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Preface

I developed the format of this book while teaching a review course in pharmacology
to medical students who were having difficulty with the standard course. The students
stated that the concepts of pharmacology were not difficult, but that they were over-
whelmed by the quantity of material. They spent hours leafing through pages, trying to
identify subtle differonces between drugs that have similar namis, actions, pharmacoki-
netics and side effects.

This guide organizes related drugs in tables. 1t allows the student to learmn about a
prototype drug and the important ways that related drugs differ. The text that sur-
rounds the tables emphasizes key issues pertaining to therapeutic rationale, basic phar-
macologic principles and clinical use of the drugs.

The book blends the essentials of basic pharmacology and clinical pharmacology so
that the transition from classroom to hospital is less abrupt. Students report that the
book s most effective when lecture notes are written directly on the tables and margins,
providing a single, concise guide for finals and the National Boards. The book can then
b used during clinical training for a rapid review of the principles that guide rational
préscribing practices,

Clinical Pharmacology Muode Ridiculousty Simple contains the mformation required to
perform well on the National Boards and to answer most pharmacology questions asked
during clinical rounds. Tt does not present historical aspects of pharmacology, exhaus-
tive lists of side effects and drug interactions, or other details that are best tound in
traditional texts or formularies.

I welcome comments and suggestions for futune editions.

Jim Olson, M.D,, Ph.D,

Children's Hospital /University of Washington/Fred Hutchinson Cancer Center
1100 Fairview Ave N, Mailstop D4-110

Sealtle, WA 98109



Principles of Pharmacology

Co-authored by Anne Bournay, R.Ph.

Rational Therapeutics

There are thousands of drugs and hundreds of facts
about each of them. 1t is unnecessary to memaorize
many of these faces if one learns to predict the behavior
of each drug based on a few facts and an understanding
of the principles of pharmacology.

This chapter presents the basic principles of phar-
macology upon which drug therapy is based. As you
read the chapter, try to apply the principles to a drug
with which vou are familiar, like aspirin. Refer to this
chapter often as vou leamn the drugs presented in the
rest of the book. Try to leamn the “story”™ of each drug
rather than isolated facts. The best way to develop a
sty about a drug s o associate, ask, and predict,

Associate cach drug class with information that vou
already know about the drugs. Think of relatives or
friends who have faken medicine from e class of
drugs vou are studving, Remember what you have

read or heard about the drugs.

Ask yourself why somie drugs are administered as
shots and others as pills, why some drugs are taken
four imes daily and others only once, and why it s
important for a health care provider to know the
serum concentration of some drugs but not of others.
As you read the following chapters, ask yourself “Why
15 this information important enough to be included in
this book?™

Predict the actions, cinical uses, side effects, and
drug nteractions of each drug based solely on its
mechanism of achion. If you can predict these charac-
tertstics, you will only have to memaorize those facts
that do niot make inbullive sense.

Finally, envision the course of events that would
pocur ad & drug enters the patient’s body. Continue
this practice each time you prescribe, dispense or
administer drisgs to a patient. Your patients will
benefit if your clinical dedisions are determined
rationally and based on a foundation of basic pharma-
cology knowledge.



Drug Administration
« Formulation

Chindcally useful drugs are formulated by drug
companies into preparations that can be administered
orally, intravenously, or by another route. The formu-
lation of a drug depends on the following factors:
*The barriers thal the drug is capable of passing.

Intravenous drugs are injected directly into the blood
stream. In contrast, oral prepamtions must pass
through the wall of the gastrointestinal tract and
blood vessel walls before entering the bloodstream.

*The setting in which the drug will be used. An
intravenous preparation might be appropriate for a
drug which is administered during surgery, but
would be inappropriate for home administration of
aspirin.

*The urgency of the medical situation, The delay
before onset of action varies between preparations of
the same drug. Emergency situations often call for
intravenous administration of agents which might
normally be administered by another poutie,

*Stability of the drug. Drugs which are denatured by
acid are not good candidates for oral preparations
because they may bt destroyed in the stomach
{stomach pH = 2).

=First Pass Effect. Blood from the gastrointestinal teact
passes through the liver before entering any other
organs. During this first pass through the liver, a
fraction of the drug (in some cases nearly all) can be
metabolized to an inactive or less active derivative.
The inactivation of some drugs s so great that the
agents are useless when administered orally.

» Routes of Drug Administration

Routes of drug administration include:

* Oral (PO} Most compaltible with drugs that are self-
administensd, Oral agents must be able to withstand
the acidic environment of the stomach and must
permeate the gut lining before entering the blood-
stream. Absorption alfected by gastric emptying and
intestinal motility.

Sublingual: Good absorption through capillary bed
under tongue. Drugs are easily self-administered.
Because the stomach is bypassed, acid-lability and
gut-permeability need not be considered.

* Rectal (FR) Useful for unconscious or vomiling
patients or small children, Absorption is unreliable.
Inhalation: Generally rapid absorption. Some
agents, marketed in devices which deliver metered
doses, are suitable for self-admimistraton,
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* Topical: Usetul for local delivery of agents, particu-
larly those which have toxic etfects if administered
syatemically. Used for most dermatologic, ophthal-
mologic, nasal, vaginal, and otic preparations.

* Transdermal: A few drugs can be formulated such
that a “patch”™ containing the drug is applied 1o the
skin. The drug seeps out of the patch, through the
skin and into the capillary bed. Very convenient for
self-administration.

There are three drug administration technigues
which have traditionally been labeled parenteral
("around the gastrointestinal tract™), Advantages
include more rapid and predictable absorption and
more aocurate dose selection. Disadvantages include
the need for strict asepsis, risk of infection, pain, and
local irritation,

* [Intravenous {1V} Rapid onset of action because
agent is injected directly into the blood stream.
Useful in emergencies and in patients that are
unconscious, Insoluble drugs cannot be adminis-
tered imfravenously.

* Intramuscular (IM)k: Dirug passes through capillary
walls {o enter the blood stream. Rate of absorption
depends on formulation {oll-based preparations are
absorbed slowly, agueous preparations ane absorbed
rapidly), May be used for self-administration by
trained patients.

» Subcutaneous (Sub(}, 5Ck Drug 15 injected beneath
the skin and permeates capillary walls to enter the
blood stream. Absorption can be controlled by drug
formulation. Only nonirritating drugs can be used.

- Dosing Regimens

Three common dosing regimens are compared in
Table 1.1. The half-life is the amount of time required
for the plasma concentration of a drug to decrease by
500 after discontinuance of the drug. The distribution
half-life (t o) reflects the rapid decline in plasma drug
concentration as a dose of drug is distributed through-
out the body, The elimination half-life (¢t _f) is often
much slower, reflecting the metabolism and excretion
of the drug, MNote that several half-lives pass before the
serum concentration of & drug reaches steady state,
Thus in erder to obtaim values which reflect the steady
state, it is necessary to wait until the fourth or fitth hali-
life of a drug before the peak, trough or plasma level is
masuted,

Therapeatic levels of a drug can be obtained more
rapidly by delivering a loading dose followed by
maintenance doss, A loading dose k2 an initial dose of
drug that is higher than subsequent doses for the
purpose of achieving therapeutic drug concentrations
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Table 1.1 Influence of Dosing Regimen on Plasma Drug Levels

GRAPH OF PLASMA DRUG CONCENTRATION

Single Dose

Plasma concentration of drug rises as the
drug distribuies o the bloodatream, then
Talks as the drug is distrbuled to lissues,
rptabolizod, and oxcretad

DOruge admirnistersd orally reach a peak
plasma concentration at a laler time than
drugs administerad infravenously, COral
agents must be absorbbd across Gi
rrucosa and capilary walls balone ontéring
il bloddstriam.

Concentration

in Plasma

Drug

Continuous Infusion {1V)

Steady siobo (equilibrium) plasmas drug concent ration is
réached alter continuous infusion for 4-5 half-bves.

Increasing the rate of infusson will noi decrease the time
needed io reach steady siale

Increasing this rate of infusion will, however, Increase the
plasma drug concentralion al steady state,

Drug Cancentration

In Plasma

Intermitient Doss

A drug musi be administered for 4-5half-fves bafora sleady
state (equiorium) is reached.

Peaks arg the high poirds of tluciuation. Toxic ellects are
most Bualy 1o be observed durng peak drug congentralons

Troughs ara the low poinds of Hluotuation. Lack of drug
effect is most ikely 10 ocour during troughs. For exampla,
post-operative pain 5 mone likely torefum |ust betaore a
second doge of morphine than midway bebwean the first and
sacond dose,

Drug Concentralion

in Plasma

in the serum rapidly. The loading dose is followed by
maintenance doses, which are doses of drug that
maintain a steady state plasma concentration in the
therapeulic range.

The dosing regimen (roule, amount, and frequency)

of drug administration influences the onset and dura-
tion of drug action. Onsel is the amount of time it
takes & drug to begin working. Drugs administered

intravenously generally have 8 more tapid onsel than
drugs taken orally because oral agents must be ab-
sorbed and pass through the gut before entering the
bloodsiréam. Duration is the length of time for which
a drug is therapeutic. The duration usually corre-
aponds bo the half-life of the drog (except when the
drug binds irreversibly to its receptor) and is depen-
dent on metabolism and excrefion of the drug.




Pazsive Dilfusion Mo Mo Rapsd for lipophidle, nomsonic and zmall molecules. aaw far
hydrophilio, ionic. or large molecubes.
Faclliiated Ditfusion M Yoz Drugs bind 1o carmer by noncovalant mechanisms, Chamically
similar drugs compete for carries.
Agqueous Channels Mo Ho Small hydrophilic drugs (<200 mw) diffuss along concantralion
gradient by passing through aqueous channals (pores),
Active Transport Yes Yes Identical to faciiifated diffusion except that ATP powers drug
franapart against concaniration gradient,
Pharmacokinetics rium between thie blood and tissues. Thus a decrease
. D Al Hon in free drug i the serum translates to a decrease in

As a drug is distributed m the body, it comes in
contact with numerous membranes. Drugs pass some
membranes but not others. Table 1.2 compares four
drug transport mechanisms.

* Drug-associated factors that influence absorption
include fonization state, molecular weight, solubility
(lipophilicity) and formulation (solution vs. ablet).
Small, nonionized, lipid-soluble drogs permeate
plasma membranes most readily.

* Patient-associated factors that intluonce drug
absorption depend on the route of administration.
For example, the presence of food in the Gl tract,
stomach acidity and blood flow to the G tract
influence the absorption of oral medications.

= Drug Distribution

The following factors influence drug distribution:

* Membrane permeability: In order to enter an organ,
a drug mus! permeats all membranes that separage
the organ from the sibe of drug adminisieation. For
example, benrodiazepines, which are very lipophilic,
readily cross the gut wall, capillary wall, and blood-
brain barrier. Because of this, they distribube to the
brain rapidly and are useful for treating anxiety and
convulsions, In contrast, some antibiotics are capable
of passing from the gut into the biood stream, but
cannot pass into the brain, These drugs cannot be
used to treat infections in the brain. Poor passage of
some anticancer agents across the blood-brain barrier
and the blood-testes barrier resulls in relatively high
rates of brain or teslicular recurrences of some
tumors. The blood-placenta barrier prevents fital
exposure to some drugs but allows passage of others.

* Plasma protein binding (Fig. 1.1): The binding of
drugs to plasma proteins, such as albumin, reduces
the amount of “free” (that which is not protein
bound} drug in the blood. "Free” drug molecules,
but not pretein-bound molecules, reach an equilib-
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drug which can enter a given organ,

= Depot storage: Lipophilic drugs, such as the seda-
tive thiopental, accumulate in fat. These agents are
released slowly from the fat stores. Thus, an obese
person might be sedated for a greater perind of time
than a lean person b whom the same dose of thio-
pental had been administered. Caleium-binding
drugs, such as the antibiotic tetracvcline, accumulate
in bone and teeth.

The apparent volume of distribution (V) iz a
calculated value that describes the nature of drug
distribution. V, is the volume that would be required
distributed at the concentration measured in plasma.
You could predict that a drug with V, =3 liters is
distributed in plasma only (plasma volume = 3 liters},
whereas a drug with V| = 16 liters is likely distributed
in extraceflular water (extracellular water = 3 liters
plasma plus 10-13 liters interstitial fludd), A drug with
V, = 46 liters is likely sequestered in a depot because
the body only containg 40-46 liters of fTuid,

- Drug Metabolism

Drrugs, chemicals, and toxins are all foreign o our
bodies. Our body attempts to rid itself of foreign
chemicals, regardbess of whether they are therapeutic
or harmful. Most drugs must be biotransformed, or
metabolized, before they can be excreted. In pharma-
cology, the wond “metabolism™ often refers (o the
process of making a drug more polar and water
soluble, Although this often results in drug inactiva-
tion and excretion, it is INCORRECT to assume that a
metabolite will be less active or more easily excreted
than the parent drug,

Metabolic reactions can transform...

* an active drug into less-active or inactive forms.
= 3 PRODRUG (inactive or less-active drug) into a
more active drug,



Drrug and toxin metabolism is divided into “Phase 1"

and "Phase 1" reachions (Figures 1.24, 1.2B). In Phase
| Reactions (nonsynthetic), drugs are oxidized or
reduced to a more polar form. In Phase 11 Reactions
(synthetic), a polar group, such as glubathione, is
conjugated to the drug. This substantially increases the
polarity of the drug. Drugs undergoing Phase (1
conjugation reactions may have already undergone
Fhase | transtormation,

The liver microsomal drug oxidation/reduction
system (The 450 system) is responsible for the
metabolism of many drugs, Cytochrome P450 (a0
narmed because it maximally ab=orbs light at 450 nm)is
a family of ispenzyvmes located in the endoplasmic
reticulum of the hepatocytes. Through an electron

transport chain which uses MADPH as a prolon carrier,

8 drug bound o cytochrome P450 can be oxidized or
reduced (Thase 1 Reaction).

Cytochrome P450 can be [nduced {increased in
activity) by a number of drugs or chemicals. Induction
pocurs in response to the presence of a chemical which
is metabolized by P450 (more eneyme s produced to

Protetn-bound

Dirug A @
Henciva)__J @ [Unbound Drug A
(Active)

Drug B displaces
10% of Drug A
froum albimin

handle the chemical load), Onee the eneyme is in-
duced, it will metabolize the “inducing agent” more
rapidly, Because cyvtochrome P450 is not specific for
the inducer, however, other drugs metabolized by the
rapidly.

Alcohol tolerance is a common example of P450
{microsomal enzymel induction. Alcohol is metabo-
lizzed by 1450 1f & person hasn't been drinking alcohol
regularly, perhaps two drinka will make him tipsy. If
that same person were to consume two drinks daily for
several weeks, it would likely take more than two
drinks to achieve the same degree of intoxication. This
oceurs because the liver enzymes have been induced,
causing the alcohol to be metabolized more mpidly o
an inactive form. This same person would also me-
tabolize any of a multitude of drugs more rapidly once
thie enizvmes were induced, a common mechanism of
drug interaction. Therefore, a dose of such a drug that
wias adequate a few months ago might have little or no
effect following several weeks of increased alcohol
consumplion,

\

Unbound Drug A
{Active)

Figure 1.1 Congeiuenes of drug displaceyment from allonmin aid ofler plasma profeios, Sove drugs e, "Deag A™
figierel are groeter B 90% boisd fo plasma peodeines, The “froe” funbosrd b drsig mmofecules, bt ol Hie boind soleciles, are aveilable

o act wt :rmTEmrJq. In the .'rll,_;urrr
frow facke] “Lhrig A

"Dirigy 87 digplices mily 5 maleculed of "Drig A™,
TTis coarlod be fobal 1f "Divicg AT hoes @ vernoer pvangin of safety, Dhaideemient of drugs ahich are es-glily

wfeich smore B drfinles Hee seviim oomcesniretion of

jrrteiat boiind i fess argeificaind, For ew .lrr:pi'r r_,F Dhrag A" foere 3% bonrd mird 3006 free, displacesment of 1% of e bound frachion

il incesese the free fraction fromi 50% fo 5

o This semall increment is unlikely b0 be climically relevant,



« Drug Excretion

Some drugs ane excreted from the body after they
have been metabolized to mone polar congeners, whilie
others are excreted “unchanged”. Most drugs, toxins,
and metabolites are excreted in the urine, Others ane
excreted in foces or expired air. Drugs that are excreted
in the feces may be concentrated in bile before entering
the inbestine, In some cases, these drugs are reabsorbed
into the portal bloodstream as they move through the
inkestines. This cvcle, enterohepatic circulation, can
extend the duration of the drug in the body

& number of processes occur in the kdney which
affect the rate of drug excretion. The most imporiant
processes are glomerular filtration, tabalar secretion,
and tubular reabsorption. These processes are com-
pared in Table 1.3, Drug excretion mechanisms-are
vulnerable to renal insults such as toxins, other drugs,
or disease states. Because drugs, metabolites, and
toxing are concentrated in the kidney, the organ is
frequently the site of chemical-induced toxicity.
Undesirable symptoms in a patient with renal failure
may be due 1o drug accumulation rather than the
disease process itself.

« Microsomal (P4sp) oxlidation reactions

1. H‘r:l'utﬂlllun
2 Oron

MCIosomas

Phase | (nonsynthetic) Reactions

2. Dealkylation

oo

NADPH, Oy

¢ )-oH

miCroSomes

3. Oxidation 4. Polarizing atom exchange
~ T |
\s NADPH, O, A P HO: o
# microsames MICTOS0MEs
« Microsomal (Pysp) reduction reactions
1. Azo-reduction
NADFH
@="=® MICroSomes @_"H?
2. Hitro-rad ucllon
NADPH NADPH
Oy B o B oo B
MEfOESoMEs

1, Alcohol exldation

¥ MNAD™
cHacroH M2 cHyeH0 Soa CHyCH:0

« Nonmicrosomal oxldation and reduction resctions

2. Alcohol reduction

|
H-il}-DI'I + HADH + H* —= Fl-?-—ﬂl'l + MAD + HD
OH H

Figure 124 Examples of Phase I metabolic reactiors,
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= Drug Clearance

The term “clearance” refers to the volume of fluid
that would be completely cleared of drug (per unit
time]) if all the drug being excreted / metabolized were
removed from that volume {and the remaining fluid in
the body retained the original concentration of drug).
“Clearance” i= a calculated value that canmot bedirectly
measured in the body. It is measured in liters per hour,
but 15 often mistaken for “rate of elimination” which is
reparted as mg/hr. Clearance values can be calcualated
for specific systema.. For example, total clearance =

renmal clearance + metabolic clearance + all other
clearance. Clearance can be calculated several wais:

_ Elimination Rate (mgrhr)  _ Liters
i Drug Concentration (mg/L)  hour

OR
Claaranca = ke\y

Where k = elimination rate constan
and \y = apparant valuma of distribution

1. Glucuranide mn]uuulnn

{drug} {danor)

Z Ethoroal sulfale conjugation

{eirug)

3, Aeetylallon

fdrug) (danar]

4. Transulfuration {oceurs In mitochondria)
CH + 504 —= (N5 + 50y
glutsmats

{ramovad)
5. Glutathlione conjugation
glul:a:hnnm _)

@-DH + PAPS suunklnaaa O—ﬂﬂﬂa + PAP

Phasae Il (Synthetic) Reactions
Catalyzed by specific enzymes rather than Pysp

@-GH + LIDPGEA IrElr:aiaraﬂa D—ﬂ{".l'ljﬂ; + LIDP

Acatyl
H-@—HH; + CHyCO-CoA transierase ON r:am, + CoA

glycine
{ramoved)
I-I’-IGGEH;

@-{:Hgm + GSH—=[X]

(g (donor)

.) ""“""““ chﬁ SHy~ EHOOOH

Abbrevistions of donors: UDPGA = uridine diphosphoghucuronic acid

PAPS = 3-phosphoadencsine 5 phosphosulfate
GE5H = glutathiona {g-glutamyl-cysteinyl-ghycing)

Figure 128 Examiples of Plase IT metalolic reactions.




f MNSPOR all§
TRANSFURT RUUTE

NOTES
Rate of fEiration dapands in

Most drugs bind to cellular receptors, where they
initiate a series of biochemical reactions that alter the
cell's physiology. Ina given dose, some drag mol-
ecules find their target cells, while other molecules are
being distributed, metabolized, and excroted. At the
cellular site of action, drugs exert their primary actions.
These actions are described in the following section.

The actions of drugs are studied Irom a number of
different perspectives. Each perspective provides
different information and uses different terminology,
To avoid confusion over terminology, the actions of
drugs are presented in three sections: 1) pharmacology
at the cellular level, 1) pharmacology at the organism
level, and [11) pharmacology at the population level.

- Pharmacology at the Cellular Level

Drug Receptors: Receptors are generally proteins or
glycoproteins that are present on the cell surface, on an
organelle within the cell, or in the cvtoplasm. There is
o fimite numbser of riceptors in s given cell, Thus,
receptor-mediated responses plateau upon (or before)
receplor saturation. When a drug binds to a receptor,
one of the following actions is Tikely (o occur (Fig. 1.3):
= An jon channel s opened or closed.

* Binchemical messengers, olten called second messen-
gmers (cAMP, cGMP, Ca™, inositol phosphates) are

& Principles of Pharmacology

Drugs pasa from the blood

inta the nephran by perfusing  nonionic drugs pass more parl on blocd prassurs.
across the tenestratad readily. Drugs bound to

capillaries of Bowmans plasma proteins cannol pass.

Capsule,

Tubular Secretion Drugs secrated into the Active transpori {drug Dhugs may compaete with one
nephron fubtde from fhe carriers and engrgy), Orugs  another for the carrler. A
afferant artariobs, which spacifically bind to drug with a low mangin of

camears (irensporiers) ars safely might reach joxio

ransported. Size and charge  levels, Therapsutically,

g lass imponant, drugs which compate for
fransporiers can be
coadministared fo increass
plasma half-lite.

Tubular Reabsorplion Drugs are reabsorbed inho Diffusion Process.: Small, Bacause ionic agents are
trwa blood stream from tha monionc dregs paEss mors poorly reabsorbed, drug
nephron tubula. rezdily. metaboliies which ass mora

ki than e parent drug will
be passed into tha ufing mons
agsily. Unnary pH can be
purpossty. alared 1o increpss
the rate of drug excralion
{8.g., adminislratan of
bicarbonata).

Drug Actions activated. The biochemical messenger initiates 4

series of chemical reactions within the cefl, which
transduce the signal stimulated by the drug.

* A normal celhular function is physically inhibited
(g, DN A synithesis, bacterial cell wall production,
protein synthesis).

* A cellular function is “turned on” {e.g., steroid
promotion of DNA transcription).

Very precise terminology s required when discuss-
ing drug-receptor interactions. It is also important to
avoid substituting terms that describe drug actions at
the organtsm or population level (e.g., potency, effi-
cacy, therapeutic index) for terms describing drug
actions al the receplor level {e.g., alfinity).

The Receptor Theory of Drug Action: Langley and
Ehrlich first proposed that drug actions were mediated
bv chemical receptors. In 1933, Clark developed the
dose-response theory which stated thal increased
response to a drug depended on increased binding of
drug to receptors. Clark's theory was incorrect on
several points. In 1956, Stephenson presented a
modified dose-response theory which is more widely
accepted today.

» Clark's Theory
1. Prrug response is proportional W the number of
receplors occupied.

2. Assumed that all drug-receptor interactions were
reversible.




3. Assumed that drug binding to receptors repre-
sented only a fraction of available drug.
4, Assumied that each receptor bound only one drug,

* Stephenson’s modified theory {generally accepted)
l. Drug response depends on bath the affinity of a
drug for its receptors (defined below) and the drug's
efficacy {defined in the next section).
2. Described gpare recepbors. Froposed that maxi-
mal response can be achieved even if a fraction of
receptors [spare receplors) are unoocupied.
The following terminology refers only to events
which ocour at the cellular level:

» Affimity: Affinity refers to the STRENGTH of binding
between a drug and its receptor. The number of cell
receptors occupied by a drug is a function of an
equilibrium between drug which is bound to recep-
tors and drug that is free. A high-atfinity agonist or

G pratein

Gp

antagonist is ess likely than a low-affimty drug to
dissociate from a receptor once it is bound.

* Dissociation Constant (K ): The dissociation con-
stank 1% the messure of o drug’s affinity for a given
receptor. It is the concentration of drug required in
solution o achieve 50% occupancy of its receptors.
Lnits are expressed in molar concentration,

* Agonist: Drugs which alter the physiology of a cell
by binding to plasma membrane or intracellular
receptons. Usually, a number of receptors must be
occapied by agonists before a measurable change in
cell functon ocours, For example, & muscle cell does
not depolarize simply because one molecule of
acetylcholine binds to a nicotinic receptor and
activates an ion channel.

* Strong Agonisk An agonist which causes maximal
effects even though it may only occupy a small
fraction of receptors on a cell.
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channet. I obiver coses, o distore) receptor priglet be lnked fo fhe foir chardned by o G proteir of oblive blocfamion messengers



* Weak Agonist: An agonist which must be bound to
many more recoptors than a strong agonist to pro-
duce the same effect.

= Partial Agonist: A drug which fails to produce
maximal effects, even when all the receptors are
occupied by the partial agonist.

* Antagonist Antagonists inhibit or block responses
caused by agonista.

* Competitive Antagonistt Competes with agonists for
receplors. During the time that a receptor is occu-
pied by an antagonist, agonists cannit bind to the
receptor. The number of receptors appears un-
changed because high doses of agonists will compete
for essentially all the receptors. The agonists affinity,
however, appears lower because a higher dose of
agonist is required, in the presence of antagonist, fo
achieve receptor occupancy. Because the antagonism
can be overcome by high doses of agonists, competi-
tive antagonism is said to be surmountable.

* Noncompetitive Antagonist: Binds to a site other
than the agonist-binding domain. Induces a confor-
mational change in the receptor such that the agonist
no lomger “recognizes” the agonist-binding domain.
Even high doses of agonist cannot overcome this
antagonism. Thus it is considerad to be insurmount-
able. The number of agonist-binding sites appears to
be reduced. but the affinity of agonist for the
“unantagonized sites” remains unchanged.

® Irreversible Antagonist (Nonequilibrium competi-
tivel: Irreversible antagonists are also insurmount-
able. These agents compete with agonists for the
agomist-binding domabn, In contrast to competitive
antagonists, however, irreversible antagonists
combine permanently with the receptor. The rate of
antagontsm can be slowed by high concentrations of
agonist, Cmnowe an irreversible antagonist binds to a
particular receptor, however, that receptor cannot be
“reclaimed” by an agonist.

Other forms of antagonism: In addition to pharma-
cologic antagonism, there are two other mechanisms by
which a drug can inhibit or block the effects of an
agonist;

* Physiological Antagonism: Two agonists. in unre-
lated reactions, cause opposite effects. The effects
cancel one another,

* Antagonism by Neutralization: Two drugs bind to
one another. When combined, both drugs are
inactive,

Chemicals that are produced in the body and exerl
their actions through receptors (e.g., acetylcholine,
insulin} are termed endogenous ligands.
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- Pharmacology at the Organism Level

Many of the terms used in pharmacology were
developed to reflect the observations made following
administration of a drug to an experimental animal or
to a person. The following terms describe the actions
of drugs on whole organisms, These terms are morne
likely to be used in a clinical setting than terms relating
to drug-receptor interactions,

Efficacy: The degree to which a drug is able to
induce maximal effects. If Drug A reduces blood
pressure by 20 mm and Drug B reduces blood pressure
by 10 mm, then Drug A has greater efficacy than Dirug
B. In this case, Drug A might be appropriate for
treating hypertension that Is refractory to Drug B.

Polency: The amount of drug required to produce
50 of the maximal response that the drug is capable
of inducing. For example, morphine and codeine are
both capable of relieving post-operative pain. A
smaller dose of morphine than codeine is required to
achieve this effect. Therefore, morphine is more potent
than codeine.

"Potency” and "elficacy” have different meanings
and are used to describe different phenomenon, The
term “potency” is frequently used to compare drugs
within a chemical class, such as narcotic analgesics or
corticosteroids. These drugs usually have similar
maximal efficacy, if a high enough dose 18 given.

“Efficacy” is more easily used o compare drugs
with different mechanisme. For exaomple, ketorolac (o
nonsteroidal antiinflammatory drug) has equal efficacy
to morphine in controlling post-operative pain. Acet-
aminophen or aspirin have a lower efficacy than either
of the above drugs for controlling post-operative pain.

Mothing can be said about the affinity of drugs
based on their efficacy or potency. Affinity is a measure
of the “strength” of binding between the drug and iis
receptor and cannot be measured clinically. A low
affinily agonist might produce a response equal to or
greater than that produced by a high affinity agonist.
Antagonists do not have efficacy, since they do not
produce responses.

Graded dose-response curves: Graphs the magni-
tude of drug actions againat the concentration (or dose)
of drug required to induce those actions.  The curve
represents the effects and dose of a drug within an
individual animal or tizsue rather than in a population.
The receptor affinity, absorption, plasma protein
binding, distribution, metabolism, and excretion of a
drug all affect the dose response curve.



« Pharmacology at the Population Level

Before new drugs can be approved for marketing,
their efficacy and salety must be tested in animal and
human population studies. Data derived from these
studies are presented using the following terminology:
= EC, (Effective Concentration 50%): The concentra-

tion of drug which induces a specified ciinical effect
in 50% of the subjects to which the drug is adminis-
tered.

* LD (Lethal Dose 50%): The concentration of drug
which induces death im 50 of the subjects to which
the drug is adminkstered.

* Therapeutic Index: A measure of the safety of a drug,.
Calculated by dividing the LD_ by the ED_.

* Margin of Safety: The margin between therapeutic
and lethal doses of a drug,

Drug Interactions

Drugs may interact with one another according to
thi following mechanisms:

* Altered absorpion: Dirugs may inhibat absorption of
other drugs across biologic membranes (e.g,, anti-
ulcer agents that coat the stomach may decrease Gl
absorption of other drugs).

* Altered metabolism: Clinically important drug inter-
actions can occur when the P45 isoenzymes (chemi-
cal cousing) are inhibited or induced. CYT is the cyto-
chrome nomenclature used to describe the human
P45 isoenzyme followed by the family (an Arabic
number), followed by sublamily (o capital letter),
followed by the individual gene {(an Arabic number),

Examples include CYP3A4. CYP1AZ, and CYP2C9,
Drrugs and other substrates (such as smoking) can be
inducers or inhibitors of the P450 soenzymes, Other
drugs can be substrates for the particular isoenzymaes
and thus can be candidates for drug interactions. For
example, phenobarbital, a potent inducer of isoen-
ayme CYP3A4 can produce a clinically significant
drug interaction with tacrolimus, a CYP3A4 isoen-
aym substrate, Higher doses of tacrolimus and
more frequent drug monitoring may be required to
keep adequate serum concentrations of tacrolimus in
the blood stream. An example of inhibition can be
described with the two drugs amiodarene and
digoxin. Amiodarone is a potent inhibitor of isoen-
Zymes CYP209 and CYP2ZD6. Because digoxin is a
substrate for one of these isoenzymes, amiodarone
may produce an increase in the digoxin serum level
maore than two-fold.

* Flasma protein competition (Fig. 1.1): Drugs that
bind to plasma proteins may compete with other
drugs for the protein binding sites. Displacement of
o ‘Drug A’ from plasma proteins by ‘Drug B" may
increase the concentration of unbound “Drug A” to
toxic levels,

= Altered excretion: Drugs may act on the kidney to
reduce excretion of specific agents (e.g., probenecid
competes with sulfonamides for the same carrier,
increasing the risk of sulfonamide toxicity).

Addition, synergism, potentiation or antagonism
are the terms used to describe drug interactions, Table

1.4 demonstrates the differences between the four

types of drog interactions.

| Table 1.4 Types of Drug Interactions

Al

the combined responsas of the individual drugs.

Addition - The response elicited by combined drugs ks EQUAL TO

1+1=E

THAM the combined responses of the individual drugs.

Potentiation -
sacond drug,

Antagonism -
antagonist has no inherant activity.

Synergism - The response elicited by combined drugs is GREATER

& drug which has no effect enhances the effect of a

Drug inhibits the affect af another drug. Usually, the

1+41=3

0+1=2

1+1=0

"



Tolerance, Dependence
and Withdrawal

Tolerance represents a decreased response to o
drug, Clinically, it is seen when the dose of a drug
must be increased to achieve the same effect, Tolerance
can be metabolic (drug is metabolized more rapidly
atter chronic use), gollular (decreased number of drug
receptors, known as downregulation). or behavioral
{an alcoholic learns to hide the signs of drinking to
avoid being caught by his colleagues).

Dependence occurs when a patlent needs a drug o
“function normally”. Clinically , it is detected when
cessation of a drug produces withdrawal symptoms.
Dependence can be physical (chronic use of laxatives
leads to dependence on laxatives to have a normal
bowel movement) or may have a psychological compo-
nent (Do you HAVE to drink a cup of colfee to start
your day?).

Withdrawal ocrurs when a drug is no longer
administered 1o a dependent patient. The symplioms of
withdrawal are often the opposite of the effects
achieved by the drug {cessation of antihypertensive
agents frequently causes severe hypertension and
reflex tachycardia). In some cases, such as withdrawal
from morphine or alcohol, symptoms are complex and
may seem unrelaled o drug effects,

Cross tolerance/cross dependence ocours when
Iolerance or dependence develops bo different drugs
which are chemically or mechanistically refated. For
example, methadone relieves the symptoms of heroin
withdrawnal because patients dt".'elnp croas dependence
o thesse bwio drugs,

The Patient Profile

The importance of the patient profile: Prescribing
drugs without consideration for the patient profile is
subgtandard care. The patient profile includes each of
the following considerations:

* Age: Drug metabolizing enzvmes are often undevel-
oped in infants and depressed in the elderly. Be-
cituse drugs are not metabolbsed as readily, they may
accumulate to toxic concentrations. Pediatric and
grratric dosing regimens are provided by most drug
manufacturers. I is iate to extrapolate
acult doses to children. Instead, pediatric dosing
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regimens are available for most drugs and are
usually adjusted according o patient weight or body
surface area,

* Pregnancy status: Before prescribing drugs for a
woman of child-bearing age, it is essential to know
whiether there (s any possibility that she is pregnant
or whether shie is nursing. Many drugs are not to be
prescribed for pregnant or nursing women, Others
may b administered with caution.

* Smoking and drinking habits: Both smoking and
drinking induce P450 liver enzymes. This accelerates
the metabolism of a number of drogs. In some cases,
the result is lower-than-expected drug concentration,
leading to decreased therapeutic effectiverness.
Prodrugs, however, might be metabalized to more
active forms. In some cases, the active drug reaches
ioxic concentrations,

* Liver or kidney disease: Dose reduction may be
necessary in patients with liver or kidney dysfunc-
tion. Failing kidneys excrete fewer drug metabolites,
Failing livers metabolize drugs poorly compared to
property functioning livers. Liver and kidney failure
are particularly common in the geriatric population.

# Pharmacogenetics: This iz the most difficult assess-
ment in the patient profile. Briefly, there are genetic
differences between patients which affect the phar-
macokinetics and actions of many drugs. For ex-
ample, the half-life of phenytomn ranges from 10
hours in a “high hydroxylator” to 42 hours in a “low
hydroxylator” simply because the level of microso-
mal hydroxylation is lower in the latter patient. A
number of specific pharmacogenetic traits have been
described. Specific trails, associated mechanisms,
and pharmacogenctic methodology ane not discussed
in this introd uctory chapter.

* Drug interactions

* "sychosocial factors: Moor patient compliance is the
cause of many ‘drug failures’, Before prescribing a
medication, consider the cost, ease of administration,
and dose schedule of the drug. Also, assess the level
uf patient responsibility.

In order to thoroughly evaluate the toxicity of a
drug, it is necessary to record the pre-drug status of the
patient for comparison. Particular attention should be
paid to the organs that are likely to be damaged by the
drug, Particularly when administering drugs with a
narrow margin of safety, it is sometimes necessary to
adjust dosage according to serum levels of the drug.



Peripheral Nervous System

Co-authored by Anne Bournay, R.Ph.

The peripheral nervous system is divided into the
autonomic and somatic nervous systems. The auto-
nomic nervous system controls cardiac and smooth
muscle contraction, and glandular secrebion, The
somatic nervous system supplies skeletal muscle
during voluntary movement and conducts sensory
information, such as pain and fouch,

The autonomic nervous system is further divided
into the syvmpathetic and parasympathetic ayatems,
which generally oppose ong another. For example, the
sympathetic system is generally catabolic, expending
energy (the “fight or flight system™), It increases heart
rate, ditabes bronchd, and decreases seeretions, whereas
the parasympathetic system is anabolic, conserving
EMErgy. e.g.. it decreases heart rate, stimulates gastro-
mitestinal lunction (See Figs. 2.2 and 2.3 for a review of
functions). In the resting individual, the parasympa-
thetic systemn dominates in most organs, resulting in a
relatively slow heart beat, adeguate secnetions, and
appropriate bowel motility, In an individual under
stress, however, the sympathetic system dominates,
diverting engrgy to functions which make a person fit
to Fight or flee (e.g., improved oxygenation of tissues by
bronchodilation and increased cardiac output).

Autonomic neurotransmisston involves two neo-
rons, the presynaptic and the postsynaptic neurons
iFig_2.1). Presynaptic neurons extend from the brain (o
autonomic ganglia wherne they transmit CNS signats to
postsynaphic neurons by releasing acetylcholine into

the synaptic cleft, which is the space between the two
neurons. Postsvnaplic neurons subsequently teansmil
impulses to end organs (e.g., heart, stomach) by
releasing norepinephrine (sympathetic neurons) or
acetyicholine {parasympathelic neurons),

The catecholamines norepinephrine and epineph-
rine transmit most impulses of the sympathetic system.
Lipon release from presynaptic neurons, norepineph-
rine diffuses across the synaptic cleft and binds to
postsynaptic adrenergic (@, a2, Bl or f2) receptors,
During times of stress, the adrenal gland releases
epinephrine (adrenaline} into the blood. Like norepi-
nephrine, circulating epinephrine is an agonist al
adrenergic (sympathetic) receptors. An excephion to
catecholamine neurotransmission in the sympathetic
system is the sweat glande:  Acetylchodine, which is
often considered a parasympathetic transmitter,
conveys sympathetic signals to sweat glands.

Acetylcholine transmibs all parasvimpathetic signals
tor end organs (heart, lungs, ete.} by binding to musca-
rimic (M) receptors. In addition, acetylcholine plays
three other important roles in neurotransmission,

* Ganglionic transmission: Acetvicholine transmits
both sympathetic and parasympathetic impulses
from the “preganglionic” neurons in the brain and
spinal cord to nicotinie ganglionic (N ) receptors on
“postganglionic” nearons of the autonomic nervous
system. This oocurs in symipathetic ganglia, which
are focated along the spinal cord, and in parasympa-

®
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thetlc ganglia, which lie near the end organs. Be-
cause all ganglionic transmission is cholinergic,
drugs which block ganglionic transmission {Table
2.8} inhibit gither symipathetic or parasympathetic
signals, depending on which system 18 predominant
at the moment.

= Neuromuscular transmission: Acetylcholine, re-
leased from neurons, causes muscle contraction by
binding to nicotinic muscle (N_) receptors on
musele cells, causing caleium influx (Fig. 2.1).

* Central neurotransmission: Acetylcholine s a
neurptransmitter in the brain, acting predominantly
via muscarinic receplors.

Before learning about specific drugs which modify
neurotransmission, it is helpful to consider how
messages are transmitted from one neuron to another
and the strategies available for enhancing or suppress-
ing neurofransmission,

First, consider the processes involved in neurotrans-
mission (Fig. 2.4A and 2.48): 1) the neurotransmitter is
synthesized from chemical precursors, 2 it is packaged
inti vesicles in the presynaptic terminal, 3) the presyn-
aphic nerve is stimulated causing the synaptic vesicles
to fuse with the synaptic membrane and release the

Figure 2.2 The “Fighf pr Flight ™ response depmonstrofed e
alrilif of the sympatiwlic mormous system fo promde energy for mia)
funchions. Decreasend pulmonary secrotions and bromclodiliefhon
dirncrevese hlood oisgenmlion.  Tncremsed el rele aod  condractility
ipmpreone grdiar ok, Arteriolor cosesbriction sfurmls hiood from
The akdn e alipestioe tract, wherars prlerales in e heard o
sketedal minscle dilele fo supply mivee lood b e latter orgaris,
Cilcogen and Hpids Ireak dowm and ghicose is synthesized for
ertergyy. Gl mnlitity ond secrelipns devredse and urine is retained
{ I youl can ' gl o bear uties pow"ne deriranbivg )
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neurotransmitter, 4) the neurotransmitter diffuses
across the synaptic cleft and may bind to postsynaptic
receptors, 5) binding of neurolransmitter to recephor
restlts in either opening of an jon channel or activation
of a “second messenger” such as cAMI or inositol
phosphabe; 6) the resulting fon influx or second mes-
senger activation causes an action (e.g., depolarization)
of the postsynaptic cell. Meurotransmitter molecules
which fail to bind to postsynaphc receplors ane de-
stroyed by degradative eneymes, are taken up into the
presynaptic neuron to be recycled, or diffuse away
from the synaptic cleft.

Climicaily wseful agents which enfumce newrotransmis-
sion include:
* Receplor agonists
* Agents which induce neurotransmitter release
= Drugs which prevent iransmitter degradation

Climicnlly wseful agents which suppiress rewrobrmnsmis-
st frcinides
= Presynaplic nerve blockers
* Receptor antagonists
» Ganglion blockers

Frgure 2.3 The parasymipathelic pig's earf beels sluggmbdy
il Fris digestive bract hogs the energy. He's drooling beceise af
mcrenssd secrelions. He mewis o brentl oxysen beomivse s
frmetilales mre consteickad, He = degfecating and irinmbing and fae
fas ap erechion (yo TV fumg b gecture s as pome of Hhesd are
atvamen, for modestyl, TThe symiprlhetic system, Iy the oy,
comdrods pimcadintion ). Nofice fer Himy s pagpils are comparad Jo
thiit aered boy oo figere 22
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Sympathomimetics
« Direct Sympathomimetics

Endogenouis sympathetic agonists {norepinephrine,
epinephrine and dopamine) and other sympathomi-
metic drugs are presented in Tables 21A and 2.18.
Direet sympathetic agonists bind bo o, o, B, or i,
adrenergic receptors where they "turn on” second
messengers (Fig. 2.5). The second messenger associ-
ated with each receptor class mediates different effects.
Thus the actions of each agonist depend on the class or
classes of receptors to which it binds and the tissue
location of the receptors. The location of adrﬂ'u_rglr

receptors and the consequences of theirr sttmulation are
puthinéd in Table 2.2

Catecholamines are chemicals which contain a
catechol group and an amine. Catechol-O-methyl
transferase (COMT) and monoamine oxidase (MAC)

Catachol | Amine,
“n, H »
C—=CH=NH,
OH
Norepinephrine

l:l I_ﬂ;_tmlnmlnu - =
Epinephrine (Adrenalin]

Marepinephrine
{Lavophed)

l lupmluru nul illupm'r

Dobutamine {Dabutrax)

Dopa rnlrlu_.ﬂ-!n_'rrm:

Vasoconstrction (1). All cardiac effects mediated by fit
Vasodilation (|2, npctudwith recepiors: incressed hean rate;

local anesthatics: ol-madiated  coniractility, conducton velocily . and
vasooonsiniction delays automatic '_rn! AN node, HIS-Purkings
dégtribution of anesthatic away fibers and ventriclas

fromithe sife of injection.

a=fi > fi2 2 1: INTENSE vasoconstriction lﬂtﬂﬂﬁﬂ vasoconstriction causes reflax
lgading to T 7 mean arfaral 1& mpat hetic-mediated) slowing of
pregsure, (vasoconsinetion is hurt Thiz reflex bragycardsa

ed bacause drug ails 1o overwhalms (he weak [11
to 2 receptors - which cardisstimusatory effects.
B-H.LrEIEI' vasodiliatson whan
stlimutatad]).

Onily [§ Intense vasoditation ([12) Stimudates haart mors than apmaphrna
rpduces mean artenal presgure,  due o direct eflects and response (o
Doesn'l bind (oo recepiors. decreased mean arierial prasswra,

P = NO CHANGE in resisiance Drug of chalce 1o stimulate heart.
bocause it has lowatfinity tor Praserves the hiart's elliciancy besi.
ot and 2, Minor change in hear rale,

Dopaming Lowdoses: constricts artercles 11 eftects: T contractility, T systolic

receplors and  in sies olher than the brain &

BE5uUrE, less affect on rate

Albuterol |s.g., Veniolin]
Bitolterol {Tomalate)
Terbutaline (Brathina)
Ritodrine {Yutopar)
Isoetharine
Salmeteral (Semevent)
Pirbuterol [Maxair)
Lavalbuterol {Xopenax)

[i1 agrenergic  kidneys. Thus prﬁmm flow to ﬂnprqtﬂfmnl Causes indirect release
recoplors thesa vital organs. Al highar ol nore hring which is offset by
doses, constricls all vessals, inhildtian af norepinephrine rebzase via
presynaplic dopamng recepion.
| MNoncatecholamines: = — W
Fhu lephring Primarily ix Intense vasooonsinction. 4 heart me‘}ﬁmﬂa: to T mean anarial
-Symephring] mean arterial pressurs, pressune) ad chnically [0 lraal
EE.!‘B.!‘H‘EI‘I‘N supravenincular
cardia.
Methoxamine (Vasoxyl) " —
Metaproterencl (Alupenl)  Primarily i, Vasodiiation Very Paw cardipo etfects dus to lack of

aftmity far [\ receptors.
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are degradative enzymes which rapidly metabolize
catecholamines and consequently shorten the duration
of catecholamine effects. Despite their short duration
ol action, catecholamines are wsed clinically bo treat
anaphylaxis, cardiac arrest, heart failure and shock
(Table 4.28 and associated text).

MNoncatecholamine adrenergic agonists (Table 21A)
have longer serum hall-lives than catecholamines,
because they are not metabolized by MAO or COMT.
Most noncatecholamine sympathomimetics are fi.-
preferring agents which are marketed as
bronchodilators (Table 5. 1A} or uterine relaxants (Table
10.3). Exceptions include phenylephrine and methox-

amine which are potent @ vasopressors. Pheny leph-
rine 18 marketed as nasal and ophthalmic deconges-
tants,

« Indirect & Mixed Agents

Indirect sympathomimetics cause norepinephrine
release from presynaptic terminals, but do not bind to
adrenergic receptors (Fig. 2.5, Table 2.18). These drugs
enter the presynaptic terminal and displace stores of
norepinephrine from storage vesicles. Mixed sympa-
thomimetics displace norepinephrine from presynaptic
terminals and bind to adrenergic receptors. (Fig. 2.5,
Table 2,1B).

