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Learning Objectives

At the end of this chapter the student will be able to:

1.
2.

Define various terminologies used in Pharmacology.
Understand theoritical pharmacokinetics like half-life, order of kinetics, steady
state plasma concentration.

Understand pharmacodynamics like mechanism of drug action, dose relation
ship and pharmacokinetics like absorption, distribution, metabolism and
excretion (ADME) of drugs.

Understand drug safety and effectiveness like factors affecting drug action

and adverse ndrug reactions.

Understand new drug development and evaluation.

Pharmacology :The scientific study of the effects of drugs and chemicals on

living organism.

Pharmacokinetics : what the body does to a drug.

examines the movement of a drug through the body, administrated through one

of several available routes.

Absorption from the site of administration permits entry of the
therapeutic agent (either directly or indirectly) into plasma.
Distribution the drug may then reversibly leave the bloodstream and
distribute into the interstitial and intracellular fluids.

Metabolism the drug may be metabolized by the liver, kidney, or other
tissues.

Elimination the drug and its metabolites are removed from the body in

urine, bile, or feces.

I11. Absorption of Drug

Effect of pH on drug absorption
Most drugs are either weak acids or weak bases. Acidic drugs (HA)

release an H* causing a charged anion (A") to form

HA = H" + A-



Weak bases (BH") can also release an H*. However, the protonated form
of basic drugs is usually charged, and loss of a proton produces the
uncharged base (B):

BH* = B+ H*

Passage of an uncharged drug through a membrane: A drug passes
through membranes more readily if it is uncharged. Thus, for a weak
acid, the uncharged HA can permeate through membranes, and A
cannot. For a weak base, the uncharged form, B, penetrates through the
cell membrane, but BH™ does not. The ratio between the two forms is, in
turn, determined by the pH at the site of absorption and by the strength
of the weak acid or base, which is represented by the pK, (Figure 1).
The pK, is a measure of the strength of the interaction of a compound
with a proton. The lower the pK, of a drug, the more acidic it is.

Conversely, the higher the pK,, the more basic is the drug.

When pH Is less than pK,, When pH Is greater than pKa,
the protonated forms the deprotonated forms
HA and BH' predominate. A and B predominate.
AN ( VAN
/ \ When pH = pK,, / \
HA = A"and
/ NG ‘ BH*=8 //
o ~ S — =
/ " pH<pK, ‘-\_\1///—’ pH > pK, ‘-\\\
2 pH 3 B 5 6 T 7 8 9 10 1

pKa

Figure 1. The distribution of a drug between its ionized and non-ionized
forms depends on the ambient pH and pK, of the drug. For illustrative

purposes, the drug has been assigned a pK, of 6.5.

The relationship of pK, and the ratio of acid-base concentrations to pH is

expressed by the Henderson-Hasselbalch equation:



[nonprotonated species)

H=pK; + lo
PH = Phg 9 [protonated species]

) [A7]
For acids: pH=pK, + log —=
P Pha g (HA]

[B]
[BH']

For bases: pH = pK,; + log

stomach (pH 1.0-1.5) and blood plasma (pH 7.4). The lipid solubility of the

non-ionized drug directly determines its rate of equilibration.

n Passive diffusion
Passive diffusion Passive diffusion |
of a water-soluble of a lipid-soluble
drug through an drug dissolved
aqueous channel in a membrane

OF pore

Figure 2: Drug crossing through a cell membrane
Physical factors influencing absorption

1. Blood flow to the absorption site: Blood flow to the intestine is much
greater than the flow to the stomach; thus, absorption from the intestine

is favored over that from the stomach.



2. Total surface area available for absorption: Because the intestine has
a surface rich in microvilli, it has a surface area about 1000-fold that of
the stomach; thus, absorption of the drug across the intestine is more
efficient.

3. Contact time at the absorption surface: If a drug moves through the
Gl tract very quickly, as in severe diarrhea, it is not well absorbed.
Conversely, anything that delays the transport of the drug from the
stomach to the intestine delays the rate of absorption of the drug Also,
the presence of food in the stomach both dilutes the drug and slows
gastric emptying. Therefore, a drug taken with a meal is generally

absorbed more slowly].

Bioavailability
is the fraction of administered drug that reaches the systemic circulation. For
example, if 100 mg of a drug are administered orally and 70 mg of this drug are

absorbed unchanged, the bioavailability is 0.7 or seventy percent.

Binding of Drugs to Plasma Proteins

Drug molecules may bind to plasma proteins (usually albumin). Bound
drugs are pharmacologically inactive; only the free, unbound drug can act on
target sites in the tissues, elicit a biologic response, and be available to the

processes of elimination. Hypoalbuminemia may alter the level of free drug.



Figure: represented binding of drug with plasma protein
Drug Metabolism
The kidney cannot efficiently eliminate lipophilic drugs that readily
cross cell membranes and are reabsorbed in the distal convoluted
tubules. Therefore, lipid-soluble agents are first metabolized into morepolar
(hydrophilic) substances in the liver via two general sets of reactions«
called phase | and phase 11
1. Phase I Phase | reactions convert lipophilic drugs into more polar
molecules by introducing or unmasking a polar functional group« such
as —OH or —NH2. Phase | reactions usually involve reduction« oxidation,
or hydrolysis.
2. Phase II: This phase consists of conjugation reactions. If the metabolite
from phase | metabolism is sufficiently polar, it can be excreted by the
kidneys. However, many phase | metabolites are still too lipophilic to
be excreted. A subsequent conjugation reaction with an endogenous
substrate, such as glucuronic acid, sulfuric acid, acetic acid, or an
amino acid, results in polar, usually more water-soluble compounds

that are often therapeutically inactive.



Some drugs diractly

Hnter phase Il metabolism.
Oxidation,

and/or produ
(l |poph ilic) hydraolysis {water soluble)

(polar)
Following phase |, the drug may be activated, Conjugated drug
unchanged, or, most often, inactivated. is usually inactive.

Figure 5: The biotransformation of drug.

First-order kinetics: The metabolic transformation of drugs is catalyzed

by enzymes, and most of the reactions obey Michaelis-Menten kinetics:

. Viay[C]
= rate of drug metabolism = M=
rate of drug metabolism k0 410

In most clinical situations, the concentration of the drug, [C], is much
less than the Michaelis constant, K.,, and the Michaelis-Menten equation
reduces to the rate of drug metabolism is directly proportional to the

concentration of free drug.

Vinax [C]

v = rate of drug metabolism =
Kin

Zero-order Kinetics: With a few drugs, such as aspirin, ethanol, the doses
are very large. Therefore [C] is much greater than K, and the velocity

equation becomes

V= rate of drug metabolism = % =V




At high doses, drug
metabolism is zero
order—that is, constant
and independent of the

drug dose.

100

50

Rate of drug metabolism

Dose of drug

At low doses, drug
metabolism is first
order—thatis,
proportional to the
drug dose.

Figure 3. Effect of drug dose on the rate of metabolism

Drugs administered crally
are first exposed to the

liver and may be extensively
metabolized bafore
reaching the rest of body.

Drugs administered 1V
enter directly Into the
systemic drculation and
have direct access to the

Figure 4: First pass metabolism can occure with orally administred drug
IV: intravenous

Excretion of drugs

Excretion of drugs means the transportation of unaltered or altered form of
drug out of the body. The major processes of excretion include renal excretion,

hepatobiliary excretion and pulmonary excretion. The minor routes of



excretion are saliva, sweat, tears, breast milk, vaginal fluid, nails and hair. The
rate of excretion influences the duration of action of drug. The drug that is
excreted slowly, the concentration of drug in the body is maintained and the

effects of the drug will continue for longer period.
Different routes of drug excretion

a) Renal excretion: A major part of excretion of chemicals is metabolically

unchanged or changed. The excretion of drug by the kidney involves.
1) Glomerular filtration
i) Active tubular secretion

1ii) Passive tubular reabsorption.

Pharmacodynamics: describes the actions of a drug on the body and the

influence of drug concentrations on the magnitude of the response.

Receptors bind drugs and initiate events leading to alterations in biochemical
and/or biophysical activity of a cell, and consequently, the function of an organ
(Figure.1). Drugs may interact with receptors in many different ways. Drugs
may bind to enzymes (for example, inhibition of dihydrofolate reductase by
trimethoprim), nucleic acids (for example, blockade of transcription by
dactinomycin), or membrane receptors (for example, alteration of membrane
permeability by pilocarpine). In each case, the formation of the drug—receptor

complex leads to a biologic response.

