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Preface

Pharmacology has undergone major intellectual changes in the recent years and has become
increasingly important to all medical, dental and other health professionals. The graduate
students of dentistry may have to handle medical emergency during various dental
procedures on the dental chair. Besides this, dentists have to look into various drug
associated interactions. The broad goal of teaching pharmacology to undergraduate
students is to inculcate rational and scientific basis of therapeutics keeping in view the
dental curriculum and profession. A sincere attempt has been made to present a complete
text for undergraduate students of dentistry as per the new syllabus requirement (Dental
Council of India, BDS course regulation, 2006).

The book is divided into thirteen sections, initial sections cover the general and
autonomic pharmacology, followed by other sections of drug acting on different body
systems. A detailed section is devoted only to dental pharmacology which covers all agents
used in pharmacotherapy of dental conditions. The last section covers vaccine, sera and
other immunological agents and drugs used in skin disorders. The chapters have been
arranged in such a way that knowledge gained from initial chapters will be helpful to
students for understanding subsequent chapters. The appendix contains the list of newly
approved and banned drugs in India.

The classification adopted in the books provides pharmacological distinction among
latest drugs with doses and routes of administration along with leading trade name(s)
available in Indian market, but it should not be construed as the recommendation of those
particular brands.
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Sources and Nature

of

Drug Dosage Form

INTRODUCTION

Pharmacology (derived from Greek words,
pharmacon-drug; logos-discourse in) consists
of detailed study of drugs —its source, physi-
cal and chemical properties, compounding,
biochemical and physiological effects, phar-
macodynamics (its mechanism of action),
pharmacokinetics (absorption, distribution,
biotransformation and excretion), therapeu-
tic and other uses of drugs.

According to WHO definition ‘Drug is
any substance or product that is used or
intended to be used to modify or explore
physiological system or pathological states
for the benefit of the recipient’.

Pharmacology has some major subdivi-
sions:

Pharmacodynamics is the study of the
biochemical and physiological effects of the
drugs and their mechanism of action.

Pharmacotherapeutics deals with the
use of drugs in the prevention and treatment
of diseases and it utilizes or depends upon
the information of drug obtained by
pharmacodynamic studies.

Pharmacokinetics deals with the
alterations of the drug by the body which
includes absorption, distribution, binding/
storage, biotransformation and excretion of

drugs.

Toxicology deals with the side/adverse
effects and other poisonous effects of drugs,
since the same drug can be a poison,
depending on the dose.

Chemotherapy deals with the effects of
drugs upon microorganisms and parasites
without destroying the host cells.

Pharmacology also includes certain
allied fields as:

Pharmacy is the science of preparation,
compounding and dispensing of drugs. Itis
concerned with collection, identification,
purification, isolation, synthesis and stan-
dardization of medicinal /pharmaceutical
substances.

Pharmacognosy deals with the study of
the sources of drugs derived from plants and
animal origin.
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Materia-medica: This is an older term
and deals with the source, description
(physical and chemical properties) and
preparation of drugs.

Pharmacopoeia is an official reference
containing a selected drugs/medicinal
preparations with their description, tests for
their identity, purity and potency and with their
average doses. A few famous pharmacopoeia
and other reference books are the Indian
Pharmacopoeia (IP), the British Pharmacopoeia
(BP); the United States Pharmacopoeia (USP);
the British Pharmaceutical Codex (BPC); the
National Formulary (NF) i.e. British National
Formulary (BNF) and National Formulary (NF)
of India. It is necessary for understanding the
each aspects of pharmacology by dentists, as
they have to prescribe the drug for the treatment
of various dental conditions in general and
other concurrently disease with many of the
dental patients. The dentists should be aware
of drug interactions and capable of handle any
emergency during any dental procedure.

SouRcEs oF DruGs

‘Drug’ is derived from French word ‘drogue’
means a dry herb. Drugs are obtained
mainly from plants, animals, microbes and
mineral sources, but a majority of them that
are used therapeutically are from synthetic
or semi-synthetic products.

PLANT ORIGIN

The pharmacologically active compo-
nents in vegetable drugs are:

i. Alkaloids are basic substances
containing cyclic nitrogen. The
important alkaloids are obtained from:
¢ Opium (Papaver somniferum): Mor-

phine group.
¢ Cinchona (Cinchona officinalis): Qui-
nine etc.

