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The fundamental principles that govern drug therapy are often overlooked by the
busy clinician. This disregard frequently results in the use of particular drugs and
regimens that may be less ideal for the clinical situation being managed. By con-
vention, these principles are categorized as pharmacokinetic and pharmacodynam-
ic. Pharmacokinetic processes include drug absorption, distribution, biotransfor-
mation (metabolism), and elimination—essentially reflecting the influence of the
body on the drug administered. These principles were addressed in the preceding
issue of this journal. Pharmacodynamics deals with the actual mechanisms of action
and effects a drug produces on the patient and is the topic for this continuing

education article.

Key Words: Drug therapy; Pharmacodynamics; Dental pharmacology.

harmacodynamics concerns the actions and effects
drugs produce on living tissues. Two basic corre-
lates must be emphasized before this topic is addressed.
First, drugs can be developed to modify virtually any
physiologic function, but they cannot create a new func-
tion or effect. For example, salivary acini can be stim-
ulated or inhibited from secreting saliva; they cannot be
stimulated to secret insulin. Secondly, drugs must dem-
onstrate some degree of specificity in action. Otherwise,
they would produce a spectrum of undesirable effects
that overshadow their usefulness.

DRUG ACTION

The mechanism by which a drug produces an effect is
described as its action. In many cases, a drug’s action
involves interaction with specific macromolecular com-
ponents of cells. These components are operationally
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defined as receptors. Most receptors are protein in
structure and represent the cellular component with
which endogenous molecules interact to produce nor-
mal physiologic responses.

Any substance that binds to a specific receptor is
called a ligand. Although receptors are intended for the
body’s endogenous ligands, drugs have been synthe-
sized to interact with them in 2 manners. Those that
bind to the receptor and initiate a response are called
agonists. Those that bind to receptors but are unable to
initiate a response are called antagonists. These func-
tion clinically as blockers, denying agonists or endoge-
nous ligands access to the receptor. Agonists and an-
tagonists each demonstrate receptor affinity, but only
agonists generate intrinsic activity (biochemical events)
within the receptor and thereby alter cell function (Fig-
ure 1). Binding and unbinding of ligands is a dynamic
process. Although some may have greater tenacity
(binding affinity) than others, the net result from com-
petition between ligands for a receptor is largely depen-
dent on their relative concentration in the vicinity of the
receptor.

Agonists can behave in several manners because re-
ceptors are known to exist in 2 conformational states:
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Figure 1. Receptors exist in both active (R,) and inactive (R}
states. Drugs may interact in a variety of manners, based on
their ability to bind and activate these states. Antagonists bind
to receptors but have no ability to activate either receptor
state. Agonists bind and also activate the receptor. Agonists
that activate both states equally are essentially inactive and be-
have similar to antagonists. Full agonists bind the active state
selectively and produce a full response. Partial agonists also
have some activity at the inactive state leading to a response
that is less intense than that produced by a full agonist. Inverse
agonists selectively activate the inactive state causing the cel-
lular response to proceed in a manner opposite that generated
by a natural agonist. Clinically, the effect may be indistinguish-
able from that produced by antagonists or inactive agonists.

active and inactive.! Full agonists selectively bind and
trigger the active state while inverse agonists selectively
bind and trigger the inactive state producing an opposite
effect on the cell. Inverse agonists generally produce
clinical effects resembling those produced by antagonists
for the receptor. This would also be true for a drug that
has equal activity for both active and inactive states.
Other drugs can function as partial agonists by acting at
both states but more so at the active one. These drugs
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cannot produce as great an effect as a full agonist. The
beta blockers are a perfect example of a drug class that
demonstrates these principles. They are known for their
ability to reduce heart rate by interfering with sympa-
thetic influence, but they accomplish this effect using
several of the mechanisms just described. Propranolol
(Inderal) acts as a pure antagonist while metoprolol (To-
prol XL) acts as an inverse agonist. Pindolol (Visken)
acts as a partial agonist; it can increase heart rate but
much less than the body’s endogenous agonists, nor-
epinephrine and epinephrine.

Another property of receptors deserves consider-
ation. Continued stimulation by agonists may cause re-
ceptors to become desensitized or ‘‘down-regulated.”
This leads to a phenomenon called tachyphylaxis and
presents as a diminished response to the drug. The re-
peated use of beta, agonists as bronchodilators in pa-
tients with asthma is a prime example. Following ex-
cessive use of their inhalers, asthma patients experience
less and less benefit. Conversely, receptors become su-
persensitive or ‘‘up-regulated” when exposed continu-
ously to antagonists. Abrupt withdrawal of beta-blocker
therapy may result in a dramatic rebound of sympathetic
stimulation to the heart.!