Drug + Receptor «—— Drug — Receptor complex ——» Biological effect



Unoccupied receptor does not
influence intracellular processes.

ey

= |
Receptor

I‘l \

a Occupied receptor changes
physical and chemical properties,
which leads to interaction with
cellular molecules to cause a
biologic response.

e
-
/’ Drug
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S
Receptor‘
- =N Biologi
@ iologic
S = response

Figure .1.The recognition of a drug by a receptor triggers a biologic response.
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Dose—Response Relationships

e Agonists : If a drug binds to a receptor and produces a biologic
response that mimics the response to the endogenous ligand, it is known
as an agonist. For example, phenylephrine is an agonist at o;-
adrenoceptors.

e Antagonists : are drugs that decrease the actions of another drug or
endogenous ligand. Antagonism may occur in several ways. If both the
antagonist and the agonist bind to the same site on the receptor, they are

2

said to be “competitive.” For example, the antihypertensive drug
prazosin. If the antagonist binds to a site other than where the agonist

binds, the interaction is “noncompetitive” or “allosteric” (Figure 4).



Drug with non- Drug with
competitive competitive
antagonist antagonist

Drug

alone x

Biologic effect

Drug concentration

A A

| |

ECso ECy
for drug for drug
alone or in the presence

inthe presence of a compaetitive
of anoncompetitive antagonist
antagonist

Figure 4 . Effects of drug antagonists. EC50 = drug dose that shows fifty
percent of maximal response.

A. Graded dose-response relations
As the concentration of a drug increases, the magnitude of its pharmacologic
effect also increases. The relationship between dose and response is a

continuous one .
Drug+Receptor «— Drug — Receptor complex
The response is a graded effect, meaning that the response is continuous and

gradual. This contrasts with. such as ligand binding, enzymatic activity.(figure
2)
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response equal to fifty percent
of the maximal response.

Figure 5. The effect of dose on the magnitude of pharmacologic response.

Panel A is a linear graph.

1. Potency: is a measure of the amount of drug necessary to produce an
effect of a given magnitude. The concentration producing an effect that
is fifty percent of the maximum is used to determine potency; it
commonly designated as the EC50. In Figure 2, the EC50 for Drugs A
and B are indicated. Drug A is more potent than Drug B because less
drug A is needed to obtain 50 percent effect. Thus, therapeutic
preparations of drugs will reflect the potency. For example, candesartan

and irbesartan are angiotensin—to treat hypertension.

2. Efficacy [intrinsic activity]: This is the ability of a drug to illicit a
physiologic response when it interacts with a receptor. A drug with
greater efficacy is more therapeutically beneficial than one that is more

potent.(figure 3)
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Figure 3 .Typical dose-response curve for drugs showing differences in
potency and efficacy. (EC50 = drug dose that shows fifty percent of

maximal response).

B- Quantal response : which describes an all-or-nothing response

Therapeutic index
The therapeutic index of a drug is the ratio of the dose that produces toxicity
to the dose that produces a clinically desired or effective response in a
population of individuals:
Therapeutic index = TDgo/EDsg
For example : Warfarin (a drug with a small therapeutic index ,figure 6.A),

Penicillin (a drug with a large therapeutic index , figure 6.B)
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DRUGS ACTING ON THE AUTONOMIC NERVOUS SYSTEM
(AUTONOMIC DRUGS)
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Objectives
After reading this chapter the students is expected to:

1. Correctly identify the different classes of drugs affecting the autonomic
nervous system(autonomic drugs)

2. Discuss the effects and therapeutic uses of various drugs

3. Identify side effects and contraindications of commonly used autonomic
drugs.
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SYNTHESIS OF
ACETYLCHOLINE
# Choline acetyltransferase
catalyzes the synthests of

acetylcholine from choline
and acetyl-CoA.

UPTAKE INTO
STORAGE VESICLES
& Acetylcholine ks

from degradation in the
wesicle.

E RECYCLING
OF CHOLINE
# Choline s taken
up by the neuron.
This tra ortls

Inhibited
hemicholinium.

RELEASE OF
NEUROTRANSMITTER
® Release Is blocked by
botulinum toxin.

® Spider venom causes
release of acetylcholine.

DEGRADATION OF
ACETYLCHOLINE

# Acetylcholine s rapidly
hydrolyzed by acetyl-
cholinesterase in the
synaptic cleft.

BINDING TO THE
RECEPTOR
#* Postsynaptic receptor s

activated by binding
of the neurotransmitter.

1. Drugs acting on the sympathetic nervous system

a) Sympathomimetics or adrenergic drugs: are drugs that mimic the
effects of sympathetic nerve stimulation.

b) Sympatholytics: are drugs that inhibit the activity of sympathetic nerve

or that of sympathomimetics.



2. Drugs acting on the parasympathetic nervous system

a) Parasympathomimetics or cholinergic drugs: are drugs which mimic
acetylcholine or the effects of parasympathetic nerve stimulation.

b) Parasympatholytics: are drugs that inhibit parasympathetic nervous

system activity or that of cholinergic drugs.

CHOLINERGIC DRUGS

There are two groups of cholinergic drugs:

1. Direct-acting: bind to and activate muscarinic or nicotinic receptors
(mostly both) and include the following subgroups:
a. Esters of choline: methacholine, carbachol, betanechol
b. Cholinergic alkaloids: pilocarpine, muscarine, arecoline, nicotine
2. Indirect-acting: inhibit the action of acetylcholinesterase enzyme
a. Reversible: neostigmine, physostigmine, edrophonium
b. Irreversible: Organophosphate compounds; echothiophate
The actions of acetylcholine may be divided into two main groups: -
1. Nicotinic actions- those produced by stimulation of all autonomic
ganglia and the neuromuscular junction
3. Muscarinic actions- those produced at postganglionic cholinergic

nerve endings

-CARBACHOL
Pharmacodynamic
It has similar actions to those of acetylcholine with pronounced effects on
the gastro intestinal tract and the urinary bladder.
Indications
e Glaucoma
e Retention of urine (postoperative)
-BETANECHOL


practical/Pharmacology%20-%20Pharmacological%20Lab%20Procedures%20-%20Autonomic%20Effects%20After%20Muscarinic%20Hyper-Activity.webm

This drug is similar to carbachol in all parameters, i.e., pharmacokinetics,
pharmacodynamics and clinical indications; it has a better advantage over
carbachol because it has fewer side effects as a result as lack of nicotinic
actions.

Contra indications to the use of choline esters

1. Bronchial asthma because they may induce bronchial constriction and
increase bronchial secretions

3. Peptic ulcer disease because of the increase in gastric acid secretion
CHOLINERGIC ALKALOIDS

1. Those with chiefly nicotinic actions include nicotine, lobeline etc.

2. Those with chiefly muscarinic actions include muscarine, pilocarpine,
etc.

PILOCARPINE

Pharmacokinetics

This drug is readily absorbed from the gastrointestinal tract and it is not
hydrolyzed by cholinesterase enzyme. It is excreted partly destroyed and
partly unchanged in the urine.

Pharmacodynamics

The drug directly stimulates the muscarinic receptors to bring about all
the muscarinic effects of acetylcholine.

Indications

» Glaucoma

- ANTICHOLINESTERASE(DRUGSINDIRECT-ACTING
CHOLINERGIC AGONISTS)



HEURON

RESPOMSE

PHYSOSTIGMINE

Pharmacodynamics

Inhibits the enzyme cholinesterase; therefore, it increases and prolongs
the effect of

endogenous acetylcholine at the different sites.lt has no direct effect on
cholinergic receptors.

Indications

 Glaucoma

« Atropine over dosage

NEOSTIGMINE

Pharmacodynamics

Just like physostigmine, it inhibits cholinesterase enzyme; but unlike
physostigmine, it has a

direct nicotinic action on skeletal muscles.

Indications

» Myasthenia gravis

« Post operative urine retention



- Organophosphates such as echothiophate, isofluorophate, etc. combine
with cholinesterase irreversibly and thus hydrolysis is very slow.

e Glaucoma

- ANTICHOLINERGICS

Anticholinergics fall into two major families:

1. Antinicotinics : such as hexamethonium, trimethaphan, gallamine,
tubocurarine, pancuronium.

2. Antimuscarinics such as atropine, scopolamine, tropicamide such as

propantheline, ipratropium, benztropine.

1. Antinicotinics

e Tubocurarine: Nondepolarizing (competitive) blockers, The
neuromuscular-blocking agents have significantly increased the
safety of anesthesia,

- At low doses: Nondepolarizing agents competitively block ACh at
the nicotinic receptors (Figure 5.9). That is, they compete with
ACh at the receptor without stimulating it. Thus, these drugs
prevent depolarization of the muscle cell membrane and inhibit
muscular contraction. At high doses: Nondepolarizing agents can
block the ion channels of the motor endplate. This leads to further
weakening of neuromuscular transmission, thereby reducing the
ability ofcholinesterase inhibitors to reverse the actions of the

nondepolarizing blockers.



