ATPase, d by stomach parietal
cells. PPIs are lherapew(a”y Cective but ueually must be
discontinued because of an adverse effect profile. Antacids
neutralize stomach acid and blunt reflux disease symptoms.
‘They are the firstine drugs for GERD.
Several drugs are available to treat nausea, vomiting, and
motion sickness. These agents include histamine antagonists,
and sero-

ing of the colon Y
adding more bulk or water to the feces. Opioids (diphen-
oxylate and loperamide) are the most effective drugs for con-

tonin receptor antagonists.



GASTROINTESTINAL SYSTEM Function and Regulation of the GI System

Subserous plexus

erc pleus (cros section;
Nematon i and coin, <3001

Myentericplexus (parallel
section; methylene blue, X200

s pes Gonghudesl
toxylin and cosin, X200)

Lumen

Mucosa and mucosal glands
Muscularis mucosae
glands

FIGURE 6-1 ENTERIC NERVOUS SYSTEM

The ervous system exerts a profound nfluence on alldigesive ks orplxuses of neurons,both o which re embedded in the
;ion valof the digsive s an exte o the sophage o he
Syt ot Towy S of 4 cotl emaere o 5. The myenteric (Auerbach) plexus islocated between the

connecions between he digesve system and the CNS, but ot 35 Jomgituina andl ol lyers ofmuscle I he e e

imporan, the digsive ysem s endowed with s own, ocal e and control rmarly igeive ract motly.Th submucoal
orir system. Gl blood flow

P cmpomnts o 8 ot s i 15 function by monitoring luminal contents.
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Function and Regulation of the GI System GASTROINTESTINAL SYSTEM

AUTONOMIC NERVOUS SYSTEM.
1

FIGURE 6-2 INTEGRATION OF THE AUTONOMIC AND ENTERIC NERVOUS SYSTEMS

3 tof which tension.
ipolar. control GI motii tion, and Y it
absorption. ch inephine. Neurons that
(parieta,chief, mucous, pancreatic exocrine cells), and GI rete ACH
. 4 ctie oMl sect! ¢ X 4 e
in the ind muscle. They respond to mechanical, i

I, osmolti, c
tive to pH, glucose, and amino acids. Sensory receptors in muscle  of ACh.
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GASTROINTESTINAL SYSTEM Function and Regulation of the GI System

Paretal  Mucous
cell (neck)cell

FIGURE 6-3 G, Moy
2 basic motiity the food bolus and
long the tube so that food toward the anus, 5o the laminal contents are forced in that direc-

and absorbed, and peristalis, the major type of propulsive motilty,  tion. As the ring moves, the muscle on the other sde ofthe dis-
ially in d smallntest for smooth passage of the bolus. Mixing
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Function and Regulation of the GI System ‘GASTROINTESTINAL SYSTEM

Factors Affecting Gastric Emptying

Duodenal Gastrointestinal

moreceptors
Secretin
Cholecystokinin
Gastric Decreased
Fats inhibitory gastic
pepide (GIP) emptying

A
acids) —'—; Gastin
peptides

Sequence of Gastric Motility

body of stomach.

4. Pylorus again closed. Wave (C) als to

igh Gastric
on body of Duodenal

< hed

Reverse and
in duodenum.

it empries second portion. Bastric contents emerge.

FIGURE 63 G, Moy

exposed in the small
and properly absorbed. In the absence of mixing, food is notin  down and mix food. Alterating contraction and relaxation of
contact with epithelial cels that absorb nutrients. Segmentai i inthe gut wall

contractions are a common type of mixing motilty seen especially

mixing of its contents,
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GUTLUMEN MUSCULARIS

ol

t

stimulation Sensory neuron Sensory

e (mechanical, neuron

chemical) i (stretch
.

Chemical
stimulation

(an:l) palhway

Inhibitory

ney
(VIP,NO)

J. Perkins
s A
©

FIGURE 6-4 CONTROL OF PERISTALS!:

Foad inthe inestinal lumen causes smooth muscle contraction and relay of non-Gi system signals. Sympathetic stimulation inhibits
d elow, s0 that a Gl secretion and motor activity and causes G sphincter and blood
moves food down the intestine from the mouth to the anus. The  vessel contraction. Parasympathetic stimulation increases Gl secre-
enteric nervous system conrols peristalss and can workseparatly  lon and moor activity and causes i sphincterand bloo vessel
from the CNS, but digestion and dilation reflexes in which
CNS coordination. Vamsympamenc and sympathetic neurons con- stomach distension causes colonic exodus,and the enterogastic,
nect the NS tract, which in which small intitation
to be sent to the ch, as well as CNS regulation of Gi function secretion and motor activity.
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Function and Regulation of the GI System

GASTROINTESTINAL SYSTEM

Cholecystokinin

LEGEND

Thick lin indicates mmmmmm
primary action

Thin ine indicates
secondary action

FIGURE 6-5 H OF THE G, TRact

(CCK), and secretin. Gastrn is

" " i
mones. Hormones are chemical messengers secreted into blood  secreted from the stomach and plays an important role in control
that modify the physiology of arget cells. Digestive function is of gastrc acid secretion. CCK is a smllintestinal hormone that

duced in but the i d

Secretinis a

bile,
the Gl hormone secreted from small intestinal epithelial cells that stimu-

by
tract. The Gl tract is the largest endocrine organ in the body, and
he e y

Jls within it are referred to collecti liver.
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GASTROINTESTINAL SYSTEM Function and Regulation of the GI System

1 2
Rate o secreion (mL/min)

Gastric fluid ion concentration as
a function of gastric secretion rate.

with oAz
o
FIGURE 66 PARIETAL CELL FUNCTION REGULATION
“The stomach's parietal celssecrete approximately 2 L of acid a day v Ach
s e ? ’ fribses
by solubilizing food, and maintains optimal pH (18:3.2) for the i
5 = H ke b v H,receptors.
energy from gast
. 3 o iy
, histamin inhibits acid  actions of gastin.
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GASTROINTESTINAL SYSTEM

onic concentration (mEq/L)

§
S

e,

1cr

Generalcirculation

04 08 12 16 20

Rate of secretion (mL/10 min)
Concentration of major ions shown
as function of secretory rates

Secret
Secretion (uid
and electrolytes)

Neurogenic or
cholecystokinininduced
secretion (enzyr

FIGURE 6-7 PANCREATIC SECRETION

Cholecystokinin

Vagus ibers

tac ganglion

Pancreatic acinus

Pancreatic duct
lvein

proteins and fats in

"
the major

intestine, 8 the
stomach and chyme entering the small ntestine. The vagus nerve
innervates the pancreas (and the stomach) and applies a lowdevel

tem hormones. CCK is synthesized and secreted by duodenal

o sl i COX & st 140 o0 i oo

cells, which
secretion. Secretin, secreted in esponse to acid n the duodenum,
Gastrin,

like CCK, i the d stimul

acinar cells.
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GASTROINTESTINAL SYSTEM

Function and Regulation of the GI System

Gastrolealrelex
may be medated
viavagus o via
intrinsic nerves,

Certain physiologic evens,
s aising (orthocolic reflex)
and ingeston of food

n_—

Transmission of
peristalic wave by

reflexes), may initate a

Intrnsic nerves as continuation of
Bastrolea eflex, or both,

brain for awareness o urge

Local autonomic reflexes (va

pelvic splanch

“Awareness” of urge,

‘memory and habit, cause.
individualto seek out

and elaxation of intemal sphincter
in effort to expel feces.

appropriate preparations
and simulancouly cause:

Voluntary contraction of external sphincter and levator ani
‘muscles (via pudendal and levator ani nerves) 1o etain feces
unt suitable conditions prevail.

FIGURE 6-8

Defecation (passing of feces through the rect

smooth initiated; CCK and
isorders

via relaxation y anal sphinc-

ty
the extrinsic autonomic nervous

nal anal sphincter contraction. The rectum fillng with fecal material
causes the urge 10 defecate. When the exteral anal sphincter
I . The

system 1BS, a disorder worsened by stress, causes constipation or
diarrhea. Megacolon (Hirschsprung disease), the absence of the
colon the

constriction I

th
presence of food in the stomach

1 motilty by depe
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GASTROINTESTINAL SYSTEM

ol
(10 thoracic
duct and
thence to
venous system)

FIGURE 6-9 PROTEIN DIGESTION

and are thy the GI

adjacent 10 the basic amino acids \mne and arginine, thus

{ract.Pepsin s.a stomach enzyme deved fom pepsinogen that s
active at low pH. Pepsin cleaves the peptide bond between acidic
(asparicor gutamic cd) and aromatc herylbnine rosne)
s e i maller

Other
sich 24 chymoteypsin and enterokinase,digest protens nto mul
ple amino acid fragments. Pancreatic carboxypeptidase is an
exopeptidase that hydrolyzes dipeptides at the carboxyl end.

T & st oy kot b g
et slightly basic pH. Trypsin hydrolyzes peptide bonds

an exopept hydroly
dipeptides from the amino end. Finally, dipeptidase liberates
free amino acids.
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GASTROINTESTINAL SYSTEM

n of the Gl System

KeY
* * Triglycerides (long and short chain)

A8, A Disiycerideslong and short chain)

= Fatty acids long and short chain)

@ Cholesterol @ Cholesterol esters

© Caroene @ Glycerol 00 NaK @ ® Mg Ca
= 0m Soluble.

e=t-e3 Insoluble

Epithelial cell

FIGURE 6-10 FAT DIGESTION

Fat digestion and absorption depend on bile, which, secreted by action. Bile ffree.
the liver and released into the gut by (he acionol OCK on the gl fay d bil

s Jsfer 10 break u fmdron Ky s, Wickes ke ot dlsesnon products away
o s acts only hed These

onfat Sabule suraces (ydrohzes neutal fats 1o gv s aty s thusco nct nht oase (angaton Joacbachy ook

acids an bile sals,

in stools, or steatorrhea. Stools are
hpum”y lecithin, is needed to disperse fat into small globules for ~ bulky, pale, and odiferous.
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Disorders of Colonic Motility GASTROINTESTINAL SYSTEM

Diarrhea

Surgical

Hyper
thyroidism
Advenal

corical
insuffciency

aunops

Secrting
(amumd'
umars :
e

Fecal impaction,
foreign body, neoplasm,

emates with
iitable colon,
mucous ol

compression, angulation
mical
Poisons,cathartics

acterial
Salmonelae,
shingellae, staphylococci,
i, Ecoli.

dostida, etc

il

Food inolerance,
coarse for
defciencies

Drug o food }%
oy 14
Regionsen

“Tropicalsprue,

Inflammatory.

{

Whipple disease

FIGURE 6-11 COLONIC MOTILITY AND TREATMENT OF DIARRHEA

Motiity patterns in the colonic lumen include peristalss, which
propels luminal contents toward the rectum, and those that extend

diarthea. Because dehydration is caused by diarrhea, reatments
i broths 1

contact of h k d
Prolonging b fuid cylate, pe Most types of diarrhea are

b propt 2 caused by viruses, so anibiotics are usually ineffective. Raspberry
Diarrhea s defined as loose, watery stools that occur at least 3 or blueberry leaves are sometimes taken with tea to alleviate some.
times per day. Bacterial infections, viral infections, adverse food  symptoms,
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GASTROINTESTINAL SYSTEM Disorders of Colonic M

Surgical

 Vagal
(generalized

Peychogenic and/or

Regional enterts

Iflammatory

Ulcerative colts

FIGURE 6-12 ANTIDIARRHEAL DRUGS AND THEIR ADVERSE EFFECTS
i ing; the use of hildren. NSAIDs
such as indomethacin and aspirin are thought to relieve diarrhea
by blocking COX-1 and inhibiting prostaglandin synthesis. The
bieeding, respiratory
icularly chil-

drugs include Y
modify fluid and electrolyte transport, such as NSAIDs. Loper-
amide and diphenoxylate (meperidine derivatives) are 2 antimotik-
ity dr by i

depression,
dr d h dren), and salicylate toy
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Disorders of Colonic Motility

GASTROINTESTINAL SYSTEM

[
Hypothyroidsm o T Disbetes melitus
hormone
¥
Hypoklemia Uremia
Central nervous
system
Swoke
Parkinson

— Cordinjury

o

K: sclerosis

Narcotc analgesics

Pt
Q | Ao
o
ey
wedtzvon | Anacs
At e
tangren
il

"

FIGURE 6-13 CAUSES OF C¢

Intable bowel
syndrome

CR

Pregnancy Hypercalcemia

Glucagonoma Porphyria

Peripheral nervous
system

Peripheralneuropathy
Autonomic neuropathy

Hischsprung

Megacolonand 5

Constipation, one of the most common Gi problems n the Urited
State it pasageof sl amounts of brd and oy sl
Bowel movements occur fewer than 3 times a w me
(especilypregpant and okleraclts ldr than 65 yers repnn
constipation most oten. Under normal conditions,the c

crb water s o0 s o st e s 00
form. Stool becomes solid because most of the water i absorbed
The hard and dry stools occur when the colon absorbs oo much

‘water or the colon's muscle contractions are slow. Common symp-
toms are lethargy, feeling bloated, and painful bowel moy
Causes can be metabolic and endocrine; neurogenic (involving
the CNS or PNS); and idiopathic. These causes include a lack of
dietary fiber, inadequate hydration, lack of exercise, IBS, changes
in lfe routines (pregnancy, ravel), aging, laxative abuse, ignoring
es 0 have a bowel movement, stroke, colonic disease, and

intestinal disease.
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GASTROINTESTINAL SYSTEM Disorders of Colonic Motility

and Management of Constipation
Baloon expibion st
Noma . Abnormal

SEE
"L

P

Diagno:

3balloon manometer
by elaxation of internal sphincter. in baseline pressure.

dopsauepaste nroduced o
rectum, Fluoroscopic me

digestion provides \Mnmunc
anorectal angle, pehvic loo

e, s ceslon el
prolapse.

atertingests adiopaquematers oot
ibdominal xrays oblained severaldays.

e ngestion. Neanoe ofrtumed machers

ilized to determine colonic tranit ime.

slasses of water

610
i o T e dy

Adeuate e ke (ay be lﬁ];l?-’

supplemented with psylium)
JONACRAG
m

FIGURE 6-14 TREATMENT OF C

Treatments for constipation include aluminum- and calcium- lants, , the US FDA proposed a b
i tacid:

Ths,

safer ingredients vap!aced ‘phenolphthalein in most laxatives. Smal
the stool,

are used after childbirth and surgery. Lubricants (mineral o

il o the stool, which allows the stool to move through the intes-

iron supplements, diuretics, and antidepressants. Bulk-forming
laxatives (fber supplements) are considered the safest but can
interfere with absorption of some drugs. They are taken with water
and absorb water n the intestine and to make the stool softer.

the

test easier
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Functional Disorder of the Large Intestine

GASTROINTESTINAL SYSTEM

Irritable Bowel Syndrome

iscomfort
ithchangesn

Abdominal pain or

di associted
stool

frequency and/or form

Alered bowel wal sensitvity
and morilty resultn itable
bowel symptom complex.

Enterochromafin
ol

Nerve:
ending,

Actions of gut wll

2

identify subgroups of I

weeks!
12 months ofabdominal

<3 weekly)

2of3 features:

Stool) >1/4 of defecations

Onset associated with
change n reauency ofstool

fecling of incompiete evacuation) >1/4 of
defecations.

e senc of srcr o e srcrmates o sl
e
The 1 weaned ot e comecve

174 of days

FIGURE 6-15 TREATMENT OF IRRITABLE BOWEL SYNDROME

brain, and ANS that alters bowel motiity (motor

the bowel, causes cramping, bloating, gas, diarrhea, and cansl\pa

functon) or senory functon: Added dietary iber may reeve con-

but can lead to worsened bloating and dis-

Pl

with polycarbophil agents than

tion.
o s 1BS is caused
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GASTROINTESTINAL SYSTEM Functional

order of the Large Intestine

Conceptual (Biopsychosocial) Model
for Irritable Bowel Syndrome

Central and Peripheral
Nervous System Function

Inesinl Function Diesse
(secretory, motor, sensory,
indamnasont

FIGURE 6-15 TREATMENT OF IRRITABLE BOWEL SYNDROME

psyllium ones. Peripheral narcotic opiate antagonists (trimebutine  intestine transit but mh s colonic motiy. Serotonin blockers

d) colonic
antagonists (zamifenacin) are being studied. Trimebutine, with ot and Gl secrtion. CCK and calcium e antagonists
equal affinity for v, &, and k-opioid receptors, stimulates small may also be useful
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Protozoal Gl Infection

GASTROINTESTINAL SYSTEM

Animals, particularly
ers, may aso act
as ntermediate hosts.

Cysts ingested in contaminated, unireated
siream water; ininadequately treated ap.
water;orva infected food handers

When infecton s suspected but stool examination
resuls are negative, duodenal or jejunal uid

‘Cysts and rophozotte
in'stool

Excysation o form
wophozoites in

spper smal
imestine

Trophozotes
muliply by
binary fission

Trophozoites attach
1o vilous surface of

3
E

distres, cramps, and
eructations.

) Cysts and rophozoites
passed in seatorheic,

foul sools (usually seen

examination)

Trophazoites diinesrate. Cysts
e and infect water.

Glarda trophozoites
n duodenal mucus

string) should be examined.

FIGURE 6-16 GIARDIASIS

surface of m

Y

Giardi
North America. Human gmdlasws may

mechanism is unknown, with some investigators reporting that the

week after ingestion of the cyst the environmental sur-
SV i e e i o e i, Hoate el
lasts for 1 10 2 weeks, but cases of chronic inf h

ganism pr a being able to confirm

existence of the toxin. Metronidazole is normaly quite effective in

teitnginfctons. Antbics such s shencazol, mevorkde-
zole,

lasted
months to years. Chronic cases, both those with defined immune.
deficiencies and those without, are difficult o treat. The disease

rescribed o treat giardiasis;
parormomyci may be consideredfor regniant wommen.
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GASTROINTESTINAL SYSTEM

Peptic Ulcer

Etiology and Pathogenesis of Helicobacter pylori

Helicobacter
pyori

Persontoperson transmission,
specifcally gastioo

Portlated 14 e of decion

promos e damage va fammatory

and immunologic mediators.

Lol
ifammatory response

Associated

Acute and chronic gastis

FIGURE 6-17 HELICOBACTER PYLORI INFECTION OVERVIEW

Helicobacter pylori,aspiral bacterium found i the gastic mucous

Pepic ukcerdiscase.

Conditions

Gastric adenocarcinoma,
SonHodghin hohoma

anagoriss (H, blockers) an PP, These drugs rlieve ucer

Lt it i Rl e o 6

more than 90% up to 80%
Appemimasly 6% of e word s pﬂpuhlmn isinfected wih
pylori

hen acid suppression is removed, the
ko of H pylori-induced ulcers recur. Chronic infection with

the stomach lining against

trophic
e Before H pylori was gty spicy poor
acid, siress, and liestyle were considered major causes of ulcers
Most patients had long term pharmacotherapy with histamine
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e Agents that eradicate H pylori (antimicrobials), neutralize:
stomach acid (antacids), and reduce stomach acid output
(H, blockers, PPs) are used.



Peptic Ulcer GASTROINTESTINAL SYSTEM

Diagnosis and Management of Helicobacter pylori

Uninvestigated dyspepsia
wo)

Other conditions that warrant H pylorteting

"
Upper abdominal priorpeptic
discomiort without ulcer
alarm signs vomiting,
weightloss, bleeding,
anemia)

severe gastts
on endoscopy

osid -

Famiystorof

Tt noma
Helcobacterpyor
roton g
et
Most H pylori-iniected patients +
v o i 2ot
pepsias hallmark x
o nicion. 010 14 ds
Symptom * Persistent
u o, D
Endoscopy’
Tests for Helicobacter pylori
Urea beath st Endoscopy wih bopsy Serologic esing (LISA)
5o, treath)
Curea
ingested)

(active nfecton).

FIGURE 6-18 TREATMENT OF HELICOBACTER PYLORI INFECTION

bi i the infection with i
and minimal late, or a PP Acid suppression by an H; antagonist or PPI in con-
H to junction with antibi
ibiotic resistance. Anibi usually ), heals gastric mucosalnl
"t hs H pylori at the gism(
ey amanylon e Therapy for H. omen o a PP, amoxicilln,
ks of 1 0r 2 andbiotc, such as amaxiilin, tetra- apel tetracycline, and

eycine (ot for ger than 12 years),
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GASTROINTESTINAL SYSTEM

Peptic Ulcer

FIGURE 6-19 PEPTIC ULCER TREATMENT

Histamine.

2%

+
AL 08 G
om

Antacids, PPIs, H, blockers, muscarinic antagonists (M, blockers),
and misoprostol (prostaglandin €. derivative) are commonly used.
PPIs (e, omeprazole) bind irreversibly K-

ence with phase 1 oxidation (hepatic cytochrome P-450 system),
and impotence (especially with cimetidine). Misoprostol stimulates
Gl from high

ATPase pump, which blocks acid secretion uniil more pumps are
synthesized. Antacids neutralize 90% o gastric acid at a pH of 3.3
Histamine stimulates acid secretion by activating H, receptors, so
drugs that block H, receptors (eg, cimetidine, anitdine) reduce
acid lovels. Common side effects are alleric reactions,interfer.

190

acid levels. The cytoprotective sucralfate (sucrose-ulfate-aluminum
hydroxide) stimulates bicarbonate, mucous, and prostaglandin
secretion. ACh activates M, receptors to stimulate acid release; M,
blockers (eg, hyoscyamine) block this action and reduce Gi acid
levels




Gastroesophageal Reflux Disease

GASTROINTESTINAL SYSTEM

Complications of Peptic Reflux (Esophagitis and Stricture)

ophageal w;

Eophagisand

il reflax may cause pep
dlead 1o cicatizator
and swicture formaion.

Barium study shows
peptic srictue.

FIGURE 6-20 GASTROESOPHAGEAL REFLUX DISEASE OVERVIEW.

In GERD, stomach acids move back into the esophagus, an action
called reflux. The esophagus moves swallowed food into the stom.
b o peaie Rehol ocors whenthese mustles 0 i preve
acid from moving backward. Starch, fat, and pro
roken down by hydrochioic aid and ensymes (pepin. The
mucous lining of the stomach protects it from acid and enzy

fining offers 0 these sub-

i in foo

Pepic esophagits

Pepic sricture:
Endoscopic views .

infammatn o

but GERD s chronic in approximately 20% of cases. Esophagitis
‘oceurs when acid causes irritation or inflammation; extensive
‘esophageal damage and injury lead to erosive esophagitis. GERD
symptoms can occur with no signs of esophageal inflammation or
injury (nonerosive esophageal reflux disease, or NERD), but
patients have some GERD symploms (buring sensations behmd

3
stances. GERD symploms are usuall shortlived and infrequent,

Nerves near exposed to
acid, and pain results.
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GASTROINTESTINAL SYSTEM Gastroesophageal Reflux

Symptoms and Medical Management
of Sliding Esophageal Hiatus Hernia

Substernal pain, heartbur,
and regurgitation are

Weightloss
estrictdrugs tht

o9 9;.“"‘"‘. >,

:ﬁ': — ok
D-g—
receptr
Hockrn proton
? \ Q pomp lbunkons
e

FIGURE 6-21 GASTROESOPHAGEAL REFLUX DISEASE TREATMENT.

. that of aspirin ar Unlike aspirin,
i ‘The standard Mwevev, these COX-2 drugs block the activty of COX2, which
ed i of COX-I This action is |mpmum because COX-1

less of molecular
ton. Eve e dugsrelleve sympioms complete he coiton - condiors) whereas COX-2 s inducible (v:nab!e and dependent
infection). Itis
ly
! Ceecosi,rotecond, nd  hoped that thess COX2 blockers willcause fewer peptic ulcers
vild«oxlh the COX-2 inhibitors, pir
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Pancreatitis GASTROINTESTINAL SYSTEM

Early stage, edema,
congestion

pancreaitis, blood
blebs, fat necrosis

Necrotic abscess,
gangrene:

FIGURE 6-22 TREATMENT OF PANCREATITIS

Pancreatis i acute or chronic inflammation of the pancreas, brief gal or i
ine (for fat,  Dyspnea and hypoxia are common. Treatment of acute pancreati-

protein, and carbohydrate digestion) and insulin and glucagon into  ts includes use of IV luids, oxygen, antibiotics (eg, imipenem-

the blood (for glucose regulation). Acute pancreatits s sudden and  cilastatin), or surgery. Chronic pancreatits, which may develop if
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GASTROINTESTINAL SYSTEM Pancreatitis

Chronic (Relapsing) Pancreatitis

Moderate involvement of
head and body; diatation
of duct

FIGURE 6-22 TREATMENT OF PANCREATITIS
is 7 ducts, cystic i Chronic

attacking and destroying pancreatic tssue. Prolonged alcohol pancretis st st b il e

abuseis acommon cause, but the chronic form may oceur aiter alowiat diet,

only T acute attack, especiallyifa patient has damaged pancreatic  enzyme supplements
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Cholelithiasis GASTROINTESTINAL SYSTEM

Cholelithiasis
Features, Choled

and rumerous o kel thickened
galbladder contracted
aboutsoltary large stone

cholecystis

Transduodenal
view: bulging
of ampulla

Mauliple,
faceted

bile duct
Solitary
stonein
common duct

FIGURE 6-23 PATHOLOGIC FEATURES OF GALLSTONES

Galstones develop in the gallbladder from crystals of cholesterol
or bilirubin. Stones can be too smal to be seen with the eye (bik-
fary sludge) or can be the size of gof bals There may be 1

dreds of stones. The presence of gallstones s called cholelithiasis.
Obstruction by galstones of the cystic duct (hat eads from the

salbadertothe commn bl cuc) caes i (il ol

infec (cholecysiiis. C

it 10% 0 15% o the US popalation, bt oy 19 t 3%

report symptoms in a given year. Women, particularly during preg-
nancy, are at increased risk because estrogen stimulates the fiver
to remove more cholesterol from blood and divert it into bile.
Avoidinc o taty e o rmrgalsopmoxches e used only
in special stuations (when ‘medical condition prevents
Srueny aoe o Chclomerel st S Uiyt et

"




GASTROINTESTINAL SYSTEM

Cholelithiasis

Pathogenesis of Gallstones

s.\. .u )

c hn\nl‘m\
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m o poeed) >
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FIGURE 6-24 GALLSTONE PATHOGENESIS AND TREATMENT

e
mmm
Anhl\vemu
Congenital e
blarytact
Tipasveria
convatapives
€ Toul

pareneral
Putrton

Weight

Predisposing Factors

Pigment stones

Primary hemolytic anemia

P ol

bile is
known as. therapy. pristeds

d intto3

best for small cholesterol stones. Months of treatment may be nec-
esarybefor all he tonesdisolve.Bothcrugscause mid dar-
thea, and chenodi

Lo anesthelc Evacorporal shock wave lihotripey €W s
the use of shock waves to disintegrate stones into tiny pieces that

crease th actviyof vansaminase, a hepatic ntyme. G
dissolution therapy is an experimental procedure that involves
into the gallbladder Th

19

without causing blockage. Attacks of
billary colic (intense pain) are common after treatment, and the
success rate of ESWL is unknown,



Liver Physiology and Pathology

GASTROINTESTINAL SYSTEM

Kupiier C

Phagocytosis

Blood

Sinusoidal
rmeability

il

JOMN,
.y

FIGURE 6-25 LIVER FUNCTION

The liver creat lates, stores, d
he-

and stores s Land
P (B, and A. The fiver disposes of cellular waste:

by the Gi system, bile being the syn
sived. During a meal, e s secreted by iver cll and moves
through the hepatic duct system into the smal intestine, where itis
used to break down fat molecules. Between meals, the gallbladder
stores bile. Bile serves as a waste disposal system for toxins

removed from blood by the liver. The liver plays a major role in
regulation of blood glucose. The liver also synthesizes, dissolves,

d decomposes toxic substances such as alcohol, with disposal
occurting viathe bile. Because the liver clears toxins, hepatocytes
are organized for optimal contact with sinusoids leading to and
from blood vessels) and bile ducts. The iver is unique in that t
can regenerate, but this capacity can be exceeded by extensive
domage.
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GASTROINTESTINAL SYSTEM

Liver Physiology and Pathology

Circulating blood

Bilary
substances

Unconjugated
bilrubin

Also oceur to variable degree in acquired Iver cellinjuries

FIGURE 6-26 BILIRUBIN PRODUCTION AND EXCRETION

indirect),

hemoglobin.
bilrubin, conjugate it with glucuronic acid, and excree it into bile.
Intestinal bacteria convert conjugated (direct) bilrubin into uro-
bilinogen, which i returned to the iver and bile or excreted by

for the liver to process. Syndromes related o bilirubin include

Crigler Najjar type Il which causes increased indirect bilirubin lev-

els. These patients live into old age and are not at rsk for ker-

nicterus (brain damage). Patents with Gilbert syndrome, a benign

dlmrder with no increase in mortality or morbidity, usually have no
P

kidneys. Bilirubin assay is use or gall-
ia Synion, Sahon cocurs i vt ot o toanie
bile duct blockage, when red blood cells are broken down too fast
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henobarbital i used for
i biirubin evels an s hought 0 act by enzyme induciion



Liver Physiology and Pathology
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Septal Cirrhosis

Faty stage of
septal cirhosis [

Septal
(Laennec)
cinhosis

Endoscopic Appearance of Esophageal Varices
With Evidence of Recent Hemorrhage

Courtesy of Roshan Shrestha

FIGURE 6-27 CIRRHOSIS

In cirhosis, widespread nodules in the fiver combined with fbrosis
distort norma ive architecture, which interferes with blood flow
through the organ. Cirthosis can also lead 1o inabilty of the iver to
perform biochemical functions. The most common cause is lco-
holic v disease. Others e chronic vial hepatiis B, C, and D;
chronc autimmane bepais nhried metaboc deases

long-term exposure o toxins or drugs. Cirthosis is irreversible, but
treatment of underlying liver disease may slow its progression.
Cessation of alcohol intake stops progress of alcoholic cirrhosis.
Stopping a hepatotoxic drug or removal of an environmental toxin
also halts disease progression. Interferon s used to treat viral
heptts B and G reikone and azahoprine e used o est

Wilso

rugs such as ursodiol

congentve hear flre parasic and
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GASTROINTESTINAL SYSTEM

Liver Physiology and Pathology

Stage | Demonstsable by ulrasonography

Stage I Demonstration of a fluid wave

ful distension

Stage IV Tense,p:
with marked wast

FIGURE 6-28 ASCITE:

Stage it
Marked distension,
spider nevi, caput

Ascites, the abnormal accumulation of flid within the abdominal
cavity, has a wide range of causes (cancer and kidney, heart, and

pancreatic disease) but most often develops as a result of liver dis-

ease. The underlying disorder requires treatment (eg, bed rest to
200

reduce Di d
agents such as spironolactone, amiloride, and triamterene.
o
receptors




Liver Physiology and Pathology GASTROINTESTINAL SYSTEM

Pathophysiology of Ascites Formation

Inerior
Ve Gave Thoracic duct
Central veins compressed
and obstructed by fbrosis
and regenerative nodules,
reducing venous outlo

Lymph from subdiaphragmatic

limitof capacity
Sinusoidal pressure
clevated

Centralvein.