 PULMONARY OTHER s e o [ L |
‘Bronchodiation (fi), Glycogenolysis and Gut refaxation (o, fi2);
vun-:vnrmﬂc:linnmm. arid u:nrmla (B2}, bpalysis bladder sphincter Erﬂmmn
decreaged secretions (o) ﬂgﬂ]. p it + ingulin (e}, uberus contraction in
Lsadt wlicaly as release (12} bul also | nsufin non-pregnant women (i21],
bronchodilator (Tabée 5.1).  relexsa ((12), T rénin secration Ulerus redaxation in mear-ieem
- 1B women (e), = =
Mo fi2 ettects. Thus it Fetativaly weak | insubn rolease Endogenous transmiter
oannot beused as & {12}, lipohysia ([11). of the heral nervous
bronchodilstor, Bysiam. onily when
inense va&wﬁmtﬂﬂﬁun
= necessary (sep
shock),
Clinically used toprevert | giycogenolysis and "1 tone and motility of gut, Metabolized by COMT, but
bronchospasm., i [Tt} m.-,r hyperglycemia,  Inhibiis mast ceil release. it iz a poor substrate for
pofent bronchodilator ymrmWia. insulin release. manoamins oxidaze,

- Synthetic derivative af
do ne, but has no
effect at dopaming
rapaplors

Inkidney, T glomeruiar Clinically used 1o treat
fitration rate, T blood flow,  shook (underperfusion,
T Ma* exoretion. reflex vasoconstriction),
- Included incoldremedies a5 Used o freal paroxysmal |
anasal decongestant, atrial tachycandia. Hellex
Decongesiant effects dueio & hear rate iz mainained
nasal vasoconstricion. after drug is reamoved,
Chnicaly used as a CHS-tramar Heizx ulerus in near term
bl-’.'ll'll:l'lﬂld"EI.lE_l:Tﬂ:ﬂﬂ E.E B pﬂnﬂfﬂ WOITIEN.
e CMS-tramaor
e Used as wlarnas relaxant.
o Long-acting (Salmeterol)
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Figure 2.5 Diirect; fidivect and mvived actions of sympa-
Hhpmimietie drrgs, TOP: Divect agerits fopen Erimngless minis

snrepeplirine a5 geoiriste al advener gic receplors uitonf =3

interichime foith Hie predieaptte ewron. The chewrion! striecture of

the drigg determines (s subclass specificity,. MIDDLE: Indirect by .
simpatharimetics (striped) firee grineplrine reloase fromn the

presyraptic frrminal (salid friangleal, Thies, Mese agends gnhinice @ @ 3
the mchions of endogrnous mrepinephring. fndireck agents do mot

bind to mdrenergic receplors, BOTTOM: Mixed sismpatforidmietics
{epeckivd) induce the relese of morepinephrine and flig bid b
adrenergic receplors, Synypathetic meurotransnmission mw elie
exturmeend by iehiltnon of U degrndnfroe enzym, mmroanming
oxifase. Moroasnee oxidase inhildtors are reed fo broatt depression
{Talnle 3.THL

IHUG _CNS EFFECTS
| Indirect nis: = i
“Amphetamine Yasoconstiction (due 1o T l:lﬂl'ltrﬂ.t:}mn i) Theartrate Wakefulness, elation, | appefite,
release of norapinephring) [reflex o T mean arteral pres- improvied sirmola motor [asks,
T mean anenal pressurs. sura} euphoria.
Methamphet- = 4 ne
aming
| Mixed agenis: : o o o v
Ephedrine Vasooonstroton (al) - Sumilar 19 epenaphnng, oul no Clinicatly used fo lrea
T mzan arterlal pressure. change in haart rala narcolEpsy .,
= Hydroxy- Lo w Maore GRS effects than ephadring,
B?I'I'Ipl'lﬂ‘lylmlnﬂ fenwer CHS elfects than
ampietamine.
Mephentermine *° ' we Few CNS affects.
{Whramine}
Metaraminol Diract vazocansinction (),  Indirect reloase of
{Aramina] nod as ellecive as noregineghring,
norep ¥
. Phenyl- Vasooconsinction, Anxiety, agration, dizziness,
propanclamine hallucinations
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Table 2.2 Location and Results of Stimulation of Adrenergic Heceplors

ALPHA -1 RECEPTORS

Arterinles and Veins:
consinction

Glands:
i secrebons

Eye:
tonsiriction of radial muscie

Im ne:
mrﬂllj'

ALPHA -2 RECEPTORS

CHZ Posisynaptlc Terminals:
+ sympathetic autfow from brain

CHS Presynaptic Terminals:
L morepinephring release

[ Islot Calls of Pancreas:
sacrabon

ALPHA -7 RECEPTORS !

Urinary Bladder Sphincier:
mnll?ﬂtﬁl:ll‘l [urﬁ'lﬂeleﬁtenﬁun]

Pregnant Uterus:
contraction

Penis:
ejaculation

BETA -1 RECEPTORS

Heart:
| heari rate (54 noda)
T contractility
T conduction velocity
I automaticity

Kidney:
%
I renin secration

BETA -2 RECEPTORS

Trachea and Bronchioles:
retaxation

nantnonpregnant Uterus:
relaxation

Arterioles [except IE skin ar
brain) and Veins =
dilation

BETA -7 RECEFTORS '

Eye:
relazalion of olary muscle iminlmal
itiact)

Urinary Btadder
relaxation of detruser musche (minimal
affect),

¥ ko yel delenmaned whach sulbdass of retepbans i nisspansiols e thase actons.
= Artarioles in shin and brain lack B ecepiors. |n other areas of the body, the degree of sympathomimetic-indeced vasoconsiiction andior
vasodilation depands on the drug's sffinity for oy (vasoconainction) or Bo (vesedilation) recestors [Tabks 2145

T | Siuhls growih MNarcolepsy, hyperkinefic Hyperiension, cerebral — Treat towmciiy By 000
¥ = I'II:ﬁ'ﬂI'I'FI'lEE!:I:Ir C I:i';gllran. aEtfenfion hgmu &, cofyulsions, acidification u-ﬁ:rlna i

figat digorder, Parkinson’s
diseasg.
rasilessness

COdma, ponfugion, anxiety,
fallucinalians, hear, rEmoe,

a weak Dase] and

Dlockere o niroprusside
orni

ifor hypenension). and

anflanaety agents.

X

T BronchodilEfon (disaci

“Asihima, nasal congestion,

Less CHS foxicity than

Longer durabion, bul less

aftect, ramember thad rarcal . Us=ed as a amphetamine. potant than epmeaphnine.
norapinephoine dossn't mydriatc [difates pupil).
cause bronchoddation).

i N Traatment of hypotension Little GNS woxicity.

iprassor)

e Lo Cral ageni. Longer
duratian than
norepinephrng. Falss
gpup;nl:ransmll‘tﬁ_' . e

isplacss n i rins
fram vesi:len-;ipMD ]
weak adrenergic aganist.
Decongestant. Over-the-courtsr ofal Hypertension, anxiety,

decongestant
hallucinatlona.

agrtation, dizziness.
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Adrenergic Blockers

Adrenergic neurotransmission can be blocked either
by decreasing sympathetic outflow from the brain
{Table 2.3}, suppressing norepinephrine release from
presynaptic neurcns (Table 2.3) or blocking postsynap-
tic adrenergic receptors (Table 2.4).

- Central Anti-adrenergics
Alpha-2 (o) adrenergic receptors fnhibit sympa-

thetic neurotransmission by two mechanisms,
Postsynaptic o, receptors inhibil sympathetic neurons
that exit the brain. Alpha-2 receptors are also found on
presynaptic nerve terminals where they inhibit norepi-
nephrine reigase.

Central anti-adrenergic drugs are commaonly used to

treat hypertension (Table 4.3C). Clonidinge and
guanabenz suppress sympathetic outflow from the

brain by binding to o, adrenergic receptors. In con-
trast, methyldopa is metabolived in the presynaptic

neuron o a-methyi norepinephrini.

Whien released

from the presynaptic terminal, ce-methyl-
norepimephringe acts as a potent o agonist,

The extent to which clonidine, guanabenz and
methy ldopa prevent norepinephrine release by binding
bo presynaptic 0, recephors is not knowr.

= Peripheral Presynaplic Anti-adrenergics

Peripheral presynaptic anti-adrenergics inhibit
norepinephrine release from the presynaptic terminal.
Guanadrel and reserpine deplete norepinephrine from

presynaptic vesicles, As a result, guanadrel initially

releases norepinephrine from the terminal causing a
transient increase in adrenergic transmission,

“Drthastatic hyputsmau:m
Sedation
Ftab-u-unl:l hyperansan

a ¥

Sedation, mild orthostatic
hypotension, dry mouih, fever,
nasal stufliness, Coombs
positive ABCS, sail and waler
refention, rebound hypertension.

_1n_|1|I;u|s ejaculation, diarrhes,

arthestatie hy'puiansinn wWith
chronic use, gat profound NE
depletan nerye toxicity.

ﬂeni.-_'m‘y ..l.:ung_.!.uu-.ln‘unu In.t
Cloniding Potent 2 AGOMIST. L prmngﬁnmc sympathelic
(Calapres) o From brain resulting In
L J:llmd pressure.
Guanabenz o
{Whytenaing
Guanfacine o =
{Tenex)
Methyldo Decarbouylated 10 oc-malhyl i amglionss sympathatic
{.AHI;HT!'FH] i duparr'l'natc.han |E|--1'|1|rI:im::-:'tgn'?.-!'II -num %Idhl + blond pressure -
lajed (o a-methynorepineph-  but 5y thetic systam can
rine, a polant ©2 receptor respond with ca stimulation
agonist. Results ind
&ns'paﬂretlc outfiow from
Paripharal Pres _Anti-adre u_ . =
Guanethidine i x known indtial affect. By raptd IV infusian: L blood
{lsmalin] Ln hring rﬂ’-aase. sure, then transient
\ nerepinephrine ypertension, then | artenal
congentralion in nerve Eressme if patiaad is slandng
termingls. Chronically, Gl mctility, Tluid refention,
sensilizes nerveto Crrally ; hypotension.
sympathomimetics.
Guanadrel By i
(Hylored} N
Bratylium See guanethiding. Prolongs
iﬂmt;h:-l:l rrrg,ru::EFe‘Jrl:l'rEi actson potential,
Reserpine Depletes catecholamines and  Gradual L mean anterlal pressure
sergtonin in brain, sdrenal, with bradycardia
and heart, Inhibits uptakeof  Antihy naive etfects due 1o
norapinephring inlo + n:ard output. Franguilization,
yraptic vesicles. Sedat
onically sansitizes patiaent
to sympathomimetics,

Mightrmares, deprassion,
diarrhea, cramps, T risk of breast
cancar, paplic ulcers,
parasympathatic predominance.
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Reserpine is long-acting, and the postsynaptic
neurons respond (o the paucity of nonepinephrine by
“upregulating” (incoeasing) the number of receptors on
the postsynaptic membrane. As a result, the postsyn-
aptic terminal is supersensitive to direct sympathomi-
metics. Consequently monoamine oxidase inhibitors
{which prevent destruction of endogenous cat-
echolamines such as norepinephrine and épinephrine)
and direct sympathomimetics (Table 2.1A) should be
avoided in patients who have received reserpine.

- Peripheral Postsynaptic Anti-adrenergics

Alpha blockers: Alpha adrenergic antagonists
compete with endogenous catecholamines for binding
at t, and (¢, receptors. Because norepinephrine and
epinephrine cannol bind to a receptor that is occupled
by an antagonist, the actions of catecholamines at

@ adrenergic receptors (Table 2.2) are inhibited.
Adrenergic blockers used to Ireal hypertension are
presented in greater detail in Table 4.3C,

The vasodilation induced by alpha-blockers may
resull in orthostatic hypotension (blood pocls in legs
when the patient is upright) and tachycardia which is a
P -mediated sympathetic reflex to hypotension.
Because €t receptors regulate norepinephrine release,
blockade of these receptors might result in hypersecre-
tion of norepinephrine.

Beta blockers: Nonspecific beta blockers (block
both [, and B, receptors) have been used as first-step
antihypertensive agents. Because these agents block i,
receptors as well as [}, receptors, bronchospasm may
oocur, Mewer agents are i -specific and are not
contraindicated in asthmatic patients.

LN e NOTES
Hyperienszon
UL
Hyperansion
Hevare hypartansion Saidom uzed

Pl hy paransion

Hy partansion

Ay thmias

Hypartension

Mo rebawnd elTect because
aeffects ara long lEsting,
Sometimes waed for nonc
patents because of long h

lamt
-ife,
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Cholinomimetics
- Direct Cholinergic Agonists

Acetylcholine is the meurotransmitter of the para-
sympathetic pervous system, the neuromuscular
junction, and autonomic ganglia. In addition, scetyl-
choline in the brain plays a role in memory formation,

motor skills and other important tasks.

Muscarinic receptors (M) mediate postganglionic
parasympathetic and CNS functions of acetylcholine,
whereas nicotinic ml.‘tptun’- are fm.mn.l in ﬁangh:- [ :I

and at the neuromuscular junction (N_} Table 2.5
otitlines cholinergic actions at muscarinic receptors and

nicotinic receptors.

Choline esters are simply choling bound to an

acetyl derivative by an ester bond. The ester bond of

acetylcholine and related drugs s hyvdrolyzed by

enzymes known as cholinesterases (e.g., acetylcholines-
berase), Choline esters are more or less sensitive to

cholinesterase deactivation depending on their chemi-

cal structure,

Cholinomimetic alkaloids are derived from plants
bv alkaline extraction. They are chemically distinct

.Ar.-ut lcﬁnlina “Muscannic Ip.pe; ] (M| BIMRER i et s acid and pepsin secration
Micchol-E) M, g‘gllm .............................. stimulation ’
R, i . - T e by e L KT neuroiransmssion
M, Ty e e N A T K* ponduction, slow disstolic
Iamalﬁm Jt'radrcarum
b B o e e RN nlmc:flh\!,r condiction
velocity, riod
M, N e L LG s Ehows mnmrlm. A block
:11_. nekooonslrctian, T gacration
SO e o muotifity
I.f o contract detruser, refax sphincter
L, 5 151 B ORI Bracion
AN i e 1 secration
:E B e e et s it miasts, aocommeadation
Micalinic Sheletal MEclE. .o contraction
Hicofinic Gangl.ﬁnn ............................. . slimsdation -
MRcREAIE: @000 e e e s e T neurclransmission
_Chaling D lr.l!*.l.HFﬂ = =
Carbachol s
Carbastat)
Miostal
l=opia Fsfal)
il
Methacholine I, M, and M, Wesk nicotimic  See M, M, and M, rows above,  See M, M, and M, rows above
[Provoochodine) agonist,
Bethanechel M, MandM, andnicotinie  See M, M, and M, rows above.  See M, M, and M, rows above
Lirecholing) AGONIst,
Duvaid)
“Alkalolds i _— i
“Arecoline W, ML WL and micofinic T Bea'M, M. and M, rows abova Saw M, M, &nd B, rows abave
Pilogarpine M., M, and M,. Not nicotinic. Sea M, Iﬁ and M, rows above. Sap M, M., and M, rows abave.
Filocar) Sweat and salivary glands
Eiaupln—ﬁa.:r.ﬂn&] particularly pronounced.
Muscarine M., M. and M, Not micotinic.  Sea M,, M, and M, rows above,  See M,, M., and M, rows above,
‘Nicotine Micotinie Sea nicotinic rows abova Sea nicotinic rows above
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from the choline esters and are not metabolized by
cholinesterases,

Nicotine is among the most commuonly used drug.
Smokers become tolerant to and dependent on lis
effects. Nicotine stimulates the CNS, releases epineph-
ring from adrenal glands, stimulates and then blocks
receplors in ganglia and at the neuromuscular junction.
In the latter two cases, micotine binds to the nicotinic
receplor, causing depolarization of the postsynaptic
neuron. In contrast o most agonists, however, nicotine
remains at the receptor, preventing further stimulation
of the accupied re-:eptnr Like ganp.;lmn blockers, the

action of nicotine at each visceral organ depends on
whether the sympathetic or parasympathetic system is
pridominant at the Hme,

Ty — =3 . =
) e T STy & T e
I'-'Iuﬁuln :mm surgery  Peplic uFmr Al I'-l. m-aamurs'
ptmpﬂa'rldylinmﬂﬂl
Coronary arlary diseasse 'I’(“
H‘fl:'ﬂ"—hrmdl.im {atrial firillation) T SA node),
gﬁ Emﬂl an-:l h'nu'lTndﬂ}.
Asthrmia -
At b, receptors,
phosphatidy nosial
Mechanical bladdar ohstruction
At nicotinio or; opans
sodum channel, Influx de-
polarizes call.
~ Glaugama, Miosis for "~ Whera constriction i undesirsbla  * " Pelatively resistant io
UGSy cholinesterase
degradation {long hali-iite)
uam:m for branchial Patients receiving f-blockers.  ** Short duration of action
alrway hyparreactivity dise to cholinesterase
vﬂthwtulﬂsc degradation.
asthma
~ Tolnduceevacuationof  Above plus bradycardia, = Reialively specific for
MNON-obstructed bladdar. rkinsonism, epilepey, trodntestinal tract and
Toincrease 3 motiity patansion, iy perension dar, Besislanl to
followwng Surgiry, cholinesterase.
o Mo therapsulic useinman Defived Troam A seed
— kniown as tha bedal ful |
stic Fbrsis swaat test, *F it
Gilaucarma (miotic),
Kercstomia
Hona o o Found in mushroom.
Amanita muscars. The
Al used 1o
actierza tha
muscarinic receplar
. Smoking cessation aid - L Eammm usedta
pharmacologic mﬂmaﬁ
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Cholinomimetics (cont.)
« Cholinesterase Inhibitors

The actions of acetylcholine are terminated in the
synaptic cleft primarily by acetylcholinesterase, which
cleaves the transmitter at the ester bond. The agents in
Table 2.6 inhibit acetylcholinesterase, thus preventing
transmitter (acetylcholine) degradation,

Cholinesterase inhibitors are classitied by their
miechanism of action.

* The carbamyl ester inhibitors compete with acetyl-
choline for the active site of the enzyme. Acetylcho-
lingsherase beoomes carbamylabisd as it cleaves the
ester linkage. The carbamyl group prevents acetyl-
choling from binding ko the active site of acetylcho-
lingsterase for a period of minutes to hours. Upon
decarbamylation, the eneyme negains its ability to
cleave acetylcholine.

# Edrophonium, o competitive anbicholinesterass,
contains a quaternary ammaonium which is attracted
to an anionic pocket near thee active site of acetvicho-

linesterase. Edrophonium does not act as long as
other agents because the binding is rapidly reversed.

* The arganophosphorus inhibitors have very high
affinity for the active site of acetvicholinesterase.
Once bound, these agents inactivate the enzyme by
phosphorylation. Regeneration of the enzyme may
take over a weck.

Cholinesterase mhibibors are used to treat glaucoma
and myasthenia gravis. In glaucoma, aquiecus humor
production exceeds outflow, resulting in increased
intraocular pressure. In the presence of cholinesterase
inhibitor eye drops, acetylcholine causes constriction of
the sphincter muscle which surrounds the iris. The iris
is drawn away from the canal of Schlemm, enhancing
outflow of aqueous humaor,

Myasthenia gravis i an autolmmune disease in
which antibodies bind to nicotinic receptors at the
neuromuscular junclion, Cholinesterase inhibitors
prevent acety lcholine degradation, which increases the
probability that remaining receptors will bind acetyl-
choline.

‘Edrophonium
ensiion

Fevaraal)

Competitive (anionic site)

Myasthenia graves diagnosis,
ireatrmeant of excess tubocuraning
to reverse neursmuscular
bockade.

. it
ly absorbed through G

“Physostigmine  Carbamy! (see texl) ~ To reversa loxc CNS ollects due
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Cholinergic Antagonists

Cholinergic anlagonists are classified as muscarinic
blockers (Table 2.7}, ganglion blockers, and neuromus-
cular blockers (Table 2.8). At therapeutic doses,
muscarinic antagonists do not bind to nicotinic recep-
tors and neuromuscular biockers {(Nm antagonists) do
not bind to muscarinic receptors. Most cholinergic
agonists, on the other hand, bind to both muscarinic
and nigobinic recephors,

Muscarinic antagonists, ganglion blockers and
neuromuscular blockers are all competitive antagonists
which can be overcome by adequate concentrations of
cholinergic agonists.

» Muscarinic Antagonisis

The prototype antimuscarinic agent is atroping, an
alkaloid isolated from Atropa belladons (deadly night-
shade) and many other plants. Atropine blocks the
muscarime schons of cholinergic agonkats (Table 2.5).
Its actions are dose dependent, occurring approxi-
mately in the following order as the dose of atropine is
increased:

» Decreased salivary & bronchial secretions

» Decreased sweating (sympathetic controlled)

* Pupil dilation and tachycardia

* [nhibition of voiding (constriction of sphincter and
relaxation of detrusor)

* Decreased GI mokility

* Decreased gastric secrebions

Other muscarinic antagonists resemble atropine,
bt differ slightly in potency and specificity for various
organs. These are noted in table 2.7.

In addition, some antlpsychotics, antihistamines,
antidepressants, and opioids have anticholinergic
effects, Patients receiving these agents should be told
that dry mouth, tachycardia and constipation are
possible side effects.

Belladonna poisoning occurs with the ingestion of
anticholinergic drugs or plants such as nightshade;
thorm-apple, [imson weed, stinkweed or devil's apple.
Poisoning can also oocur in children receiving
atropinic eye drops because of systemic absorption,

]:a-thb include severe antimuscarinic effects
{Table 2.7}, restlessniess, headache, rapid and weak
pulse, blurred vision, hallucinations, ataxia, "burning”
skin and possibly coma. Children are more susceptible
to intoxication and death from belladonna poisoning,.

Poisoning is treated with 1V physostigmine {Table
2,6). CN5 excitement or convulsions may be treated
with benzodiazepines.
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Cholinergic Antagonists (cont.)
- Ganglion Blockers

Ganglion blockers (Mg antagomists) block nicotinic
receplors in both sympathetic and parasympathetic

ganglia. Because of the complex and unpredictable
actions of these agents, they are seldom used clinically
(Hexamethomium, mecamylamine). Trimethephan is,

however, occastonally used to treat hypertensive crisis,

Sympathetic and parasympathetic ganglia are
clustors of synapses between the spinal cord and
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visceral organs in which nerves from the brain conmect
with nerves which innervate end organs. Acetylcholine
is the neurotransmitter in all sympathetic and parasym-
pathetic ganglia. Ganglion blockers therefore redusce
the effects of whichever system s predominant. In the
resting individusal, parasympathetic conlrol dominates

all organs exoept blood vessels and sweat glands.

Thus, when ganglion blockers are administered to non-
stressed individuals, one would predict a shift from
parasympathetic predominance to sympathetic pre-

dominance.
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Neuromuscular Blockers
- Neuromuscular Transmission
and Blockade

Action potentials trigger caleium influx and the
subsequent release of acetyicholine (ACh) from presyn-
aptic motor neurons. ACh diffuses across the mem-
brane cleft and binds to nicotinic receptors on the
musclhe end plate. Nicotinic receptors have five sub-
units, two of which bind ACh. When both are pocu-
pied, the ion channel (the core of the ring formed by
the 5 subunits) opens, allowing Na* and Ca** influx
and K* efflux. The simultaneous opening of many ion
channels leads o membrane depolarization and
propagation of an action potential tn the muscle cell.
The action potential induces the excitation-contraction
coupling mechanism which canses muscle contraction.

Neuromuscular blockade is classified as
nondepolarizing or depolarizing;

* Nondepolarizing blockade occurs when pure
antagonists compete with agonists for nicotinic
receptors. Because antagonists lack activity, there is
no muscle contraction (fascleulations). Blockade is
overcome by high concentrations of agonist (ACh),

= Depolarizing blockade occurs when an agonist
binds to the receptor (causing fasciculations) fol-
lowed by slow dissociation of the agonist from the
receptor. During the time that the agonist remains
bound to the receptor, other agonist molecules
cannot stimulate the receptor.

Consequence of Blockade: Neuromuscular block-
ade causes paralysis of all muscles, including those of
respiration. Intubation and ventilation equipment
must be prepared prior to injecting neuromuscular
blockers. Reversing agents must be available.

Monitoring Neuromuscular Blockade: The periph-
eral nerve stimulator 15 a device which delivers electri-
cal impulses to nerves by way of electrodes placed on

; _—
——

Ol
Yaguron|um o i T Bedganel be anssliheala muscle Oral: 3-5min,
|Nesguron) rl|:|:|11l'|h: rll:q:llnrl Doss nal  reluxenl, aases inlubalcn and Dearatian: 25-40 rrn,
aciivatn meapior. Blockada  weniiatcn, sesas anhopadio
can b ovancoms by high manipultivion. contiok nespinkion
canoamralion of agonels dunng chscl Burgery,
Jl.l.rl:-urlun :I-:!ﬁrwmdhh.ﬂw nnd ﬂ‘uﬂi 3-5 min. ——
{TrREfeem) trw e TRikna (e aon bz e Dermtian: 20-45 min,
Iiand’.
~ Cisatracurium - > s = Grizat; 2-5 min
[Pl | Dhratian: B0-E0 min
| Pancurenium mvwmmmmmmmnmu Ongat; 1-3min
|Pavrudany doninsd, o mneslfisin, to  Duration: 3555 min
Tncsiiat manhanical yantiaion
iand infubuaen
d-Tubocurarine Mol vagolybe Emall dose prior 19 SUccim- Cinset 35 min
[Cumara) el choling R {asceulations;  Duration: 30-50 min
o e s TaimeS Gravin
Malaearing Tie lasdilate Injunation Dneat; 3-5min
ledubine| Duration: 25-90 s
Mivacurium Adjunct fo areslteso (o faciilse  Cnset: 203 mn
(I i 0 AiLbalen prd mecharical Duratior: 1520 mn
werdialinn
Rec urankum Mirimal cardovascua Aitect.  Focilale mpo sequencu and Onser: 1-3min =
[Hnrwiran} emtineg infubalcn; Faciiats Duralien: 15-80 min
machanical vanlilation
Plpecuranium Adjurct 1o arsstheaia o long Dinasd; 1-3.mn
LAsgimn SUPJRTY COSes. Dhusration: 40-200 ran.
Dezacurium AFurcy 1o aresneai 0 long Dnset: 510 min. - = r
[Mumnama ) piFgery coses; Fachilae Dhgaticen: 40-24a0 men
machanical wanbilnbon
T T T T — -
Eu:nm‘ﬂéﬁlﬂ.‘ il‘l!lﬂfﬂ.:l:l]-ﬂﬂlﬂﬂ iidual for reubatian becauswe of Cinged: 30-60 pasc, (1V).
mﬂtﬁhﬂ!b dapolarzallon), than Phass | rapkl ansed anag &hort dunatian, Dusabio; 3-5 min
rhicer| K (& min block of walt 1o aneuthesi and
mﬂ Iuﬂl.l'ﬂi!m machanical wantilaton.
m-mmm |.u|::
‘Parasy rmpai batic il‘hl'l'l-ﬂ-lﬁﬂ'l
hempetic deset,
Em:-mumliwﬁn

30 Peripheral Nervous Sysfem



the skin. The response to the stimulus (muscle twitch)
indicates the leyvel of nearomuscular blockade.

In the operating room, the most useful stimulation
pattern is the train of four. Four impulses are deliv-
ered over two seconds:

Respomse: What response meamns:
| wwiiteh Fafticient relaxation w Snitnnas-nancokic
3 padiches Sailficiend milaxatiom w inhalation apeiis

deh twitch = 75% of 11 Patient ready bor extubation

Orther patterns of stimulation include sustained
tetany and single stimulation. Patients who respond (o
a sustained (5 second) 50 He stimulation are ready for
extubation {patient will be able to cough, nspire and
raise head), Failure to elicit = 5% of normal twitch to a
single (L2 miec, 0.1 He stimulabion indicates that the
blockade is sufficient for intubation,

- Reversing Neuromuscular Blockade

Purpose & timing: Most patients are removed from
the ventilator before leaving the surgery suite. Rever-
aal of neuromuscular blockade allows the patient to
use the diaphragm and intercostal muscles to breathe,
It is essential that at least a single twitch is produced in
response to stimulation betore an attempt is made to
discontinue artificial ventilation.

Pre-reversal: Atropine or glycopyrrolabe (musca-
rinic antagonists (Table 2.7)) are often administered
prior to reversing agents to prevent bradycardia,
salivation and other muscarinic effects caused by the
administration of cholinesterase inhibitors,

Reversal: Cholinesterase inhibitors inhibit acetyl-
choline degradation (Table 2.6). The resulting in-
creased acetylcholine concentration competes with
neuremuscular blockers, reversing the blockade.
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Local Anesthetics

Local anesthetics are used to block pain conduction
by nerves, They are used for infiltration anesthesia,
local nerve blocks, spinal nerve blocks and epidural
nerve blicks. The first local anesthetic was cocaine,
which has largely been réplaced by synthetic agents.

Mechanism of Action: Local anesthetics inhibit
nerve conduction by reducing the permeability of the
neuronal membrane to sodium. This prevents sodium
tnflux which is required for propagation of action
potentials.

Chemistry: Lidocaine and procaine are the proto-
twpe local anesthetics (Table 2.9), All local anesthetics

E ;cﬁHﬁ
N-H 2l C_ CHI- M_
Lo L ¢
CH Amida bond
Lidocaine

hydrophobic domain by an alkyl chain, The drogs ar
classified ns amides or esters according to the type of
bond between the hydrophobic domain and the alkyl

chain,

Bicarbonabe as an adjunct in lecal anesthesia:
Bicarbonate may be added to local anesthetic prepara-
Hions to increase the percent of anesthatic in the
nonfonized form. This accelerates penetration of the

are composed of a hydrophilic domain connected 1o a
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E-" CH- Epinephrine as an adjunct in local anesthesia:
HINQ'C -0CH;CH;— N"' Wm::nns}rin:tinn response to epinephrine causes local
~ ‘CEHS hemostasis, inhibiting distribution of local anesthetic
*a away from the site of injection, decreasing systemic
Ester Bond absorption and prolonging duration of action.
Procaine Consequences of [V injection: When injecting local
. ) _ ) anesthetics subcutaneously or intramuscularly, aspi-
merve sheath. Unee internalized, the drug re-equili- rate prior to injection b decrease the likelihood of

brates to the caticnic (active) form. intravascular injection. Systemic absorption can affect
Preferential blockade of small nerve fibers: Pain  the cardiovascular system and the CNS, TV injection is
and temperature fibers (A and C fibers) are more characterized by oral numbness, light headedness,
easily penetrated by local anesthetics than larger altered taste, or tinnitus. Epinephrine, if included in
neurons. The order of less of nerve function is pain, the anesthetic preparation, will cause transient tachy-
temperature, touch, proprioception and skelatal cardia.
muscle fone.
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Central Nervous System

Thousands of neuronal signals race through our
brains each moment, controlling our breathing, move-
ments, thoughts and emotions with admirable preci-
ston, MNeuronal circoits provide the basic “road map”
for brain signals, and chemical neurotransmitters carry
information from one neuron to another. Neurotrans-
mission in the brain parallels that in the autonomic
merviors dystem (Chapter 23, bul utilizes several chemi-
cals and peptides in addition to acetylcholine and
norepinephrine. Neurotransmitters that have been
most carefully studied are introduced below.

Treatable neurotransmission diseases fall inte two
categories: those caused by too much neurotransmis-
sion and those caused by too hittle neurotransmission.
“Too much”™ neurotransmssion may be due koo
*» & focus of hyperexcitable neurons that fire in the

absence of appropriate stimuli (e.g., seizure disor-
ders), Therapy is directed toward reducing the
automaticity of these cells.

* oo many neurotransmitter molecules binding to
postsynaptic receptors (possible explanation for
psychoses), Therapy includes administration of
ankagoniste which block postsynaptic receptors.

Too Little" neurotransmisson may be due o

* too [ew neurotransmitter molecules binding to
pustsynaptic receptors (e, depression, Parkinson's
disease), Several treatment strategies mcrease
neurotransmission, including 1) drugs that cause
release of neurotransmitter stores from the presynap-
tic terminal, 2) neurotransmitter preécursors that are
taken-up into presynaptic nearons and metabolized
into active neurotransmitter molecules, 3) drugs
which inhibit the enzymes that degrade neurotrans-
mitters and 4) agonists that act al postsynaptic
receptors.

Because numerous pathways in the brain use the
same neurotransmitter, manipulating transmission in a
diseased pathway simultanecusly affects synapses of
normil neurons. Bor this reason, CNS drugs are
niotorious for causimge a variely of side effects,

This chapter presents CNS agents according to
diseases that are treated by neurolransmission modula-
tors, General anesthetics are also included in this CN5S
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drug chapter, but their mechanism of action does not
appear to be mediated by neurotransmitber receptors.

Neurotransmitiers of the Brain
« Norepinephrine

The synthesis, release and degradation of norepi-
nephrine are presented in Figure 2.44. Four classes of
adrenergic receptors (o, o, B and 1) are presented in
Table 2.2. Pathways in the brain that utilize norept-
nephrine have not been clearly identified, Drugs that
mirmic or modulate norepinephrine transmission are
presented in Tables 2.1 to 2.4

A leading hypothesis suggests that depression is
caused by impaired monoamine (e.g., norepinephrine,
dopamine, serotonin) neurotransmission. Drugs which
induce monoaming release are indicated for etfertion
deficit disorder and marcolepsy. The biochemical distur-
bance responsible for these two diseases s unknown.

« Dopamine

Dopamine is synthesized from Dopa, the hydroxy-
lated congener of the amino acid tyrosine (Fig. 24A). Tt
is degraded by monoamine oxidase A in the brain and
moncamine oxidase B oulside the CNS and by cat-
echal-O-methyl transferase (COMT).

Dopamine receplors are classified as 1 or D,
receptors, Both subtypes reside in numerous regions of
the brain. Mo specific D, agonists have been dentified.
Apomorphine isa [ agonist. Activation of either
subtype inhibils the rate of neuronal firing. Farticularly
important dopaminergic pathways include 1) the
nigrostrintal pathway (from substantia nigra to stria-
tumy}, 2} neurons of the chemoreceptor trigger some of
the medulla, which controls vomiting, and 3) projec-
tions from the hypothalamus to the intermediate lobe
of the pituitary, which are thought to regulate prolactin
release.

Antipsychotic drugs (Tables 3.3A and 3.3B) inhibit
dopamine-stimulated adenylate cyclase (usually
associated with D, receptor activation) and block D,
dopamine receptors, suggesting that psychoses may



result from overstimulation of dopamine receptors.
Another disorder, Parkinssn's Disease, 1 coused by too
litte dopaminergic input from the substantia nigra into
the striatum. Loss of the nigrostriatal dopamine
neurons results inoa refative decresse in dopamine
input (inhibitory) compared to acetylcholine input
{excitatory, Fig. 3.3).

As mentioned above, impaired monoamine newro-
transmission has been implicated in causing depression,
aftention deficil disorder and mareslepay.

« 5-Hydroxytryptamine (5-HT, Serotonin)

The amino acid tryptophan is hydroxvlated and
then decarboxylated to form 3HT. Inoneurons, 5-HT i
stored (in vesicles), released, taken up into presynaptic
niurons and either recycled or metabolized.

5-HT is released from infulitery neurons originating
in the raphe nucled of the pons and midbrain. 5-HT
stimulates either 5-HT, or 5-HT, receptors which are
distinguished by the specific antagonists methysergide
(5-HT -spevific) and ketanserin (5-HT -specific). The
hallucinogenic drug,. lysergic acid diethylamide (LSD)
ts & potent agomist at both recoptor subtypes. In
addition to its role as a neurotransmitter, HT in-
creases small intestine motility and madulates vasodi-
lation. Ninety percent of the body's 5-HT is stored in
enterochromatfin cetls of the small intestine.

Drepression, alfenlizg defivid disorder and hesdachies
have been attributed to serotonergic imbalances. Many
serotonergic agents have been developed in the Last few
years for the trestment of these diseases,

= Acetylcheline

The synthesis; release and degradation of acetylcho-
ling are presented in Figure 248, Acetylcholine binds
to both muscarinic and nicobinic receptors throughout
the brain. Drugs which mimic or modify acetylcholine
neurotransmission are presented i Tables 2.5 0 2.9

A cholinergic antagonist is used in the treatment of
Parkinson's disease to correct the imbalance of acetyl-
choline and dopamine neurotransmission created by
the: degradation of dopaminergic nerves (Table 3.5).
Cholinergic or anti-cholinergic drugs are not otherwise
used to treat CNS disorders

« Gamma-amino butyric acid (GABA)

GABA is an miibitory amino acid neurotransmitter
of brain interneurons and other cerebral neurons. The
enzvme glutamic acid decarboxylase catalyses the
symthesis of GABA trom glutamate, GABA is stored in
presynaptic vesicles and binds to either GABA-A or
GABA-B receptors upon release,

GABA receptors reside on two subunits of a four-
subunit receptor complex that surrounds and regulates
a chloride ion channel. GABA activation of the recep-
tor induces chloride influx into the neuron. This
hyperpolarizes the neuron, making it more difficult to
fire when stimulated by excitatory neurotransmitbers.
Benzodiazepines enhance the achions of GABA at
GABA-A receptors, but not GABA-B receptors.

Agents which enhance the actions of GABA such as
brnzodiszepines and barbiturates are used to treat
anxiefy and seizures and as sedatives or muscle relixenfs

« Excitatory Amino Acids (EAA)

Glutamate or a structurally-similar chemical is an
excitetory nedrolransmitter in many areas of the brain,
Stimulation of EAA receptors increases cation conduc-
tance, leading to depolarization, or stimulates phos-
phatidvl inositol lurmover.

Excitatory amino acids such as glutamate are
thought to be important in learning, memory and other
brain funclions. Glitamak=induced excitoloxicty iz
implicated in the pathogenesis of Alrheimer's Disease,
Huntington's Disease, stroke, epilepsy and amyo-
trophic lateral sclerpsis (ALS) Riluzole (Rilutek™),
protects nearons from glutamate toxicity in animals
and minimally slows progression of ALS.

« The Opioids

Endorphins, enkephalins and dynorphins are opiate
receptor agonists that are cleaved from a protein called
pro-opiomelanocortin.. Opiate receptors are located
along the periaqueductal gray matter. Morphine and
refated drugs act &t opiate receptors to relieve pain
(Table 3.7A, 3.78). I times of stress or pain, endog-
enous peptides act at opiate receptors.

« Other Neuropeptides

in addition to the endogenous opiate peptides,
several other peptides function as neurstransmitters
(e.g., substance I, vasoactive intestinal peptide}. These
agents are generally cleaved from larger peptide
precursors. They can assume a variety of three dimen-
sional shapes, making it difficult to assess the chemis-
try of peptide-receptor interactions. For this reason, no
chemical agonists {other than morphine) or antagonists
hiave been identified for peptide receptors.
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Antidepressants

Major depression is characterized by intense
sacness or loss of interest in usual activities, ac-
companied by poor appetite, insomnia or hypersomnia,
psychomotor agitation or retardation, decrease in
sexual drive, fatigue, feelings of worthlessness, de-
creased concentration, or thoughts of death or suicide.

Mania, another alfective disorder. Mania |s charac-
terized by elevated, expansive, or trritable mood,
accompanied by increased activity, pressure of speech,
flight of ideas, grandiosity, decreased need for sleep,
distractibility, or involvement in activities that have
high potential for painful consequences. Patients that
cycle between depression and manila carry the diagno-
sis of bipolar affective disorder,

The biogenic amine hypothesis suggests that
depression is due to paucity of norepinephrine, do-
pamineg, or serotonin neurstransmission in the brain
whereas mania is caused by excessive monoaming
neurottandmizsion. The observation that anbdepres-
sants increase the synaptic concentration of the mono-
amines circumstantially supports the biogenic amine
hypothesis (Tables 3.1A, 3.18). Lack of correlation
between the onset of drug action {hours) and clinical
response (weeks) however, draws criticism to the
theory. The latency of antidepressant effects prompied
the suggestion that relief from depression may be due
to postsynaptic receptor downregulation (expression of
fewer receptors al the synaptic membrane) in response
to elevated concentrations of biogenic amines that
result during antidepressant therapy (Fig. 3.1).
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stchamﬂ!ar Stimulants Amongst the methylated xanthines (Table 3.2),

Attention deficit disordar (ADDY in children 15 caffeine s included in some analgesic preparations
charntteriﬁ h: :I:'u:uﬂI:‘:nn l-lrn.:-{n :ap.tr}':..j-:esﬂlessr::s; because of its CNS-stimulating and cerebrovascular-
distractibility, impulsivity and emotional lability, copattcting wilects: ey peopleconpuma coffee or

Hyperactivity is sometimes associated. Amphetamine- soft drinks, which contain caffeine, io maintatn ajert-
like drugs reduce these symptoms in >80% of affected PS80 b0 stay awake,

children (Table 3.2). Many treatment plans also involve Caffeine is psychologically addicting and tolerance
family counseling and /or psychotherapy. Therapy is  develops to CNS and cardiovascular effects, With-
wsually tailored around the school schedule, the goal drivwal often results in headaches,

being to enhance school performance and encourage Theophylline is a methylated xanthine which

oehavior winchy i suitable for W cinssroa. - Diug exemplifies a clinically useful drug with a narrow
therapy is often discontinued during school vacations. margin of safety, Theophylling is used to treat bron-

The anorectic property (appetite suppression) of chial asthma as well as apnea and bradycardia in
d-amphetnmine may cause growth retardation. These — premature infants. Serum concentrations must be
effects are less pronounced with other psychomotor maintained between 10 and 20 pg fml because it 1s
stimulants, Insomnia and nervousness are common ineffective at lower concentrations and it produces
side effects of all psychomotor stimulants. undesirable effects at higher concentrations,

Table 3.2 Psychomotor Stimulants
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aftactive bronchodilatar
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Much lovar polancy.
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Antipsychotic Drugs

= Treatment of psychoses

Peychotic Disorders are clinical syndromes charac-
terioed by impaired sense of reality, disturbances of
thought & emaotion, hallucinations (often auditory -
“the voice tells me..."), delusions (] possess the power
to... "), and confusion. The biochemical defects for these
disenses hivve not been chearly elucidated. The syn-
dromes lsted may represent several discrete diseases
which have similar clinical presentation,

Schizophrenia is a psychotic disorder in which the
patient exhibits symptoms listed above for at least six
months leading to impaired ability to maintain inter-
personal refationships, a job, or daily living skills.
Active psychosis often oocurs only during a small

portion of the patient’s life. Between psychaotic epi-

sodes, the patient is olten withdrawn and perhaps
antisocial.

Widely accepted theories suggest that psychoses is
due, at beast in pant, o excessive dopamine neurotrans-
mission, This theory was originally based on the
observation that all antipsychotic drugs blocked D,
dopamine receptors. More recently, investigators
demonstrated that antipsychotic drugs inhibit dopam-
ine-stimulated cAMP production. This action cannot
easily be attributed to receptor blockade because
dopamine-stimulated cAMP production is finked to [,
rather than D, receptors and antipsychotic drugs have
low affinity for D, receplors,

« Undesirable Neurologic Effects
As described in the chapter mtroduction, dopamine
is the neurotransmitter of numerous pathways in the
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brain, Because antipsychotic drugs block all 13, dopam-

ine recephors, they suppress all D, recepor-mediated

dopamine actons in the brain. Specific neurelogic side
effects of antipsychotic drugs inclade:

* Acute dystonia: I'atients may develop face, neck and
back spasms within & week of therapy initiation.
Antiparkinsonian drugs reduce symptoms (Table
3.5).

= Parkinsonism: Symptoms include pill-rolling” with
fingers, imb rigidity, shuffling gait, bradykinesia,
and mask facies caused by dopamine receptor
antagonism in the nigrostriatal pathway. Symploms
develop within one month of initiating therapy.
Parkinsonism is treated with drugs described in
Table 3.5

* Malignant syndrome: This relatively rare, but
sometimies fatal syndrome is marked by catatonia,

rigidity, stupor, Auctuating biood pressure, fever
and dysarthria. Antipsychotic drug must be
discontinued promptly! Malignant syndrome is
treated with bromocriptine (dopamine agomist)
or dantrolene (mechanism of action associated
with reversing malignant syndrome is unknown),
but not antiparkinsonian agents,

* Akathisiai Motor restlessness oocurring within
two months of anfipsychotic drug initiation.
Drecrease dose or discontinue drug, Treat with
benzodipzepines or low-dose propranolol.

* Tardive dyskinesia: Up to 20% of patients
treated with antipsychotics for months to years
(particularly phenothiazines and haloperidol)
develop mvoluntary movements of the face,
trunk, and extremities {dyskinesia & choreoathie-
tosis). Ofen non-reversible

POV IMEH Abs Mot addiciing. Sorme physiced Gh ing enhances Thiss drugs ang
oral fommes is E!’:PI mndmtu May Secur, the al cerlid somefimes caliad
Distribube ta In:uu wiih ANGR dewelnps ko sedative deprassanis, sedatves, raurpiegtics because
High biaod 5 &, ‘Bome cross lolerance, an ios, athistamings,  (hey teduce iniiative ard
:m:: acania -Iﬂa_ 1:u1 ane rol aasty sl arud manghing: mtarest Inihs
rs. Matabolized by subsfituted lor ane andthe: Incrazsis mspraion erwvirarement, allisviale
h'ar!umrrarﬂ inacilve  Chareoathalasis may develop kI preE EAan CaLs e Dy :ﬂrmiu"mmmu.
forre. Eliminalian vamss - upon abrpt withdraveal, mapaidne. Inhibits actions aior, and mguce
with age al patian. o levadapa and dopamine GRAANEDLESE Moy emen
monists ard compies bahavios in
armats. Genarally
andipsycholic drigs with
more antchalfEgo
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axtrapyramcal sida
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Antiemetics

Popamine stimulation of D, receptors in the chemo-
receptor trigger zone (CTE) of the medulla mediates
some forms of nausea and vomiting. Several antipsy-
chotic agents antagonize D, receptors in the CTZ,
suppressing nausea and vomiting due to cancer
chemotherapy agents and other drugs and radiation
therapy (Table 3.4). Dopamine antagonists are not the
only class of drugs emploved to prevent or treat nansea
and vomiting. Serotonin (5-HT ) antagonists are potent
antiemetics, particularly useful for chemotherapy-
induced nausea. A few cholinergic antagonists and
histamine antagonists reduce emesis and control
motion sickness (Table 3.4). The neural pathways

influenced by these antagonists have not been clearly

identified.

Thioihixens e Payohoses. Loes sodathve and hypolensiva
(P e affecis than chiorpromazme.
Miscelleneous ————
Molindone Chemically unrelaied o Paychoses Faw sedative or exirapyramidal

{Moban) classes istod above, but affects. no hypotensive eftects.
similar actions, EEHTHEHIBHEL'PEFW effects.
Loxapine LS Psychoses. Less sodative and v
n:mrilgm! ! aeffects than chio Wm
Simlar gxtra mr'rt:l.ulﬂﬂacts
Sedation I'.ats.E:Turuptu 12 howrs.
Clozapine Antipsychatic mechanism  Schizophreniainthosewhom  Very lew extrapyramidal side
(Ckazanl) unclear. Blocks dopamine traditional antipsyohotics have - effects (EPS). Potent
r&:aptura as wellas talled or have antimuscarine effects.
, Bdrenengic, infolerable side effects. Agranulocytosis in 2%. No
Hmlﬂnargl: & higtamirnergic fardive dyshkinesia or increased
mauratrans mission profactin ralease.
Olanzapine i Peychoses, "4 Mo agranubocytosis.
{Zypraxa
?Esiltli pi;m Highar a!f1n|_lll'p' 7?3:5 HT, Psychoses, Mo riﬂ*lsnm"mc allects,
rogue receptors than [y, receptors. art atic hypotansian,
sedation; less EPS
Haloperidol Elr'nilarm phenathiazines. Peychoses, Touwralie's Less sadation, anikcholkmarg
{Haldol) syndrome, severs bahavioral offects, and alpho-adresarg
probdems i children, hyperactive  blocking effects than
children (short tarm), chiorpromazine. Raraly
Huntingfan's (isease. h nsion. Extrapyramidal
effects may be dramatic.
Pimozide Blocks dopaming recegton. Towrslfe's Syndrome, Extrapyramidal disorder, tardive
[Cirap) dyskinesia, sedatson, headache,
gansory changes. hypolansion,
Resperidone Mechamismunknown, Binds  Psychosss, Extrapyramidal disorder, tandive

| Rliss perctal

gs antagnn;;j;t saﬁmlmln_,
aparring, i adramergic
and H1 histamine receptors.

dyskinesia, sedation,
hyperkinesia, somnolence,
constipation
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POYIM,. Mol recemmended
for chikdren under 12

PO, iy absorbed and
mat ed. Actions last
fior 24-36 hours,

PO. M.
abaorption, E!ﬂEﬂ'IBl'-'E
matabollsm.

PO. Rapid absorption,
ax|engive matabolism,

=

PO

PO, extengiy
metabolized in tha kear.

POYIMYY, Begin treatment
al low dose, individualize
dose lor each palkent,

PO, Samum level doss maol
comalaie with activity.

PO, Metabolias aclive.
Reduoe dose with liver or
kiciney dystenciion and in
slaorly palients:

withdrawal may induce Potantiates antihyperansive and Therapy is
;L?:u anticholinergic agants. Displaces druge  withhald if
from plasma profsins. granulocyte
count 5
< 1500/ mm?,
- Substrate ior PA50 Hoenzyme CYP1TAZ
HEEE": gnzyme inducers and inducers of
Transian] dyskinesias may ba Enhances actiong of Chs Sants;
caused by abrupk wit hdranwal. alcohol, & anticonyuisanis. rOASES
actions ulh S -h?i,- Ea-varum
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mmppananswas Antimuscanmcs:
Increse infrascular pressune and reduca
haloparidel eftects. Lithiim:
encephalopathdc syndroma.
Withdraw slowly. Dyskinesia may  Lowers seizure [hreshold in patients
develop after I st hidranwsl taking setzurd modications. Polentiates
CMS depressants.
Wi hdlraw slomly Metabolzed by P450 enzyme that ia Metabolism
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Anti-Parkinson Drugs

Parkinson's Disease affects a half million Americans.
Symptoms include tremor (pill-rolling) at rest, bradyki-
nosia {slow movements), and cogwhes] agidity.