Rocuronium . Acetylcholine

SEC Wy

Nicotinic receptor at
neuromuscular junction

Figure : Mechanism of action of competitive neuromuscular-blocking
drugs.

e Succinylcholine: Depolarizing blocking agents work by
depolarizing the plasma membrane of the muscle fiber, similar to
the action of Ach.

e Mechanism of action: Succinylcholine attaches to the nicotinic

receptor and acts like ACh to depolarize the junction.

L J

PHASEI

Membrane depolarizes, resulting

in an initial discharge that PHASE "

produces transient fasciculations

followed by flaccid paralysis. Membrane repohrizes, but

receptor is desensitized
to the effect of acetylcholine.
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Nicotinic receptorata .
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Figure : Mechanism of action of depolarizing neuromuscular-
blocking drugs.
e Therapeutic uses: Because of its rapid onset of action,
succinylcholine is useful when rapid endotracheal intubation is

required during the induction of anesthesia.



e Adverse effects: hyperthermia, apnea, hyperkalemia

2- Antimuscarinic
e ATROPINE
Atropine is found in the plant Atropa belladonna and it is the prototype of
muscarinic antagonists.
Atropine antagonizes the effect of acetylcholine by competing for the
muscarinic receptors peripherally and in the CNS; therefore the effects of

atropine are opposite to the acetylcholine effects.

Clinical Indications
e Pre anesthetic medication -to reduce the amount of secretion and to
prevent excessive vagal tone due to anesthesia.
e As antispasmodic in cases of intestinal, biliary, and renal colic
e Heart block
e Hyperhidrosis
e Organophosphate poisonings
Side effects
* Dryness of the mouth, tachycardia and blurred vision
» Retention of urine
e HYOSCINE (SCOPOLAMINE)
- All other properties are similar to atropine. It has certain advantage over
atropine.
Indication

e short- travel motion sickness



NOREPINEPHRINE

# Hydroxylation of tyrosine is
the rate-limiting step.

UPTAKE INTO
STORAGE VESICLES

L] Dogamlne enters a vesicle
and Is converted to
norepinephrine.

‘ SYNTHESIS OF

# Norepinephrine Is protected
from degradation in the
wesicle.

® Transport Into the vesicle Is
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RELEASE OF
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known as exocytosis.
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NOREPINEPHRINE

» Released norepinephrine is
rapldly taken into the neuron.

® Reuptake Is inhibited by SNRIs,
cocaine, and imipramine.

BINDING TO
RECEPTOR

» Postsynaptic receptor
Is activated by the
binding of neura-
transmitter.
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Figure : Synthesis and release of norepinephrine from the adrenergic neuron. MAO =
monoamine oxidase, SNRI = serotoninnorepinephrine reuptake inhibitor.

ADRENERGIC DRUGS

= Adrenergic drugs, like cholinergic drugs, can be grouped by mode

of action and by the spectrum of receptors that they affect.

a. Direct mode of action: directly interact with and activate
adrenoreceptors, e.g., adrenaline and noradrenaline
b. Indirect mode of action: their actions are dependent on the release of
endogenous catecholamines. This may be
1. Displacement of stored catecholamies from the adrenergic nerve
endings, e.g., amphetamine, tyramine
2. Inhibition of reuptake of catecholamines already released, e.g. cocaine,

tricyclic antidepressants.



INDIRECT ACTION

Drug enhances release
of norepinephrine from
vesicles.

MIXED
ACTION

Drug acts both
directly and
indirectly.

SYNAPSE

POSTSYMAPTIC
TARGET CELL

DIRECT ACTION MEMERANE

Drug directly
activates receptor.

Figure : Sites of action of direct-, indirect-, and mixed-acting adrenergic agonists.
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Figure : Major effects mediated by « - and j -adrenoceptors.

» Drugs Acting on the Adrenergic Receptor Subtypes al a2 g1 p2

- Agonist : Direct acting

Phenylephrine , Clonidine, Oxymetazoline, Dobutamine

Isoproterenol, Terbutaline, Salbutamol, Terbutaline, Isoetharine

- Agonist : Indirect acting

Amphetamine, cocaine, tyramine

- Antagonist:




- Prazosin, Phentolamine, Phenoxybenzamine, Yohimbine,
Phentolamine,Phenoxybenzamine, Propranolol, Pindolol, Atenolol,
Metoprolol, Timolol, Pindolol, Butoxamine, Timolol

Adrenaline stimulates all the four receptor subtypes.

Noradrenaline stimulates both alpha receptors and betal but has very

poor affinity for beta2 receptors. Labetalol blocks all beta receptors as

well as some alpha receptors.

ADRENALINE

Its action may be divided in to two, depending on the type of receptor

stimulated.

The o effects consist of vasoconstriction in skin and viscera, mydriasis,

platelet aggregation and some increase in blood glucose. The 13 effects

consists of increased contractility and rate of heart with a decreased
refractory period (1), vasodilatation in muscles and coronary vessels

(R2), bronchial relaxation (32) uterine relaxation (32), hyperglycemia,

lactic acidemia and increased circulating free fatty acids.

Indications

1. Acute bronchial asthma

2. Anaphylaxis

3. with local anesthesia to prolong the action

4. Cardiac arrest

Adverse reactions

1. Anxiety, restlessness, headache tremor

2. Anginal pain

3. Cardiac arrhythmias and palpitations

4. Sharp rise in blood pressure

5. Sever vasoconstriction resulting in gangrene of extremities

6. Tearing, conjunctival hyperemia



- NOR ADRENALINE
Nor adrenaline is a predominantly o receptor agonist with relatively less 3

agonist action when compared to adrenaline.

Indication

Nor adrenalines is used as hypertensive agent in hypotensive states E.g.
During spinal anesthesia or after sympathectomy.

Adverse effects include:

- Anxiety, headache, bradycardia are common side effects

- Severe Hypertension in sensitive individuals

- Extravasation of the drug causes necrosis and sloughing.

- ISOPRENALINE, DOPAMINE, DOBUTAMINE. These are the
other catecholamines which have similar properties to adrenaline
and noradrenaline.

Dopamine is naturally occurring and is a precursor of noradrenaline. The
other two-isoprenaline and dobutamine- are synthetic. Dopamine and

dobutamine are very useful drugs for the treatment of shock.

- EPHEDRINE
Ephedrine stimulates both a and B receptors.
Indications:
1. Bronchial asthma: - usually as a prophylactic for prevention of
attacks
2. Nasal decongestion
3. Mydriasis
4. Heart block

5. enuresis



Side effects
The side effects are similar to those of adrenaline; but in addition it may

produce insomnia and retention of urine.

= ADRENERGIC BLOCKERS
Adrenergic receptor blockers may be considered in two groups:
1. Drugs blocking the g adrenergic receptor
2. Drugs blocking thep Adrenergic receptor
a- Adrenergic blockers
Alpha adrenergic receptor antagonists may be reversible or irreversible.
Reversible antagonists dissociate from the receptors e.g. phentolamine,
tolazoline, prazosin, yohimbine. Irreversible antagonists tightly bind to
the receptor so that their effects may persist long after the drug has been
cleared from the plasma e.g. phenoxybenzamine
Pharmacologic Effects:
Alpha receptor antagonist drugs lower peripheral vascular resistance and
blood pressure.
Hence, postural hypotension and reflex tachycardia are common during
the use of these drugs. Other minor effects include miosis, nasal
stuffiness, etc.
Prazosin
This is an effective drug for the management of hypertension. It has high
affinity for alphal receptor and relatively low affinity for the alpha2
receptor. It lowers blood pressure, it also reduces the tone of internal
sphincter of urinary bladder.
Indications:
- Essential hypertension
- Raynaud’s syndrome

- Benign prostatic hyperplasia



B - ADRENERGIC BLOCKING DRUGS

The B - adrenergic receptor blocking drugs in use may be classified by
their selectivity for receptors in different tissues.

1. Drugs blocking all the B receptor effects of adrenaline (non-selective
beta blockers) e.g. propanalol, pinadolol, timolol etc

2. Drugs blocking mainly the B1 effects (those on the heart) with less
effect on the bronchi and blood vessels (betal-selective blockers), e.g.
atenolol, practalol acebutalol.

PROPRANOLOL

Propranolol is a non- selective B adrenergic blocker; it has also other
actions like membrane stabilization.It has the following main actions.

1. Cardiovascular system : Bradycardia, Reduces force of contraction,
Reduces blood pressure

2. Respiratory system : Bronchoconstriction

3. Metabolic system :Hypoglycemia

4. Central nervous system :Anti-anxiety action

5. Eye :Decrease the rate of Aqueous humor production

6. Kidneys: Decrease renin secretion

Indications

« Cardiac arrhythmias

» Hypertension

 Prophylaxis against angina

» Myocardial infarction

» Anxiety

* Prophylaxis against migraine attacks

» Glaucoma

Adverse reactions

» Gl disturbances like nausea, vomiting

* Heart failure

» Hypotension and severe bradycardia



* Bronchospasm
e Allergic reaction

« hallucinations



THEORY PHARMACOLOGY-LECT.3

DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM
Learning Objectives

At the end this section the student will be able to:

1. Describe the major adverse effects of sedative hypnotic drugs.

2. Describe the drugs used in epilepsy.

3. lllustrate the approaches in the management of parkinsonism.
4. Explain the site of action, uses and adverse effects of antipsychotic drugs.
5. Describe the major adverse effects opioid analgesics.