¢ Belladonna (Atropa belladonna): At-
ropine group.

* Pilocarpus sp.: Pilocarpine.

e Vinca (Vinca rosea): Vincristine,
vinblastine.

* Rauwolfia serpentina (root): Reserpine.

¢ Coca (Erythroxylum coca): Cocaine.

ii. Glycosides are ether like organic
structure combined with sugars, the
non-sugar component called aglycone
or genin. The important glycosides are:
e Digitalis (Digitalis purpurea, Digitalis

lanata): Digoxin etc.
e Stropanthus (Stropanthus kombe):
Stropanthin etc.

* Senna (Cassia acutifolia): Sennoside etc.
iii. Oils
a. Fixed oils are glycerides of oleic, palmitic
and stearic acids. Mostly fixed oils are
edible and used for cooking. The fixed
oils used as drug are:

e Castor (Ricinus communis): Castor oil.
¢ Olive (Olea europaea): Olive oil.

e Cocoa butter (Theobroma cacao):
Theobroma oil used as emollient
in skin cream and making sup-
positories.

e (Cod liver oil and shark liver oil:
Rich source of vitamin A and D.

b. Volatile oil or essential oil contains
the hydrocarbon terpene. The
important volatile oils are:
¢ Turpentine oil, from species of

pines, used as a counterirritant.

¢ Lemon oil (from Citrus limon), used
as flavouring agent.

* Peppermint, cardamom and fen-
nel used as carminative and
flavouring agent.
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¢ OQil of clove is mainly useful in
relieving pain in toothache.

FROM HUMAN BEING

There are certain products which are

iv. Resins are produced by oxidation and  obtained from human being e.g.
polymerization of volatile oils. The o Immunoclobulins: From blood
different types of resins are: & ' '

* Oleoresins: Male fern extract used * Placental extract: From placenta.
for tapeworm infestation. ¢ Chorionic gonadotropin: From urine
* Gum resins: Asafoetida, used as of pregnant women.
carminative and antispasmodic.  Growth hormone: From pituitary
¢ Oleo gum resin: Myrrh, it has a local gland.
stimulant and antiseptic properties
and generally used in mouthwash. = FROM MICROORGANISMS
* Balsams: Benzoin, used internally The different classes of drugs obtained /
as expectorant and externally as ;o 1 104 from microbes are:
astringent. o .
e Balsam Tolu, used as stimulating * Penicillin: Penicillium chrysogenum
expectorant. and notatum (Fungus).
v. Gums are the secretory products of * Streptomycin: Streptomyces griseus
plants. On hydrolysis they yield simple (Actino-mycetes).
sugar like polysaccharides. They are ¢ Erythromycin: Streptomyces erythreus
pharmacologically inert substances (Actinomycetes).
and mainly employed as suspending ¢ Chloramphenicol: Streptomyces
and emulsifying agent in various ,
harmaceutical products. venezuelae (Actinomycetes).
p p
The widely used preparations are gum e Tetracyclines: Streptomyces aureofaciens
acacia and tragacanth. and rimosus (Actinomycetes).
vi. Tannins are nonnitrogenous constitu- ¢ Polymyxin B: Bacillus polymyxa.

ents of plant. Chemically they are phe-
nolic derivatives and are characterized
by their astringent action. Tannins are
generally employed in the treatment of
diarrhoea and burns. The important
plants which contains tannins are:

* Bacitracin: Bacillus subtilis.
* Nystatin: Streptomyces nouresi.
¢ Griseofulvin: Penicillium griseofulvum.

Apart from various other antibiotics

obtained from microorganisms, there are
other products that are also produced by
microorganisms. They are:

Amla, Behera, Hirda (in combination
form ‘Triphala’), Black catechu and
Ashoka bark.

ANIMAL SOURCES

The different animal products after
purification in a suitable dosage form for the
treatment of disease are listed in table 1.1.1.

* Streptokinase, an enzyme from gram
positive cocci (Streptococcus pyogenes).

e Vitamin B, (cyanocobalamin):
Streptomyces griseus.
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Table 1.1.1: Classification of different animal products used as drug and surgicals.