The disease is caused by decreased dopamine
neurotransmission in the nigrostriatal pathway second-
ary to degradation of dopaminergic neurons that
project from the substantia nigra (black substance] to
the striatum (caudate and putamen). Figures 3.3 and
3.4 outline the neuropathology of Parkinson's Disease.
Treatment consists of either increasing dopaminie
neurotransmission or blocking cholinergic neurotrans-
mission (Table 35, Fig. 3.4),

Figure 3.3 Thee syrpéoms of Parkinson’s Disrase are
cuused by degencration of dopaminergic arurons i Hie
nigrostriatal pathieay, Inhibitory dopeminergic arurans wiich
prrvriecd froom bhe subsdaiett adgre b e cnntate and gpobamen e
it affvehed, Cholfneigle frpit feseifabory) b Bne crialzte and
pitavineti gpperes o be wivaffected; Pius e elince is dipped ol
clalprergic mepiued.

Levodops Decarboxylaled o dopaming  Parkinson's disease. Mausea, vomiting due 1o
[eg., l-dopa) (DA iy brain, Improses sfimulation of ematic center
neurcéogical, mator, and {tolerance devedops. 1o G
altered mood symploms of -effects), modast orthostatic
Parkisson's Dizease, hyrFulEnsrnn. arrhythmias in olcéar
patians, voluntary movemans
(dosa limiting), paychiatrc
disturbances, | sexual activity
due 1o actions on hypothalames
Carbidopa Dimimighes decarboxylation Uszad in conjunction with evodopa  Hoduces lavodopa-induced
iLodosy nr af |-dopa in penipheral tissues.  for Parkinson's diseasae. nauses and vemiting,. Doas nol
Improv effect of Fdopa, alleviate most side effecis
decreases rquired doge of caused by levodopa. Has no
l-dopa by about 75%, known foxicitkes when
administerad along.
Tolcapone inhibits catechol-O- Adjuot (o levodapa and “Hisk of tatal iver deease.
{Tasmar) mathyliranslerase, anenzyma  carbidopa. Discontinue it liver enzymes
that metabolizes levodopa. bacome slevaled. Dyskinesia,
Amantading Foleasos D& from intas] Less aftective than I-dopa for Few side effects. At high doses
{Symmatrel) terminaks treating Parkinson's Disense. may Induce kallucnations, confu-
Also used to traat drug-nduced sion & meghtmanas.,
extrapyramidal reactions.
Bromocriptine Powerul Dp agonst Parkinson's dease, panicularly  More nausea, hallucinations,
[Pariadal) when tolerance develops (o gonfusion, and hypotension than
i of when symotom malisd l-dapa. Lass dyskinesia,
"pwings” balween doses. Also Monspecitic GNS srousal.
hyparprodaciinomia, sdunat in
{reatmant of pituitany tumans.
Pergolide 01 and 02 agomst, Mora Adpunct to levodopa‘carbidopain - Dyskinesia, nausea, rhinilis,
[Pormiax | potent than bromocnpline, Farkingon's Disease patienis, constipation, dizziness.
hallucinations, somnolence
Selegiline  Ireversibly inhibits mono- Adyunct 1o levodopa'carbidopa in - Mausea, hallucinations,
[Eldapryl} NG mrl:L?a fype B (buf not  cases whan ez 1o confusion. hypolension,
iypa A}, Inhibils infracerebral  levodopa'canti Enolonger dizziness, ¢ tresmor, agitation,
metabolic degradation of 0. adequata, .
| Antichelinergic Drugs 2 —
Trihexyphenidyl Anlagomsis at choling Eupplm}l to|-dopator Parkin-  Cycloplegea (glavcoma),
{Ariane, Tramin) rscaptors: Lassan ACh: son's. Alons whon |-dopa B con-  Conatipation, unnary retention.
b g in sirigtum. Less iraindicated, CHNS disturbances (e.q.,
etlective than -dopa for confusion in alderly).
iramor and other sympioms.
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DAUG INTERACTIONS

PO, Rapidly absarbed, half-life = 1-3
fws,. Less than 1%: of levodopa
peneirales CMNS becauseo!
peripheral decarboxylation, Thisis
circurmvenied by coadministration
of carbidopa, adopa decarboxylase
mhibitor,

PO. Pills contain Hixed amaunts of
carbidopa and levodopa (Sinemat]

PO =88% profein bound. Gastiric
uptake reduced by food,

PO. Must adjust dose with renal
failuna

PO, Initiale al lowdose and
individualize Hap‘ud. parfial
absorpticn. hatt-life =1.5-3 hirs._

PO. 90%profeinbound.
Metabolized in liver, axcreted in
Kidney.

Pyridoxing: may reduce effects of levodopa by
stimulating decarboxylatian. Anti
drugs: block DA receplors. MAD inhibilors:
causa buildup of sympathomimetic amines
vﬂhmEAmim Iﬁ-{&fﬂur@-agniliatmtiunpf it
o . Anticholiser T By nergEm
delay Ehﬁmﬁb}iluvﬁ

ng. Antidepressant drugs:
orthostaltic hypotengion,

levodopa, ma

Increasas hall-ife of lavodopa,

“Anticholinergic agents: Enhance CNSside Less effeciive than F-dopa, more

‘May ba used with I-dopa/carbidopa

Dopa Hi;@ anagonists reduce actions of

PO. Rapidly absorbed. Crosses
blood brain barrier. Metabolized in
liver, Amphataming is.a minor
metabokte.

PO, Individualize dasing regimen,

Fatal reactions betwesn mepariding and MAD
inhitilers have been documeantad,

Rarely wsed wilhoul cosdministra-
lin of dopa decarboxylase
inhébitors (carbidopa).

Has ne pharmacological acton
witan given alane.

efteciive than anticholinengics.
.;.ian]an antrviral drug | Tabse
A1),

Selogiline slows progression of
P-'ar;gmufi'e- when uzedin
conjunction wih
levodopa/carbidopa.

Levodopa: T gastric deactvation of -dopa due o
| GI matility.

Benztropine, procyclidine, and
bipesidan, are other anfi-
cholinergice used for Parkinson's
disaase.
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Central Anﬂm agonists also reduce intestinal motility (antidiarrheals),
reduce coughing (anbifussives) and induce vomiting.

« The Opioid System Nonanalgesic agonists used for these purposes are
Opium, derived from poppies, relleves pain and listed in Table 3.6C.
$:ﬁ:'1$::;“;{; hﬁ"ﬁmmﬁ;:ﬁm‘::fu;" Patients Ec: manh:né'N a-:‘d Eﬂah;.id agonists must be
o ; monitored for signs o 5 iated respiratory
three peptide families in the brain known as the depression, which is the dose-limiting side effect of

endorphins, the enkephalins, and the dynorphins.
These peptides, slong with several nonopioid peptides
(MSH, ACTH, & lipotropin) are cleaved from the

opioid agonists,
Principles that should be kept in mind when

protein precursors pro-opiomelanocortin (FOMC), preseribing pain relievers Include:

proenkephalin, and prodynorphin (Fig. 3.5). * Marcotic analgesics should be emploved only when
Three subtypes of receptors, mu, kappa and delta, pain cannot be relieved by non-narcotic analgesics

mediate the effects of opioid drugs and peptides. The (Chapler 9).

prototy pe agonist i morphine, which s a potent * Abuse and street-sales of narcotic agents are com-

analgesic and sedative. Agonists with similar analgesic mon. Monitor patients for drug-seeking behavior,
effects (full agonists) are described in Table 3.6A and * Remind patients that constipation is a likely side
partial agonists are described in Table 3.68. Opioid effect and that a stool softener may be necessary.

| Morphine Oipéate receptor agaonisi, Sevare pain which cannot be Respirato
Inmmegar?&pl'ﬂr:fgjsndmm. -E]|B'|I'I-Elﬁbj' non-narootic ::m‘lﬁ-!lpa‘tlrgﬂ tﬁﬁdus!uma.
respiralory gepression, BSiCE 0f waaker narcolic orihpsiatic ypotansion,
nawsed, vomiting, venipo, amd?asm Drug of l:h:m&iﬂr cholestasis, nausea and vomiting
miosis, ADH raleasa, Gl affocts savetd pain of myocardial  with initial doses.

{decreased iom and Ir:lm{:hnﬂ
sacretions, tonic spasm).

incraases one in bile duct,

bronchi, ureters, and bladder

| Levorphanol (Levo-dromoran) L Moderate to savens pain. e
ﬂ:'.rmnrphnnu {Mumerphons)
xnndnnn [Cyeontin)

rocodons
Hr romoarphone [Ell-wl:lm
Il-p-l riding gk Algo used (o tremt flnms_l.-r:h as Like m:u_’p"!TnEr. Overdose causes
(Demaral) those induced by amphotencin B convulsions due to excitatary
actions of matabolite,
'Methadone * Full morphine-ike actions, ‘Detoxification of narcotic Simiar to marphine.
weaker sedative. addiction. Savera paimn in
hospitalized patents.
Levomethadyl 1 ' g o
Fentanyl More potent than morphine.  Precperalive medication used in Respiratory depression less likely.
{Sublimaze) m? ory depression lees  anesthesia. Muscli rigicity, rmild bradycardia.
Sufentanil Most potent anaigesic. Used in anesthesia, Little data avallable.
Alfentanil See Femanyl e o = o
Remifentanil o A May cause chest wall rigicdy i1
[LAtiva) infused rapidiy.
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Figure 3.5 Cleavage of pro-opivmelanocortin (POMC) irto fenderphin and nor-opfodd peptides. POME sernes qia
precurser {pre) for the oplate pepbide; frendorpliin (opio-} ; for -, B- and pmelmmocpte-stimulating hormone (MSH, -smelams-J; for
atrencorticatraplic durrriiine (ACTH, et b aond for e wend & Tipotrogin =00l Notice Sl the peptidis e pol fooated end-Fo-erad, Dt
Hrat sonre of e soeailer peptide sequences are errbedded i Imrger sepaenoes (e g, oelipotropin, B-AMSH and Seradorphin are coothatinad

within fHipotroping, T ather protein greecymsors contain enkepholins ond dynophins. Proenkeph

altie conbiing seoen wmet-pakimpdnalin

sequieees (Tyr-Gily-Cly-Phe-Met . Prodynorphin contains Noee lew-enkaphalin sequences {Tye-Gly-Gil-Bhe-Leu b and the spquences for
dyriarplin A, Diyrorplin 0, ocneadyworphin and B-ieoemndoepifn

PHARMACOKINETIC

TOLERANCE/DEPENDENGE mnﬁ"rﬁmﬁnﬁﬁa NOTES

TWPOIFRSCIV, epidural
intrathecal. Poarly
abeorbad, metabolized by
cg‘(ljugatlmm' glucLronic
a A= b diurslion

i "u"ann‘us Better aral
abaorption than marphing

IWSCPGI, Shorter

, Tolerance develops to analgesic

effects, bul not to cansiigating
gftecta, High abuse potantial,
Wilhdwawal leacs (o insamnia,
pain, mcreased G activity,
restlessness.

The analgesic actions of
CNS degressants, Increases  opioids are thresfold. The
nauramuscwar bocker- perception of pain is

induced raspiraiony reduced (iIncraasad
gepfﬁsimn Additiva with Inteshold), the unpleasang
FL(ys Causn lﬂ-m.'.’.-ﬂ I'EB-FDFE-’E‘IEI
hypatansian, I'EJIJI:Bd and Eleap is
induced even in the
prasence.ol palm,

With MAC inhibitors, causes =7

ﬁalm hiaam htlna- savere CHS axcitation,

aboblg is excitatory 1o respéiratory deprassion. or

ChE, hjrpntan?a%n

IMSC/PO. Excrated mate  Cross depandant with marphine Detoxification replaces |

slowdy than mtlrphna thalf- (basis for narcotic detoxification), herain depandence with

life = 25h), Withdrawal olerance devilops raadily, Less methadone dependance.

SYIMpLOMS afg le55 psyehologically addicting than Theen slowly reducing

intense, bul prolonged. rresghiren. methadone dose 10 Zerg,

PO. Long haif-fapermits ** . - Derloxification clinics may |

Monday . ., Fri_ dosing. avoid sending opates
home on waekand,

1V, Hapid onset. i-_l_aff-lila = Motolerance or dependence when o Transdarmal,

#h. Shorer durationthan  used as-an anesibatic. tmﬂmsdﬁrﬂpmalm

morgphine, available for ¢

IV Littée data availabls.

IV Fastest onsat. = N

V. o - IV tubing must be
changed or cheared aftes
rermilaniani
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Wesk Agoniats . . S T e =
Codeine A prodrug; 10% of dose @ Minor pain relis
convarted 1o morphing,
Agtions are dus to morphineg.
Also an anlitussive
[Fuppresses coughing).
Propoxyphene  Weak analgesic (less potent  Ralled of minor pain
e, Darvon) thars aspering
Mixed Ananh.r-lnrllnam:u.—lnmr abuse patential : -
Pentazocine Simitar to morphine, but less. Moderate pain. Also used as
{ Tahairi) potenl. Antagonized by precperative medication
naloxones, not by nalorphine,
Halbuphine (MNubain) e Moderaie 1o severs pain. Pre-
Dezocine oparative madcine, combinalian
Buftorphanol anesthasi,
Buprenorphine
Pure Antegonisis :
Naloxone Surmaount blocks opiokd Treaiment of narcolic overdosa.
{Marcan) rcEpion., na effect in Diagnostic agent (for evaluation
narcotic-ron persons, of addicfion) n mathadons
programs. Toreduce
posiopearafive respiratony
deprasshon
Nalirexone Similar {0 nafoxone, bud longer  * " Also indicaled for treatmeant of
{Re\ia) dusation. Bleoholizm.

RABLE EFFECTS

Sirrétar to morphine, but less
intonse ol doses which retieve
modarate pain. Al high doses,
taxiciy is a8 sevens g5 with

marphing,

Dizzingss, sedation, nawsea,
vorriting. Overdosa causes
convulsions, CHS dapression,
coma, desth.

Sirmdar to morphing

Lowincidence of respirstory
depression, sedatkon, dizziness,
NEw=aa, vormeting.

Induces TLEFGEi-E:_'M'thI:ﬁ'_.E\'l'EJ.
syndroma {(appetile loss, muscle
contraction, levaechiils,
restlessnass, cardiovascular and
respiratory Symploms,
nausaa, vomding, diarhaa. |

o

Diphanoxylate Diphanoxylale is wsed o treal diarrhea. 1L is oo insotuble 10 escape the GF tract, Liko m i
? it gﬁms Emtslipaﬂm. but diphenosylaie fails o produce analgesia. Anticiarrhaal aﬂadnul:gn
be blockad by narcotic antagonists | Table 3.6).

Dextromethorphan Dextromethorphan = the daxiro- somer of codeing. It is included in h medicine because of
it centrally-acting antitussive effects. Dextromethorphan actions Erﬂnlilhﬂa-gffﬂﬁﬂﬂ by narcotic
antagonisis. 1 causes litle sedation or Gl disturbances.

Apomarphine Stimulates the chamoneceptar trigger 2one, causing nausea and vomiting. Thess emetic effects
are blocked by narcofic 1515, Apnmmph'rlzlnhas fenwy othar na:m?n:-hha offecis,

Other Central Analgesics Compared to other central analgesics, it produces

Tramadaol (Utram®) is & non-opiate synthetic

analgesic that is indicated for moderate o severe pain.

Tramadol and its primary metabalite bind to p-opioid
receptors, but is only partially antagonized by nalox-
one. It also reduces uptake of norepinephrine and
serotonin
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less respiratory depression and histamine release than
opiates and less platelet toxicity than nensteroidals,
Toxicity includés constipation, dizziness, naosea/
vormniting, headache, pruritis. Tramadol-induce micsis
may limit the utility of pupil examination in bead
trauma patients. Tolerance, dependence, abuse are less
likelv to develop with Tramadol than with opioids.



~ POBCIM Rapid  Lownskof abusa Simiilar 1o morphing. Incheded in a number of
absorption, halt-life = 3k, cough medicine Frﬂpﬂm—
105 dermat by latod 16 Torm fiona because o
maorphing. 1he rest is antiluszive effects
conjugated in lwer ard
axcreted m urins.
PO. Wellabsorbed, Hali  Lowrisk of abuse b Overdose olten leads 1o
meatabolized Infirgl pass. death, particularly in
Hall-a=15h patients with history of

peychiatne disorders.

T IWIVISE. More rapid Lower risk of abusa than morphine, To prevent [V abuse, tis
ansed, shorlar duration Arrtagunis! affects can induce mixed with naloxons,
lhaw wiell waiil horanwal in narcofe addicia. Taken orally, uaE
abs . highty ntazocing is absorbed
b aksolizad, EZI"-" howsever, naloxone

cka pentazocine.

Varlous. Abstinence syndrome upan Increase CNS depression  Antagonist activity:

withdranwal, Lower abuse potentlal  caused by GNES ressanis. Bu ing =

than morphine. orphanal = Desocing =
halbwsphine =
Pantazocine,

IV, Rapid on=et, shor Induces abstinence syndrome in Feverses narcolic-nduced
half-life (< 1h) narcolic-depandant pallents depression

PO Dumtion=24h. % = e

Table 3.6D Selected C
TRADE NAME

Tytanol wiCodeine Mo, 3
Tytenol w/Codeine Ne. 4

30 mg. codeine phosphate and 325 mg. aceiaminophen

B0 M. codeine phasphate and 300 g, acetaminophen

Fiorinal w/Codeing Mo 3

T

E]nium and Bafladonna® Suppasilories
* fantichoknengic)

Peropos|

5 mg. oxycodone and 325 mg. acetaminophen

30 myg. codaine phosphate, 325 mg. aspdrin, 440 mg,
mﬁllgm, 58 mg. butalbnal

& mg. hydrocodone bitarirate & 650 mg. acetaminophen

60 mg. powdersd opium and 15 myg. powdsered
be nna exiract

_Llésal:l for control of
diarrhea.

Parcodan

4 5 myg. oxycodons HG-I .38 mg. nxyc-udﬁna
{eraphihalate and 325 mg. Hsgl-ﬁi

Darvacet-M 100

Darvon-MN wiA S A,

100 mg. propoxyphane napsylate and 650 mg.
acetaminophan

100 mg. propoeyphens napsylates and 395 mg- aq:ll:ln
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Anti-anxiety Agents and Sedatives

Barbiturates and benzodiazepines enhance the
actions of the inhibilory neurotransmitter, gamma-
aminobutyric acid (Fig 3.6, Tables 3.8A, 388 and 3.8C}).
Agents from both classes are effective sedative-
hypnotics (sleep-inducing agents), antianxiety agents,
and anticonvulsants (Table 3.9). Benzodiazepines ane
prescribed more often than barbiturates because they
ciause fewer side effects,

The non-barbiturate / non-benzodiasepine sedatives
are not listed in a table. Zolpidem (Ambien), Chloral
hydrate, paraldehyde, meprobamate and glutethimide
cause sedation, but are neither bonzodiazepines or
barbiturates. Zolpidem acts through the GABA
receptor and its actions mimic benzodiazepines. It is
used for short-term treatment of insommia, Chloral
hydrate is used for sedation in children. It is reduced
in the body to trichloroethanol, a potent ethanol. Like
ethyl aleohol, the side effects of chloral hydrate include
mucasal irritation, light-headedness, malaise and
ataxia. Faraldehyde, meprobamate and glutethimide
are seldom used.

GABA Chioride lon
dc o Channe!
Benzodkazeping Picratoxin
Recaplor Receplor
___ Barbiturate
Receptor

Figure L6, Schematic miodel of He GABRA/Benzodin-
epine! Rarlitirate recopior complex, The recepitor comply
surronnds o chioride fon chmiel, Gowrma-mmime bityric ackd
(GABA s aw indiikitory neurotrarsnntter. GABRA binds do te
receptinr cniging chforide imftux,  The sroveient of chipride ido Hie
menpn fryperpolarzes Hhe neuroeal membriome, smaking 1 mere
difffealt for excilatory denrotransritters fo depalivrize the coll.
Benzidiazepires mod e tumiles pfanee thae actioms of GABA.
Bt fudl b opent tee ehliveide clsarme! in the mesce of GABA

BARBITURATES

W
el
.

Mechanism! Aclions: Bindto recepior adjacent 1o
GABA receptor on chiorde channels. ulis in retantion ol
GABA al ks receplor causing increased Nux of chiorids
{hrough the channel, Induces sedation, euphoria, other
mood alterations, hypnosis, “barbiluraie” fast waves In
EEG. regpiratory depression. At high doges, may cause
cardiovascular depression or death,

Mechanism/ Aclions: Bind io banzodinzeping sio on
neurgnal GABA receptor complex. Enhances GABA-
mediated chlorde influx {neurcnal inhibition). At
therapeutic doses may inhibit neurons by unknown
machanisms which are unralated (o elther GABA of chloride
influx, Cause sadaton, skeletal mescle relaxation, and
wurﬂﬂﬁbfﬂl waves on EEG. Also has anticomvulsant
acls.

Indicetlons; Clinical uses includa treatment of apileptic
selzures andas A c af anesthesla,
Banzodiazepines ane usually preferred 1o barbiturates for
treatment of anxiaty. Antipsychotics are preferred for
traaimant of neuroiic stales.

Undesirable aifects: Drowsiness. clouding ol
consciousness, dysarthria, alaxia, "paradoxical”
stimulation due to behavioral disinhibition, CNS deprassion
to thea point of coma and respiralony armest, lanyngospasm,

Indications: Gmﬂ. benzodiazepnas are used for
treatment of amisty neurotic states, nervous tenskan,
agitation, psychosomatic lliness, delerum iremens.. Also
ugad for skelstal miscle ralaxant, anticonvulsant, and
sedative properlies. Diazepam is the benzodiazepine of
chobce for muscla relaxation and mlraciable seizwres.

_ Undesirable Effects: Drowsinass. Clouding of
consciousness, dysarthria, ataxia, behavicral
dizimhibitinn, dermatitis.

Pharmacokinetics: POYPRAMIY. Wel shsorbed orally
Give [M ml{lﬂ patient can't tzke orally. Give 'V slowy
because of hypotension riek, Barbiturates vary markedly in
lipid 2olubility and plasrma protein binding (| Tabls 3. 88},
arbiturates nduce PASD enzymes in (he hvaer which
matabalism of phanyiain, digitexin, coursadin and athess.,

Pharmacokinelles: Primary diference between
varous benzodiaz 'Izrr ngonists anme thelr pharmacokinets

properies (Table 3

Tolerance/Dependence: Toleranca, metabolic
depandance, and psychol depancianc are Kkaly,
Dependence prasants much like chronio akcobolsm. Upon
withdrawal, convulsions, hyperihermes, and delarium may be
severe enough o cause death.

Drug Interactions: Barbiluralos as a class intermct with
ovar 40 athas d . Thasa interactions anm largely due o
alferation of metabolizing enzymas in the bver or
interfarence with the absorption of othar drugs.

Tolerance/Dependence: High dese, chronic therapy
may lead to dapendance, Abrupt withdrawal may cause
syndroma that mimics alcobal withdrawal {convalzions, hy-
perihermia, delerum), Cross tolerance and depandence
BCCur.

Drug Interactlons: Addive with alcohal,
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Table 3.88 Comparison of Barbiturates

Long Acting Duration: 10-12 hours, Barbital is axgrated pimardy uul;:u kidnays, Phencbarbstal is
Barbital metabolized by the P450 enzymes inthe liver. Phenobarbital induces PASD enzymas, causing
Phenobarbital increased matabolism ol many drugs, Phencbarbéiial is used climcally &z an anticonvulsant,
Mephobarbital

Intermediate Acting  Duration; §-8 hours,

Aprobarbital

Short Acting  Duration: 346 hours. Metabolized by P450 enzymes in kvar. Amcbarbial is sometimes
Amobarbital adminisiered by psychiatrists during analysis or tha . Prior fo some newroswigical
Pentobarbital mrmﬁmg.. temporal lobectomy lod infractable sezures ) amobarbital is Infected unilsleraly
Socobarbital o b id artary 10 determine {he dominant hemisphars of tha brain,

E&m-lﬁﬂ;f ?Hjﬁﬂ Duration: <3 hours. These drugs ane deposied in iﬁ-immm_ﬁﬁ'abnﬁ:&d by the liver.

opanta
Methohexital
Hexobarbilal

** Flumazenil (Romaxicon) is a competitive antagonist at benzodiazepine receptors. Used dinically to reverse
benzodiazepine sedation or everdose and as part of the treatment for hepatic encephalopathy. Resedation occurs
in about 107 of reversals. Setvures infrequently oocur with reversal, usually following multi-drug overdose.

Table 38C Comparison of Benzodiazepines

DRL METABOLISM_ NOTES - =
Long Acting e e et e e s
Diazepam [E’aTlﬁ-:l Most rapidly absorbed. Metabolized — Tndicaled Tor anzrely dEorders.
in Ivvar o active melabalites which
rodong elinical duration of action,
abolizad slowly by infanis, aldary
and patants with i diseass,

Flurazepam [Dalmana) AF-:Iru'El metabalites Ernlnng duration  Commonly used for Insomnia. I

al @ction

‘Quazepam (Doral) = . Similar to Hlurazepam, but much more expensive,

Clonazepam {Kionogin) - Used primariy tor anxiety disorders.

Elﬁnrltl pate [Tranzens) PRODAUG is hydrolyzad in stomach **

io active agani

I:.:Hl'urdin-pn:idn [Llne'-umj Longes! duration of action. =

Sharter Acting R e A e e

Midazolam (Vessad) Shor acting, waler sohible Used frequently in anesthesia

covmpound, Motabolites nof activa,

Alprazolam {Xanax} Meiabolites not active. S Has anfidepressani actions as well as-anxolylic
actions used to {reat panss atfacks. L
man:r penzodiazepines, siprazolam does not causs
chaylime drowsiness.

Lorazepam (Ativanj  Metabaolites not active a ‘Usaful for achieving rapid sedation of agated |
patignis. Mo daytime sedation

Oxazepam (Serax) Poorly absorbed, regures higher Usatul tor treating eiderly patients and palients with |

dosas than diazepam to achieve wer dysfunction bacause it does nol rely an (ha
same sffects, lwarfor metabofizm

[ Halazepam (Paxipam) . o For anxlsty disorders.

Temazepam [Fesiorl) Metabolites may be aclive.
| Triazolam (Haicion) -

Commonly used to sedate hospitalized patients.




%?wurl lf{d_ﬁlﬂl-ﬂﬁ!!ﬁ ines
~ Phenobarbltal Enhances GAR
chionds influx through

A-rmediatod “Gienaralizod Selzunes in padiaiic

patkents. Lass often inadulis.

CHS depression, deowaingss,
Assoniated with decreasad [0 in

inhibifory neurotransmittor childron that have Bean traated
channals (Fg 3.8) ahranicaly,
 Primidone Maizbolized fo al  Ablemativetherapy forparialor  Alaxia, verigo, nlhrﬂhE
and phenylethylmalonamide.  tomc-clonic seizures. chlngsra NEUEaA, ENOraLi,
Diazepam Enhances GABA-mediated  Stalus epdepticus Fl-aplu onset hunﬁ_lrﬁa. cloudi ﬁulul
Vallu chboride infhux (Fig, 3.8). uastul for stopping active COnECiousness, alaxia, othar
razepam sezures: Mot usadfor chronic gigns of CHS depression
{Athwan) seizura contral.
Clenazepam  °* N Atormative 1o sthosuximidesr =
waltproic acid for absence seizure
Cloraz epate o Alternative for partial selzures, e
Akcohol wethdroowal, anxiaiy.
Tiagabine Biocks presynaptic GABA-  Partialseizures. Dizziness, Norvousness, (ramar
(Gabitrd) uptake.

___Miscellaneaus = —
'I"I'ml'l;l:.j oln "~ Reduces sodium, calciumand Al types of seizures except Pﬁs&mﬁﬂmm. other NS
E“ ) POl ARSILM CUITENTS BCIoSS e dist , bone mamow

phenyioin neuronal membranes. Linclaar aun:-pms-eiun gingival
Ethotain which altects aratea?omﬂ:m rpﬁa tulmnr:lt? G
Fosphenylaln for seizune propivy bax d administration
[ Carrivby ) may cause CNS dapmamun :
severs hypolension, arrhythmias,
and hyperkingsis
Carbamazepine Similario oin. Alsgohas  All'types of seizures axcepl Agrarmulocyloss or aplestc
{Tagretol) antidiuretic affect, Chemical ahsunuu Trigamiral n i, andarmes [monitor blood counts),
struciurne similar to tricyclic mEnic rassion, schizophrania  vertlpd, nausea, vorming.
antidepressants. that falis 1o ruspm‘rd fo
antipsychaotics.
“Valproic Acid  Mechanism unknown. Nl_amual:!r Severs/fatal hepatotoxicity,
{Depakota) Enhancemant of GABA disordsrs o smum wularly i small ehikdran,
neurplransmission posiulated.  types. Manic episodes inbipolar much less in sdults. Thrombg-
i OndeT, cyiopenia. hyparamymonania.
Felbamaie ~ Mechanismurknown. May be  MNolonger recommended because Risk of aplasiic anemia, hepatic
(Feltatol) related 1o actions at the GABA  of aplastic anemia and iiver falure failure. Somnolence, haadache,
or MDA (glulamate) receplor  Tisk. fmtigue, nawser, photosansitniy,
ehannsls,
Ethosuximide i bewniis m Lissk nowe, .ﬂ.m«a FEZuNES. Hemdache, nausea, dizziness,
Methsuximide wimiting. fatigue, alaxia. blurred
Phensuximide vigion, confusion, rashes.
totozecity, blood dyscragias,
Jupus-like syndrome {rare).
Gabapentin Mechaniam unknown. Felated namtlvnmatmm of partial Somnolance; ataxi, dizziness,
{Mauronting o GABA, bul likely acts al ures athar CMS stfects.
disine| receptor,
Lamotrigine  Mechanismunclear, May  Adult patients with partial Dizziness. headache, nausea,
{Lamick stabiliza neurons and affeci seizures of Lannox-Gastaul alaxia, somnolance, diplopa,
ghutamate/aspartate release.  Syndrome. blurred vision. Lile-thraateni
raeh inchildran (1,50} and sdu
o B {1:1000). =
Topiramaie Machanism unknown, hgz be Partial onsel seiziufes Paychomator slowing.
(Toparmzas ) refated to actions al GABA or Somnolence, ataxia, dizzinass,
kainate/ AMP A receptors. gpeech impalmment.
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DRUG INTERACTIONS

IUfPﬂ Slew onsat rIz-ﬂlil-
min}. Vary long hall-life
{= hrsl Matabolized by
P50 nzymes in liver.

FOL Motabolized (o
phenabarbitol and

henylathymalonamide -
Euth- antlcanyidennis,

IVIPDYPH. Rapd onset
ﬂ:;é min). Metabolized in

f. [Hazepam has longer
hall-E

PO Long cting.
PO. Inactive wntll
hydroly26d in slomeich.

PO Tilrde dose ovar 6-20
waeks Until affective,

PO/AIWIM, Thesapautic
semm level s 10-20
megiml, Skow onsed, long
half-lifa, Matabolized in
livar,

PO, Induces is own
metabolism by stirudating
P450 anzymas in liver,

~ Sllmulates P450 enzymes

which increases metabalism
[decieases serum concen-

tration) of dozens of drugs

i =

Adddtive with CNS
depresaants. Many dregs
inhili rretabotizm of
diazapam,

Additive with ChS

_ deprassants.

Claared lastes in paliens
{aking oiher anticon-
vilsants,

and profein binding of
phisryioin and vice-versi.

Consult a comprehansiva lisd

of imteractions prior (o
changing medicathans i
patkenis an pheanyioin

Do nof admingster jo paliants

with monoaming oxidase
inhibitors [Table 3. 18] in
thair system {potentiation
may be lethall.

POV, Metabodtzed in liver,

highly prodein bound, half-
life hemger in children and
patients with iver damage,

Many dregs after metabolism

Adcifive with other antkoon-

vulsants. Levels decraassad

by aspirin and cimstidine.

PO, Well absorbad, largely  Alters serum lovels of other

unmetabolized. Semum
levets do not corralato with
alficacy

PO, Meiabolized in liver;
nof proiesn bowand.
Therapauic léval = 40-100
g mi

PO. Excreted uncha
by kidneys. Reduca
wi rienal dy sfunciion,

PO, |nduces s own
maiabolesm

FO, Excreted unchanged
by kidneys. Reduce dosa
with renal impsirment,

anticonyulsants.

Ethosuximide increases
phenytoin levels and
dacraases primidans

in absoaption
decraased by aniacids.

Reduce dose if patient s on

roate, Ciher

amnlicomulsants may neduce

sarum levals.

Reduces |evels (efficacy) of
oral comraceplives,
Enhances

daprassants

Anticonvulsants

Seizures occur as a result of hyperactivity or
hypersynchronicity of neurons in the brain. Focal
seizures involve a cluster of neurons and present with
unilateral symptoms. They are often due to structural
abnormalities such as scars, tumors or inflammation.

Cineralized setrures involve both hemispheres,
Thiry occur either as a result of hyperexcitability
throughout the brain or because an epileptic focus
spreads to both sides of the brain. By the latter mecha-

nism, focal seizures may become generalized.

- Types of Seizures and Drugs of Choice

* ["artial Seizures: Simple partial seizures consist of a
single detectable motor, sensory or psychological
dysfunction which does not change durning an
episode. Consciousness is retained th
Partial complex seizures begin in a focal area, usually
in the temporal lobe or limbic cortex, and spread,
Focal signs are often followed by automatisms (e.g.,
lip smacking, sweating) and dulled or lost conscious-
ness. Effective drugs include carbamazepine,
phenytoin, clonazepam and primidone. Valproic
acid is sometimes added.

* Absence Seizures (Petit mall: Generalized seizures
in children or teens which present as brief episodes
of blank staring but no convulsions, Effective drugs
include ethosuximide, valproate, clonazepam and
trimethadione.

* Generalized Tonic-Clonic Seizures (Grand mal:
Begin with prolonged contractions of muscles in
extension followed by cyanosts due ko arrested
breathing. PMativnts then experience whole-body
clonic jerks. Treatment options include phenytoin,
diazepam carbamazepine, phenobarbital and
primidone.

= Status Epilepticus: Continuous series of seizures
without reswakening. May cause permanent brain
damage. Intravenous, diazepam, phenytoin or
phenobarbitol is recommended for treatment.

« Principles of Anticonvulsant Therapy

* Increase dose of sultable single agent until desired
effect is achieved or until toxicity prevents further
INCTEAsE.

* Follow serum drug levels.

= A second drug may be added if maximal deses of the
initial drug fail. The initial drug should then be
tapered and discontinued.

o Abrupt discontinuance of an anticonvulsant may
induee skatus epilepticus. Always laper doses.

* [nform female patients of assoctation with birth
defects.



General Anesthetics

Inhalation anesthetics are inert vapors used during
surgery o achieve sedation, muscle relaxation and
analgesia. The first anesthetic, ether, was introduced in
1846 by a second-vear medical student at Massachu-
setts General Hospital, Ether has since been roplaced
by non-volatile agents.

Inhalation anesthetics do not appear to work
through a receptor mechanism and the mechanism of
action remains a mystery, Theories suggesting that
anesthebics work by altering the lipids in cell mem-
branes stem from the observation that the potency of
anesthetics correlates extremely closely with the
solubility of the drug in oil.

The measure of potency is the minimum alveolar
concentration (MAC), MAC is the concentration of
anesthetic that canses immobility m 50% of subjects
exposed to the agent at one atmosphere, The MACs of
commaonly used anesthetics are:

* Halothane - 0.75

* Enflurane - 1L.68
* Isoflurane - 1.15
* Nitrous oxide - 105.0

Mote that the MAC of nitrous oxide is greater than
1007, This means that less than 509 of exposed
subjects would be anesthetized even if 1007 nitrous
oxide was administered. Thus nitrous oxide is a poor
anesthetic when used alone,

EEWW

EID a&n Duration 15 min.

; Hallucinatons (Adutts = childran), nightmaras, maasadsacrﬂlms II'I‘I

M-.—-—_—Lm 1 - =
CHS: Sedatkon, fiypnosis, GHS ﬂhprﬂﬂulun decreased carsbral hhl:u:l Flow anl:l matakmlism {rﬂdl.md
Pani:rmal intracranial pressura). CV: 10- Eﬁ%dmp in blood pressure. Apnea, bronchoconstriction,
ables 3.8A :ﬁd Bf Tox: engion, tachyoandia, resp deprassion, mﬂmmasm. anaphylacs, Kinetlhes: IV
Onset 40 seconds. duration 30 I'I'IJI'ILHHE-. drug released from fat stores may prolong anesthesia,
Propofol CHNS: More petent than thiopantal. CV: Bradgyeardla, hypotension decreased myocardial parfusion.
(Diprhean) dHEnp Apr:an_lelt Pain on Inpu:ﬂm [uge | n&rﬂmﬂhﬁ] Gphjscﬁgnél?ﬂnr sﬁam uﬂﬂlﬂ;gs?m
pression in e iy an mic IETI[E (-1 i, f
metabolam and I|EE{IE dl.au: unpﬂ'rma.m infusion necessary 1o malnlain anm J
Etomidate CNS/CV/Resp:  Simitar o thiopental, less cardiovascular and respiratory depressson. Tox:
{Amidata) Myoclonius, vomiling, adrenal insuficiency from chronlo uss, Kin: IV, Onget 1 min, Duration 3-5 min,
Hmln-u Cﬁé Dhsaocialie n::!mmnnﬂclad from surroundings) anesthesia, anulgnsla increased intracranial
{Katalar} mum CV: Increase of decroass in biood i, har rale, Resp hmnu::hn-dllallm

WM, Cnsed

Volatile Organlcs CHS: Anegihesia, skeletal muscle relaxation. CV: Myocardial

Ehnn {"E=H=l). decraased

and/of paralytic {Table 2.9), Drugs are rapsdly diztibuted, metabolized in

-Halothane (H)* vascular resistance, sensilize haart 1o calachnlamlnu 'HsE:IJ Hm;ﬂnr'_f dap:m-n-nn
[mehmt'lw bronchodilaton rla*dHI:-E:-I}l Jﬂmlhrﬁul?a]] ibde with a8, :
“’Eﬂﬂmm a u -8 Fﬂ.l'E Htlﬁ' Kinetics: soffuransa s lﬂﬂﬂ
(Ethrana) mtabulmdmwm ol Eﬁaﬁoﬁu&ﬂﬂ‘rﬂd for hepatic 5 remal salety, All siored infat, Newer agents
“Isoflurana [I}* incluga Desllurane and Ssvollurane.
iFarama)

Nitrous Oxide CNS: 100% Nilrous oxide fails to_Induce anesthesia in >50% of peopie - usually used with othar
agents. CV; When combinad with halothane or enflurane, kess hypolension at equivalent h of
anesthesia. Resp; Little afect. Tox: Transient hypowia following use. Kinetics: Lessi solubda in
blood. Thers, excreted rapidly by expiration of unmetabolized gas

1 The molecular mechanism of action i unknown for most anesthetics. i otten used with an ano (Table 3.8)

Ihver and excreted by the kidney unless noted.

Migraine Headache Therapy

Sumatriptan (Imitrex®), naratriptan { Amerge),
rizatriptan (Maxalt), and zolmitriptan (Zomig) are
vascular SHT, (serotonin) receptor agonists that causes
vasoconstriction of the basilar artery and dura mater
vessels. PPain relief oocars in 15 - 80% of patients,
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Cmset of relief is 10-120 minutes. Toxicity includes;
dizziness, Hngling, flushing, chest discomfort, weak-
ness, neck pain.

Propranolol and timolol are used to prevent onset of
migraine headaches (Table 2.4).




Cardiovascular and Hematology Drugs

Co-authored by Eric Hockstad, M.D.

In simple terms,
* The hieart is a pump.
* |t pumps blood through a system of blood vessels that
has a limited volume capacity
* An electric conduction system maintains regular rate
and rhythm.

= Myocardial cells reguire oxygen,

When heart function ks considered in these terms, heart
malfunctions and therapeutic interventions can be pre-
dicted:
= Heart failure ooours when the heart can no longer pump

enough blood o meet the metabolic demands of the
body. The most common cause is myocardial injury
from ischemia, inflammation and chronic hypertension.
* Hyperension develops when blood valume is great
compared to the space available inside blood vessels.
Mean arterial pressure is equal to cardiac outpuot times

peripheral resistance. Increased heart rate, de-
crased vascular resistance and myvocardial contrac-
tility, enhance cardiac cutput. Vasoconstriction
elevates peripheral resistance.

* Arrhythmias ocour when usually electrically quiet
myocardium becomes active.

* Angina (chest pain) is the heart’s way of signalling
that some of itz cells are not getting enough oxvgen
(oo little blood Aow), Myocardial infarction occurs
whiern oxvgen-starved areas of the leart begin
dying.

An understanding of the pathophysiology of each
disease and the therapeutic goals of vach treatment
strategy will make leaming the individual drugs much
easier. Table 4.1, which follows, describes the pharma-
cologic approach to treating heart malfunctions. Note
that some drigs ane used o treat several malfunctions,
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Hyperignsion

Rupics wokima avaraat

Fertorm sy mpathnte outfiow Erom the brain

Hiock nororergic receptom inihe hoan

Distis blood vessele

Dlurelics deorease blood volure by Increasing Lhe viluire
ol watiar poorer g it wrine

Clonkdine is b pgere! 8l g réceplors. Clomgding s

lurther rebsase of the H:fl'fﬂ'lhﬂ'lll: G, PorRRInSaTITE,
and inhibils sympmfertic oukliew rom e bnin

Atenobel & a f; admnergic recagion antagorsi 1ha
reducos boart rafe and my coandal sk,

Prazosin bocks o, BEFGNer{0 IICEpIE, COLSng
vagoastion

MHifedipine biocks caloiumantny o Sanedlh ruscs caln
ol artanal wals, prevanting contraciion,

Hydralng bne retases Grigrgies

Captopril reduces production ol sngiatsomn Il cowes
yEELliLlinn

Angina

Beduce work of heer and ingireee
cardial corgulahon

= Sinbkle Angine

Hitroglycarin mouoes protoad by venadilation

Alenolo) dacreanes My Handss work ||V armagomnsl)
DHtiez em decreasos biood pressule Ihroud® sasclghnn,
by biocking oaloiumoniry.

+ Unstable Angina

Beila blockers mxduce haan e and ryocamial o

Anplrin previiile plalslat sggregoan in myocarial
arbiie

Haparin inhibils chtiing in myocaedial ananes.
Hilraglycarin reducas et
Eptitibatide or Tirof iban inhilil plabsls) apgregation

Myocardial Infarction

Fespausa oo Fames Tiss s

Stroptokinnse sorvets plosmnogen bo plasmn, FPaamn
chgesls Mwin ang librinogen, 1hus dissolving clala

Antisnginal agenis Sea snova MNal niledipna, which
dangertius in setling of Ays:antdisl inlaciion
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Table 4.1B Strategies for Treating Cardiovascular Disease (cont.)

MM'M

- PHARMACOLOGIC STRATEGIES
Prototype rxg linked maguﬁmﬂuﬁgw-

Heart Failure
Raduce workload,

Improve myooardial contractility.

Diuretlcs decrease bloosd volurms,
Captopril cauvses vasodilation,
Atenolol [} blocker) reduces heart rate and wark koad.

Nitragly cerin rxdides vanous [ona (11 also ditales
coronary d@naries, anhancing bood daliverny o the heari ).

Hydraelazine and Hitroprusside relax arienoles.

Digoxin increases calciem infiux imto myocardial calls.

Amrinane inhibils cAMP degradaton (CAMP = a
biochemical messangar that stimulales the heart.

Dobutaming intreases cAMP production by stimuslating |3
adranefgic tecsplors

Arrhythmias

Restorg synchronows myocardial contraction

Several classes of agents describad in Tables 4 TAL B

Vascular Occlusion

Prevent cosgulalion

Pravent chol formation

Chasiroy ciols ihal hans o airedy Formed

Heparin and Warfarin inhibit coagulation pathway.

Aspirin inhibits platalet aggregation.
Ticlopldine mhibits platelst binding to fibrirogen,

Sireplokinase convens piasminogen 10 plasmn,




* Loop diuretics are more powerful than thiazides and
must be used cautiously to avoid dehydration, These
agents may cause hypokalemia, so potassium levels
should be fallowesd closely.

* Foltassium-sparing divretics enlsnce sodnm and
water excretion while retaining potassiom. These
agents are marketed in combination with potassium-
wasting diuretics in order to minimize potassimm
imbalances,

* Dsmotic diuretics draw water into the urine, without
interfering with ion secretion or absorption in the

Antihypertensives
« Diuretics -

Dhuretics reduce blood pressure and edema by
increasing urine production.  All diuretics enhance
water and sodium excretion, but the effect of diuretics
an other salis depends on the mechanism of action
(Table 4.2A, Fig. 4.1).

¢ Thiazide diuretics inhibit sodium and chlonde

reabsorption in the distal tubule, resulting in mild
diuresis, Potassium supplements may be necessary

hﬁ:aur-e' of potassium-wastng Fffnm

NCHANSMIACTIONS.

DRUG =tmn$ . UNDESIRABLE EFFECTS

Thiazide Dlurefics - _

"Chiora ﬁ _li‘ inhibis sodium and chionds  [deal starting agent for hypar- Hypokalemia, Fyponatiamia,
{e.g., Deuril) raabs inthe distal tension, chronic edema, hyperglycemia, hyperuricarmia,

fubube. & of K+, Ma+*, and I'r.'liupahh:: fypercalouria. hypercalcemia, oliguria. anuria,
CI- causes ingrease in uning weakness, decreased piacenal
mtIE.P“L Sodium loss results in fow, sulfonamide allergy, GI

« GFA. distress.

Loop Diuretics - o .
Fuﬁnm f Inhibits chionde mahsmptlnn Preferred diuretic in patients sath  Hypc nairm:a.. hy pokalemia,
{Lasix) in thick ascending lboop of low GFR and in hyperiansive ension,

Henkg. High loss of K+ in emerngences. Also, h!.rpafﬂli.'narrh Y PETUNICETES,
urine. E.llrnm ary edoma, and (o mobiize camia, oletoxiciy,

rge volurmes of Nuid,
Sometimes used to reduce semnim
patassium levels,

Orally for aderma, IV tor pul-
ally pul

5-u fonarmide aslargy, hy pomagno-
sgmia, hypoohloremic alalosis,
hypovolemia.

Most otetaxic, more GI distress,

Ethacrynic Acld °*

{Eth nase) manary lgss likety to cause alkalosis.
s l[,'hi'ﬂ-rw?a like furcaamida.
Torsemide Blocks Ma*, K*, O cartierin Hypertension, edema. Headache, dizziness.
{Damadex} thick ascending loop
Bumelanide i pl:l.i.ﬂﬂl Ciraity Tor edema, 1V for Similar 1o furosemde, Otoroxicity
{Burmax) pulmanary adema. has not bean reporied. Largs
duaelnslrmy CAUsES Savers
myalgia.

Polagsivm Sparin Dﬂ.ﬂ'll'ﬂ“

Amiloride rectly increases Nat Lizad with other diuretics because HYPERkalarmia, sodium or water

(Midamar) excreticn and decreases K+ K- gifacts iezsen depletion. Patients with diabetes
saoretion in disial convoluled hymm: effects. May mediitus may develop glucose
tubails. rract malabolic alalosis. infolarance

| Spironolactone  Antagonist of aldosterane -Lhndnﬂh thiazides foredema (in  As for amiloride. Also causes

{e.g., Resectisol)

Ht in collacting tubuls,

[e.g., Aldactons) {aldosterons causes Nt congesine heart failure), endodrine imbalances {acns, olly
ratention), Also has-actions ¢lrhosis, and nephrotho skin, hirsutiam, gynecomastia)
similar o armilorid. syndrome. Ao (o traal or

diagnosea hy paraldostenonism.
Triamterine Elmt:.ll'p inhibits Ma* reab- Mod used for hyperaldosteronism, turn urine blige and decrease
{ Dy rniuir) tion and gecretlon of K+ Othensse (ke §pironokacions reenal blood Hlow. Otherwize ke

amilore

Oamotically inhibfis sodium
and water reabsorption,

Imitialty increases plasma val-

wme and blood pressure.

Acule renal Tallure, acufe closed
angle glaucoma, brain adema, 1o
remove overdoses of some
drugs.