Portalvein
engorged;

pressure

subdiaphragmatic
fymphatics

FIGURE 6-28 ASCITES

v, ’ " " loop diretics (eg, bumetanide, furosemide,
ide indirectly thiazides ( i if potassium-
i aldost ¥
dng sodi don. Stronger diuretics such hypovolemia (and shock) and hyperuricenia (and gout).
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GASTROINTESTINAL SYSTEM Nausea and Vomiting

e racranil pressure

Vs

Vestbulr simuli_—>=

FIGURE 6-29 PHYSIOLOGY OF E

Nausea,  is located in the medula. The chemoreceptor trigger zone (CTZ),

8 is omit. in o the floor of ventricle IV, i quite sensitive
Emesis i caused by allergy, food, anticancer drugs (eg, cisplatin), 1o chemicals. The bloockbrain barrier is poorly developed in the
hepatii, st Central CTZ (accessible to emetic agents in circulation). The vomiting
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FIGURE 6-29 PHYSIOLOGY OF EMESIS

center (VC) integrates the emetic response and is located in the  from nerve endings of vagnl sensory fibers i the Gi tract, vestbular
lar retcular nucle, high
the nuc reticular d  disgust, the CTZ,
isceral and somatic motor nuclei). The VC. inputs
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GASTROINTESTINAL SYSTEM

Nausea and Vomiting

Emesis

Vomiting induced by the emetic syrup of
pecac s occasionally ecommended for
pediaticingestions, being managed at

home, in consultaton with the poison
center. It o longer

hasarole n the
il management of poisonings.

Receptors, Transmitters, and Drugs Involved in Mediating Vomiting
Structures Receptors Agonists Antagonists
‘Avea postrema D, ‘Apomorphine Antidopaminergic drugs
LDopa
cz
Vestibular nuclei MH, Cholinomimetics Dimenhydrinate
Nucleus tractus solitarius Histamine Atropine
Vomiting center M Cholinomimetics (eg. Atropine
physostigmine)
Vagal sensory nerve endings | SHT, Serotonin Ondansetron
Granisetron

FIGURE 6-30 ANTIEMETICS

here i Hy .
dmnhydunm, clizines, diphenhydramine, hydroxyzine) block H,

d blocking
D, receptors in the area postrema and CTZ. Benzodiazepines (eg,

midbrain to
Most Hy blockers have addtional antchalinerglc action, and

fazepam, | useful for anticipatory nausea and vom-
Hing bfore cancer theapy.They are s used orvestular

The
newer histamine blockers are not useful because they cannot pen-
barrier. Dopaine. tocl

). Muscarinic receptor
amtagorisshave a\so e ke eopolamins o now vl
abl

pramide, domperidone, dol

emesis by blocking M, receptors in

usually
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DRUGS USED IN DISORDERS

OF THE RESPIRATORY SYSTEM

OVERVIEW

Respiration comprises the sequence of events that result in
exchange of oxygen and carbon dioxide between the atmos-
phere and the body's cells. The major structural components
of the respiratory system are the nasal cavity, larynx, pharyn,
trachea, and lungs. The lungs contain the bronchi, which
branch into smaller passages called bronchioles and end as
pulmonary alveoli. The respiratory system serves 4 major
functions: (1) gas exchange (oxygen and carbon dioxide);
(2) sound production, or vocalization, caused by passage of
air over the vocal cords; (3) coughing; and (4) abdominal
compression during urination, defecation, and parturition
(childbirth).

Cellular respiration requires inspiration of oxygen and elim-
ination (via expiration) of excess carbon dioxide, the poiso-
nous waste product of this process. Gas exchange supports
cellular respiration by constantly supplying oxygen and
removing carbon dioxide. Inspiration occurs when contrac
tion of respiratory muscles produces an expansion of lung
volume, decrease in alveolar pressure, and influx of air (oxy-
gen) into lungs. Expiration compresses the lungs and

Iveol h

e,

gas out of the lungs. Every 3 to 5 seconds, nerve impulses.
stimulate the breathing process, or ventilation, which moves
air through a series of passages into and out of the lungs, after
which an exchange of gases occurs between the lungs and
the blood (called exteral respiration). Blood transports the
gases 10 and from cells in tissues. Exchange of gases between
the blood and cells is called internal respiration. Finally, cells
use oxygen for specific functions: cellular metabolism, or cel
lular respiration.

The process of cellular respiration is compromised by
diseases of the respiratory system. Common  respiratory
diseases include asthma, chronic obstructive pulmonary
disease (COPD, which includes emphysema and chronic
bronchitis), acute bronchitis, dyspnea (difficult breathing)
and pneumonia. Drugs for treating the respiratory system are
used primarily to open bronchial tubes, cither by reversing
effects of histamines (which are released by the body when
exposed to substances that cause allergic reactions) or by
relaxing muscle bundles surrounding bronchial tubes.

Asthma, which involves constriction of pulmonary pas-
sages and secretion of excess mucus, is characterized by dys-
pnea, coughing, and wheezing and can be precipitated by
triggers such as allergens, cold air, viral infections, bacterial
infections, and exercise. AntHIgE antibodies, mast cell degran-
ulation blockers, smooth muscle relaxants, and anti
inflammatory agents are major drug classes used for asthma.

Emphysema results from the breakdown of alveolar walls,
which leads to reduced alveolar surface area and impaired
cellular respiration and gas exchange. Acute bronchitis
results from inflammation of bronchial passages and has
causes similar to those of asthma. Chronic bronchits is
characterized by persistent production of excess mucus in
bronchial tubes. Cough, shortness of breath, and lung dam-
age are typical of chronic bronchitis. Medications for COPD
include shortacting b2 agonists and bronchodilators.
Pneumonia is an acute lung inflammation that results in col-
lapse of lung tissue and can be treated with antibiotics only
‘when the cause is bacterial,




RESPIRATORY SYSTEM

Respiration: Physiology and Pathology
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FIGURE 7-1 OVERVIEW.
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Termina bonchicke

i musce
fiers

Adnus

Acinus

Respiaton means ventlation,orbreathing, The 2 phases of
breathing.
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is classifed into 3 functional categories: external respiration,

exchange of gas between the atmosphere and blood internal res-
piration, exchange of gas between the blood and cells; and cellular

respiration, the process whereby cels use oxygen and convert

ing, sneezing, and abdominal compression during urination, defe-
cation, and parturition. Pharmacologic intervention becomes




Respiration: Physiology and Pathology

RESPIRATORY SYSTEM

Sites of Pathologic Disturbances
in Control of Breathing
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FIGURE 7-2 Diseasts

The most common respiratory disorders are asthma, cough, COPD
(emphysema; chronic bronchiti), and pneumona. Less common
disorders are hyperventilation (excessive inspiration and expira-
ton; apnea(temporay reating cessaton tht may fallow hyper
ventilation); and rhinits (nasal mucosa Drugs used

metabolism by the iver and intestine, and minimization of adverse
effects. Certain drugs used to treat asthma (eg, theophyline,
albuterol,terbutaline) can be given orally. Parenteral dosing
lmllava:uv?av, m»mxaneous, ot rimiscui) ey b peedid

for these conditions are normally given I)v inhalation (metered
dose or nebulized inhaler) or by oral means. Inhalation is preferred
because of direct drug delivery to lungs, avoidance of firstpass

o the G act I oar i e ok dehvn‘vzd e
adverse effects can result



RESPIRATORY SYSTEM

Allergy
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FIGURE 7-3  ALLERGY.

-~ Kinins a——?

“The term allergy, from the Gi
(reactivity), was first used to describe patients who had reactions
caused by he ffectof extena acors,or alrgens,on the body's

toidentify the aller inflam-
mation. Thus, a sensiivity to a material that causes a symptom is
allergic only i it has an identifiable mechanism. This distinction
b f d i

reactions of

flen,

d luation and treatment. Treatment of an alergy as if

versa. In asthma, allergens

le, such as food, pol
bee stings, mold, ragweed, and drugs. The allergic person’s
jign and mount;
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increase sensitivity of bronchial smooth muscle, thereby creating
an allergic state.
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RESPIRATORY SYSTEM

Granulocytes

Neutrophil

Eosinophil

Basophil

LEUKOCYTES IN THE ASTHMATIC RESPONSE

Antigen
[

“Lymphocytes
(T cells and B cells

Monocyte/macrophage

Plasma cells

Recruitment of eosinophils

FIGURE 7-4 LEUKOCYTE FUNCTION

heparin, serotonin, etc.)

Humans
{oxic agents (eg, bacteria and viuses). Major celsinvolved in

atean

) and basophils, par

def
cells. Like all blood cells
Leukocytes can be lasifled into 2 basic casses: granular, which

store meditors in g anules, and mnnoﬂudul oraganular,which

\ma. Agranular cells are monocytes, w
pmmm reen pamde;, andmphocyes, which pliy a it

have no granules. Three types
vophie oot bsephie. Eosnophls, which hagocy

pe) -
thesize IgE aniibodies.
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General Management Principles for Allergic Rhinitis

= [j <&

Nﬂumhmg
nonallergenic  Liberal Adequate fest Reasonable physical
diet i intake andsleep. activity and exercise
oo Tobacco  Extremes of

Overfatigue  Dampness Volatie chemicals ~ fumes temperature
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o
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ey ..
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humidiers,
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FIGURE 7-5 ALLERGIC RHINITIS

Allergic thinitis (hay fever), an inflammation of iritation of the and s caused by indoor allrgens (g, animaldandier, mald spores,
lining the I dust mites).

cause the body tibodies. The ¥

release and
he tuffy or runny nose, ion), o
itchy eyes, noisy breathing, it fatigue, poor appetite, and to histamine and minimize the allergic reaction), and cromolyn
nausea. The seasonal disorder is caused by pollen and normally  sodium (inhibits histamine release, which reduces or stops the
ws g winter;
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‘caused by:

Infection
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Adenylylcyclase deficiency
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Airway inflammation,
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FIGURE 7-6 TO ASTHMA

Bronchial asthma, known simply as asthma, is a chronic lung dis-

1012 hours later. Unlike diseases such as cystic fibrosis or chronic
bronchitis, asthma

lower air-
ways. Asthma affects approximately 5% of the US population, or
10 millon people. The most common sympioms are acute con-
strction of bronchial smooth muscle, cough, chest tightness,
wheezing, and rapid brea

i Asthma typically occurs in 2 stages:

10 COPD.
Rather, it isa recurrent iness with periods of remission and exac-
erbation. However, a small percentage of patients with asthma
present symptoms continuousy. Precipiating factors include

infections, allergens, irrtant inhalants, stress, and other triggers
Deaths caused by asth inf

m
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Asthma

Extrinsic Allergic Asthma: Clinical Features

Young patient: child or teenager

oot
= e
iy Ngesier
positive. may be present

FIGURE 7-7 EXTRINSIC AND INTRINSIC ASTHMA

favoraic
response to w =
hyposensitization

o asociaied ,{ ~

Atacks acute but usually sefmiting:
prognosis favorable; condiion often
but may become chronic;

disease

an antigen. IgE antibod h Iis and, with reexposure

nds or the
pathogenesis i the mmunologi. or anigen challense, mode
1gE antibodies produced by airway mucosa mast cells mediate
asthma. B lymphocytes synthesize IgE antibodies after exposure to
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0 antigen, form aniigen-antibody complexes. The complexes
wigger synthesis and release of mecators, such a histamine
leukotrienes (LTC, and LTD,), and prostaglandins,from mast cells



Asthma RESPIRATORY SYSTEM

FIGURE 7-7 EXTRINSIC AND INTRINSIC ASTHMA

Bronchoconstriction and vascular leakage result. Other sub- I flections and i ke
stances (eg, cytokines) mediate the late response (IgE release). toms. Intrinsic asthma develops later in lfe, has unclear causes, is
c ids responses by i is, and s

production. In i are not ment than e
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Asthma
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FIGURE 7-8 ASTHMA P Y
When expore o alergens camnot e svoided crug harapy s toe sgais o conto ronchnfarenation, Wit these g
needed, the major goals hem d  patients rarel ly il or in need
Patients can . and this

agents that worsen hmn:mspism and inflammation. Major classes
of drugs for asthma are antigE antibodies, blockers of mast cell
degranulation, smooth

therapy i i much les expensive thanprevious emergency manage:
nt. Now, antinflammatory agents are the firstline therapy for

agents. Bronchodiltors were the frst and most effective reat-
ment, but a better approach is prophylactic use of aniinflamma-
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ccasional symptoms. Broncho-
iators re sl used but only when atiammatory therapy i
inadequate, and then in smaller amounts.
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FIGURE 7-9 ANTI-IGE ANTIBODIES

A. Genetically atopic patient
exposed to specific antigen
(ragweed pollen illustrated)

Light chain

Heavy chain

—

i fragment

C. Mast cells and basophils
sensitized by attachment of
IgE to cell membranes

i of IgE to mast cells

One of the more is use £ antibodi

ble antHgE

meory, drugs acting as antIgE antibodies o prevent IgE bmd
uld

acivated antigenigE complexes and suppress rlease f i

s

ibody, Rhumab-£25, is a recombi-
o hamatsig oot o g By S chew.

lating IgE in the blood, Rhumab €25 blocks release of infammatory
mediators by keeping IgE from binding to mast cells. This antibody,

hat

s medators such s histamine, prosagandin,and \znkclnenzs
cough-

trials for seasonal alergic rhinitis and allergic asthma.
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Asthma

D. Reexposure to
same antigen

ALLERGIC REACTION

Mucous gland —
hypersecretion
Smooth muscle
contraction =
Increased capilary-
permeability and

inflammatory reaction

Eosinophilattraction -

Vagus

SRS
(slow-reacting

substance.
of anaphylaxis)
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chemotactic factor
of anaphylaxis)

Nedocromil

- - Prostaglandins J
- Serotonin ._J
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FIGURE 7-10° MAST CELL DEGRANULATION BLOCKERS

Cromolyn and nedocromil block mast cell degranulation by sup-
ediator

(early response) and reducing eosinophil recruitment causing air-

way inflammation. Neither drug directly alters smooth muscle tone

or reverses bronchospasm. Both drugs, usually inhaled as aerosols,

canbe

asthma (especially exercise induced); even when given after re-

are restricted 1o deposition site. Cromolyn is preferred for young
patients. Both drugs alter CI- channel function, which (1) on ai-

y (2) on mast cells delays

asthma. Nedocromil

effects and is more potent than cromolyn in patients with ex
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vents inflammatory responses to antigens.
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FIGURE 7-11

Drugs

lly or p: tramus-
cular, nugs have a rapid onset of

tion. Some agents, especially theophyline and padrenergic
agonists, inhibit late response inflammation. These drugs are usu-
a persistent cough

les and reducing air-

ction (within mintes), b the ofec usualy wanes I 5 107
ours. Some agents, especially theophyline, inhibit the delayed
response to antigen. The most common bronchodilators are
theophyline, caffine), fradrenergic agonists

present. In addition to rel
way reactiviy, bronchodilators reduce coughing, wheezing, and
shortness of breath. Agents are usually given via inhalation, but

(eg, isoproterenol, albuterol, epinephrine), and cholinergic antago-
nists (e, atropine, tiotropium.
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e e, calfine, s f AP 10 ANP.Metntines may prevet AME
oot e sl v oo, ooyt sy oy ok ol ke e o
bronchial smooth muscle activity, most likely by increasing intra- adenosine, which may induce bronchoconstriction and inflamma-
e S i bt Gt b s o e oo i e
. il et and o o o, e o i

tablets and syrups, sustained-elease capsules and tablets, and
The synthetic Ip p
stops cAMP effects and reduces CAMP levels by catalyzing hydro-  who are unable to use theophylline.
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FIGURE 7-13 METHYLXANTHINE: ADVERSE EFFECTS
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Catecholamine Action on a and § Receptors of Heart and Bronchial Tree

By
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FIGURE 7-14 - AconisTs

B
Dilatation and decreased secretion of mucus

Bronchodilation O

@ Adenosine
@ Acetyicholine

Another class of dr e, -
adrenergic agonists, i used to relieve a sudden asthma attack or
block exerciseinduced asthma. These drugs relax bronchial
smooth muscle, inhibit mediator release, increase transport of

d al i

igonists (eg, epinephrine, ephedrine, isopro-
terenol) stimulate all p adrenoceptors (B, and B, classes). These
nonselective actions often produce fects, particularly in

the CNS and cardiovascular system. Selective drugs that activate:
i

is mediated by are
located on smooth muscle cells in human airways. Nonselective

only B, receptors (eg, albuterol, terbutaline, salmeterol) are the
t
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FIGURE 7-15 NONSELECTIVE AGONISTS

Bronchial smooth
muscle cell

Management of Acute Asthmatic Attack

1. Give aqueous epinephrine 1:1000
subcutaneously. I initial response is
adequate, repeat at 30 10 60 minute
intervals as needed; oxygen as indicated.

refractory, give
aminophylline
intravenously

3. necessary, corticosteroids,
which act more slowly,also.
can be given.

Agents that activate both f, and f, adrenoceptors have long been

used to treat asthma. These drugs are potent, rapidly acting bron.

chodilators, but their stimulation of the cardiac syste i a serious
drawback. The major agents are epinephrine, ephedrine, and iso-
proterenol. Epinephrine is either inhaled or

rate, and exacerb physi-
cians rarely prescribe it. Ephedine, used in China more than 2000
years ago, has the longest history of use of any antiasthmatic. It has
a longer duration of action, lower potency, and greater oral activity
H has marked

and s the active agent in many over-the-counter preparations.
Maximal bronchodilation is achieved 15 minutes after njection
and lasts approximately 90 minutes. Because this drug stimulates

, particu-
larly in the CNS, and is rarely administered. Isoproterenol i charac-
terized by a rapid onset of action, with peak bronchodilation
‘oceurring within 15 minutes of injection.
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Asthma

Catecholamine Action on « and f Receptors of Heart and Bronchial Tree

Selective B advenergic agonists

A
b

454
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FIGURE 7-16 SELECTIVE AGONISTS

Secct B,-ndvenu(!pmv activators are the most widely pre-
rpathomimeic duss becaus o hef B selectiviy, oral

4 hours. Terbutaline, metaproterenol, and albuterol can be given
orally as tablets. Terbutaline, the only drug that can be used subcu-

“civit, and vpid onset and long duration of . The  taneously, is given for severe asthma attacks or if insensitivity to
st dnsgs- metaproerenol rbotalne, albuerdh simeterel,  inhaled agets exist, Two. new drugs sameterol and formoero,
hduss
effects with the fewest adverse effects. Inhaled agents cause S can i s 12 v o s S
th Js that of s nd P i i
o
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FIGURE 7-17 ANTIMUSCARINIC

Acetylcholine mediatesits physiologic effects via 2 types of recep-

bronchi.Ipratropium bromide and atropine are most commonly
[

tors: muscarinic and cholinergic. are GPCRs
thatae densely expressed in the airways. When stmulated,
sse muscle contraction, which leads to

antagonists, or anticholinergics, prevent acetylcholine from pro-
ducing smooth muscle contractions and excess mucus in the

less effective than adrenergic activa
tors. However, these drugs enhance bronchodilation induced by
;az adrenoceptor agonists, so patients often take both anticholiner-

 and f, agonists. Dry mouth, bitter aste, scratchy throat, and
Remcachm e e maor verse efecs,
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Corticosteroid Actions in Bronchial Asthma
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FIGURE 7-18 C

& d i drugs simil eosinophils, tes, mast cells and lymphocytes.
i Treatment  C reactivity,
with these agents thma, allergic thi quality, y a
rhrits. Cc ids inhibit late phase h ks. However, relax
Hudi the only ones needed to
treat asthma if their adverse effects were not so pronounced.

ly

p
challenge) by various mechanisms, eg, reduced (1) number of mast
cellslining, y

by flunisolide, budesonide, and mometasone.
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Metereddose
inhaler

Spacer

Lipid-soluble, inhaled
corticosteroids
Beclomethasone J
Huticasone f
Triamcinolt
fiamcinolone. e
deposited in chamber rather of small partcles which
than in patients mouth ravel to smallairways
FIGURE 7-19 CORTICOSTEROIDS: CLINICAL USES
Corticosteroids have marked adverse effects on nonrespiratory  the quantity of drug deposited in the mouth is minimized. Spacers
systems, so inhalation (maintenance therapy i asthma, via inhaler) are crucial for therapy with corticosteroids, which have many
o theinranasal n allery, s asa pray) route s prefre adverse effects. Regular doses of aerosol agents are smallr than
stufy nose, nasal d doses used in pillform. The smaller,regular doses reduce side
e o eaminoths et by i ffctey.  offc ik anc may oinat  nee o sefosolserokl: O
prevent asthma attacks. Spacers (chambers) can be attached to prednisone or IV methylprednisone is used only when patients are
educe the velocity insensitive (0 the inhaled drugs or need urgent treatment for

the drug the amount of drug reaching the mgs s maximized,and  severe asthma attacks,
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y Agents: C
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— Reduced severityof asthmatic symptoms
Decreased inflammation
No direct muscle relaxation
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Heart

Diarthea
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FIGURE 7-20 CORTICOSTEROIDS: ADVERSE EFFECTS

Taking corticosteroids orally (prednisone) and intravenously
s hort

use (days) of prednisone can lead to increased appeltite, weight
gain, diarrhea, headache, mood changes, and insomnia, and possi-
bly hyperglycemia and hypertension. Cessation of shortterm corti-
costeroid use or taking smaller doses of these agents usually
minimizes or eliminates the effects. Adverse effects that accom-
pany long-term (months to years) oral and IV therapy are sup-
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d
weight gain. Long:term use may also promole osteoporosis,
cataracts, and thinning of the skin. Efforts to develop safer cortico-
steroids with antiinflammatory properties but lacking adverse
effects are ongoin. Lipophilc steroids, such as beclomethasone,
flunisolide, budesonide, and mometasone, have a strong safety
profile and are almost devoid of the orally precipitated systemic



flammatory Agents: Leukotriene Antagonists

Cell membrane

Phospholipids
22 Yl

Angiotensin

Corticosteroids

RESPIRATORY SYSTEM

0 0 0 8

Arachidonic acid

coon

Sipoygenase

Leukotrienes
(T8, LTC,, 1TD,)

INFLAMMAHON

FIGURE 7-21 LEUI

arachidonic acid derivatives that are involved in
inflammatory processes including asthma and anaphylaxis. The

Leukotriene:

enzyme SHipoxygenase catalyzes synthesis of arachidonic acid
into unstable intermeclates, which are converted into le

A number of airway cells (including mast cels, m
cosinophils, and basophils) synthesize, stor

subtypes of proinflammatory leukotrienes. Leukotriene B (LTB,)

NSAIDs --@-» | Cycloorygenase (COX)

Prostaglandins  Thromboxane

Prostacyclin
P (PGE, PGP) A

Gly)

RIENES o

attracts additional leukocytes, and LTC, and LTD, increase
brondl tivity, bronchoconstrictio

Evidence that inhaled leukorier
and that antigen challenge in sensitized airways augments
leukotriene synthesis supports a role for these mediators in asthma
and a rationale for development of drugs that block leukotriene or

Slipoxygenase action,
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Cough

RESPIRATORY SYSTEM

Causes of Chronic Cough

Etology of Chronic Cough With a Normal Chest Radiograph

tnasalcrp (26-41%)
gt

GERD (mediated via
e musiony (031%)

primary.

complex

Carcinoma

hypertrophy
and diaton

COPD (pulmonary emphysema)

FIGURE 7-23 CouGH

Asthma

Causes of Chronic Cough
4 m,.,.‘ With Abnormal Chest Radiograph

Cause Prevalence
Postnasal drip 241%
Medication (particulary | Asthma 2433%
LY
GERD. 021%
‘Cheonic bronchits S10%
Postinfectious (often,viral URI) bronchial 10%
hyperresponsiveness
Bronchiectasis %
'ACE inhibitors racheomalacia, cosinophilc | 5%
bronchits, psychogenic, etc

Chronic bronchits (5-10%)

i e

Leftsided congestive
heart faiure and
pulmonary hypertension

Poan

‘ough-forceful release of ar from lungs—is a sudden, often invol-
unlavy reflexand a majo defense mechanism. A iiation
whi

pressure; and emitsair and irtants (at 100 mph). Coughs triggered
by drainage of mucus from nasal passaes into airways are treated!

 stimulat-
o the ...wm, whl:h then activates aferent nerves going from
i

with .
(e, in bronchits) last for approximately 2 weeks. Persistent,

the vagus nerve
Actvated cough m.mm in the medulla drive a reflex that inii-
ates inspiration (2.5 L of air) increases contraction of diaphrag;

tic, abdominal, T

in smokers) must be evaluated. Coughs occur:
ring with blood, chest pain, shortness of breath, weight loss, or dys-
pnea may indicate serious disease. Coughs in infants may indicate
a lung disorder
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Cough

From hypothalamus.
and higher centers

Medulla:
h

i Vagus nerve (efferents to smooth muscle
i and glands; afferent fibers from laryn,
L tracheobronchial mucosa and alveoli):

———= Parasympathetic efferents
——— Sympathetic efferents

——— Afferents

Superior cervical

Descending tracts sympathetic ganglion

in spinal cord

spinal cord

Sympathetic

$¢,
é

Sympathetic nerves

Common

Cough receptors

lex)

FIGURE 7-24 CouGH (A AGENTS)
c opioids that redy cen- d , including analgesia, addiction, seda-
1o peripherally activated afferents. Receptor  tion, euphori depression,uses, voring and on-
the reflex and mii stpai

Op
opium popey plant such as hvdromomho»e, hvdmcedme, s

Opluds desensiize central cough receptor, reduce ainway

owet than doses tha evoke mostofthe undeatable efecs, paric-
ularly analgesia and addiction. Dextromethorphan, a morphine
derivative and glutamate antagonist, suppresses the cough center
and has fewer adverse effects than other opioids, which accounts

mucous secretion, and alter
230
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Chronic Obstructive Pulmonary Disease RESPIRATORY SYSTEM

Chronic Obstructive Pulmonary Disease|
of Chronic Bronchi

n
and Emphysem:

Pursed-Lip Breathing in COPD

Ondinary

’ . breathing
inCOPD’

Bronchi collapse.

Resistance to

Bronchiremain

FIGURE 7-25 CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Chronic. . the it [

ungs, lung elasticity and causes airway collapse
chits i COPDand a
accounts for approximately 90% of all cases. Heredity,second-  begins in smallerlung airways and advances gradually to larger air-
hand smoke, exposure 1o air pollution, and history of childhood  ways. Increased mucus in the airways and more frequent bacterial
piratory infecti I tisk factors, COPD sympr infections in the bronchia result, which, in tur, impedes airlow.
are chronic cough, chest tightness, shortness of breath, and Ipratropium, theophyline, and albuterol are among drugs used for
mucus. ible treatment.
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Chronic Obstructive Pulmonary Disease

Centriacinar (centrilobular) emphysema

Magnified section:
dtende, ercommunicain,achke
spaces in cental area of acin

Gross specimen;

FIGURE 7-26

Normal lung acinus
(secondary lobule)

T e

nd order b Respiatory.
e bronchiokes
Alveolar ducts
Abveolar sac

Centriacinar
(centrilobular)
physema

Distended respiatory.
bronchioles of
orders communicating
with one another

Panacinar
(paniobular)
cmphysema
Al airways and alveol

involved with breakdown
of dviding walls

Emphy i structures in alveol

pacity In others,
flated. a fully expand and ible. Short
tract. Patients can inhale, but exhalation is difficult and inefiicient.  of breath, chronic cough, cyanosis (bluish coloration of skin caused
Emphy ren is usualh d by c  abr by lack of oxygen), and exrtoninduced wheezing ae the mast
ties of the i Ithough emph impotence, fatigue,

ranks ninth among chronic conditions that reduce activity, the seri-
ousness of the disease varies. Some persons never reach a stage of
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Chronic Obstructive Pulmonary Disease RESPIRATORY SYSTEM

Effect of Emphysema on Compliance and Diffusing Capacity (Dico)

Hlastic (recoil pressure (Pe)*

Fewer capilaries

Increased compliance (V/AP)
Impaired difusion
Increased lung volume

1007 inemphysema
100 f av Digo decreases
nc a5 clastic recoil
¥ & .
hat 7 N
vedic <o
st ef Do
hat
4¥ prcicted
o7
71— o0+
] 30 T
asicrecoi) pressure Pl Pel s of that predicted 24
. w X%
and
FIGURE 7-27 Chus
pri is ci ing. Tobacco Holes intssues of the lower
ke and. icals wit fongs The prispirelats lesoxygen t he bodean,
aiveoli airsacs. The alveoliplay a criical ; and the
from the Jood. Gases i iy

Iy; after
Sucgh o T fragile. ki Damage to air sac walls  pollution, and iritating fumes.