GENERAL ANESTHETICS

Inhalation anesthetics

The main agents are: Halothane, nitrous oxide, enflurane and ether.
1. Halothane: Is the most widely used agent, highly lipid soluble, potent. It

causes arrhythmia, hangover and the risk of liver damage is high if used

repeatedly.

2. Nitrous oxide: Odorless and colorless gas. It is rapid in action and also an

effective analgesic agent. Its potency is low, hence must be combined with

other agents.

3. Ether: Has analgesic and muscle relaxant properties. It is highly explosive,

causes respiratory tract irritation, postoperative nausea and vomiting.
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Figure :An example of modulation of a ligand-gated membrane channel
modulated by inhaled anesthetics. GABA = y-aminobutyric acid¢ Cl— =
chloride ion.

INTRAVENOUS ANESTHETICS

1. Thiopentone: Thiopentone is a barbiturate with very high lipid
solubility. After intravenous administration the drug enters to tissues
with a large blood flow (liver, kidneys, brain, etc) and more slowly to
muscle. It causes cardiovascular depression.

2. Ketamine: acts more slowly than thiopentone and produces a different
effect, known as dissociative anaesthesia in which there is a marked
sensory loss and analgesia, as well as amnesia and paralysis of
movement, without actual loss of consciousness. Ketamine causes
dysphoria, hallucinations during recovery.

3. Propofol: Propofol is an IV sedative/hypnotic used for induction and/or
maintenance of anesthesia. It is widely used and has replaced thiopental
as the first choice for induction of general anesthesia and sedation.
Because propofol is poorly water soluble.

1. Onset: Induction is smooth and occurs 30 to 40 seconds after
administration. Following an IV bolus, there is rapid equilibration
between the plasma and the highly perfused tissue of the brain.

2. Actions: Although propofol depresses the CNS, it is occasionally
accompanied by excitatory phenomena, such as muscle twitching,
spontaneous movement, yawning, and hiccups. Transient pain at the
injection site is common. Propofol decreases blood pressure without
depressing the myocardium. It also reduces intracranial pressure, mainly
due to systemic vasodilation. It has less of a depressant effect than
volatile anesthetics on CNS evoked potentials, making it useful for
surgeries in which spinal cord function is monitored. It does not provide
analgesia, so supplementation with narcotics is required. Propofol is
commonly infused in lower doses to provide sedation. The incidence of
postoperative nausea and vomiting is very low, as this agent has some

antiemetic effects.



Benzodiazepines including diazepam, lorazepam, and midazolam are used in
general

anesthetic procedures. Benzodiazepines prolong the postanesthetic recovery
period but also cause a high incidence of amnesia.

Opioid analgesic anesthesia: Opioid analgesics can be used for general
anesthesia, in patients undergoing cardiac surgery and fentanyl and its derivates
are commonly used for these purposes.

Preanesthetic medication: It is the use of drugs prior to the administration of
anaesthetic agent with the important objective of making anaesthesia safer and
more agreable to the patient. The drugs commonly used are, opioid analgesics,
barbiturates, anticholinergics, anti emetics and glucocorticoids.

SEDATIVE AND HYPNOTIC DRUGS

Anxiolytic drugs are used to treat the symptoms of anxiety, whereas hypnotic
drugs used to treat insomnia.

Classes of anxiolytic and hypnotic drugs:

1. Benzodiazepines. used as sedative and hypnotic agents.

2. 5- HT1A receptor agonist (e.g. buspirone). It is recently introduced
anxiolytic.

3. Barbiturates (phenobarbitone). used as sedative hypnotics.

4. B -adrenoceptor antagonists (e.g. propranolol). They are used to treat some
forms of anxiety, where physical symptoms (sweating, tremor, and
tachycardia), are troublesome. They are not used as hypnotics.

5. Miscellaneous drugs (chloral hydrate, paraldehyde, and diphenhydramine).
Benzodiazepines

Based on their duration of action roughly divided into short acting (flurazepam,
triazolam), medium acting (lorazepam) and long acting compounds (diazepam,
chlordiazepoxide, clonazepam).

Pharmacodynamics

Act by binding to a specific regulatory site on the GABA receptor, thus
enhancing the inhibitory effects of GABA

Clinical Uses

Treatment insomnia, Anxiety, As anticonvulsants, Chronic muscle spasm and

spasticity



Unwanted effects
« Toxic effects, prolonged sleep ,drowsiness, confusion, amnesia, and impaired

motor coordination.
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Figure: mechanism of action of benzodiazepines
5 - HT1A receptor agonist
Buspirone is a potent agonist of. 5 - HT1A receptors. Buspirone does not cause
sedation, motor incoordiation. The main side effects are nausea, dizziness,
headache, and restlessness.
Barbiturates
They are non-selective CNS depressants, which produce effects ranging from
sedation and reduction of anxiety, to unconsciousness and death from
respiratory and cardiovascular failure. Barbiturates act by enhancing action of
GABA.

ANTIEPILEPTIC DRUGS

phenytoin, carbamazepine, and phenobarbitone.

Mechanism of action

Anticonvulsant drugs act by two mechanisms: by reducing electrical
excitability of cell membrane and by enhancing GABA mediated synaptic

transmission.



MANAGEMENT OF PARKINSONISM

Parkinsonism: It is characterized by a combination of rigidity, bradykinesia,
tremor, and postural instability. It is due to the imbalance between the
cholinergic and dopaminergic influences on the basal ganglia. Thus, the aim of
the treatment is either to increase dopaminergic activity (by dopamine agonist)
or to decrease cholinergic (antimuscarinic drugs) influence on the basal
ganglia,e.g. Levodopa

Dopamine agonists e.g: Bromocryptine

Monoamine Oxidase Inhibitors: Selegiline (deprenyl).

Amantadine

Amantadine, an antiviral agent, was by chance found to have antiparkinsonism
properties. Its mode of action in parkinsonism is unclear, but it may potentiate
dopaminergic function by influencing the synthesis, release, or reuptake of
dopamine.

Acetylcholine Blocking Drugs (Benztropine)

Adverse Effects

drowsiness, mental slowness, inattention, restlessness, and confusion,

hallucinations.

ANTIPSYCHOTIC AGENTS

Antipsychotic agents are classified into typical neuroleptics (chlorpromazine,
thioridazine, haloperidol, flupenthixol) and atypical neurolopitics (clozapine,
sulpiride).

Clinical uses

Schizophrenia,Mania,Vomiting

Adverse Reactions

« Extra pyramidal reactions

* Seizures

« Autonomic nervous system effects (antimuscarinic effects, orthostatic
hypotension)

» Metabolic and Endocrine Effects (weight gain, hyperprolactinemia, infertility,
loss of libido)



ANTIDEPRESSANT AGENTS:

Antidepressants are the drugs which are mainly used in the management of
depression.Types of antidepressant drugs

1. Tricyclic antidepressants (TCAS)

2. Monoamine oxidase inhibitors (MAOI)

3. 5-HT uptake inhibitors

4. Atypical antidepressants

Mechanisms of action

Tricyclic antidepressanat TCAs (imipramine, amitriptyline) block the uptake
of amines (noradrenaline and 5-HT) by nerve terminals by competition for the
carrier transport system. In addition, TCAs block al- adrenoceptors,
muscarinic, histamine (H1) and 5-HT receptors.

Monoamine oxidase inhibitors (MAOI): Tranylcypromine selectively inhibits
MAO-A. MAO-A has a substrate preference for 5 —-HT. MAOI causes a rapid
and sustained increase in the 5-HT, noradrenaline and dopamine. Selective 5-
HT uptake inhibitors: fluoxetine, fluvoxamine lack antimuscarinic and
cardiovascular effects.

Adverse Effects: Postural hypotension, dry mouth, blurred vision,
constipation, urine retention, sedation , atropine-like effects, weight gain.
ANALGESICS

Opioid Analgesics

They are divided into two; morphine analogues and synthetic derivatives.
Morphine analogues .They may be agonist (codeine and heroin), partial
agonists (nalorphine) or antagonists (naloxone).

Synthetic derivatives. Pethidine, methadone, pentazocine.

Pure agonists. They all have high affinity to mu receptors and varying affinity
to delta and kappa receptors (codeine, methadone, dextropropoxyphene).
Partial antagonists and mixed agonist-antagonists: Nalorphine, and
pentazocine.