Headache, nausea, vomiting,

chills, dizziness, polydipsia,
[;h:.-w. confusion, and chest
n
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Amiloride

alirminated unchanged by
kidney.

and naphrotoxic drugs and
fithim I:ﬂlh'!"r|:||:lnenE|.|::I|:F and
indomeathacin inhiblt diuredic

Spironclacione
Tramiarine
Mannitcl
Furosemide Figure 4.1 Site of dinretic actions, Thigzide diwretics inhibit
Ethacrynic Acid sadisir @ clhloride reabsorption in e distal tubie, Loop
Bumetanide itieretics imfribit chiloride reabsorption i the thick ascending loop of
Hrnily. Potassium sparing diveetics infibit potassium secretion
avd Tfluerce sodiuae pxcrebon b Hhe diskal coneatuted Fubnde,
Mebameeitol pamativally infibils toater and suliom realurphioe
Heroniglondt e meplensi,
PHARMACOKINETICS  CONTRAINDICATIONS DAUG INTERACTIONS ‘NOTES. i
P, Abaormed rapidly, ~ Pragnant women {unless clearl Increases toxichy of digitells  Thers are aver a dazen
eliminated primarity as indicated for pathologic edema).  ar lithium; hy mia with  thiazide-like diurefics
unchanged drug. Aruria, corlicoska or ACTH; which differ primarily in
orthostatic hypatension with dm usramenis and
alcohol, Darbiurates or | n, - Consull a drug
narcotics. Decroases index for these details.
affects of vasoprassors,
PNV, 95% protein bound.  Anuria. electrolyte deplation. increases toxiciy of olotoxic  Signs of hypochloremic |

increased
hieart rate BUM, and

alkalgsis include tetany;
bécarbonale,

effects of furcsemids, hematocrit; decreased
Enharces alffect of blood pressure, sodium,
antiypertensive drugs. and skin tungor.
Simdlar b furdsamide, - Emanrynalé'a'lﬁﬁ:ﬁé
Marrowar dose-response usad intravenously to
curve than furosemide. freat acute pulmonary
edama
PO, Metabolized in fver. " Twice as nt 83
lurnﬂ.erricr;_um
POVIV, 5% absorbed, 855 ' ==
pratin bound, half metat-
ofized, half-life = 1.5 hrs.
PO, Excrated unchang, Sovers hyperkalemia with More rapld onsed than
kidney, & hr hali-ligg Ega;mum supplements. spironsacions,
be u=ed in patients with ased hyperkaiemia with
hepatic insulficiancy, other K*-spanng diuretics,
PO, Matabolized sxten- Anurta, substantial renal A for amitoride. Also The metabodile canrenons
sively in liver to an active irauiticiancy, hyparkalemia increases risk of digoxin is primarily res il far
metaboite, Metabalite is Avoad in diabatics, toxicity and decreases the actions of s doug,
88% protaln bewnd, hall-lite vas0prassor action of
=1-1.5 days. noreginaghring,
PO, Rapidly absorbad, = i ok Markieted In combination
higidy melaball:ad rapidty wilh Thiazide diurstics,
pxcrabed
i, Hnarl Fanlura-. hyperienskon, . Initially increases central |

gdema bacause of
I'IE|EI‘|1. norease i blpod

pressurs,

VENOWS PressUns,
ihzredone may induca
hiaar failure in
suscaptibla patienis.

a1



Antihypertensives (cont.)
- Antiadrenergics L

Adrenergic agonists increase blood pressure by
stimulating the heart (B receptors) and for constricting
peripheral blood vessels (@] receptors), In hyperten-
sive patients, adrenergic effects can be supprissed by
inhibiting release of adrenergic agonists or by antago-
nizing adrenergic receptors (Table 428 & C).

- |

* Presynaptic adrenergic release inhibitors are
divided into “central” and “peripheral™
anbadrenergics (Table 4.26). Central antadrenergics
prevent sympathetic (adrenergic) outflow from the
brain by activating inhibitory 02 receptors. By
reducing sympathetic outfiow, these agents encour-
age “parasympathetic predominance”. Thus, the list
of undesirable effects resembles the list of parasym-
pathitic actions (Fig 2.3). Peripheral antiadrenergics

“Central antl-adrenergics (See Table 2.3) . —— B
Clonidine Acts in brain as posisynaptic a2- Miid o moderate  Rash, drowsiness, dry moulh, consispation,
[Catapres) adrenergic agonist causing areduction  hypemension. headache, impairad ejaculation. Rebound
in sympathetic nefvous sysiem activily hypertension I withdrewn abruptly, To fimit
{decreased haar rate, cardiac ouput toxicily, siar wih low dose and increase
and blood prassure). Exact meohanism sy,
unkmoaT

Methyldopa A5 for olonidine. Also, thesized to Ag fod clonidina. Oy mouth, sedation, slight orBostalc

{ Aot | mathylnorepinaphning hacisasa Used to treat hypolansion. Somea pal o DG
waak sympathomimetic “falss hyperensionin  impolence, peychic disturbances,
neurgtransmitiar which decreases pregnant htmares, involuntary movemants, or
syrmpathetic outflow from the CNS. WOITHEN hepatatoxicity

Guanabenz Ag lor cloniding, Aso depletes Mild 1o moderate  Dry mouth, sedation. Rebound

gman:in:l norepinephnng siones i peripheral Ty el Bnsion. hy pertension s obeerved less freguantly.

|:_I_u.lrl ac i me adranengic nenve fanminals

engx)

:.;_I‘_i_gﬂ:li_‘l_j_lﬂﬂ-lgﬂn! ice (See Table 2.3
Heserplne i

— Parfially ﬂﬁnﬁtﬁ&ﬁﬁiﬁhi&’tﬁiﬁ_

‘Seldomused for  “Parasympathetic pradominence”

(transient increasa in blood pressun),
and has litile ChS activity.

(eQ., iy  in paripharal nervous system and mild o moderale  |bradycardia. diarrfeaa,
parhaps in the CHNS. Decreases {otal hypertansion. bronchoconsiriction, increased secretions],
parpheral resistance, hearl rale, and Moy fonges decreased cardiac contractiity and output,
cardiac outpat, recommended  postural ypolension (depletes
for psychiatric noregineghring inhigaling vasscansiioton),
digordars. EEF“: ulcers, sedation iifu:llm_iit:idal
gpreasion, iImpalred ajaculation,
ynecomastia, Low risk of rebound
ﬁyfjmmlun bocauss of long duration of
netian,
Guanathidine ﬁumﬂmﬂ into adrenorgic nerve Sevare Initsal incraase in hear rate and Biood
ings. Initially raleases hIpurlminn ure (due to rélease of norepenaphrine).
ncre i rease BP and HA), othar ting and orthostatic hy polangian.
Then depletes norepinaphring from En!a tail. Bradycardia, decreased cardiac outpid,
terminal and inlereres with releasa. rely used, dyspnaa in COPD patients, severs nasal
Raflex tachycardia is 1hen impossible congestion. No depression (poot CNS
because of deplstion of norepinaphrine. panatralion)
Guanadrel Liog guanethiding, but works faster, Mid o moderate  As for guanethidine, but less severs.
{Hyloral) releases norapinaphring initlaty hyparangion.
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prevent norepinephrine release from peripheral
nerve rminals {e.g., those which erminate on the
heart). These agents deplete norepinephrine stores i

nerve terminals,

* Alpha and beta blockers compete with endogenous
agonists for adrenergic receptors. Antagonist occo-
pation of &l receptors inhibits vasoconstriction and
occupation of [ receptors prevents adronergic

Selective al or i1 blockers are replacing nonspecific
f blockers, because they produce fewer undesirable
etfects. Several f blockers have intrinsic sympathomi-
metic activity {(act as weak agonists at some adrenergic
receptors), These drugs stimulabe 32 receptors; which
reduces the likelihood that rebound hvpertension
isympathetic reflex 1o fall in bisod pressure) will
develop, Activated 32 receptors dilate large central

P, Decraass dose with renal or

those wilh liver dysfumction.

Simiarto clondine. Thiazide

stimulation of the heart. arteries which provide a reservoir for blood.
| PHARMACOKINETICS COMNTRAINDICATIONS DRUG INTERACTIONS HOTES
F"l:r.'Fhaa.dilr ansorbed, T5% Hypersansiiivily 1o cloniding.  Tricyclic anfidepressants reduce (1 biood pressura drop
bicavaitability, aliminabed largaly antlﬁrpqnanswa alfects, is oo graat, reflex
unchanged by Kidmay . Must Alcohol, barbiturates, and ranin production may
decrease dose wiranal sedalives increase CNS cause sodium and
insuffickency. depression, Concomitan water relention,
withdrawal of -blockars Diuretics ma
I rebound hypsrtension. countaract this,
POV, Alfhowgh B350 excreted 1 signs of heart failurg (dus:  Simikar o cloniding, Antibodies to
unchangad by kidneys, Il ganba  to lluid retention as a resull ety Idopa miay
used in patients with renal of decreased renal bicod cause hemalyiic
insufficlEncy. flow) oocur, discontines anemis ﬂllajrljr rare, but
drusg, Confraindicated in

Egrlg!“ﬂicagcllﬂlhﬂﬂ.

hepatic dysfunction, diuretics increase
antifbypartensive alleols.

- PG Well absorbed, extensively  Because of Actlans of direct-acting 0O NOT admintster
melabofized. Plasmahali-ffeis  “parasympathetc calecholamines are shamly MA&T inhibitors and
shorer than therapeutic half- oiminance’, incregsed. FReduces reseTping within two
lite, suggesting that dreg may bé contraindicaled in patients affectiveness of mixed or weeks of epch ofher,
ratainad atb its site of action with ::nl'n%:e;;t_héa haart failure,  indirect sy mpathomimedscs.

asthma, hifiz, peptic B SEvere hypertension
uicer dizeaze, Patients with  with MAO inhibitors. Causes
family history of depresson.  severe bradycardia, hear bliock
or fadlure with digitabs, guinideme,
of beta blockess, Potemtiates
aptions.of apiihy perdensive
agents or CNE-depressants.
PO, Incormplataly absorbed, Patigmis with phiochromesy-  Tricyolic antidepressants inhibll
= 3% bioaw ailabdity. hall foma will axperiance savera  uptake into nouran dacmasirﬁ
afiminaied unchanged, hatl as nypertenson antibypertensive effects, Ciher
metabolites. Because of very interactions similar to reserpsne
long hafl-lite (5 days], maximal {aboval,
actions may not deveabop for
2 weeks,
PO, Incompletoly absorbed, i = Because of long half-
axcreded unchanged (50%) and Iite, effects may
as maiabolies (50%). Shortar parsist g fo o
healt-lite (12 hrs] than wosk s allar

guanethidine.

discontmuaton,
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yo

achivity.

3 3 i AN P A TN S . WL, NS
| a lﬁfﬂﬂ.ﬂﬂl&ﬂ.ﬂ%ﬂ. Is (also described in Table 2.4) :
Prazosin pheral a1 ﬂdnanaﬁh: Hyperiension and Hypotension (postural hypolension
Miniprass) antagonist. Dilates both arteries and  hyperteénsion with on first dose is sudden and seveare).
erazosin VEins. congastive heart failure.  Sodium depletion {often caused by
Hytrin) diet or diuretic thgtrwr in
oOXAZOosin hypertensive patients) worsens tha
Cardura) hypolensive episodes. Edema, dry
amsulosin mouth, congestion, headache,
[Flomax ) n'nq:unwas. sexual dysfuncthon and
iethargy may also be observed.
Labeialal Blocks a1, 1 and 32 Achlaves Hy pariansion. Further suppresses laill:g heart.
g.g.. Trandaie) lower blood pressure {0 1) without Fatigue, impotence, dia "
arvedilol reflex tachycardia ([} blockade). numbness, orthostatic
[(Coreg) hypolarsion,
[} adrenergic antagonisis (alse described in Table 2.4) N .
"EM nolol %r&mam blocks ﬁi adrenergic  Good staring tharapy Further suppresses failing heart.
Bnonming receptors. Decreases heartrate and  for mild to moderate CNS sadation and depression,
etaxolol output and < renin relesse. Less hypertension
Km'lnnelj bronchoconstriction than agenis
artealol which bind to B2 receptors
Lﬁaﬂml]
enbutalol
g.evalul}l
isoprolol
(Zebeta)
Meiaprolol = L e
{Lopressar)
Acebulolol Has some intrinsic sympathomimetic *" "
(Sectral) aclivity as well as i1 blocking
activity.
Esmolol Similar {o atenclol (no Cardsosupprassion in .
{Brevibioc) sympathomimatic activity ). acute Ml and unstabbe
anging.
Propranolol Blocks bath f1 and 2 adrenergic “r Transient hypertension due to
(e.g., Inderal) raceplon. egzas hear rale and antagonism of [i2 recaptors (which
output and | renin release. dilate karge arteries) and reffex
Bronchoconstnction via antagonism response to decreased cardiac
of 2 recaptars. output, bronchospasm, othersse
like atenciol
Hadolol " o o
(Cargard)
Timalol L . an
{Blokadren}
Pindalol Haz some Intrinslo sympathomimetie  *° Infrinsic sympathomimstic activity
iVisken) activity as well as B1 and i2 blocking decreases lkelihood of rebound

hypartension (by dilating large
aneries via fi2) or bmnmaapasm.
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PO, 50¢% bloavailability, =80% plasma
prolein bound, efiminated as unchanged
drug and as metabolites. Terazosin,
Doxazosin, and Tamsulosin have longer
half lives than Prazosin, which permits
once daily dozing.

PO/IMETY. Well absorbed, high first pass
metabolism, metabolized in bver. Reduce  patients with

Contraindicated in

MLITE:S
Phenobarbital shorfens its ~ Because of severe oriho-
half-life. Enhances agtions  static hypotension,
of ather antihypertensives, patients should be lying
may produce severs down and observed for al
hypotension. least two hours afier mitial

dosas.

Labetalol: Myocardial depression whalothane. Blocks

E.gunlst induced bronchadilation,
rvadilal: Increases eftects/toxicity of calcium entry
blockers, cloniding, digoxin, insulin, antidiabatics

Carvedilol dose wirenal or liver asthma or

dysfunction. bradycardia,

PO. Long half-life allows oncefday ~ Sewvere diabetes,

dosing. Foor penetration into brain bradycardia, partial

{fewar CNS effects). Excreted block, sevare

unmetabolized. Decrease dose wrenal heart failura,

dysfunction. asthima,
emphyseama.

PO, Shorer hali-life, metabolized by =H

liver, enters brain

All B blockers may enhance
effects of digoxin and
lidocaine

els of metaprolol may be
bi( verapaml, cimatiding, or
oral contraceptives.

PO, Moderate half-lite, ﬂ::lrrinistad;nna = 7
Iwice/day.

1V, Short duration {half-life = S min) L
bacause i = matabolized by erythrocyte
astorase.

Saa Atenalal,

-

PO, Good CNS penetration {more sevare
side effecis).

PO. Poor CNS penetration. Decrease Jhy
dose wrenal dysfunclion,

PO. Longar hali-[ife than propranolal (itis  *"
nict metabolized). Enters , bt

causes fawer side effects that

proprandakal,

Cimetidine increases serum
conceniration of propranodol.

Under invastigation {or
us# in hy partensive
emergencies.

Abrupt discontinuation
may cause rebound
hypertension and .
tachardia, Increases nsk
of stroke, angina,
arrhythmias, infarction.

See atenoiol.

PO, Metabolized by liver




* Angiotensin converting enzyme (ACE) inhibitors
suppress the synthesis of angiotensin (1, a potent
vasoconsirictor. In addition, ACE inhibitors may

Antihypertensives (cont.)
- Vasodilators

The previous table presented drugs that caused induce production of vasodilators in the body,
vasodilation by blocking al-mediated vasoconstriction.  * Calcium entry blockers prevent calcium influx into
Vasodilation can also be induced by inhibiting other the muscle cells of blood vessel walls. Smooth
endogenous vasoconstrictors or by activating a vasodi- muscle relies on the influx of extracellular calcium
lation pathway (Tables 4.20 & 4.3). Examples of for contraction, Blockade of the calcium influx
vasodilatlors inclade: prevents contraction, causing vasodilation. Smaooth
| Ii__ : = !

op ptan Inhibis angictensinconvari-  Hyperension, Partioularly Al BCE inhibfiors: Frel

I.lllrlnprll eﬂ Priniwil) mmrﬂmqmﬂ iniba g, ubstl for gh-renin dose hypotarsion,

Enelapril (Vasobec) chreduces gynthesisof hypansnsion, Fr-HEIITBII:Id!'LIH} dizziness, prodenuna,

Ramipril [ARaza) the vasacongiElcion, lar hyganansive patiens » rash, 1eehycandia,

B“uqrn !.-l1;| angiofansin il ses  dinbelic nephropatiy bocause  headache.

Fosinopri alganianang, resulling 0 glacose hxals are nof

ﬂl.ll-fllprll nadrivresis. Polenlioties oihes  aflocted, Hedan fnilisa - used  Caplop ind

Moexip i vnsndilntoeg feog . with diciretics and digitsis. GRLiGes yi0aks o

Tﬂnnl.lprll bradykinie, prosisglonging).  Myocardal nfarciion - 1o Ao

= T unhance hearl reporugion. = =
l:-unmnr. aar] Aningonizl af angiciensin il HyperBnsion, Hypolansion, dizziness,

'H'lhlrrln [CHawamn) recapior ol vescular mussie

irbesarian {Avapro)

Candesarian 1#1::;:11!]

Talmisarian (Mcarois)

[ faiprE. . —E———— e == - —
%; 1" Retaxes areroles fnol vema)  Moderate hypertension, May  Reflex tachycanois
ingapandant of sympathale  be ueed in Wi pafphations, Mk reterdion,
imaractians. Decradses whir 8e hy parians v, EyEiEmG lupus
Bilood pressurs 1 arythamalosis-like
rellay tasiy cadia syndome. Chimnic theragy
incrafsed canian putpul, may b to er4l
Diracily ncreases ransl blood reuritls (diss 10 indararsnos
flow. witlh vitemin BE mataboiam
ir nEured Tiss i),

Minoxidil " Myporension nol contralled  As for hydralazine, Alsa, o

{Lanfa) by oflsr driaga. Markaled lor  csndiae museh leaioas,

frane peatiarn baidness. mmW
| Diazoxide Docroases paripharal Short term carirol of sevare  Sodium and wiler refention
My porsiat) wmacular rl-_*_:il.!l.l.rl:i._pm:ﬂr hﬂ:-ﬂmﬂm i Mo pit ard the mesdilling
aragonizing gh:urn salting. comia cardiovasculn allects
g5 insulin misase  secondary (o hy perinsuinism w:l_-ﬂl_ Gi
momases hopato which s rafraciory to othor resa, hirsutign
glucosa milsasa tarms of treatmani o fragpprarmidil side
affects,

Isoxguprine (Vasoddan]  Sksletalmuscievaesdiabor.  Parpheral or ceretral Dizzinaps, hypatensian,

vasciar meutliciency lachygandia, Gl dstrass

Papavarine (e, Smoolh muscie deatoe Parphers_ carsbral and Tachycardia sodation, G

Favp;lu} Wechaniamnof dedinad, mycomdial (il anhythmiss)  gisiress, chionic hepatiis.

Ethavering (e.g , Ethatab) ischamia.

Epoprostansl [Folan) Pulmonary and systemg Primary pulmanary Fushing, headache, GI
artenial vasoditation, Iy pariansion digiress, hypolansion, aw
L phaielet ggregatien pain,

Hitroprussids Comeeded bo niric oxide. Coriruous intravenous Hewvare hy potansion,
which indoces cOWF, cGMP  infusion ueed In hyperdensive  cyanise igxily,
shimulates & phosphoeylation’  eedeis, hapatoioxicity,
dgapnaapharylstion cascade
Falax e senoalh musels by
daphos phary EElmg myosir,

Tolazaling Fladucis arte=ial P-uf:mem shan, theming,

{Prscalmal e T mlﬂ m mm hmm%
tagzslance ohguria. edema, ukiers,

inromibccy booenis
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missche b5 also responsible for propulsion in the GI
tract. [nhibition of propulsion by calchom channel
blockers causes constipation, a préevalent side effect of
caleium channel bliscker therapy. Cardiac muscle
and conducting tissue rely on rapid influx of sodium
and slow influx of calcium through separate channels
for contraction. The slow calcium channel is particu-
larly important in the 5-A and A-V nodes, Blockade
of these channels slows the heart,

Sheletal muscle

contraction is induced by rapid influx of sodium,
which triggers the reélease of calcium from the
sarcoplasmic reticulum. Because these cells do not

require extracellular calcium for contraction, calciom

chanmel blockers fail to affect skeletal muscle.

# Direct vasodilators relax smooth muscle cells which
surround blood vessels by a mechanism which ks not
vt clear, but likely involves production of nitric

oxide by vascular endothelium.

_DRUG INTERACTIONS HOTEE = - =
P, Frdm%admratmm Pregniary, cinsmo lofal Irsreased gnzive  Cfan upsd incong
pabrs wath romal diaath or mjury peeconddr  and hypolensive affects with  with & thiazie diweiio.
oy stunction. Captopnd third irimagiar. Bitalesal renal divrtics, sy mpathedic Immedizie cassation is
recuires 2-3 dosas porday,  artory stenosis blockars. Incregsed sarum | Indcaled upans 5 al
oihers ane. pul:ﬂmmmill‘rpmusmm artiala
mp: wiatics. Daceased {Ewaling of face, Ipa
hrpeﬁmmuﬁuuswh yelics o cEfioully
indomathaoin, preathing or swaliowng)
PO, Matihokio = 40 fimes. Pragmancy, Phansbarbaal reducas leval
g potent than parant. ol Lonanan and melabaliles,
POANAM. Excrafad Pafignts with ischamc hagst Potentiaies other anfibyper-  Beta-blockers are usually
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Angina and Heart Failure
Treatment of Stable Angina

Aspirin reduces the rate of cardiovascular events by
1/3 in patients with stable angina, and should be given
ti all patients unless they have a clear contraindication.
Patients with aspirin allergy should be placed on either
ticlopidire or clopidogrel (Table 4.10). These drugs
have not been specifically studied in patients with
stable angina, but am effective antiplatelet agents.

Meutropenia is much less common in patients treated
with clopidogrel than patients treated with ticlopidine.

Beta-blockers (Table 4.2C) reduce the frequency of
anging and inerease readmill Hme In patients with
chomic angina. There is less evidence that beta-
blockers reduce death in this setting, unless the patient
has had a previous infarction.

Calcium channel blockers (Table 4.3) are equally
effective as beta-blockers in reducing anginal symp-
toms in stable patients. Some studies have suggested a
higher cardiovascular event rate with short acting
dihvdropyridines {nifedipine) and these drugs should
not be used without a beta blocker, Calcium channel
blockers are necommended in patients with vasospastic
Anging:

Similar to calcium channel blockers and beta
blockers, nitrates improve excercise tolerance, and time
to onset of angina in patients with exertional stable
anging [Table 4.4), Nitrabes are contraindicated in
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DR SumMARY

Table 4.4 Anti-anginal Agents - Nitrates =

Undesirable effects:
darmalitis nﬂ; occur with transdermal preparation,
Pharmacok

netics: Subl

L
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blocd pooding in the pariphery.
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patients taking sildenafil (Viagra). Sildenafil potenti-
ates the hypotensive effects of nitrates and increasas
the risk of life theeatening hypotension.

The drugs discussed above have been tested in
cambination, and combination therapy is more effec-
tive than single drag therapy.

Treatment of unstable angina

Rupture of an unstable plaque, and resulting
thrombus formation leads to unstable angina. Treat-
ment is targeted toward reducing myocardial demand,
improving vaygen delivery, reducing coronary spasm,
and halting thrombus formation. Heparin has been the
primary anticoagulant. Recent trials have revealed the
importance of antiplatelet therapy.

Crivgen therapy mproves oxygen delivery in the
subset of patients who are hypoxemic from CHF or
underlying lung disease. Morphine reduoces the pain
and anxiety thal can worsen symptoms in many
patients. Treating these symptoms can reduce the
myocardial demand, reducing the total amount of
ischemia.

Medications that directly decrease cardiac
workload are effective in unstable angina, Beta
blockers reduce ischemic burden by decreasing heart
rate and blood pressure (Table .2C). This class of

medications may reduce further myocardial infarctions

by 10-20%, Nitrates are extremely effective in reducin
symptoms by decreasing blood pressure and inducing
coronary vasodilation (Table 4.4). Although nilrates
clearly reduce symptoms, there is no convineing
evidence that they reduce mortality or the rate of
miyocardial infarctions: Calcium channe] blockers m
be considered as two clagses: dihydropyridines (e
nifedipine) and non-dihydropyridines (Le. diltinzem,
Table 4.3). It Is important (o note that nifedipine can b
hazardous in this setting, leading to a higher rate of
myocardial infarction or recorrent angina if given
without a beta blocker, Non-dihvdropyridine calcium
channel blockers {iLe. diltiazem) can be sately used ans
may reduce the rate of death or recurrent myocardial
infarction. This class of medicines is an excellent choic
in patients with absolute contraindications to beta
blockers,

Heparin has proven effective in the setting of
unstable angina in many studies, reducing the rate of
myocardial infarction or death by up to 35% when
used in addition o aspirin (Table 4.9). Weight based
protoculs have become more popular in the wake of
studies that have demonstrated their superiority over
non wieight based tieatment. More recently, low
molecular weight heparin (i.e. enoxaparin) has proven
more effective than unfractionated heparin in the
setting of unstable angina, All low-molecular welght
heparins are not equal. Other EMWH's have not
proven superiority over heparin in the setting of
unstable angina,

Antiplatelet therapy has also been studied carcfull
Aspirin therapy has reduced the rate of recurrent
tschemla, infarctions and death by more than 500

I‘wn newer antiplatelets, derivatives of
yridines, have recently been added (Table 4.10
Ticlopidine (Ticlid) has been most extensively studied
in the feld of ischemic cerchrovascular events, and
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reduced the rate of vascular events compared to aspirin. It afler an Infarction. The evidence overwhelmingly
does carry an increased risk of neutropenia and rarely can  $uggests that beta blockers reduce death after myocar-
cause thrombotic thrombocytopenic purpura, Clopidogrel dial infarction, and these drugs should be given in all

{Flavix) has been compared to aspirin and was more patients with acute myocardial infarction who do not

effective in preventing recurrent ischemic events in have clear contraindications such as pulmonary

patients with vascular disease. Although neither edema, hypotension, bradycardia, advanced heart

thienopyndine has been studied specifically in unstable block or asthma

angina, they are accephed substitutes for those patients Angiotensin inhibitors {Table 4.2D) have been

that cannot take aspirin. convincingly shown to dramatically decrease death
rates in patients with reduced left ventricular dysfunc-

Adjunctive freatment of myocardial tion after an infarction. These drugs also reduce death

infarction in all patients after myocardial infarction but the

N relative risk reduction of death is much less powerful.
Thrombolytic therapy reduces the relative risk of death  A¢*F inhibitors also reduce the rate of progression to
by 20% if given within the first 12 hours of an acute heart fallure, ACE inhibitors should be given in all
Lnfa.nrtlnn There are several types of thrombolytic agents patients presenting with an acute myocardial infarc-
available (Table 4.10). Accelerated dose alteplase reduced i, unless they have contraindications such as renal
mortality further than streptokinase in a very large study  gaiure. bilateral renal insufficiency, hypotension, or

(GUSTOY, Since then, other Hssue plasminogen activators angioedema due to previous ACE inhibitor use.
have been developed that are easier to dose, These drugs

shiould only be used in the setting of ST elevation. Throm-
balysis is not effective when the patient's ECG shows only
ar dE'FrESSI:Em or i diagnostic changes. In fact, there is
evidience that thrombolysis is dangerous in non-5T

Nitrate therapy has not consistantly reduced death
or recurrent infarction in these patients (Table 4.4).
This class of medications does reduce ischemic chest
pain and should be used for symptomatic patients.

elevation ischemic syndromes. Calcium-channel blockers do not reduce mortality
Asgpirin by fiself reduces the risk of death from an during or after acute myocardial infarction. Diltiazem
infarction by 23%. It has an additive effect when used in may I‘Lf"i:tIm:{' the rate of recurrent infarction aE!m' a non
combination with a thrombolytic medication. Aspirin Q wave :rl_hn:_t. but any advantage over aspirin {'f“d
shiuld always be used in the setting of an infarction beta blockers is not known. There may be an adverse

unless the patient has evidence of an active eastrointos - effect of short acting dlh}ri:'rmp}-_ﬁd.ir.ms, tni.EedipinE} andd
tinal b[eedﬁr a true allergy to aspirin. In Il'iaaelting of an these drugs should be avoided in this setting,
allergy, tclopidine or clopidogrel can be substituted for Antiarrhythmic drisgs have been studied in the
Aspirin. setting of acute infarchons, Class | and Class 111 drugs
Beta blockers (Table 4.2C) reduce chest pain, myocar-  ave increased the rate of death compared to placebo
dial wall stress and infarct size in the &eﬁlni of an I‘,{rn‘un;l when used to Hup-fﬁﬁ-ll?enl‘{:'l:ﬁ,tjﬂlr ‘-"-'t“P!': after myocar-
Over 50,000 patients have been enrolled in studies de- dial Infarctions, especially in patients with reduced left
signed to evaluate the effects of beta blockers during or ventricular function,
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Heart Failure Drugs (cont.)

- Acute Pulmonary Edema

Acute pulmonary edema usually accompanies left
heart failure. Successful troatment of pulmonary
edema reduces the risk of secondary right heart failure.
Early interventions in patients with pulmonary edema
include (1} sitting the patient upright to decrease

venous return and ease breathing and (2) administerin
humidified oxygen to increase Pa0,.

Drug therapy consists of (1) furcsemide or
bumetanide, potent dinretics which reduce vascular
volume, leading to a shift of fuid from the lungs into ©
vasculature; and (1) morphine, a venodilator which
decreases preload and reduces anxiety through its acti
on opiate receptors in the brain (Tables 4.3A & 3.6A).
Mitrates and /or bronchodilators may be added to redu
ischemic damage and improve ventilation, respectively
(Tables 4.4 & 5.1).

= Management of Shock
Shock is a potentially fatal condition in which tissu
are podrly perfused and, consequently, become ischem
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Treatment consists of maintaining oxygenation, support-
ing blood pressure and treating the metabolic acldosis iF it
is severe. The tvpe of shock must be diagnosed so that the
underlying problem can be treated.

Vasopressors constrict blood vessels and improve
cardiac function by stimulating adrenergic receptors
{Table 2.1}, They are emploved when intravenous fluids
alone fall to increase central venous pressure. Peripheral
vasoconstriction shunts blood to the heart and lunge. [t
may seem odd that vasoconstrictors ane used to treat a
condition marked by poor tissue perfusion, Indeed,
improvement in central venous pressure is frequently at
the expense of ischemic damage to peripheral tissues.

Low-dose dopamine is the preferred agent for treating
shock. Al “renal doges”, dopamine dilates renal vessels

{dopamine receplor-mediated) while constricting
vessels in other tissues, Norepinephrine and high-
dose dopamine constrict all vessels including those of
the kidney and brain. In addition, both of these agents
improve cardiac function by stimulating B, adrenergic
receptors. Dopamine is more potent than norepineph-
rine in this regard.

Dobutamine and isoproterenol are also used in
cardiogenic shock because they improve myocardial
contractility, These agents are contraindicated when
shock is due to hypovolemia rather than cardiac insut-
ficiency, because they have no direct vasoconstrictor
effects (weak & agonists). Dobutamine must be used
with caution in patients with systolic blood pressure
less than 100 because it can worsen hypotension,
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Arrhythmias

The following tables present arrhythmias based on
the anatomical site of the underlying abnormaliby -

atrial, ventricular or supraventricular

{A-Y junction) accessory pathway. Arrhythmias occur
because one or more regions of the heart are 1) beating

too slowly {sinus bradycardia); 2) beating too fast

{sinus or ventricular tachycardia, atrial or ventricular

premature depolarization, atrial flutter); 3) beating

automatically without regard for impulses orginating

from the SA node (multifocal atrial tachycardia, atrial
fibrillation, ventricular fibrillation), or 4) allowing
impulses to travel along an accessory pathway to arcas

of the heart which should not be depolarized at that
particular moment {A-Y reentry, Wolff-Parkinson-
White syndrome},
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Premature Atrial
Depolarization (PAT):
Haar] boals promaturaly
I:lml:l'.aa*ﬁ-&af-nl:m af a’rrlzlll
CHIS Tirgs 5 e0us
pefore the ﬁ '.I'
1o lirg,

iﬁlrllt Flut I.Ier: El.:Lh'ldrhal
mpaslse reaniers
depolanzes atrium
Generates 250-350 impulses
par minute. The venirichs
responds to every 2nd or 3rd
impulego. Balh atrigl and
vanncutar rhythm are

regular.

‘Mol treated il asymptomatic

rigthm sirip. :{ypailm : :
potension, heart

oiher symploms, troal \ch

_J?r_ﬁ»: —  Ievgrotsienct

Epinephring
{Ench of these drugs induces
sympathotic predominance)

Ragid, but regulas rate an Mot treated if asymptomatic.

rhythmsirip. If ireatment is necessarny:
Propranolal
{hernatﬁﬂ it dacreases
}-‘af *l,a-.L atecholamine-induced firing
| rate of SA node and siows
conduction throwgh A-Y
moda. |
L T T R
ica Brgn actors nv:a un
Irmnurmarwh{lf. P-R cHUSES 15 corracied, r'r'lna!;.rr'lIi
interndal vanss. initiate:
'H'nrall
Quinidine
V—-,I{/r/}_ﬂ.. - |Both slow conducticn
¢ velocity of cells which are
abnormally pacing. }

Interruption of regular thythm Mol ireated i asymplomatic

by an early Pwave. Pwave |l symptomatic, treal wih

rna be lolfowed by anormal — Class [a antiarrhythmics:
if tha SA and Quinidine

-.-antmia h.mr»a had tirma to Procainamide

Disopyramide
_n.': _/\_,—1/.-"\-—!{_;-,_

EEI'IEE- of E—l t:l:ns.ah.' 5|:|E|.::E|:I 1:| Gunl:ml vertricular
Pwaves followed by & normal raspnnae by au||:|pmsslng -

DRSS complax. e conduct Suitable
& ar:
Digoxin
| o NI, anpmnulnl
MF H L Caneen sl hythms
2] Convert at mig
aﬂu riwthim L

v F‘l‘ﬂ-E alnamide
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Arrhythmias Originating In the Altrium (eonl, }
Atrial Fibriliation:

Muiltiple sotopic foci of atrial
calls ganerato 350-450
impulsel par minule, The
ventriche responds 1o an
pccaslonal impulse: Both
atrial and ventrcular rhythm
arg irregular

Archythmias Involving the A-¥ Junction
A-Y Aee nlr{_m.ﬂ. W npde s

split into a pat F'thmh

conducts toward

wnbricls and & pal vy
which conduots the impulsa
BACK o the atrium. Heentry
of tha impulse into the atrium
causas the atrium and
wvantricle o confrac
sirmullaneously.

]

P waves cannot be
discarned. Eaiahaia
imegular with vnev -
spaced QRS complexas

,..JL*H-:LML"

1] W hamodynamically stable,
conirod vantricular res
by supprassing &\ noda
Digoxin
Propranolol
Verapamil
2) Corwart to sinus rhythme
la antinrrhythmics
W Procainamide
Sotalol

Woltt-Parkinsan-White:
A gtrip of conducting tissus
{athar than the &V nodae)
cannects tha atrium and
venincla, Impulzes reachi
tha vaniricle wia the &' n
cirolo back 1o tho atium via
the accazsary ﬁgllmg.
Altamatlvialy, the cliroult may
be revar

.drrhrrhme‘ﬂ_ Lriginating in the .l!"lﬂi'rfﬁi!_
Veniricular Premalure
Depolarization:
si:lanlananua depolarization

topic focus intha
viantricle. Congidured banign
if fewar than six peEr iR,

Ventricular
Tachycardia: Usually
gecondary to reantry cirouit
Both &\ reantry and Walff-
Parkingon-Whits

& to ventraular
1achycardia.

1||'n|'|trl|:ulnr Fibriliation;

PG ey
a:'lun-c 1::-::1 Iarﬁr wanirchs.
Bale i 250 - 450 baais/rmin

wragular.

RAnyiim k=

Propafenone
Amiodaroneg
Generally noemal RS Carotid sinus lTﬂErdFE may
complexes following nonmal P suppress tachyoa
waves Themvered Peave morgasing vagal tone
[redrogticks atnad confraciion]  Alamalively:
5 buresd in ke ORS Rajeks Verapamil
150-250/menuie. Propranalol
J { Digoxin
Each P wava is followad I symptarmetic, aithar &low
mﬁddﬁbrnﬂﬁs Adella A ganduction with:
vl bl indo the ORS, Propranolol®
RelE can exoeed 300 Digoxin
DeEs minus or slow accessory pathway
corduetion.
i Lidocaking
| ‘ Procainamide
) p— Rl Ay wpwin
1 ¥ Aveid proprancial it wpwi
ainal fibrilkation
Widha, Lall QRS complexes Lisseally not freated i

which are not associated with asymplomatic. ¥ freatmant

& P wave, A prominen

B AMCESS

1¥ lidocaine

1Y procainamide
Lo 1arm EHDFK‘B‘HEH'M may
i3 achisved wih:

T Class | lntﬂll:

T waavn Olben points in (ha
%ﬁﬂﬂ ﬂ'ﬂ'ﬂﬂ‘llﬂﬂﬁﬁ e
W‘Ida QFIE mnwaxaa wiih
abnormal 5-T and T
wava dellections | @ in
direction 10 QRS
digsocintion and :?_ll'; bundig
branch block are n
aseociated.

i )
"t"'"’“r U*"ﬂlur Ijmljlr

Ar.:ma-!ma.lmﬂ inyolvas ona
of the
I¥ Lidocm l'll
I¥ Procainamide
1V Bretylium
Ciral e used for
chngnic 1
Amlodarons
Guinidine
Frocalnamide
Disopyramide
Flecanide, Encainide,

Tm:l!nidm Mexiletine

Complataly arratic. Cannal
distinguish normal viayes of
cofmpleses,

AdhAnA,

Lifee thrma 11 ¢ perclic-
wergion | niia Epinuphrlnn
i5 pﬂurm defibniiation.
H this faits combina |V
lidocaine and definiiaion
Either additional doses of
lidocaine or Bretyllum can
then be used with defiilla-
lion, Amlodarone i s&so
allecihve




Antiarrhythmic Agents

The sinoatrial node paces the heart by spontane-
ously depolarizing and stimulating the conducting
nerves of the atrium.  The impulse rapidly spreads
through the atrium, causing myocardial cells of the
atrium to contract in unisen. The impulse reaches the
atriovenincular (A%} node, which in turn ransmits
the conduction signal to the His-Purkinje conduction
pathway, The His-Purkinje system carnes the impulse
to ventricular myocardial cells, causing a powerful
contraction that propels blood throughout the body.

Interruption of this magnificent system, by the
michanisms described in Table 4.6, jeopardizes tissue
oxygenation and may lead to death, Antarrythmic

drugs infloence cardiac conduction properties {usually
by modifying ion conductance) and may revert an
abnormal rhythm to sinas rhythm.

An understanding of the mechanism by which
action potentials are propagited through conducting
cells facilitates learning about the mechanism of
antiarryvthmic action [Fig. 4.2},

Antiarrhythmic drugs have been divided into four
classes to facilitate comparison and discussion. Since
the time the drugs were classified, however, it has
become clear that drugs within each class may differ
significantly and cannot be substituted for one another.
The: original classification scheme (bold-face print) and
other generalizations include:

Table 4.7A Antiarrhythmic Drugs

|pAuG. MECHANISM/ ACTION INDICATIONS
Class la
Quinidine Depresses aulomaliciy of Mulifocal atrial tachycardla, Torgades de polnfes ﬂ;ﬁﬁfﬁh}:
Ell:iu i focl. Slows premature atrial depolaniz ation, temporary arrhyifmial, increases
uction velocity imatria &  prematuns vestricelar veniricke response to atrial
I-IEI -Purkinje cells, Prolongs  depolarizafion, atrial fibrillation tachyarrhythmia, nausea,
redfractony period Throughoud [these result from ncreased viormiting, diasrhea,
hesar! (excepd nodes) and automaticily of eclopic focl), and  hypersensilivity, cinchanism,
AcCessofy pathways. Has ventncuiar tachy cardia. thrambocytopenic purpura.
anlr;huhhargiu affects which
may actually enhance A-Y
conducion in patients with
rapid atral depolarzation,
Procalnamide - FPremature atrial depolarization, Fewer Gl effects and weaker
{e.9.. Pronastyl) atrial fibrillation, anticholinargic alfects than
Wollt-Parking cn-Whita, quiniding, but similar cardiac
ventncular tachycardia,

11:I:I:rct|'; Lupus-like syndrome

atrial fiutter, premature er hypersenaitivity

vantricular depolarization., reaoiions.
iflisup ramide ol Pramature atrial depolarzation, Potasl anficholnergic affacts.
(e.q., Morpacsa) Afrial fiorilkation, Otherwise simiar to guinidine.
entricular tachycardia
Class [b Y et =
Lidocaine Depresses automaticity ol Walll-Parkinsorn-White, NS paresthesias, drowsiness,
(2., Xylocakng) eciopic oo, Increasas Ventricular tachycardia; confusion, restiessness (at low

Cconduction velocity of A-W
rincte and His-Furkings.

Premature venl. depodarization,

doses). Al high doses, seizures
Ventricular tbrillation.

o diserientation, Candiac

vantricke, Prolongs refraciony
period in accessony pathway

I:hﬂl‘EG&h:ln {if given by rapsd IV,
yihimias.
Mexiletine Decrexses automaticity of AV Premature venl_depolanization,  May worsen armhythmias
(Macitil) node and sctopic Tock, Ventricular iachy cardia {life- hepatatoxicity, ranaly
Prolongs rEl'hEn:'-'lc-r%‘ periodol  threatening venircular ponviksions
Hes-Purkings, ventricke, and arrhythimias),
accessory palhway
Tocalnide Decreases automaticity of AW *° Dizziness. lf-arn:d', m:msttmlas,
[ Tonocard) node and ectopis fool, nausea, vemiting, pulmonary
Shariens rﬂ*racinryébarlnﬂin fibrosis, bone marrow supression.
atrum, AV node, an
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* Class | drugs are Ma+ channel blockers, Class Ta

drugs have little effect on SA node automaticity,
while miost other antiarchythmics reduce 5A node
automaticity. Class [a drugs slow conduction
velocity and tend to be more effective than other
classes in prolonging the refractory period. Mo clear
generalizations can be made of Class Ib agents.
Class Ic drugs slow conduction velocity most effiec-

tively,

Class [1 drugs antagonize adrenergic receplors.

Figure 4.2 Exvample =)

of activn pofenfial i

cardiao cotducting colls.

Phase [ Viltage-depurrident Q
Ia chiprnel opess anl

rapid sodiuw iflux

depalitrizes ol Pluse 1 50
Rapiied rlaase of repolarizids
iy painased Iry fracoation
of Ma® ey womd e
-100

* (lass 111 agents tend to prolong repolarization. ;

® Class IV agents block slow inward (calcium driven)

curment,

* Automaticity is suppressed in ectopic foci by évery
antiarrhythmic except bretylitim.

mchoateon of @ trmesient

acfard K* ciervent. Plase

4/

4

2t Mlatvaw sy, curacterized by e menbrane comdic e osd

the artiomtion of & slom peand Cot onrrenl,. Pluse 3, Rgrolosizae-

tran to resting potenbin! resills from outoard K currenl. Plnse 4
Chrherd K5 coirrent e demclinated aeed an iiitered Mas curnind
reduces transmeribnone polesiial,

ECG CHANGES

PHARMACOKINETICS

DRUG INTERACTIONS  NOTES

Proi
inervals,

E|
it

s QRS and OT POBast/IM pamful TV causes

hypotension. 90% profein bound.
Primarily metabolized in lhver,
encreled by kidnoy, Adjust dose
I.‘éy rmanitaring plasma level

xtended duration formula aliows
BID dosing

POJIMIV. Low protein banding,
clthersige like guinidine. The

Prenobarbifal and pheryisn
Increase medaboism of
guaniding. Cwiniding
increases plasma levels of
digoxin, enhances
vasodilgtor-nduced
hypotamnsion and potentinises
wartarin.

Mo interaction with digoxin o
warlarin

metabolite, M-acetylprocainamide

EBN;‘AFAJ I5 activie and [oxie, MAPA
i2ls shauld b monitored,

PO only, 50% metabalized by
Ihvir, 50% exoreted unchanged.
bust follow serum levels.

‘May shorten CT inferval, _I'l.l'j'r'fiin'l'Tf'iMI'F&ﬁiT y medabo-
i

ECG changes not
detectable.

 May sharfen QT inerval.

lized by liver (2 metabolites ars

active), excreted by kidney.

Mo imteraction with digoxin.

Serum level increased by
drugs which reduce biood
Tow Lo liver (B blockers) and
by cimaliding

PO. Maintaindose < 1.2 grday to Pa&0-inducing drugs

reduce risk of GNS toxicity,
Exleng e matabalism in livar.

PO, Well absortsed (100%), Hal
metabolized by lver, half
axcreted unchanged by kidnays,

rif in. phe

gin reduce
alf-fite of max

Additive toxicity without
therapautic benafit when
combined with ather
class |bantiarhythmics.




mr le

Purkings fibers & hear musele

Flacalnida Reduces 1) aufomalicily of S8 Chromic (harapy Tor vanirmcular May worsen mﬂT{ﬂﬁ's W
{Tambocor) node & ectopss foct, 2) con- lachycardis. induces A-Y block in pateants
duction velocity throughaut. A-Y conduction delay.
Frolongs relraciony period in
His-Purkinje, vantricle, and
apcassory pat
Propafenone Slows conduction throughowt, =% Nausea, dizziness. consti
{ Ryt | profongs atrial and veninoular dltersd [aste sensation. May
refractory penod. has weak worsen heart Bailura or
[} adrenergic and caleium- arrhythmas.
aniry ing effects
‘IE";"'::WTEI— [V adrenergic récepto Einus fachycarndic — I-E_a_ﬁr * ad
roprana H I nu (¥ H. . -
{Inderal) aniagonist, L heart rate, aitrial flutber, conduction, branchospasm,
mmamﬂty and automaticity.  atrial fibrillation, hypotansion,
nPaA-'hf conduction time  A-V reentry,
and rafraciormess. ‘Wolti-Parkinson-White
| Esmaiol [ adrenergic receptor. = Less likely 1o cause
{Karione) rmlnnlnganlagumt. Similar bronchospasm than propranolsl
propranclod in action. Otherwise similar.
:E{‘:-_?_i:l I:;” “Heduces pof affiuk Vanifigular fachycardia, with 3 o, Eea & vomilE :
Yiwm Bs assium e - a8 C g, ans mausea v W
{Bratylol) Frofongs refract antd  elecinic delibrillation as last resort Tmsad too fast). Initial
action poteniial in His-Purkinge.  for ventricular fiorllation. riglma o noreginephrine may
and vanincles, eart rata,
| Amiodarone ~ Heduces polassiumefilux, — Effectiveinhibitor of 'vl:unual deposiis (reversibia).
Reduces automaticity ol 54 vantrcular fibnikation, !&y or hyper- 1hrmh:|lsm[ 4
node and eciopic focl, ventncular tachycandia, a E'rru::!ura] photosensitivii
roduces conduction valosity Wolll-Parkingon-White pulmanary fibrasis, hml:l'_fnan:é
and increages relractonness, [raney Severa),
Ibutilide Enhances sodiuminfiux.  Atriaifibrillation ar futter. Life-threatanirsg arfvihmias (may
{Carver) Profongs action potential and requira cardioversion), haart
refractonnoss biock,
Class IV i — -
| Verapamil T Reduces 1? Ca*ventry into  Mulidocal srialteachycardia, S bradycardia, AV B0,
myscarcial cells, 2 BAnode  atrial Hutler hypetansion, Gl ulpaat,
and ectopic foci automaticity, consfipaton. It infused rapidly
Ay conduction and mocreases into patkEnts, may Causs
refraciony peniod of AV node. laft venircular failure.
| Uncifassilied g -
“Moricizing Prifongs refraciony paniod, Pramature vardhoular 0 . oHiE;
{Ethmazime) dacreasss nmﬂlnﬁh AN and Efe-threatening arrhyihmias.  penoral numbness, Fow repors
node and His-Purkinje sysiam of drug-induced anmr:hniu:
Digoxin which Increases Alriaifibriation, atrial flutter,  See Table 4.2A, ¢
[Lanowing automaticity of ectopic paroxysmal alrial tachycardia, int s icaton, arrh'[_'_ nﬂa&
rs. Slows varmiting, haadachs, visual
conduciion velock disturbances.
thrsughout, Cormplex actions
on rafractory parod
Adenosine Decreases conduction Paroxysmal supraventncular " Dyspnea, flushing, chest pain,
[Adenocand) visocity, profongs refraciory  tachyarryihmias. arrhythmias
period and Georeas s
automatioly in A-Y moda.
Sotaiol Beln adrenergic blocker that  Ventricular tachycardia. Artythmias. ==
(Biapace) slows refractory period of
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Prolongs PH. ORS and QT. POV, Gi absorpiion varnies Effects addithe with athar
widiely betwiren pationts, 10% of  drugs which afect heart
IhEr ulallien metabolizes the conduction. Cimatiding
%%Imaa slower than  increases hali-lite of
rmnmnlnu of populntion, ) encalnge,
PO, 10% of the population Propafenone increases
metabolizes ihe plasma levels ﬂ'rprﬂpramhl.
projonging the hald-| digoxin and warfarin,
substanii TI‘I]'-H'E dusers Cimeticing Increases
carefully, propalencne leeis.
~ Slow heart rate, Profong PR POV, 90% protein bound. ~ Possibly fatal A-V node block
and QT Inferval, Matabolized by bver, escrated by whan combined with digiaks.