RESPIRATORY SYSTEM Chronic Obstructive Pulmonary Disease

FIGURE 7-28 INHERITED E/

Hypothesis of the Role of , Antitrypsin

A Antteysin present
i suffcient amount
Circlating granlocyte
Proteolyic enzyme (irysin)
ayAnttrypsin
Granulocyte engalfing and
digesting bactera and/or
particulate matter

Granuooyeled,roleasios
protealyic enzyr

Proteolyic enzymes
inactivated by

a-antirypsin

B, Antitrypsin deficient

Granulocyte lysed, releasing
proteolytc enzymes

Proteolytc enzymes
ttack lung parenchyma;
alveolar walls and
respiratory bronchioles.
weakened, resulingin
panacinar emphysema

s it oo
deficency tends to be m
e o base, robabl
Eriyindoced ereased nperuson
and sequestration ofgranulocyte

in, a major i

blood protein of many genetic varations, only a few of which n,-cmmyysm inthe blood. Sympmms of mhemzd emphysema are
d gen therapy, and

i pulmonary i the

Elastases, carried in leukocytes, protect lungs by kiling inhaled [ i dsecond:

b icles I d

action after protective enzymatic work ends. Elasases destroy Srgeny ee ptons o paents with srousefectof aranitypsin

airsacs of lungs in people who lack a-aniitrypsin. Intravenous deficiency.
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Chronic Obstructive Pulmonary Disease

RESPIRATORY SYSTEM

FIGURE 7-29 CHRONIC

Bronchi re air passages that connect the trachea, or windpipe,
priploy i

months. Also, the
er each time. Obstruction to

old bri

ge
airflow in air swelling.

peoplewitha el
bronchitis, which is usually accompanied by fever, cough, wheez-
ing, and spitting. The term chronic bronchitis is applied when these

pr

th after mild exertion. Chest i
prevalent in patients with chronic bronchitis,



RESPIRATORY SYSTEM Chronic Obstructive Pulmonary Disease

FIGURE 7-30 COPD: GENERAL TREATMENT MEASURES

Various treatments are available for people with severe COPD (e,

a

+J

Stop smoking Use of i s
purifers,or
Condiloners

Continuation
of usual
activiies up

tolmits o
capabilty

respiratory infectiors \

F. Practice of
pursed-ip breathing

Atleast 3 /24 Frequent small meals
bediime snacks,etc

some relef but rarely have a major impact on physical limitations
brought on by COPD. Such drugs include antibiotics for bacterial

involved medicines, inhalers, cessation of smoking, regular exer-

cise, and oxygen t
be continued to the point of exertion and shortness of breath,

infections, oral medications, bronchodilators, and other inhaled
crcise s paricarycrucal and should - medicatons. Oxysensupplementation o porablecontainers

g edcton sugery Lo remove damaged ung e, andung
used in extreme cases of C

used to strengthen respiratory muscles. Medicines may provide
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Chronic Obstructive Pulmonary Disease

RESPIRATORY SYSTEM

Specific Measure:

of Chronic Ol i

Aerosol nebulizer;
hand-squeezed or
saspropelled
-

»

y Disease

A. Bronchodilator therapy

1, or aerosol)

hospital

B. Clearance of secretions.

Postural
drainage Bronchoscopic suction and/or lavage.

e

N

ol with
ﬁ it

Venturi mask for
wcutely il
patientin hospital

FiGURe 7-31 COPI

PECIFIC DRUG T

C. Oxygen administration

Portable
unit

Specific medications prescribed for people with COPD are short
B, Ibuterol

Statesfor reatment of COPD. Oxygen s gven in cases of acute
ol

Imeterol

given at the first

(eg, ipratr

which all help to open narrowed airways. Corticosteroids that are.
inhaled or taken orally minimize inflammation. The role of the anti-
infammatory medicatons s ot wel dfied, and, although -

these agents are the United

infection to preventfurther damae of discased
Hungs.Finally, expectorants, which help to loosen and expel mucus
ffom the airways, can faciitate respiration. Adverse efects of bron-
chodators and corticosteroids can nclude arhythmias, coush,

and cataracts.
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Restrictive Pulmonary Disease

Residual volume reduced
FEV, reduced
FEF 35,755 reduced or normal

Residual volume

FEV,

FEV,

‘Normal

i
Resdual volume

Restriction

H H o

Time (seconds)

Maximum Expiratory Flow-Volume Curves

Flow (iters/second)

Lung Volume (iters)

FIGURE 7-32 RESTRICTIVE PULMONARY DISEASE

). Perkins
S

TLC and VC decreased

Tidal vol. (VT)

Expiratory

vol. (ERV)

Functional
residual
capacity
(FRC)

Residual
vol. (RV)

Normal Restriction

Restrictive lung disease reduces the amount of inhaled air because
of decreased elasticity or amount of lung tissue. Reduced lung vol-
ume results from altered lung parenchyma or disease of the pleura,
chestwal ofneuromuscua aparaus Lower ol lung capacly

(pneumonitis). These diseases are idiopathic fibrotic, connective
tissue, druginduced lung, and primary lung diseases (eg, sarcoido-
si). (2) Extrinsic, or extraparenchymal, diseases affect chest wall
pleura, and respiratory muscles [(esplmmrv pump components),
with and

il capacy, o resig kg vlume ofen o
are clas e baisof anstomical sracure (1) Itinsle ung
hy

Renase, o choasss o g
caniog of g thsue ot restin g of aspaces with s
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Pneumonia RESPIRATORY SYSTEM

Pneumococcal Pneumonia

A Lobar pneumonia;,
vupperlobe.
Mixed red and gray

hepatization (iransition
stage) pleural fbrinous

€. Puralent sputum with preumococci (Gram stain)

. Colonies of pneumococci growing
on agar plate

_upper lobe and segment of
. lowerlobe pneumonia

. Pathologic changes in zones ravascular | Puvlent pericaris

of the pneumonic lesion Endocardits

Sepiic
artis
Normal lung tssue

27" Zone of resolution =
Alveolar macrophages ~
er edema zone replace leukocytes -
veot e St
containing. and some pouring: .
preumococci ind destroyed
G. Quellung reaction. Swelling of bacteril

capsule when exposed to antibody

FIGURE 7-33 PNEUMONIA

Preumona s nfl of the lung, with the and parasites. Pr i
diseased part and alveolar air spaces filled with exudate, inflamma-  begins aiter an upper respiratory tract infection, with infections,
tory cells, and fbrin. Most cases result from infection caused by of the nose and throat being the most common culprits. Symptoms
various microorganisms, including viruses, bacteria (eg. vary and depend on the patient’s age and the cause of the
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RESPIRATORY SYSTEM Pneumonia

Infectious Agents Causing Pneumor

Class. Htiologic Agent Type of Preumonia
Bacteria Streptococcus pneumoniae Bacterial preumonias
Streptococeus pyogenes
Staphylococcus aureus
Kiebsiella pneumoniae
idomonas aeruginosa
Escherichia coll
Yersinia pestis
Legionnaires bacillus Legmnrm}res disease
Peptostreptococcus, Peptococcus (anaerobic) preumonia
Bacteroi
Fusobacterium
illonella
Actinomycetes ‘Actinomyces israeli Pulmonary actinomycosis
Nocardia asteroides Pulmonary nocardiosis
Fungi Coccidioides immitis Coceidicidomycosis
Histoplasma capsulatum Histoplasmosis
Blastomyces dermatitdis Blastomycosis
Aspergilus Aspergilosis
Phycomycetes Mucormycosis
Rickettsia Coxiela bumetii Qever
Chiamydia Chiamydia psitaci Psittacosis
Omithosis
Mycoplasma Mycoplasma pneumoniae Mycoplasmal peumonia
Viruses. Influenza virus, adenovirus, respiratory Viral preumonia
syncytial virus, et
Protozoa Preumocystis carinii Preumocystis pneamonia (plasma cell
pneumonia)

FIGURE 7-33 PNEUMONIA-

infection. The symptoms, which begin after 2 or 3 days ofacold  bluish or gray, particularly in children. Treatment aims to cure a
or soretheoa, incudefever,chily coughy rapid vnilation, whees: _ bacterial nfcton wihanbioics vhich do ot stack e,
ing, emesis, chest pain, abdominal and  maybe hard ral and bacte

loss of appetite. In extreme cases,lips e fngevnanls may appear 5o antibiotics may be given.




RESPIRATORY SYSTEM

Pneumonia

Influenza Virus and ts Epidemiology

virus;flamens a 10,000)
A 5.

‘A Attachment to cell

nfluenza
membrane. B. Fusion of viral envelope with cell membrane. C. Penetation into cellctoplasm.

Hemagghtn spikes Yo\\
e Neuraminidase sike g AS
=

Polypeptides.

budding from Double lpid layer
plasma membr of virs capsule-
of infected cell
Protein ayer Cell membrane
Cell cytoplasm
Pandemic Pandemic.popuiarion anibody
level 10 antigenicall

level o virus
diflerent virus

N ey

Relation of

Epidemic

Tevels®

“Modifed

afer

Moume } 1 2 3 4 5 6 7 8 0 fogn
Inroduction of Time (years)  New anigenically different

immunoloically specific virus Virus mutaton appears

FIGURE 7-34 VIRAL PNEUMONIA
Viral pneumonia is an inflammation of the lungs caused by infec-  and respiratory syncytial virus are available for highsisk patients.
tion with a virus such as influenza or parainfluenza virus, aden- Antibiotics are ineffective for treating viral pneumonia, but some
ovirus, thinovirus, herpes simplex virus,fespiratory syncylial virus,  more serious forms can be treated with antiviral medications (eg,
Hantavirus, or cylomegalovirus. Vaccines against influenza virus
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Influenzal Pneumonia

Lateralaspect of Cross secton of ng;
F arked congesiona
hyperemia and 3 bronchial mu

edemawith areas parcachymaer
of bluish thagic and mdnm.\luu)
consolidation

infivate capilares engorgeds vl
floriconaining desauamate epiheal ok
yies, and macrophage:

Eary influenzal
peumonia on
leftand several
days lter on
rightina
patient with
miral senosis

FIGURE 7-34 VIRAL PNEUMONIA

ibavirin). Other supportive care for viral pneumona includes use  but some last longer and cause more serious symptoms that
of humidifed air increased fluids, and oxygen. Most episodes of  require hospital stays. Serious infections can cause respiratory
viral preumonia improve without treatment within 1 to 3 weeks,  failure, iver failure, and heart falure,
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Pneumonia

RESPIRATORY SYSTEM

Staphylococcal Pneumonia

Severe staphylococcal preumonia
complicating endocardits, with abscess
formation, empyema, vegetations on

ricuspid valve, and embolin branches of

pulmonary artery

U
R

Staphylococeal and polymorphonuclear
leukocytes in sputum (Gram stain)

FIGURE 7-35 BACTERIAL PNEUMONI

Gramstain of sputum contaning
Kiebsiella pneumoniae organisms

Consolidation of . upper obe with
sticky, mucinous exudate on cut
surface and in bronehi, which orms
charactersic currant jelly” sputum.
ginning abscess formaton.
Fibrinopurulent pleuris

Kiebsiella colonies on Endo agar. Growth s
slimy and translucent and strings out when

A

Bacterial pneumonia, an infection that causes lung iritation,
swelling, and congestion, occurs most often in winter. It usually fol-
lows a cold and starts suddenly with fever and chills. Painful breath

Antibiotics and a humidifier (to loosen sputum and faciltate expec:
toration) are common remedies. Most cases of infectious pneumo-
nia are caused by bacteria, and nearly 70% these cases are due to

S pneumoniae. These bacteria cause disease when they move to
the lower respiratory tract n susceptible individuals. Preumococci

The incubation period s 1 10 3 days,
erythromycin makes the patient noninfective and usualy leads
1o rapid recovery. Vaccines for pneumococcal pneumonia are
available for patints at highest risk of fata infection (e those
older than 65 years)
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DRUGS USED IN DISORDERS

OF THE REPRODUCTIVE SYST

EM

OVERVIEW

Sex hormones include androgens, progestins, and estro-
gens. They are produced by the gonads and the adrenal
glands and are necessary for conception, embryonic matura-
tion, and development of primary and secondary sexual char-
acteristics during puberty. These hormones are used

abnormalities, acne, and hirsutism. Their ability to induce
neoplasms is controversial

The doses of estrogen used in hormone replacement
therapy (HRT) for treatment of postmenopausal symptoms
including vasomotor manifestations, genitourinary atrophy,
and osteoporosis are substantially less than those used in oral

therapeutically as contraceptives, as_therapy for post-
sl i d as repl

ment therapy in hypogonadism.

Combination oral contraceptives (COCs) are effective in
blocking ovulation in approximately 98% of patients and
come in many different formulations. Ethinyl estradiol and

" h d trel and

norgestimate are commonly used progestins. Also used for
contraception are progestin-only formulations to inhibit or
delay ovulation and emergency preparations such as mifepri-
stone (RU-486), given along with misoprostol, for medical ter-
‘mination of intrauterine pregnancy. Although COCs do have
adverse effects, they are associated with beneiits unrelated to
contraception, such as a reduced risk of ovarian cysts, and
can also ameliorate other menstrual and reproductive system

contraceptives (OCs). The risks and benelits of estrogen in
regard new

roprotection, and carcinogenicity have been a subject of much
debate and are the focus of considerable research efforts.

Certain hormonelike drugs whose estrogenic activities are
tissue selective (the selective estrogen receptor modulators,
or SERMSs) have different therapeutic uses, including preven-
tion and treatment of breast cancer (tamoxifen) and osteo
porosis (raloxifene).

Infertiity associated with anovulatory menstrual cycles can
be treated by use of antiestrogens such as clomiphene.

In female patients with failure of ovarian development, ther
, usualy bi h epl
cates most of the events of puberty. Testosterone replacement
therapy is used for male patients with hypogonadism.




REPRODUCTIVE SYSTEM Organization and Function of the Reproductive System

Piuiary
anter

2nd tesicular

(estrogent)

Estrogens  Pregnanediol

rogens Urini
(and 17ketosteroids) Sansdonopiol

FIGURE 8-1 ORGANIZATION OF THE REPRODUCTIVE SYSTEM

They the
are produced by the gonads and i s i G aeceiy st st luu.d»snmulanns hormone (SH, wih efecs on

forconcept i the ovaries steroids d masculiniz-
h ing effects in Pty and females. Tesluslemne, the main

hese ' the

trolled by a neuroendocrine cascade involving the hypothalamus, cells,as ey by ovaries in women and

pituitary, and ovaries. For control of this cycle, the hypothalamus by adrenal ands. Testostrone secretion s aso contolied by
releases gonadotropinseleasing hormone (GnRH), which triggers  the hypothalamus-piuitary cascade.
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Organization and Function of the Reproductive System REPRODUCTIVE SYSTEM
e BN B
Feedback regulation e Feedback regulation
of GnRH and GokH of GoRH and
sonadotropins gonadotropins
Gonadotropins
(FSH and LH) (FSH and LH)
Jinhibits ACTH Corisol inhibits ACTH

ACTH

Precursorsand
: Androgens
P s ‘ "

FIGURE 8-2 REGULATION OF ESTROGEN AND

ol

trogen P
potent and estrone and estriol having one tenth its potency. Many
i are under

gen, but the mensirual cycle shows ts greatest effects. For control
oftis e, the ypothalams procaly releses G, wiich
triggers the anterior piuitary to release the

which exert the pitutary

and hypothalamus and signal them when to start and stop releas-

ing GRH, FSH, and LH. In males, the hypothalamus and anterior

piitary also effect release of FSH (starts spermatogenesis) and LH
s n Leydig el

FSES L and FSH),which ae responsibl for rowth i matura
tion of ovarian follicles, also control ovarian production of estrogen

negative
o thepiitary and hypmhahmus and release of GnRH,
FSH, and LH er
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REPRODUCTIVE SYSTEM Organiza

n and Function of the Reproductive System

FIGURE 8-3 EVENTS OF THE NORMAL MENSTRUAL CYCLE

the early , the hy RH,
which triggers the anterior pituitary to release LH and FSH. These

Neuroendocrine Regulation of Menstrual Cycle
Hypothalamic regulation of piitary Ovarianfeedback modulaton of piuitary

Progesterone

)
Fulsed et of 1R by pobulams Presence of pulsed GnRH and low estrogen and
p
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Hor

z S
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ducton
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luteum, which esterone and estroy

gen under the

infuence of L during the second bl of th cycle lluleal phase).

estrogen. Estrogen Iniisth pitutary i reduces the gland's that can ¢
release of LH and FSH (negative - progesterone
ve, srogen iggers  urge in gonadotropi release pisghe tained assitablefor pregnancy. Without conception, the copes

pituitary (a brief p
lar

elease and ceases to function,
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Contraception

REPRODUCTIVE SYSTEM

Estrogen and
progesterone

Anterior

Cholesterol

FIGURE 8-4 COMBINATION ORAL CONTRACEP

S o

—o—

Unfavorable
endometrial
environment

Atered ansportaton
sperm, eg,
fertlaad ovem

Changes cervix
environment

Normal cervix

Combination oral contraceptives contain both estrogen and pro-
gestin and prevent pregnancy through several mechanisms. They

estrogenvinduced LH surge. COCs also produce alterations in the
genital tract. Progestin islikely responsible for changing the cervi-

inhibit ovulation the hypo-
thalamus, which alers the normal patter of FSH and LH secretion
by thsmor ey Esogen sipprses FSH e ko the

perm penetration
even if ovulation occurs. COCs induce an environment in the.
endumemum that is unfavorable for implantation. COCs may also

Kokl the ricyele e f onedoeopins. Progestin v e

of the sperm, egg, and
roush the flloian wbes
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REPRODUCTIVE SYSTEM Contraception

Migraine Attack

Severe, throbbi

“Sonophobia”
spread o opposite
side

Photophobia
Localerythema Speaks inlow voice 10
may be present f avoid aggravating pain

1/ Vomiting may occur

Cluster Headache

Myosis, conjunciival
injection

Temporal rtery bulging Piting edema
i Severe headache,
pain behind eye

Unilateral posis,
redness

Nasal congeston,
hinorthea
clinical syndrome:

e, ranular
sweling

i

FIGURE 8-5 MAJOR ADVERSE EFFECTS OF COMBINATION ORAL CONTRACEPTIVES

Maforefec relaed o xcess o lack of estrogen orproget,  bleeing,chonic dabetes, o lver hesse i, Gondty e

Ik Bt v dopaon,dcsion iome, reduced risk of ovarian cysts, benign breast disease, and ectop
pregnancy

Incresses HOL levesan docresses DL levels; d hirsutism. COCs ial and

cially norgestrel) cause the unwanted opposite effect. COCs are

associated with gallbladder dlsense, iy e sbnceal . vamal Crver tan- sl o, Weacreh), nhmplr\.

cosetolerance and are ot used f erebrovascularand theombo- - fbutn, antconvisants—may decrease the efcacyof COC.
I genital
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(collagen)-
— Tissue factors
=~ 00— = (issue thromboplastin)
Increases
Factor Xi

Vitamin K

6 —— ) <o~
o - N

anticoagulation
factors

Protein'S

Plasminogen activator =
inhibitor protein |

Consequences of Blood Clotting

infarction

Stroke % A Thrombophiebitis

FIGURE 8-6 ESTROGEN AND COAGULATION

Estrogens may affect fibrinolytic path d small i including.
i factors Vil and XII and a d in antico- d cerebral and coro-
agulation factors protein C, protein S, plasminogen-activator nary thrombosis. These complications are more likely to occur in

inhibitor protein |, and antithrombin Il. By causing this imbalance  women who smoke and are older than 35 years
between coagulation and anticoagulation, estrogens may produce
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REPRODUCTIVE SYSTEM

Contraception

Enhances negative feedback,
decreases GnRH releise,
prevents LH surge requir
for ovulation

Hypothalamus — S
<G A

Esrogen o

< Progesterone

e

®

=Q

Blood estrogen

FIGURE 8-7 PROGESTIN-ONLY CONTRACEPTIVES

piitary

Thickens cervical mucus,
alters endomelrium,
prevents implantation

nterior

Progestin thick i m perm pene-

in virtually al patients by slowing GnRH

ucus,
tration and alters the endometrium, thus preventing implantation.
Progestin-only formulations are avalable as pills (‘minipil”), depot
injections, and implants. Pills contain norethindrone or norgestrel,
taken daily on a continuous schedule; they are less effective than
COCs because they block ovulation in only 60% to 80% of cycles.
Depot injections of medroxyprogesterone acefate (MPA) impair
4 dp o

release, which thus prevents the LH surge required for ovulation.

Progestin implants (subdermal capsules containing levonorgestrel)

offer contraception for approximately 5 years. They are nearly as

effective as sterilization, with completely reversible effects f the

implants are surgically removed. Drugrelated effects are weight

gain, breast tenderness, headaches, and frequent occurrence of
bleeding.

drug levels that
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REPRODUCTIVE SYSTEM

Ethinylestradiol

Norgestrel

Inhibit or delay  Interfere with
ovulation corpus luteum

Corpus
luteur

FIGURE 8-8 THE M« Al Pt

Affect
fertiization

T
Altertransport of

Alter endometrial
sperm, egg, el receptivity

Progesterone and estrogen
from corpus luteum
‘maintain pregnancy

V3

é/

Postcoital, or emergency,

«m with

the
penetration,

72
ntinued twice daily for 5 days. Alteratively, 2 doses of e
csradiol hs rorgste can e sed whbin 72 housof o,

me eaasportof sy, 685, or ambeyo, Emergency :unlva(zpnm

doses 12 hours late. T

rgency
‘nausea and vomiting becs

eycle.

phpeapsit

They may also piivity
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Contraception

Progesterone
Progesterone
receptor

PR

Nucleus

FIGURE 8-9 THE ABORTION PiLL

Misoprostol
(a prostaglandin)
o

Induces uterine
contractions
Miepristone
(RU-486)

pmmm————
 Decreased production
of chorionic gonadotropin
by trophoblast

Decreased production of estrogen
and progesterone by corpus luteur;

endometrium breaks down

contractions. Therefore, it is ational to use mifepristone with the.

A progestin snagonist with parial agoist schiy meprisone
(RU-486) is used of

through 49 days o pregnancy. Taken early in pregnancy, mifepris-
tone interferes with progesterone, causing a decline in humay
chorionic gonadotropin and subsequent abortion of the fetus

prostaglandins, which terminate gestation by inducing uterine
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o mifepristone alone is
more el 1 cause an incomplee aborton.The regimen consits
of a single dose of mifepristone, followed by a single dose of miso-
prostol 2 days later. Expected major adverse effects are cramping
and biceding, which are similar 1o sympioms of a spontaneous
abortion. Incomplete abortion s also possible.



Endometriosis and Treatment

REPRODUCTIVE SYSTEM

Pelvis: Sites of Implantation

Diffuse pelvic endometriosis: uptured
endomerrial (chocolate) cyst

Hemisection of ovary with endometral
cysts and corpus luteum

Laparoscopic Views
Endometrial implants with
characterstc puckering of
tunica serosa

Endometrial

Corpus luteum

Fimbria

atend of tube)

distorting fallopian twbe)

FIGURE 8-10

tissue on ovaries, fallopian tubes, and peritoneum or on more
remote extrauterine sites such as the bowel,rectum, kidneys, and
lungs. The most f genital

in the
“endometrial slands” that bleed and cause local inflammation

long,

incud dyspareuna, dysmenorthe, low back pain,mensirul
ties, and infertity. The is
mull\hnwm\. ot acariod K oy Tt manerbOn

i response to cyclic hormonal stimulation. Endometiosis is
likely

as
Thereiore, the mainstay of medical therapy involves interrupting
o decreasing menstruation.
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Anterior
pituitary

surge of LH and FsH

Microscopic section through
lining of endometrial cyst of ovary

Pelic peritoneun
Fallopian tube
Sigmoid colon

Laparotomy scar

Inguinal ring and
endometrial lesions round ligament . Ovary.

Myometrium (adenomyosis)
Uterosacralligament
Rectovaginal septum
Cervix

Vagina

Perineum

Adverse effect of
danazok: atrophic

Advanced stage
ith extensive

adhesions

carly stage: pallor,
. Perkans loss of rugae, denuded

e

funnekike narrowing

FIGURE 8-11 DANAZOL

Danazol is a synthetic androgen ided. Regular ovulatory.
production by inhibiting the midycle surge of L and FSH from  cycls are resumed within 4 weeks aftr ending danazol therapy:
the pituitary. The resultant relatively state leads o deficiency and

atrophy of ectopic endometrial lesions and pain relief. Danazol is , fushing,

strtd whenthe patent s mensruating and s contnved for 610, Androgenicside i acne, edema, hisutism, deepering
months, depending on disease severity. During therapy, the of the voice, and weight gain. Although danazol has been highly

patient is usually amenorheic, but ovulation may sill occur. fiecive in rloing the smptams of endometriosis, newer, better-

P. hould have
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=
HC—C—cH, 7
O=ProHisTrp SerTyrD SerLeuArgro i Sni,
n

=Pro-HisTrp-SerTyr-D-Leu-Leu-Arg Pro:

Goserelin : Leuprolide

Initial stimulation followed by inhibition

H [ Anterior

‘ ”Ob\\\“:.:

A ® ‘l.

Blood estrogen I

FIGURE 8-12 GONADOTROPIN-RELEASING HORMONE AGONISTS,
(COMBINATION ORAL CONTRACEPTIVES, AND PROGESTIN

Gonadotropin-eleasing hormone agonists (eg, leuprolide, gosere-  bone loss (which reverses after the drug is stopped). Because of
lin) create a temporar ddback therapy
doxical effects on the pititary: initial stimulation of LH and FSH has been used. COCs and progestins also suppress LH and FSH, so
release, and then inhibition of hormone release. These effects result tissue thin and hus alle

and regression . e COCs can be taken continuously or cyciically.

related lesions. Long-acting ly given every Py pped after 6 to 12 months or
28 days for approximately 6 months. GnRH agonists are contraindi-  nitely. Progestins may have greater adverse effects than COCs; a
e mid  depot form

257



REPRODUCTIVE SYSTEM Postmenopausal Hormone Changes and Therapy
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FIGURE 8-13 ESTROGEN DECLINE

In the premenopausal period, ovarian secretion of estradiol, the

‘mone levels decrease secondary o ovarian failure. Peripheral
most potent form of estrogen, is the major source of estrogen pro-

conversion of adrenal androstenedione to estrone (one tenth the
duction. In menopause, production of the  pol

function. In d (1 f this estrogen deficiency include vasomotor
after amenorrhea), gonadotropin levels increase and ovarian hor-

symptoms, genitourinary atrophy, and osteoporosis
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REPRODUCTIVE SYSTEM

Loss of feedback
control

Overproduction
of GnRH

SYMPTOM:

FIGURE 8-14

Estrogen replacement
re-establshes

control

The "
2 ot s, which ez o e arircr o 90 the bodv

with

d  GnRH i
i regulate temperature.

especially the K dose
butvaryingn hequ:ncy and mmv, mese symptoms are caused Esrogen repacement reapy reestablishes feedback control of
by a decre: nRH,

el inreased bloofow 1 the sl:m anda subsequ!nl

of hot flashes.
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REPRODUCTIVE SYSTEM Postmenopausal Hormone Changes and Therapy

Aging Ovary

Estrogen
defciency
(old age)

FiGUREe 8-15 G ATROPHY

i ness, as well as dy bladder atro-

the vagina, including thinning of

supply,drynes,and a chane from acidc [0 2 redrdorahatne o the vagina, which llows greer Iuhnmnon increased protec.

H Chi tion from intercourse.
Estrogen also hy ofthe bladder
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REDUCED ESTROGEN ALTERS BONE HOMEOSTASIS
Cortical compact)  Tabecular  Cortical (compact)

maintain bone Periosteum

Lining cells
(inactive osteocytes) frdostean
Osteoid (hypo- Osteodlasts
mineralzed matrx) esorb bone
Osteoblasts form

osteoid (bone matri)

Promote bone
formation

Promote bone
resorption

BONE FORMATION
(500 mg/)
BONE RESORPTION
(500 mg/dl)

Lostin urine.
(200 mg/d)

Lostin stool

o (600 m/d)

FIGURE 8-16 O AND ESTROGEN

o8 il fractures. Tud

di a2 levels . cium, vitamin D,
parahyroid hormone secretion whichreduces viain D3 sy and crugs suchas raloriene. Therapeuic estrogen primary
esis, Estrogen defi-  which red
ciency and advanced d prod
calcitonin, which inhibi Bones thin and weaken, balanc D3 synthesis;
with sk of fractures, espe pression ractures of leve;an gven with cacium)
d d wiist
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oH o

Conversion of estradiol
0 estrone

HO HO
Estradiol Estrone

Progesterone

Conversion of endometrium
from proliferative to secretory

LOW MAGNIFICATION
LOW MAGNIFICATION

HIGH MAGNIFICATION

z
2
g
Z
2
E
z
g
T

PROLIFERATIVE SECRETORY

FIGURE 8-17 ROLE OF PROGESTINS IN HORMONE REPLACEMENT THERAPY.

theinci-  endometrium from a proliferative to a secretory state, or both.
denca of endometria carcinoma, which s hought fo e due 1 e Progestnasoreduces the ik of estogeninduced iegulr ieed
hormone’s continuous stimulation of endometrial hyperplasia. In  ing, Patients who have undergone a hysterectomy can use un
patenswilh an tactuerus, rogesins added 10 esogen he - posd estogen heapy;progesin s unnecessary, cspecily

apy perplasia by because it may unfavorably aler the HDL/LDL ratio
conversion of estradiol 1o the less polem estrone, converting, s
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REPRODUCTIVE SYSTEM

oRrAL
Ethinylestradiol

VAGINAL CREAM

FIGURE 8-18 ROUTE OF HORMONE

TRANSDERMAL
Estradiol

Amajor phivmamloy( consideration in HRT i he rout of admin-

may be lost after 14 days because of tissue comification or down-

istration. O L P
ton and thus expose the Ber

gulation of treatment for 7 to 14

this effect. Conjugated
lents have 4 times th

cream and
1t

sion m esiradml to josi these

relieves vasomotor and ger
Va

p the crear
‘may enter the systemic circulation, warnings related to is use are

s
o b e s ot bt o g
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Postmenopausal Hormone Changes and Therapy

fatrogenic
Adminsrationof sndogens
or some progestins

Bleeding uterus

%

Temporal artery bulging
and pulsating

Cluster headache.