Mechanism of Action: Opioid agonists produce analgesia by binding to
specific receptors, located primarily in brain and spinal cord regions involved
in the transmission and modulation of pain.

Effects of mixed agonist-antagonists: Pentazocine



Clinical use of opioid analgesics
constant pain, acute pulmonary edema (pulmonary edema associated with left

ventricular failure), cough suppression, diarrhea, and preanaesthetic
medication.
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CNS stimulants: CNS stimulant can be classified into

1. convulsants and respiratory stimulants eg. Srychnine picrotoxin,
nikethaimide

2. psychomotor stimulants ,Eg. Amphetamine, cocaine, caffeine

3. psychotomimetic drug ,Eg. Lysergic and diethylamide (LSD) psilocybin,
phencyclidine.

Convlsants and respiratory stimulants: Certain short acting respiratory
stimulants like doxapram, amiphenazole can be used in respiratory failure.
Strychnine, picrotoxin and leptazole are used as chemical tools in experimental
pharmacology in various animal models.



Psychomotor stimulants: Drugs like amphetamine cause increased motor
activity, euphoria, excitement and anorexia due to release of noradrerline and

dopamine.
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Figure : Mechanism of action of amphetamine.

Clinical uses: Amphaetamine is useful in the treatment of narcolepsy and
attention deficit in children. Cocaine is occasionally used as a local aneasthetic
, mainly in ophthalmology and minor nose and throat surgery.

Psycho mimetic drugs: Drugs like LSD, phencyclidine and psilocybin cause
sensory changes, hallucinations and delusions, resembling symptoms of acute
schizophrenia. They are not used clinically but are important as drugs of abuse.
LOCAL ANESTHETICS

Local anesthetics are either esters (procaine, dibucaine, benzocaine, etc) or
amides (lidocaine, prilocaine, bupivacaine, etc). The ester containing
compounds are usually inactivated in the plasma and tissues by non-specific
esterases. Local anesthetics block the initiation of action potentials by

preventing the voltage-dependant increase in Nat+ conductance. Local



anesthetics are used in minor surgery, dentistry, abdominal surgery and
painless childbirth. The unwanted effects are: CNS effects (agitation,
confusion, respiratory depression, and convulsion), CVS effects (myocardial

depression, hypotension) and occasional hypersensitivity reactions.
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Figure : Mechanism of action of local anesthetics.



THEORY PHARMACOLOGY-LECT .4

DRUGS ACTING ON CARDIOVASCULAR AND RENAL SYSTEM
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Learning objectives
After completing this chapter the student will be able to:
1. Describe the different cardiovascular and renal disorders,
2. Understand the basic pharmacological principles of cardiovascular and renal
drugs,
3. Learn the rational use of these drugs,
4. Describe the side effects of these drugs

I. Antihypertensive drugs
classified according to the principal regulatory site or mechanism on which
they act. They include:
A) Diuretics, which lower blood pressure by depleting the body sodium and
reducing blood volume, include:
1. Thiazides diuretics reduce blood pressure by reducing blood volume and

cardiac output as a result of a pronounced increase in urinary water and

electrolyte particularly sodium excretion.

2. Loop diuretics, e.g. furosemide



3. Potassium sparing diuretics, e.g. spironolactone

4. Sympathoplegic agents (Depressants of sympathetic activity). divided
into:

a) Centrally acting antihypertensive agents e.g. clonidine (a2)

b) Adrenoceptor antagonists, e.g propranolol (beta blocker), prazosin (alpha

blocker), labetalol (alpha and beta blocker).

c) Adrenergic neuron — blocking agents, e.g. guanethidine

d) Drugs which deplete catecholamine stores, e.g. reserpine

e) Ganglion blockers, e.g. trimethaphan

5. Direct vasodilators.

« Arterial vasodilators, e.g. hydralazine

« Arteriovenous vasodilators, e.g. sodium nitroprusside

Hydralazine: It dilates arterioles but not veins.

adverse effects : headache, nausea, anorexia, palpitations, sweating and
flushing

Sodium nitroprusside It dilates both arterial and venous vessels, The most
serious toxicities include metabolic acidosis, arrhythmias, excessive
hypotension and death.

5. Angiotensin converting enzyme inhibitors, e.g. captopril, enalapril.
Captopril inhibits angiotensin converting enzyme that hydrolyzes angiotensin |
(Inactive) to angiotensin Il (Active), a potent vasoconstrictor, which
additionally stimulates the secretion of aldosterone.

adverse effects : maculopapular rash, angioedema, cough, granulocytopenia
and diminished taste sensation. Enalapril is a prodrug with effects similar to

those of captopril.
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6. Calcium channel blockers, e.g. verapamil .

The mechanism of action in hypertension is inhibition of calcium influx in to

arterial smooth muscle cells, resulting in a decrease in peripheral resistance.

Verapamil has the greatest cardiac depressant effect and may decrease heart

rate and cardiac out put as well.

toxic effects : cardiac arrest, bradycardia, congestive heart failure.

I1. Drug used in heart failure

Drugs used to treat heart failure divided into:
A. Drugs with positive inotropic effect.

B. Drugs without positive inotropic effect.

A. Drugs with positive inotropic effect:-
Drugs are increase the force of contraction of
the heart muscle. include:

» Cardiac glycosides,

* Bipyridine derivatives

« Sympathomimetics

» Methylxanthines

1. Cardiac glycosides.

cardiac glycosides are digoxin and digitoxin.
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Ca?*is removed by reuptake into the sarco-
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cell by a Ca**/Na* exchange.
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Therapeutic uses:
« Congestive heart failure
« Atrial fibrillation,
» Atrial flutter, and

» Paroxysmal atrial tachycardia.

Toxicity:

« Gastrointestinal effects : anorexia, nausea, vomiting, diarrhea

» Cardiac effects : bradycardia, heart block, arrhythmias

» CNSS effects : headache, malaise, hallucinations, delirium, (yellow vision)

2. Bipyridine derivatives, e.g. amrinone, milrinone.

These drugs possess both positive inotropic effect and vasodilator effects.

The mechanism of action is inhibition of an enzyme known as

phophodiesterase, which is responsible for the inactivation of cyclic AMP,

result in an increase in CAMP. Bipyridine derivatives are used in cases of heart

failure.
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3. Beta - adrenergic stimulants e.g. dobutamine, dopamine
The positive inotropic effect of dobutamine is proportionally greater than its

effect on heart rate.

4. Methylxanthines, e.g. theophylline ( aminophylline)

Aminophylline has a positive inotropic effect, bronchodilating effect and a
modest effect on renal blood flow.

B. Drugs without positive inotropic effect.

* Diuretics, e.g. furosemide

« Vasodilators, e.g. hydralazine, sodium nitroprusside

« Angiotensin converting enzyme inhibitors e.g. captopril

1. Diuretics

The reduction in venous pressure causes reduction of edema and its symptoms
and reduction of cardiac size which leads to improved efficiency of pump
function.

2. Vasodilators.

The vasodilators are effective in acute heart failure because they provide a
reduction in preload (through venous dilation), or reduction in after-load
(through arteriolar dilation), or both.

Hydralazine Reduction in systemic vascular resistance leads to a considerable
rise in cardiac output. Sodium nitroprusside is a mixed venous and arteriolar
dilator used also for acute reduction of blood pressure.

3. Angiotensin converting enzyme (ACE) inhibitors.



These drugs reduce after load by reducing peripheral resistance and also reduce
preload by reducing salt and water retention by way of reduction in aldosterone
secretion.
Drugs used in angina pectoris

1. Organic nitrates e.g. nitro-glycerine.

2. Beta adrenergic blocking agents e.g. propranolol, atenolol, etc.

3. Calcium channel blocking agents e.g. verapamil.

4. Miscellaneous drugs e.g. aspirin, heparin .
1. Organic nitrates
The effects of nitrates are mediated through the direct relaxant action on
smooth muscles.
Adverse effects : flushing, weakness, dizziness, tachycardia, palpitation,
vertigo,
sweating.
Therapeutic uses: prophylaxis and treatment of angina pectoris, post

myocardial infarction, coronary insufficiency, acute LVF (left ventricle failure)

2. Adrenergic blocking agents
e.g. atenolol, propranolol.
Adverse effects: Lethargy, fatigue, rash, cold hands and feet, nausea
bronchospasm.
Therapeutic uses other than angina include hypertension, Cardiac
arrhythmias, post
myocardial infarction and pheochromocytoma.
3. Calcium channel blockers: e.g. verapamil
Adverse effects: flushing nausea/vomiting, headache, Ankle swelling,
dizziness, constipation .
5. Miscellaneous drugs,e.g. Acetylsalicylic acid
V) Anti - arrhythmics
Drugs are traditionally classified into:
Class (I): Sodium channel blockers : quinidine, lidocaine
Class (I1): Beta adrenergic blockers : propranolol, atenolol.