ECG changes not
dedsctable.

kidney,

1. Metabolized by srythrocyle
Bslerase. anﬂlmﬁ;hmmd
renally, Serum levels unalected
by liver or kidney failure

No smm’rh:ﬁm interactions
il digyonin,

V. Serum levals do not comelate

wi efficacy (binds tighlly in heart),
kidney

Excreted unchanged by

Othar anfiaarhylhmics
suppress acfions of
bratylium, Brefylium
mgreases hypotansive
affects of vasodilators.

Prodong PR, ORS and OT.

POV . Maximal rasponss may
fake weaks, Serum levols
comespond poorly wiakicacy

Increasas serum levels of
digoxin, warfarin, lecainide,

Shonws hear! rate. Prolongs
QT intareal.

IV, Single 10 minube infusion
recEmmended. Hapldly dearsd
from tilood.

Slow heart rate, profong PR POVIV. Good GT absorpion, bul. Increases serum digomn Contramdicated in Wolll-

inferval B iz metabolized in frsi pass evele, Enhances A-V node  Parkinsgn-'White [may
WIwﬂr Half-lfe increases  suppression of digoxin o induce potentislly iatal

riald In cirrhafic paliants, pm anckal - may progress fo amhythmia.)
elabalites ane aclive. blogk.
PRand OFS PO Wall absorbed, exfensive & n ong
Imaw ehightly. metabalized. Plasma loval ey chasbey,
cormelates poarty with affects.

Siows rate, prolongs PR POY, 36 hour hall-fife, excreted See Table 428,

invderval; shorans LT unchanged in unne, 25% profein

irdaeval, diminishos bound.

ampitude of T wave.

Increases heari rale and V. Rapidly {=30 seconds} ne and other

pralongs PR interval deaminated in serum o achve

agent, inpgina.

PO. Reduce dose wilh renal
dystunchian

Increased risk of arthythmias

willh other antarrhythmice,




Lipid-lowering Agents

Lipoproteins are serum transport vishicles for lipids
and trighycerides. There are six classes of lipoproteins,
which differ with respect to lipid and protein content,
transport function and mechanism of lipid delivery.
Theey ane named according bo thedr size and density,
Chylomicrons and chylomicron remnants carry lipids
that are absorbed through the intestine (exogenous
pathway). The other tour lipoproteins form thie
enous transport pathway that delivers cholesterol and
triglycerides secreted by the liver. The four lipopro-
teins of the endogenous pathway are very low density
lipoprotein (VLDL), intermediate density lipoprotein
(DY, low density lipoprotein (LDL) and high density
lipoprotiein (HDL),

Elevated lipoprotein concentration contributes to
the formation of atherosclerotic plagues and in some
cases pancreatitis. Treatment strabegies focus first on
diet and correction of underlying metabolic diseases,
Dits that are low in cholesterol and saturated animal
fats reduce lipoprotein levels. In addition, overweight
pationts should reduce their total caloric intake,
Exercise increases serum concentrations of HDL, which
Is associnted with reduced risk of coronary artery

disease, Secondary hyperlipidemia frequently subsides
upon treatment of the underlying metabolic disease or
cessation of aggravating factors.

Druy, therapy is generally reservied for patients who
fail to respond 1o diet or other measures described
above, Lipid-lowering agents are described in Table
4.8. Strategies for reducing lipid levels include:

1) reducing endogenous cholesterol synthesis, 2)
enhancing cholesterol excretion, 3) inhibiting synthesis
of ipoproteins, 4) enhancing degradation of lipopro-
teins. Drugs that work by different mechanisms are
sametimes combined to achieve a greater reduction in
lipoproteins than possible by monodrug therapy.

All drugs are administered orally. Side effects
include GI distress and rash. Most agents potentiale
oral anticoagulants.

Anticoagulants,
Antithrombotics and Thrombolytics

Anticoagulants inhibik blood coagalation,
antithrombotic agents prevent platelet aggregation,
and thrombolytic agents degrade clots that have
already formed.

Cholestyramine (Oussimn)
Colestipol (Colastkd)

Farms Insolubée complex

Table 4.8 Drugs Used to Treat Lipid Disorders

with bile salts, exonsted in

T H

LDL = 180 mg/di (160 with 2 & Cholesterd, L[l_

figk !attmjtprmldadthm 6 T Trglycerdes, VLDL HDL

{eces. Body compensates manih trad of low lipsd died has
by imcreading LOL tailed
reqeptors and oxidzing
chofesterol to bile acids;
Niacin (Mcobsd) Mot clear. May reduce e + Cholest.. inglye., VLDL.
VLIDOL synthesis and oL, LoL: T
sociotion
Lovastatin {Mevaco Inhibit HMG-Cos = | Cholesters!, LDL, VLOL,
Pravastatin EF‘rm'm: Iy reduciass in liver. This Irﬂl&.
Simvastalin [Zocor) BAZymE l.'-EllﬂlriEH the L)
Fluvastatin [Lescal) rale-limiting 51
Cerevastalin (Baycol cholesterol 2y FIEEIE.
Atorvastatin (Lipdor)
Gemlibrozil {Lup-d Inkubits VLOL ‘E"Fﬂhﬂﬂﬂ- + Cholest . triglye., WLOL.
Clofibrate (Alrormed increases ipoprofein oL
ipase activity. Thus, *nr T LDL
reduces trighrcends HOL
levels
Probucal (Lorelco) increases LOL H-_.-pnr:hnlaahrma L Cholesterol, LOL, HOL
degradation and
cholestern! excration.
Fenolibrale [Tricor) Lirk g Hyparrigly cefidemia | Chotesteral, Triglycerides

T LDL, HOL

Al driags sre administerad oeally. Side effects incluge GI distress and rash. Most agents potentiate oral anticoagulants.
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Blood coagulation ocours as a “cascade” of pro- prevents activation of the coagulation cascade from the
teolytic factors are activated. Each factor is proteolyeed  extrinsic pathway (Table 4.9).

into an active protease, The newly-tormed profease in
tumn profeolvies the next factor into an active protease.
The cascade produces fibrin, which forms an insoluble

Thromboxane and some prostaglandins serve as
mediators of platelet aggregation. Antithrombotic
agents inhibit prostaglandin and thromboxane synthe-

network that entangles blood cells and F‘liﬂl."ll.'l‘-rl-. sis (Table 4.10), .-'llh"rr'l.nl:lw:]y, ]:H'iﬂh'kE,l-‘il‘ld'iTlS thisit
Several clotting factors require vitamin K for activa-  inhifut platelet aggregation may be used to preven|

tion, Inhibition of vitamin K is therefore a pharmaco- thrombosis, Once a thrombus his formed, the ondy

logic strategy for preventing coagulation (Table 4.9). clinically-useful pharmacologic strategy involves

The other clinically useful anticoagulation strategy dograding fibrin with thrombolvtic agents (Table 4111},

invalves inactivating coagulation Factor 111, which

Table 4.9 Anticoagulants

Heparin WMMH]

Mechanism' Actlon:

Indications:

Undesirable Effecis:

Pharmacokinelics:

Drug Interactions

Noles:

Related drugs:

Binds to antithrombén I1l, This complex than  Amlagonize witamin K. Interdars with (he

binds (o and inhdbits activated clotting lactors s'T nthesis of vitamin K-dopendant clatling tactions
{lacior Ka}. Larger amounts inactivate (11, WAL, L¥; X,

thromiin and chotting factors ta prevent

canversion of ilrnogen 1o fibn

Praventing posloperative desp vain Dsep venous thrombosis, ischemic haar disease
thrombosis and pulmonary emolism, igelacied patleniz ), heumatic heart disaase,
Maintaining extracorpores cirqulation during  pulmonary embolsm Litelong use in patients
open hear surgery and renal hemodialysis. with artificial hearl valves.

Achieving immediate anticoagulation.

Bigading, hemorthage, thrombooyicpanis, Bleading, hemarrhage, necresis, Gl upset
hemaiom or necros:s. al njoction sbo

POSebCVTY, Cnly anticoagutant commonly PO, Well absorbed rapedly, 99% plasma prolein
uged parenferally, Dose-dopendent kinefics. bound, haif-Bfe = 37 hrg, melabolized by liver,
Matabalized in bvar (o inactive products

Fisk of bleeding or hemorrhage is ingreased Lok inase and strepiokinass increase risk of
with concommitant adminkstration of aspinn, bieeding, Anticoagulaton effecis are increased

ibupratan, anticeaguiantsAhrombolylics, aspinin, phonylBulazone, axyphenbulazong,
daxiran, phanylbutazone, indemathacin, Hﬁulfr:n nirrraﬁ:ina, sulfinpyrazone,
dapyridamoée, several paniciling and mefronkdazole, iimethoprim-sulfamethoxazole,
cephaiosporing, valproic acid, plicamyoin daxirotiwroxing, anabalic sierids, heparin, and
mathimazole, propyithiouracil, probenecd, many others, Antcoagulation eltects are
mmfnhlnrDMME. & hlosoquing, decreased by drugs which mduce P-450

reasad anticoagudation effect wiih enzymes, rilampin, cholestyramine, high dose
digitalis, tetracyclines, anfihisiamines, vitzmin Coor K,
naC:of i,
Betause of hemorrhage risk, check Prathrombin time 5hould b monitored canedully n
hemaiocnt @nd fest for blood in stool. fients 1aking warlarin, However, scchymoses,
Administer with caution o manstruafing turig, uterine and intestinal blesding. and
women, or patients with subacute bactenal oiher signs ol hemarrhags may occur sven when
andocardiles | sevarg hy polenseon, var priothinssrdin Time B within noomsal ranga.

disease, or blood dyscrasias, Profaming
sulfate inactivales hepann and can be used
as an antaganis! if severe bieeding occurs

Lorew malaoudar weaight haparins [Daltreparin I'Fragnin]. Ardeparin (Mormlio)] and

hepari nl_:llleE noxaparin {Lovenox)] are used for prophyloxis or freatment of deep vanous
thrombasis and pulmonary emboll. Aldeparin and Encxaparin also reduce risk of ischemiain
ursstable anging or non-Chwavs myocardsal infarotion, it o not alter PT or PTT. Increase risk
of spinal/epidural hematoma following lurmbar puncture. Lepirudin (Fetludan) is & recombinant
hérudan (lesech poly peptide) thal is used lor anticoagulation in patkents with Mbeparka-induced
trrombooyiopania.
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Table 4.10 Antithrombotic and Thromb

MECHANISM! ACTIONS mmn

coranany arery vasodilator)
Has few clinical effecis alone

"I".l'ir.iin'lhﬁ-'l.’mf agenis:
Streptokinase

“Activates pl: Erntl:l
Plaﬁmn raanindl

ibrin and fibrinogen uming
degradation products. These
producis alsaact as
anticoagulanis by inhibiing

To lyse thrombd in lschemic, bul
not necrolic, coronary aneries
afterinfarction, Pulmonary
embolism, deap vanous
thrombosis, oocluded A-V
canngla |nd|E|j‘3+5 peatlents, and

UNDESIRABLE EFFECTS
Aniithromballe agents T o S |
hpi’rin T Inhibits cyclooky genase, Agprin: redute nsk of racurrent Gl Olcarafion, Bheedws,
Ibuproten Thus prevenis formation of transient ischemic attacks or hemorhags.
thromboxans A, and atroke. Reduces risk of
prostagianding {whioh induce mrac.nrma infarction In patients
platz=lst aggregation). h unstakle angina or prar
imfarciion. Both used for
anfiinfiammatory and analgesic
purposes.
Ticlopidine Iﬂa'n'ﬂrsltlr biocks platelet FBeduces rigk of strokein Medtropenia, increased
[ Thelsgd binding ta fibrogen. May block  patiemts whao are adversaly bleeding terdancy, rash,
platelet degranulation, attected by aspirin, dizrrhea, navsea
Clopidogrel Blocks platelet aggregalion by Feduction of atherosclerotic Similar 1o aspirin.
{Plavix) inhibiting ADP receptor Bvents.
Cllostazal Inhibits phosphodiesterase  Intermitlent claudication, Headacha, heart palpitations.
{Platai) I, Drialas bowes ax tremity
Bood vessels
Dipyridamole Inhibits phosphodiesterase,  With wartarin, prevents ambol worsen angina. T
{Persanting) increasing cAMP lavels to from artificial valves. With dizzinesa, headacha,
potentiate PG, (platedst aspérin. enhances Mfespan of gynoope, G disfurbances,
aggregation inhikdtor]. plateleis in patients with rash,
T levels of adenosine (a {hresmbotic disease,

Bleeding, brulsing. Rarely
imne ﬂl"al'l'-iﬂhr Imnﬁ :
responses aven though itis a
foraign protein.

rtiilhatlde [Inlagrfllnr
Tiroliban [Aggrasiat)

nCEssary modacule lor
platefat aggregation,

the farmation of fikrin. peripharal artery thrombosis.
‘Urokinase =+ " z
Anisireplase{Eminasa) . - ol : o
‘Tissue plasminogen  Binds Lo fibrin, then activates  To reperfuse coronary areries  Hematoma at catheterization
activator (TFPA) fibrin-bound plasminogsn to that are pocluded, sile
plaamin.
Alllilﬂlﬂ (AT as ) Recombinant forms of tissue  Acute myocardial infarction Bleeding.
Reteplase (Relavasa)l plasminogen activator. {Eoth]. Ischemic siroke,
pulmonary embolism (Allepaza),
Abciximab {FeoPp Inhikst -ﬂ')'l::-tlbﬂil'tﬂ-i;m- B a Acute-coronary s]rnamrre Biaacﬂrq;
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Weil ahsorbed primarily m
u el infesting,

strbutes to CHS. Ma-
labolized in liver, hali-lfe =
15 min.

Increased risk of Beeding with anficoagulants,
Increased risk of Gl ulcarathon with aleahol,
corficosiermds. phanybutarzona,
oxyphenbutazons. Decreases uncosurea
alfacts of probenecid and sulfinpyrazons and
diuretic etfecia of spironolactions, Decragses
absorption of lelracycling, Increases plasma
levels of methotrexate,

PO. Absorption, 98%
ma protiein bownd,
ﬁepaﬂn metabolism

Potentiates aspirin efrfects on plalelets (may be
harmful}. Absorption is impaired by antacids.
Elimination (8 reduced by cimetiding.

Monitor neuirophil and platelsl counts
during tharapy.

P Matabolized to activa
drug.

Incraased bleading risk with olbas anithrombolc
agents.

Considar stopping poior lo surngical or
dantal proceduras.

PO Absorption noreased
by tatly maals.

Pharmacokinatics ang mol
wili astablished.

Levels increased by omeprazole, macrolides
diltéazam.

Gantraindicated in patients with
eongastive hear failure.

in patienis with anjibodees.
againgl strepiokinasa
(resulting from
streptococcal infeclions),
haf-life = 12 min. Inothers,
Fafl-life = B3 min

Enhances nsk of bleeding caused by aspirin,
heparin, or other anticoagulanis,

V. Administered as
infusion owes many howrs,

1%, Hall-life is 50 minutes

Metabolized by Tvar

v

W

leolated from Group C beta-hemolytic
streptococoi " ol

ﬂ.ll'l‘ﬁn::allulltﬂd from cultured human
renal cells, Very expansiva.

Increazed bleeding risk with anti-coaguiants.

Contraindicated in cases ol recanl
hleeding,

Contrammdicalod in casas of racanl
beadina.




Hematopoietic Agents

The agents listed in Table 4.10 differ from all the
other drugs in this chapter. These are not chemicals,
isolated from plants or synthesized in a lab. They are
glycoproteins produced by cultured mammalian cells,
into which the gene for erythropoietin, G-CSF or GM-
L5F has been introduced. Because they are identical or
nearly identical to endogenous hematopoetic agents,
there are relatively few side effects.

These agents are extremely expensive to develop
and produce. The investment has led to excting new

therapeutic interventions, however, which were
Impossible with conventional drug development
techniques. Recombinant DMNA technology is now
being applied to numerous medical problems, particu-
larly those due to paudity of an endogenous substance
(&g, insulin in diabetes mellitus).

The agents listed bebow reduce the need for bBlood
transfusions in patients with chronic anemia, reduce
the incidence of life-threatening infections in patients
with low neutrophil counts, and improve the success of

atologous bone marrow transplantation in cancer
patienis,

‘Table 4.11 Hematopoetic Agents

DRUG

1e.4., Epogen)

infecied

requirad bafore the hematocr e

Liamle and chamothe -induced anemia in cancear patienis,

veg rise, tharalore, this
acule treatment of severs anemia, Epcetin alpha should not be wsed in patiants with uncontrolied
iy pertenson becawsa tha alevation in hemailocnl may exacerbate hypertension.

Epoetin alpha Epoetin alpha i recormbinant hurman erythropoietin. Er{l:hmpu&ﬂn, which in aynthesized in the kidney
in response to hypouia or-anemia, stimulates erythropoiesis, Epootinalpha 15 dicated for anamia in

patients with chronéc renal fadure, becauss these patkents are unable to synthesize erythro

correct the anemia. Adaifional uses includs correcti

into
ng zidovuding (AZT)-induced ansmia in HI'V-
Sevoral woeks of thevapy an
cannod replace transfusions for the

Filgrastim
G-C

Meupogsn) lents treated with myskos

deve

as 8 growth facior for ma

Figrastim s human recombinan granuiocyte colomy stimulating tactor (G-CSF), which induces
5F) synthesis of neutrophils from progenitor calls, 1t ks indicated for replanishment of newtrophils in cancer
uppressive anticancer agents. The goal is to prevent newtropenia, which
5 associaled with lite-threatereng bacterial infections. Inthe past, neutropenia-associated infection
was the dose-limiting toxicity of many chemotherapeutic ageals. Now, figrastim permits the
topment of chemotherapy prodocols that include higher doses of myelosuppressive dnag
will likedy result in higher treatment success, bul will also resull in the deval
were previously rarely seen, because the toxicities are produced anly at hi
fot be used within 24 hours of the administration of anticances drugs because the affect of cytoloxio
agants on ra?:lu:ﬂr dividing myeloid cells is nol clear, The {haoretical concarn that filgrastim might act
ranchas has nal been substanliated chnically. Figrastimis indiceted for the
treatment of severe cyolic neutropenia and severs chronic meutr
undesirable effect |5 medullary bore pain, likely dusto rapid cell proliteration withen the mearmew,

&. This
ment of loxicities that
doses. Filgrastimahoukd

openia. The mosi freguent

Sargramostim Sargramostim I8 hurman recombinant granulocyle-macrophage colony stimulating factor (GM-CSF). It
stimulates [ grfurarau:unnf all lines of biopd calls. It induces maturation of granulocytes and
?&E. 1 not eryihrocytes or megakaryooyles. Sargramestim slzo activates matune
Fra:hulu-:}r g5 and macrophages.. The principle indication & Lo accserals bone mamrow replamehmant
offowing auloclogous bone marmow transplantation. 11 s under investigation for the treatmeant of sevaral
th 3-C5F, the possibibity that GM-CSFmight act as a growth

Opralvekin is a recombinant growth factor that sfimutates plateset production. It is mdicated for
maintaining platelet counts following chematherapy. Clinical irnals show lmiled efficacy. Toxicity

GM-CSF)
Leuking) ITaL rapts
other myelosuppresive disorders, As
factor tor some typos of cancer has nol been niad out
Oprelvekin
{Intacbeukin |1, :
MNeumeaga) includes fluid retention, fachycardia and slher cardiovascular reaciions.
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Respiratory Drugs

Obstructive Lung Disease

Bronchoconstriction, inflammation and loss of lung
elasticity are the three most commaon processes that
result in bronchial obstruction. Therapy for obstructive
lung disease is aimed at preventing or reversing these
processes.

Bronchoconstriction results from the effects of
acetylcholine, histamine, and inflammatory mediators
released within the bronchial walls. The vagus nerve
refeases acetylcholine in response to stimulation of
upper airway mucosa by irmitants. Acetylcholine also
trigeers release of pulmonary secretions which Rirther
reduce air flow by plugging airways, Sympathomimet-
i {ad renergic agonists, cholinergic antagonists),
methylated xanthines and corticosteroids reverse or
reduce bronchoconstriction (Tables 5.1A and 5.1H)

Chronic Inflammation is caused by prolonged
exposure o airway irritants such as pollution and
cigarethe smoke, Bronchiolar inflammation resulis in
marrowed airways, inceeased secretions, epithelial
profiferation, loss of ciliated epithelium and fibrosis.
Corticosteroids inhibit the inflammatory response, but

their use s at the expense of systemic side effects
{Table 5.18).

Loss of lung elasticity results in terminal bronchi-
ole enlargement, changes in lung compliance and the
collapse of airways which are normally tethered open
by surrounding lung tissue. 1t has been suggested that
cigarette smoke stimulates proteases and inhibits
antiproteases. The relative abundance of proteases
degrade normal lung tissue leading to a loss of sup-
portive Tung tHissue, Specific therapy W reverse of
prevent profolvie destruction of lungs 15 not readily

available,

For diagnostic and treatment purposes, obstructive
lung dizease is subclassified ad either reactive alrway
disease or chronic obstructive lung disease (COPD).

Reactive Atrway Disease (RAD, asthma): The
trachea and bronchi of patients with reactive airway
disease are particularfy sensitive to stimulants such as
cigarette smoke, dust, cold air and allergens. Fatients
present with wheezing, coughing and chest lightness.
Decreased oxygenation of the lungs secondary to
tracheobronchial constriction, mucus producton,
inflammation and edema cause these symptoms.



Therapeutic strategies are discussed below, Hospi-
talization, oxygen supplementation, nebulized bron-
chodilator therapy, corticosteroid therapy and occa-
sionally intubation are required for severe episodes.

Chromic Obstructive Pulmonary Disease (COPD):
Patients with chronic bronchitis and /or emphysema

experience chronic dyspnea as a result of airway

abstruction and inflammation, OO patients com-
plain of persistent cough and dyspnea on exertion. Chn
physical examination, use of accessory respiratory
muscles and expiratory wheesing are commonly noted.
Expiratory wheezing is due in part to bronchiolar
collapse which traps air distal to the constricted site.

Treatment Options
The method of treatment depends on the severity of
the episode and the pabient's response to previous
therapy. Therapeutic options include
* Beta-adrenergic agonists bind to [l receptors on
bronchial smooth muscle, causing an increase in the

biochemical messenger, cvclic AMEP (cAMP). In-

creased levels of cAMP cause relaxation of bronchial
muscle cells, resulting in bronchocdilation.
i}-selective agents are preferred to nonselective
f-blockers because they are less likely to cause

tachycardia (mediated by i receptors). These agents

are first ling for prophylaxis and treatment of asthma.

Table 5.1A Drugs Used in Bronohial Disorders

Metaproterenol -

{vasodilaton, tachycardia, CNS
stirmudation (Tabda 2.1}, Inhalation
preparaetions have fewar side
atfecis.

LR}

'iﬁritm ium
[Atrovent)

cough.

.rui...ISEEFI.IEk:_EII!TEI nist
Feverses acetyloholine-
Ingucad Drond hocanstricticn.

Bronchospasm assoclted Wit
GCOPDNin adulis,

Tachycardia, mastabolic and Gl
ahnormalities, GNS stimulation
{Sea Table 2.1).

{e.g.. Aupent)
| Terbutaline L o
{=.0.. Brathaira}
| Isoetharine =
Pirbutaral e .
Iaxair)
ltoltarol = "
[ Tormalake)
Levalbuteral 5 oits
[ Xopanax )
 Salmeterol Long acting fie > b agonist,  Chronic treaiment of asthmaor  Masopharyngitis, headache,
[ Seraeen) bronchospasmin adulls, Mol los
acute exacerbations.
Epinephring Adranergic agonisl Causes Lized emergently for sevare
ie.g., Primatens bronchoditation (le branchoconstiriction/vasodilation
hEst) receptors), vasoconstriction  (anaphylaxis). Less potent than
{oun) and L secretions (o), albuterol for maintainance, but
tore detail in Tabla 2.1 avallaile without prescription.
Isoproterensl gn and fic agonist. See Table  Like epinephrine, bul requires
{&.0.. lsupral) | presaription.

| DRUG .gg'maﬂmmmna_ﬁi INDICATIONS UNDESIRABLE EFFECTS
Bronchodilators - Sympalthomimetics: e —
“Albuteral &FEMHHFQ'H: FECAplor agonist of choice for treatment of ~ Though promoted as a [lo-
(e.g., Ventolin, - causes bronchoditation. acule asthma symptoms andto  “selsctive” agonists, side eflechs
Brevenill) prevent axerion-induced asthma.  paraliel ‘nonspecific™ agonists

Few sysiemic anticholinergic side

effects because i is a guaternery
ammanism compound which
crosens inte systemic sirculation
poary.
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* Corticosteroids decrease peribronchial inflammation.
Inhaled stercids are recommended in conjunction
with beta agonists and cromolyn for asthma prophy-
laxis. Corticosteroid “bursts” (high doses for a few
days) are sometimes used when maintenance therapy
fails to control asthma,

* Cromolyn is a prophylactic agent. 1t inhibits the
release of mediators from inflammatory cells, such as
st cells, It s used exchesivily incasthoma,

» Methylxanthines increase cAMP and inhibit ad-
enosine-induced bronchoconstriction. Cral theophyl-
ling is used for outpatient management of asthma less

aminophylline, the water-soluble salt of theophyl-
line, produces therapeutic serum levels faster than
oral theophylline. Aminophyline is therefore used in

acue II'I.EIHEEI'I'I.E'I"II.

» Cholinergic Antagonists reduce bronchoconstriciion
and secretions caused by parasympathetic transmis-
sion. |pratroprium bromide is preferred for the
treatment of non-asthmatic COPD in adults and is s
secomdary drug in the treatment of asthma,

Muost of these agents are administered by inhala-
tion, Consider improper administration of
bronchodilators as an explanation for therapeutic

frequently than in the past. An intravenous bolus of  failure.
PHARMACOKINETICS CONTRAINDICATIONS ‘DAUG INTERACTIONS  NOTES
nh: Ons = 15m, Bur 3-4h MAL infibltgrs, iricychc “Bronchodifation severely

P0: Ons = 30, Dur 4-85, antidepressants and olhar reduced Inhypoxic and
Time of anzaf and duration S].'m:mhnnmm:s aribance  SCidolic patlents,
Fra mest anf poinis of ﬂ'pEl.H'H:In'm‘l‘HIB: affects; Physician shoudd be
i fimcHion between these may Induce foxicit j‘!— cansulted if increased
orugs, bockers inhibit |.,. frequaency required for
syrptarratic refial,
Inh; Ons «<5m, Cur 3-4h wH W
PO Ons 15-20my, Dur h
'BC! Onz 5-15m, Dur 2-dh o High first pass
Py and Inh like albaternsl, metabollsm.
Ink: Oins < 5m, Dur 1-3h, i LTy
ink; Ons < 5m, Dur 4-6k, e
Inh: Oris < 5m, Dur 5-Bh, o o
inh: Ons 20m, Dur 13h
Twice a day dosing,
SC/Inhalation, SCworks Hypertension, hyperthyroidism, "
immadiately. Short acting carabrovascular insulliciency.
regardless of route of narrow angle glawcoma,
adrinisiration,

"~ Innalaton/1Visublingusal, Tachycardia. (T3 "iﬂ'i'lr:Emwul may inguce |
re
bronchoconstriction.

Inhalation. ~ Narrow angle glaucoma, prostatic  Additive effect with
hypertrophy. adrenergic agonisis.

Apmhmyiations- Inh - inhalation, SC = suboutansoes, O = onsel, Dur = teation. m = renules, i = Fous

ar



"!;MEWM' WE@M _UNDESIRABLE EFFECTS

'Emnn.im dilators - Methylxanihines

Theophylline The mechanizm by which Used for maintainance iherapy In~ Nausea, vomiting, headachs,
(8.9, -Diur} miathyxanthines dilate moderate fo aevere asthma. Slow  insommia, uchyt,aru:ﬂa dizziness,
bronchioles is unknown, Al onsat Imits effectivenass in neuramuscular writabaity,

toxic doses, these agenis acute situations. Theophylingia selzures. Side effecis are dose

inhibit phosphodiestarase, the  being replaced by ipratroprum related (T7 risk when serum

enzyma which breaks down bromide and/or sympathomimatic  concentration =20 jug/mi], Senum
(the second mossengsd  agents Tor non-asthmatic COPD,  fevels can be easily monitored

that mediates adrensrgic-

imnduced bronchodilation].

Methy leanthines block

adenosing receptors which

may account for ChE and

cardiac stimufation.

Mathylzanthines also induce

dliuirersis by an unknoman
ism
Aminophylline  °° IV loading dose for severe, acute.  *~
bronchoconstrction.
[ TheaphylEne cannot be
administerad V. )
Dy phylline e Less potent than theophylline, Less palpitations, nervousness
15?5{, ilor] and dizzmess {han theophylkng,
.&l.:r-:_m:mrﬂmn._ ST e =4
Systamic Decreasa inflammation and Astfima which can not be Sodiumwater retention and
{Listed In Table edema in respiratory iract. comtrolled by sympathomimetics subsequent cardiovascular
102 Enhance activity o {bronchodilators) alone. problems, weakness,
sympathormmaiics |n hypoxic Osle0porosis, peptic uksars:
and acidotic states.
‘Beclomethasone " o Ua'uallw do not induce systemic
(6.3, Baclovent) towicity, Actions primarily in
lumge. Increases risk ol oral
Camdida slbicans infaction
(thrush),
 Flunisolide " -
[Aerabi .
Triamcinolone ol bl o
{dzmacaort)
Dexamethasone “° e
{Dacadon)
nflammatory Eﬂ].lﬁm.h.{ﬂ.r . .
malymn Prevents 1hE ralease of Proptyiaxis of asthma altacks,  Minimal side effects such as
{Imtal) inflammatary mediators {e.g., Mot useful against an ongoing throat imidation.
higtamirse) from mast cells, aftack.
macrophages, neufrophils and
epsinophils.
Hedocromil e AT e
[Tilade)
:l_uﬁknumnn_ﬂﬂmntuﬂumnﬂnhm st e st Farrr— e
Zafirlukasi Caompetitive antagonist of Prophylaxis and choonic asthma Headache, Gl distress. _
Accolata) leukatmens Dd and E4 treatment, Increased respiratary infection in
ontelukast recapiars. Inhibts broncho- oldder paflenis.
(Singulairy constnction and inflammatian
Zileuton Inhibits 5-lipaxy r&épanaﬁa an > Headache, Gl symploms. Liver
(Zyfio) B TN gl Bz yime elevation.
leukotriang synthasss.
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theophylling, thus . hatf-life,
yoration results from

- PHARMACOKINETICS CONTRAINDICATIONS m-ﬂﬂﬂﬂmﬁ NOTES A |
FO/PH. Well absorbed, Patients with selzure disorder, ‘Sympaifiomimetics T nsk of  Wam patients: doubng a
Wear melabalism, kidney cardgvascula disordes of peplic  heart and CHES toxicity. dose, evenif onels
excretion. Dozens of ulcer disease. Cimuaticeng, oral missed, Is very .
standard and Innq-Eu::'rlng cofitraceptives and several  dangerous. Infoxication
preparations availabis anfibiotics T hali-life of may cause Selzures.
theophylling - this ? foxicitly, Treatf averdose with
Phanobarbital and phenyioin  pecac, activaled .
induce matabolism of charcoal, and a catharlic

Pa50,

attachs.

Phencharbitol decreases
Maontelukast.

T diuresis with concurrent
use of turosemida,
IWPQIPR. Increased e o o Aminophylline Is the water
solubility allows 1V soluble salf of
atdminiztration theophyline. Itis 78%
theophylina.
POV IM. Rapid urinary iy wr
excrétion of unchanged
ﬂrug. Haali-Iif i prolonged by
P necid (Fg, 7.1.3)
POHTVIIM, Steroids are adjunct
5 and should be
discanbinued &% Soon as
possible.
Inhalation. id Treatment of status asthmaticus Inkualaticn nis musi
Iractivation in lungs, (drug does not adeguaglely relieve not be substauted tor
symploms|, patkents w' sysiemic systamic siaroids without
fungal infections, firat tapering systemic
Sleralds,
Pﬂ L] = =S B
inhalation. Slow onset of May aliow patient fo
action. Efective Ui el enance dose
prophyiacks may requirg of bronchodilalors o
saveral wiiks ol thesapy . corticosteroids
Pi3 Well sbsorbed. Peak Molindicated for reversal of The Ilirse, @evih cin  Efficacy simifar 1o
lrvds In 3 houes, Inhiblss bronchospasmin acute asthma reduce Jafbukast levals. cromalyn,

Incrisases sarum
thaophyling lovel.




Surfactant
[Exosurf, Survanta)

JESLHIFTION

Infant resperatory distress syndrome (IRDS) is caused, in part, by surfactant deficlency, Surfactant
decreases surface tengion in the lungs, permitting alveol to open more readsly, Exoswer! and
Survanta are surfactant raplacamolbmdu:ls ministerad endotracheally to reduce the incidence
and sevarity of IRDS. Survanta is isolated from bovine lung and supplemented to resemble natural
surfactant. Exosurf s a synthatic surfactant analog. Towicity includes desaturation and bradycardia
during administration and risk of pulmonary hemarrhage.

Daornase Alia
}GH-“J
Pulmez yme)

Fecombinant human DMase cleaves DMNA strands. |1 is administered by inhatstion to patients with
cystic fibrogis to decrease the viscosity of bronchial secretions, Thaviscosity s due 1o slrands of
DA from lysed inflammatory cedls. & treatment reduces the frequency of respiratory infectons,
presumably by reducing barriers to bronckial clearance.

{e.0.. Mucomyst)

Alphaq-
Proteinase
Inhibitor
{Prolasting

 Palivizumab
(Synages)

Intranasal Stovoas
Beclomethasaone
gug.. Becanase)
udesonide
Rhinocort)
lunisallide
Masalids)
rlameinalons
Masacor)
luticesone
Flongse)
ometasona
(Masonex)

-H'Anei_rlnyltu}nu

Mucalytic agent reduces viscosity of mucous I::].r;::l.aa.'l.rlnq orofein ::mm-lé: EE-. L.Eai:;l.ln patlenis with
chronic bronchopulmonary diseasa

Patiants with alphal antitrypsin deficiency devedop pan acinar emphysema dua to degradation of
elastin by neutrophil-produced slastase. Alphay-Proteinase inhibitor is purified from pooled human
plasma and is adminlstered infravenowsly each week. The primary toxiciy |s fever

A humanized manoclonal antibody targeted against respiratory syncytiai virus (RSV). It provides
passive immunity for high risk inlantﬁrﬁra urity, bronchaop nary dysplasia) when given as
nmﬂhlumlnp:tlnns during winter and aarfy spang months whan RSV inlections are prevalant in the
COMmmuUnity.

Irhitsit Inflammatory cells in nasal mucosa. Reduce symptoms of rhinftis. May increase risk of thrush
{oropharyngial candida) and prevent healing of damaged rasal mucesa

Antihistamines

Prasented in Table 9.7
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Gastrointestinal Agents

Drugs for Stomach Disorders

Helicobacter pylori is a bacterium that causes most
cases of gastritis and duodenal ulcer disease. H, pylori
ulcers are in some cases precancerous. Prior to the
identification of H. pylorf as a causitive agent, peptic
ulcers were treated with agents that reduced or netral-
iz pastric acid

Current practice utilizes at least two antibiotics with
an antisecretory agent and /or bismuth. Although H.
pulord is readily suppressed by a single antibiotic,
monotherapy is suboptimial because it fails to eradicate
the organism and leads to selection of resistant organ-
isms. Antibiotics typically used for H. pyieri disease
include amoxacillin, clarthromycin, metronidazole or
tetracycline. These are reviewed in Chapter 7.

Antisecretory agents include proton pump inhibi-
tors (e.g., omiprazole) and H2 histamine receptor
antagonists {e.g., ranitidine) which are described in
Table .1. These agents reduce gastric acid production
and promote mucosal healing, Bismuth reduces
bacterial adherence bo mucosal cells and damages
bacterial cell walls: 1t is also the active ingredient in
Pepio-Bismol, an anti-diarrheal agent.

Gastroesophageal Reflux Disease (GERD} and
Dysmotility Reflux esophagitis is an inflammation of
esophageal mucosa caused by reflux of acidic stomach
contents into the esophagus, The underlving defect is
usually an incompetent lower ssophageal sphincter.
The disease is exacerbated by obesity and smoking
{nicotine relaxes the lower esophageal sphincter).
MNonmedical treatment includes elevation of the head
of the bed, avoidance of eating before sleep, loose
fitting clothing and surgieal procedures that restore the
competency of the lower esophageal sphincter,

H, histamine-receptor antagonists are effective for
short-term treatment of GERD (Table 6.1). Similarly,
dpenits that increase the rate of gastnc empitying.
inhibit the proton pump of gastric parietal cells, form a
protective coat in the stomach or augment endogenous
prostaglanding to promote bicarbonate and mucin
release are are used for GERD, dysmotility; or stomach
mucosa protection {Table 6.1).

Antacid salts, available over the counter (e.g.,
TUMS), provide transient symptomatic refief of gastric
acid irritation. Drogs which alter stomach or duodenal
pH frequently alter absorption of other oral drugs.
Review potential drug interactions before prescribing.
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DRUG
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Antidiarrheals

Dharrhea is usually caused by infection, toxins or
drugs, Antidiarrheal agents are described in Table 6.2
Several of these drugs are sold over-the-counter and are
used more frequently than medically indicated,

Viral or bacterial-induced diarrhea is usually
transient and requires primarily a clear liquid diet and
increased fluid intake, Antimicrobial therapy may be
indicated by the presence of specific pathogens in the
stonl or fecel leukocytes. Intravenous fluids may be
requined if dehydration ooours.

Parasitic infections are treated with agents described
in Table 7.14. Antidiarrheal agents that decrease

intestinal motility are contraindicated in parasitic
nfections and some bacterial infecions (e.g., shigello-
sis) because they suppress expulsion of the organisms.

Drug or toxin-induced diarrhea is best treated by
discontinuing the causative agent when possible,

Chronic diarrhea may be due to laxative abuse,
lactose inbolerance, inflammatory bowel dizease,
malabsorption syndromes, endocrine disorders,
irritable bowel syndrome and other disorders. Treat-
ment with norspecific antidiarrheal agents such as
those listed in Table 6.2 may mask an underiying
disorder. Treatment of chronic diarrhea should be
aimed al correcting the cause of dinrrhea in addition 10
than alleviating the symptoms.

DRUG

muscarinic receptora. Both
actions inhibit paristalsia,

Diphenoxylate Oephenoxyiste = an agonist a1 Lwarrhea
and Atroping opiate recegtors in Gl trag
(Lomatif) and alroping blocks

Few, minor aide effecis Inciude
consiipation, abdarmingl and
bt distantion, nauses

_l-..ﬁFﬂ ramide o b
{irmodium)
Adsorbents; i ——
Bismuth Adzorbs foxing produced by . Diarrhea, Prophylaxis for Impactan,
Subsalicylate bactoria and other Glirtants.  traveler's diarrhea. Large dose
{Pepto-Bsmol) r:l:plrmnla limit wtility for kong
frips.
Kaolin/Pactin Adsorbant and protectant of  Diarrhea. May T K- loss or interfare with
[Kacpectatal questicnabls efficacy . absorption of drugs and nuirients,
Cholestyramine  Absorbs bile salts (which Diarrhea caused by C. dificieor  Constipation,
[CQuastran} causa diarrfeaa) and bile acids.
£ oifficie toxin.
Others: - —
Anticholinergics Muscaninic agonisis. Inhibit  Diarrhea due 1o peptic ulcer Decrease memory and
(5| secretions and peristalsis.  diseass or irmiable bowsl concentration, dry mowth, urinary
sy ndrome. redention, tachycardia
Cortleoasteroids  Antiinflammataory ageni, Ulcerative coftis, Grohn's Siad Table 10.6.
disease, other inflammatory
bowsl diseases.
Antiblotics Ses Antibacterial Agens, Chapter 7 - E
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Parasitic or bacteral PO Traat overdose with
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diseasa.
‘See Table 10.6, PR. Admenisterad as retentkon Corticosteroids discussed
angma. in Tables 10.6.




Drugs Used to Treat Constipation

A varlety of factors including low-fiber diets, drugs
(e..; anticholinergics, antacids or narcotics), prolonged
immobilization and abdominal surgery cause constipa-
tHon.

Constipation in most nonhospitalized patients can
ber resolved by increasing the fiber content of their diet
or by supplementing the diet with bulk-forming

agents,

Rectal administration of laxatives is preferred o
aral if there is a question of intestinal obstruction.
Agents which stimulate peristalsis should be avolded
when obstruction is possible.

Laxative abuse is the most commaon complication of
laxative therapy. Chronic use of laxatives may lead to
dependemee on such agents for normal bowel move-
ments. Senna, in particular, is dangerous when used
chronically because it may damage nerves, resulting in
intestinal atony.

uﬂ.’ Furminn Ajﬂm‘a

Paylilum esied plant cell wall
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increases modilily

Oihers TP T B R

Saline solutlons Ng'*orNatsalis arepoorly  Precipitation or exacerbationof PO, Watery excration of bowed

{&.9., Milk of absorbed and thus drawwaler  cardiac, renal, convulsive corents in 1-3 hours.

Magnesia) infa the wmen, High dese nds  disorders or hypocalcomea,
bowe| ol parasites and
ergpties precperativedy,

G_Ii_ur:_urln Hyperosmalarily draws waler PR, Evacuates colon within 15
Inte colon, minases.

Lactulose B . Hatulance, nausea. PO. Matabolized in intesting to

voimEting.

Mineral oil Lubricates feces and pravenis
ahsurm\w:nul waier fram
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(e.g., and fat into teces
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Agpiration pneumoniiis may
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Anti-Infective Agents

Co-authored by Kevin A. Cassady, M.D. and Helen Yun, Pharm. D., M.B.A.

An ongoing war rages between the medical commu-
nify and bacteria, Physicians stilize the Iatest antibac-
terial weaponry, while bacteria have only personal
protective gear and some basic strategies for imtercept-
ing weapons, MNovertheless, because of their sheer
numbeer, ability to adapt, and unembarassed penchant
for reproducing, bacteria often have the upper hand.

Effective antimicrobial therapy exploits the differ-
ences bebween microbial and cukaryotic cells. Crgan-
isms that differ significantly from human cells are
casier o selectively kill than those which have hew
unigue propertics.

When learning the anti-infective agents, it ks useful
to group antimicrobialks based on their mechanism of
action and their structure. The mechanism can provide
clues regarding a drug’s spectrum and potential side
effects. For example, gentamicin, an aminoglycoside,
gains access to bacteria by an oxygen-dependent pump
and then binds to a ribosomal protein unique to
bacteria. Based on this one can predict the antibiotic
will fail to enter anaerobic bacteria. In addition, one
can see that by blocking the energy dependent trans-
port system or changing the ribosomal protein binding
site, the bacteria develops resistance to the drug,
Finally, when taught that renal tubule cells actively
endocytose the drog during excretion, one can predict

that gentamicin might be nephrotoxic.

In addition to the mechanizm of action, key issues
to consider when learning about antibiotics are;

* Chemistry: Subtle differences in chemical structure
cin alter spectrum of activity, distribution in the
body, toxicity and likelihood of resistance.

& Spectrum of activity: 11 s wseful to generalize "Drug
A is generally effectivie against Gram-positives,” but
important exceptions must also be leamned “.. but it
misses Ertfrrococcns.”

* Mechanisms of microbial resistance o antibiotics and

ways o circumvent resistance.

Toxicity: Learn the most common side effects as well

as the uncommaon but severe. Uncommon, mild

toxicities can be looked up in the future,

= Administration: Oral vs. parenteral, one vs, three
dosed daily. These parameters affect pabent compli-
ance, frequency of hospitalization and cost,

* Distribution: Drugs must reach microbes o be
effective. Know which drugs penetrate the blood
brain barrier, oint capsules, the eyve, and abacess
walls. Know which drugs fail to loave the gastro-
intestinal system and those that concentrate in the
urinary tract,

Following an introduction to therapeutic strategies
and commonly encountered microbes, this chapter
discusses antibacterial, antiviral, antifungal, and
antiprotozoal drugs.
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Basic Strategies of Antimicrobial

Flgure 71 Selective foxicity of anbibiotics. Bachersal colls
afiffirr from morimal Kt celly i Bhal they lurpe cell nalis,
structisrally-different ribosoraes, ond uniqiee metatalic pathuags
Antibiatios are designed to explinit these differences so that bacteria,
Irask v Jeaereamer pelis, e danmrged,

Don't harm innocent bystanders: The primary goal
of antimicrobial therapy is to kill bacteria without
harming Hssues of the host (Fig, 7.1). Antibiobics
exploit the umique features of microbes (cell walls,
different ribosomal structures, unigue enzymes) absent
in eukarvotic cells, Drugs like penicillins have few side
effects because they attack bacterial structures that are
absent in human cells. These agents have high selec-
tive toxicity (i.e, good therapeutic index). In contrast,
drugs like amphotericin, which attack less unique
features in fumngi, are toxic to human cells at therapeutic
doses (poor selective toxicity ),

Follow empiric therapy with focal therapy: The
identity and drug-sensitivity of the infecting organism
must be determined as rapidly as possible so that
rational therapy can be mitiated. If the identity of the
pathogen is unknown, empiric therapy (best guess) is
initiated. The site of infection and Gram stain proper-
tiee of the organism provide clues to its identity. Rapid
identification tests (e.g., latex agglutination) may
further confirm the identity. Local suscoptibility
reports provide Information on the susceptibility of
pathogens to antibiotics and allow a rational start to
antibintic therapy.

Cultures are the gold standard for identification of
microbes. Unfortunately, several days may be required
for growth and identification of the organism. False
positive cullures occur when culture materials become
contaminated and when organisms are colonizing (but
not infecting} the host. False negative cultures occur
because of poor sampling technique, prior antibiotic
therapy, and imappropriate culture media or tech-
s,
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Empiric therapy should be changed to narmow-
spectrum, effective ageni{s) when culbure and sensitiv-
ity results are available.

Sensitivity Determination: The sensttivity of
bacteria to various antibiotics is determined by grow-
ing cultures in the presence of the antibiotics of inter-
est. The minimal inhibitory concentration (MIC) is
the concentration of antibiotic which prevents growth
of the culbure, The minimal bactericidal concentration
(MBC) is the concentration that kills 99.9% of the
incculum, The serum bactericidal titer Is the dilution
of patient's serum (which contains antibiotic malecules
that haven't been distributed to other sites, bound o

g - - plasma proteins, metabolized, or excreted) that is

capable of killing the pathogen. This provides informa-
tion on whether the concentration of antibiotics in a
given patient is high enough to be effective in body
spaces (e, joints, meninges) characterized by poor
antibiotic permeability.

Keep your empiric therapy arsenal small: Antibi-
otic therapy often begins before the infectious agent is
identified. Each practiioner should thoroughly
understand a small number of antibiotics that are
frequently used for empiric therapy. The history,
infection location and rapid identification tests de-
scribed above provide clues to the identity of the
microbe. The following statements summarize key
points about drugs that are frequently used for empiric
therapy, I the presumed organisms are:

* Gram-positives: Nafcillin {IV) and dicloxacillin (PC)
provide excellent coverage of most Gram-positives
and are not destroyved by penicillinases. First genera-
tion cephalosporins (e.g., cephalexin, cefaroling are
effective against most skin and skin structure infec-
Hemns.

* Gram-negatives: Thind generabion cephalosporins
are effective against many Gram-negatives and are
not destroyed by cephalosporinases. They penetrate
the brain well. Cephalosporins and penicillins may
enhance the activity of aminoglycosides against
Gram-negatives, The combination of “Amp & Gent”
{ampicillin and gentamicin) provides very good
coverage of both Gram-positives and Gram-nega-
tives. Trimethoprim-sulfamethoxazole (Bactrim /
Septra) is active against most urinary tract infections,
Amaoxicillin is frequently ased for ofitis media and
other bacterial upper respiratory infections.