Servere headache,

pain behind eye

Unilateralptosis, swellng

and rediness of eyelid

Myosis, conjunctival injection
Tearing.

Flushing ofsde of face,
sweaiing

Nasal congestion,
hinorthea

FIGURE 8-19 GENERAL ADVERSE EFFECTS

Thvombus inl. common, external,
and el e oosely
attached o vessel w:
it e

Moderate atheroscleroic narrowing of lumen
caused by longstanding dysipidemia

The doses of estrogen used in HRT are
used in OCs, so adverse effects of HRT tend to be less severe than
those of OCs. srogen may cause nausea, vomiting. edema,

likely period if estrogen is given
ryrhm\!y with peogestin. Pogestn i kely responsible foredema
and depresion. Androgenike progestns can increase the

headache, hy

‘major cause of postmenopausal uterine Iuleedmg which is more
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LDL/HDL hirsutism, weight
gain,and acre.
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Diagnosis of Stroke

Ischemic <—— Stroke —- Hemorrhagic

Embolizaion of contents of plau
(choesteroh andonplatiet e occhsion
of blood vesels disally i areralree

W

FIGURE 8-20 C, ULAR AND Risks

Risks n ith regard fatal

b, isease,

isease. Also, or with progestin
i not affect e progession of atherosclerotic esions in older
atleast 1 coranary artery lesion.
g turassod o sk of Alchemor dheas, Wik it
fer data indicat bl

of much debate beleved

rough
metabolism and directvasaditory efect. However, 3 hndmalk

d sk of stroke, o estrogen and




REPRODUCTIVE SYSTEM

Postmenopausal Hormone Changes and Therapy

HSPOO Estrogen

BR receptor

Transceiption Nucleu

Cell differentiation,
proliferation

FIGURE 8-21 CaNCER R

Inflvating (obular)

the breast

Rapidly growing form

Estrogen was shown in the Women's Health Initiative tral and
anothr arg syt ncresse th sk o et cancer.The e

continuation of HRT. The trial indicated that estrogen-progestin
reduced heis of colorctal cancer and confirmed beneicial
duction of hf

trial evaluated HRT in more than 1
found that those who received HRT(especmHy both eslmgrn and
progestin) had an increased risk of development of and dea
reking o besal cnce.The 1k of deyelopument of chnces
of Hi but it also d dis
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ip lowever, these
il outweigh the risks. As a result, in 2003,
the US FDA urged clinicians to limit the use of HRT to a few
months for temporary relief of postmenopausal symptoms.



Selective Estrogen Receptor Modulators and Antiestrogens

REPRODUCTIVE SYSTEM

Estrogen
receptor

'

Nucleus

wcleus

Antagonist Antagonist
Breast
Agonist Antagonist
Uterus
Agonist Agonist
Agonist Agonist

Cardiovascular system

J. Perkins
NS Wik
cumy

(improved fipid profile) L]

FIGURE 8-22 SELECTIVE ESTROGEN RECEPTOR M

Selective estrogen receptor modulators (SERMs), hormonelike
drugs with

hich ncreases carcnoma 1) and i heskeetaland cardiovas
cular e loss; improves lipid profiles). Hot

bone but no effect or
Tamoxifen, first classed

amagonissor weak agoists: estrogenic
antagonistic in breast a

lashes, ittt thrombosis, and pulmonary
smbolim ar avers efecs. Ralonfene i st prevent and
treat as estrogen agonist action in bone and on

T vved 1 provent
breast cancer (inhibits cell proliferation and reduces tumors, as a
result of estrogen receptor antagonism). I has estrogenic actions
in the uterus (stimulates endometrial proliferation and thickening,

lipid metabolism and anl.momﬂ action in breast and uterus; it is
antiproliferative for estrogen-positive breast cancer cells. Adverse
effects are hot flashes, leg cramps, and venous thromboembolism.
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Selective Estrogen Receptor Modulators and Antiestrogens

Clomiphene
(an antiestrogen)

Blocks negative
feedback by estrogen

=)= == Hypothabamus

Estrogen

Estrogen
receptor

No transcription Nucleus

Anterior
pituitary

Increased
LHand FSH
stimulate
ovulation

). Perkins
!N

FIGURE 8-23

Antiestrogens are distinguished from SERMs in that they act as
s e all issues.The anietrogen clomiphene binds

ulimately simulation of ovulation. The agent s used to treat nfer
tlky asociatedwith anovlatry el cyces but s e
lequate

competitve sites avai

Zble o endogenous estrogen, muu--.g hypolha\.;rm( and pituitary

estrogen receptors. This inhibition leads to a disruption in the nega-
d a

subsequent increase in secretion of GnRH and gonadotropins, and
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endagenous esrogen producion. Advese efectsae gromrnd
and include ovarian enlargement, vasomotor symptoms, and visual
disturbances



Hypogonadism REPRODUCTIVE SYSTEM

Piuiary, anteror lobe:
Gt facor bt G facice

Piatary
onadotropins
(FSH and ICSH)

Specifc piuitary
‘sonadotropic deficency

Panhypopittarism) (pituitary eunuchoid)

(piuitary dhar)
Ovarian
agenesis
Unstimulated,
herciore
infantie

Rudimentary ovaries or
primitive genita sreaks

Urinary gonadoteopins absent

17 Ketosteroids very low

Microscopic secion:
complete absence of
follicular clemens

St s secordary e
A% characterisics,nfantie geniala, sparse

A ey, il congrial onormabies
WO e ek Stk chest. cubius v

FIGURE 8-24.

I several conditions in females, such as Tumer syndrome (ovarian  failure of

d he d Wave no  secrtion of andragens, fo which testosterone repacement thc
and may v apy deiic

Sreak), Other i eompletion of pobery,

Short tature, primary amenorthea, sexa nfantism, high lead to loss of ibido and

‘gonadotropin levels, and multiple congenital abnormaites. d

Conception is impossible. In males, dysfunction of Leyalig cells or  hemoglobin, and decreased bone mineral densit.
269




REPRODUCTIVE SYSTEM

Hypogonadism
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Estrogen
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Progesterone
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FIGURE 8-25 HYPOGONADISM TREATMENT AND ADVERSE EFFECTS

For femles, appropeste m«auy i St usually with pro-

Tests

restosterone ==

et ox el Mekothrons Gvarcomes frtposs

Inprepubertl
breasts d i vand  children, acne, hirsutism,
the body achieves a normal pikepieiils Earonen may ] well o
inmen t duced

 butif used too soon,

d short final d with and d
rowth hormone). For male testosterone deficiency, an oral drug is
ineffective because of liver metabolism. Intramuscular (cypionate.
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ia. Anch d
increased LDL/HDL ratio, which may be harmiul o those with
yperlpidenia or CH.



OVERVIEW

For many drugs, the kidney is the major organ of elimina-
tion. In the healthy human, the kidney receives between 20%
and 25% of the blood pumped by each beat of the heart. The
kidney's primary function is 24fold: to eliminate unwanted
substances (eg, toxic substances, drugs, and their metabo-
lites) and to retain (reabsorb, recycle) wanted materials (eg,
water and electrolytes). The amount of drug and metabolites
eliminated (cleared) from the body depends on several fac-
tors, including the glomerular filtation rate (GFR), the urine
flow rate, and the pH. The rate of renal elimination is the net
result of glomerular fillration, secretion, and reabsorption.

The functional microscopic unit of the kidney is the
nephron, a tube that is open at one end and closed at the
other end by a semipermeable membrane. The nephron has
5 distinct anatomical and functional units: glomerulus, proxi-
mal convoluted tubule, loop of Henle, distal convoluted
tubule, and collecting duct. Large drug molecules (>5-6 kd)
and drug molecules that are bound to plasma proteins do not
pass into the nephron of a healthy kidney. Most of the water
and other substances that enter the nephron are reabsorbed
into the surrounding tissue and blood supply. The small resid-
ual amount is excreted as the urine.

The flow and contents of the urine are determined by 3
processes, most of which are coupled: fltration through the
glomerulus, reabsorption of water and other substances from
the tubule, and secretion of substances into the tubule. Many

processes involve active transport, passive transport, or
osmotic gradients. Most of the water and solutes (eg, sodium,
glucose, bicarbonate, amino acids) are reabsorbed during
passage through the proximal convoluted tubule, and further
concentration occurs in the countercurrent system of the
loop of Henle. The thick a~(endln), limb and the distal con-
voluted tubule are involved in “ and H* exchange
under tight homeostatic oMol ol influence,
including adrenal steroid hormones such as aldosterone. The
collecting ductis the primary site of action of antidiuretic hor-
mone (ADH)

Drugs that target the renal system, primarily diuretic agents,
have been a major advance in treatment of hypertension,
heart failure, and other disorders. Each class of diuretics
affects different processes located at different sites along
nephrons, Therefore, each class has its own set of associated
therapeutic advantages or drawbacks. Each also has charac-
teristic effects on electrolyte balance, which is an important
consideration for longterm use. Many effects can be antici
pated on the basis of a drug’s mechanism of diuretic action
and can be ameliorated by dietary or drug regimens
Combinations of diuretics may offer a remedy for resistance
10 asingle agent.

A decline in renal function, whether caused by advanced
age or disease, has a significant effect on clearance of drugs
that are eliminated predominantly via the kidney. Dosages
must be adjusted in these situations.




RENAL FUNCTION

Organization and Functions of the Renal System

Anterior surface of right kidney
Superior extremity

Lateral margin

Stellate veins
visble through
capsule

Inferor extremity

ightidney sechoned in vl planes
and renal sinus

Cortex

Medula (pyramid)
Papila of pyramid
Renal column (of Betin)

Medullary rays

Fibrous capsule
incised and
pecled off

Medial margin
Hilus

Renal artery

Renalvein
Renal pelis

Medial margin

Ureter

Fibrous capsule
Minor calyces
Blood vessels
entering reral
Renalsinus
Majorcayces
Renal pelis

Fatin renalsinus

FIGURE 9-1 MACROSCOPIC ANATOMY

a pair of specialized,
located at the level between the lower thoracic and upper lumbar
verisbra,Each ddney s eddhbrown and hs  haractest

; excreli 3
toxic compounds, drugs, and their metabolites. It also acts as an
crine organ. Each kidney is divided into a cortex and a
‘medulla, both ons (approximately 1.25 mil-

shape: a convex lateral edge

notch termed the hilus. Each adult kid:

i sppronimatly 1 canlong, 2. €m ik and o wideanc

weighs 120 t0 170 g. Kidneys contribute 10 several mportant
luding regulation of fluid volume;
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lion per kidney). The fluic that exts a nephron flows out the papilla
of a pyramid (15 per medlill), enters a minor calyx, joins efiluent
of other minor calyces in the major calyx, and is eliminated as
urine through the ureter
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RENAL FUNCTION

KEY
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Aiferent and
efferent arterioles.
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RENAL FUNCTION

Organization and Functions of the Renal System

Pattern of Blood Vessels

Afferent glomerular arteriole

Conicalgomerlus
Efferent glomerula arteriole

Cortical

Parenchyma of Kidney: Schema

Conticomedullary glomerulus

fferent glomerulararteriole
oins cortical capilry pexus

fferent
descends nto renal pyramid)

Fibrous capsule

Renal cortex

Renal medula (pyramid)

NEPHRON:

lomeruar artriole to capillary plexus

Capsular and perforating veins

Gimteriobular)

artery
andvein

FIGURE 9-3 BLOOD VESseLs
Critical to multiple kidney functions s close association of neph-
rons with blood vessels, in that water and other substances pass
from nephron to blood and vice versa. Kidneys have a great influ-
enceon volume and composon of pasms andurin, o he

thar

sue oxygenation. In the outer iy ook s when stmitie
enters a glomerulus, divides, forms a capillary network, becomes

drugs, and environmental factors that relax the afferent arteriole
o constict the efferent arteriole increase the GFR; those that
constiict the afferent arteriole or relax the efferent arteriole
FR. Blood vessels surround and outnumber tubular

ts of each nephron and form a peritubular network of
capillaries that allows exchange of water, electrolytes, and other
substances. This exchange is the target for actions of many drugs,

pecially

and exits the glomerulus.
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RENAL FUNCTION
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of capilary

Bowman
capsule
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Stereogram of
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The i

lar blood flow and the nephron. The glomerulus filters plasma, and

the fluid, minus cell,enters the nephon asan ultrafirate. The
barri

¥ m p\am. proteins). Thus, plasma ylvmrm( and drug mole-
cules bound to them do not pass into nephrons of a healthy.
kidney; only smaller free drug or metabolite molecules do so.
However, damaged glomeruliallow passage of plasma proteins,

and the presence of these proteins in the urine indicates a renal
disorder. In renal disease, drugs enter the nephron and are
excreted at a rate greater than normal, which is noted as a shorter
plasma halfie of drugs (or metabolites). Hormones and hormone-
‘mimetic drugs that alter the GFR include angiotensin I (constrcts
afferent arterioles and thereby reduces the GFR) and atral natr-
uretic peptide and prostaglandin E, (dilate afferent arterioles and
thus increase i)
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Autonomic

Glomerular
= flration
rate (GFR)

(R

Plasma inulin «  Glomerular _ Utineinaiin x  Uine
concentration filration rate concentration volume/min
. UinxV
FIGURE 9-5 PRACTICAL APPLICATION: MEASURING THE GLOMERULAR FILTRATION RATE
The GFR s an i d the assay, after a blood level

ngeneral, the greater the GFR s, the grealet rilinds ehmma
d

inuli s establishec), measurement ofthe concenration ofinuii in
plasma (Py), the concentration o inulin n urine (U,), and urine

tion i. The GFR can be measures = (VX Up/Py,
the e at whicha subsance is removed rom plasma (r sppears The GFR of ahelty ik ddney s agpeximtely 120 ml /i,
in urine), the stey 8 . which is common in the elderly, usually

tered by the glomerulus and is pnleermi
it bt Thada et s ol bt 54 rgciore
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S drug elimination and requires an appropriate
dosage adjustment



Organization and Functions of the Renal System

RENAL FUNCTION

Stereogram of Proximal Segment
of Renal Tubule

Basement
membrane

Microvil
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(brush border)

interdigitating
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Invagination
Vacuole

Terminal bar
ntercelllar space.
s ellborders
Lateralprocess ull OB 3Pparals
height of cel

Basal infokding and
process from adjacent cel
Lysosome (or protein granule)

Stereogram of Thin Segment
of Renal Tubule

Mitochondrion,  Nudeus  Golgi apparatus

(microvil)

Nudlear
Cellplasma~ prominence
membranes

FIGURE 9-6 TUBULAR Si

ram of Cells
of Collecting Tubule

Cell membranes
Intercelllar space.

Light cells

dark cell

Stereogram of Distal Segment
Cells of Renal Tubule

Basalinfoldings
of cellplasma

Basement membrane

Microvili
Terminal bar

membranes

Inercellular
space.

“The structure and function of tubular segments are important for

understanding drug effects on the kidney. The proximal portion

descending and ascending limbs of the Henle loop create a coun-
i ce s of

the
and the distal convoluted tubul d large sur-

b
C pe).

cells prevent escape of material in the tubular lumen. Proximal se:
ment cells act to reabsorb water and other substances. The prox-
mal segment's brush border i replace in the thin tubular segment
by i

face area of the distal segment serve the energy requirements of
active Na* transport from luminal luid, formation of ammoni
i Dr I Jters ki

an
func-

tion in specific ways.
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X= Glucose
Amino acids
Organic

Filtered Load [Factors That Stimulate|Factors That Inhibit
" : 5
Angos |
Proximal bule 67 e berves | Dopamine
Loop of Henle 2 Sympathetic nerves
Distal tubule -4 Aldosterone
Collecting duct - Aldosterone A

FIGURE 9-7 ION AND WATER REABSORPTION

More than 99% of glomerular ultrafiirate i reabsorbed from the
tubular lamen. The Kidney is thus more an organ of retention than
of elimination. The driving factor for water and Na' reabsorption in
the nephron i acive Na* transport. Drugs affecting Na* transport
can alter urine flow and composition. Na- reabsorption occurs
gainst concentration and electrical potential gradients (the lumen
is electrcally negative compared with peritubular fluid) and is an
active process requiring energy (supplied by ATP). The active
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uptake mechanism (pump) or Na involves a cotransporter that
exchanges Na for K", an important factor for drugs tha affect
Na* transport. I~ and other ions move by cotransport with Na*
or otherions or by passive difusion. The osmotic gradient (estab-
lished by ion transport) drives water out o the lumen. Hormones
and drugs that decrease ion ransport o the osmotic gradient
reduce on and water reabsorption and thus increase urine flow
(diuresis) and ion content.
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Reabsorbs 80%
of fitered load

Caroricanychsse (CN
leg, acer e

bsorbs 15%
of filtered load

Real

FIGURE 9-8 BICARBONATE

€O, +H,0 SR CIRTHRS

Reabsorbs 5% of filtered load

Factors Inluencing H* Secretion by the Nephron
Factor

Increased H' secretion—primary.
¥ HCO; concentration (4 pH) | Enire nephron
4 Arterial Peo, Entire nephron
Increased H' secretion—secondary
4 Filtered load of HCO,™ Proximal tubule
¥ ECF volume Proximal tubule
4 Angiotensin I Proxmal tubule
4 Aldosterone Collecting duct
Hypokalemia Proximal tubule
Decreased H' secretion—primary
4 HCO;™ concentration ( # pH) | Entire nephron
 Arteral Pco, Entire nephron
Decreased H secretion—secondary
¥ Fillred load of HCO,~ Proximal ubule:
4 ECF volume Proximal tubule
). Perkins | Aldosterone Collecting duct
o™ | Hyperkalemia Proximal tubule

A notable ion with regard to drug metabolism is bicarbonate, o
HCO, . HCO, ™ and CI- are the most relevant ions for the class of
diuretic drugs known as carbonic anhydrase inhibitors. H
freely filtered through the glomerulus and enters the nephron.
Almost allof it i reabsorbed along the tubule—most of it
(B0%-85%) in the proximal convoluted tubule—in a process that
involves H* secretion, and thus reabsorption of HCO, ~ i inhibited

by carbonic anhydrase inhibitors. Although usually all the fitered
HCO,  is reabsorbed and none s excreted in the urine, a number
of factors influence H* secretion by the nephron, and a small
amount of HCO,~ can be lost in the urine. The kidneys generate
new HCO,~ to replenish this loss. Acetazolamide is a diuretic that
ffcs HCO, exchangs, pedominanlyat the prosial com
luted tubule (see Figure
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Carbonic anhydrase inhibitors
e acetazolamide)

Loop diuretics
(e, furosemide)

J. Perkins
s, M

Principal Cell

FIGURE 9-9 POTASSIUM EXCRETION

The kidneys are the primary route of excretion of K- from the a side effect by increasing the distal tubular flow rate and Nai

body. Although a large fraction of the filtered! K* is reabsorbed delivery (g, ethacrynic acid and furosemide), by alkalinizing the
along the proximal convoluted tubule and the loop of Henle, the  distal tubular luid (eg, carbonic anhydrase inhibitors such as aceta-
amount of K* excretion in the urine is determined mainly by the  zolamide), or by blocking tubular K reabsorption (eg, ouabain).
highly variable secretory activity of the distal convoluted tubule.  Some diuretics, known as potassium-sparing diuretics, do not
Several diuretics and other drugs cause excess urinary K- lossas  cause K* loss (see Figure 9-16),
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RENAL FUNCTION

DI
nucle of hypothalamus and descends along nerve
fibers to neurohypophysis, where it s stored for
subsequent releas
loss

ADH release increased by:
High blood osmolality affecting
hypothalamic osmoreceptors
fecting

Some e

fwi

ADH release inhibited b
Low blood osmolality
High blood volume
Ethanol

In presence of ADH, blood flow to renal
medull s diminished, thus augmenting
hypertonicity of medullary intersttium
by minimizing depletion of solutes via
bloodstream.

ADH causes walls of collecting ducts to
become more permeable to water and
thus permits osmolar equilibrium and
absorption of water into the hypertonic
interstitum; a small volume of highly
concentrated urine is excreted.

FIGURE 9-10 Hor:

intake (oral or parenteral); water and electrolyte
exchange with tissues, normal or pathologic
{edemay Icss via gut (vomiting, diarrheal;

into body ca
orlossexternaly (emorhate, sweal.

d volume

wities (ascites, effusion);

Hemo-ﬂuw

Sweat
Effusion, ascites.

50 known as
humans, is a hesi; h

the duct occurs. In

P ADH, the amount of water b e

the blood or piitary gl

ted only by the amount flowing throug

imesy e, ADH alers the morpholony of cel of the ok
lecting duct and increases their permeabilty. Water passes from
lumen into the renal osmotic

them. ADH release (and thus prod i
a smau volume of concentrated urinel: plasma osmolaliy, pain,

otion, trauma, and drugs (eg, nicotine, morphine, ether, some
barbitorates) ADI s inhibied by ethanc

281



RENAL FUNCTION Volume Regulation

Inhibition

4 Blood pressure.

4 Fuid volume

# BrSympathetic
ANP

Angiotensinogen

Stimulation

Angiotensinogen

== ¥ Renin -

et erin -
4 Angiotensin 4 Angiotensin
<= AcE <= ACE
4 Angiotensinil -

# Angiotensin Il

Q
+

reabsovpl«m

'Vnso(unsmnmn

# Aldosterone

Afferent arteriole

Sympathetic nerve

Baroreceptor ] anism:
Increased pressure in afferent arteriole inhibits mechanism: Imreued aClin it nephron bt rerin
G cells red

) ol

FIGURE 9-11 Ri YSTEM

addition to ADH,

the
ins\olensmddnﬂzm«e system-—involves the kidney. The k\dnevs adrenal gland. Angiotensin If and aldosterone stimulate NaCl and

o the
fluid vol s respectvely.The enzyme that catalyzes conversion

mately 40 kd, in response
ume, and Na and increased H". Renin secretion results in
conversion of angiotensinogen (a blood-borne a globulin pro-
duced by the fiver) to the decapepide angiotensin |. Angiotensin | tensive drugs.
is converted (primarily n lungs) to angiotensin Il which i a potent

282

enzyme. (ACE), isthe !i’gﬂ of the ACE inhibitor class of antihyper-
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| [

§ Sympstheic
activity

§Renin

} Ansotensind

| «— Urodilatin ACE

} Ansotensin

=gt s
Adrenal gland

} Adosterone

Na', H,0
excretion

). Perkins
M A
1 N

FIGURE 9-12 GeneraL C¢ Vowume

The kid of an integrated

ralishing e voline o e esceludr ﬂmd Other organs
involved in this mechanism include t

of angiotensin  to angiotensin I, and the
adrenal gland (eg, release of aldosterone). Several feedback con-

and heart rate, the CN (e sympathtic o and ADH rleme),

this control
mechanism, which ensure responses to volume expansion
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Sympathetic

4 Renin

Angioensint

ACE

fAngiotensin | ——

s

FIGURE 9-12 GENERAL Co VoLume
and (decreased  for such as hy d heart ailure
extracellular fluid). The design of drugs that selectively target the  (discussed in chapter 4).

components of this system has led to major advances in therapy.
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Nat I =

- H0 <=

Na* reabsorption
with CI- inhibited;
Consequently, H,0

.absorption decreased

-raver<----3€-

=0 === =
Na* reabsorption
with CI- inhibited;

Consequently, H,0
reabsorption decreased

NHy* and
' titratable acid

increased

K* exchange for Na®
partiall inhibited but
may actually increase

secondary to increased

delivery of Na* to
distal tubule:

FIGURE 9-13 MERCURIAL DIURETICS

,I»r

DIURESIS
HighNat, CI- K", ".5:'..",'1"
titratable acid, NH* oy

DN e \v:nsporl,ewecvil\ym

difyi (eg NH,CI

issocites, b 1, and inhiis sulbydi enaymes. Na- 1Y
sorpionsthusdecreased; more Na* and CI- are excreted.
Na* is deliver

taken orally, so an mlramuwl:r route is requlmd Because of this

.
Wworsening ofrenl Insuficency), mercurias are

red
sis,K* and H* excretion (sum of urinary NH, + mmmble md -
urinary HCO,) may increase. I

lrgely cbslee. They are sometimesusedfor CHF, inhosks, and

not dissociate, and patients become refractory to memmals
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Glomerulus/
Bowman's
capsule

Descending
iz
HH

tubule .
Loop of
Henle
of bicarbonate and waer; "
Also decreased .5
excretion of NH,*and
of tiratable acid i
Distal
comvoluted
tubule
Collecting
duct
K* exchange for
Na* increased
DIURESIS
High Na*, K*, HCO;~
Low NH,?, ttratable acid
FIGURE 9-14 CARBONIC Al I R
Diuretc crugssuch s acetazolamide, brinzolamide,dichir- amounts of Na, K*, and HCO, ~ are excreted in the urine, and CI-
particu isretaine. arefractory

Iady s proximal convoluted tubule. Carbonic anhydrase
catalyzes dehydration of carbonic acid (H,CO,). As a result, H*
needed for Na*-H" exchange is reduced, HCO,~ and Na* reab-
sorton i provimal ubues b suppresed,anddiurels s pro
moted. Because of the decreased re: 2"k
‘exchange increases in the distal Comvormed bles. crersed
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response to the diuretic. Carbonic anhycrase inhibitors ae rela-
tively weak diurtics, They are also used for glaucoma (to reduce.
formation of aqueous humor), petit mal epilepsy (mechanism
unclear), and salcylate or HCO,  poisoning (10 alkalinize urine).
These agents can cause CNS effects, ypokalemia, and hyper-
slycemia.
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RENAL FUNCTION

GFR may be
depressed.

A urates

Net urate reabsorption
may be increased.

Selective Nat, CI~
atthissite;

wrinary diluting
abilityimpaired

K* exchange for
Na accelerated

FIGURE 915 THIAZIDE DIURETICS

DIURESIS (hypertonic)
HighNat, CI-, K+
Low urates

Glomerulus/

capsule

—

‘Thiazide diuretics
eg, chlorothiazide)
Loop
Henle.
. C
E
Distal
tubule
Collecting.
duct

methy-

27l e, npbeoss som s o et i and

[

o , which may lead to alkalosis, and

clothiazide, polythiazide, hibit CI- reabsorp-
tion, especiall in the distal portion of the ascending limb of the
Henle loop and the proximal portion of the distal convoluted!
twbule. Excretion of Na*, K, CI°, and HCO, i increased; refrac-

sed with digitalis for CHF because of greater digitalis toxicity in
cundmons of low K*. Because thiazides are excreted via glomeru-
secretion, they acid for

are often used to d Ihypertension
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Diuretics

GFR may be
depressed by
Na* channel

antagonists

Suprarenal
corex

by spironolactone)

Na* channel
jonists
inhibit transfer

Nat G <

H0 <=
Nat and H20

reabsorption
decreased

K* exchange for
Nat decreased

High
Low K*, NH,*, tiratable acid

DIURESIS (hypertonic)

Glomerulus/ [~
(e, amiloride)

Descending

Loop of
Henle

(€8, spironolactone)

Ascending

Collecting
duct

FIGURE 9-16 P Si AGENTS

Two majorcategories of K sprig duretic dugs are Nar channel  levels 0 caution s nesded for s use npatints with gout. Spir-
receptor  nolactone K" exchange at

antagonists (eg, inlmm)\ackone). e fomer Hbt s the distal convoluted tubule, which increases Na* loss while re-

reuptake. Enhanced Na* and CI- excretion disrupts Na- wanepor

ducing K* excretion. Adverse effects of both types of drugs

sk I secration
ar, cretion; when they are used with other diure-
e N e it Kt b k) Reviats
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function
exists). Combination therapy with K sparing drugs is not usually
advised, but they are often used with diuretics (eg, thiazides) that
increase K* excretion.
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Glomerulus/
Bowman's
capsule.
GFR not affected or

increased because of

increased renal cortical
blood flow

Some inhibition of
Na*, I~ reabsorption
in proximal tubule

.

Na*, CI” reabsoprtion
in ascending limb
greatly reduced

Ascending

Distal
convoluted
tubule
Titratable
Collecting
duct
of Nat to distal twhule N.
Alveolar PROFUSE DIURESIS ff 7
hypoventiation . Perkans
‘may compensate: High Nat*, S, MiA
Tor alkalosis liratable acid, and NH, iy
FIGURE 9-17 LOOP (HIGH-CEILING) DIURETIC:
This bumetanide, eths "

wrin outpt. Bumetanide rosemide,and tosemide are weak
hibitors of carb which is nota
» y sulfonamide, d hibit this enzyme. -
they are aso termed high-eiling diuretics. They act atthe luminal  more than Na* excretion, which can lead to hypochloremic alka-
nephron surface and inhbit lectrolyte reabsorption, with resultant losis. Refractoriness does not occur. Loop diuretcs are used for
greater Na“, CI, K*, Mg?*, and Ca?* excretion. nhibition of NaCl acute pulmonary edema, edema associted with CHF, cirhosis,
i the coun- isease. Fluid and
tercurrent ism and causes common

furosemide, ide) acts mainly on the thick
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Glomerulus/
Bowman's
capsule
Highly osmotic
fuid fiered at
increased rate
Proximal
convoluted
tubule
* Osmotic Agents
Nat, €I, and water £
reabsorption decreased
throughout nephron
Glycerol
Nat
Loop of
Henle
® Mannitol
Distal
convoluted
twbule
K* exchange for Na* Collecting
duct

accelerated because
of increased delivery
of Nat to distal tubule:

owresis /fﬂ’/kg

" Plus nonreabsorbed solute - 1. pertans
Nat, CF, andK* - o

FIGURE 9-18 OsmorTic A

Osmotic diuretics (eg, mannitol, gycerol) enter the nephron

through the glomerulus but are poorly reabsorbed along the.

nephron because of their relatively large molecular size. The.

presence of unabsorbed molecules i the tubule lumen creates
u ¢ mojedt »

hexacarbon sugar alcohol that s given intravenously; it is not
metabolized. Osmotic diuretics are used o reat cerebral edema

and glaucoma (by reducing cerebrospinal or intraocular fluid pres-
sure), oliguria and anuria, and certain phases of acute renal faiure.

volume,
In the proximal convoluted tbule, reabs  Na* and water ith CHE.
decreases, wi i 8 therapy

in
Na* or CI* excretion. Mannitol, the agent used most often, is a
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renal failure or cirthoss.