Class (I11): Potassium channel blockers : amiodarone.



Class (1V): Calcium channel blockers: verapamil.
Class (V): Digitalis :digoxin.
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Diuretics
Diuretics are drugs, which increase renal excretion of salt and water: are
principally used to remove excessive extracellular fluid from the body.
a) glomerular filtration
b) tubular reabsorption
c) Tubular secretion. These processes normally maintain the fluid volume,

electrolyte concentration and PH of the body fluids.

ACETAZOLAMIDE

@ A carbonic anhydrase inhibitor that inhibits the reabsorption
of HCOin the proximal convoluted tubule.

THIAZIDES AND THIAZIDE-LIKE

® Inhibit reabsorption of Na* and CI- in the distal comwol-
uted tubule, resulting In retention of water In the tubule.

® Most commonly used diuretic for the treatment of

& Weak diuretic properties,
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:,'"" [ ] olactone, an
— dosterone antagonist,
14 inhibits the aldosterone-
h mediated reabsorption of
= Na* and secretion of K*.
.
b ® Amiloride and triamterene
BUMETANIDE, FUROSEMIDE, +
TORSEMIDE, ETHACRYNIC ACID ﬂ block Na* channels.
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® These drugs are the most
efficacious of the diuretics.
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Collecting
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Most of the diuretics used therapeutically act by interfering with sodium

Classification of diuretics:-

reabsorption by the tubules. The major groups are:

I. Thiazides and related diuretics: e.g. Hydrochlorothiazide chlorthalidone,
bendrofluazide, etc.

I1. Loop diuretics: e.g. furosemide, ethacrynic acid, etc.

I11. Potassium sparing diuretics e.g. triamterene, amiloride, spironolactone,
etc.

IV. Carbonic anhydrase inhibitors e.g. acetazolamide

V. Osmotic diuretics e.g. mannitol, glycerol

I. Thiazide diuretics act by inhibiting NaCl symport at the distal convoluted
tubule. They are used in hypertension, edema of hepatic, renal and cardiac

origin.



Adverse effects: epigastric distress, nausea, vomiting, weakness, fatigue,
dizziness, impotence, jaundice, skin rash, hypokalemia, hyperuricemia,
hyperglycaemia and visual disturbance.

Il. Loop diuretics: Loop diuretics like frusemde inhibit Na+- K — 2ClI
symporter in the ascending limb.

Adverse effects: Hypokalemia, nausea, anorexia, vomiting epigastric distress .
I11. Potassium sparing diuretics mechanism of action: Potassium sparing
diuretics (spironolactone, triamterene, amiloride) are mild diuretics causing
diuresis by increasing the excretion of sodium, calcium and bicarbonate but
decrease the excretion of potassium.

Adverse effects: G.I. disturbances, dry mouth, rashes confusion, orthostatic

hypotension, hyperkalaemia.

Therapeutic uses: used with conjunction with thiazides or loop diuretics in
edema due to cardiac failure nephrotic syndrome and hepatic disease.

IVV. Carbonic anhydrase inhibitors: these drugs like acetazolamide inhibit the
enzyme carbonic anhydrase in renal tubular cells and lead to increased
excretion of bicarbonate, sodium and potassium ions in urine. In eye it results
in decrease information of agueous humor.

Therapeutic uses: acute angle glaucoma.

adverse effects : drowsiness, hypokalemia, metabolic acidosis and epigastric

distress.
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V. Osmotic diuretics: these drugs like mannitol and glycerine (glycerol) are

freely filtered at the glomerulus and are relatively inert pharmacologically and
undergo limited reabsorption by renal tubule. These are administered to
increase significantly the osmolality of plasma and tubular fluid. Sometimes
they produce nausea, vomiting, electrolyte imbalances. They are used in

cerebral edema and management of poisoning.

URINARY ANTISEPTICS

Urinary antiseptics are oral agents that exert antibacterial activity in the urine but have
little or no systemic antibacterial effect. Their usefulness is limited to lower urinary
tract infections. Prolonged suppression of bacteriuria with urinary antiseptics may be
desirable in chronic or recurrent urinary tract infections in which eradication of
infection by short-term systemic therapy has not been possible.

Nitrofurantoin

At therapeutic doses, nitrofurantoin is bactericidal for many gram-positive and gram-
negative bacteria; however, P aeruginosa and many strains of Proteus are inherently
resistant.

Mechanism of action

Nitrofurantoin has a complex mechanism of action that is not fully understood.
Antibacterial activity appears to correlate with rapid intracellular conversion of
nitrofurantoin to highly reactive intermediates by bacterial reductases. These
intermediates react nonspecifically with many ribosomal proteins and disrupt the
synthesis of proteinsc RNA, DNA, and metabolic processes. It is not known which of



the multiple actions of nitrofurantoin is primarily responsible for its bactericidal
activity.

Methenamine Mandelate & Methenamine Hippurate

Methenamine mandelate is the salt of mandelic acid and methenamine and possesses
properties of both of these urinary antiseptics. Methenamine hippurate is the salt of
hippuric acid and methenamine. Below pH 5.5, methenamine releases formaldehyde,
which is antibacterial (see Aldehydes, below). Mandelic acid or hippuric acid taken
orally is excreted unchanged in the urine, in which these drugs are bactericidal for
some gram-negative bacteria when pH is less than 5.5.



THEORY PHARMACOLOGY-LECT.5

Antihyperlipidemic agents

Learning objectives
After completing this chapter the student will be able to:
1. understanding the risk factors related with cardiovascular diseseases

2. identifying different drugs used as antihyperlipidemia
3. knowing pharmacokinetics, therapeutic indications, contraindications,

and adverse effects

Coronary heart disease (CHD) is correlated with elevated levels of low-
density lipoprotein (LDL) cholesterol and triacylglycerols and with low levels
of high-density lipoprotein (HDL) cholesterol. Other risk factors for CHD
include cigarette smoking, hypertension, obesity, and diabetes.
A. Drugs that Lower the Serum Lipoprotein Concentration
A.Lovastatin simvastatin, pravastatin , atorvastatin , fluva, and rosuvastatin are

analogs of 3-Hydroxy-3-methylglutaryl (HMG), the precursor of cholesterol.



Mechanism of action:
3-Hydroxy-3-methylglutaryl (HMG) coenzyme A (COA) reductase inhibitors
(commonly known as statins) lower elevated LDL cholesterol levels, resulting

in a substantial reduction in coronary events and death from CHD.

Increased number
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Therapeutic uses: These drugs are effective in lowering plasma cholesterol

levels in all types off\Jl=lgijelleEulEs

Pharmacokinetics: Pravastatin and fluvastatin are almost completely absorbed
after oral administration; oral doses of lovastatin and simvastatin are from 30 to
50 percent absorbed.Similarly, whereas lovastatin and simvastatin must be
hydrolyzed to their acid forms. Excretion takes place principally through the
bile and feces, but some urinary elimination also occurs. Their half-lives range

from 1.5 to 2 hours.

Adverse effects: Liver: Biochemical abnormalities in liver function have
occurred with the HMG CoA reductase inhibitors. Myopathy and

rhabdomyolysis (disintegration or dissolution of muscle).
B. Niacin (nicotinic acid)

Mechanism of action: inhibits lipolysis in adipose tissue .the primary producer

of circulating free fatty acids. The liver normally utilizes these circulating fatty



acids as a major precursor for triacylglycerol synthesis. Thus, niacin causes a
decrease in liver triacylglycerol synthesis, which is required for VLDL
production . LDL (the cholesterol-rich lipoprotein) is derived from VLDL in
the plasma. Therefore, a reduction in the VLDL concentration also results in a

decreased plasma L DL concentration.
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Therapeutic uses: [gWoElgllseENIEE ,hypercholesterolemias

Pharmacokinetics: it is administered orally. It is converted in the body to
nicotinamide, which is incorporated into the cofactor nicotinamide-adenine
dinucleotide (NAD™). Niacin, its nicotinamide derivative, and other metabolites

are excreted in the urine.

Adverse effects: uncomfortable feeling of warmth and pruritus,hyperuricemia

and gout. Impaired glucose tolerance and hepatotoxicity .
C. The fibrates: Fenofibrate and gemfibrozil

Mechanism of action: Fibrate-mediated gene expression ultimately leads to
decreased triacylglycerol concentrations by increasing the expression of

lipoprotein lipase
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Therapeutic uses: hypertriacylglycerolemias, Type 11 [elIgllolleEnlE

(dysbetalipoproteinemia, hypertriacylglycerolemia (elevated VLDL plus

chylomicron) .