* Parudemonas: Ticarcillin or ceftazidime cover most
Gram-negatives, including Peeudomenis, but fail o
treat some Gram-positives. Imipenem and
merppenem have good activily against Psreilomonas,



* Anacrobes: Metronidazole or clindamycin cover
most anaerobic bacteria. Mouth anaerobes are
adequately covered by penicillin,

* Mycoplasma: The macrolides (erythromycin,
clarithromycin, azithromycin) treat presumed
Mycoplasma preumonia, along with most other
organisms that cause community-acquired

PREamonia,

* Systemic fungi: Amphotericin is the drug of choice
Tor presumed fungemia. Systemic fungal infections
occur most frequently in patients that have been on
broad spectrum antibiotics that have destroyed their
endogenous bacteria, allowing hungal overgrowth.

Figure 7.2 Llinder-Hho eight circumistances, i may be necessary
fo inrhimle Nvapy arbh seoernd anfiivotle agente

Sometimes you need more than one antibiotic (Fig,
7.2 Quite often it Is advantageous 1o use multiple
drugs to treat an infection. Examples include:

* Uinknown microbe: If you haven't identified the
Gram stain properties of an infectious agent, it is
sometimes necessary Lo treat with antibiotics that
cover a broad spectrum of microbes. Often a drug
that covers most gram positive organisms and a drug
that covers gram negative bacteria are combined. An
agent that covers anacrobes or Psetudnmonas may also
be desirable. Single drug therapy can then be insti-
tuted whien the organism is identified.

* To prevent resistance: It is more difficult for bacteria
to develop resistance to two drugs with different
mechanisms than o develop resistance o a single
agent.

* To achieve synergy: The actions of some drugs make
other drugs more effective. The classic example is the
combination of penicillins or cephalosporins with

aminoglyoosides, Aminoglycosides work intracelha-
larty, but may have difficulty entering the cell.
Penicillins and cephalosporins prevent repair of
holes in the bacterial cell wall, making it easier tor
aminoglycosides to enter.

Figure 7.3 Riecteriostabic drigs require an ivtact immmne
system to eradicate an infection.

Know which drugs kill and which drugs maim
(Fig. 7.3): Bactericidal antibiotics kill bacteria (cidal).
Bacteriostatic agents only inhibit bacterial prolifera-
tion while the host's immune system does the killing,
Bactericidal agents are necessary for infections in
patients with defective immune systems (cancer, AIDS,
dialstes) and for overwhelming infections. Patients
MUST take their full course of medication. Patient
compliance is often poor because it appears that thiir
infection has subsided when in fact it is only sup-
presased.

Gel the drug to the site of infection: The brain,
foints, testes, and eve are “protected” sites in the body.,
Few drugs penetrate the barriers that surmound these
sites. When treating infections at these sites, one must
choose agents that pengtrate the barriers and that are
active against the infecting organism. Similarly,
abscess walls form an effective barrier to antibiotics,
Abscesses must be incised and drained.



The Enemies: Gram Positive Cocci

Background: Before the advent of penidllin, Gram-
positive coccl were responsible for most known infec-
tions. Inibially susceptible to basic penicilling, Gram-
positive bacteria have developed resistance to basic
penicillins and some strains may be resistant to special-
ized penicillins,

Appearance: Blue & round by microscopy. A
peptidoglycan (polypeptide + sagar) cell wall sur-
rounds the bacteria, The impermeability of this wall
{compared to Gram-negative bacteria) is responsible for
the retention of blue dye during Gram staining. Pend-
cilling, cephalosporing, bacitracin, vancomycin and
cvclosering inhibit the synthesis of the peptidoglycan
wall.

Commuon Sites of Invasion: Staph aurens & Staph
epidermiidis inhabit most people’s skin and are likefy to
infect wounds, surgical sites and indwelling catheters
(may cause infiective endocarditiz). Skeep prienmonioe
15 often the cause of community-acquired pneumonia
and aduli bacterial meningitis. “5Strep throat” is an
infection caused by Group A beta-hemolytic Strepito-
coccus. If untreated, it may elicit an immunologic
reaction in the heart; joints and other Bssues, known as
rheumitic fever.

Fignre T4 Staph, and Sirep. are profectal by o cresslinked
ilyeoprolein wall, Perifclllin, coplalosporing, imipessin,
azbroridre mid pancoryeii pressel cotstractuet and sepay of e
wvall,

The Enemies: Anaerobes

Fiyure 7.5 Anaerobic bicleria produce foul-smelling
firfectionrs thal are bypically encased fn o abscess wall,
Mutrariidazale, chlonibepieniiol and clivdamgein g wsed o vt
itstearrodic ffections, ool ire Fpically covprsed of wrised Grawr-
posctroe drd Ghimr-negiiim orgarisms.
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Background: Common anaerobes include Beclers-
des fragiis, Clostridinm difficite and Fusobacterium. C.
botulinum and C. befani produce toxins responsible for
botulism and tetanus, respectively. Metronidazole,
chloramphenicol or clindamycin are effective against
anaerobic infections.

Appearance: Mixed Gram-positives and Gram-
negatives compose most anaerobic infections. Infec-
Hons are frequently encased in an aboess wall. Anaer-
obes produce foul-smelling gas.

Common 5Sites of Invasion: Anacrobes colonize the
mouth, gastrointestinal tract and skin of all persons.
Infections develop when anacrobes penetrate poorly
ooygennted tissues (e.g.,. the diabetic foot) or Hssues
that are normally sterile (e.g., peritoneum}. When
broad spectrum antibiotics diminish normal bowel
flora, C. difficile proliferates and releases a loxin that
causes pseudomembranous colitis,



The Enemies:
Gram-negative Pathogens

Figrre Tob Grasm segattve backeria. The glycoprodein woll of
Cirverd dtegurbions pesepniies Hurk of Gran posifioes, o eddition,
Ceramm: mogatiows wear o probrctéoe owter coat which @ impermeable
to pericillin, Ampicillin ond amoxicillin koweoer, con penelnne
trut aneder ool amel destroy e cell wall, Gramr-megebives onese
serimg T, s, Roalder infrehios, shitis medis aod sinus
drferiions,

Background: Common Gram-negative pathogens
can be divided into four groups: 1) Enterics, consisting
of those organisma that normally inhabit the Gl iract
(Escherichin, Shigelln, Safmomelia, Kiebsiella, Enterobacter,
Serratia, Proteus, and others), 2) Hoemopfulus influenze,

3) Metszeria pnel 4) Psenwdomonss, Although rarely a
cause of hospital acquired (nosocomial) infections prior
to the advent of antibiotics, the enterics are now
responsible for most nosocomial infectons, Strains
resistant to many antibiotics have developed.

Appearance: Enterics and Harmopirifus influsnzer are
red and elongated by microscopy (Fig. 7.6).  The
plasma membrane of Gram-negative bacheria is pro-
tected by an adjacent rigid peptidoglycan wall (site of
action for penicillins, cephalosporing, etc.) which is
encased by an ouber membrane, Penicilling must cross
the outer membrane in order to act at the inner cell
wall. The outer membrane is made of lipopolysacchar-
ides interrupted by transmembrane protein pores
(which prohibit entry of most penicillins and cephalos-
porins). Broad spectrum penicillins and third genera-
tion cephalosporing are more hydrophilic than
previous drugs, allowing passage through the selective
pores. Even so, some Gram-negative strains are

resistant to penicilling because they produce B-
lactamases {penictllin-destroving enrymes) that are
concentrated in the space between the outer membrane
and the cell wall. Netsseria are paired red spheres,
Peeudomonis also has an extracellular polysaccharide
slime layer and unipolar flagella.

Figure 7.7 Mrisreria previngitides and N, gomarrhed o tae
anfy grrm pegatives tu are sisceplibde Jo pericillin G and sbher
marron specirins peenicilling,  Ceftrinmne s mme seploced
pemicillin as B drug of choice for N, posorrder dise te B
editer ey of pevidcdiiv-renfadail straties.

Common sites of invasion: The enlerics are
reaponsible lor many urinary tract infections and
aspiration pneumonia due to the procamity of the
gastrointestinal tract (their home) to the urethra and
the lungs. Neisseria gonorrhica ks responsible for
sexually transmitted gonorrhea. N. memingitidis and
H. influenzar both cause meningitis. H. influenzae
maore commonly causes pneamonia, particularly in the
clderly. Psewdomonas aerugingsa is sometimes
responsible for hospital acquired infections. Pseudo-
manal infections can occur at any site, particularly in
immunocompromised patients. [f adequate moisture
is available, Mseudomones may colonize any surface in
the hospital {(including workers) and 5 resistant to
many disinfectants

Figure 7.8 Sleiln Psewidramoras shoms off her slime omnl amid
fliegetlu, eileich distinguish fer from S other gram iepulives. She
calrl firfect miry zibe in Hve body dnd is relotively resishant ko smos)
aptiibacterinl agents,  Tobrantycin or coffazidie are preferred
agend for treattmy Perudimmonal nifectiona.

101



Bactericidal Cell Wall inhibitors

The agents described in Table 7.1 kill bacteria by
preventing synthesis or repair of the cell wall, The cell
wall protects bacteria, which are hyperosmolar, and
prevents them from absorbing water and exploding,

The mechanism of cell wall synthesis is demon-
strated in Figure 7.9. In brivf, peptidoglycan chains
synthesized in the cytoplasm of bacteria are transferred
across the plasma membrane and linked (o other
peptidoglycan chains. The result is a “chain-link™ wall
that surrounds the bacteria,

Because human cells lack cell walls, they are genier-
ally unaffected by inhibitors of cell wall synthesis. This
explains why penicillins and cephalosporins have few
side effects.

Bactericidal Cell Wall Inhibitors
« Penicillins (f-lactam drugs)

Pemiciliin was first isolated from the Penicilliem
mald in 19449, 1t was effective against a variety of
bacteria including most Gram-positive organisms.
Excessive use of peniciltin led to the development of
bacterial resistance (penicillinase production), render-
ing the drug useless against many strains of backeria,

Mevertheless, it remains an inexpensive and well
tolerated drug of choice for several infections,

The pharmacokinetics, spectrum of activity and
clinical uses of penicillins are presented in Table 7.2

Chemistry: Penicillins, cephalosporins,
monolactams [aztreonam] and carbapenems
{imipenem) all have a beta-lactam ring in the center.
Some of these are inactived if the ring i= cleaved by -
lactamases (Fig. 7.10, 7.11).  Others {e.g., aztreonam,
imipenem) are resistant to f-lactamases.

Early penicillin was acid labile and could not be
administered orally. It was ineffective against many
Gram-negative bacteria and was destroyed by fi-
Inctamases. Each of these limitations has been over-
come in newer pendcilling due to alterations of the
chemical structure or the development of adjunct
agents such as probenicid and clavulanic acid. These
advances are disgrammed in figures 710, 7.11, and
1L

Clavulanic acid and probenicid potentiate the
actions of penicillins and cephalosporins. Clavulanic
acid potentiates penicillins by binding to and inhibiting,
P-lactamase (Figure 7.11). Augmentin® is the frade
namie for amosicillin and clavulanic acd, and
Timentin® is the trade name for ticarcillin and
clivulanic acid. Probenicid acts by competing with

Table 7.1 Bactericidal Drugs that Work at the Cell Wall
_EHHE-“ : 1 . USE . i
Penicillins gnd  Inhibits crosskinking of cell See Tables 7.2 and 7.3 Hypersansitivity. Rare nerve,
Cephalosporing  wall componenis. tvar or kidney loxiciy.
Vancomycin Pravents transter of celiwal  DOGC!: Panicillin or methicillin- Thrombophlabais, ototoxicity,
precurser from plasma resisiant Staph and Strep naphrotoxicity, * Rag Man
mermbranda (o cell wall, infections. Bacteriostatic against  Syndrome” adminisierad by
Entarococcus, rapid IY: tachycardia, Hushing,
Oral: C. difficile colitis paresthesias, hypotension,
__SBvere nephrolo ![th‘-i.'t'{-
Bacitracin Inhibils recyching of Lhi carrier  Gram-positivg ohpantsms Sovern mephrotoxicily whan
which transporis cell wall infecting skin, eye infeciions, adminisiered intramuscubarly .
pracursers across 1he plasma
mEmDransa.
Carbapenem il
Imipene Inhibifs croesiinking of call DOC. Acinefobacter. Excellent — Simitar side affects as penicilling.
Cilastiatin wiall components. coyerage of most Gram-positives Despite wide spactnom, imi
{Primaxing and Gram-negalies E'lch:ding rardly causes stariie bowss|,
Meropenam those whioh producs Perftaps due to low concentraton
{Mdarram) fnclamases) and P. asruginesa,.  of dnsg In bowes,
May find rode in mixed infections.
Monobactam ; : =
Aztireonam s Excalent coverage of Gram- Simitar side effects as penicillins
{AZ actami nagatives including P ) [hy'pﬂmmttwﬂ:rr. gedzires,
aeuginesa. Mol acihve againsi hapatifis], Injection site pain. G
Gram-posiiives ups:,
"Atrovigion: DOC = Drug of Choice
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penicillin for the organic anion
tranaport system, which is the pri-
mary route of penicillin excretion (Fig
7.12). The result ks higher serum
levels of penicillin

Allergic Reactions; Penicillin
reachons range rom skin rashes o
anaphvlactic shock. The more severe
reachHons are uncommoen, bl poben-
tially life-threatening. Some allergic
reactions are mediated by Igk anti-
bodies. Alternative antibiotics should
be used in patients with a history of
reactions even though penicillin
allergies are poverreported.  Skin fests
using penicillovipolylysine and
penicillin degradation products
provide information about penicillin
sensthivity in patients with no hiskory
of penicillin use. Virtually all patients
whitare truly allergic b one form of
penicillin will be allergic to other
penicillins.

PHARMACOKINETICS

Sen Tablos 7.2 and 7.3 o
specifics

FONY. Poor absorpion
poor Chs pianotration,
excreted unchangead by
kidney.

Marketed in combination
with pody v ein or
ROy Cin &5 a lopical
anund

I, Irmipenem is
adminestaned wih cllasiatin
[imacine], which inhibils
ranal metabolism of

Figure 7.9 Bacterial cell wwall synthesis. 1) Almine molecides are mdded to

imipenem. Renat fallure a carbohydrate teipeplide to form o “T shaped cell wall precursor. Thos reaction s
requirnes dose reductian for irifeibibed by D-cypcloserine. 21 The precursor is fransporked acress Hhe plasnma
Bath .

nremibirnrd by i carrier. Vinconmpcin miiibifs e travsport provesa, 30 The
transporter is recycled to the inside of the cell bo carry other precursors. . Bacitracm

IWIY. Wide distribution frlribits fhis step, ) The precursor i Mnked o P existing cell wall strecture by

including paints, bran, and
uring, Decrease dose willh

trprtapeptidese, Penicilling, cephinlosporing, ivipivern and azireomae irhibil B

risrianl falune transpeptidase, Transpeptidase ¢ one of several periciliim tinding profeins and i

mt the only site of pevcition actioe.
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Figurre 7.10. Penicilfin Chemistry Penicillingses tnactioule 1 ,,5.,,. ‘_,CHE
pevnicillie iy cloeeiry bhe fHeckiin reng. In perilefllinese-rosishant R NH—I:H—G'{ {:_\h
peaicilling,  bnulky chenival graups prevends entri fo e ockioe site I E}]!_
af peeidvillingese, it does wnt feferfere arth finding to the bacterin, O C?— Niﬂi—m
Marrom spcfrum Fmr.li?rl'ﬂh'ﬂs wre irnafdpe fo i J'.Fm'r.u:gh Hhe oniter
meerrabrraivie of Gramr-riggnetioy baclersa, . Broad spectrin peicillins
Y Grim Beta-lactam ring (site of Thiazolidine fing
are mare fngdrophilic and are this able b penetrate the aqueous
Jrores af the ouder proardran. P won)
Fenicillin
: DRUG OF CHOICE
_Hirrws_plgi_'qr_m Pan.':rm-'mn_:m:mu ; i
Fenicillin G nds peniciliin Gram-posifive coccl. Honresistan] Sfaphylococous
Procaine Fen G rrupmilmnﬁ [sirmelar Neissona. and O OCGUE,
Benzathine Elmc:lr.u‘allr io pentapeptide’s  Most mouth N meningifioiz, B. anthradis,

Pen G alanine terminus} and inhibéts

Mot etfective leﬂlll'lll
crasslinking of baciorial cell

Gram-nagative asrobes or [

C.letani, C, perfringens.
Lizfiva s

Paniclllin ¥ wall components [Fig. 7. 9] lactamase producing organisms Sy',nhﬁs;.
Group I ﬁurg!_s_ﬁairruml_ﬂl_q!ﬂmnln -resistant g
Hafeillin v Sido group profecis the Gram-positive cocel [Including FPahicilinasa-produting
f-tactam ring from -lactamasa r&). Staphylococous.
penicillinases . Hydrophobic siraptococc .
sige group. however. inhibils — Net effective sgainst
anfibiote's ability 1o penairale  Gram-nogalive asrobos.
Eram negative bactaria via
ydrophylic ponns,
Methicillin o - = =— B
Cxacillin
Dicloxaciliin iy e
-Emu 1l Broad Spectrum, Aminopgenicillins
.l__mp'ipmln ﬂlﬂ "tg; 'E.m 1ﬁ1muﬁmm-nﬂgalnra and Gram-  Lisiena -

agents hyl:qu:lh lic enough o itive organis Emterpcocous (it susceplibles).

panetrale the porins in gram uﬂnullvu ngaln:l f-

negative organisms. larrnau -produting organismns
Amoxicillin - = Emgiric ﬂm;?:y in otitis media,
{Arroil) sinusitis, and pneumonsa.
Amoxicillin and ** © Gram-negative and Gram-positive  Moraxeits (Brahnameiia)
Clavulanate Clavulanate inhibits and fi-lactamase-producing catarhalis and K. influsnea.
{Augmaniing peniclliinases (Fg ¥.11). organisms,

El:.!‘q'nd-l-d' Spgt.'l'rurm -Inﬁ-F'lludnmn!; Panlcilling

—— £

En'rErEb_al::tuna aru:l-ﬂ;amp-uns-iti'.'u
e,

Ticarcillin Side chain H‘Iﬂm it 1 rrnru' : FaiT Iff;;' infections ) ond
I'E'E!:E-IZE.TH o masas inom BS mlﬂllﬂs
a]l"iua 5 EIH gmprznpani:llh-rasimm Proteus
uspen gr infections, Lass ellective
agalnst Gram-positive
penmcillinase-rmducing ooganisms.
-i'ip-fl cillin o
qunimr Eﬂ.a;llad speotnem penicilin  As agbove ilfin-
Tazobaciam pombined with bela lactamase  resistant Gram-negative and
irhibitar, Gram-pos tive panicillinase-
producing organisms
Mezlacillin Similar 1o piperacillin -

Enterococcus faacals,
Kigbsigfia. enterobacteria.
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g 5y A
s NH==CH=CH. C,_
| I | "CH,

O=C—MN—CH—COCH

&i:rnmmmmﬂlm

of mathicillin by panicillinasas

Methicillin

Pan G IVITM. Pen VPO jacid Hypersensifivity reactions
stabbal, Procaine and benzathine Eanq:lhﬂmtla ar hemalbysls]
lgmg half-fife. newrologic toxicit

liminated by nl'ﬁlanh: acid {neizures ) dus to inhibiton

transfer systam in kidnmy . of GABA neurciransmission

Probenicld competes at this [j-lactam is struciurally

fransporter. Can be used fo sirmilar fo GABA),

increase penicillin hatf-life haid ropenio

Digributes 1o ayas, pints snd Maphrotoxicily.

Brain if meninges are inflamed.

Wiz preferred roufo Becmsa sl =

Iizide wn from PO IM sites, . Severs thro i,

Excrated by liver - high Liver toxicily with ebanated

concentrathon in bile.

LFTs.

Lika paniciin, Coagulo-
pathy. interstitial nephritis.

ml o

— IWIINPG, Ciarmea. il -
- e 1
PO. Diarrhea.
IV o — S L
PO, ** Neutropenia and

hematobogic abnormalkties.

i a -

IV Excreted by liver, therafore
useful for biliary tract infections.

8]
[ 5 CHy
s e e P e R == C..,_q
I I | | "TH,
. NH;  O=C—N—CH—COOH
Pedar chain taciltales diffusion
ihmugh agueowus pores
Ampicillin

]

Figure 701, Pewicillingses awd penicillingse-resictani
penicillins, Top: Peniciilins desiroy bacterio affer bimding b
pemiciliin bending probems (PRPs] Mildle: Pemiciliimeses are
enzymes roduced by becteria it destrow pemicillins by cleacing
W byta-factam ring of e druy, Penicilling are “Twred™ e e
et sile bocanse trey are chemically shmilar fo pepicilio bpdeng
protefns, Bollon; Clmmiaris acid is @ “decoy ™ dfrug thar
erfarioes e activdty of peiciilins,. Clapidante acld birds lo b
actiee sétes of pericilliineses rendering e erzymid inactioe.
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Figure 712 Probenicid potentiates the action of penieil-

Iins and cephaipsporing by compariing for excretion at the
argamic amion transport system (OATS) i the Eidwey,

[ Table 7.3 Ceph:

MECHANISM

anesm 1o firs!
mlﬂﬂ cEphalosporing,
T miore resistant (o
Beta lactamase produoed
by Giram negative baciena.

eflriazone (Focephin
Celolaxime
Ceftazidime (Fortaz)
Ceftizoxima
Celoperazone (Cetobid)
Celepime

Cefinime
Ceftibuten
Cefpodoxime
Cetdinir

tham cafazolin in prophylaxis
At MASA wound
infections

Third Generation - Bro !dﬁﬁﬁimm Resistant to Most Cephalosporinases

_wﬂ s = __MEC Sl PHARMACOKINETICS
rsT Generailon - Narrow Specirum, sensliive lo Beia Laclamase _
Ej_aLl:hmﬂ - lactam binds panscillin Gram-pasifive coccl excapl Fail 1o paretrate T5F,
aphalexin (Kallex) inl:Engi proteins, Inhibis anierpcocci and Methicillin Penetrates bons (especially
Cephadroxil call wall synthesisand may  Resistand Sraph. aurels cophazoling. IV drugs achiove
in turm activate autolysins.  (MRSA). adequate tesus and sarm
Bactena davelop estance  Some Gram-negative enderics fewvels.
Caphradrine by reduging drug Mot etfective against Renal excretion of doug and
parmeability, mutating anasrobes metaboliies unkess nofed,
Eamﬂimm_fb;um penicilin bndi aing Eaﬁzglanlrﬂl oy adminisbansd
ephapirin and producing f-lactamase  Used for surgical prophylaxis v usa of pain wath 184
Cafazolin [Kefzol) and cephaiasporinases and for treating skin or soft mjeciion.
(clavulanate can circurmvent  fissue infections caused by
this problem) Staph.or Strep.
Second Generation - Broader Gram-negative Activity
“Ciral Drugs above bul more resisiani  Gram-pogitive cocel (similarto Fall io penstraie TSF
Cetaeclor [Cecior) 1o Beta-lactamase activity,  Hrst generation), celuroxime achssves CSF
Celprozil Exlgnded Gram-negative lervials bul third peneration
Loracarbaf Cafoxitin and Cafotetan activity {H Nu, Enferobacter,  agenis pretermed because of
{eephamycine ) and Profeus, Melssens species),  grealer penatration and more
?ﬂf‘mﬂ‘% Loracarbef (carbacepham)  None are sffective rapid stz ation
efurcxime |Calting are siruciurally and pgainsi Pssudomonas. Eliminatod by kidney
pharmacobogically relatedto  Used for otitis media,
EELELI:E.?L?.[ the cephalos porins. pharyngitis, and sinus, akin,
Cetoxitin and respiratory infections.
Celonicid Cafuroximi used as singhe
Celfmeinzole dose therapy for N, gonormhea.
Cefotetan cefuroxime 15 more affective

Gram-negative bacilli iresistant Pensirates CSF [ex

ta pthaer cephalosparing,
penicilling, and
animqucuaidas]-

Vanahla efflicacy in=t
Pseudomonads iﬂ azime;
cotipime, &nd celopararans
have besi coveraga),

Gram positive coccl (inchiding
Staphylococous and
nonentans Sirlococsus)

coloperazonsg and p%'reﬁfm
cafixime).

h levais of celtriaxona and
cefoperazone excreied in bile
Remainder excrated renaily .
Serum hall lite - califimons ==
cefoperazone = caftazidima
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Bactericidal Cell Wall Inhibitors
+ Cephalosporins

Cephalosporins share with penlcillins a commaon
mechanism, susceptibility to B-lactamases (penicilli-
nases, cophalosporinases) and similar side effects.

Like penicillins, the original “generation” of cepha-
losporins was most effective against Gram-positive
organisms. Chemical modiftcations incressed the
effectiveness of subsequent generations against Gram-
nigatives and reduced their ability to fight Gram-
positive infections.

agents first. Each generation has only one preferred
vral preparation, usually referred to by the trade
names Keflex (cephalexing, Ceclor (cefaclor} and
Suprax (cefixime) for 1st, 2nd and 3rd generation,

respectively.

Perhaps the greatest problem with cephalosporins is Antibiotics that Work Inside the Cell

that their names sound alike. When learning the
cephalosporing, concentrate on the commanly wsed

Hypersensifivity reactlons Cross allergenicily belween
anaphselaxis, pefumaickness). uaphalmwmamr e

Rar

sfurbances. oecurs i 10% o 15% al
B neurolagio baxiaily patients,

(geizures, confusion)
eapacialy with Celnzodin,
Hemalologic abnormalifios;
{neutropanta, thrombocyto-

Iﬁ' . mm#m hepatic
rodoNic apat
abnarmakities.

BRIy me

Same as ahove. Celotatan (a cephamycn) and
Cefaclor associaled with high  Celpodoxirme (an asier

incidence of seumsickneas prodrug) have improved Gram-
reaction. nogELive coveragd equivalent

to many. of the thind gareralon
caphalosporing, They are
sometimes with tha
third genaration
Oeflhulﬂﬁpﬂrirl‘i. Calotetan
cefmatazale, and cefoxitin
cover Baclaroides and
Closiridiurm soo.

Sama as lirst generallon
=

trigzane asaociaied with

acploulous cholesiasis and
bilirubin displacemant from
alburmin, Use caulously in
neanates and avesd in
jaundiced infants,

Up to this point, we have discussed antibiotics that
work outside of the bacteria or at its surface. Cell
wall inhibitors cannot kill all types of bacteria
because some lack cell walls. Other bacteria have
unigue structures that resist the action or the accu-
mulation of the cell wall inhibitors. Antibiotics that
target other vital unique bacterial features are
effective in eliminating these infections.

These antl-microbials work within the bacteria
and affect the genetic code or protein synthesis, The
antibiotics target bacterial structures and eneymes
ibacterial ribosomes, bacterial RNA polymerase,
DOMA gyrase, dvhydrofolate reductase) that although
unique to the bacteria, can share homaology with host
structures. These drugs, therefore, often have poorer
serlective toxicity than the cell wall inhibitors. The
imtrabacterial antibiotics have mechanisms of action
similar to those used to combat viral, protozoal, and
wome fungal infections.

Thie disruphion of a microbe's genetic code and the
inhibition of DNA replication provide common
targets for anti-infectious agents: This can be done by
destroying the conformation of the DNA
iquinolones/ fluoroquinolones), by introducing
defective bullding blocks for DINA synithesis (ddl,
ddC, griseafulvin) or by inhibiting eneymes or
cofactors necessary for DMNA synthesis (sulfonamids,
acyclovir, vidarabine). Drugs that target DNA
frequently are mutagenic or carcinogenic because
they can damage eukarvotic DNA.

The fluoraquinolones are a growing class of
antimicrobial agents. The newer quinolones
i(aljtrovaflonacin, sparfioxacin, and levofloxacing
have improved activity against gram positive organ-
isms. This combined with their excellent gram
negative coverage and excellent tissue penetration,
has broadened their list of indications to include skin
and skin-structure, bone and joint, gastrointestinal,
and respiratory infections. Additionally, quinolones
can be used for sexually ransmitted diseases (gonor-
rhea and Chiwenydir).
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Quinolones

ur hogens, bul not
Paatdancnes, Kabaale
FProtous, Serrabia,
Acinstobacier

Halidixlc acld Blocks a subuni of DINA Hyparsensiiivily reacikon, PO, This pro-drug 5

{NegGrarm) gyrase. Bactercidal - nausea, pholosensitivity, hydroxylated to a bactercidal
pravents supercoiling seirures, headache, dizziness, which s
rmut'llnﬁ im inhilition of Dk skin fumors (in mica). Displaces. concentrated in unng. Does not
synibasis. EMpctive against.  oral anficoagulants from plasma  penolrate prestale, =200
entanc Gram-negalive proteins. Causes growth plate plasma profedn bownd.
bactena, but not arest im animals - not
Preaudomomnis recormmEnded for ¢ hildren

Cinoxacin s e PO Penalrales prostate (50%

{Cinobac Pulvulas) serumlevel). Lower incidance

of resisiance Than nakidixic
aced.

Fluoroguinolones = R : o - e il

Norfloxacin Disrupts ONA gyrase and DNA - Drug Inferactions. Carfilage PO, Reduced biovavailshility.

{Moraxing Iopoisometase activily, Good damage in ammeal §iudses, Fignial emination. Uzed primarily
gramnagative coveraga Henca, use in childran has bean  Tor prostatitis o unknary fract

limited. infections.

Enoxacin [Ponolrex) Disrupls DMA gyrase and DNA - © PO, Ciprolloxacin and ofiozacin

Lomefloxacin topoisomerase activity are also avaishle & 1V Good

{Maxaguin] Excallent gram negative tissus panatration except C5F.

Ofloxacin Some gram positive Howenver, oflox acin has good

(Poxin} CEF penetration. Renal

Ciprofloxacin aliminatan.

{Cipro}

Trovallexagin (POF  Disrugts DNA gyrase and DA " Trovalloxacin and POV, Renal elimination,

Altrovalloxacin {(IV) lopoisomerass activity alrovalloxacin are associaled  excepl trovallpxacin (PO) and

Trowan) Excellant gram negativa with higher incidence of liver- altrovaiiaxacin (1V) )
riloxacin coverage and improved Staph  toxigity. (Aljtrovsfloxacin do not requira

L’ am) covirage. [Allirovalloxacinis doge siment for renal

vollozacin tha anly one with anasrobic fabure. Sparfioxacin s PO onty

{Levaguin) activity. All treat Legionefla Good tissure panedration
and myclia sty pecal
prigumania,

_ﬂ{'ﬁﬂ'ﬂ-‘. e g e i S = A |
tronidazole Enters bactiena or proiozoan  Disulfiram-like reaction with POVIV. _

{Flagy 1 and & acthvabed by reduction  alcohed (Nushing, vomiting. Fenatrates wall imto tissues and
of the nitro group. Activated  headache), CNG disturbance abcrsses, emas and C5F
mtermediates bnd Dhid and {s@izures, alaxia, dizziness), Mt abolem & through
inhibd itz E.Tnlhasis. Cidal nausea, anorexia, bloating, phecurcnidation. Majority of drug

ainst obligate anasrobes cramping. i& eliminated unmetabolized in
fevaites, Clostrgium, Ehe Lrin,
tococcws] and Protozoans
Entamosta hisiolytica,
homones, Gilandra )
HMitrofurantoin Mechanismunclaar, may Mausea, vomiting (less sowith PO, Reduced in lver, excrated n
{Macrodanting damage DNA. Kills many macrgcyslalline formulation), by kidney. Reduce dese If renal

hepatoioxzkcity, pulmonary
{ibrosis, neuropathy.

o mised, Daonol
E:TnTngtHrrfnmaﬂnlne
chearance <40 mi'min
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Antimetabolites

The antimetabolites described in Table 7.5 inhibit
DNA, RNA and protein production by blocking the
folate pathway. Tetrahvdrofolate donates single
carbon molecules to the synthesis of purines, pyrimi-
dines and some amino acids (methionine, formyl-
mcthionine and serine),

The sulfonamides are structurally similar to para-
aming bengeoic acid (PABA), Sulfonamides compete
with PABA and prevent it from being incorporated into
folate (Fig, 7.13). Trimethoprim prevents reduction of
dihydrofolate (FAH.) to tetrahydrofolate (FAH, ) by
binding to and inhibiting dihvdrofolate reductase {Fig.
7.13). Human cells are spared from this reaction
bocause trimuethoprim has very low affinity for human
dihydrofolate reductase.

The ability to achieve therapeutic levels of most
sulfonamides is limited by precipitation in urine. This
problem is circumvented by combining agents. Thera-
peutic doses of the combination can be achieved with
nonprecipitating concentrations of individual drugs.

Ptaridine + Para-aming benzoic acsd (PABA)

- Plockad by
Sulfonamides

Dihydropteroic Acid

Glutamate —-._\

Y
Dihydrofolic Acad

= Biocked by
Trimethoprim

L
Tetrahydralolic Acid

I

1

Colaciors essenbal for synthesis
of DNA, RMA or Proteins

Frgure .13 Sites of Antemicfabolite Action

E-mram hn-'lhpprs.muas and ﬂ-um
e ivas,

Sulfadiazine
Sulfapyridine

oxoplasmosis. Sullapyridineg

used tor Dermafitis
herpatiformis.
Sultisoxazole “® Prophylaxis of recurrent ofitis ==
[Gantrisin) medta and LTI,
Trimethoprim/ Entenic Gram-negatives i
Sulfamethox- Profeus, E. coii, Kiabsigla,
BZoOle rarobactad, Hinfiven: ae,
TMP/SME, Shigatla, Sarratia, Salmonel,
fimox azohe, Prieumnocyslis canin,
Sepira. Bactrim) Inexpaneive, eflective choice

far urinary tract infections, adule
alitis , Irivallod’s disrrh,
Usad lor Priemod psilis caninid
I:lmhflaxta.l‘tmaimut in
mmunocompremised hosts,

Trimetrexate/

Inhibits Pnewmocysiis carnl
Leucovorin

trophozotes. Allamative
treatment for severe P cariil

of patkents intcheran fo
P

:Iapreaalun
'Inu.ln:ﬂ:.r photosansitivity,

Usad hor treatmeant of hemolysis, hapalotoxicity,
uncomplicaled urinary tract naitivity (feverrash)
infections, nocardiasis, BVENE- Jahman ndrome
chancroid, ﬂ&ﬂlgﬁ; againgd {Sarum Sickness), Rarnigterus -
rheumatic fever. inad with  sulfas compete with bilirugin for

ﬁgrrn'm-lhamnsr!url:raatrmnt o albumin sites. Resulling
elavated tree bilirubin is
deposited in brain neclsl

Harralologic, hepatic, renal,
and G toxicities. Give with
lsukovorin to minimize foxicity,
pnaumania in caszes refractory io  Leukoyvorn repletes lolate in

mammalian celta. TMTX/LY had
lower incidenca ol sk ellects
than ThMIPYEMZ in ona clinical
trial of patienta with HIV
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RMA from associating with the drug.
peptidyl transferase (Fg 7. 14).
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Minocycline aming acid-linked {AMNA from mycoplasma, spirocheatas,

ﬁ:h':wllrﬂ'a vl Tar malasia
prophylas i
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elindarerycin bimid fo the S0 srbumit fo prevent peptide chain longation,  Tetracucline binds to Hie 30s subuoil wfich prevents tRMA fromg

Infriging fo bhie "A " wite of the ribosome,

Protein Synthesis Inhibitors

Bacterta, like vukaryotic cells, must synthesine
proteins in order to survive, These proteins provide
structural integrity and enable bacterial energy produc-
tion. Protein synthesis is-critical b a micro-organism
during replication when new strictural proteins and
enzymes ane essential for progeny. Anti-microbials
target several steps in protein synthesis. Some of the
drugs can kill but more often they only inhibit repro-
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duction and rely on the immune system to kill the
organism. The first step in prodein synthesis congists of
copyving the mRNA code from a DNA blueprint.
Rifampin inhibits RMNA Polymerase and destroys the
code for protein synthesis while the sulfonamides and
anti-metabolites block cofactors necessary for KN A and
protein synthesis

After the mRENA code is created it travels to the
cytoplasm where ribosomes translate the code into a
polypeptide. Other anti-microblals (aminoglycosides,



chloramphenicol, erythromycin, tetracycline) target the
actual factory (508 subunit of the #s ribosome) that
synthesizes the protein from the mRMNA (Fig.7.14). The
bacterlal ribosomes differs from mammalian ribosomes
They have different molecular weight (7is vs. 80s), and
bind antibiotics preferentially. The mitochondria within
thet eukarvotic cells contain stmilar ribosomes fo the
bacteria,

High exposure o some of these drugs can damaged
marnmalian tissue by inhibiting this energy producing
organelle. Similarly, some of the drugs are less selective
for the bacterial ribosomes and can bind to the Bis
eukarvotic Abosome and damage host tissue. Rapidly
dividing cells, (G} muicosa, skin, bone marrow ) and
cells in tissues exposed to higher levels of the drug
(kidmey, iver) manifest the greatest toxicities from
these agents.

Mycobacteria
Tuberculosis (TB} and leprosy ane the best known
mycobacterial diseases. The development of antibiotics
changed tuberculosis from a debilitating / fatal illness to
one thiat was readily controlled with oral medications.

The prevalence declined until the 1980s, but is now
rapldly increasing, particularly among immunodefi-
cient individuals. The organisms ane increasingly
resistant to multiple antimicrobdals.

Mycobacteria are rod-shaped bacilli that stain
weakly gram positive. They are called “acid fast”
bacilli because they retain dye even when washed with
acid alcohol.

Mycobacteria infect mononuclear phagocytes, wherne
they may live for years as intracellular parasites,
Fulminant mycobacterial infections develop when the

Isonia :.i.d. Inhibits mycolic a-:l.d. -Pﬁlphaml rauropathies (can . ot ll'l:lu. M-
gynthesis imwall of preveni by pratreating with acatylatec, thus, slow
cobaclenim tubercilosis E'_ﬂidmhaﬂ; hepatitis, acetylators have greater toudcity.
Bactencidal. epalofoxiciy. Kidney excrelion.
Ritampin Biocks [} Uit of bacterial ANA Secrations (urine, sweatiturn PO, Widely distributed -
merase, Siops bacteral  red. itis (aspecially in efrates CMS.
synthesls, alcoholbes), Musympioms. alic excration,
Bactongidal Induces PAS0 a0z ymss,
mnaraasig tho medaboism of oral
contraceptives and offsar dougs.
Ritabutin ~ Synthetic rdamycin with Similar 1o Fifampin PO. Wide distribution. Longer |
improved activily & &1 churabion of acticn,
rilampen resistam strains of M,
aviwme {in vitro & mowse data).
Pyrizinamide Mcotinamide analog with Hepatltis, Hyperuricemia with PO, Widely distributed -
rFﬂ'ZM LT AT mes hamis m aﬂhr‘rlwm. Mever ised alona  penalrates CSF, Hapatic
Bactarncidal, ause of rapld resistanoe, metabolism with renal excretion,
Streptomycin Firel aminoglycoside (inhibits Vestibular toxicity = 1M Widely ditribuled - doas not
%ﬂin synthesia) hfr binding  nephrofoxiciy panatrate GSF. Poar iml raced|ular
50m ricosome site regitance by muiation of nefration.
Bactancidal ribosomal binding site. nally excrated,
[ Capreomycin  Similar to above. Drotoxicily and nephrotoxicity, 1M, Excreted renally
Bactaricidal
Para- Structurally related o Mono-like symptoms, severs GI PO, Renal excration of active
aminosallcylic ElﬂﬂﬂﬂcL - inhibiis folate  Indolerance and ensinity  metabolites,
Acid (PAS) synthesis. Bacleriostatio e {0 PODF SOMPHANGE,
(Ethambutol  inhibits mycolic acid " Reversible retrobulbar neuritis. | PO, Wide distribution. Reaches
synthasis in bacterial cefiwall  Lossof central vision. Patients  50% concentration in GHS.
imsc vanlEm nod confirmed) must have basaling ophthaimoghe  Concentrated intubescles.
tenostatic Bxam pror 1o freatmant,
Cycloserine  D-zlanine analog that inhibifs  Allergic dermatitis, CNS toxicity PO,
[SDEOMyYCIn| ol wall gynthosis,
Bactanastatic.

113



host's immune response is compromised. Thus pa-
thents with AIDS and alcohol addiction are particularly
susceptible.

Tuberculosia often présents with pulmonary symp-
tivms, but may involve lymph nodes, bones, skin,
grnitourinary tract and meninges.

Treatment consists of several drugs boecause resis-
tance develops to single agent therapy. In addition to
the emergence of antibiotic resistance, treatment of
mycobacteria présents unigue problems duee to 1) slow
growth rate reduces efficacy of antibiotics that prevent
rapid synthesis of prodeins and DA, 2) the cell wall =
not susceptible to classic cell wall inhibitors, 3) infec-
tions may be walled off in tubercles which reduce
antibintic penetration, 4) infectons oocur Freguently in
immunocompromised hosts which reduces the utility

of bacteriostatic antibiotics {relv on intact host immu-
mify )

Treatment guidelines continue to be revised as
multi-drug resistance increases. [*rophylactic treatment
is recommended for asymptomatic patients that
develop skin test positivity and for young (< 4 vears) or
immunocompromised patients that are exposed to an
infectious case of tuberculosis.

Atypical (nontuberculous) mycobacteria:

ML arriun-tntraceliulore infects patients with chronic
pulmonary disease and may become fulminant in AIDS
patients, Atypical mycobacteria are treated with combi-
nation chemotherapy or in some cases, surgery. Because
drug resistance is more common in nontuberculous
mycobactorial mfections than in TH, the susceptibility of
the microbe must be determined early,
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Antiviral Therapy

V¥iruses are obligate intracellular parasites com-
posid of either DNA or ENA wrapped in a protein
nucleccapsid, Some viruses produce a glycoprotein
envelope that surrounds the nucleocapsid, Viruses
shed their capsid after invading a host cell. The host
cell then synthesizes new viruses using the message
encoded by the viral DNA or RNAL

Yiral infections are diagnosed by clinical eriberia,
culture, fluorescent antibody testing, polymerase chain
reaction, or serology. Clinically important viral
infections include:

* Herpes Family Viruses cause genital and oral herpes,
Varicella (chicken pox), and uncommon but severe
infections like Herpes encephalitis. Acyclovir is
treatment of choice.

» Cytomegalovirus (CMV) is problematic in transplant
patients, AIDS patients and other immunosup-
pressed individuals, Intravenous gandclovir therapy
for CMV infections careful monitoring for granulocy-
topenia and thrombocytopenia,

* Influeniza virus infiections may be tatal in the elderly
or immunocompromised, Amantadine prevents
influenza infechons when used prophylactically and
reduces the severity of sympioms in infected indi-
viduals. Rimantidine is a related drug that has been
approvied for use in children.

* Respiratory syncytial virus (R5V) causes bronchiolitis
in children. RSV usually resolves with supportive
treatment. Ribavirin is recommended in children
whao are at risk for cardiopulmonary complications.

* Human immunodeficiency virus (HIV) is discussed
on the next page.
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Antiretroviral Therapy

The greatest barrier to effective anti-HIV therapy is
the emergence of drug resistant stradns. Human
immunodeficiency vims devolops drag resistance by
mutating the eneymes that are targeted by antiviral
agents. Retroviral reverse transcriptase has low
transcripbion fidelity, so basepair substitutions are
common. These mutations translate into amino acid
subsatitutions which, if located in the drug-binding
pocket, may reduce the affinity of the enzyme for the
drug withoot diminishing the enzyme activity.

Because of drug resistance, monotherapy is seldom
used for treating AIDS patents. More otten, when
therapy is initiated, mulliple agents with diffevent viral
targets are used, These multidrug “cocktails” are
analagous to combination chemotherapy used for
cancer patients,

Thiere are currently three categones of ank-HIV
drugs: nucleoside analogs, non-nucleoside reverse
transcriptase inhibitors and protease inhibitors (Table
7.88). Because AILS patients are frequently on numer-

ous medications and may have renal or hepatic dys-
function, it is important to review potential drug
interactions and dose-adjustment information provided
with each agent. Note that the protease inhibitors and
Duelavirdine fail to achieve therapeutic levels in cere-
brospinal fluid.

A curren| exception to the polytherapy approach s
thir use of Zidovudine as a single agent to reduce
maternal-fetal transmission of HIV. To redoce the risk
of tranamission, HIV-positive pregnant women take
Zidovudine prenatally then infants are treated for
approximately six weeks postnatally.

Immunocompromized patients are treated with
trimethoprim-sulfamethoxazole (TMP-5MZ) to reduce
the risk of Proumocystis carindl (PCF) infection. TWI
SMZ is preferred for prophylaxis and treatment of 'CFP
in aclults as well, though alternative agents are avail-
able (Table 7.9). Agents used for prophylaxis ancd
treatment of other opportunistic infections are pre-
sorted elsewhere in this chapter.

DRUG

Tahh 7.88 mwm m:rnﬂm
U MECHANISM AND VIRAL SELECTIVITY

Zidovudine

idex, DD
lcitibine

Lﬁv udine

1l.v1.r:llnu
Zarig)

bacavir
[dagen)

Muclaoside HIV Reverse Transcriptase inhibitos.

HIV in combirnation | herapy
Jdovudine is usad in the
prevantion of matemal-istal
tranamission of HIV,

Ritanawvir
Fhmr:l
ndinavir
g’:rlxhrnnj
aquinavir
hn“naa}
elfinavir
(Viracept)
Ampranavir
IAgenerase)

MHevirapine
'u’rrmmnut
lavird
EFh-scrImmJ
favireanz
(Sustlva)

Protease inhibitor. Protease is an enzyme necessany for claaving
the gag-polprecurser. Aesults nimmaturs vimes formathon.

HIW in combination [harapy

Man-nucleoside inhibitor of HIV reverse irangcriptage,

HIV, Meveras monotherapy dus

i rapid development of
resgistance.
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Antifungal Therapy
Fungi exist in a yeast form and a mold form.

The yeast form reproduces by budding or spore
formation and the mold form grows by extending
hyphae (branches). A history of travel is particu-
larly important when fungal infection Is sus-
pocted because most types of fungi ane endemic
1o specific regions.

Fungi are larger than bacteria and can usually
be visnalized microscopically without stain,
particularty if nonfungal cells have been die-
stroved by 10%. potassium hydroxide (KOH
prep). Fungd are resistant to KOH because of
their unique, rigid cell wall. Becanse human cells
lack cell walls, antifungal therapy i directed
primarily at destroying the fungal cell wall.
Despite this apparent “selective” difference
between human and fungal cells, antifungal
agents ane generally very toxic to human cells and
shamild b used with caution.

Common Sites of Invasion:

# Canidida miost often imfects the mowth (thrush)
or the vagina, particulardy in persons with
impaired cell-modiated immunity. Thrush is
penerally treated with nystatin “swish and
swallow.” or clotrimazole troches-and vaginitis s
usually treated with miconazole, Systemic
Cimdida infections ocour in immunosuppressed
patients and requires intravenous amphotericin B.
* Histoplasmn capsulatum, Blastomypors dermiatitidis,
Cocoidiotdes fmmibis and Aspergitfus infections
generally present as preumonia which may
progress to systemic fungosis, Amphotericin B
has traditionally been the drug of choice for such
systemic infections, Fluconazole and itraconazole
are newer drugs that rival amphotericin B with
regard to efficacy for some systemic fungal
infections. Amphotericin B requires Intravenous
infusion, but Auconazole and itraconazole are
available in oral forms.

* Cryplococrus eoformians may also present as
preumonia, bul more commonly presents as
meningitis in immunosuppressed individuals.
Fluconazole and flucytosine are the only antifun-
gal agents thal reach therapeutic concentrations in
the brain, OF the two, Mluconazole s more effec-
tive against Cryplococcis.
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Anti-parasitic Therapy

Table 7.10 presents agents used to treat parasites.

Ciral metronidazole is widely used for parasitic

infections {e.g., Giardia). The intravenous preparation
I8 indicoted for anaerobic bacterial infections. Lindane

Widespread resistance to antimalarial drugs compli-

cates therapy, The drug of choice for the lreatmend of

malaria depends on the pattern of drug resistance in

the region where the patient was infected. Individuats
travelling to endemic regions are encouraged to take

is used for head lice. prophylactic antimalarial drugs.
"Table 7.10B Antiparasitic
DRUG m! _CLINICAL USE W
Metronldazole  Activaled niiro miermediates  Profozoans, ERfamosba :'.ums a‘!a:}a, ZZINBSS,
(Fagyl) bind OM& and inhibit anaerobe  histolytica, Trichomonas, Giardia.. nausea, anorexia, bloating,
replication. Antiparasitic Anaserobes: Bactaroldes, Crampeng. [hﬁumram-ﬂl.a
mechanism unknown, Closiriginm, Peplococous. rE i,
Lindane induces seizures in "~ Soables [SamTaa scabiai); 'T ical administration may lead 1o
(e.g., Kwall] ectoparasites body, head, an pul:rh: louse ures, CNS gmturbances, nsk
{ Pediculus caping, P. covports, marrtrythnus- Skin ieritant.
Fhifinus plbis),

~Anifthelminthic Drugs
srupis mecrofubulea T DOC Tor pinwarm. Alse éffeciive
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ﬁrn'u’mluv chusing loss of
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nﬁﬂgau EEuh:lhu t ad,

hEnimal zide ettects. Patlems
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Strongykoidiasis, mull:rplEl p:amsllu
infection.