Obviously, the structure and function of receptors is
a complex science and is, understandably, a casual in-
terest for most of us. Certain principles have significant
clinical value, however. If the general effects of specific
receptors are understood, one can predict the indica-
tions and effects of many drugs used in clinical practice.
For example, beta receptors in the heart mediate excit-
atory events. Drugs acting as agonists at beta receptors
increase heart rate and are used to manage bradycardia.
Conversely, beta-receptor antagonists decrease heart
rate and can be used to manage episodes of tachycardia.
Several receptors of clinical relevance for dental practice
are summarized in the Table.

Drugs may also produce effects by interacting with
enzymes that regulate specific metabolic pathways. In
the purest sense, enzymes are receptors, but it may be
more clinically useful to regard drug actions on enzymes
as a separate concept. Drugs that increase a particular
enzyme’s activity are regarded as enzyme inducers,
while those that diminish enzyme activity are called en-
zyme inhibitors. Nonsteroidal anti-inflammatory drugs
(NSAIDs) provide an excellent example of enzyme in-
hibition. Most of their effects can be explained by an
inhibitory effect on cyclo-oxygenases that convert arach-
idonic acid to prostaglandins. Prostaglandins are in-
volved in the production of pain, fever, and inflamma-
tion. By inhibiting those enzymes responsible for pros-
taglandin synthesis, NSAIDs produce analgesic, antipy-
retic, and anti-inflammatory effects.
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Receptors Accounting for Actions of Drugs Prescribed or Administered Therapeutically in Dental Practice

Effects Mediated by Receptor

Receptor Peripheral CNS Agonist Antagonist
Adrenergic

Alpha (a) Arterial and venous con- Inhibit excitatory outflow Phenylephrine (Neo- Prazosin (Minipress)
striction. Pupil dilation from vasomotor center Synephrine)
(mydriasis) (alpha,). General CNS

arousal and anorexia

Beta (B) Positive cardiotonic ef- General CNS arousal [soproterenol (Isuprel) Propranolol (Inderal)
fects (B,). Bronchodila-
tion and dilation of
deep arteries and large
veins (3,)

Dopamine Renal and mesenteric Activation of vomiting Dopamine (Intropin) Prochlorperazine

Cholinergic

vasodilation

center via chemorecep-
tor trigger zone. Many
others

General CNS arousal, in-

vomiting via vestibular

pendence, euphoria,
respiratory depression

cept dysphoria rather
than euphoria, and no

Nicotinic Skeletal muscle stimula- General CNS arousal
tion and ganglionic
transmission
Muscarinic Parasympathetic influenc-
es, eg, negative cardio- cluding nausea and
tonic, bronchoconstric-
tion, GI stimulation pathways
including secretions,
miosis
Histamine
H, Vascular inflammatory Similar to muscarinic
changes, pruritus and receptors
urticaria
H, Vasodilation, positive car-  Poorly defined
diotonic, gastric HCI
secretion
Opioid
Mu (p) Antinociceptive and de- Analgesia, sedation, de-
creased GI motility
Kappa (k) Unknown As per W receptors ex-
dependence
Benzodiazepine Unknown

Potentiates GABA™ inhib-
itory influences

Succinylcholine (Anec-
tine)

Pilocarpine (Salagen)

Histamine

Histamine

Morphine

Morphine

Diazepam

(Compazine)

Atracurium (Tracrium)

Atropine

Diphenhydramine
(Benadryl)

Cimetidine (Tagamet)

Naloxone (Narcan)

Naloxone (Narcan)

Flumazenil (Romazi-
con)

* GABA indicates gamma-aminobutyric acid.