Pharmacokinetics: Both drugs are completely absorbed after an oral dose.
Gemfibrozil and fenofibrate distribute widely, bound to albumin. Both drugs
undergo extensive biotransformation and are excreted in the urine as their

glucuronide conjugates.

Adverse effects: mild gastrointestinal disturbances. These lessen as the therapy

progresses. Lithiasis, Myositis (inflammation of a voluntary muscle)

D. Bile acid binding resins
Bile acid sequestrants (resins) have significant LDL cholesterol lowering

effects, although the benefits are less than those observed with statins.

Mechanism of action: Cholestyramine ,colestipol , and colesevelam are anion-
exchange resins that bind negatively charged bile acids and bile salts in the

small intestine .The resin/bile acid complex is excreted in the feces, thus



preventing the bile acids from returning to the liver by the enterohepatic
circulation. Lowering the bile acid concentration causes hepatocytes to increase
conversion of cholesterol to bile acids, resulting in a replenished supply of

these compounds, which are essential components of the bile.

Untreated hyperlipidemic
patient

Most of the bile acids and salts
that are secreted into the
intestine are reabsorbed.

Hyperlipidemic patient treated

with bile acid-binding resins

y -
Bile acids

= -“‘//’ar:dialts

By '|H;;|ub|{/‘\<
complex \,"\

.II
II \I

Feces h

Cholestyramine, colestipol, or
colesevelam form an insoluble
complex with the bile acids and
salts, preventing their reabsorption
from the intestine.

Pharmacokinetics: Cholestyramine, colestipol, and colesevelam are taken
orally. Because they are insoluble in water and are very large (molecular
weights are greater than 10°), they are neither absorbed nor metabolically

altered by the intestine. Instead, they are totally excreted in the feces.

Adverse effects: Gastrointestinal gastrointestinal disturbances, such as
constipation, nausea, and flatulence. At high doses, cholestyramine and
colestipol (but not colesevelam) impair the absorption of the fat-soluble
vitamins (A, D, E, and K).

E. Cholesterol absorption inhibitors



Ezetimibe selectively inhibits intestinal absorption of dietary and biliary
cholesterol in the small intestine, leading to a decrease in the delivery of

intestinal cholesterol to the liver.



THEORY PHARMACOLOGY-LECT.6

ANTIDIABETIC DRUGS

Learning objective
At the end of this chapter the student is expected to learn the following:
1. The effects of insulin on different organ/systems
2. The types of insulin with their therapeutic uses and adverse reactions
3. The mechanism of action, uses and side effects of oral hypoglycemic agents

INTRODUCTION

Diabetes Mellitus is a disease that occurs as a result of absolute or
relative deficiency of insulin that results in metabolic and vascular
abnormalities.

The etiologies include Obesity (because chronic calorie intake and
prolonged stimulation of  cell causes a decrease in insulin receptor and
also adipose tissue and muscle are less sensitive),hereditary,damage of
pancreatic tissue, diabetogenic hormones(like growth hormone, thyroid,
epinephrine), diabetogenic drugs like Thiazide diuretics, epinephrine,
phenothiazines ,Other factors like Pregnancy.

The common Signs and symptoms include polydipsia, polyphagia,
polyuria, dehydration due to glucosuria.

Diabetes has dangerous complications: including ketoacidosis (in types
1), hyperglycemic osmolal non ketotic coma (in type Il), cardiovascular
(like atherosclerosis, myocardial infarction,
peripheralarterialinsufficiency, Anemia, Hypertension,stroke),

nephropathy, retinopathy, neuropathy.



Symptoms caused v A 7 v
by hypoglycemia (i)
I “9)
s 3 w! : ' '{ ‘.é: ‘.

Shaky Increased
appetite

Blurred vision Weakness/
Tachycardia Confusion e
v
U UQ\ u u ®

{ ) V-(_/ ¥ O

G/ Qo »
AAEAN Tt il

Vertigo Diaphoresis

Lipodystrophy Hypersensitivity

Figure : Adverse effects observed with insulin. [Note: Lipodystrophy is
a local atrophy or hypertrophy of subcutaneous fatty tissue at the site of
injections. ]

It can be classified as: Type I: IDDM (or Juvenile type) occurs
predominantly in children and young adults who have no insulin secretion
and Type II: NIDDM (or maturity onset type) usually

occur after the age of 40years.

Diabetic ketoacidosis (DKA) is serious complication of diabetes. It is
severe metabolic disturbance due to insulin deficiency, which results in
hyperglycemia, ketonimia and later acidosis. It is characterized by
headache, nausea, vomiting, rapid pulse, dry skin, deep breathing, and
change in mentation. Management includes Regular (soluble) insulin 1V
infusion, treatment of dehydration and precipitating factor.
Hypoglycemic Coma is more serious complication which usually occurs
due to excess dose of insulin which produces severe lowering of blood
glucose that may leads to coma.

The Sign /Symptom are mental confusion, in coordination, paresthesia,

convulsion, coma and Signs of sympathetic over activity. The aim of



treatment is to restore blood glucose to normal by giving glucose 50% 20

— 100 ml 1V, or glucagon 1mg iv, im, sc

Antidiabetogenic drugs

I. INSULIN

Sources include pork or beef, combination of pork and beef and also
human insulin

(Recombinant DNA technique)

Actions:

- Insulin lower blood glucose level through increasing utilization of
glucose by peripheral tissue and promoting synthesis and storage of
glycogen

- The main actions of the hormone are exerted on metabolism of
carbohydrate (CHO), fat and protein in liver, muscle & adipose tissue.
Effects of insulin

Carbohydrate metabolism

Liver: it increases glycogen synthesis from glucose and glucose
utilization while

decreases gluconeogenesis and glycogenolysis

Muscle: it increases glucose uptake, glucose utilization and glycogen
synthesis.

Adipose tissue: it increases glucose uptake and glycerol synthesis
(esterifies fatty acid)

Fat metabolism

Liver: it increases lipogenesis

Adipose tissue: it increases synthesis of triglycerides and synthesis of
fatty acid

Protein metabolism

Liver: it increases protein catabolism

Muscle: it increases aminoacid uptake and protein synthesis



Other metabolic effect:

It increases uptake of K+ and Ca++ into cells and synthesis of nucleic
acids

There are some factors that increase insulin demand: like Infection,
surgery, pregnancy and drugs (those that antagonize actions of insulin
glucocorticoids, thyroid hormone, adrenaline)

Type of insulin preparation:

A. Short acting (rapid onset): Eg Regular Insuline

B. Intermediate acting Eg Lente insuline,NPH insuline

C. Long acting E.g Protamine Zn insuline

Types Route Onset (hrs) Duration (hrs)

Regular insulin IV, SC, IM % -15-7

Lente insulin SC, IM1-1% 18 - 24

Protamine Zn insulin SC, IM 4 — 8 36

N.B. It is only regular insulin that can be given by intravenous route.
Therapeutic use -IDDM, NIDDM (not controlled by diet and oral
hypoglycemic agents), diabetic ketoacidosis, Control of diabetes in
pregnancy, during surgery and in infections.

They are also used in the treatment of hyper kalmia due to renal failure
Adverse Reaction: can be categorized as

Local: Atrophy or hypertrophy at site of injection, local hypersensitivity
and secondary infections.

Systemic: Hypoglycemic coma and Immunologic reaction like

hypersensitive and insulin resistance
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Il. ORAL HYPOGLYCEMICS
These are drugs administered orally to lower blood glucose level used in

mild diabetes. They are grouped as Sulphonylureas and Biguinides.

Sulphonyl ureas

These compounds are chemically related to sulphonamides.

First generation: Tolbutamide, Chlorpropamide

Second generation: Glibenclamide, Glipizide

Mechanism: hypoglycemic action is due to Stimulation of insulin release
from f cell, Depression of glucagon secretion, Increase number of insulin
receptor, Reduce insulin output from liver (Decrease hepatic
gluconeogenesis and glycogenolysis)

Pharmacokinetics: They are rapidly absorbed from the gastrointestinal
tract. They are also extensively plasma protein bound and are mainly
metabolized in the liver.

Use: Mild diabetes mellitus in old patients (type I1)



Adverse reaction: The toxicity of these compounds is remarkably low.
The important toxic effects include: hypoglycemia, allergic skin rash and
bone marrow depression, cholestatic jaundice (esp. chlorpropamide)
Side effects: Gastric irritation, prolonged hypoglycemia (esp.
chlorpropamide), large doses confusion, vertigo, ataxia, leucopenia,
aggranulocytosis, thrombocytopenia, and teratogenecity

Drug interaction:

1. Hypoglycemia is enhanced by sulphonamides, phenylbutazone

2. Alcohol produces “Disulfirum” like action (flushing of the face, severe
headache,

vomiting etc.)