Elrnnwlnlﬂaa._ﬂn:hn_mmu u

Flu symptoms, hepatotoxicity,
anoraxka, TS disturbances.

Pruritls, rash, lever in
anchocerciasis patients.

Antimalarial Drugs
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Quinine Bal Claar Chioroguing regisiant P, Cinchondsm, curane-like effects,
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interfaring with dihydrofolate rnm-. nl }I : ﬂ'sa
reduciase. ::nntunanun with auﬁ'uﬂamm or
Less resistance when used in  sublanes for acute attacks.
combination with sulfonamides  Combined with Sulladiazine for
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imvalve crosslinking of
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o drug by P. vivax
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hhmm:!.mr againg! hepatic than
arythrocytic forms of malaria

deficiency.
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Anticancer Drugs

Co-authored by Helen Yun, Pharm. D., M.B.A.

Tumor cells are derived from normal cells in which
projiferation is poorly conirolled. Because tumior cells
are similar to noemal cells, it has been diffealt to
develop anticancer agents which selectively kill tumaor
cells without harming normial Hesues

Most anticancer agents act by inhibiting cell prolif-
eration. Generally this is achioved by either damaging
DNA or preventing DNA repair. Essentially, there are
four ways in which most anticancer drugs inhibit
profiferstion:

* Crosslinking DMNA. Prevents sepamation of DNA
strands.

* Linking alkyl groups to DNA bases. [nhibits repair of
DA

* Mimicking DNA bases, resulting in 1) incorporation
of drug into DNA or RNA, where it prevents repair

of terminates the chain or 2} negative feedback on
enzymes that synthesize or recycle purines,

* Intercalating between base pairs of DNA, disrupting
the triplicate codons or producing oxygen free
radicals which damage DMA,

Hormonal anbicancer drugs antagonize receplors,
preventing endogenous growth-promoting hormones
from binding (Table 8.5). Other hormonal agents are
agonisis al receptors that, when activated, inhibit
tumor growth,

In caring for patients on cheémotherapy, it is
essential to evaluate the patient for dose-limiting side
effects {some,; such as permanent cardiomyopathy
from Adriamycin, are initially asymptomstic), b0 know
how to treat neutropenic fever, and to effectively
manage naused and vomiting,
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Principles of Cancer Chemotherapy
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« The cell cycle

Tumar cells are remarkably similar to noncancerous
human cefls. Thus, there are relatively few drug
strategies for destroying tumor cells while sparing non-
neoplastic cells: Newer agents selectively target cancer
cells by using monoclonal antibody technology.
Meoplastic and normal cells differ primarily with
regard to the number of cells undergoing cell division,
and most anticancer dmigs act by killing cells that are
dividing. The drugs accomplish this by interfering
with DINA, RNA, or protein synthesis or by inhibiting
the formation of microtubules in mitosis. Such agents
are called cell cycle-specific agents because they exert
their actions during distinet phases of the cell cycle
(Fig. 8.1). In general, agents that interfere with DINA
synthesis are S-phise specific; those that interfere with
microtubules distupt mitosis and are called M-phase
specific,

LNA alkylating agents damage tumor cells regard-
less of whether the cell is actively dividing. Because of
this property, these agents are called “cell cycle-
nonEpecific” drugs.

» Resistance and Recurrence

It & tumaor cell &% to be killed by an anticancer drog,
1) the drug must reach the tumaor cell, 2) the tumor cell

must enter the phase of the cell cycle that s targeted by
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the drug, and 3) the cell must not be resistant to the
drug,

Cancer cells become resistant to anticancer agents
through a variety of mechanisms including 1) reduced
uptake of drug into cell, 2} enhanced production of
enzymes that repair damaged DNA, 3) production of
chemically altered enzymes which are no longer
recognized by drugs that inhibit unaltered enzymes, 4)
reduced transformation of prodrugs (inactive precur-
sars) into cytotoxic agents and 3) enhanced transforma-
ticn of toxic agents into inactive metabolites.

Somte tumors become resistant to several classes o
antitumor agents, even if they have never been exposed
to some of these agents. This is called multidrug
resistance. Alfected drugs include antibiotics, colch-
icine, the vinca alkaloids {vincristine & vinblastine} and
epidophyllotoxins (YP-16), Cross-resistance among
these agents is striking because they do not share a
common mechanism of action.

Multidrug resistance is due to increased expression
of an energy-dependent membrane glycoprotein
"pump” which lowers the intraceliular concentration of
chemotherapeutic agents. The multidrig resistance
pene is likely one of multiple genes that are induced 1o
protect cells from toxic insults.



« Toxicity of Anticancer Drugs « Combination therapy

Erythropoietic and leukopoietic cells, cells lining the Chemotherapeutic regimens often consist of several
gastrointestinal tract, and hair follicle cells are replaced  agents which have different mechanisms of action and

at a much greater rate than most other noncancerous minimize overlapping toxic effects. This affords
cells in the normal human. Because of the rapid growth  multiple points of attack on the tumor cell while
rate of these cells, they ane susceptible to daminge by sparing normal organs from the toxicity produced by
anticancer drugs. Bone marrow supression, mucositis,  higher doses of a single drug, Most anticancer drugs
and alopecia are predictable side effects of most anti- cause bone marrow suppression. Bone marmow-

cancer agents. In addition, many drugs canse foxicity  sparing drugs (e.g., vincristine) are frequently included

that is unrelated to cell growth rate (Fig. 8.31. in combination regimens, if the tumor is sensitive.

Methoirexale

Muathotroxala

Ulcars:
Mathotraxat

. i L G- Fluarouracil
Suvare Emosis: : Fi ) : Actinomycin O
Actinomycin D Caricosianoids
Cigplatin ) y :
Machlorethamsne . Benal Tosicity:
Streptozocn Cisplatin

Vincrsting !
Vinblasting Hemonhagic Cystiis:
Bone Mamrow Suppression: Cyclophosphamide
Mot agents Itestamide
Mo Marrgw Suppression;
Bleomyoin
Wincristing
Carmusting [BCNLY

Fiygnre 8.3 Notable side effects of clemotherapeintic agents,
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Alkylating Agents

Alkylating agents were the first anticancer agents
developed. They are chemically related to mustand
gas which was used in World War I,

Alkylating agents are generally more effective
against slow-growing tumors than other classes of
antincoplastics because they are cell-cycle nonspecific,
Helatively few cells in slow-growing tumors are
mitotically during a given course of chemotherapy. In
contrast to-most other agents, alkvlator-indaced

damage to cancer cells accumulates even during
quiescent portions of the cell cycle.

All alkylating agents are toxic to hematologic cells,
Thus, myelosuppression is a predictable side effect.
Alkylating agents may cause secondary tumors, even
years after therapy. [Important side effocts are shown
in Tabke 8.1 and Figure 8.3. Note which drugs are used
to treat CNS tumors, not because they are better
agents, buk bécause they cross the blood brain barrier.
Gimilarly, drugs that penetrate the blood-testis barrier
are used to treal testicular cancer.
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Antimetabolites

Antimetabolites are cell-cycle specific agents which
prevent synthesis of nucleotides or inhibit enzymes by
mimmicking nuclistides,

Methotrexate inhibits dihydrofolate reductase, an
enzyme which reduces dihydrofolate (FH,) to
tetrahydrofolate (FH,). Normally, the coenzyme FH,
transfers a methyl group to dUMP, forming
thymidylate, and ks oxidized to FH, in the process,
Methotrexate prevents recycling of this cofactor.
Because thymidylate is necessary for DNA synthesis,

Methotrexate toxicity to normal cells is reduced by
supplying an alternative cofactor, leucovarin, or by
byvpassing the folate pathway by adding thymidine.
Thymidine is converted directly to thymidylate by
thymidine kinase, Administration of these agents after
miethotrexate i called leucovorin or thymidine *res-
cue.” Lencovorin and thymidine do not *“rescue”
tumor cells from methotrexate because they do not
reach adequate concentration in tumor cells.

Other antimetabolites used o freat cancer are either

purine or pyrimidine analogs. In some cases, the
analogs are phosphorylated to nucleotides, then

methotrexate is toxic in the 5- phaue {synthesis)

Table 6.2 Antim
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incorporated into DNA or RNA where they inhibit
enzymis or result in faulty transcription or manslation.
Muicleotide analogs also inhibit essential enzymes such
as thymidvlate synthetase.

a0
Tepair
E:"'-Fr'l'-"'-
TlAle]Aa|[T|c|@|T|A|C|[C

Figure 8.5 Antimetaboliles such as tioguanine are
tncorporiated into DNA where they inkibit repate or replica-
tion cnzynees. Thinguanine o phsphonglated to Sio-GTP wéich
mitmiies GTF. The exct mechurism by which thio-GTT ovhilnts
enzymes s wnkvivmon. The other purine and pyrimidine malogs
work Ty stmnlivr iveclurnisms

|
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Antibiotic Anticancer Agenis
The antibiotics are drugs isolated from the fungal

species Streptomoes. They are classified together based
solelv on their origin. These agents have different
mechanisms of action, toxicities, pharmacokinetics and
clinical indications. Therefore, it is not useful to simply
learn a prototype drag for this class. The most com-

maonly used antiblotics are Adriamycin, Actinomycin 1,

mitomycin C and bleomycin,

Adrniamycin (doxorubicin) is effective against a
troad range of tumors, both solid and hematologic, It
acts by intercalating betwieen DNA bases, which
inhibits DNA and KNA synthesis, Addamycin also

inhibits topoisomerase 11, an enzyme responsible for
breaking and splicing DNA as supertwists are induced
or removed from the DNA coil. Inhibition of
topoisomerase results in DNA strand breaks.
Adriamycin cannot be used at maximally effective
doses for prolonged periods of time because it causes
irreversible cardiomyopathy. It is contraindicated in
patients with low cardiac ejection fractions. Toxicity
increases dramatically after a cumulative dose exceeds
a threshold level.

Dactinomyein is extensively used for pediatric
sarcomas, Blachnomyein intorcalates between DNA
bases where it inhibits DNA-dependent RNA poly-

Dactinomyein S phase. Intercatates balwean guaning Decreased druguptaka.
{detinomyain O bases of DMNA, AlRo decreases
RhA synithesis by blocking DNA-
dependent ANA synthesis.
Doxarublcin BEE Anthracycline. DMA imercalation, Decressed druguptake
Adriammyein decreases DMNA and RhA Inceased efflux from cell
aunorubicin synthesis, singla and doubla DA Multidrug resistance
i[hi.lnunm::ln} sirand breaks via actan on
darublein topolsomarase i1
Epirubicin
‘Mitoxantrone Mot phase-specilic Mot clear. In vitno, Inbibiis RNA Incressed drug afflux, altered
{Movantrona} and DNA synthesis, causes DNA  jopoisomErase.
sirand breaks, inhibiis
iopolsomerasa I,
Plicamyein B Blocks poly marasy movemeant = -
along strand. Does nol
imtercalaie.
Mitomycin© DM slkylation and cross-linking.
Alkylates O-6 of guaning.
Bleomycin G2/M-phase-specilic Bithiazole rings Intercalate into
“T!' o I:tu._stm:m. U ﬂ:rﬂl{m Fa**,
res radicals which dam-
Lo DA
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merase, Dactinomycin potentiates the toxicity of
radiation therapy when the two are administered
during the same time period.

Mitarmycin C is an effective alkylating agent only
after it has been metabolized intracellularly, The
metabolite, a bifunctional alkylating agent, binds to
gruaning residues which crosslinks DNA strands

Bleomyrin causes DNA strand breaks by producing
toxic free radicals, Tt 15 often used in combination
therapy for lymphomas, head and neck and testicular
cancer because It produces little bone miarrow toxicity.
It dows however cause dose-dependent pulmonary
fibrosis, oral ulcers, fever and chills.

act IKINETICS  INDICATIONS ___ NOTES
LUS8a, VOrmieg. I . &5 sho in 'I";El}'s. E SArcone, am -
hyparsangitivity, boha plasma and long in tissuses. bryanal rh Ty OSArCOMmE,
mAmow SUppression, melhotrexate-rasestand
ulcers, acne, increased gestational chonocarginogma,
radiation reactions. testicular tumors
injgciion sie necrosis,
[raversibia cardiomyopathy 1V, Pafients with impalred liver Doxorubicin: Sarcomas, Monitor pafients cardizc
which leads o congaative  lunction risk severs loxicity I'I'.l;.l'llﬁkﬂ' myedoma, malignani  ejection fraction to
hiear failure, benlgn ECG Reduce dose with var Iy omas, acule lsukemias  assess (osicity.
changes; leukopenia, d-ralun:li:n hMetabolized by and fasticulas, owvarlan, Dexrazoxone
nausea. vomiting, ijection  glycosidases. breast, gasinc, cand  {Znecard) is o chalat)
sita necrosis: Radialon throal canoes, agent that intarteras wi
Fecal, Daunorubicin/ Ircn Frave rvclicnls,
Idarublein: Acute reducing anthracycline-
laukamias., assaciatad
Epirubicin; broast cardiomyopathy,
Cancinomas
Valrubicin: is an
intravescular anthracycline
for bladder cancer.
Mausas, vomiting, 1V, Rapid, wide distsbution, half-  Acute nonly mphocytic
mugositis, stomatitis, bone  Iife = &5 daya leukamia,
MATowW SLppression;
cardiotoxicty
Maugen, vomiling, darthea,  Slow (Y, Metastalic lesticuiar tumors,
ENOTEXIA. Muccaitis, hy porcalopms w' advanced
nphrotaxicity, hypocal- makgnancy (low, less toxic
T, h;.'pnhﬂma.. hip- doses usaed).
alotoxicity, hamarrtagic
diathesis.
Bone marrow suppression, 1V, Prodreg is rapidly metabolized  Adenocancinoma of stomach,
nausaa, vomiting, diarrhea,  toalkylating agant. colon, pancreas and breast)
lavar, mucositis, squamou ol carcinoma of
naphratoxicity, hovacd and nisck.
Puln‘nna!r'{élm i, Ranal axcration, Administeriwo  Testicular cancer; Iraet et ad & nosmeal
preumonites, lite test doses to assass likelihood of  lymphomas; squamous call tissues by deamnass.
immunosuppression or bone  enaphylactic reaction (morg carcinoma of head, neck, Toxic to lungs and skin,
MATEW EUPPresSion. common m lymphoma patients), skin and ganialia. Alsoused which lack mnase
Erythema, increased skin as aclerosing agent for Usied im combination
?ignmta.lmn- ubcaration. malignant pleural affusion. tharapy bacause it is nol
aver, chilis, IMmMUNCS UpRrassve.
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Other Anticancer Agﬂﬂfs mitosis. They differ in that vinblastine and vinorelbine

“blasis" bone marrow while vincristine spares marrow.
The vinca alkaloids, vincristine, vinblastine, and Vincristine however, causes peripheral neuropathy
vinorelbine inhibit tumor growth by destroving which is manifested by decreased reflexes, foot drop,
microtubules which are essential for cell structure and ~ weak fingers and decreased autonomic function.

ol S,  pwa . _ :
Mitosis Inhibitors e BRI~ ! e =
Wincristine b-phase-speciiic Bindz Tubulin, depolymerizes Decreased uptake and
i} microbubiules, retantion, multl-drug resistance,
inblastine
Vinorelibine
{Mavalbing)
Paclitaxzel b-phasz e specific Sld;llllzas mecrotubules, enis
Taxol ipmrhmlun BHH‘IIF.TQF
ocelaxel
(Taxolera)
Eloposide B2 g-spacilic Interanes with fopolsomerass,
:Wﬁg] P causing DA strand breaks.
‘Tenlposide Late 5 HH;F_E_E!JI'IHEﬂ nr
(VB-26]
Others e P e e
Asparaginase  Not phase-specific —FEEIruTrzas L-asparaginetioc
Pegaspargase u&a Lack of as
tumor cells, which lack
aﬁrﬂq;lnsr ajrnlhetasa MNarmal
synthesize asparagine,
Hydroxyurea S-phase-spacific Inhibits ribonuclectide reduc- Alerod raductase.
tases, blocks deox yribonu-
cleotide formation,
Dl;ﬁi‘;h!llm i&&ylmiﬂn n;ﬁf‘l:;ﬁm most
T tant. 0 5 punng
: : synihesizs and injeracis with
sulfhydryl groups in profeins.,
Mitotane fzomer of DOT. Selective far
mnmvnﬂﬁ:al cells. P—
Procarbazine Fria mdlt:al {armation That
causas DA strand braaks
Topolecan interacts with topolsomarasa |,
Irinolecan Rasulis in DA braaks durnng
replication.
Monoclonal Antibodies .
Rituxamab Binds GO0 antigan on B
(FRRuxan) lymphocyies round n B-gell
lymphamas whevs il exers its
cylotonioity.
Trastuzumab Binds {0 HER2 protein and inhibits
iHaroepling growd i of fumor cells,
Gemtuzumab Anti-C033 moncslomal and
(v lotarg) conjugated to calicheamicin, a
cyloloxic agent,
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Etoposide (VP-16) is a synthetic derivative of
epipodophyvilotoxins. It appears to act by inhibiting
topoisomerase, causing DMNA strand breaks. VP-16is
used o treat small and nonsmall lung cancer, lesticular
cancer, and non-Hodgkins lymphoma,

Mitolane is remarkably simply because it preferen-
tially accumulaties in adrenocortical cells, Although
trealment is not curative, mitotane is used to decrease
symptoms caused by adrenal carcinoma.

[ —

Autonomic, perpheraland V. Ha||:|aﬂé metabadism, biliary
o

motor neurapatiny, fhon  exorel
site necrosics. Vineristine
doses nol cause bong

MErow SUpOIession,

Pariphiral neurapal Iv.
rl‘a:a:lf bonia m‘l‘ln-:y
Suppression, mya .
nausEd, hypa?l;urﬂnsﬁﬂy
reachons.

Bong marrow suppression,

nausen, mucositis.

I¥/PO, Long bighasic hall-lite.
Hypotension wrapid infusion.

~ Vineristine: Acute

Isolated from perwinkle

I
mulhlniz Loess toxic
due to lowathinity far
narye

I leukemia,
Jgkin's lymphoma, some

tumors.
Vinblastine: lymphomas.
Vinoreibine: miadl call
lung, brepst, ovanan,
ki,

ly

Melastatlc ovaran
CANCInGmE, BIaas] cancer.

Isolated from bark of
WESIEBIN yew,
Docetaxel is semi-
synthetic.

Testicular and lurg cancers

LA}

v

Chisdhood acute lymphocy tic
laukarma,

~ Minimal bone marrow sup- [V or IML A pofyethylena glycol

BEsian and alopecia. '[Euliﬁ conjugats increases drug
B

~ induction of remissionin©~ Availabla in Ermniaor £
acute lymphocytic loukemia.  Col oogin (ditferent

oxkz, panoreatoxic, adlargenic potaniisis]
e :-':iath?l.mnm:as.mlhﬂﬂ
, hype a
1!~||a.:|-1;|n:|m'Iﬂ mﬁﬁﬁ
Bane marmow suppreasion, PO Chronic granulocylic
Ik and ofher myelo-
supprassive disordors.
Bone manow s gion, IV, Poor CNS penetration, Metacstatic malignant
nausea, yomiting, fu-like TN oma, in's
iliness, P'n'phnma. whan olher drugs
al
Gl distress, lethargy, PO. Stored nfal, skowly Faliative freatment of inop-
dizziness, Wotknoss rleased arable adrarasl cancinoma
Bone mamow s ion, PO Well absorbad, me- Hodgkin's disease, Potentiates sedatives,

rapidty
tabelized 1o active drug by liver

TIALSEN, VOmilkng, meur-
migrosameas.

toxicily, CNS deprassion,
dematitis, mucositis,

weak MAD inhibstor, acts
like chgulliram in patisnis
consuming alcohaol.

Boms marrow suppression, [V Topotegan; Lung and cvanan

Irinelecan: Severs diarrhea cancer. Irinoiecan:

{marky and lata). Metastatic Colon Carcinoma.

Infusion related toxicities 1V~ B-cell lymphomas = e

{chilts, rigors) and

hypersensitivity reactions.

== diarrhaa I Braast Cancer HERZ is overexpressed in
25-30% of breas!
CANcErs.

| = __I'u' — Acute myeslogenous lsukamis
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Hormonal and fmmunamp.dufaﬂ'ﬂp agent, into estrogen receptor-positive cells.

Anticancer AQ'EHIE ) Leukemias and lymphomas are derived &nfn

Muost anticancer hormones act as agonists that WO EEREES q:'eJ.I:-'.r.n it ki aange lhﬂl_agunt& PR
irthibit tumor cell growth or as antagonists that com- regulate division of immune cells msghl:_alsu affect
pete with endogenous growth promoting hormones. En—mr cm.gmwth'r bitesieniin mﬁpm!mn producty
Adrenocorticosteroids inhibit multiple cell processes At were is0lEted trom %mm"me FL“E' and ane now
necessary for division. Leuprolide and Goserelin act at PEQced NG recomrinamnk LN technn!ug_}r..
the pituitary to reduce LH and FSH secretion. LH and I"tﬂf"'mfns iklyce & number e me‘.ﬁf it el
F5H FJI"l'.'II'I‘IL'I-II.' growth of prostate cancer cells. th.at e mter.femn TecRpinEpomivE. Iradiition, ey
Estramustine relies on the estrogen moeity simply to stimulate activity of certain immune cells, some of
target the other half of the drug, which is an a]hyiarinhrl which may act against tumor cells,

Table 85 Hormonaland Immunomodulating Anticancer Ag

DRUG AEMARKS
Hormones PO 7 e R
‘Ezfrogen Estrogen receptor agonisl which counferacts endogenous fesfosterone {testosterone enhances

tumear gronst i) in patlents with prostate cancar:
_Frﬁﬁii in — FE&E&ETE&E?EE&W_DFEEE&E&_IE \real andarmetdal carcinoma, metasiatic renal carcinoma and
breast cancer, Meachandsm ol action unclear,

Tamoxifen Estrogen receplor antagonist, Prevents endogenous estrogens Irem stimulaiing twnr-ﬁ;ﬁu'h. Used
1o treat estrogen receplor-poditive breast cancer in postrmenopausal women. Increased risk of
uterng cancer absarvad in women treated with tamoxifan.

Aromalase Non-sterosdal aromatase infibdor sefectively reduces circulaling estradiol levals for tha treafment of
Inhibiter advanced breast cancer (anastrazole and letrozole),
Androgen Testosterons recopiar agonists active against some breast and renal cancers.

Flutamide Testosterone recepior antagomist which augments late atfecis of leuprolide and inhibits transient

side eftects caused by initial lsuprafide-induced LH and FSH secration.

“Adrenocortico-  Inhibit DNA and proten synthesis as well a5 mitosis, Used lor acule lymphocylic laukemia, chronic

slerold lymphocytic leukemia, acute myelogenous leukemea, multipls myeloma; breast cancer, lymphoma.

Leuproiide, Analog of gonadetropin releasing hormone (GNAH). Desensitizes GNFH recaplors in pllultary,

Goseralin cauwsing decreased release of gonadafropen, Fesulls in decreased sex hormone release and is used
for advanced prostate cancar. Initiady stimulabes transient refaase of sex hormonas (LH and FSH),

Estramustine  Esirogen agonist inked to alkylating agent. Drug uptake s enhanced in e£lrogen recoplor-pos e

{EmCy1} tells, causing salective accumulation of allylating agant in tumer cells, Used for prostate carcinoma.

Immune Mediators = T g
Interferon “Enhance activity of cylatoxic-T, natural kilier cells and macrophages, Inhibit profiferation of fumar

Cells, Used for hairy cell leukemia, AIDS-related Kapos!'s sarcoma. Other uses undaer investigation,

| Levamisale Complex actions on immune system Enhances depressed immune lunctions, including antibady
production; Teell, macrophage, and monocyte activation. Usad in conjunction sith luoreuraca for
avanced colon cancer following resection

_Miscellangous N e E

Tretinoin Analog of retincic acid (vitammin A) That iInduces maturaiion in acule promyelocytic leukema cells and
Vesanoid} neurcblastoma. Texicity includes the rebinoic acid-syndroma (fever, dyspnea, pulmonary infiltrates
sotretingin and eflusions, Muld retention), transiant leukocytosis, pseudotumar cerebri,

(Aocutamns)

Forfimer A photosensitizing parphyrin that s toxic (o cancer cells expozed 1o B30 nmlight, Prederantially
(Photafrin retained in cancer cells atter clearance from most normal lissues. Lighl exposure induces a

porphyrin excited state, which spin fransters 10 oxygen to forn foxic oxygen free radicals: Indicated
for paation of esophageal cancers thal occlede the aireay.
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Anti-inflammatory and

Immunomodulating Agents

Drrugs presented in this chapter modulate inflamma-
tion or other immune nesponses. Most of these agents
influence other cellular functions as well, and are
discussed in other chapters. The reason for the multi-
tude of actions is that these agents generally interfere
with processes that are vital to multiple biochemical
pathwavs.

A beautiful example of a drug with such pleiotropic
eftects is aspirin. Aspirin reduces inflammation,
lowers the temperature of febrile patients, relieves
mipderate pain and prevents blood clots. The biochemi-
cal mechanism of these actions is inhibition of the
enzyme, cyclomygenase. Cyclooxygenase catalyzes
the synthesis of potent chemical messengers called
prostaglandins, which regulate inflammation, body
temperature, analgesia, platelet aggregation and
mumersus other processes

In producing inflammation, the role of prostaglan-
dins is to “call in* the immune system. Local tissue
imfiltration by immune cells and the release of chemical
mediators by such cells cause the symptoms of inflam-
miation (heat, redness, tfendemess). Thus; a second
mechanism for reducing inflammation involves inhibit-

ing immune functions. In the past, this was accom-
plished using nonspecific iImmunosuppressants such
as corticosteroids (presented in Chapter 10, page 10-8).
Recent advances in immunology fueled the develop-
ment of more selective agents, capable of inhibiting or
stimulating specific immune pathways. Such agents
permit exciting new therapeutic approaches to organ
transplantation, hvper- and hypo-immune diseases
and cancer.

A third mechanism for treating inflammation
inviolves antagonizing the effects of chemicals released
by immune cells, Histamine, released by masi cells
and basophils in response (o antigens, causes bronchial
constrichion and inflammation by binding to histamine
receptors on bronchial cells. Antihistamines are
antagonists which compete with histamine for these
meceplors

Like prostaglandins, histamine regulates numerous
processes, including acid and pepsin secretion in the
stomach, heart rate and vasodilation. Histamine
antagonists which prevent acid and pepsin secretion
are clinically used to treal peptic ulcer disease {Table
&1
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Prostaglandin inhibitors

Until a few years ago, there were bwo ways to
pharmacologically redoce inflammation, One ap-
proach was corticostersids. The other was the chemi-
cally-diverse agents known as "non-steroidal anti-
inflammatory drugs™ or NSAIDs (Tables 9.1, 9.2 and
9.3).

MNSATDS were used before their mechanism of action
was understood. Ample evidence indicates that
NSAIDs act by preventing prostaglandin synthesis.
They will likely be referred to as prostaglandin synthe-
sis inhibitors in the future,

Prostaglandins are a family of potent arachidonic
acid metabolites, which modulate some components of
inflammation, body temperature, pain transmission,
platelet aggregation and a host of other actions. They
are niot stored by cells, but are synthesized and released
on demand. Prostaglandins are rapidly degraded, so
their hali-life is in the range of seconds to minutes.

Aspirin and other NSAIDs inhibit cyclooxvgenase, a
critical engyme in prostaglandin synthezis. Because
this erzyme plays & role in the synthesis of all mombers
of the prostaglandin family, NSAIDs tend to inhibit all
prostaglandin functions (Tables 9.1:and 9.2,

Sm*m

Asp
{Acetylsalicylic Acid)

NHCOCH,

OH
Acetaminophen

Acetaminophen {(e.g., Tylenol*) parallels aspirin
with regard to its antipyretic {(fever reducing) and
analgesic effects, vet it lacks anti-inflammatory and
antithrombotic actions. Because it produces less GGl
irritation than aspirin, it was introduced a5 an aspirin
substitute. Soon, acetaminophen was used in place of
aspirin for fevers, analgesia and inflanimation, even
though acetaminophen i5 a poor anti-inflammatory
drug. This illustrates the hazard of equating similar
drugs with one another rather than leaming important
differences.

The use of aspirin-like drugs for arthritis iilustrates
one problem associated with selective drug distribu-
tion. Many dirugs fail to penetrate into joint spaces.
High doses of aspirin or other non-steroidal anti-
inflammatory agents (NSAIDS) are required to achieve
therapeutic levels in the joint space. Of course toxicity
to Hissues other than joints i mone likely at high drug
concentrations, Castrointestinal irritation and uloer-
ation are likely to develop when high-dose NSAIDs are
employed unless anb-uloer drugs are concurmently
administered to prevent gastrodundenal mucosa
darmiage.

Macham;m rl-ut

Mild to modarate pain

1 v Al i I [
STALYE - SIHABLE i__i.n:_.‘“"

Aca and fever, .Elnus nof cause G upser or
{Tylanol Waak inhibitor o Preferred over aspinn in chiddren  bieeding. Rash, occasicnally with
. oo oty b ool o B s
= aqual TR, GEVERS NECInsis ing
those of aspirin. Anti-inflam- to coma and death,
rTIEI'I:H'j" affects munh waaker.
Asplirin Inruhnla e :rmeﬁ Symplomatic ral-IaT a’r mlnn:lr pain, Gl upset & bleeding, allergec reac-
P za qil'ﬂlfﬂul for tha inflammation, levar, or tions. Increased nsk of Reye's
synthesis Pruslaqhn theumataid arthritis. Reduction of  Syndrome in children. Overdose
iprostaglandins madiate stroke risk. called salicylism, invohes
inflammation, fever & pain. tinnitis, dizziness, headachs,
inflammation and pyrogen tever, mental slams
inducod fever, + pain caused ntilation, and respeatory
gy Inh;r%n-r inflammation, which Ieads to metabalic
revants plabelet aggregation Acidnss,
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| ASPIRIN-LIKE DRUGS _ PROPERTIES WHICH DISTINGUISH THE DRUG FROM ASPIRIN

Salicylales _ z .
D“lur_l':!?ll Less Whely 1o cause Gl bieeding and tinmills, bul may cause acute interstitial nephntis:
Disalazine Pra-drug is metabalizad to 5-aminosalicylic acid. 11 is retained in the colon, making it
[ Dipantiem) effective againatl ulcerative colitis. Also 2ee sulfasalizine (Table 7.6).
Propionic Acid Derivatives
lbuprofan Battertoleraled than aspinin by most patients. Reduces diuretic eltects of furosamide
[Adwil, Matrin) and may reduce effeclivenass of several antinypanensiva agents.

Naproaxen Betier iolarated than aspirn.

[Maprosynj

3I.I|ll'ﬂlll'.| Maora allactive than aspitn, acelami e, coxdaime and oxycodon in mlinyeng acube
{Superal) pain. Antisinflarmmatony actions not yet fully assessaed.

Eenoprofen. More pofent thanaspin. Fewer Gl side slfects _mene genitourinary side eflects jpain
[Malon) on urination, hematuna, nephropathy}.
_l[1i|:li:lﬁl haci Corif i i ante with Gl lesi igti :

mel n ic i patients ZE] ) worsen pra-existi Bsgion,
i e S L SR S S s e A
patant ductus arerosus in newborms.

Sulindee === FewsrGlsidesiiectsthanespon

{Clinol)

I_Iptrﬂuﬂn_ o Apliarifwitic sflicscy snhanced by concument administration of aceiamnophaa.
{Taleatin)

Piroxics I addition to mhibiti aglandin synthesis, piraxicam prevents neutrophil

rexicam n 20000 10 NDEing prosiagiandin syntnasis, piroxcam prevants neulrop

{Feldena) aggregation and release of lysosomal enzymes.

Fenamale —
Meclofonamale Indisces diarrhea in 10 - 35% of patiants.

{Macloman)|

ﬂ“ﬂ. The anly paredt tarcidal anti-nfl f i ralied, Infial clnicai irinks
etorolac 200 gral nons =i eI or pain raligd, AICAnaE
[ Toradal) Irrl:ﬁc-a!gﬁlal il i ;‘iual' to narcotic Elna.lgasicﬁ'fﬁrumgﬁ]lm postoperative pﬂ?lj'l

IV PO dosing forme avaiksbls for short-term pain management. Mo other indscations.

PO/PR. Raaddly absorbed, litthe Al high dosas,

bein binding, acataminophen
medabolized by ver, axcreted in  potentiate anticoagulants.
uring.

Bleeding disorders, peplic POPR. Readily absorbed In small  Increased risk of bieeding Antiplatetat activty
ulcer disiami, Infgsting, enters Brain, highly willh ang lants, described in Table 4.9,
ritabalized, dxcnlad i whing. decriased cls af
Elmination is dose dependant, antigout I, incraased
ABglinization of uring Bpeeds risk, of m resate bowicily,
elimenation. Dizplacement of antidiabetio
agents from plasma |;"B1.E|I'IE
induces hypoglycemia.
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Antiarthritic Agents

Joint inflammation and tissue damage characterize
arthritis. Antiarthritic agents include prostaglandin
inhibitors (Table 9.2), corticosteroids (Table 10.6), other
immunosuppressants (Table 9.3), and other antiar-
thritic agents (Table 9.3). The efficacy of antarthritic
agents depends on the type of arthritis being treated
{Table 9.5),

The most important characteristics of antarthritis
drugs are 1) ability to reduce inflammation, 2) ability to
reach therapeutic concentrations in joint capsules

without reaching toxic levels in serum. Drugs in Tables
8.2 and 9.2 are the primary antiarthritic agents.

Monsteroidal anti-inflammatory agents are used miost
frequently for arthritis, The major toxicity of these drugs,
when used at doses large enough to penetrate joint
capsules, is Gl irritation and breakdown. Celecoxib
(Celebrex®) and rodecoxib (Vioxs™) are selective
cyclooxygenase-2 inhibitors. Because they do nat inhibit
cyclooxygenase-1, there are fewer Gl side effects at doses
that are etfective for arthritis. Antacids, H2 blockers, or
prostaglandin analogs are prescribed to prevent or
reverse NSAID damage to G msoosa (Table 613

Tahﬁa 9.3 An#&ﬂf#'ﬂm Agsnts
L 1 I... - = ; -rl-|l-l-l--|-|-|—|- + 1 e b
Hﬂﬂﬂ teroidal Aﬂlf'-fﬂﬂﬂ'ﬂ'lmmnf Agenis q’HEAIﬂE,.I and Immmsuppressanrs-—‘!pbm; 2.1, 9.2, 8.5
Methotrexale—Tabla 8.2
i:aila I:n:ih EIEIEH:!NHI[.' InHIEJ[ Elmic_ﬁamn;a j P'l:l
Calabram) cyClooxy penasa-2 (GON-2),
ofecoxib
Wignox) T _ S
I-,Ird roxy- 1 accommodation, buseye PO. Readily abzorbad,
!urnq Lrlna reting, dizziness, headache,
(Plagueanil hemalysis In GEFD defician
patents,
Leflunomide Inhibits protein synthesis and  Teratogenic, haﬁamru:mrty PO, Prodrug, metabolite is
{Arava) has anti-inflamnatary activity.  nephrotoxicity, hypartension, acive
diarrhea.

Sulfasalazine  Anfi-inflammatary, Gl intolerance PO,

‘Gold Salts ~ Fecent studies sugpestthat  Pancytopenia, dermatitis, Oral|M praparations availabla.
gold salts areinetlective for  stomalitis, Glupsel, naphrotic Apogumuiates in synoviemand In
treating arthritis, They arestill  syndrome, cholestasis, hepafitis. phagooytic cells.
presar , P,

Table 9.4 Antigout Agents
Allopuringl Dacreases unic acid levals by acecus gout, recumeant Py mma:a gout ah‘anks Gl
{e.q.. Eyloprim) Inhifaiting xanthine cxidasa, cgﬂm oxalate stones. EE atotoxiciy
the anzyme which convers Reduction of wric acid in leukemia WENS- rumn s;.-m:lrcnma
hypoxanthine to xanthine and  patienis,
xanthing 1o urig ackd,
Probenecid Inhibits renal raahsurpumn of ?np'ﬁaczms g, To enhance Iy axicarate gout atacke,
(... Banamid) uric acd, !I;_e duration of panicilin Dtherwise well tolerated.
{Fig, 7.13)
Sulfinpyrazone Inrsbits renal reatisorption of  Tophaceous gout & Gl upsel, hypersansitivily.
(AnturaneE) wfle acd. hyperuricemia.

Colchicine Unclear. refiof Buely due to Gouty arthritia, Gl upset (B0, Suspend therany

antifiammatory properties. upon onsH of dmarrhea,
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AcatamEnophen X | X X ' Hutln:ﬁ:alad for arthiitis. no anti-
S = inflammatory actions,
Hunﬂarﬂdﬂlnﬂ-!nﬂ_ nafory Agenis (Table 8.2) s I —
irin X | X | A X X | X i =
Difwnissl | | | X % ¥ |
XEPIOZin — X =
Ibuproten ] K | X X i S | X X X X
Katoproten X | X | % | | X | X X =
Maproxen | X | X | X | X | X | X | [ X | X | X X X X
Suproten | X | X | X X | e IR ST (WO R
Fenoprofen I il N, O M Sl - [ X X X X X
Indomethacin | | x X | X | ; % X x X | X
Sulindac = 1T %] % 1 | X X | X | X | X
Obmetin | 00 | | X | | X X X X X X
Piroicam L% T %1 1 | & F Nl X =
Moclofenamata | X | X | 1 X X
isalazing | = SRR ¥ W DS e T ] ==
Antiarthritic Agents {Table 9.3) . -
Panicillaming =1 | | | i | | [
Fﬂ{ﬂ.qm g 'S — el . .E. _._x.. | | — —
Cloid Sails 1 X W = ==
J'mmunun.:pprlnlnu_ﬂ'lbﬁnﬂ Lando@) e T B LT ||
clophos phamide ' = —a = LhE = — 1 —
Methotrexate |__ | | | ® I -I_ |
ﬁ.'wﬁmlumm.l _[T.lhr- a8 e ——— — —i
Prednisone equivalent =—3 =1 _]= 1% e
Antigout Agents

Glomerular filfration rate
decraased by = 5%,

Glormerutat filtration rate
decregsed by = 5%,

l:luhih'rld pnhirlbs w.-'rarral
ic, cardiovasoular or
Gl diseasa.

rirtal
which is aclive Er‘?um“
extands the duration,

Matabolized 1o

PO, Highly metabolized,
may accumilaie wilh
repealed Usa.

'P_c:'ﬁ_'"h__'__
abzarption, hi plazma
protein bownd, primariby
excrafed

POV,

Sodium urate crystallizes in joints, inciting an
inflammatory reaction called tophaceous gout,
Aspirin-like drugs may relieve the symptoms of gout,
but therapy is more often directed at lowering uric acid
levels. Uric acid is a product of purine metaboliam,
Strategies for reducing uric acid levels include inhibit-
ing xanthine oxidase, the enzyme responsible of uric
acid synthests, and preventing urie acid reabsorption
from the unne. Antigout drugs ane described in
Table 9.4.
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mod roblastosis fetalis (destruction of fetal blood cells by
Immuno ufﬂﬂﬂ'ﬂ' Agﬂ"ts maternal antibody-mediated immunity) and may

Immunosuppressants help prevent regjection of reverse autoimmune diseases such as aplastic anemia.
transplanted ergans and bone marrow, prevent eryth-  They work by a variety of mechanisms {Table 9.6,

Table 9.6 Immunosuppressants and Immunostimulants

DRUG MECHANISM/ACTIONS tﬂgﬂ&"f’iﬁlﬁ UNDESIRABLE EFFECTS
Em nosuppressants i e
closporine ‘Inhibits T-Cell-mediated immunity by 71 Agent of choice for Mephrotoxicily (presentation |s
{ IFTFTILINE, L production of intemsaukin-11 preventing and treating - similar (o kidgney rejection]),
Megral) activated T-helper cefls, 2} 1t transplanted crgan thramboarmbalism, newrotoxicity,
number of inferieukin receptors an rejection, Gral versus  seizures, reversible
cytotoxic-T cells, 3) allowing hos! diseass in bone hepatoioxichy, hyperiension.
proliferation of T-suppressar cells marnow transplant.
Tacrolimus resses T-lymphocyte schivity, Transplan organ hrotoxicity, neuroioyiaity.
{Fi 506. Prograt) Mechanism nat claar -'ajaciﬁ:nn- gmgavs- host b i ¥
Azathioprine Comveried [0 6-mercaptopurine ribose  Preventionof ofgan (Gl distréss, bone marrow
{trmuran) phasphate which inhibits purine transplant rejection deprasshon, infectians, mild
symthesis. Because DhA & FAMNA lauk a8 and
synthesis reguires proteins, all th yiopenia

rofifarating cells are inhibited (B-cells,
-gells, nonimmune cefis),

Cyclo- PRODALIG is converted by fver toan  Drug of choice for Alopecia, Gl distrass,
!: nna!:T-a mide alkyiating agent which crossknks DA ener s granuloma-  hemarrhagle cystitis of the
&.0.. Cyloxan) Profiferation of B-cells is inhibited more©  tosis,. Alzoused for bladder, bone marrow depression.

than T-cedls. May aizg atack gavrerg rhaumatoid

immunocompetant fymphocytes (o arthritis & autoimmuns

enhitet established mmune respones. blood disorders
Lymphooyie Horse |gG antibodies which selectively  Prevention of organ Fevar, chills, leukopenia, throm-
immune-, anti- suppress T-lymphoovies [cell-mediated transplant rejection, bocytopenia, skin reactions,
thymocyte- imrrLinily ) and humssal immunity apdastic anemia. Less often: arthralgia, chest or

labulin baik pain, dyspnea. vomiting,
Afgam) nauses, hegdache, night sweais.

RhoD |mmunea Hurman irmune globudin which prevents.  [n Bho(D) na?mll..'a- Generally well toberated.
Glabulln sensitization of Rho negative recipients - mothar carmying Fha(D)
(i, AhoGARM) to Ahod O itive blood. Theoretically  poskneg felus of

binds 1o RhofD) antigens, masking planning abortion. Goal:

them from anligen-sensitive immunes revent erythroblastosis

calls etals In future infamts.
Interferon [ Unknown. Binds 1o cell surface Relapsing remting Flu-iike #iness, fever, headache,
1b: {Betaseron) receptors Initiating sevaral gang multiple sclerosis, sweating, weakneas, pain at
18; {Avones) produsis, Reduces exacerbalions,  injEction site, leukopaenta,
Glatiramer Copolymer of L-akanine, L-glutamate, L- " Transient post-injEction reaction,
{Copaxone)} Iy sine and L—gr&sina migdifies immne tramsient cheat pain,

system by unknown mechasism.

Corticosteroids (Tables 10.5 & 10.6), Nonsteroidal Anti-inflammatory Agents (Tables 9.1 & 9.2),
Methotrexate {Table &.2).
Basilivimab, Daclizumab, Muromonab-C03, and Mycophenolate Matetil are also used to prevent gratt rejection in transpiant seffings.

Immunosfimulaling Agenis —
Tevemisols . 5l

i imulates cef-mediated immunity. Colon cancer [DURes Darmatinis. agranuieyiosis,
{Ergarmsal] siage C), Inconjunction Gl distress, malaise.
with fluarouracil
Interfarons Enhance activity of cytotoxic-T, natural  Hairy-cell [eukemia, Faver, headacke, rmyalgias.
killer calls, and macrophagesa. Inhibit genilal warks, Kapasi's
profiferaton of fumes cells amd sartoma, chronic

dupprass grafl-versus-hos| disease, myelocytic lEukemia.

Interleukin-2 Enhances production of T-cells and Under investigalion lor Hypolension, fever, chills, rigos.
Enrrma inferferon. Activates natural affectivensss against
iller and kymphoking acivated killer A0S, neoplasms, and
oells viral diseases;
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Some imm are not drugs, but are
instead antibodies that are produced by non-human
animals and are directed at human immune cells

time, may be employed in the future for the treatment
of AIDS, other immunosuppressed states, cancer, and
viral discases. Interferons and interleukins are pep-

Immunostimulants, primarily investigational at this

Oral most comman, but Synergistic ng:nmtm:rry with  Cyclosporine does not inhibit antibody -mediated (B-cell)
absorpticn is edfratic. IV for wﬁmm i cogides . Therslore, iransplant patkents arm not at
acuie organ regecthon, & trimat n'an ich significant sk for microbial infections duning cyclosparin
Motabolized by liver, Mo induce [ver metabo mt?aﬂ-iﬂﬂi mm':ﬁgx@uﬂﬂ ﬁlﬁnﬂlmm . howewer, may
dose adjustmant necessary  enz may shorten BUprass 8 robial naes.

with renal dysiunctbon. cruﬂﬁﬂm

POV, Abgorplion & hany drugs alter plasma Similar efficacy to cyclosporin. Occ elfective in
afrafic. concentration, Follow levels. patienis thal have failed a cyclosporin trial VErsa.
POV, Prodrug is ALLOPURINOL inhibils xanthens  6-Morcaplopuring is an anticancer agent (Table8.2). |
il abolized tiﬁn n:uu::;thlr. Ihgvﬁ*lmw \ <
B-marcap (EMF, £arum hicarine

EHFHI:I}IEUE{M to

G-thiguric acid by xanthine

oxidasa, Renal excretion,

PO. Must be hydroxylated E.nmulmar taking cyclophosphamida 1o drink

by the P450 syatem to the piumrr mvmﬁlﬁmm#m hemorrhagic.
active ool T dnsg, oystilis.

e IV, Must have filter in [V Anaphylaxis ocours in < 1% of patients, An sirway and
Ko 11 eyt neciuble appopriate drugs should be at the bedside during the
material fromaniering the cowrse of therapy. Offlen administersd with s -]
bloodaiream. reduce risk of anaphylaxis.

i, Contraindicated in Rho{D) positive patients or in AhoiD)
negative patients who have-almeady devaloped ami-
Wﬁtﬂi iu'ntpﬂlhndiaa

Subculaneous injections, Etficacy and sately have nof been establishad beyond
Mﬂm. Fatlants develop antibodies agamst drug -
unchear whalher sificacy is reduced in these patiaats.

Subcutaneous. Daily Inducas lgG levels. Renal immuns its noted in

Injections. treated animals, Long lerm immune aflecta of thia
synihetic antigen ane unknown,
INVESTIGATIONAL. mqq:gas immune sytemin
some cases. Clinical acy II'EIEIII'l'Eln‘I. nfﬁﬂl‘i]-:..lﬁ

SN SR ————————— Pt b s ra )
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Antihistamines

Ragweed pollen, bee stings and other antigens elicit
immune responses ranging from mild wheezing to
potentially-fatal anaphylactic shock in sensitive indi-
viduals, Histamine, a chemical produced in many
human tissues, mediates many of these responses.
Mast cells and basophils release histamine in regponse
b & variety of antigens.

Following release, histamine binds to either H1 or
H2 histamine receptors causing a varlety of effects
ilisted in Tabje 9.8). Inaddition to allergens; several
other substanoes cause histamine release, including
radiodiagnostic dyes, some antibictics, kinins (chemi-
cals released by immune cells) and some venoms.
Several synthetic histamine agonists are available for
laboratory studies of histamine funchions, but there are
virtually no clinical indications for histamine receptor
AnTIsE.

Histamine antagonists, on the other hand, are
among the most widely used drugs. The term “antibis-
tamines” generally refers to drugs which block H1
histamine receptors. These agents prevent bronchial
smooth muscle contraction and inhibit histamine-
induced vasodilation and increased capillary perme-
ability. Therefore, H1 antihistamines are particularly
useful for treating allergies.

H2 antagonists inhibit acid and pepsin secretion in
the gastrointestinal tract and are used to treat preptic
ulcer disease (Table 6.1).

Both H1 and H2 histamine receptor antagonists act
by competing with histamine that has been released, A
second strategy for reducing histamine-induced
symptoms involves preventing histamine rejease from
magl cells and basophils, Inhibitors of histaming
release are available for prophylivis against allergy and
asthma symptoms {Table 2.7).