DRUG EFFICACY AND POTENCY

Drug effects are the physiologic changes that result from
a drug’s action. Drugs are incapable of producing a sin-
gle effect; all produce a variety of effects, some desirable
and others that are not. Desired effects are generally
described as primary and others are designated as side
effects or adverse effects. Drug toxicity is a more em-
phatic term, conventionally reserved for the most seri-
ous side effects. It should be emphasized that adjectives
used to describe drug effects are arbitrary. A particular
effect may be regarded as primary in one patient, but

adverse in another. Constipation is a bothersome side
effect when using opioids (narcotics) to manage pain,
but this same effect is primary if managing diarrhea.
Efficacy refers to the potential intensity of a particular
drug effect, ie, its effectiveness. When choosing between
drugs of comparable cost and safety, preference must be
given to the one demonstrating greatest efficacy. Potency
refers to the quantity of drug required to produce a des-
ignated intensity of effect. The potency of a drug does not
correlate reliably with efficacy or toxicity.? There is simply
no basis for regarding a more potent drug as more effec-
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Figure 2. Dose-response curves. Drug A is more potent and
has greater efficacy that Drug B. However, Drug A 5 mg and
Drug B 20 mg are equipotent doses for increasing heart rate
20%. Drug C is less potent than Drugs A or B, but is more
effective, having no apparent ceiling to its response.

tive, or more dangerous for that matter. It is unfortunate
that potency is used carelessly as a synonym for efficacy,
but this practice is not likely to change.

Drugs belonging to the same class generally produce
comparable efficacy, provided one administers appro-
priate doses. Such doses are designated as equipotent.
For example, fentanyl is more potent than morphine,
which is more potent than meperidine as analgesics, but
they are equivalent in efficacy. When administered in-
travenously, using equipotent doses, ie, 50 wg, 5 mg,
and 50 mg, respectively, they exhibit comparable an-
algesic efficacy and a side effect profile.

Dose-response curves are used to compare the po-
tency and efficacy of similar drugs. In Figure 2, Drug A
is more potent, but also demonstrates greater efficacy
than Drug B for increasing heart rate. However, 5 mg
of Drug A and 20 mg of Drug B are equipotent for
increasing heart rate by 20%. Also, notice that both
drugs exhibit a ceiling to their response. This is to say
that a point is reached whereby increasing the dose fur-
ther will not produce a greater response. A 30-mg dose
of Drug B will produce a 40% increase in heart rate.
Increasing the dose to 40 mg or even 70 mg will not
produce a greater response. This dose-response is typ-
ical of analgesia provided by acetaminophen and
NSAIDs. Drug C is less potent but more effective than
either Drug A or B. It produces no effect at 20 mg, but
the response is much greater than either of the other
drugs as its dose is increased. In fact, it appears that its
response may be unlimited; there appears to be no ceil-
ing. This is a typical dose-response for the analgesic ef-
fect of opioids.
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The concepts of potency and efficacy are extremely
important for clinical practice. Too often a particular
agent is prescribed or administered based on miscon-
ceptions regarding these properties. In general, potency
has little relevance; the drug is formulated in dosages
that are equipotent with competitors. Furthermore, it is
extremely rare for a drug within a given class to have
efficacy greater than similar products. At equipotent
doses, drugs within a particular class are equally effec-
tive. However, there may be differences in the actual
frequency of side effects or a particular patient’s ability
to tolerate the medication.

DRUG SAFETY

During the research and development of a drug, scien-
tists determine its relative safety by comparing the ef-
fective dose (ED) and lethal dose (LD) for 50% of the
animals studied. This ratio is the drug’s therapeutic in-
dex. For example:

LD., 400 mg/ED,, 10 mg = 40 Therapeutic Index

For obvious reasons, these identical parameters cannot
be used to establish the therapeutic index in humans.
Therefore, it is recalculated, using more acceptable val-
ues such as toxic dose for 1% and effective dose for
90%. In some instances it is calculated using even more
precise parameters such as serum concentrations pro-
ducing therapeutic effect versus those producing toxici-
ty. In any case, the therapeutic index represents the ra-
tio between an effective and a toxic dose.

Generally, drugs prescribed with great frequency have
a high therapeutic index. For example, the therapeutic
index for diazepam (Valium) is >100. Some agents,
however, leave little margin for error. Digoxin, for ex-
ample, has a therapeutic index of 2 or 3. Merely dou-
bling or tripling its recommended dose introduces a sig-
nificant risk for toxicity.

Any drug at any dosage has the potential to do harm.
However, adverse effects are more likely if recommend-
ed dosages are exceeded. This can be attributed to an
exaggerated primary effect such as hypoglycemia due
to excess insulin, or an enhanced effect on a nontar-
geted tissue such as hepatotoxicity following excessive
acetaminophen intake. Many adverse effects are not
dose-related. Allergic reactions and so-called idiosyn-
cratic reactions occur at any dose. A familiar example
for the latter is the patient who becomes excited after
receiving a sedative.