Diuretics RENAL FUNCTION
DRU ROUTEOF  MAJOR SITES R EFFECT ON
ADMIN.  OF ACTION BSORPTION
e |- o Block isosmotic
muscular loop of Henle: Nat, CI, reabsorption
Carbonic Reduce secretion
‘ anhydrase ofH* and net Na*,
inhibitors Oral Proximal tubuies HCO, reabsorption
(e, acetazolamide, by inhibition of
dichlorphenamide) carbanic anhydrase
>
N e
I reabsorption at
il Ol | anddisal bule disal diuting segment
r impaired)
Amiloride / Triamterene:
Directly inhibit disal Na*, I
—— resbsorpion nd dst o
SR exchange for H',
istal wbules Jactone:
(e.g., amiloride, Oral D Tiuis Spoaoac
"ﬂ'm‘eme s collecting ducts. Competitive antagonist of
e aldosterone-simulate
reabsorption of Na* with CI-
and of Na* reabsorption in
exchange for H* and K*
Toop BloNd(‘selecﬂve Cr-and
diuretics Oralor Ascending limb 5~ resbsorbtion
(e.8, furosemide, | parenteral of Henle's loop -
ethacrynic acid)
concentrate uine
Presence of osmotic
unatc rosimlubues et vl
‘mannitol) otHenefloop and reduces net

Nat, CI- transport

FIGURE 9-19 SUMMARY OF

Each class of diuretic drug affects various transport processes

that are located along different segments of the tubular nephron.

Because the drugs tend to have relatively selective actions on

specific transport processes and predominant actions on specific
segments, they produce characteristc effects on electrolyte and
acickbase balances in patients. It is therefore possible to provide
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Partial inhibition 4 Patients with Hypokalemia and
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‘excretion Iaers0es i Hyperkalemia;
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acdbase dorders yperuricemia
May produce pumonary
H excreton edemain cardac patents
Variable; K* secretion little affected Prerenal azotemia; cellular dzhvdmmn,
i | e e Frmice | EEOUEES |
todose increased inHCO,~ poisoni hyponatremiaif udnarv
excretion) losses are insufficiently
replaced
o
FIGURE 9-19 SUMMARY OF s i

the general mechanistic and adverse effect characteristics of each  may faciltate the choice of diuretic or combination of diuretics.
class of drug, Consideration of the characteristics of each class.
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Urinary Incontinence

RENAL FUNCTION

Ascending
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Spinal
ganglion
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FIGURE 9-20 URINARY INCONTINENCE

Urinary retention is normally under autonomic or voluntary con-
trol. Incontinence (an increased stimulus 10 void, a decreased abil-
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inappropriately. Although incontinence is not lfe threatening, it has
| daa

aki
‘mechanism is not fully understood, such as tricyclic antidepres-
ibly related d

i for elders at h women).

for inabiliy of
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RENAL FUNCTION Urinary Tract Calculi

Plain fim: mulipe renal calcul

Maltple small calculi

FIGURE 9-21 URINARY TRACT CALCULI (KIDNEY STONES)

Urinary calculare hardened crystals composed of a nucleus (often  logic) depends on the cause, size, and location of the stone. Two

urate) and surrounding layers of precipitated minerals, such as ca  common types for which drugs are sed are due to hypercalciuria
cium and magnesium salts, and other components of the urine and hyperuricuria. Drugs for hypercalciuria include sodium cellu-
(including metabolites of drugs excreted in the urine). These stones  lose phosphate (inhibits calcium reabsorption) and thiazides (mild
are usually found in the kidney, but they also occur n the ureter  diuresis stimulates convoluted tubule reabsorption of calcium).
and the bladder (in the latter the stones are usually passed from  Drugs for hyperuricuria include allopurinol (decreases urate

the kidney). They occur in all age groups but primarily in persons  formation) and alkali (increases urinary citrate, which inhibits

aged between 20 and 55 y
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ars. Treatment (surgical or pharmaco-  stone formation).




Renal Insufficiency and Dialysis

RENAL FUNCTION

NORMAL

INSUFFICIENCY

FIGURE 9-22 EFFECT OF RENAL INSUFFICIENCY ON DRUG ACTION

Many crugs and irug metaboles are excretd va th Kieys,s0
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when
i ing norma renal clearance. This change is clinicllyrele-
vant for ki

e, 50
e ot give reccee dosesof crugs elimnated mainly v the
Kidneys. Examples of altered drug action in renal insufficiency are
enhanced hyperkalemia with K'-sparing diuretics or NSAIDS;

delayed or and greater risk

a small therapeutic h
efiectof renalinsufcency on a dn, P (e, normeperi-

1 bleeding.




RENAL FUNCTION Renal Insufficiency and

Hemodialysis

Structure and function of
twin-coil hemodialyzer

toreveal)

Cellophane
fatwbing

Currently Known Dialyzable Substances

Analgesi Trcyclc secondary amines Polymysin Depressants, Sedatives, and

A(rlophrnelldm Trcyclic tertary amines. Tranquilizers

salcylic acd* Strepiomycin Chloral hydrate

propoxyphene. Antimicrobials Sulfonamides Diphenhydramine
Methylsalcylte® Ampicilin Tetracycline Diphenylhydantoin
Paracetamol Baciracin Vancomycin Etcioranol

S

sants Cephalos Barbiturates* Gl vietiodide
Amphetamine Choramphenicol Amobarbital Glutethimide®
lsocarboxazid Cycloserine Barbital Heroin
Mehamhearine Isoniazid Butabarbital Meprobamate
Monoamine ovidase. Kanamycin Butabital Methaqualone
Pargyine Neomycin Cyclobarbital Methyprylon
Phenelzine Nirofurantoin Pentobarbital Paraldehyde
Tranylcypromine Penicilin Phenobarbital Primidone.

Secobarbital
. Techan BP: Dialysis of Trans . 197317513,

i readier is advised to consul

FIGURE 9-23 EFFECT OF HEMODIALYSIS ON DRUG ACTION

odialy ed p is the bass for operation of artficial or mechanical kidneys. Ifa
renal failure and to clear toxic substances from the blood of patient recives theragy wil  eug hat can b dilyze e pass
patiens who ngestd poisons o overdosesofcrugs.The funda-  troughthe membrane), the amount st duringdiayss mus

dialysis i that o s 8 yomit 5 o
across a semipermeable membrane n a direction and at a rate e dmg

consistent with concentration and osmoltic gradients. This principle
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DRUGS USED IN INFECTIOUS DISEASE

OVERVIEW

The goal of the drugs discussed in this chapter is total
destruction of a disease-causing organism (bacteria, fungus,
or virus). Because antimicrobials are by design cytotoxic, the
distinguishing feature of each agent is relative selectivity for

particular pathogens rather than the host. The greater the
Sectityfo the pathogen i, th fewer the adverse efects
of the drug are. A major concern for this therapeutic class is
the emergence of resistance of pathogens to drugs.

Antimicrobials selectively kill or inhibit replication of a
pathogen by interfering with a phase of cell physiology that is
required by the pathogen. Antibiotics are typically classified
and subdlassified according to mechanism of action, chemi-
cal structure, and spectrum of activity against particular
organisms. Narrow-spectrum antibiotics act on a single group
or a limited number of groups of organisms, whereas broad-
spectrum agents are effective against a wide variety of
microbes. Tetracyclines have the broadest antibacterial spec-
trum of any class of antibiotics. They bind reversibly to the
30 and 505 subunits of the bacterial ribosome, thereby
inhibiting protein synthesis. Aminoglycosides and macrolides
inhibit bacterial protein synthesis by binding directly and irre-
versibly to 30 and 505 subunits, respectively, of the
flactam antibiotics  (penicillins,
cephalosporins, carbapenems, monobactams, and van-
comycin) act by interfering with bacterial wall synthesis,
which causes rapid cell lysis. However, flactam antibiotics
are subject to inactivation by  lactamase-producing organ-

isms, so many of these agents are used in combination with
fHactamase inhibitors. Carbapenems are the broadest spec-
trum Hactam antibiotics. Quinolones are broad-spectrum
bacteriocidal antibiotics that inhibit intracellular DNA topoi-
somerase II (DNA gyrase) or topoisomerase IV, which are
essential for duplication, transcription, and repair of bacterial
DNA

Fungi have more rigid cell walls than bacteria and are resis-
tant to antibiotics. Drugs used to treat systemic fungal infec-
tions include amphotericin B, the azole antifungals,
caspofungin, and voriconazole. All of these drugs interfere
with critical components of the normal physiology of fungi

Human immunodeficiency virus infection is a particularly
difficult viral infection to treat because of the ability of the
virus to rapidly mutate to drugresistant forms. HIV attacks
and binds to the CD4 receptor on specific cells of the
immune system. Over time, HIV causes host cell lysis and
prevents production of new CD4* cells. Nucleoside reverse
transcriptase inhibitors (NRTIS) suppress viral replication by
inhibiting the enzyme responsible for conversion of viral RNA
into DNA. Protease inhibitors (Pls) inhibit the enzyme
required for the proteolysis of viral polyprotein precursors
into individual functional proteins—a conversion essential for
HIV to be infectious. Nonnucleoside reverse transcriptase
inhibitors (NNRTIS) prevent viral replication through non-
competitive inhibition of the reverse transcriptase enzy
These and other drugs are often used in multidrug cocktails
to enhance their effectiveness and minimize resistance.
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Folate synthesis inhibitors

Sulfonamides
Trimethroprim

DNA gyrase inhibitors

Cell wall synthesis inhibitors

PLactam drugs
Penicilins

Carbapenems
Monobactams

RNA inhibi i i

Fluoroquinolones Rifampin Tetracydlines
Aminoglycosides
Macrolides

FIGURE 101 CLASSIFICATION OF ANTIBIOTIC:

Ill(llmlu T
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el Ko rplcton of achgergariens vt
ing significant harm to e d

and spectrum of activity against particular organisms. Drug classes
inclucecelwal smbess niion (ot s such as peni-

sigy

e of cll hysiology ha s ante 10 the pathoen, antmicro-

bials essentially make use of inherent structural differences among
acterial, viral, and fungal cells. Antibiotics are

classified according to mechanism of action, chemical structure,
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macrolides); DNA gyrase inhibitors (fluoroquinolones); RNA
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(eg, sulfonamides).
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Nm...,.,.-uh..hm-.
B
B

Nodrug
control)

Bacteriosatic drug
(etracylne)

Bactericidal drug
(penicilin)

Time

.-

A
[T
oy

FIGURE 10-2 DEFINITIONS: BACTERIOSTATIC VERSUS BACTERICIDAL
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tia, which leads directh

nporturt o esblah whelhar e i i et o bac

o of viable
pathogens in the host. Bactericidal agents are preferred for patients
with

epl
cation, prixiai

ot
immune system naturally eliminates the pathogens. I therapy ends
before the immune system completely eliminates the organisms, a
second cycle of nfection may begin. Bactericidal agents kll bacte-

pathogens. Life-threatening infections such as endocarditis and
meningitis should also be treated with bactericidal agents.
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Candida, Clostridium

and

spectrum of activity act on a single organism or a few groups of

effective against a wide variety of microbes.
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Chromosome Capsule
(spontaneous DNA
mutations)

FIGURE 10-4 MECHANISMS OF RESISTANCE
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Tuberculosi

Sputum Examination
mear)

A.Fleck of purulent sputum
placed on side and crushed
with another side; sides
drawn apart 0 make.

B.Side flooded with
carbolfuchsin and
then heated

€ Skde imedvithwatr, deobried
with acid alcohol, and rinsed ag:

D. Counterstained with
ethne ue o malachits
ween for 30 seconds,insed
sy

. Side of sputum stained with

ackdiosbucl b
asbright red r0

F. M twberculosi stained with G. Auramine O stain of M kansasi
auramine O, which causes

o baciitooresce whi
xa Mtabercioss (x200)

xﬂ”

FIGURE 10-5 EXAMPLES OF RESISTANCE

Pneumococcal Pneumonia

B. K. upper lobe and segment of
t-lower lobe pneumonia
ipper lobe.
zation
(ransition stage); pleural ibrinous
exudate

c P o,
(Gram stain) srowing on agar plate

Increasing bacterial resistance to antibiotics in the outpatient set-
ting now seems 10 affect hospitals. Second- or third-generation
[

are increasingly found (now in 20% of all pneumococcal infec
tlons) ith rowing umbers o srain esstant o mulple drug
classes, including Vancomycin

cephalosporins, with or without a macrolide,
patients who stay in the hospital for multidrug-esistant pneumo-
coccal infections. However, overprescribing of these cephalosporins
in communities has left hospitals with few options for patients who
are already using these agents and present with such resistant
infections. Penicillinresistant Streptococcus pneumoniae strains
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is the fallback for Ihemvy s cases, but ot ey of drug

may be limited because other bacteria such as Enterococcus and

Staphylococcus aureus now have resistant strain. Mycobacterium
drugs, so

become difficult 1o treat.
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Superficial Syphilitic Lesions

Generalized disrbution
of macular rash

Papulosquamous lesions
nickel and dime lesions)

wit jon for
nasolabial folds and chin

Spotty alopecia resulting from syphiitic:
involvement of har folicles

Papular rash on
Ol esions present sole of
as mucous pat
o splt papules

Condylomata lata in moist areas.
of vulvar or perianal region

FIGURE 10-6 NATURAL PENICILLINS: PENICILLIN G AND PENICILLIN V.

sramnegativecocci gramposiive bacil, oral anaerobes, and

Originally obtained from fermentation of the mold Penicillum
therapy for

chrysogenum, penicilins are the oldest and st y  spirochetes The
jed of all antibiotics, These ivity by

i is, which  syphilis, meningits, tetanus, and gonorrhea. Penicilin G and peni-

celllysis. Theref lins are i cillinV have similar spectra of activiy, with the latter agent being

e ckd bt i bt skmaced by e o e
‘whereas penic

organisms iy wall ks bt e
lin G is administered via injection.

fungi, and viruses. Natural penicilins target grampositive ar
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Acute Otitis Media

8 tympanic membrane

in
oo B vapped et
membrane in middie ar)

‘Otoscopic view demonstrating clnical
appearance ofoits media

Aurice
(pinna).

Extemal

o

Scla  Cochlear
fympani  duct

Externalauditory canal

Pursent luid
in middle ear

Ossices

Section through midde car in otits media

Semiciecular canals

Scala
vestb

FIGURE 10-7 AMINOPENICILLINS: AMOXICILLIN AND AMPICILLIN

Aminapenicilin arssar b raralperilins i speciu o of choice foruncomplcted acute ot medis, despte he pre-

activity but are al SP) and H influenzat

(eg, and against Listeria. These d - COC urged use of a ighdose resvmen b g amosin o hen«
kin, and soft Vections;and ~ chan

urinary, respiratory, and Gl tract infections. 8s timicrobials. If amonicillin ibiocswith

(eg, Escherichia coli and Haemophilus influenzae), their use has
declined. However, the CDC stil indicates amoxicilln as the drug
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Prevention of Burn Wound Infections, Which Can Be Caused by P aeruginosa

= = >
Application oftopicalchemotherapy twice a
day 1o minimize bactera pofferation

Surface bacteral
profieration-

Penetration of
eschar.

Bacterial prolferation.
inder eschar at
surface of viable

Penetration o viable

Perivascular bacterial
palisading

Schematc secton shows bacterial penetration of burn wound.

FIGURE 10-8 ANTIPSEUDOMONAL PENICILLINS: CARBENICILLIN, PIPERACILLIN,
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Drug. Susceptible Organisms Indications
rept he Lower respi
Amoxicilin-clavulanate Enterococcus faecalis, Proteus Otitis media
mirbils, and B lactamase— Sinusiis
ducing Haemophil S

influenzae, Klebsiell species,
Moraxella catarrhalis,
and § aureus (not MRSA)

Ampicillnsulbacatam

L
such as H influenzae, E coli,and | Intra-abdominalinfections

= Kiebsiella, Acinetobacter, Skin and skin structure infections
Enterobacter, § aureus,
o Bacteroides species (anaerobes)
Pseudomonas,  ct Bone and joint infections
Enterobacter species, Proteus Gynecologic infections

Intra-abdominal infections
Lower respiratory tract infections
Septicemia

and skin structure infections
Urinary tract infections

influenzae, Klebsiella species,
Bacteroides fragils

Piperacillin-resistant Appendicitis
o o ~ B lactamase- Pelvic inflammatory disease
an n gy | producing organisms Pertonts

Pneumonia (community acquired
and nosocomial)

Postpartum endometitis

e kin and skin structure .nmcno»s

including diabetic foot infections

+
AR R G
N

FIGURE 109 B-LACTAMASE INHIBITORS

The structures of penicillins and other f-actam antibiotics have in
‘common a plactam ring that is essential to stability and antibacter
ial activiy. After years of exposure to fHactam antbiotics, a large
number of bacterial organisms have developed resistance to the
drugs by producing b lactamase, an enzyme that hydrolyzes the
Pactam ring and inactivates the antibiotics. f-Lactamase inhibitors—
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clavulanate, sulbactam, and tazobactam—were developed to
address this problem. With no antibacterial activity of their own,
these inhibitors are used only in combination with plactam anti-
biotics, which creates a product that has extended activity against
B lactamase-producing strains.
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Etiology and of o it

Soumarmictan,

Skinnfection

Paronychia
Furuncle
Infected
wound
Urinary
ract
infection
Gastontestnal
infection
Salmonell
Typhoid
Appendicils
Peronis
Unblcal
Lung ifecton
Preumonia
Abscess
Tuberculoss

Mt 8%

%,

FIGURE 10-10 ﬂ LACTAMASE-RESISTANT PENICILLINS:
CLOXACILLIN, DICLOXACILLIN, OXACILLIN, AND NAFCILLIN

L i flins that ~ cilin s u
I penicill n soft 4 Un(mmna\e\y, many strains
the presence of p ingstaphy-  of S ability to
Cloxacillin is leading to

arthritis dicloxacillin is used for treatment of skin and soft tissue
infections; oxacilln is used for treatment of sepsis, 1oxic shock syn-
drome, and infections of wounds and vascular catheters; and naf-

This pathogen is considered a serious source of nosocomial
infections and produces diseases that are usually treated with
vancomyin.
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Angioneurotic |+
cdema
Wheesing
Manifestations
ofallersy
Rash
Fczema
Antbiotic Adverse ffects
Extendedspectrum percilin (high doses Blecding hyperkalemia ypermatremia
Methiclin ‘Acute nersitial ephrts
Peniclin G (high doses i renal discase) G et conkson i ey g
Penicilin G i secondary syphils) T Henkemer rescion v, g
weardia, hypotension)
B Lactamase-resistantpenicilins Hepatotoxiciy
Ampicilin Wacopapir s canocw vt o eicies bt
ommon with ampicilin)
FIGURE 10-11 ADVERSE EFFECTS OF PENICILLINS
tibiot i il ulopap
3 i laxis. C I ibioti
being most notable. 5% of pati o h i the
some kind of reaction, which is actually an immune response to  table.

the penicillin metabolite penicilloic acid and can range from a
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Lung Abscesses

Multipl lung abscesses folowing septic
embolization

Sagital section oflung with abscess (caviy in superior
Segment of lower obe containing flid and surrounded
by fibrous tissue and pneumonic. patches); also pleural
thickening over abscess.

FIGURE 10-13 CARBAPENEMS: IMIPENEM-CILASTATIN, ERTAPENEM, AND MEROPENEM

Carbapenems are the broadest spectrum Bactam antibiotics. They Meropenem is penia,
derive potent activity from resistance to bacterial f lactamases, urinary Tl I dr b
in 2, and lack of permeabilty bar- il

tier, They act agains! aerobic d d patens. bnormal

! aeruginosa, B live ures.
Etarobuce, Achetobece, ind Enlrococas speces prisspsgiilinsbiscsifuss o iarirsgioen neohrol vty
with an aminoglycoside, they are used for severe mixed infections  Meropenem can cause agranulocytosis, neutropenia, Stevens-
{Pulmonary, measbdomina sof sue) caused by mulidru Johnson syndrome, and angioedemna.
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Factors in Etiology of Cystitis

In female Descending infection via sl
ureter (twberculosis)

Invasion from surrounding
organs (divertculi etc)

Trauma, surgical or accidental
e 1o sppsrent tlogc

e s o
precspose o cion

Caleulus or foreign body
Neoplasm
Residual urine:
Outet obstruction
(prostatic hypertrophy,
cture, cong. valve,etc)
Urinary retenti
(cystocele, diverticulum,
neurogenc disorder)

Ascending urethritis

Catheter

Vaginalinfection

FIGURE 10-14 st
reonam is a monobactam antbiotc that inhbits bacterial cell  urinary ract, skin and ski structure, intraabdominal, and gyneco-
wallynvesis and s esisant to st plactamases. Th agnt o fctons. For reatment of b nfectors, azicoram s
only against including other antibiotics gra
Ptrognon, ool posiive and iode becuent
Proteus mirabils, H influenzae, and Enterobacter and Citrobacter  increases i lver unction test results nausea, vomiting, fashes, and

species. Azireonam s sed for treatment of septicemia, lower res-  phlebitis. The drug may be safe for use in patients who are allergic
piratory tract infections (including pneumonia and bronchitis), and o cephalosporins and penicilins
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Advanced bacteral endocardits of aortic
Valve: perforation of cusp; extension to
anterior cusp of mitalvalve and chordae
tendineae: ‘et lesion” on septal wall

Vegetations of bacterial
endocarditson underaspect
s well 2 on atial surface
of mitral valve

FIGURE 10-15 VANCOMYCIN
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onto chordae tendineae with rupture of 2
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The drug of last resort, gets s is, and

2 i prosthel
i an  materils or devices at intitutions with a high rate of MRSA-elated
d (with 0 infection.
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Widow o opporuniy
lopme

Vancomycin concentration

FIGURE 10-16  VANCOMYCIN TREATMENT DIFFICULTIES: RESISTANCE AND ADVERSE EFFECTS

Red man syndrome

fid

iy I\I\I [

against
resistance of Enterococcus and Staphylococcus species to van-
‘comycin has begun, such as the case of an $ aureus isolate from a

patient with renal disease that showed intermedate levels of resis-
nd

removed to Thus, drug
d  the patient has for

the latter part of the week. During this time, the organism can

mutate and develop resistance. Adverse effects of IV vancomycin

tance. The pat
vancomycin for d

events (“red man syndrome’: decreased
w»eezmg, urticaria, pruritus, upper bodyﬂuzhmg

peritonitis. Patients dial
sis are sometimes given once-veekly vancomycin, which is

pain
neutropenia, ototoxiciy and nephrotoxicy.
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3 Banbon glands . Emergencefom bl ot (uboovarin sbcess
Corviand conical ands and pertonits
o Lymphate spread obroad gaments andsroundng
tisues (rozen peli

Gonohestfecion Nonspeciic nfecton
Gramstam Cramstam
Appearance of cervix
St iecion
FIGURE 10-17 TETRACYC
Tetracyclines bind reversibly to the 305 and 508 subunits of the act is
bacterial ribosome and inhibit protein synthesis, with the broadest used ior prophylaxis and treatment u!muludm;«swsﬂm malaria.
spectrum of any anibi they for most et the G rac; more serious
deer el .  hepato-
tain :n:erchn( baclena They are drugs of choice Y toxicity be of
disease), sexually di effects on (zelh and in lena\ dlsease (exc:p! dnxycydmej, they
[( he infections (eg, with can rer

monie). Telvicydme is used for prostatits, travelers” marmea,
314




INFECTIOUS DISEASE

cases)

infection; bunting of calyces ascending nfection)

FIGURE 10-18
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Legionnaires Disease
(Pneumonia Due to Legionnaires Bacillus)

e
l, bl l A \ -
Cerscchda bach g o ok

o .

s Laplomaes deesse st shovwn

Dieterle siver impregnation siai,

 Leonnaes bcil denifed by specii
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FIGURE 10-19 MACROLIDES: ERYTHROMYCIN, AZITHROMYCIN, AND CLARITHROMYCIN

The bacteriostatic macrolides, which bind to the 505 subunit of the
bacterial ibosome and inhibit protein synthesis, are effective for
sexually ransmitted diseases and community-acquired pneumona
Erythromycin is active against Chlamylia, Treponema pallidum,
M pneumoniae, Ureaplasma, Corynebacterium diphtheriae, and
Legionella; clrithromycin has greater activity against Chlamydia,

i

*y

8. Chestxray fim on fithday of iness of
Sibyearold man with serologic

Radilogcchngesdd ot compeey
disappear for 2 months

D Htologicscionof g nd £ s
from fatal case of Legionnaires dise v

ntraaiveolar exudate presen,

contaning many large macrophages

Soitis often used if penicillin allergy exists. Azithromycin s less
effective than erythromycin for Streptococcus and Staphylococcus
but better for respiratory infections caused by H influenza,
Moraxella catarrhalis, and M pneumoniae. Azithromycin is pre-
ferred for Mycobacterium aviumintracellulare complex. The most
common acveaefct s epgasic . nythcmycncan case
hould be avoided in

Legionella, and Ureaplasma plus coverage for Haer
zae. Erythromycin's spectrum of activity parallels that of penicilln,
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Although chemically distinct, clindamycin s similar to ery-
thromycin in mechanism ofacion and spectrum of actnty s

(C dificle overgrowth in the bowel). This complication, which is
more likely to occur with clindamycin than with other antibiotics,

Iy for
B fragils, which is responsible o sdomial oo s
trauma. Itis also used for aspiration pneumonia and infections
caused by sreptococciand methicilinsensiive S aureusin

, abdominal pai
leukocytosis. Symptoms begin 3 to 10 days afer starting the crug
or soon after stopping it. Oral metronidazole and vancomycin
e«ecwelv eradicate the superinfection, but the ater is usually

o penicilin.

effectis  a possibly

use . Other nausea,
e and opaled v unction
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Quinolone
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FIGURE 10-21 QUINOLONE:

Topoisomerase IV

Cel
division

Topoisomerase IV
required for separation
of daughter chromosomes

QT segment prolonged

Quinolones (e, ciprofloxacin), broad-spectrum bactericidal anti-
biotics that inhibit DNA gyrase or topoisomerase IV (e;sem»al for
duplcation ranscripton, and repai of bacteral DNA), o

of the G tract, joints, bones, skin, and skin structures. The most
common adverse effects are nausea, headache, phototoxicity,
anddizines; more seiousare CNS ffct (peychoss,aghaton

gram-positive (eg,

intersitial nephts endonts o jint

yamrneganm (eg, Hinfluenzae, M mamm, Paeruginosa,

Paients with neurologic disorders (eg, seizure), iy

Legionela,
respiratory olecions eyl nfecions; UTs and infecions
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certain e prekongad i ervel
should avoid quinolones.
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Empiric Therapy for Patients With Community-Acquired
Preumonia*

Outpatients
* Generalpreferred (not in partcula order)
— Doxyoycline
— A macrolide: rythromycn, azitwomycin, clarthromycin .

— Afluoroquinolone: evofloxacin, moxifloxacin, gatfoxacin

e doxycyciine.

choice; some authorities prefer to reserve fluoroquinolones fo such patients.
* Hospitalized patients (seneral medical ward)

macrolide or a plactam/fHactamase inhibitor combined with a macrolde, or a
fuoroquinolone (alone).

* Macroldes: erythromycin, azithromycin

ampiclin/sulbactam

+ Fluoroquinolone: evofloxacin, gatifoxacin, moxifioxacin

Hospitalized patients (intensive care unit)

inhibitor plus either fluoroquinolone or macrolide

« Alternatives or modifying factors

imiperam or meraperam,or cefepime) pus a luoroquinolone (including high-dose
ciprofioxacin)

Lactam alergy: fuoroquinolone * clindamycin

Blactam/lactamase inhibitor

Adapted rom BartettJG, Dowell SF, Mandell LA, File TW Jr, Musher DM, Fine M. Practice

Saciety of America. Cin Inect Dis. 2000;31:347.362.

FIGURE 10-22 NEW-GENERATION Q!
Compared with . the n flox- agents o i
acin, sparfloxacin, grepafloxacin, gaitloxacin, moxifloxacin) pos-  acquired pneumonia. As with all antbiotics, the new drugs are
ity agai  including =
S pneumoniae strains that are resistant to other antibiotics. These  which leads 1o bacterialresistance to the antibiotics. Ciprofioxacin
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P aeruginosa Respiratory Infection in Cystic Fibros

Lungs structurally normal at Increased bt el iy eptium
toinfection Increased submucosal gland:

 in arways at st

oo e ekt

Gross lung sect
ot ronchi e with
pus and fociof consolidation

FIGURE 10-22 NEW-GENERATION QU

isa good example ofthe future for these newer drugs: athough prof S aureusis variable. h new q
this Paeruginosa, q i t

today it affects only 70% of those s O y for of peumoniae
wereaso once active against MRSA,but toda, he actiy of strains have been reported.
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Treatment of Septicemia

Clinical Setting

Possible Therapies

Outpatient admission

Tid generation cephalosporin (eg, cefiraxone, cefotaxime) or

an aminoglycoside

Intraabdominal iper
‘an aminoglycoside

Possible MRSA Add vancomycin

Hospialized patient” e

cefepime, and ciprofloxacin are alernatives; use quinupristin/
dalfopristin for Enterococeus faecium infection

Neutropenic patient

Imipenem (or meropene),
oot Pl s do o

ceftazidime alone or with

persis o lkelihood of MRSA i high

Possble tick exposure.