Table 8.7 Anﬁhmtaﬂmms

nnun
.-RE!'.!-FH' Anhibitar

Cromalyn Sodium Inhitits release of Prophylazis of bronchial asthma Walltolerated. Local
Masalcrom) histaming frommast & seasonal allergic conjunctivitis.  irrtation, headache,
edocromll Tiade} cells, unpleasant taste:
,Em,mnmmmu LN [
Diphenhydraming (Benadryll Hi Fecepior Type | allergies (allergic rhinitis &  Sedative: VARIABLE
Clemastine {Tavist} Antagonist conjunctivitis, simple urticaria, Anticholinergic: HIGH
pruntiz, angioedeama}, Tomduce Gl upset: L
aleep.
Alkylamines
Chiorpheniramine o i Sedative: LOW-MOUERATE —
Chilorimmeton) Anticholinerglc: MODERATE
rampheniramine [Dimelans) Gl upsaet: L
Phenothiazine:
‘Promethazine {Phenergan) b g Sedatve: HIGH

Antichalimergic: HEGH

Féperiﬂ nes'& F_p:m,r_!nuf_ N
pladine
:|.| anMI;IiPnnA(hHahIE1ﬁ
roxyZineg faras
!Iacll:.i:e {,Anl‘luart} ;

Type
aga used for freatment of anxiely - Antichalinergic: MODERATE
angd prufilis. Mechzing is wsed for

imeaalion sickness and vertigo.

3 allergies. Hydroxyzingls  Sedative: LOW-MODERATE

_Nonsedating antihistamines
Astamizole

Loratadine [Claritin)
Fexofena t"l'l-ﬂ 1A|Iegm:|

Catirizine Syt

"W

Seasonal allergic rhinitis.

Litlle of no sedation.

Duodenal/gastric ulcer,
hypersecration of acid.

Azelasting | !eiln]

| Hﬂ-'aplar Antagonists - Described in detail in Table 6.1
Elme—l'ﬂ ne |Tagametj gFlwu

Ranitiding {faniac) Anfagmsl

Famotidine LF'Epnld]

Mizatidine |Axid)

Well tolerated. Diarrhea,
dizziness, headache,
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Table 9.8 Histami _ .|

RECEPTOR ORGAN ACTIONS  BIOCHEMICAL m -GG ENGH g

H1 Lung Constrict bronchial smooth muscke  Stmulate cyclic GMP

H1 Adronal Meduila Slimulate calechotaming releass ="

H1 Welns Consirict L

H1 Capillares Increase permeankEly =i

H1 Gastrointestinal Muscle Coniract e

H2 Hoarl increasa rale Stimulate cyclic AMP

H2 Slomach increase HCI and pepsin secrefion. ="

H1 & H2 Capliaries & anoroles Dllate w mm& ?ﬂéw
H1 & H2 Hiari Increase contracility e

(H3 Histaming-releasing cedls  Inhibit histamine release - B

~RNagal Gpray, dyedrops, Poorly

ahzorbed, not matabolized.

Requires 4-6 dosés per
day Lo prevant reaction

— Aniicholingrgic activity may
ravate bronchial
ast , Urimary retention.,
glalcona,

_— e — =

Curation: 4-6 s, Melabalizedin

ever, sxcreted in Kidney.

Slow onaol pravenis use
ir anaptylaxis.,

“Duration: 4-25 hrs.

Duration: 4-26hs

COnGuian use ol
arylhramycin (macroiide),
keloconazaole, fraconazole.

Dior'f €ross blood beain Barier. Pofenijaly fatal antylhmias

d, oxfansive melabalism,
high plasma protein binding

with arythromyein,
keioconazaols, traconacale.

Lz chmatiding with caution
in =50 yaar olds wikidnay of
ver failura.

Little plasma pratein binding, ittle

malabolism,

Cimelidine T levets of many :H'uaa {e.g., oral
anfkcoagulanis, Iheophylliine, catieine (1o

]:-umwm. banzoded apenes, prop.
nhibiting lives PAS0 onzy mes,
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Endocrine System

10

Endocrine glands release endogenous chemicals,
called hormones, into the bloodstream to regulate the
function of target tissues. This chapter addresses
endocrine functions which are modified by clinically
wseful drugs,

The pituitary gland regulates virtually every
endocring gland and is often called the "master gland.”
It is divided anatomically and functionally into an
anterior and a posterior lobe.

Anterior Pituitary Hormones

The hypothalamus secretes releasing and inhibitory
substances into the anterior pitaitary vasculature,

thereby regulating anterior pituitary function. Pituitary

secretions are also controllid by feedback control via
circulating hormones. Endocrine systems influenced
by the anterior pituitary are:

* Sex Hormones: The pituitary glycoprotein
hormones, luteinizing hormone (LH) and follicle
stimiulating hormone [FSH), control sex sterodd
synthesis, spermatogenesis, follicular development
and menstruation. The hypothalamic peptide,
gonadotropin-releasing hormone (GnRH), stimulates
the release of both LH and FSH from the pituitary.
Circulating sex steroids inhibit the release of LH and
F5SH; inhibin, a peptide synthesized in the gonads,
selectively inhibits FSH. Synthetic GnEH agonists
initially stimulate LH and FSH secretion, then
desensitize the pituitary, resulting in decreased LH
and F5H secretion, Mafarelin acetate (Synarel”)
leuprolide (Lupron®) and goserelin (Zoladex®) are
indicated for endometriosis. Histrelin acetate
(Supprelin®) nafarulin acetate (Synarel™) and
leuprolide (Lupron Depot) are indicated for preco-
cious puberty, Gonadorelin ( Lutrepulse®) is indi-
cated for primary hypothalamic amenorrhea.

* Adrenal steroids: Corticotropin- releasing factor
{CEF); a hypothalamic releasimg Factor, stimulates

release of corticotropin (ACTH) from the pituitary
gland. ACTH stimulates the adrenal gland to
produce corticosterold hormones (Tables 10.5 - 10L.7).
Cleavage of the precursor pro-optomelanocortin
(POMC) yields ACTH and another glycoprotein, [3-
lipoprotein (Fig. 3.5). f-lipoprotein further converts
to the endogenous opicid peptide endorphin.
Likewise, melanocyvie stimulating hormone (MSH)
results from the cleavage of ACTHL

* Thyroid hormones: Thyroid stimulating hormone
(TSH), released by the pituitary gland, facilitates
synthesis and release of thyroxine (T,) and tritodo-
thyronine (T,). TSH Is a glycoprotein composed of
two chains, designated o and . The @ chain of TSH
is identical to the o chain of FSH, LH and human
chorionic gonadotropin (hCG). TSH release is
stimulated by thyrotropin-releasing factor [TRH) a
hypothalamic peptide, Serum T3 and T4 are feed-
back inhibitors of TSH synthesis. Thev also act as
TRH antagonists in the pituitary.

* Growth Hormone: Pituitary growth hormone (GH)
is released by growing children in discrete pulses,
late m the sleep cycle, Hypothalamic growth
hormone-releasing factor (GRF) stimulates GH and
the hormone somatostatin (SRIF) inhibits it
Somatostatin is rneleased from the hypothalamus, the
gastrointestinal tract and the pancreas. It acts as a
neurotransmitter. Inadequate secretion of growth
hormone results in dwarfism, Recombinant human
growth hormone is available by prescription
{Somatrem®, Somatropin®). Synthetic GH contains
the 191 amino acid sequence of pituitary-derived
=H. Both endogenous and synthetlc GH induce
skeletal and organ growth and promote anabolic
metabolism. Octreotide (Sandostatin®) is an analog
of smatostating which inhibits growth hormome. 1
is-used clinically o treat acromegaly.

= Prolactin: Prolactin is an anterior pituitary hormone
which induces milk secretion from the breasts of
lactating women. Mipple stimulation promotes
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prodactin release and dopamine inhibits prolactin
release. Cabergoline (Dostinesx®) is indicated for
hyperprolactinemia

Posterior Pituitary Hormones

The posterior pituitary stores and releases two
octapeptides, vasopressin and oxyvtocin, which are
synthesized in the supraoptic and paraventricular
nuclel of the hypothalamus. Both polypeptides are
carried to hypothalamic nerve endings in the posterior
pituitary by the transport protein, neurophysin.

* Vasopressin: Arginine vasopressin peptide (AVP,
antidiuretic hormone) promotes reabsorption of
water in the distal tubules and collecting ducts of the
kidney and vasoconstricts blood vessels. 1t is re-
leased from pitultary nerve berminals in response to
hypotension. Vasopressin deficdency results in
diabetes insipidus, a disorder which is remarkable
for polyuria (excessive urine producton) and poly-
dipsia {excessive thirst), Vasopressin (Pitressin®),
lypressin (Diapid™) and desmopressin (DDAVE,
Stimate®) are synthetic analogs of arginine vasopres-
sin used for treatment of diabetos insipidus (intrana-
sal or intravenous). They act rapidly and their
antidiuretic actions persist for B - 20 hours,

Desmopressin is indicated for acute epistaxis
(intranasal) and C:1 hemorrhage (intravenous). 1t is also
wsed o maintain hemostasis during surgical proce-
dures in patients with hemophitia A and Von
Willebrand's disease. The mechaniam of platelet
function enhancement is unknown.

* Oxytocin: The posterior pituitary also releases

iytooin, an octapeptide that differs from vasopressin
by two aming ackds. Oxytocin induces contractions
in the gravid uterus and promotes milk ejaculation
from the post-partum breast. Uterine relaxants and
comtractants are discussed in Table 103,

Other Hormones

The pituitary does not control the endocrine pan-
creas or the parathyroid glands, The endocrine pan-
creas produces insulin, which regulates serum glucose
levels, Pancreatic hormones are discussed on pages
154-155

Parathyrmid hormone (FTH], vitamin T and caleito-
nin work in synchrony to regulate calciom homeostasis
inot presented in tables). FTH is an 84 amine acid
chain secreted by the parathyroid glands in response to
low serum calcium. I'TH induces bone resorption,
which liberates calcium into the bloodstream. These
actions are dependent on adequate serum concentra-
tions of 1,25-dihydrexy cholecalciferol (a derivative of
vitamin [¥). Bone resorption is counterregulated by
calcitonin, which inhibits ostecclasts (the cells which
degrade bone},

PTH increases serum calcium levels by two other
mechanisms. PTH increases the synthesis of the achive
form of vitamin D, 1.25-dihyroxycholecalciferol, in the
kidney, which in tum stimulates production of calcium
binding protein. Calcium binding protein enhances
caleium phosphate absorption from the gut lumen.
FTH atso inhibits renal calcium excretion, while
promoting phosphate excretion, causing a small
increase in serum calcium levels,

- Cytoplasm

Figury 101 Mechanismi of
Steroud hovmope action, Shrond

feormiamnes (5] pemelrnle asmi
mmibrines and fod B cytoplessric

reveplors (R Tiee stermid-receplor
coprex evvhers Hae muclies and binds
to DOINA, shimewlating transeripfion of
tirrgel gemes,

PROTEIN
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Sex Hormones
= Testosterone

pattern baldness, reduced sperm count (negative
feedback). Both sexes - hypercalcemia,
coagulopathies, sodium and water retention, hyper-
lipidemia, atherosclerosis, cholestatic hepatitis, liver
CROCEr.

OH » Anabolic Steroids

Anabolic steroids ane testosterone derivatives
which have relatively more anabolic (building ) effects
than androgenic (masculinizing) effects

Actions: Increases synthesis of anabolic proteins.
Indications: Refractory anemia, wasting diseases

Testosterone (cancer, osteoporosis, bums, severe infections),

corticosterond induced catabolism (from long term

Leydig cells in the testes produce testosterone therapy].
(smualler amounts produced in ovaries of females) in Abuse: The muscle bullding capacity of anabolic
response to LH stimulation. Testosterone is responsible  steroids has led to widespread abuse among athletes.
for male secondary sex characteristics and reproductive  Side effects among these users are worse than among

capability.

patients with appropriate indications, because

Actions: Enhances development and maintenance of ~ athletes often use higher doses for prolonged periods
male sex organs, sperm production, muscle mass, libido, of time,

and other secondary sex characheristics, Undesirable Effects: See testosterone
Indications: Androgen deficiency (growth deficits, - Androgen Inhibitor
impotence}, delayed puberty in males, palliation of Finasteride (Proscar®, Propecia®), inhibits conver-

breast cancer, postpartum breast pain and engorgement.  Gon of testosterone 1o Ra-dihydrotestosterane (DHT),

Undesirable Effects: Women - virilism (hirsutism], It is indicated for benign prostatic hypertrophy and is
menstrual irregularities. Men - prostatic hyperplasia or being tested for prostatic cancer. At lower doses, it is
cancer, gynecomastia (high dose or with liver disease), indicated for male pattern baldness.

guli.n}mmnu Derlvalives

Teslosierons cyplonate

IM. Leng acting,

Tesiosterone enanthate

Tesloslerone proplonale

IM. Short acling. Useful for paliative ireatment of breast cancer becawse therapy can be
discantinuad rapidly if hypercalcemia devalops,

Flupxymesterons

Shor acting oral preparation is more convenient, but less atfective than abova
preparations. Used fo trest hypogonadism which deyebops in aduithood

Mathyllesiosterons

Similar o Huoxymesteronse, Bucoal Torm avaiabhe,

Anabolic Steroids

Handrolone decanoals

N Adjunctive Treatment of aremias.

‘Nandrolone
phenpropionate

ML Tragtmant of metastatic braas] cancar.

Oxandrolone

PO, Mat indicated for anemias, Lsed for all indications bsted at top of page,

.ET: jl_mlthn[nnu

PO, Treatmant ol anemiz,

Stanozol

PO Treatmeant of hereditary anpioadema. May cause pramaturs spiphyseal maluration
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« Estrogens

Mechanism: Induce transcription of target genes via
intrace/lular receptors (Fig, 10.1).

Indications: Contraception, atrophic vaginitis,
psteopornsis, cardiovascular disease associated with
menppause, hemorrhagic menstrual bleeding, failure of
ovarian development, hirsutism, prostatic cancer

Undesirable Effects: Mausea (worse in morming,
tolerance develops), breast tendemess and edema, and
gyvnecomastia. Increased risk of endometrial cancer.

Contraindications: Pregnancy (teratogenic),
estrogen dependent neoplasm, vaginal bleeding, liver
impairment, thromboembaolic disorders.

Pharmacokinetics: Most estrogens are well ab-
sorbod orally, They tend o be rapidly degraded by the
liver during their first pass from the gastrointestinal
tract, Metabolites include glucuronide and sulfide
conjugabes of estradiol, estrone, and estriol,

Estradiol

« Progestins

Mechanism: Induce synthesis of specific proteins
via intracellular receptors (Fig. 10.1).

Indications: Contraception, irregular or hemor-
rhagic menstrual bleeding, endometrial carcinoma,
hypoventilation.

Undesirable Effects: Masculinization with pro-
longed use, otherwise minimal toxicity. Undesirable
effects of oral contraceptives described on next page.

Table 10.2 Estro
Efirogens

{a.g., Estradamm)

{less activel

17-ethinyl estradiol High potency, nat

{e.g., Estinyl) tecogley i

Conjugated Estrogens

Mast potent endogancus estrogen secreted by the ovary,
Haduggts oaieoporosis inpualmrmpﬂmﬂugvmn Ciral form metabolized to estrona

recognize this chemically altered esirogen). Used nc

ek .

degraded during first pass metabolism (hepatic enzymes 1ail o

nation with progestins for

El-r.ﬂ.ii asters aﬁslmgm subsiances. Less pﬂan-t than estradiol. Oral, IV, or

Raloxlfens
[Evista)

Estrogen Receptor Modulator

{Pramarin} vaginal preparalions are elfectiva
| Progesting e mene =
Progesierone I only. Primarily used (o heal mensirual disorders.
(Progestaject)
Medroxyprogesierone FOVIM, Used for secondary amenorrhaa and hormone-induced abnormal uterine
{D-purmeT blsading. Intramuscular depol may have prolonged actions. Should b avorded in
waman who have potential 1o becomea pregnant in tha near fulura
‘Megestrol - Palliative chemotheragy for breast or endometnal cancer, Also used as an appetite
{e.g.. Megace) stimijtant.
Norethindrone Potont oral agent,
{&.g., Morin)

T Binds fo asirogen
density. Indicaled for oslenporosis prave
estrogans in breast or uferus.

of and induces Mrgrasslun ol genes thal mainiain bone
ion, |5 nol an asirogen, Does nol mime
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Pharmacokinetics: Metabolized by liver to glucu-
ronide or sulfate conjugabes. Most of indtial dose s
rapidly degraded by first pass metabolism, thus
progesterone fails to reach target tissues when adminis-
tered orally, Synthelic progesting, in contrast, are not
susceptible to first pass metabolism and can this be
administered orally.

e
Cc=0
Q
Progesterone
» Oral Contraceptives

Estrogen/Progestin Combinations: Oral contracep-
tives which contain both estrogen and progestins are
the most commonty used form of birth control, They
are more effective in preventing pregnancy than any
other form of contraception and are more convenlent
than many other forms. Nevertheless, the rate of
pregnancy in women using oral contraceptives is
higher than would be expected based on careful
climical trials. The most common reason for this is
patient failure to take the pill at recommended dosing
intervals.

Dosing Regimen: Pills containing active steroids are
taken for 21 days of the 28 day ovcle. Placebos or iron
pills are taken the remaining 7 days to maintain a
regimen of one pill per day. During the 7 days of non-
steroid pills, patients experience withdrawal bleeding.

Mechanism of Action: Suppresses ovulation by
feedback inhibition at the hypothalamus and pltuitary.
Estrogen suppresses FEH and progestin suppresses LH.
In addition, the steroids directly cause cervical mucosal
thickening and render the endometrium “inhospitable”
for ovum implantation.

Estrogen Component: ethinyl estradiol or mestra-
nol,

I'rogestin Component: norethindrone, ethynodiol,
norethynodrel, norgestrel, or levonorgestrel.

Dosing Regimen: MONOPHASIC preparations -
progestin dose s fixed through the cycle. BIPHASIC
and TRIPHASIC contraceptives wirre created with the
intention of more closely mimicking physiologic
concentrations of progestins and o decrease side
etfects by lowering the overall dose of progesting,

BIPHASIC pills have low dose progestin for 10 duavs,
followed by 11 days at a higher dose. The concentra-
tion of progestin begins low in TRIPHASIC pills, then
Increases each 7 days through the 21 day cyele. Estro-
gen concentration is fixed and unchanging in all three
formulations. TRIPHASIC pills most closely resemble
normal physiclogy and appear (o be as effective as
monophasic and biphasic formulations.

Side effects: Improved lormulation has dramati-
cally lowered the risk of side effects from birth control
pills. Most common side effects are nausea, vomiting,
breast lenderness, water retention, and weight gain.
Less frequent but morne serious side effects include
increased risk for thromboembolic episodes, hepatic
adenomas, hemorrhagic stroke, myocardial infarction
and endometrial cancer. Smoking potentiates risk of
myocardial infarction 5-fold in women over 34,

Contraindications: History of thromboembaolic
disorders, deep venous thrombosis, cerebral vascular
disease, myocardial infarction, liver cancer, estrogen-
dependent cancer, breast cancer, undiagnosed abnor-
mal genital bleeding, or suspected pregnancy.

Drug Interactions: Contraceptive effects are
decreased when taken with ANTIBIOTICS (ampiciilin,
isoniazid, neomycin, pen V, rifampin, sulfonamides,
tetracycling) or CNS AGENTS (barbiturates, benzodi-
azepines; phenytoin). Conlraceplives increase the
effects of corticosteroids and worsen side effects of
tricyclic antidepressants. Oral contraceptives docrease
the effectiveness of oral anticoagulants,
anticonvulsants, and oral hypoglyvoemic agents.

» Progestin Only “"Minipiils”

The mechanism is unclear but they probably act by
altering the endometrium to prevent ovum implanta-
tion. Minipills are taken every day (there is no 7 day
break in the cycle). Missed doses are treated as de-
scribed for combination products above, except
alternate forms of contraception are encouraged for
two weeks after omission of two doses.  Lack of
estrogen may decrease side effects. Continued ose
may lead to amenorrhea and endometrial atrophy.

« Levonorgesirel Implants (Norplant ©)

Levonorgestrel implants are synthetic polymer
capsules embedded with levonorgestrel, a progestin.
Thet eapsules are Implanted subcutaneously in women
who chose this form of birth control. The capsules
continuously release progestin to maintain low,
contraceptive serum progestin levels. Failure rates ane
similar to those of oral contraceptives. The most
frequent side effects are prolonged, absent, or irregular
menstual bleeding,
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Oxytocin and Other OB/GYN Drugs  contractants listed in Table 10.3 are used primarily for

The posterior pituitary releases two hormones, inducing abortion. Uterine relaxants known as
oxytocin and vasopressin, Oxytocin induces contrac- tocolytic agents are B2 adrenergle agonists which
tions in the gravid uterus and is therefore used when reduce contractions in patients with premature onset of
labor acceleration is desired. Because it is chemically labor {Table 10.3).
similar to vasopressin, oxylocin has antidiuretic effects Three pharmacologic strategies for treating infertil-

andd can cause flud retention, Oxytocin, other uberine

contractants, and uterine relasants are listed In Table: yooise GoRH which stimulates FSH and LH production
103, whien administered in pulses. Clomiphene is an anti-
Obstetricians administer methyl-ergonovine after estrogen which causes FSH and LH release by reducing

ity are presented in Table 10.4. Gonadorelin is syn-

delivery to reduce uterine hemorrhage. This drug feedback inhibition by estrogen on the pifuitary gland.
causes vasoconstriction, but mone importantly causes Menotropins are FSH and LH purified from the urine
tonic uterine contraction. The force of the muscle of postmenopausal women. All have greater than 50%
coniraction impedes blood Mow through the uberus success rate in achieving ovulation and all carry the

which significantly reduces bleeding. The other uterine sk of inducing multiple pregnancies:

m 103 ﬂwmmﬁmm

=¥ e st

I 1 s . —
Oxyiocin force a.nl:l Irequurn: af Contraction of my oepithalium Crusg of cholce to inducs or
{84, Pilocin) utesing mnlractlms.rhh:l surreundng ahveol of mmm‘nrr accelerate fabor, 1o dacreass
prenounded in near-tesm gland, Anfidisretic (vasopressing Eoetpa.num ulerine bleeding.
utErus. affects lates milk sjection from
breast {nasal spray ),
Emnnvlmr  Induce ulerine smooth muscle  Blocks adrenargic receptors, * To uterine bleading alter
{Ergotrate Maleate) condraction. causes vasoconsinction, abortion urIPm'turhlnn NOT for
interacts with other recepio indusction of labor
Lﬁdnpanirw Rl |y plaming
tation by | ir by ais
m a® - -
{Metherpine)
Carboprost Synihetic prostaglandin which  Fegulate smooth muscle tone,  Abartion during 2nd trimster.
tromethaminea sfimulaies uisring contraction.  coagulaion, and body
{Prostin/15M) Temperalure.
ﬂllnlﬁu—'ustunu i - Al:nrtlm'al.rr;q; 2nd trimesier,
[Prostin E2} Alzo used to “ripen” isoftan) the
caryix priar tondwction ol abor,
. ne Relaxant ;
"f“rhu*ll ndrenargic recentor T plycogenolysie, fachycardis,  Prolong gesiation in prematurs
(8., Erl:angrl] prifarring aganist, | warine glucnn nesis, gul relaxation,  labor pases.
smooth muscle contrastionin - and vasodilation. L respiration of

naar-term pragnant womarn, mast celks Emd neutrophils

Ritodring - L2 o =

{¥utopar)

‘Magnesium Decreases ularine Decreases nfumrrusndur Fremature onaei of [abor, pre-
contraction. conduction, b acetylchaoling solampsia, aclampsia.

ralease, vasodilatian, irato
depresskon a hl;|\!l|:|-|:|t'.|:::.1:H g
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T
U ravanously in pulses 5 nutes CR anous Gn of gonacdnan
VRpEm slimuslats EJE;ILH ESEnndrmuﬂlnﬂHmnmmﬂﬂ%nfmman nhmrn-hr;ntmarad.‘l'm
raie of pragnwm wag 12% in a small serips,. When adminigiered continuowsty, rather than in
putgas, GnAH an LLWE%@M& FSH and Lk;gtoducbmm:grm g as feadback Inhibitors,
mﬂﬂmﬂmﬂdm in this fashi analogs are approvad for the 1 of prostats cancer and
=

ﬁ:h:hlplune stimulates LH and FSH reléase by reduci
Increased LH and FSH lavals inducss ovulation and

pregnancies is B%. Abnormal ovanian enlargement ocours in 14% of patienis and may cause pain

ative-feadback by astrogen on the piultary.
rﬁm functional corpus lulea. The rate of ﬂlﬁ.}h

Mensiroping are LH and FEH [purlﬂud from urine of

nopausal women) whath ane administered

1 intramuscularty for 9-12 days and followed

Multiple births oocur

by an injeckon of chorionic
in 2% ot menotropin-mduced pregnancies, Cwarian gmmnmmm {ebrile reactions

and arerial thromboembolism are the most frequent rahm‘a affects,

FHARMACOKINETICS  UNDESIRABLE EFFECTS  DRUG INTERACTIONS NOTES '
IViiMnasal. Shon hali-ife  Potential for Uterine tetany or Potentlates hypertensive Srmﬁmk:_"'ﬁs'ui mimics|
(3-8 min, j. ruptune, trauma o infant, post- offects of other drugs. May.  the elfacts of endogenous
delivary ulading atany. Prolonged cause stroke/hemorrhage, pxytocn ﬂhu:h Is ridaased

infusion [=24h) may cause waler  fetal distress. from the hypothalams.

IM. Short hali-fife. Mean

time to abortion is 16 hours.

POVIMNY IV amniotically.
hesen fime [o abortian s
10-15 hours.

IVIPO, Crosses placonia,

VPO

IMVIV, If I, onsat = 1 b,
duration =3.5hrs. |1 1%,

onsel = seconds, duration =

30 min.

___ severs hypotensionitachycardia.

infouication (antdiuretic activity ).
Lo

Ay i MaTl:.;sudnmh -
infant if n prior fo defvary,
Foteniially fatal poisoning may

aealral noomal doses in patienls
seensifive to argol alkalo

Incompiste aborison. Mausea, e
vomiting, fever. Literine rupture,
perforaton, nflammation,

gramps, CMS, cardiovasoular and
raspiratary complications.

== e

[ ion, tag cafdnﬂqmrlm: riicostenaids
al-m1 shmlatad? ?n agenic effecis

ry edema. Eradynm‘dla. 1nhajalmanas1hatl::s
m'd:lmprﬂﬂhdmvmj Mauzes, T hypotension.
__headache, muschs fremor, — -
Similar o terbutaline. More -

=B mEg/L may cause depression  Additive with CHS

ol GRS, haar and rellexes, depressants, poteniiaies
Flm-.hlng. sweating, hypotension  neurcmuscular blockors,
and flaccid paralysis may occur. T toxicity of digitalis.

20% salng solulion is
raderred Tor abortion.
ider alternatives for
women with previous G-
sactions.

=y

Excess Cataniagonizes
Mg ** and s used 1o
countéract ChS and PNS
duprassion,
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Adrenal Hormones

» Glucocorticoids

Cortisol is-a ghacocorticoid released by the adrenal
gland which helps maintain homenstasts by regulating
numerous enzymes throughout the body. During
periods of stress, cortisol plays an important role in
increasing blood glucose levels and elevating blood
pressure, Clinically, cortisol and it derivatives are
often used for their immunosuppressive properties.
They are also important for patients with adrenal
deficiencies.

Synthesis: The limbic system ultimately controls
cortisong production by regulating release of corti-
cotropin releasing hormone (CRH) from the hypothala-
mus via serotoninergic, dopaminergic and cholinergic
neurons, CRH stimulates release of adrenocorticotro-
phic hormone (ACTH) from the anterior pituitary.
ACTH activates adenvlate cvclase in the adrenal cortes.
The resulting ¢cAMP activates protein kinase which
enhances cholestierol esterase activity, Cholesterol

eaterase mereases the amount of cholesterol available to

mitochondra, where cortisone is made from choles-
terol, ACTH also stimulates the conversion of choles-
terol fo pregnenolone, the first step in steroid synthesis,

Transport to Hesues: Cortisol is secreted intio the
Blood stream where i i 90% bound b cortisol-binding
globulin {CBG) and albumin. Active cortisol (remain-
g 10%) Ereely diffuses into cells where il exerts its
actions via intracellular receptors. CBG plays an
important role in regulating cortisol delivery and
clearance. Dexamethasone has low affinity for CBG. [t

is therefore more potent pharmacologically because a
greater fraction is {ree in the bloodstream.

Metabolism; [n the liver, cortisol is comverted o
dihydro- and tetrahydro- derivatives which are subse-
quently conjugated with glucuronic acid of sulfates.
The: conjugates are water soluble and are rapidly
excreted by the kidnevs, Liver failure leads to die-
creased metabolism and decreased CBG synthesis.
Thiss greater amounts of unbound (active) cortisol i
present in the blood. This leads to hypercortism.
Likewise, renal fallure increases the half-life of cortisol.

Clinical Indications: Replacement therapy in
adrenocortical insufficiency, salt-losing forms of
congenital adrenal hyperplasia, auloimmune diseases,
arthritis (Table 10.5), asthma (Table 5.1). dermatitis,
cancer (Table 8.5) and sarcoidosis.

Undesirable Effects: Adrenal suppression {insuffi-
cimcy upon withdrawal), Cushing's Syndrome (os-
teoporosis, skin atrophy, central fat distribution,
abnormal glucose tolerance, behavioral abnormalities),
suppression of somatic growth, osteopenia and bone
fraictunes.

Cortisal

TEHE 1&5 Am armmm

| gluconsogenesis
4 ingulin binding to recepiors

T trae waler clearance

{ threshold for elecirical exciiation

| anabofiem
T sodium retention 1 antibody production I erythropoasis
T potassium excretion 1 inflammatory reaction neutraphiis
metabolic alkalosis 4 immunocompstent lymphocytes 4 Ilymphocytas
| Gl calcium absorpiion 4 anfigen processing
Water Brain. Gastroeniestingl tract.

T actd and pepsin secration
thinming of mucus
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« Adrenocorticosteroid Hypersecretion

Cushing's Syndrome: State of excess glucocorti-
coids caused by 1) overmedication with drugs listed
above, 1) adrenal hypersecretion due to tumor, or 3)
excessive ACTH release (pituitary adenoma or meta-
static tumors). Results in osteoporosis, skin atrophy,
abnormal fat distribution, abnormal glucose tolerance,
behavioral abnormalities, euphoria. Primary Hyperal-
dosteronism: Caused by adrenal adenoma which
secretes aldosterone. Results in hypertension, hy-
pokalemia, metabolic alkalosis, suppressed renin,
Aminoglotethimide (Cytadren™) reduces synthesis of
adrenal hormones by blocking conversion of choles-
terol to A-pregnenalone.

- Mineralocorticoids & Androgens

The preceeding information focused primarily on
plucocorticoids, Two other important classes of
steroids, minemalocorticoids and androgens, are also
produced by the adrenal glands.

Aldosterone is the primary mineralocortioodd, It
retains sodium (and subsequently water) in the blood.
It is stimulated in the renin-angiotensin pathway.

Dehydroepiandrasterons and androstenedione are
the principal androgens. They have little masculiniz-
tng effects in men, but are metabolized to testosterons
in women, resulting in development of pubic bair and
libido.

Table 10.6 Cortisone Derivatives

CORTICOSTERDID 1%%!&5 'PROPERTIES . it Ay
drocorlisone POHIV/IM Top, Chemically identical to cortisol produced by adrenal giands. Praterad drug lor

iEE:lu-nurlaH replacement tharapy. Has weak mineralocoricoid effects. Short acting,

[Frednisone PO Intermediale duration of aclion, Compared to hydroconizone, glucocorinoid effects are four
fimes more poi=nt and mineralpoodficod effects ane half as potant, Drug of choica for
maintainance therapy of severe asthma. Important agent in laukemia theragy.

|[Prednisolone POVTVITM, Intermodinte duralion of action, Gompaered 1o hydrocorisona, glucocaorticod effects
are fvo firmes more polent and mineralocoricoid effects are halt as potent. Drug of cholce for
{reatmeani of acute asthmatic attacks (adrmnisterad infravenously for this mdication].

Triamcinolone POV Top/inh, Intermediate duration of action. Comparad 1o hydrocorisone, glucocorticoid

{B.g., Arstocort) effacis ara thiry times mora potent, Mo mineralocorticold offects.

|[Dexameihasone — POYINTTRATnR In addifion To uses Bied intexi, s used to reduce elevated intracran:al ELITE,

{Decadron) Fow minaralocorticold ellects, Dexamethasone suppresion test examines whather The
hypothalamus/pituitary can be supprassed by glucocoricods, |1 the plasma corisol level is <5
jug'di eight howrs after receiving 1gmof dexamethasone, Cushing's syndromea 5 ruled oul.

[Fludrocoriisone PFO. Halogenated derivalive with poteni mineralocoricold effecis. Only oral mineralocorticold

(g, Florinsd) replacarnent availaibie. Inaporoprate for use as an antiinflammatary agent,

-:1 : =
Mitotans Destroys gdrenocorical cells. Used for palfiative traatméant of metastatic adremnal
{Lysodran) carcinoma
Metyrapone Blocks 118-hydroxylase aclivity,  Under imvestigation for use In Cushing's disease,
{Mstopirone) thus hhihiihgydﬂlamid sjlmhsrsilz oot
Anﬂnuql_uilt_hm?iﬁ- » B?m! convarsion of chalesteral 1o Uses: Cushing’s disease:; HthEtn Irradiation in
{Cytadren) A*-pragnenalong {the first step in prisp pntgm: for adrendlectomy: treatment of
steraid synthesiz), adranal, braskst, and ACTH-producing lumors,
prntﬂm:ﬂmr ;’-ﬁ-eral;:lnl;; ;ﬂﬂ._ﬂ‘lﬂngﬂd'glﬂ m‘rtaigrﬂ Expanmental far treatment o P._[:Tthp;sm;ahﬂn
{Pariaciing which may inhibil secreton of ACTH  and Cushing's disease.
from pitul m mia calls.
| Spironolactone Antagonist of aidosterone, inhibils ~ Treatmant of hyperaldesteronism, Causes K* relention,
[Aldacions) Ma™ retention. Diuratic actions are descrbed in Tablée 4,34,
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Thyroid Hormones

The thyroid gland synthesizes and releases T,

(3,53 tritodothyronine) and T, (thyroxine) which
regulate protein synthesis, regulate membrane-bound
enzymes and stimulate mitochondrial oxidation, T,
and T, also regulate fetal and infant brain development
and childhood growth. T, is more potent than T,

T, and T, synthesis: The thyroid follicular cell traps
inorganic odide and oxddizes it to jodine, lodine binds
to tyrosine residues of thyroglobulin to form
monoiodotyrosine (MIT) and difodotyrasine (DIT).
Then, either two DIT mobecules couple to form T, or
MIT couples with DIT, forming T, {Fig. 10.2). T, pro-
duction exceeds T, production in the thyroid gland and
T, is converted to T, in the periphery.

T, and T, release and transport: Thyroglobulin s
protealyeed from T, and T, and the hormones are

ritlessed into the circulation. Only 200% of cleculating T,
is secreted by the thyroid, The remainder is derived
from degradation of T,. Thyroxine-binding globulin
(TBG) and prealbumin carry most T, and T, molecules
in the blood, protecting the hormones from degrada-
tion. Only free {unbound) T, and T, are physiclogically
active. Feedback mechanisms at the hypothalamus,
pituitary gland and thyroid gland inhibit or stimulate
T, and T, production when free thyroid hormone levels
are too h:gh or too low, respectively.

« Hyperthyroidism (thyrotoxicosis)

Clinical Fealures: Mervousness, weakness, heat
intolerance, sweating, weight loss, warm thin skin,
exophthalmos, loose stool. Enown as Grave's disease
when gpiter and ocular signs are present.

Eanlrﬁl'ﬁypgrl

roidis m unill Tummrr—hrpnthvmliimi!luat

1nucg:nu: inding to BUFgEry Lang with thy raxine), agranulacytosis.
inding. roxing can't be lan‘n drug 1TaE|lmE|m 10 avoid rash, hyparplastic thyroid, Mot
formed withow! organic lodine, rlpawnl‘“ herapy. About glvmtnmrmnnhnamﬂmhlm
Alsd inhiblis indoly rosing of pationis will remein poome pregrant within 3 vears.
coupling. Mo clinical eifects authyroid i drug is withdrawn Damages thyrod of tatus,
observed for several days. after prol uEE.

Pro vhhln-urluil “* Algo, blocks comversionel  “° i

{P'rtﬂ T4 io T3 in pariphifal lissues.

lodina/lodide Inhibits release of thyroxine Ad|unctive therap Folliculitis, fever.

tram thyrold gland. EMects
are taster (1-3 days ) but
waaker than methemaz ola or
PTU. Useful forbwo weaks.
then gland adapts and
resumas Thy roxing socration,

Drug which relleves s

coRjunction with drnm llmd
i &:ﬁm!ﬂllﬁlam

ins 5.
devasculanza thyrosd gland prior
to thy roidectomy.

resdit
2]

mpl‘nms of h}r_purth}rrnidfam =

Propranoliol BRETgIC receplor preparation of ~ CHS zedztion and depression, o
{Indaral) anfagonisl. SUPPIEsSes I_;_E h m’«d patients for surgery.  Suppression of failing heart
lachycasdia and other ymtn:rmmam pregnancy.
catechotamine affects. Thyraid slarm
| Drugs Used to Tr yroidism B — s T
Lev ntﬁrrm'dl'"' %Fu:“ normal serum levels  Drug of choice for Mo 1oxicity af ement
(T4} of T4 and T3 {T4 is converted  hypothyroidism. concenirstion, Cwerdose causes
ﬂmhrmi inta T3 by desodination in the hyparthyroid elfecis (lop of
othroid) periphary). page):
Ligthryronina Asplaces T1. Ugad in k hyroid patienis who *" =
T3) ” hwadm%ﬂﬁ; ahsorhing
}C:.rlurml] levolhyroxing.
Liotriz (T4 & T3) Replaces T4and T3 When conversion ol Tato T s =
{m.qg., Euthyroki) low [y xedema

coma), lafriz may be mors useful
than levathyraxine.
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Etiology: Thyroid -stimulating antibodies bind tio
TSH receptors, causing release of thyroxin (current
theory).

Lab Findings: Increased serum T, and T, levels and
tncreassd radioiodide uptake.

Therapeutic Strategy: Control hvperthyroidism
with drugs (propylihiouracil or methimazole) for one
year, then, partial resection of thyroid gland.

Thyroid Storm:  Observed in hyperthyroid
patients at the time of thyroidectomy (surgical trauma
causes instantaneous release of thyrod hormones) or
in hyperthyroid patients in sepsis. Signs include high
fever, irritability, delerium, tachycardia, vomiting,
diarrhea and hypotension. Coma may develop,
Treatment includes TV glucose and zaline, vitamin B,
glucocorticoids.

PO, Excreted in urine. Therapy requites good =

Adjust dose in patients with  patient compliance and

rewunl insuliciancy caretul mondoring by haalth
professionals.

POV, IV administration

leads o mone rapid effect

POV, Some therapeuiic aciions
ol than (b recopior
=] n =
blockads,

POV, 0% absorbed, slow  Traaiment (& (fe-iong.

ansel of action, halflite =1 Patients muwsi not

weh, Eimmbntimmplanamam '

rapy N symptoms o

hypothyroidism rasolve.

PO/IV, 100% absorbed,  Because of short half-dite,

rapid onsat of action, sarum evels pulsats

halflife = sevaral hours. according io dosing
FEgInen,

PO

= Hypothyroidism

Clinical Features: Fatigue, weakness, cold intoler-
ance, hoarseness, constipation, cold dough-like skin,
thick tongue, bradycardia, excessive menstrual bleed-
ing, anemia, Cretinksm in childhoosd.

Etiology: 1) Primary hypothyroidism - surgery,
radioiodine ablation, thyrolditis. 2) Secondary hy-
pothyroidism - hypofunction of pituitary or hypothala-
mius,

Lab Findings: Hypothyroid patients have low
concentratioms of T, in their serum. The uptake of
radioactive iodide is low because thyroid stores of
indine are not being used o produce thyroid hor-
mones. The pituitary hormone, thyroid-stimulating
hormone (TSH), is high in primary hypothymoidism
and low in secondary hypothyroidism.

Therapeutic Strategy: Replacement therapv with
purified or synthetic thyroid hormones (Table 1005}

Myxedema Coma: Chronie, severe hypothyroidism
results in respiratory depression, hypothermia and
stupor. Il is frequently fatal

Figirre 102 Syirplresds of T, Schematic drmoing of T,
syrithiesis ag described b the led on e pretous page. T, s formed
by Eee couplivig of onee dilodfivated and one somocdiarlad Hyrdsine
ot Higrogplibieliv. T, synihesds folloas e same pathnsays shuum in
e figaire pxeept Bl fe difodivuthed byrosine motecules coupl 1o
formm Ti' Abbrvviations: DIT - diislinated tyrosime, MIT -
muonoindimated fyrosine, T3 - 35,3 triindobiyronme, THG -
thyroxip-bimding giotaclin,
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Pancreatic Hormones

Insulin is produced by pancreatic islet beta
cells and is released in response to elevated
serum glocose concentrations, The principhe
actioms of insulin are presented in Table 10.9.
Each of these actions reduces the plasma glucose
concentration.

 Table 10.9 Actions of insulin
Muscle plucose t;umrrmrr imo cell
f

Eﬁh‘l‘rﬂ irighycanda synthasizs

Li T 1 i inba el
ver 3 wmunm:pn in

glucoes ulilizaton in Krebs oycla

protein symihesis
Adipose Ir' glucose t;:l;lspuﬂ into cnll

-]
T triglyceride synthesis

- Diabetes Mellitus

Insulin-dependent diabetes mellitus (IDDM:
Type 1) is due to an abaolute deficiency of insulin
which usually develops by age 15 and results in weight
loss, hyperglycemia, ketoacidosis, atherosclerosis,
retinal damage and kidney failure. Because the pancre-

atic islet beta cells (which produce insulin) are dam-
aged or destroved, oral hypoglyecemics cannot induce
insulin release. Thus, patients require insulin injec-
tions.

Moninsulin-dependent diabetes mellitus
(NIDDM: Type I} is due to decreased release of
insulin or decreased response of tssue to insulin (e.g.,
decreased number of insulin receptors) resulting in
hyperglycemia but not ketoacidosis. Treatment focuses
on diet and exercise, oral hypoglycemic drugs if diet
fails, and imsulin when all else fails,

« Insulin Replacement

Matients with insulin-dependent diabetes receive
subcutaneous tnsulin injections daily, The goal of
insulin therapy is to provide adequate glucose control
through each 24 hour period while minimizing the
aumber of inpchions requined to achieve that contral.
Repealed mjections at the same site may result in
atrophy or hyperplasia at the injection site. Insulin
preparations of short, intermiadiste and long duration
are available (Table 10.10).

Humian insulin (humulinj is prepared by recombi-
mant DNA technology ar is synthesized from porcine
insulin (enzymatic replacement of the terminal arginine
with threonine). Human insulin is preferred to insulin
prepared from animals because it s less antigenic,
Porcine insulin differs from human insulin by one
aming scid (lerminal arginine). Bovine insulin is the
miost immunogenic preparation. A typacal dosing

| DRUG ONHSET (vrs) DURATION _ TRADE MAMES
Rapid-Actin . R T T g ST .
Ha-;rJla.r I|"|ELﬁr|I 0.8-1 58 Hurmulin A, Mowvolin R, Begular Hetm |,
Velosulin.
Prompl [ngulin fne Suspension 1«2 12-18
Lispra Insuiin Solution 0.25 6-8 Humalog. = = ==
Intermediate Acting == : s :
Taogphang Tnsulln Suspension T-2 b i EH&R LJPHM]H Land 11, Humulin M,
SO M,
Insulin Zinc Suspension 1-3 ad - 24 Hurrulin L, Lente Insulin, Lende [kdin | and 11,
Mowolin L.
Long Acting — = — I — — ===
Extended Ingulin Zinc Suspension -8 =38 Humulin U itralente.
Combination Product e =8
Izophane Insulin Suspension and .25 -1 =4 Mevalin 70730, Humulin 70730
Inzulin Injection Humulin S0/50
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regimen consists of regular humulin with either lente
or NPH bwo to three times per dav before meals,

Insulin Toxicity: The most common undesirable
effects of insulin administration are hypoglycemia and
hypokalemia. Hypoglyoemia s manifested by weak-
nisss, hunger, sweating, dizziness, tachycardia, anxiety,
tremor, headaches, mental disturbances and visual
disturbances, Many of these symptoms are caused by
hypoglycemic release of epinephrine (epinephrine
causes glyocogenolysis, gluconengenesis and lipolysis
and inhibits insulin release), Remaining symptoms are
due to the brain being starved of its energy supply.

Hypokalemia develops because insulin drives
potassium from serum into cells, [t i= most often
encountered in patients with ketoacidosis when insulin
therapy is instituted. Severe hypokalemia causes
cardiac arrhythmias and neuromuscular disturbances.
Repeated injections at the same site may result in
atrophy or hyperplasia at the injection site.

Insulin-Drug Interactions: Many drugs alter blood
glucose levels. Increased glucose renders diabetes

combrol difficult, even with insulin Decreased blood
glucose levels may precipitate hypoglyoemic episodes.

= Agents which increase Blood glocose levels nclude
antipsvchotic drugs, dinzodde, adrenergic antago-
nists {also decrease insulin release) and thyroid
supplements.

= Agents which decrease blood glucose levels include
aleohol, weight-reducing agents and catecholamine-

depleting agents.

* Oral Hypoglycemic Drugs

Patients with noninsulin-dependent diabetes
meflitus (Type 2) who fail dietary control require oral
hypoglycemic agents, The sulfonyiureas described in
Table 10.11 stimulate insulin secretion by pancreatic
beta cells and increase the sensitivity of tissues (o the
actions of insulin, Like insulin, the most frequent
complication is hypoglycemia. Newer generations of
oral hypeglycemics reduce post-prandial sugar levels
of incresse the senslbvity of arget tissues to insulin.
MNonsulfomylureas are less likely to caouse hypoglyoe-
mia. Because diabetes damages kidneys and levers,
dose adjustments may be necessary, Patients with
NIPDM who fail dietary control and oral hyvpoglyce-
mic agents progress to insulin-dependency.

Table 10,11 Oral F

Sultonylureas
Tolbutemide {Orinasa)
Tolazamide (Tolinase)
Acolohexamide (Dymealor)
Chlorpropamide

s becauseof s long
nesg

=3

_Elﬁ'lﬁlmaﬂﬁuﬂﬁ?mrﬂlﬁbr
fissues 1o the actions of inswul f
hypoglycama mﬁaﬁ:ﬁw Chlorpropamide must be monitored carefully for 3-5 days

rizk of cardisiaxicny when Tolbutamide was usad for more than tive years.

‘pancrealic bata cells and increases The sensivily of
. May cause hypoglycamia, Patients who develo

howrs). Clinical trials revealed unexpected increased

‘Glipizide {Glucotrol)
Glyburide (Micronase,

a)
Glimeplride (Amaryl)

The “sacond genesration” nts, alipizide and
sulfionyhreas. Mﬂlmﬂﬁ mqﬂrud dosa is
batter than tha others with regard to glucose control

uride, are more potent than
r. Howsver, these sgents are no

Acarbose (Precose) leveds ahlar meals

Reduces inteaiinal uptake and hepatic production of glucese. Increases sensiivity of
sullonyluroas. Farely causes lactic acidosss, which & potenti

| Nensulfenylureas I T
Metformin
(Blucophiagea) Hgsuns 1o insulin. Generally does nol causa hypoglycamia.
causas gastrointestina side effecis.
| Wiglital (Giyeal}

— Alpha ghucoslde inhibiior slows carbohydrale digesiion resuliing In lower serum glucose
hay be used with sulfomyluress, Hy
single agenl. Flatulance, diarrhes and sbdominal pain are the most frequent side effects

acl s islically with
Imalrm commeonly

Iycemia unlikely when used as a

[ Ti Iltltumqﬂazﬂ

Rosiglitazone [Avandia)

Plu-,nﬂla: one (Acios)
3-times normal,

Repaglinide (Prandsn)

refractory

Enhances response of 1arget cefts (g.g., lver, musche) to endogencus insulin, perhaps by
activating nuclear receptars that incraase ranscription of glucose controd genes, Because

thasa rmlmw iresuliey, They should not
kaloacidosls. or livar funclion tests (LFTs). Disconfinui drug i LFTs are-greater than
Blocks potassium channels n pancreatic beta oells, causing depolanizaton, caloium nfl,

and ultimately insulin secreton, Thus reduces glucose levels Through machanssm thal
requires mlact beta cells. Usad along ar with metfarmen for iype 2 diabsetes that is ded

tor Type | diabetes or diabetic
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