DRUG INTERACTIONS

Adverse effects may follow the interaction between 2 or
more medications. It is an extremely important topic for
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clinical practice and a more detailed presentation will be
offered as a future continuing education article in this jour-
nal. For now, an overview will suffice. At times an inter-
action is desirable, such as the enhanced sedation provided
by sedatives and opioids during intravenous sedation, but
our theme here is adverse effects. The staggering number
of potential drug interactions defies memorization, but an
understanding of their mechanisms provides a conceptual
framework for prevention. For convenience, drug inter-
actions may be categorized as pharmaceutical, pharma-
codynamic, or pharmacokinetic.

Pharmaceutical interactions represent incompatibili-
ties of solutions. These interactions occur before drugs
are actually administered to the patient. If barbiturates
are mixed in the same syringe or intravenous line with
opioids, a precipitate forms.

Pharmacodynamic interactions occur when the action
or effects of multiple drugs combine to produce an ad-
verse effect. The interaction may involve primary or sec-
ondary effects of the drugs. For example, NSAIDs
should not be taken concurrently with warfarin. Erosion
and bleeding of gastrointestinal mucosa produced by
NSAIDs may be enhanced in the presence of antico-
agulant therapy.?

Pharmacokinetic interactions occur when one drug al-
ters the delivery of another to its target. The interaction
may involve absorption, metabolism, or elimination and is
the most common category of drug interaction. Most fre-
quently, pharmacokinetic interactions alter activity of he-
patic microsomal enzymes. These enzymes are known as
the cytochrome P450 enzymes (CYP) and are categorized
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using a system of numbers and letters representing genetic
families, eg, 3A4 and 2D6. Erythromycin and codeine de-
rivatives will serve as examples of this interaction.34

Erythromycin inhibits the activity of CYP2A4. This
group of enzymes is responsible for the metabolism and
clearance of carbamazepine (Tegretol), protease inhibitors
for HIV infection, and the statins such as simvastatin (Zo-
cor) used for cholesterol reduction. Prescribing erythro-
mycin for patients taking these medications can allow
them to accumulate and produce their toxic effects.

Codeine, hydrocodone, and oxycodone are prodrugs
that are converted to their active morphine derivative by
CYP2D6. The selective serotonin reuptake inhibitor
(SSRI) antidepressants such as fluoxetine (Prozac) and
paroxetine (Paxil) inhibit this family of enzymes and de-
crease the activation of codeine derivatives. Patients tak-
ing these medications may not experience pain relief
from these particular opioids.
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CONTINUING EDUCATION QUESTIONS

1. Morphine produces its effects, including analgesia 3. Morphine, 10 mg intramuscularly, and oxycodone,

and respiratory depression, by acting as a full agonist

at . opioid receptors. Buprenorphine (Buprenex) is

a partial agonist at these receptors. Conventional

equipotent intramuscular doses are 10 mg and 0.4

mg, respectively. All of the following are correct re-

garding buprenorphine EXCEPT:

A. buprenorphine has less analgesic efficacy than
morphine

B. buprenorphine is more potent than morphine

C. naloxone, a w receptor antagonist, will reverse
morphine but is ineffective for reversing bupre-
norphine

D. as doses are increased for both drugs, morphine
will produce greater respiratory depression

. Beckerdal is a newly developed drug that acts as an
antagonist at alpha and cholinergic (muscarinic) re-
ceptors. Primary and secondary effects produced by
this drug may include any of the following EXCEPT:

A. xerostomia

B. hypertension
C. bronchodilation
D. constipation

20 mg orally, are considered equipotent analgesic
doses. How many 5-mg oxycodone tablets will pro-
vide pain relief equivalent to that provided by a 15-
mg intramuscular injection of morphine?

Sow>»
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. Your patient has a negative medical history except

for over-the-counter cimetidine (Tagamet) for gastri-
tis. You administer diazepam, 20 mg orally, for se-
dation, and the patient calls the next day complain-
ing of continued lethargy and sluggishness. You find
that cimetidine inhibits the CYP450 enzymes re-
sponsible for metabolizing diazepam. This interac-
tion would be classified as:

A. idiosyncratic

B. pharmaceutical

C. pharmacodynamic

D. pharmacokinetic