Add doxycycine

FiGuRe 1023 Q

Perhaps destined to replace vancomycin as the drug of last resort
for certain pathogens, quinupristin/dalfopristin i an injectable
streptogramin productin which 2 compounds act synergisticaly
toinactivate bacteria 1 on protein synthesis in the bac-
i ibosome: dalfopristin inhibits the early phase of synthesis,
and quinupristn inhibits the late phase. This drugis used for

and skin and

tions caused by methicillnsusceptible § aureus o Streptococcus
‘pyogenes. Identifying Enterococcus species (faecium and faecalis)
by blood culure i rcl 1o avold misuse of hi chug (s acive
against only the former). The most common adverse

pain at the infusion site, arthralgia, and myalgia. Drug. pessll
‘may occur, with agents metabolized by the cytochrome P-450
3A4 system (eg, cyclosporine, nifedipine) and with drugs prolong-
ing the QTc interval.

3
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Headache

sweptococcal,

infectons

W D
i
.

FIGURE 10-24 LiNezouD

Another antibiotic for , linezolid is treptococcal
an oxazolidinone derivative that binds to ribosomal subunits and  strains. The most common adverse efects are nausea, diarrhea,
interferes with bacterial protein synthesis. The drug isintended for  and headache. Linezolid may cause myelosuppression, which
reatment i partcularly Teuk t

o
‘The drug inhibi 50
Ent foods with high

) and MRSA ici use of adrenergic hould be avoided.

s bacteriostatic against Enterococcus

S epidermidis. The antbi
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INFECTIOUS DISEASE

FIGURE 1025

Steroid
Transplantation

Immunosuppression
therapy.

Predisposing

factors for

Preumocystis

jiroveci
preumonia

Jonamide folic acid and thus synthesis of

T

ines and pyrimidines, so bacteria fail to grow and divide. These
Pacteriostat,agents ae used for trachoma caused by Chamyci),
UTis caused by E col, dihydro-

5, Gl nfecti d

acute gonococcal urethritis. Adverse effects of sulfonamide include

crystalluria (minimized by hydration and alkalinization of urine),
ed 4 b

o is often gt
(as co-rimoxazole) for synergy and a broader spectrum of aciiviy.
Cortrimoxazole is used for Preumocystis jiroveci pneumonia (a
‘common opportunistic infection in patients with AIDS), chronic

o d kernicterus in newborns. Adverse effects of
leukopenia,
nia) are related to folate deficiency.
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Fungal Infections: Antifungal Drugs

Toenails with
fungal
infection

Acetyl CoA Cytosine

Squalene
' -Fluorocylosine

Fungal RNA

v
anosterol

v

Inhibits protein
synthesis

Binds to ergosterol an
[ membrane permeability

Polyene antibiotics

FIGURE 10-26 NATURE OF FUNGAL INFECTIONS AND THERAPY

Comparad it aciari, T e mocs igid ol vl and o8

~Encephalits can
be caused by
aspergillosis

Clfacfecb.

$—
QT
°IeN

Sites of action

Cell wall

<

Tkt G
ahering membrane i

- imdastis ckoconsemeh b eyochome P450

 Triazoles fluconazole): inhibit cytochrome P-450
demethylase-blocks synthesis of ergosterol, necessary for
membrane development and maintenance

md o membrane ergosterol,

Nulear division |

G
microtubular proteins

Nuclear acid synthesis
+ 5Fucytosine: converted to 5fluorouraci, which is

of

ihe hosptal,complicated srgica procedres, use o implanted |
and .

devices, an

I, they infe

the incidence of nosocomial l\mga\ ok

ons,and hey are resstant 1o all anblotc. ungal Ifecions, or
mycoses, can e superfcal, subcutaneous,orsystemic The occur-

The most notable uupunum,m mm\ pathogers nchide e
rgillus, C

rence of systemic mycoses—the
life threatening—is increasing because there are more immunocom-
promised patients, such as those with HIV infection, those with
cancer, and those who have undergone organ transplantation. In
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Zygnmy(m« species. Agrnu g systemic fungal g
tions include amphotericin B, azole derivatives, caspofungin, and
voriconazole.
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INFECTIOUS DISEASE

North American Blastomycosis
—

upperobe Rad
patten may, however, be very diverse.

i orinfectious

Organism n cutue:
phase o Blastomyces dermatids

Skinlesions

FIGURE 10-27

N B

Amphotericin B, a polyene antifungal agent, binds to ergosterol in
fungal plasma membranes, interferes with membrane function, and
causes cell death. The drug s active against most species including
Cryptococcus neoformans, C albicans, Sporotrichum, Blastomyces
dermatitidis, Histoplasma capsulatum, Coccicioides immitis, and

cosis, aspergillosis, sporotrichosis). Drug resistance is rare but does.
Major adverse effects of amphotericin are the reason for ts
nickname ‘ampho-terrible.” A major adverse effect is renal impair-
ment (reduced by previous sodium loading). Other effects are
fever and chills, hypotension, anemia, thrombophlebits, and neu-

The drug is usually
infections (eg, cryplococcal meningitis, histoplasmosis, dissemi
J candidiasis North

rotoxicity. L human cells
1o the drug and are thus less toxic but are costly and not inter-
changeable.
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Aspergillosis

B.Fim
acavityinright lung

D. Gross appearance of an aspergiloma
in'a chronic lung cavity

FIGURE 10-28 AZOLE AGENTS AND OTHER

decubitus position, demonsiratng shift of fungus
ball 0 dependent portion of cavity

composed ofa tan
diated

A”in L lteral €. Tomogram of an aspergiloma within a

Cavityin . upper obe, demonstrating

characteristic radiolucent crescent above.
fungus ball

led mass of hyphae within a
bronchus; no evidence of tissue invasion

AGENTS

Azole antifungals prevent ergosterol synthesis in fungal cell
membranes. Fluconazole is active against C albicans, many non-
albicans Candida species, and C neoformans but not Candida
Krusei or Aspergillus species. liraconazole has excellent anti-
Candida activty;is more effective than fluconazole against H
capsulatum, Sporothrix schenckii, and B dermatitiis; and is
fungistatic against Aspergillus. Voriconazole has great activity for
Candida species, is fungicidal for Aspergilus, and is active against

include rash, abnormal liver function (fluconazole; peripheral
edem: iestive heart failure (itraconazole);
hepatotoxicity (ketoconazole); and transient ocular toxicity
(voriconazole). Drug interactions can occur: azoles inhibit
metabolism of certain drugs (eg, sulfonylureas, warfarin, digoin

cyclosporine, tacrolimus); azole serum levels are reduced by other

drugs (eg, rifampin, isoniazid, carbamazepine)

Flucytosine is a nucleoside analog that disrupts pyrimidine metabo-
lism in the fungal cell nucleus. The agent is fungicidal for Candida
species, C neoformans, and some strains of Aspergillus but not for

combination therapy (with amphoteric
cp , Gl toxicity,

tion test results, and cutaneous reactions. Caspofungin is a nonco-

1364 for

B). Major adverse effects

formation of an esseniial cel wall component in many pathogenic
fungi and Preumocysiscariii cysts. Caspofungin has good activity
against Asperglls, Candida, and Histoplasma species. The primary
vole of thisdru i fr treatmen of reffactory invasive aspergilosis
and Candida esophais. The agent is sually well toerated; rash
or Gl toxicity occurs rarely
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Binding

Fusion and —
penetration

Uncoating

Transcription

Translation

Assembly

Budding and
release

FIGURE 10-29 NATURE OF VIRAL INFECTIONS

Host cel

TR
e

Unlle sl bactr; s ock ot cel vk and sl mer

orviral RNA acting asits own mRNA. Influenza virus, however,
eeds

RNA encased in

arsenalof I drugs, viruses are

ieaing a st cal and g s machiner. DNA vses e 3
host cell nucleus and are transcribed into mRNA, which is rans-
lated into virusspecific proteins. Infected cells usually die. Most
RNA icati

o al pathogens—s evidenced by the common cod.Immurization
and

chickenpoxts the pmary erapeute sporosch T mafor e

either enzymes in the virion, which can synthesize its own mRNA,

antivirals are often used include influenza and her-
pesius nfectons.
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Cli

Typica features of acute onset of

localize)
Seizure activy is

al Features of HSV Encephali

fever, headache, menial status and

MRIdemonsrating
temporallobe involvement
isa diagnostic comerstone.

PCR amplication of HSV.
DNA from cerebrospinal
lid provides major
diagnosticinformation
andis very sensiive.

HSV encephalts CSF
cytology and chemical
studes typicaly show:
WBC:

RBC. v/~
Protein: - moderate
Glucose: normal

Reactivaion of
varicellazoster

FIGURE 10-30
Human herpesviruses (eg. herpes simplex virus types 1 and 2
[HSV-1 and HSV-2], varicella-zoster virus [VZV, human
cytomegalovirus [CMVI)are found worldwide and often infect
immunocompetent and immunocompromised patients. HSV-1
causes diseases of the mouth, face, skin, esophagus, or brain; HSV-
2 causes diseases of the genitals, rectum, skin, hands, or meninges.
HSV infections may be primary or an activation of a latent infec-
tion, eg, VZV is a cause of chickenpox first and then herpes zoster

328

(shingles). The main physical inding in shingles s a rash that may.
e preceded by paresthesias or pain along the involved sensory
verve. Herpes encephalits,a serious infection, is the most com-

mon viral infection of the CNS. It presents with general symptoms.

ranes. Antiiral agents can reduce morbidity, mortalty, and dura-
tion of symptoms of most HSV infections.
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al Agents

INFECTIOUS DISEASE

Lesions of Herpes Simplex

Regional lymphadenopathy, common

in genital herpes 3

Marked edema and vesice:
formation n primary herpes

Atoinoculation lesions.

Ulcerative lesions of gentalia

FIGURE 10-31 ACYCLOVIR AND FAMCICLOVIR

I log of guanosine, is

bt of HSV i MY fctors b erumocomprornived pens

lation via viral
ostcll niymes 6 miphosphate form tha . subaratefor il
rather than cellular DNA polymerase. It binds to HSV DNA poly-
merase, dint val ONA

CMV disease (CMV does not produc
iymidine Kinase and s lhus resistant). Adverse effects depend on

tion. Thi

Y efects,and rapd IV foon ey cae

leads
versus healthy cells Acyck:vu s used for inital or recurrent HSV,
herpes zoster, and VZV infections. The drug is also used in prophy-

mciclovir is similar
10 acyclovir but has better bioavailabilty, whichslows o e
frequent dosing.
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Cytomegalovirus Pneumonia

Lung histlogy in cytomeglovirus pneumona;
celllar and fibrinous exudate in aiveoliand in
intersiium plus inclusion bearing cells an
epithelal desauamation

Diffuse densites in both lowerlobes

S ®

Highmagnification view of cell with inclusion

body and cytomesaly

Cells nfected with cytomegalovirus
Stained by immunofiuorescent technique

Normal e e Tisue cultre with early Tissue culture with ate
(HeLa cells rounding of cellsdue to o

FIGURE 10-32 GANCICLOVIR

Gancicloviris similar to acyclovir but someswhat distinct. CMV recipients and HiVinfected patients. The most common adverse
does not produce thymidine inase, so ganciclovir s the drug of effect with IV and oral ganciclovir is bone marrow suppression
choice in infections caused by CMV, because enzymes other than  (aneia, leukopenia, neutropenia, thrombocytopenial. Common
thymidine kinase in CMVAnfected cells faciitate phosphorylation  adverse effects of intravitreal ganciclovir implants include vitreous
of the drug. Ganciclovir is used for serious CMV infections, espe-  hemorrhage and retinal detachments. Valganciclovir s similar to

cially rtinits, in immunocompromised patients or patients at risk  ganciclovir but has better bioavailability, which allows for less

for CMV disease; it prevents CMV disease i solid organ transplant  requent dosing.
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Influenza Virus and Its Epidemiology

virus;flaments and spherical forms (10,000

influenza virus invasion o chorioallantoi
membrane. B.

Electron microscopic appearance of influenza A,

Virus viewed insection at much higher
magnifcation (300,000)

Hemagglutinin spikes

— Neuraminidase spike
influenza virus

ing Double fpid layer
plasma membrane | of irus capsuie-
of infected coll

FIGURE 10-33 INFLUENZA AND ITs TREATMENT

Polypepides

Cell membrane

Cell cytoplasm

Influenza, an acute

fection, s transmitted by inhalation.

similar, but the former usually produces more systemic symptoms
(eg, high fever, headache, myalgia). Persons at high risk for
influenza are the elderly, patients with chronic respiratory and car-
diovascular diseases, and health care workers and others who
‘come into contact with highisk patients. Immunization is pre-

ferred to antivirals, which must be given early (within 48 hours).
Antiviral drugs do have specific uses, eg, in vaccine-allergic
patients and in outbreaks with variants not covere

d by a vaccine.
Amantadin

e and rimantadine are ant-RNA drugs used for type A
virus that block viral peneltration of host respiratory epithelial
cells; they also block viral uncoating ater host cell penetration.
Zanamivir (inhaled) and oseltamivir (oral)inhibit viral neuramin.
idase and are used for type A or B ifections.
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Aseptic

meningitis

Headache:

Lymphadonc

\‘1

ical Course and Features

Photophobia

Acute disease Chronic disease
Acute Chronic symptoms
Fever and sweas (including AIDS)
P— L
Arthralgias
s Anip24
Myalgias
yalg =
Blood st for ESA and Westen
blot ltorecommendec: Lo i s 0
with different s Months after infection Years —>
o et 3 seragon b
and renal function, VRL or RPR, Predisposing Conditions
and platelt count
P
HY =
Acute symptoms are |
often nonspecic,
mimicking mononucleosis
and other viral nesses 2
Multple sexual  # Shared Exposure o
artners needies blood products

HV

FIGURE 10-34 HIV INFECTION

e B ey Ciontaion’
T

Acqui
breast milk, and placenta, HIV attack:

for on CD4” cel, T hlper coll and T cells. Afer HIV fuses with

the cell, it rel

cles that break away from host cell, are cleaved by protease, and
can infect other host cells by the same process. Over time, HIV
causes host celllysis an prevens producton of new CDA' cells
AIDS

s and binds o the CDA recep-

Tl cells

the host cell.

reverse y have

load. verapy
o tecton sorme S e

iptas

DNA, which

HIV
then uses the machinery of the infected cells to produce vira parti-
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life with chronic disease.
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Normocelar marrow

Stevensjohnson syndrome

FIGURE 10-35 NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS (NRTIS) AND NON-NRTIs

i

famivudi

The fi ;
i viral RNA

d abacavir cause fatal
Al lac-

into DNA); non-NRTIs (NNRTIs) also inhibit this enzyme. NRTls are
used with Pls, NNRTIs, or both to treat HIV. NRTIs are also used to
HIV i cupa-

tic acidosis. NNRTIs can replace a P in 3«rug regimens that would
use 2 NRTIs and a PI. NNRT! adverse effects include rash (eg,
and CNS effects. All

tional exposure (eg, needlesticks). Adverse effects are drug spe-
cific, eg, zidovudine causes bone marrow suppression and
i Icitabi

Pis and NNRTIs (not NRTIs) are metabolized by cytochrome P-450
in the liver, and drug interactions may occur with Pls and NNRTIs
bu Tikely with NRTIS
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Cushing symdrome

Bufalo hump.
(dorsocenical

artery
{midureter)

Uretero-
vesical
junction

‘Commonsies of obstruction

FIGURE 10-36 PROTEASE INHIBITORS

Protease inhibitors inhibit HIV protease, an enzyme needed for  socervical fat pad [buffalo humpl,increased abdominal fat, periph-
proteolysis of viral polyprotein precursors proteins erallipoatrophy). In addi o
(required for HIV i bit and G upset; i ey stone

nd

b Pis
o treat HIV; for postexposure prophylaxis, Pls are used with the  rash, Gl upset, and oral paresthesias. Atazanavir is an azapeptide
\RTls zidovudi Major i Pls and has fewer lipi h
; p 4

other Pis. It
diabetes; and ibui dor- i
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Fusion inhibitors
Enfuvirtide (7-20)

Reverse transcriptase

1 0l G

FIGURE 10-37 OTHER ANTIRETROVIRAL AGENTS FOR AID!

Tenofovi is a nucleotide analog that, like NRTIs,inhibits nucleoside
reverse Unlike

Hostcell

ENOFOVIR AND ENFUVIRTIDE

ol merbeanes s used fr HIV nfcton i resed puens who
have H | therapy.

NRTIs, it does not

an active
o of theenayme. s |

form; it acts rapidly and is a potent inhi
active against most

and (in cinical trials)
bactral preumonia.Because o high cos complicated dosing,

brelated com-
mor;renl allureand Fancond syndmme are the more serious
cD4*

, enfuvitide is reserved for highly motivated
panems who have failed previous regimens and have few opions.
Both drugs are used in combination with other antivirals




OVERVIEW
“The original goal of chemotherapy was not quite as virtu-
ous as that of today, since the first antineoplastic agents

teins. This class is most effective against rapidly dividing cells
andis not cell cycle speciic.
Popularly known as spindle poisons, microtubule inhibitors
re

(nitrogen ted o be poi-
sons in World War I. Decades after researchers ohscrvcd
myelosuppressive effects of mustard gas, the goals continue
10 evolve. Atfirst, the aim was o slow tumor growth, whereas
investigators now focus on quality of life, remission, and,
‘sometimes, even cure. Most agents, especially older ones, do
not discriminate between normal and abnormal cells and
thus affect all proliferating cells, including those found
bone marrow, buccal and Gl mucosa, and hair follicles. Most
such drugs therefore cause nausea, vomiting, stomatis,
alopecia, and myelosuj lewer agents are designed
10 act more selectively and target components and processes
that are unique to cancerous cells, which allows for both
Saler and more effective treatments.

substances that are cytotoxic because they
interfere with the mitotic spindle. The spindle consists of
chromatin and microtubules, which are responsible for the
metaphase of mitosis. This class includes vinca alkaloids, tax-
anes, and estramustine.

Steroid hormones affect development of 4 major types of
cancer—breast, endometrial, ovarian, and prostate. Breast
cancer is classified and treated according to the reactivity of
the tumor to estrogen, the main hormone involved in the
tumor's growth. Hormone-positive tumors are treated with
estrogen antagonists and aromatase inhibitors. A primary
treatment method for prostate cancer involves medical
androgen ablation via gonadotropin-releasing hormone
(GnRHI analogs (with effects on luteinizing hormone [LH]
an hormone [FSH]) or surgical ablation.

inciples of sed
oo iy of cell speciically el dvison. e
neoplastic agents cause cytotoxicity by targeting events,
such as DNA synthesis, that occur during phases of the cell
cycle—Gy, Gy, S, Gy, and M. These agents are classified
according to these effects on the cell cycle or by other char-
acteristics of their mechanism of action.

Antimetabolites (folate, purine, adenosine, and pyrimidine
analogs, and substituted ureas), which are structurally similar
to naturally occurring metabolites required for DNA and
RNA synthesis, exert their effects either by competing with or
by substituting for normal metabolites. Antimetabolites are
cell cycle specific; they act during the § phase and are most
effective against rapidly growing tumors,

Alkylating agents (eg, nitrogen mustards, nitrosoureas, and
platinum compounds) bind to nucleophilic groups on cell
constituents, which causes alkylation of DNA, RNA, and pro-

Antiandrogens, also used for prostate cancer, block the
actions of androgens, whether testicular or adrenal in origin, by
interacting with cytosolic androgen receptor sites in all target
tissues, including the prostate, hypothalamus, and pituitary.

The i of rbodbase therapy i to target o cel
selectively while bypassing healthy cells thus optimizing effi-
Cacy whie minimising toxicy. Monoclonal anibodies are
synthetic proteins that can attract immune cells to a tumor or
deliver a cytotoxin to  tumor without activating the immune
system. Unconjugated antibodies can be used to trigger
immune system activation against malignant cells, promote
programmed cell death (apoptosis), or interfere with growth
factor signals to cancer cells. Conjugated antibodies are
attached to radioactive particles or immunotoxins and serve
as “guided missies,” delivering their cytotoxic atiachments
directly to tumors.




NEOPLASTIC DISORDERS

Introduction to Chemotherapy

Cell cycle-specific drugs

DNA synthesis
inhibitors

FIGURE 11-1 Ceu Cvcie

Cell cycle-nonspecific drugs

Al DNA alkylating
Go | drugs ndmost
DNA ntercalating
drugs

To replicate, both normal and cancer cells proceed through the.
cell cycle, which is divided into Gy, G, S, G, and M (mitosis)

these phases. Drugs that destroy cells only during a certain phase:
3omcol cycle pecic ol cycenonspeciic gents desiroy ol

phases. G, phase, cells pr

reaquired for DNA synthesis. n the G phase,cells arerestng but
are sl viable and can enter celldivision. During § phase, DNA

content doubles in preparation for celldivision. In premitotic G,
phase,acdtonl roei and RNA

e phases. st effective
st ekt o o s s
owever, can be useful against tumors with few replicating cells.
Chemotherapy is given intravenously, orally, intramuscularly,
or hort inf

ion, or a

agents d
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FIGURE 11-2 Ca C

Folate.

Purine.
Pyrimidine analogs

Mustards
Nitrosoureas A3
Platinum compounds |||u|m i

Asde bom e hemainkgic alipuncies most tncs show

only a parial, fleeting response to monotherapy. Combination
igher ar

by displaying effcacy ot o browder range o el lnes et

cies. Slection of agents for regimens is based on the following
principles: Only agents with demonsirated actvty as monotherapy
againstthe specific type of tumor should be selected. All agents
within the regimen should have different mechanisms of action

i

i ool et S W e e of S S
of tumor cells killed by drugs in relation to dose). Combination
chemotherapy has thus become the standard for most malignan-

ceptable toxiciy, agents should not have overlapping adverse
effects. To optimize efficacy and minimize resistance, the optimal
dose and schedule of the drugs should be used.
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‘Autologous stem
cel transplants

‘Autologous bone.
marrow

In autologous transplantation the patient s the source of the stem cells (the patient s the donor and the host
o

Autologous
S ol asoplartation

Sites of mucositis:

Oral pharynx
Glmucosa

Onalc:

Hypocellular marrow

and allogeneic

Allogeneic stem
cell ransplants

called aflogeneic ransplantation.

FIGURE 11-3 Apverse EFrecTs OF Ci

ho s a histocompatible donor, ths is

i mu o
L

Mostagents, especial oder ones, o not discriminate between

effects can be minimized via supportive care therapy such as
and vomit nd

normaland abrralcel and

cal and GI "l

s Iqudes. s nonseloctive foature hlps 1o explain toxcHs
associated with these drugs. To some extent, most such agents
¥

anemia and neutro-
enia,
tions, and dmmwmkemve agentssuch as mesna and amnimlme

cause nausea, vomiting, stomatit, al organ t
i toxicity) Adverse  and then reimplanting it after treatment.
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IIIlIlIlI !ll\l i

Folate analog

Clinical appearance
of TINOMO lesion

bow
to solid feces.

FIGURE 11-4 FOLATE ANALOGS:

One of the oldest and most studied antineoplastic drugs,
methotrexate (MTX) i structurally reated to flic acid and i its
ks yboklae ke Eomers ol scid

lomg hesd neck, and ovaran cancers, Common toicies deperd

on dose I

vomitg, diarthes More serous iyt hepamnomxy, renal
MTX o

leads to reduced synthesis of lhylmdmz and other buding bloce
(8 DNA, RNA, proteins) essential to cell function. Cell

restlts. MTX is used for different cancers—eg, colorectal carci-
ioma, hematologic cancers (leukeias, lymphomas), and breast,

failure, and Folic acid h tox-
ity leucovorin bypasses MTxblodied et reduces,
d can prevent

tropenia o mucositis, but it cannot protect against MTXinduced
organ damage.
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NEOPLASTIC DISORDERS

Antimetabolites

Acute lymphatic leukemia

Mucous membrane.
hemorrhage and
swelling

Lymphadenopathy

Ecchymoses
and petechiae:

Purine analogs

103°
102°
101°
100°

99°

Blood smear

By substituting for purir. s, these analogs interfere

| with DNA and RNA synthesis.

FIGURE 11-5 PURINE ANALOGS: MERCAPTOPURINE AND Ti

[T mlv

nd )is

ppression, diarthea,

a prodrug that
lites,

o d hep y

‘metaboli ‘eded for RNA and DNA biosynihe

This

bicin i The GMP s increased

when given with )

thesis o converts to another ribonucleotide that can cause feed-

analogue thatis lvu:muﬂy and functionally e e

(ymphocytic, lymphoblastic) leukeia. Adverse effects include
342

agents share similar uses and toxicities. Unlike 6-MP, however,
6TG s not P




Antimetabolites

NEOPLASTIC DISORDERS

Metastases from pancreas
Most common sites:
1. Regional nodes

2.Liver

3. Lung and pleura

4. Intestine

5. Peritoneum

Moderately common sites:
6. Adrenal

7. Bone .
8. Diaphragm

9. Gallbladder

10. Kidney

Occasional sites:

15, Supraciavicuar nodes
16 Muscle or subcutaneous tissue

e

W
A

Pyrimidine analog

FIGURE 11-6 PYRIMIDINE ANALOGS: 5-Fi n

5 Fluorouracil :U)

travenously,

toits

or topically.

o thymidylic .mi whichlowds 0 2lack oftymiding,a sdeonida
of DNA. 5-U also inf

y
stomats and diarthea, which can b sever i crtain patients;
b

into the nucleic acid :him e agentis usd fo reatsold umors
of the colon, rectum, is poorly

a
soles) and cardiac toictes chest pain Vo nghmess dys.mu

absorbed orally and can cause severe Fpe toxicity so itis given

ausea and vomit.
ing are usually mild.
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NEOPLASTIC DISORDERS

Antimetabolites

Gl Syt of rsst Cancar

Skin dimple

Carcinoma ~ Edema of skin

per
ligament

oo el ol g it
may enhance dimpling i fascia i involved.,

Connective tissue shadows

Cooper
ligament

Pectoralis
fasc

FIGURE 11-7 PYRIMIDINE ANALOGS: CAPECITABINE

An oral, ’

a fluoropy-

activation, so com-

inac-
tive mlumedmn When i reaches the tumor, it s converted to
i

e
pression) re mininizc s most comman e efects incude

tumors and low levels in norma tissues. This drug,
together

ting,
o Sovntal serous s ssocaed wihthe drg include
3

neutropenia,

o
therapy. It also indicated as firstline therapy for metastatic colo-
344

reduced




Antimetabolites

NEOPLASTIC DISORDERS

Clinical Presentation of Leukemias

ymphocyticleukemia (CLL)

and M)

Peripheral blood examination:
AML: High WBC counts,predominating blasts.
Neutropenia or hrombocytopenia
i be clevated orlow:
Monoclonality isindicative of acute leukemia (specic T-
and el suface markers denify th subset ofeukemia.
5h WEC coun with mature nerophls it cary
s and an occasionsl blsst. Low.
edioene shineshemppans e ated e
‘count, with dysmorphism and lage size. Eevtion of
sophil count and basts is seen in accelera
(CLL: Hevated WBC count. Mature lymphocytes
ith “smadge” or broken cells are prevalent.

Hepatomegaly (CML)

Pyrimidine analogs

FIGURE 11-8 PYRIMIDINE ANALOGS: CYTARABINE AND Fi

Leukemic meningiis, signs o involvement of the cen

e T e L)
Fever, weightloss (ML)
Symptoms related o anemia atigue, pallor,
dysprea (AML AL, CML)

Lymphadenopathy (ALL, CLL)
Abdominaldiscomfort and carly satety
Splenomesaly (CML, ALL CLL)

Bone marrow exainination:
AML Hypercelllarity with blast count
reater than
LL: Monoclonaly i indicative of acute leukeria

(specifc T-and B-cel surface markers deniy
et of i), Preser

(Ph) . subset o ALL confersa
i resanc of . More an 0% st
count characterzes bast.
LU Difuse nfiration withmature mphocytes.

Signs of bleeding petechiae, purpura AML ALL)

(Cytarabine s a pyrimidine antagonist that analog, is similar to
Y i the Itis effective and acute
DNA \eukm\m The major toxic effect of bulh dmu vs mva\mum
cytic leuk ropacn ) e bopee
i toxicity, d 1 ity; those of fludarabine
ergistc with other crugs,including alkylting agents, thiopurines, / Gl effects, stomatit,rash, and
and anthracycline antibiotics. Although fludarabine i a purine somnolence.
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NEOPLASTIC DISORDERS

Antimetabolites

Clear cell carcinoma of the ovary.

Pelvic mass (up 10 30 cm)
Partially cystic
40% bilateral predominately

Papillary
projections.

Glycogen containing cels create “hobnailed”
histoloic appearance. Similar tumors occur
in endocervix, vagina, and endometrium.

FIGURE 119 PYRIMIDINE ANALOGS: GEMCITABINE

Cancer of the cervix

* Direct extension to vaginal
wall, bladder, and rectum

i y
bine. The major distinctions between the two are the longer half-
life and higher tissue concentration of gemcitabine. Gemcitabine
ped to extend

ra-

therapy in Kaposi sarcoma. Common adverse effects include
myelosuppression (dose imiting),fulike symptoms (occasionally
dose limiting), fatigue, fever, peripheral edema, proteinuria, cuta-

non-small cell lung cancer, advanced breast cancer, ovarian can-
cer, and cervical cancer. This drug also has activiy as secondine

346

Gl effects. The drug.
‘may also cause adultrespiratory distress syndrome and cardiac
dysfunction (myocardial infarction, CHE, atrial ibrillation).