3. Sulphonyl ureas increase anticoagulant effect of oral anticoagulant

4. Thiazides oppose the action of sulphonylureas.



THEORY PHARMACOLOGY-LECT.7

DRUGS ACTING ON THE BLOOD

Learning Objectives
After reading and studying this chapter the student should be able to
1. Discuss the pharmacokinetics of iron, Vit Bi2 and folic acid.
2. Explain the mechanisms of action of major anti anemic drugs
3. Discuss the use of iron to treat iron deficiency anemia, the use of Vit Bizand
folic acid to treat megaloblastic anemia.
4. Describe how heparin and oral anticoagulants produce their effect.
5. Discuss the indication of heparin and oral anticoagulants
6. ldentify major adverse reactions associated with heparin and oral
anticoagulants

INTRODUCTION

Hematopoiesis, the production of circulating erythrocytes, platelets and
leukocytes from undifferentiated stem cells, is a remarkable process that
produces over 200 billion new cells per day in the normal person and
even greater number of blood cells in people with conditions that causes
loss or destruction of blood cells. The hemopoietic machinery resides
primarily in the bone marrow in adults, and requires constant supply of

three essential nutrients — iron, vitamin B12 and folic acid

ANEMIA - a deficiency in oxygen carrying erythrocytes and very
common in developing countries In this section anemia due to deficiency

of iron, vit B12 or a folic acid will be dealt with.

AGENTS USED IN ANEMIAS

IRON

Iron forms the nucleus of the iron porphyrin heme ring, which together
with globin chains forms hemoglobin that reversibly binds oxygen and
provides the critical mechanism for oxygen delivery from lungs to other
tissues. In the absence of adequate iron, small erythrocytes with
insufficient hemoglobin are formed resulting in microcytic hypochromic

anemia.
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Microcytic Hypochromic Anemia.
TREATMENT OF IRON DEFICIENCY ANEMIA
1. Oral Iron Therapy:

P

Ferrous sulfate, ferrous gluconate, ferrous fumarate. Treatment should be
continued for 3-6 months to replenish iron stores.

Side effects: nausea, vomiting, epigastric discomfort, abdominal cramps,
constipation and diarrhea.

2. Parenteral iron therapy:

( Iron dextran , lIron sorbitol )They may be given by deep IM or
occasionally V.

Side effect: local pain, headache, light headedness, fever, nausea,
vomiting, , back pain, bronchospasm, and rarely anaphylaxis and death.
VITAMIN B12

Daily vitamin B12 requirement is 2-5 mg. It is mainly obtained from
animal products and serves as a co factor for essential biochemical
reaction in humans. Ultimate source of vit B12 is from microbial
synthesis.

Clinical uses : Vit B12 is used to treat or prevent deficiency of vit B 12
Deficiency of Vit B 12 results in:

- Megaloblastic anemia

- Neurological syndrome involving spinal cord and peripheral nerves

FOLIC ACID



Folic acids are required for essential biochemical reactions that provide
precursors for the synthesis of amino acids, purines and DNA.Daily
requirement is 50 -100ug. Folic acid deficiency is not uncommon.
Sources include yeast, liver, kidney and green vegetables.

Physiologic functions

It plays a role in the biosynthesis of purines and pyrimidines, i.e., DNA.
Folic acid — dehydrofolate —tetrahdyroflate

P

Pyrmidens purine

DNA

Deficiency:
Common among elderly patients, poor patients, pregnant ladies. It results
in megaloblastic anemia. Congenital malformation in newborn like spina

bifida are also consequences of folate deficiency during pregnancy.

Spina bifida



Treatment
Folic acid 1mg orally per day.
Drugs used in Disorder of coagulation

Introduction

Hemostasis is spontaneous arrest of bleeding from a damaged blood

vessel. Steps: Vascular injury —vasospasm —»

platelate aggregation —¢oagulation cascades

platelate adhesion —

—#ibrin formation

Anticoagulants are the drugs which inhibit fibrin formation.

Classification
Based on mechanism of action

1. Fast and direct acting , e.g: Heparin

2. Slow and indirect acting - Oral anticoagulants , e.g Warfarin and

Dicumarol

Heparin

It is a heterogeneous mixture of sulfated mucopolysaccharides

Mechanism of action

Heparin activates antithrobimin Il (AT 111) which inhibits clotting factor

proteases and hence it inhibits the formation
conversion of fibrinogen to fibrin, and inacti

necessary for the clotting of blood.

Antithrombin

Y

Inactive
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Prevention and treatment of venous thrombosis, atrial fibrillation with
embolus formation, prevention of postoperative thrombosis and
embolism, in open heart surgery.

Administration:

Can be given IV or subcutaneous. Oral therapy is ineffective because it is
inactivated by gastric acids and absorption is minimal because of large
molecular size. Heparin must never be administered intramuscularly

because of danger of hematoma formation at injection site.

Side effects:
Bleeding is the major side effect, allergy, alopecia, osteoporosis and

thrombocytopenia

Thrombocytopenia

ORAL ANTICOAGULANTS

WARFARIN

This compound was originally employed as a rodent poison. It is the most
widely used coumarin anticoagulant and may be considered to be the drug
of choice as an oral anticoagulant.

Mechanism of action

The anticoagulant prevents reductive metabolism of the inactive vitamin

K epoxide back to its active form
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Pharmacokinetics:
« It is administered orally as sodium salt and has 100% bioavailability.
 The drug has slow onset of action, and long half-life in plasma (36hr)

because 99% of the drug is bound to albumin.

Clinical uses

Prevention and treatment of deep vein thrombosis, treatment of atrial
fibrillation with thrombus formation.

Side effects

Birth defect in pregnancy, hemorrhagic disease of newborn, hemorrhagic
infarcts and cutaneous necrosis

THROMBOLYTIC AGENTS

Fibrinolytic agents rapidly lyse thrombi by catalyzing the formation of
plasmin from plasminogen. All thrombolytic agents currently in use act
directly or indirectly as plasminogen activators. The presently used
plasminogen activators are:

a. Streptokinase- a protein .

b. Urokinase-human enzyme .



c. Anistreptase .

d. Tissue plaminogen activator (tPA).
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Adverse Reactions:

Bleeding and allergic reactions are most common adverse effects
thrombolytics.
ANTIPLATELET DRUGS

Platelet function is regulated by three categories of substances



1. catecholamines, prostacyclin

2. prostaglandin E2 and serotonin

3. thromboxane A2 and calcium ions

Antiplatelets act on any one of the above processes. They include aspirin,

ticlopidine, dipyridamole.
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ASPIRIN (ASA)

Thromoboxane A2 is an arachidonate product that causes platelet to
change shape, to release their granules and to aggregate. Drugs that
antagonize this pathway interfere with platelet aggregation and prolong
bleeding time. Aspirin at low dose is the prototype of this class of drugs.
It inhibits the synthesis of thromboxane A2 by irreversible acetylation of
the enzyme cyclo-oxygenase.

Therapeutic Uses:

Prophylaxis against myocardial infarction and prevention of stroke in



Review & Exam

Q1/ Choose correct answer betwwen the prackets :-

a.

Using B antagonist agent as antihypertensive effect (Propranolol,
Phenylephrine, Adrenaline, no al of them).

Antagonist effect of Ach is (Isoproterenol, Clonidine, Atropine, no
al of them).

The main indication of diuretic drugs (sever pain, LDL lowering,
hypertension, no all of them).

The main indication of nicotinic acid is (reduce of pain,
hypoglycemia, hyperlipidemias, all of them).

In case of nausea and vomiting should be use (prochloperazine,
digoxin, Ondansetron, no all of them).

Neostigmine can be used as (decongestant, pain Killer,
dehydration, no all of them).

spironolactone must be used in (hyperkalemia, glaucoma,
hypokalemia, no all of them).

Drug classify as Potassium channel blockers ( metronidazole,
tetracycline, trimethoprim, amiodarone, no all of them).

Q2/ put (true) or (false) in front of the following sentences:

1.

o~ O A

The factors that influencing oral absorption are Blood flow to the
absorption, Total surface area available for absorption, and Contact
time at the absorption surface.

The concentration of the drug, [C], is much less than the
Michaelis constant, K,,,, and the Michaelis-Menten equation
reduces to the rate of drug metabolism is directly proportional to
the concentration of free drug and that considered zero order
kinetics.

The pathways of drugs evaluations are potency, efficacy, and
therapeutic index.

Arterial Vasodilator drug is Hydralazine.

Angiotensin converting enzyme inhibitor example is sildenafile.
Used as antimotion sikness is Scopolamine.

Management of poisoning by Pentoxyfilline.

digoxin can be used in patients were suffering from heart failure
and errythemia.

The mechanism of action of simvastatin is 3-Hydroxy-3-

methylglutaryl (HMG) coenzyme A (COA) reductase inhibitor

10. Adverse effect of Loop diuretics is hyperkalemia.