Antimetabolites

NEOPLASTIC DISORDERS

FIGURE 11-10

UREAS:

Melanomas

=
[T
cwy

Hydroxyurea blocks conversion of DNA bases by blocking ribo-
nucleotide reductase; it does not affect RNA or cell proteins.
Hydroxyurea causes cells o arrest at the G.S interface, which

leukemia who are in blast crsis (advanced disease in which the
number of immature, abnormal leukocytes in bone m: d
blood i quite high. Hydroxyurea i also used as adjunciive ther-

isap radiation,

hycroxyurea and raiation therapy causes synergitic toxcty:

Hydroxyurea s used to treat neoplasms including melanoma,
y

The Iy to patients with

apyto i carcinomas of the head and neck.
e marrow suppression (leukopenia) is the most common
adverse efiect. Nausea, vomiting, diarthea, constipatior

mucosiis may also occur Severe and sometimes fatal hepats and
secondary

with this drug.
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NEOPLASTIC DISORDERS

Alkylating Agents

T4 malignant

Nitrogen mustards

N3 involvment of
contralateral mediastinal _
nodes indicates IB disease

=
i fi
°my

‘Mechlorethamine Melphalan
Ethylene-
s

FIGURE 11-11 NITROGEN MUSTARDS: MECHLORETHAMINE AND MELPHALAN

to medi

fromits st wespon by isvescanl tocies, whi inclde nausea voring skin
o uptions, ototoxicity,

and malgnant pleueal effusions. This z!kylﬂlmg agent releases o il 18 e iageaky il mcHraibm SO

form a highly reactive ethylene-imme mainly b

onium ion. In tissues, the ionic:
form alkylates the nitrogen atom of DNA,

which causes DNA strand cross-inking and then DNA mutation or
breakage orbot.Polierating clls especillycel n Gy and S

K d

major adverse effects; others include pulmonary infiltrates and

fibrosis, nausea and vomiting, amenorrhea, alopecia,steriity,
d
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Alkylating Agents NEOPLASTIC DISORDERS

Testicular cancer

\
tage A: Growth Stage B1: Stage B2: More Stage C: Complete.
invoiving only mucosa  than 1/2 than 1/2 of muscle  penetration of
andtunicapropria thicknessinvolved thickness involved  bladder wall

Prognoss good Prognodis poor

Bimanual palpation in
diagnoss of extent of e
bladder tumor (recto- o
abdominalin male, vagino- o
abdominal in female)

FiGure 11-12 Cyai AND IFOSFAMIDE

Hosaidels used nefactory testicular cance,soft sue sarco-
it These di by he the &, breast, lung,
the cytochrome P-450 system 10 active mustard metabolites, which Cenix, and ovares Athough I’oshm;dz s effects, both

pot slaing agents and form crosslinks i the DNA. The st drugs have similar toxcite,including lopecia, nausea and vomit

drugis | ing diarhea, lead
cangan Wima i ot © by hydration and
leukemias, lymphe use of mesna, which inactivates toxic metabolites. fosfamide can
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NEOPLASTIC DISORDERS Alkylating Agents

Large, hemispheric glioblastoma
multiforme with central areas

of necrosis; brain
to opposite side

FIGURE 11-13 'CARMUSTINE AND LOMUSTINE

c nd th Mai Jud

via alkylation of DNA and RNA and inhibition of protein synthesis. fibrosis,
Both di highl Csf. nausea i i

As a result, the agents are useful for treatment of brain tumors. Seizures and brain edema are the most common adverse effects
o - o . .

plants. One ma
radiation in patients with newly diagnosed high-grade gliomas and  between the 2 agents is the administration route: carmustine s
given nt iy and iy
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Alkylating Agents NEOPLASTIC DISORDERS

Enlarged cervical node
often nitalsign in
malignancies of

the oropharynx

-
w1
-

P o

Ovaliplatin

FIGURE 11-14 PLATINUM COMPOUNDS: CISPLATIN, CARBOPLATIN, AND OXALIPLATIN

Platinum compounds act as alkylating agents and form covalent  other drugs but has a distinct use: combination with 5-FU for

bonds with the nitrogen atom of guanine to disrupt DNA, RNA, failed therapy with 5-FU
and protein synthesis. Cisplatin s used for solid tumors—lung, and irinotecan. Oxalipatin causes sensory peripheral neuropathy,
o, boad d ock sk snd cavcl dvesaccs . neopenis, Gl et thromboenioly, and ke neuope
nia new drug class), forms

Carbopatin, a vl anlo i sl ety s et totoxic DNA cossiks. s usedforrfactory andplastic asr-
patients with renal dys- Gidi d

Flareisciiopaissiopenisdmamendnong

et sk
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NEOPLASTIC DISORDERS

Microtubule Inhibitors

Clear cell adenocarcinoma and sites of
‘metastasis of renal adenocarcinoma

Most common

Supraclavicular
lymph nod

Lungs.

Bone (ribs, long
bones, spine, pelvis)

Liver

Inferior
vena cava

Vinca alkaloids

Vinblastine

Vinca akaloids
inhibit micro-
tubule formation.

Spleen

Leukemia

Suprarenal gland

Contralateral kidney

Peritoneum

e
Ureer d

wa i
Lok testculr vein s

otic spindle
e o o

‘Chromosomes
fail to segregate.

Microtubule:

CELL DEATH

FIGURE 1115 VINCA ALKALOIDS: VINCRISTINE, VINBLASTINE, AND VINORELBINE s

These agents, derived from the periwinke Vinca ose, are cell
ey bind to tubui

mation of microtubules (essential part of the mitotic spindle): chro-
mosomes do not segregate correctly, and cell death ensues. CNS
functions are also affected, which may account for neurotoxic

ristine, i also used for testicular cancer and renal cell arcinoma.
Vinorelbine is mainly used for unresectable, acvanced non-smal
colllng cancer and beeast cancer, AL dugs may caselekope |
nia, thrombocytopenia, acute uric acid nephropathy, ischemi
dhac oy, neurotoniy,ad colus.Th doseinitg oviciies
neuritic

effects. Vincristine is .

a
Fiodgkin disease, hmphomas, muliple myelom
Wikmstamor, and Kapost sarcoma. Vinesine,Srr 1 v
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Microtubule Inhibitors

NEOPLASTIC DISORDERS

Fulminant carcinom:
of the breast

Malignant tumors
of the hypopharynx

=
W O i
-

Mitotic spindle forms but
fail o break down.

Docetaxel

Taxanes bind

promote asser

<%

£ Tubulin

Chromosomes
tubulin subunits, fail o segregate.
:mbly, but prevent

CELL DEATH

FIGURE 11-16 TAXANES

‘The taxanes docetaxel and paciitaxel both derive
ts. The taxanes bind to tubulin but do not promote micro-

tubule disassembly. Rather, they promote the assembly of micro-

tubules from tubulin dimers and stabilize them by preventing

myelosupprzss»cm with neutropenia being the major dose-imiting
iy. Another important adverse effect is hypersensitivity reac-
o veqwes premedicaton withan H, blocker, corico-
Other

formed in

taxanes are dysfunctional because they are 0o stable; cell death
y oth taxanes are uset

breast cancer, non-small cell lung cancer, head and neck cancer,

steroid, de mucosits,
alopecia, yenph!ri\ neuropathy, elatively mild nausea, and
rhythm
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NEOPLASTIC DISORDERS

Solid
adenocarcinoma

Pl

*
I i
ey

Lung
(iscrete nodules)

Skeleton

M
sites of metastasis

Anthracyclines

Liver Kidney Cenvical lymph nodes.

sites of metastasis

Doxorubicin

Ryroun

Daunorubicin

FIGURE 11-17 D AND D,

Isolated thracycli

ell
Spdecspechc o ha biod tghty 0 DNA by nercalaen
and cause uncoiling of the double helix, which leads to.

bresks and prevents DNA and RNA sythsis, Ancther o

he breast, prostate, thyroid, and lung: hepatoma;

Wilms tumor). Daunorubicin is part of many initia remission induc-
tion regimens for leukemia (adult and pediatric acute lymphocytic
and adult nnnlymphnwl\d A dose#wmlu\g toicyof bot drgsis

e drus 10 on anyen e racica, 0 which carcac s nd
tumors are vulnerable. Doxorubicin, one of the most widely used
antineoplastics, has efficacy in various cancers (eg, carcinomas of
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Hormonal Therapies

NEOPLASTIC DISORDERS

Premenopausal Postmenopausal
cure
Hormonal| Hormonly
sensitive tumor sensitive tumor
Recurrence or metastasis Recurrence or metastasis
Formonalh o Hormonal
Hompby i umor inenitie umor Hoenanaby
sensitive tumor ensiive tumor
Objective remission (monihs o years) Obiective remision (months 0 years
Variable time ivmm time
Oncolytic
g ‘ chemotherapy F
ob{mm recurrence. Objectve recurrence
mm Failure
Objective remission (monihs 0 years) Objective remission (months 0 years)
Akt herap: s

Variable | nn-l

Ah A -

Objective recurrence.

Ta
Testomerone S fitone QY

ot
et Aromatase
inhibitors

FIGURE 11-18 ESTROGEN ANTAGONISTS: TAMOXIFEN AND

The influence of estrogen in breast cancer s so citcal that therapy
now depends on whether a tumor is hormone dependent or inde-

pendent. In the former, tumor cells have estrogen (ER) and proges-
terone receptors (are positive) and need these hormones for

Oncolytic chemotherapy

Different hormonal agents

Estradiol

e e / &
‘Androstenedione — Lo

or adrenalectomy (provided
Bilotiwiideh experence are avlable)

4

lllllllﬂ]{l\l [
o

women. Tamoifen increases risk of endometrial carcinoma and

can cause hot flashes, deep vein thrombosis, pulmonary embolism,
0 roll iy, Adesropes re avoided for ERnegative can-
cer d 10 these drugs. Lowdose toremifene

routh.bnthe i, caleack

osdieiesslimasl b

e treated

Skt VG sl o P gt
(inhibits cell proliferation, reduces tumors) and partal agonist

‘growth), but higher doses produce more antitumor acti
therefore, it is used as second-ine therapy aiter tam
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NEOPLASTIC DISORDERS

Hormonal Therapies

Postmenopausal

Mastectomy for cancer ———————— Cure

lmmnaﬂy
sensitve tumor

Recurrence or metastasis

Failure
Formonally
Hormonaly| insensiive umor
sensitive tumor|
Objective remission (months 1o years)
v,.‘,nu.nm
Oncolytic
a ‘ F chemotherapy
Objective recurrence
e R

Obiective remision (months o years)
L

A @

ob.mm recurrence

Abl rapy: HYWDhyse: tomy
e e s

faciites and experience are avalable) Iﬂ[

Oncolytic chemotherapy

Different hormonal agents

FIGURE 11-19 AROMATASE INHIBITORS: ANASTROZOLE, LETROZOLE, AND EXEMESTANE

oo

5
1o cancer cell: they selectively and irversibly bind o and nact-
vate aromatase, estro-

Androstenedione Testosterone.

Peripheral issues (subcutaneous
fat, ver, muscle, o brain)

Aromatase <—— Aromatase —z> Aromatase
© inhibitors  ©
Eﬂmne
ElIradluI

Aromatase

ahibitors ),

=
- H
5.

K thespy bt it ar sl ewnow et 1
et not tamoxifen as firstline therapy

gens. These inhibitors have no partal agonist actvity. Adrenal
insufficiency caused by aminoglutethimide, the first drug devel-
oped, limited its use; the newer mastmm\e, letrozole, and
exemestane are better

(and for adjuvant therapy). Adverse
ffocts mclude ho shes, musculoskelta pain, anc headache,
In contrast o data for tamoxifen, no increased isk of uterine
carcinoma orvenous thromboembolism exists for the aromatase

s msedmgswerer ed d-

inhibitors. »: breast cancer and normal
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should avoid inhibitors.




Hormonal Therapies

NEOPLASTIC DISORDERS

Androgen Deprivation in Metastatic

isease
:@ Feedback inhibition
Ondeciomy
or oy
Andiogen

receptor

Blockade of
estosterone
synthesis
(5]
Androger

o "
[osa
Disandoer L—-O MO

androgen

Testosterone

Ukreceptor
) complex
GrRbbreceptor
blockade e
CrtHanalagy Cytoplasmic
androgen
recepior
Blockade of e receptors in Blorkade
hypothalamic pitutary-estcular Bicalutamide.
axis and at celular levelcar
produce privaton of Flutamide
androgen-dependent prostate.
tumor celks.

“Escape” phenomenon in metastaic disease

Regression

dependent cell lines.

ﬂ_.
Moo

Androgen-dependent tumor cell

Progression
Andeogendepration

ot retard growth of
andogenindependent
cellines.

e

-

Decreasein
size and
numberof
lesions.

SO

FIGURE 11-20 GONADOTROPIN-RELEASING HORMONE ANALOGS: LEUPROLIDE AND GOSERELS

Androgen stimulates prostate cancer cell growth, so main thera-
i GoRH anal

nalogs)
bl

iy be used in combination with flutamide or instead of diethyk-
for

inRH may first

Leuprolide and

oo e iy o of 4 an o
downegulat H receptors because of repeated dosing
(negaive feedback). This inhibiton leads to reduce testcular

sterokdogenessand lower serum testosterone evel.Boh dugs
are effective for pallation of advance

mor initia
ganadoropinsimuation, Other advere efecsar hot fashes,

e iin, jectonsepain and besst sweling Levprolde
given as a depot intramuscular njection or as an implant
Tt relesses s i cncorepibsed tcolog) Goserek
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NEOPLASTIC DISORDERS Hormonal Therapies

Cytopas
° . it
Antiandrogens e

Bicalutamide

FIGURE 11-21 ANTIANDROGENS: FLUTAMIDE, BICALUTAMIDE, AND

tal dr
len ol analos,s donat produce casation tstoserone v. - drugs ae iven mainy 1o patets recehing n:an analngs orare

v g ts for complete
i sites in aH andmgzn biockade. Adverse efects include dwavvhe@ breast
hypothal  pituitary. i swelling and
lasma Yeswsxemne, more diarthea than do bicalutamide and nilutamide. Nilutamide
increased LH caused by the drug ive feed-

e of oo e ypimhalae et Becan i tieee dhadivam ke eacto, e omationtion
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Monoclonal Antibodies NEOPLASTIC DISORDERS

Mgl metastases

cell anaplastic

(Gatcolh carcinoma
lung 1o brain

W
Y

/ ;

anm.» metastases 2 mm\um nodules
with 2 rebellum

Cerebellar metastasis of
cutaneous melanoma

Alemtuzumab

Celllysis
e

FIGURE 11-22 UNCONJUGATED ANTIBODIES: TRASTUZUMAB, ALEMTUZUMAB, AND RITUXIMAB

Trastuzumab, alemtuzumab, and b DNA- e o ks, i e fo Bl choni hmphocyteeleria
ibodies (MoAbs). The first binds to h Rituximab, a MoAb,
epidermal rowth(actor receptr 2 (HER2), a rolooncogenen  binds 10 C20,acell cyck-regulating angen found on more than
certain breast tumors. Natural killer (NK) cells identify the drug- 90% of Bcell NHL cells but not on stem, pro-B, or normal plasma or
MoAb complexes as abnormal, attach to the MoAb, and inhibit other normal tissues. Rituximab induces CD20° B-cell NHL c

tumor growth. Alemtuzumab s directed against CD52 (an antigen  apoptosis and also recruits host immune cell 1o lyse B cels. These
surfaces of normal and malignant B and T lymphocytes, NK cells, ~ drugs can lead to serious cardiac, hypersensitiviy, pulmonary,
tes, and hi d a blood, metabolic, and mucocutaneous effects.
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NEOPLASTIC DISORDERS

Monoclonal Antibodies

Patient With B-Cell NHL

lymph nodes and Waldeyer ring

Lymphangiography may be performed for
evaluation o pelvic/retroperitoneal nodes.

Staging laparotomy may be performed in
some CS1/Il HD patients i  stage change
impacts on treatment

Lumbar puncture as clinically indicated,

andin all high-grade NHL, HIV patients,
IL with bone marrow/epidural/naso-

pharyngeal/sinus/testicular disease

Lymph node

e
M
o

Radioactive Apoptosis

fodine isotope

Monoclonal
antibody (MoAb)

FIGURE 1123 CONJUGATED ANTIBODIES: IBRITUMOMAB TIUXETAN
AND loDINE | 131

S

i o
supradiaphragmaic discase. Positron
‘emission tomography (PET)is a more.
accurate approach avalable at some
centers

Computerized tomography (CT scan)
with oral and intravenous contrast to
evaluate chest/abdomen/pelvis and

Blood laboratory study
CBC* differential/platelets, ESR,
lectolyte/chenmistr panc el ver
function testing, al
phosphatase/LOH/B, microglobulin,
HIV

lateral marrow aspiration/biopsy in
most patients 1 use s debatec with
early-tage, asymptomatic HD, where it
is rarely positive.

Horitumomab trxetan an tostumomab and iodine | 131 tosit

Bcell NHL, including follicular NHL thatis refractory t0 rtuximab.
Both

toa

radioisotope. The MoAb delivers the radioisotope ant

e, and 1 crogs, ke tsimab, bin {0 the CD20 anigen.

While the antibody induces apoptosis in CD20° B cels, f emission

from the racoisolope nduces cal damage through formation of
target and

¥ lows ,«onman

360

(thrombocytopenia, neutropenia), which occur in most patients
Therefore, the products should not be given to patients with
impaired bone marrow reserve or more than 25% lymphoma
‘marrow involvement. Both drugs
o igors or chill, sweating, hypotension, dyspnea,

may cause serious infusion



Newer Miscellaneous Agents NEOPLASTIC DISORDERS

Chronic myeloid leukemia (CML) Fever, weight loss

Symptoms related to anemia:
fatigue, pallor, dyspnea

Peripheral blood examin:
High WBC count with e poohil i s ocasoeel

andlarge size. Elevation of basophil count and blastsis seen in
accelerated phase of this disorder.

Bone marrow examinati

Presence of Phiadelphia chromosome. More than
0% blast count characterizes blast crisis.

BerAbl BerAbl

Sibstrate

FIGURE 11-24 IMATINIE MESYLATE

her ek f o afs tharapy i et it Pt il

gryme cestedby e Pl chromosome ) sromally st cride tinib i also
in chronic myeloid leukeia (CMI *cony metasa:
almost al patients with CML znd some patients withacute - tc Gl ol tumors.Mainadveri flects cude oo

lema (responds to
BerAbI* celllines as well d d

o
Ph® CMIL The agen, usedoral s ndicated 3 rstie herapy in b mgesllom, e,
Pht




NEOPLASTIC DISORDERS

Newer Miscellaneous Agents

Large cell anaplastic carcinoma in
midde of right upper lobe with
extensive involvement of hlar

and carinal nodes. Distortion
of rachea and widening

i ==
Tumor composed of arge multinucleated
cells without evidence of differentiation
toward gland formation or squamous
epithelium. These cels produce mucin
(stained red). Some tumors may be
composed of arge clear cells

containing glycogen.

Geditinib

Rgroup

FIGURE 11-25 GEFITINIB

Phosphate

~Growth arrest
or apoptosis

Geiitinib s an orally active anilinoquinazoline derivative that
inhibits intracellular phosphorylation of several tyrosine kinases,

mens) in patients with locally advanced or metastatic non-small
cell lung cancer. Main adverse effects are diarthea, nausea, vomit-

one of which is ass » growth pi
(EGFR). EGFR is expressed on the surface of many normal cells and
cancer cells and is thought to play  role in growth, metastasis,
angiogenesis, and resistance (o apoptosis of non-small cel lung
cancer cels. Gefitinib is approved as monotherapy and as thirc-ine
therapy (after falure of both platinum-based and docetaxel reg

362

ing, effects. Potentially fatal interstitial lung dis
ease occurs rarely, more often in patients who received previous
chemotherapy and, to a lesser extent, previous radiotherapy
Increased mortality has been noted in gefitinib-treated patients
with concomitant idiopathic pulmonary fibrosis with worsening
lung function.



Newer Miscellaneous Agents

NEOPLASTIC DISORDERS

Myelomatous deposits
in skull ribs, spine,

s, an

long bones

Bone pain

malignant myeloma cell (may also

psy: characteristic

be found occasionally in circulation)
Diagram of electron microsc
Globulins in gomeru: epitbelal () el
o e g s e ook
conditons; focal loss or fusion of foot
N 8 ses basement membyane (Bm)
- g o1 thickened but ree of deposis; occasional
o ot s gt o plasma
Presence of abnormal proteins
: FC lse i serum (y spike); also
55°C 100°C 55°C sobifli i

Bence jones protei
in 60% of cases (precipitates
HA560°C e

ing, and precipitates on
cooling t0 60 or 55°C)

e

Mt 00
.

FIGURE 11-26

Bortezomib is a reversible inhibitor of the 265 proteosome, a large:
protein complex that degrades ubiquitinated proteins. The ubiquitin-
lay

death. Bortezomib is given intravenously and is approved for

patients with multiple myeloma who have received at least 2 previ

ous types of therapy but had disease progression afte the last ther-
Predomi

ived in cell

integity, such as cel cycle control, cellular apoptosis, ranscription
factor activation, and tumor . Inhibition of the 265 proteo-
some disrupts cell proliferation and apoptosis, which leads to cell

pneumonia; diarthea, nausea, and vomiting; dehydration; fatigue,
‘malaise, weakness; thombocytopenia; peripheral neuropathy;
and anemia.

363



DRUGS USED FOR SKIN DISORDERS

OVERVIEW

Many drugs that are used to treat skin disorders are also
administered for systemic disorders, but for skin disorders,
the drug formulation s usually designed in a way that limits
their absorption and distribution to the skin surface.
Systemic distribution in these cases is generally not desir-
able and can lead to an increased number or severity of
adverse effects. In severe skin disease, however, systemic
administration is appropriate, and oral preparations are
available for such treatment.

Glucocorticoids are a commonly used drug class for treat-
ing skin disorders such as dermatoses because of their
antiinflammatory, immunosuppressive, and other effects.
Glucocorticoids alter gene expression in cells located in
the dermis and epidermis by binding to_ glucocorticoid
response elements on DNA. These drugs are transported to
the cell nucleus after forming complexes with cytoplasmic
receptors. Glucocorticoids include hydrocortisone, beta-
methasone, and clobetasol (for psoriasis).

Retinoids, a family of naturally occurring and synthetic vit-
amin A analogs, affect cell differentiation and proliferation

by regulating transcriptional activity mediated by nuclear
retinoic acid receptor subtypes. Commonly used retinoids
include adapalene, isotretinoin, and tretinoin (for severe

\cne); acitretin (for severe psoriasis); bexarotene (for early-
stage cutaneous T<ell lymphoma); alitretinoin (for cuta-
neous lesions of Kaposi sarcoma); and naturally occurring
fcarotene (for reducing skin photosensitivity).

Other dermatologic agents include antimicrobial, anti-
malarial, antifungal, and antiviral drugs; drugs (primarily
pyrethrins and pyrethroids) used 1o treat scabies and lice;
cytotoxic and immune-modulating drugs; systemic antihista-
mines (to treat, for example, urticaria, angioedema, and
cutaneous mastocytosis); drugs to treat pigmentation disor-
ders; keratolytic agents, such as salicylic acid, urea, lactic
acid, and colloidal or precipitated sulfur (1o treat excess
thickening of the outermost layer of the skin); selenium sul
fide (to treat dandruff); and psoralens (eg, 8-methoxypsor-
alen) and porphyrins (used as photosensitizers to enhance
phototherapy)




SKIN DISORDERS Organization of the Skin
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FIGURE 121 ANATOMY OF THE SKIN

e is (ocalized to 1 or more
slﬁed into 3 anatomical regions and mull\p\e suhn-g\nns me bk~ layersofth skin o 2  secondary resultof asystemic lsease
den for management of these disorders involve topical or sys-
inosum, and besale the dermi, which mdudh e paprary and  temic administration of medications to treat the dermal or systemic

; and source of theproblem. Majorcasses ofdrugs used indermato-
glands. Al an logic
innervated by motor and sensory neurons. Disorders of the o gals, antivirals, antiparasitics, and retinoids.
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Hair Loss

SKIN DISORDERS

Hair growth cycle

nagen Jogen
(gowth  3-t09month  (rest
phase) e hase)
Hormonal

imbalance

Medications
Chemotherapy

Normal hair ovdeprocen.
‘Conditions that upset the
peighindsariogs satie il
in alopecia. Such conditions are usually reversibl.

Spotty alopecia

Oral contraceptive use

Pregnancy and delivery

© 4
&

chemothers
Polycystic ovaries. "

Pituiary hyperplasia

X

v
Estrogen

Postmenopausal without
homane replacement

FIGURE 12-2 ALOPECIA

Adrenal hyperplasia

Family history

Alopecia—the loss or absence of hair, especially of the head—can
be caused by iliness, drugs, endocrine disorders, some types of
dermatii adiati

the scalp of men and women); and griseofulvin, itraconazole, or

such as aging. Drug therapy, when appropriate, involves topical
steroids (eg, clobetasol) or intradermal njections of triamcinolone

for alopecia areata (defined patches, usually on the scalp or beard;
d 3

used topically or intralesionally on active inflammatory borders
Systemic drugs (eg, acitretin, chloroquine, doxycycline, low-dose
methtreate, minocyclne,precrisone, qinacte, eracyclnes)

idilfor androgenic alopecia (affects androgensensitive follcles on

may if the disease
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SKIN DISORDERS

Blister Diseases

Pemphigus

Lupue
erythematosus disseminalus

FIGURE 123 BULLOUS (BLISTER) SKIN DISEASE:

Tense bulla and urticarial plaques in bullous pemphigoid
(courtesy of Dr. Walter Barkey)

Crusted erosions of the trunk in pemphigus follaceus
(courtesy of David s. Rubenstein)

Flaccid vesicles and erosions of pemphigus (courtesy of
David S, Rubenstein)

Primary blster diseases are caused by defects in cell adhesion pro-
teins. The defects are either inherited (usually apparent at or soon
after birth) or occur in diseases (typically adult onset) in which cell

inflammatory processes. Therapeutic drugs include topical, intrale-

bullous pemphigoid and pemphigoidiike discases in which I§G.
autoantibodies attack certain basal keratinocyte proteins; high-
dose systemic corticosteroids or mycophenolate mofetil (sup-
presses lymphocyte prolferation and antibody formation by B
cells) for lfe-threatening pemphigus vulgaris; systemic prednisone
for pemphigus foliaceus (affects desmosomes); and dapsone for

sional, or systemic agents
(eg, azathioprine, cyclophosphamide, cyclosporine, dapsone) for
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Eczema

SKIN DISORDERS

Aopic demaiisichenifd plaes of he atecubil e
are typical (courtesy of David 5. Rubenste

Tine: erpinous bordered erhematouspaue vih
central clearing (courtesy of David . Rubenste

FIGURE 12-4 COMMON DERMATOSES INCLUDING ECZEMA

Eczema is an acute o chronic inflammatory skin condition charac
terized by the presence of 1 or more areas of pruritus (severe

itching), erythema (redness), scaling (dry exfoliative shedding),

macules (discoloration), papules (pimples), or vesicles (blisterlike
sacs). Drugs, when needed, include oral antihistamines or topical
corticosteroids for common cases of atopic dermaits; antibiotics
antistaphylococeal or antistreptococcal) or topical tacrolimus or

Contact dermaits: inear distibution of erythematous papules
and vesicles characterizes contact dermatts to poison ivy
courtesy of David 5. Rubensiein

e epero. ese b, e st 05 couesy

pimecrolimus for severe or recalcitrant cases of atopic dermaits;
systemic corticosteroids for severe contact dermaits; topical zinc
pyithione, selenium sulfide, salicylic acid, or ketoconazole for
seborrheic dermatits; topical corticosteroids and emollients for
stasis dermatits (secondary to edema resulting from poor venous
return); and antifungal drugs for dermatophytosis (tinea)
(ringworm)
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SKIN DISORDERS

Psoriasis

Typical appearance.
of cutaneous lesion

(plaque lesion)
Naipits
Transverse rdges
Onycholysis
Nailinvolvement
Treatment

Remove hyperkeratosis

Keratolytics
e, salicylc acid, urea)

Cydosporine e
Inhibit inlammatory.
collinfiation

Topical steroids.
(eg. fluocinonide)

Vitamin D analogs
(eg. calcipotriene)

Retinoids
(eg tazarotene)

Edema and inflammation
of dermis

FIGURE 125 PSORIASIS

Typical Distribu

Groin and
genitali

Histopathologic Features

Surface siver”scale
Erythematous base.

Munro microabscess
Persistence of nuclei
Stratum comeum
(parakeratosis

Increased mitotic activty
indicative of high cell

Flongate ree pegs and
dermal papille

Dilation and tortuosity
of papillry

Increased number of
cells:

Py Drugs when ppeopiate,

Poriasis

in d 1 tolerance

with
harp borders and sib
advanced disease. It affects approximately 1% to 3% of the popu-
lation and affects men and women about equally. Management
depends on the degree of body surface area affected (1opical
drugs for <20% body area; systemic drugs for 220%) location and
sensitiity of affected areas, degree of inflammation, and patient
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amlm es, fuocinonide); iarmin D anaiots (e (akwpomene),
whick

ry\es retinoids (e, tazarotene); and keratolytics (eg, salcylic aci

urea, and lactic acid). Certain drugs—eg, lithium, B blockers, anti-

‘malarials, and systemic steroids—can worsen psoriasis and should
avoided.




Mite and Louse Infestations

SKIN DISORDERS

Dermatoses Secondary to Ectoparasites

Inflammatory excoriated papules
(note penle involvement)

Pediculosis pubis

(exposure of
SabesSropts s Dediculn hair)
in circe)
Maculae
caereae
Sexually Transmitted Ectoparasites
inical inings

4 kfa& ol

V""" excorations are common.

Intense itching in pubic area

cturnal is a halmark

Bk dscoloratons

s o toatons

Examination of pubic area and
pubic hair may reveal ova and
parasites.

FIGURE 12-6 SCABIES AND PEDICULOSIS

ry infection of
xcoratonsorbies mayyield
eczematoid les

a

i

Pihirus pubis Pibirus pabis e

Sarcoptes scabiel

Scabies, a highly communicable skin disease caused by infestation
by the mite Sarcoptes scabiei var. hominis (the itch mite), is charac-

inestation by Pediculus capiti (head louse), Pediculus humanus
(body louse), or Pthirus pubis (pubic louse). Head lice and body

pr idespr y papules,

lice this agent

he mainstay Py

is the use of topical scabicides, such as permethrin and indane.

{akhough indane hasa higher poentia for CNS toicly),or an
ivermectin).

for infants younger than 2 months or for preg-
nant or lactating women). Pubic lice (crabs)are treated with topi-
cal synergized pyrethrins; eyelashes are treated with petrolatum.
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SKIN DISORDERS

Hives

Urtcaria

Cholinergic uricaria

Substances Associated With Urticaria or Angioedema

Solar urticaria

Blood products Dextran Shellfish
Contactants Diveics fomat
“Animal dander and saliva Isoniazi Food additives
opods Numlevulda\ antinfammatory " ies
drug Tartrazine
atex o
Marine forms Penicillns Implants
Medications (topical) Polymyxin B Al g1
Mok Polymod ntrauterine devices
Lo} Stoigne Orthodontic bands
Toiletry items Radiographic contrast media i
iy Vancomycin Tantlum saples
esthetics Foods Insect/arthropod stings and
Angiotensinconverting enzyme Berries Inhalants
inhibitors Cheese “Animal dander
Antiepileptic agents Chocolate Cigarette smoke
Aspirin s Duss
Bromides Fish Flour
C epha\mpormc Milk Mold
Chloroqy Nuts Pollen
“Almostany

FIGURE 12-7 URTICARIA

Urticaria, which d by a sudder

d, or agents having mixed H1/H2-antagonistic

h of
pale evanescent wheals or papules, results from luid transudation
from small cutaneous blood vessels. Histamine and other media-
i o et ubich e o smers el A e
usually treated with

action, such as certain tricyclic antidepressants (eg, doxepin), are
used. Chronic urticaria is reated with attenuated anabolic steroids,
pifedipine,dapsone,sifsdlasine coleicne, methoveate

VA

wedifitissevere. e cpoms il the boarane 1 e

light); (YDmMDumnr is usr{u\ Adsialocipd, ﬁ blockers
are useful for

{enading, hyebosine, and loretadine. 131eceptor aniagonis re
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VITAMINS: DEFICIENCIES

AND DRUG INTERACTIONS

OVERVIEW

Watersoluble vitamins typically have small body stores,
and thus, the of these vitamins can readily be

Vitamin deficiencies have
equate supply of the vitamin in the diet, mmmy of the body
to absorb or utilize the vitamin, excessive degradation or
excretion of the vitamin, general nutritional deficiency, dis-
ease, and vitamin-drug interactions

Vitamins are commonly classified into those that are water
soluble and those that are fat soluble. Water-soluble vitamins
include the vitamin B family—thiamine (B,), riboflavin (8,),
nicotinic acid (niacin) (By), pyridoxine (B), pantothenic acid,

compromised in the presence of alcoholism, dieting (fads),
prolonged anorexia, nausea, dysphagia, diarrhea, weight loss
advanced organ failure, and malabsorption. Fat-soluble vita-
mins are affected by any chronic deficiency in fat absorption,
such as that occurring in short bowel syndrome, pancreatic
insufficiency, bacterial overgrowth, celiac sprue, Whipple dis-
ease, and primary biliary cirthoss.

Management of viamin deficency diorders can ke
many forms, adequate

cyanocobalamin (B,), biotin, and folic acid (fol it
amin C (ascorbic acid). Fat-soluble vitamins include vitamin A
(retinol); the vitamin D family—calciferol (D;) and cholecalcif-
erol (D,); vitamin E (a tocopherol); and the vitamin K family-

W Ky), and )

dietary intake), supp!ememanon (usually oral, but the par-
enteral route is also used), treatment of an underlying disor-
der, and elimination of interactions with drugs.
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VITAMINS Fat-Soluable Vitamins

Carotene:

Vitamin A

Mool

FIGURE 13-1 DEFICIENCY OF VITAMIN A (RETINOL) AND OTHER VITAMIN:

reen ety or yellow vegetabes, and ish - Vitamin Ais Tormedd  wilh epthea keratnzaton,mght pindness, and byperkeratiniza.

v can tion of skin. The main manifestations of ther fatsoluble vitamin
of ruits and vegmh\es e v cabbage, cantaloupes, carrots, o),
oranges, tomatoes). D fator  (secretion of glands

3 (vita-
imin K). Al these deficien-

impaied stoage o viamin A the ver are characterized by min ), and incresse bleeing ime

l ind funct
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Water-Soluable Vitamins

VITAMINS

Common early manifestations

Painful, tender
muscles (pain on
compressing
calf)

Dyspnea,
orthopnea

FIGURE 13-2 DEFICIENCY OF THIAMINE (B;) AND OTHER B VITAMINS

he B vitamin group includes thiamine (B,), riboflavin (8;), nicotinic
acd niacin) (B,), pyrdosine (B, pantothenic cid, cyanocobak

Thiamine Deficiency (Beriberi)

Dry beriberi

Emaciation

‘Aphonia may
appear (poor
prognosis; vagus
nerve involved)

Wrist
Great drop
weakness

Dilatation of
right heart;
heart failure:

Wernicke
syndrome
Ophthalmoplegia
(6th nerve palsy)

Canfusion

Coma

Death

amine. The principal manifestations of other vitamin B deficiencies
n via-

amin (B,,), biotin, and fol are i By) a skin, blood, and CN:
whole grains, Gt 8 ﬁsh dairy. B.,); anorexia, nausea, vomiting, and
products, is charac o bi galoblast diarrhea, and

! cerebral, weihtloss (ol acd). Allof these deficienciesar resed va
abnormalites. The disorder with alco-

holism, whose poor diet can lead to inadequate daly intake of thi-




VITAMINS

Water-Soluable Vitamins

Niacin
(nicotinic acid)

Pellagra tongue

Degeneration ofcel of
cerebral cortex

Aqueous stool in diarthea of pellagra

Degeneration in spinal cord

Cheilosis, angular stomatiis, and
magenta tongue in ariboflavinosis

FIGURE 13-3 NIACIN OR NICOTINIC ACID DEFICIENCY (PELLAGRA) oo

Deficiency of water-soluble niacin (nicotinic acid) or its amide
Uleotnamide)rsusfrom cetary MOMW or impaired absorp-
a

cheilosis (reddened lips and fissures at the angles of the mouth),
ingular stomatitis (inflammation and fissures radiating from the cor
ners o themouh) and magentacrlored tongue as sen i r
e N

roteins and can oceu secondan

chronic alcoholism. This dﬁﬂn&nry ‘causes pellagra, which s char-

acterized by cutaneous, gastrointestinal, mucosal, neurologic, and
e

The
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boflavinos m general
ositude, disorontaion, memory impairment plpeil il
delirium and clouding of consciousness. Treatment is by supple-
mentalintake (parenteral if oal s not possible).




Water-Soluable VITAMINS

periflicular
hemorrhages

Typical “frog leg”
position, scorbutic rosary,
multiple ecchymoses.

FIGURE 13-4 VITAMIN C DEFICIENCY (SCURVY)

c of vitamin C deficiency (scurvy) include imperfect bone and tooth
P formation; swollen, congested, bleecing gums; anorexia; multiple:
cells together and is necessary for the ing of irregular i

of collagen fthis  areas); and
effectis not known butis thought to be due to the ability of vita- ~ (for
min C to participate in oxidation-reduction reactions. Symptoms

377




VITAMINS

Vitamin-Drug Interactions

Vitamin D

Gallbladder,

bile ducts

Small
intestine

FIGURE 13-5 FAT-SOLUBLE VITAMIN-DRUG INTERACTIONS

Vitamin A: Because dietary fat and pancreatic lipase are necessary

Circulatory
system

. Perkins
s, A

omn

Vitamin D: Drugs that bind bile sals interfere with gastrointestinal
o in D; hepaic

for absorption of vitamin A 13,
absorption s impaired by agentsthat moiy ths process,such

this

as mineral oil, neomycin,

vitamin D o ts i

bstrate for alcohol

thanol "
retinol to retinal (which leads to, for example, night blindiness)
378

Vitamin K: C. pr
deficiency.




Vitamin-Drug Interactions VITAMINS

Vitanin 8,
1

Pyridoal
phosphate
(a coenzyme)

FIGURE 13-6 W -S¢ v Dy

ctivity, o s affected o ; o
by ethanol, phenytoi i A ekl piandescac
e " # e s
nist). Vitamin B, y (dex

Vitamin C: doral
; T 5 . s e e

tamin B, redk b
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DRUG ALLERGY, ABUSE, AND

POISONING OR OVERDOSE

OVERVIEW
Drug allergy, or allergic reaction to drugs, represents a type
of adverse drug reaction. The effects are mediated by humoral
(involving antibodies) or celkmediated (eg, TAymphocyte)
immunologic mechanisms and can lead to consequences
that are short- or longterm, restricted to a specific organ or
involving the whole body, and trivial or life-threatening. The
clinical manifestations of allergic reactions to drugs are varied
and can include anaphylais (anaphylactic shock, e, life-
threatening changes in the vasculature [such as vasodilation
and edemal and the bronchioles [such as bronchaconstric-
tion] that are consistent with shock); bronchospasm; der-
matitis; fever; granulocytopenia (abnormal reduction of the
ber of neutrophils, eosinophils, and basophils in the
blood); hemolytic anemia (abnormal decrease in red blood
cell number); hepatitis; lupus erythematosus-like syndrome;
nephitis or pneumonitis (lung inflammation); thrombocy-
topenia (abnormal decrease in platelet number); and vasculi-
tis (inflammation of blood or lymph vessels). Allergic
reactions to drugs are typically characterized by the necessity
for previous exposure to the drug or to a drug of similar
chemical structure; lack of doserelated effect; similar mani-
festations independent of the drug (ie, not related to the ther-
apeutic or toxic effects of the drug); and nonresponsiveness
0 receptor antagonists of the drug,
Drug abuse (addiction) is a multfaceted problem, typically
involving a complex combination of psychosocial contribut-

ing factors. Hereditary predisposition is also suspected to
play a role in some cases. Drug abuse is perhaps most suc-
cinctly defined as the continued inappropriate nonmedical
use of a drug in the face of known negative medical or other
consequences. To some extent, every drug that produces a
detectable psychic effectis abused by someone, somewhere
in the world. In addition, many, perhaps most, drug addicts
abuse more than 1 drug. Hence, the list of abused drugs is
extensive and includes some substances that are thought of
primarily as mood or physique enhancers or as “recreational”
drugs (eg, anabolic steroids, mushrooms, designer drugs, hal-
lucinogens, inhalants, marijuana, nicotine). This chapter
focuses on some of the major classes of therapeutic drugs
that are abused.

Drug poisoning or overdose can be accidental (a result of
medical errors or errors in the home) or intentional (suicide
attempts). The substances involved include pharmaceuticals
(most often analgesics and overthecounter preparations),
cleaning products, cosmetics, and plants or plant extracts
The symptoms and duration of the toxicity depend on the
substance involved, the amount, and the site of exposure.
The mechanisms can be specific (eg, receptor-mediated reac-
tions) or nonspecific (eg, tissue necrosis). This chapter
focuses on toxicity caused by selected pharmacologic
agents
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ALLERGY, ABUSE, AND POISONING OR OVERDOSE

Drug Allergy

Drug-Carrier Complex

Carrier d di
macromolecule or metabolite:
(>10,000d) molecule

Drugcarrer complex

recognized as ‘non-self”

Antigen-
presenting cell
/

Presentation of
antigento T cells

coa
T cel

Prolferation of
igen-specific

Distribution throughout body

FIGURE 14-1 ALLERGIC REACTIONS TO DRUGS

Disufide bonds.
Plasma
cell Production of antibodies
(immunoglobulins)
J. Perkins 156
. A

Only a few drugs have a molecular size (10,000 ) sufficient
o induce an allegic reaction by themselves. Induction of an
immune response more often occurs when a small drug molecule,
metabolite, or excipient (nert substance in a prescription) c

alenty binds to some lage endogenous macromolecule (carie)
such as a protein, and becomes allergenic. The immune system
becomes sensiized during the inital exposure, although the aller-
sic response is not elcited at this time. Antigen-specific antibodies
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of the T- and Bcell type proliferate in lymphatic tissue, and some
remain there (as memory cells) and are clnically silent until reex-
posure to the antigen (drug-carrier complex). The response to
reexposure can be quick and severe, even to a small dose of the
drug. Four types of drug allergy are generally distinguished: ana-
phylactic, cytotoxic, immune complex vasculits, and cell medi-
ated. Management generally involves treating the symptoms and
supporting vital functions.




Drug Allergy ALLERGY, ABUSE, AND POISONING OR OVERDOSE
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FIGURE 142 TYPE | (ACUTE, ANAPHYLACTIC) REACTION:
"

I exposure to drug antigen (drug-carrier complex),

After ini
ph.

expressing cells that circulate in blood (as basophil granulocytes)
(as mast cells)

results in binding to paired IgE receptors id d

chemical hi K

ed into the vessels to
dilate and tissues 10 swell. The effect may be life-threatening if ai-
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ALLERGY, ABUSE, AND POISONING OR OVERDOSE Drug Allergy

Normal Cell
[Popiiise o
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FIGURE 14-3 Tee Il (CyroTONIC, REACTION:

1f antigen (drughantibody (18G) complexes adhere to a cell surface,
Kl th

An example i allergy

mplex I ooy ylem(lllm Penicilin binds to red blood cells antibodies bind to
is a family of proteins that circulate in the biood in an inactive form  the penicillin, complement i activated, and the iged or
il actated by an approprate simuls Acihated complement - dies which leads to druginduced autoimmune hemolytic anemia,

again:
RSOE k. comgfemant s ek sevtvot e cell,pro-
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Drug Allergy ALLERGY, ABUSE, AND POISONING OR OVERDOSE

Blood Endothelial cell

snibody
- sensitization ies.

=

Antigen Plasma cell
(drug-carrier complex)

immune complexes;
Recruitment of - release of ysosom.
Activation a neutrophils N # enzymes
of complement

al
damage

J. Perkins Increased vascular Inflammation, edema,
permeabilty tissue necrosis

FIGURE 14-4 TYPE Il (IMMUNE COMPLEX, SERUM SICKNESS, ARTHUS) REACTIONS

If drug antigen-antibody complexes adhere to cells o vascular vasculiis damage vessel walls and resultin the symptoms of serum
tissue, the immune response can attack not only the antigen sickness, which include m: ver, rash, arthralgia (pain in a
antibody complex but also the healthy cels of the vessel to which joint), lymphadenopathy, hepatis, and characteristc rash and

the complex is attached. This result can cause damage or death  eruptions along the sides of the feet and hands.

of the vessel’s cells. Activated complement, inflammation, and



ALLERGY, ABUSE, AND POISONING OR OVERDOSE

Drug Allergy

Antigen Ethylenediamine
(drugcarrier complex)

(previously sensitized
ntigen)

Cytokines
Lymphokines

Blood vessel

tymphocyte

FIGURE 14-5 Tyee IV (Ci v

Ethylenediaminetetraacetic acid (EDTA)

mmation,

a Accumulation of hmphocytes
osis ‘and monor s

) REACTIONS

, DELAYED-

When drug antigen is administered on or into the skin or mucosa,
for example, binding d

Y, CONTACT DERMATH!

slower than humoral immune responses (those involving antibod

ies). Drug: that can cause type IV reactions

lymphocytes can occur. g stimulates lympt o0 release
signal molecules (lymphokines), which activate macrophages and
provoke an inflammatory reaction in the surrounding area. This

" T

386

which is used
agent, and EDTA, which is used as a preservative in many topical
and ophthalmic preparations.



Drug Abuse ALLERGY, ABUSE, AND POISONING OR OVERDOSE
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FIGURE 14-6 BRAIN RewaRD CIRCUIT,

Drug abuse involves 2 components: psychosocial (e, family situa-

tion, pee genetics,
Pharmacologic mechanisms of drug abuse involve CNS neuro-

endogenous pleasure or reward pathway in the brain is important

sively active—bec

ways, cortcal sites, and subcortical nuclei, especially within the
limbic region. Primary among these are dopaminergic neurons
i the ventral tegmentum that project to the nucleus accumbens
and then 1o the cortex and other centers. Also, norepinephine-
containing neurons from the locus ceruleus project to the ventral

for motivation and learning (survival and is thought 1o be exces-  tegmentum. Stimulat
ause of genetics, overuse, or other factors—in neurons within the ventral tegmentum may be common to abuse
brain reward circuit consists of neuronal path- of different substances.

drug abuse. The

-
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Effects of Alcohol on End Organs
Collardamage
prib

ADH pathway

e Free fatty
Cytochrome.
Sped acids
pathway
Acetaldehyde

Free
radicals
Intracelular A

free radicals .
interfere:

with cell

membrane

funcion and

sroth b

and aler

Accakehyde damages oo

Skeleton and enzyme system; Phosphatdylethanol alters
‘nd induces antiodis aganst wlatory and communication

cell components. functions of cell membrane.

compounds, which aler structure and funciion of cell components.
Organ damage

Cardiovascular

Immune system suppression
increases sk of nfecton and
Hepatic damage includes faty liver,
alcoholic hepatts, and crthosi.

Anovulaton
Inceasedriskol | Tesicuratrophy  Arovlat
menopause

- iaay

Neurologic damage
ranges from Korsakoff

cogpitive deiects.

FIGURE 147 ETHANOL: DELETERIOUS EFFECTS
concentrations cl thanol are saily metabolized in a 2sicp

Short-and long-term excess ethanol consumption leads to wide-

spread problems for the individual and for society. The lfetime  then

prevalence of ethanol dependence is estimated at 10% to 15%, by acetate.

and as many as 30% of male and 10% of © rate this i of alternative
hospitals are el pathways. y o

Ehanol is rapidly absorbed from the G d distib il body, the

cellsn the body. y passes into the Low Bar
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Alcohol

thdrawal

Blood alcohol Headache
concentration (BAC)

Decrease in BAC
resuls i reflex
autonomic
hyperexciabily.

Blood \ Visual and auditory
pressure: hallucinations

Tremor

Expression and severity of sympioms vary
with duration and degree of dependence

ity

nd i recognion and veamentof ey conuson may

Wihdra ropress 10
Fushing and Sorientaion

temperature levation
Gennlaedsoimres ocer s '

S i e A

Stages of Alcohol Withdrawal

Stage 1 Stage? Stages
Hours ateralcohal | 24 RN i
Sohninctio [l “872) (72105
Symptoms amery,
remor, nauses, vomiting, | stage 1 symptoms with | (delicum), confusion,
sweating, elevalion of | severe tremors,agitation, | and disorientation with
pressure, sieep symptoms
disturbance, hallucin-
ations, llsions, seizures

tage
Proggession prevented by prompt and adequate treatmen.

FIGURE 14-8 ETHANOL ABUSE: TREATMENT.

Abrupt withdrawal from ethanol is accompanied by excitatory

and acamprosate (in Europe) are newer alterative choices.
(O signs such as deliium tremens

Naltrexone is an opioid receptor antagonist that seems o have the

additional (perhaps independent) property of reducing the chance

ofelapse when ed in conuncton ih peychosoclesment
h

and potentially lethal seizures.
Medication management i the past was limited to disulfiram,
o e e deikopemaie. The bl o ekl

and therey ecnics  deterrrt 1o xcess vt b e gt subtype of the glummzle ecepior
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Drug Abuse

Opioid Withdrawal

Signs and Symptoms

Insomnia and muscle aches
mediated viap receptors
and refieved by p agoniss.

Nausea
and
vomiting

Diarthea

Noradrenergic effcts
may be blocked by
@ agonists.

blood pressure.

Blood pressure
Heartrate

Onset and
severity of
withdrawal
symptoms

4

N

l (methadone)

(morphine, hydromorphone)
1] 1

of symptoms after lastcrus dose depend on hafife of part

FIGURE 149 OrioDs,

dar o

» AND.

Abrupt discontinuation of drugs used for long-term abuse results in

withdrawal signs. In general, these signs are the opposite of those.
induced by th

ate and severity of withdrawal are lessened by tapered cessation
of drug use rather than abrupt cessation. Withdrawal that is 0o
d,

inhibitory, and withdrawal from CNS depressants s excta

390

tory. The

§
barbiturates, can be fife-threatening. Withdrawal from opioids
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Benzodiazepine Withdrawal
High-dose withdrawal
Amsetyand
Hyperpyresia agiaion
sezures
/]
/8 povchosis
igh-dose benzoxdiazepine wilraval e
produces sgns and symptoms similar 10 il
Scohol wildrawal
ays ince stdowe [ 2[4 & |8 [W [ [ [T W] [ m[we [m s [ 5] 5%
Hactngbmm by Withdrawal
paterns
Ometand [
severit of
withdrawal |/ e
Symptoms LA
A
|A e
Lowdose (therapeutic)withdraval
Sensory hypersensiviy
Sound
B Smell Lt 2
Benzo- Touch
m.",.m. Tasie
beapec el enodesines Soveronsizaton
et rengsically wih GABA o o
et Al Amu
) Fasciculaton
< Symptom
GAA
viksval ucuatngpsrersivy o
ing,
snd) gl psdise-an
nzodiazepine syndrome’
ONACRAG 0
Clfachack-
N
FIGURE 14-9 Orios, , AND. i

involves influenzalike symptoms, diarrhea (rather than the opioid-
d diated through ad

tors. Opi b
e with methadone) or with aadrenoceptor agonists. Withdrawal

is generally mild
doses but can be severe (eg, tachycardia) after long-term abuse
of high doses.
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Poisoning or Overdose

Physiology of the Speci:

Avial muscle

AV node

Common
bundie

Bundlc
branches,

Purkinie fbers

Ventricular

i
1 y
\ \
02 ot g
Seconds
Tovie Syndromes
syndrome Clinical Manifestations Associated Toins
Sympathomimetic | CNS exctation, seizure: Coine. o
tachycardi perenion ophine
mydriashs, diaphoresis it siminB)
‘Antichalinergic | Deliium, halkucinations, dry “Avopine, rieyclc
sy s ecresed pressants,
s ey skin, anthistamines,
iy phenothi
Choliergic NS excitation ordepression, | Organophosphates
b hycardia, miosis |  plocarpine,
s sty | S
diaphoresis, acrimatio, paralyis
Opiate NS depression, mios, Heroi, codeine,
hypoventilation hypotension, propoxyphene,
response o naloxone pentazocine
oxycodone
Serotonin Aered mental satu, incressed | MAOI + S5%I,
muscle tone, yperrefexia, MAO! + meperdine
Fypertherma, remors SR + eyl
SR overdose

Drut

FIGURE 14-10

Accdental o intentona verdoseof smpathomimetics produces

symptoms that mimic, in

ackenoceptorsgont)or by cugs hat ctnecty by nbancing

inhibiting the reup-

e o effects of Sas 5 cocsne or niling th breakdown
these drugs include of adrenergic recept econd messengers (g, nh
tion o @ o ot

{profuse sweating) tachycaria, and ypertnsion; NS o
The

by
that act directly by binding to adrenergic receptors (eg, a- or -
392

feine. Man: by
overdose of these drugs typically involves suppor

e care.
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ALLERGY, ABUSE, AND POISONING OR OVERDOSE

Acetylcholine Agonists

Succinyicholine

paralysis

Lacrimation

FIGURE 14-11 CHOLINERGIC DRi

Acetyicholine.
°

Acetylcholinesterase Inhibitors

Isofuorophate

Neostigmine

Miosis
(pinhole pupils)

Mydriasis (pupil dilated, not reactive)

Accidental or produces

tylcholi

symptoms that mimic, in an exaggerated way, activation of the
SNS and the ANS. Because of excess stimuation at th sie ofpre-
in bor

ccihaline) or md\re(wumg drugs that enhance the action
of acetylcholine, such as organophosphates that inhibit acetyl-

th
parssympathetic subdiisions the acion on the ANS is i
Thus, overdose can cause muscle paralysis, miosis or mydri

s o chpcans, CNS sl o deresaon, sl
tion, lacrimation, diaphoresis, and diarrhea. Cholinergic receptors

eostigmine, edrophonium,

certain insecticides, nerve gases). Management of the efects
produced by overdose of these drugs involves supportive care,

Eepectaly of the espiatory system, and other measures
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Poisoning or Overdose

Tubocurarine
(active component of curare)

Atopine

Pilocarpine.

Seizures

FIGURE 14-12 ANTICHOLINERGIC DRUGS

Muscarine

1 (@source of muscarine)

Hyperthermia

Accdental o Insniora overdose of sicholnergi dugs o

Overdose signs include skeletal muscle paralysis, mydriasis, tachy-
cardia dry mucosa, dry skin,

duces effects that result from blockade
receptors located on skeletal muscles in s (e, effects of
curare) and synpsesofreganglonic neurons i the ANS (e5
effects of d/or from blockade of

delirium, hallucinations, and seizures. Management o the effects
produced by overdose of these drugs usually involves supportive
ticularly of stem, and (for

i receptos located on amooth musces, cardin misclon o
glands in the ANS (eg, effects of atropine and pilocarpine).

394
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Hepatic Coma

stage
Personalty changes,
vacant sare.

Stage tl

Stage Lethargy,

Noisy, fapping remor,
busive, muscle twiching

violent

Knee o IS

Coma

A S A } Hlectroencephalogram
changes.

Withdrawal seizures
Often called rum fts”

FIGURE 14-13

Excess serotonin can result from the accidental or | . and MAOL:
dose ofdrus thtdirecty actvate serotoinrecepors o more - actvlyprolices  erooninsynrome, which may incude

\
inhibiting pvesynapnc o reuptake af sertorin or by prih hyperreflexia, sweating, shivering and tremor, and possibly lfe-

ing serotonin breakdown by monoamine oxidase. The latter cate-  threatening seizures or coma.
gory includes selective etovoin reuptake o, nomeletve
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Miosis (pinhole puj
Seen i polsning by orphine and mrphine devates
of mushrooms, cholinesterase inhibito
Parmpathomimena, i, o ke,
iholytics, and some other compour

fodic paralysis usually associated
with hypokal
‘with hyperkalemia or normokal
Fypertyroidem may o be amocised
with hypokalemic periodic paralyss

FIGURE 14-14 OPIOID:

Accidental or i has mor- Al effects that are

ik, codaine, o ot opioid recep

receptosthataslocaed mm«gmm the CNS and in the periph- o

ery. Overdose of miosis, constipa- required if e

tion, hypamevmli, hypotension, pulmonary edema, andposly e ofthe antagonistis shorter than that o the agorist High doses
 reversal

can also occur. the of

toxicity (e, ueummuscular e«c\mb\llw by normeperidine and
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Glucwonide racive)
Sulte mactive)
emediae * R =

Cytochrome
P50

Excreted.

Glucuronide (inactive)

Sulfate (inactive)

(depleted)

FIGURE 14-15 OVERTHE-COUNTER PRODUCTS

and can itis one of the safest drugs a therapeutic
beabanedwibou s presmpuon Some of hese pmdu(ls con-
tain single- an
gestants, analgesics ( idal anti hen excreted. H erdose, depletion of glutathione
mummupheﬂ) These drugs, as wella viamin,healh awds o .nm accumulation of reactive metabolites that cause henanc
herbals,
o St e i s it THPU  oncugh feprovkes s sacsesshd e

an important pharmacologic principle s that associated with acet-
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Emesis

‘Vomiting induced

the poison center.
tno longer has a
rolein

Gastric Lavage: Specialized Equipment

management of

potsonnts. 5
Saction
Yube
Orogasic avage
s considered
cious Collcton borte for
sucioned flukds
Toxins With a Specifc Antdotal Therapy
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FIGURE 14-16 MANAGEMENT OF POISONING AND OVERDOSE
of drugs.

y
Homees mostdrug overdoses o tions,  gastic lavage. h

but alkali the urine may delay gastric
nist «m ammds) e care, wih oamcmar auemlnn absorption. m weak acdicdrugs and enhance tei rinary exre:
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A vibrant, uniquely effective visual pi ion of the ph. 1y i
relationship between drugs and the human body

Netter’s Illustrated Pharmacology

Robert B. Raffa, PhD, Scott M. Rawls, PhD, and Elena Portyansky Beyzarov, PharmD
Pharmacology made visual!

1n the past few years there has been a virtual explosion in the understanding of the biologic features and events that

underlie the therapeutic action o a single drug. It is now possible—with the creative i put and indght ofan arists
eye—to visualize the anatomical, physiologic, biochemical, and molecular

Netter’s llustrated Pharmacology, using the classic images of physician-artist Frank H. Netter, MD, as well as dynamic new
illustrations from James A. Perkins, MS, MFA, and other talented artsts, offers a unique visual approach 1o learning the basic
principles of pharmacology. This new book provides the most authoritative and broadest possible coverage of both the basic
science and the clinical applications of pharmacology in a manner that i both scientifcally rigorous and enjoyable.

Classified by specific organ systems, each chapter shows how drugs are used for specific disorders of that system. The
authors include clear, concise notes under each image, highlighting the important lements of each principle.

Written for medical, pharmacy, dental, nursing, and other health profession students, Netter’s lllustrated Pharmacology
will serve as an excellent review and companion to more comprehensive textbooks with its succinct, easy-to-understand
presentation of introductory pharmacologic principles.