Drug Category
Insulin Hormone
Thyroid extract/thyroxine Hormone
Shark liver oil Vitamin A

Cod liver oil Vitamin A and D
Antisnake venom Immune serum
Hyaluronidase Enzyme

Pepsin Enzyme

Surgical ligatures and sutures Used in surgery

RouTes oF DRUG ADMINISTRATION

The drugs can be administered by a variety
of routes, either locally or administered orally
and by injection. To produce local effects,
drugs are applied topically to the skin or
mucous membranes. To produce systemic
effects drugs are administered orally, rectally,
parenterally or by inhalation route.

The choice of the route in a given
situation depends upon the drug and the
patient’s condition (e.g. in unconscious and
vomiting state), and urgency of treatment
(whether the routine treatment or in
emergency condition).

The important routes of administration
are:

LOCAL ROUTES

The dosage forms applied locally to the
skin are powders, paste, lotions, ointments,
creams, plasters and jellies. They are used
for their antiseptic, antipruritic, analgesic,
local anaesthetic and other related effects.

The absorption of drug through the skin

is proportional to the surface area covered
and to their lipid solubility. The dermis layer

Animal source

Pancreas of beef or pig

Thyroid gland

Livers of shark and allied species
Livers of Gadus species

Blood of horse

Testis of bull

Stomach of beef and pig

Intestinal tissues, tendons of animals.

is freely permeable to many fluids.
Inflammatory and other related conditions
which increase the cutaneous blood flow
also enhance absorption of drugs.
Absorption through the skin can be
enhanced by induction (rubbing the oily
vehicle preparation into the skin) also.

On the skin, drug is applied in the form
of ointment, cream, lotion, paste, plaster,
powder etc.

The topical application is also used on
the mucous membranesi.e. nose, throat, eye,
ear, bronchi, rectum, urethra, vagina and
rectum.

In case of mouth and pharynx, the drug
is used in the form of throat paints, lozenges,
gargles or mouth washes.

In case of corneal application (in the
form of ointments, drops), the drug may
penetrate the anterior chamber and affect the
ciliary muscle. The nasal mucosa is treated
with drug solution in the form of spray or
irrigation.

The bronchial mucosa and lungs are
treated with inhalations, aerosols (in the form
of fine powder with the help of nebulizer) e.g.
salbutamol (ASTHALIN) inhaler.
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Drugs may also be administered locally
in the form of bougies, jellies for urethra,
pessaries, vaginal tablets, creams and
douches for vagina and suppositories for
rectal administration.

Due to the rich blood and lymph supply
to rectum the unionised and lipid soluble
substances are readily absorbed from the
rectum. The advantages of this route are
that gastric irritation is avoided and easy
administration by the patient himself.

Administration of drug in the form of
liquid into the rectum is called enema,
which may be soap water or glycerine-
vegetable oil. It is used to remove the
faecal matter and flatus and is
used in constipation. Certain drugs are
administered rectally for producing
systemic effects also (e.g. aminophylline,
indomethacin, paraldehyde etc.).

SYSTEMIC ROUTES

The drug administered through
systemic routes (orally or parenterally), is
absorbed into the blood, distributed along
through the circulation and produce their
desired effects.

Oral Route

This is the most commonly used route
for drug administration. It is also the safest,
most convenient and economical. But, there
are some limitation of this route:

* Drug action is slow, thus not suitable
for emergencies.

¢ Incapability to absorb some drugs, due
to their physical characteristics i.e.
polarity of the drug.

7

¢ Unpalatable and other irritant drugs
can not be administered.

¢ Can not be used for unconscious and
uncooperative patient.

* May not be useful in the presence of
vomiting and diarrhoea.

* Drugs, which can be destroyed by di-
gestive juices (i.e. insulin, penicillin
G) or in liver (i.e. testosterone, nitro-
glycerine) can not be administered
orally.

¢ The absorption of certain drugs is
negligible e.g. streptomycin.

Enteric Coated Tablets
The drugs which are destroyed by
the gastric juices in the stomach, are
coated with keratin, shellac and cellulose
acid phosphate. These substances are not
dissolved by the acid juice of the
stomach, but are dissolved in the
intestinal juice (alkaline) only, which is

useful in:

e Preventing gastric irritation and
alteration of the drug in the stomach.

¢ To get the desired concentration of
the drug in intestine.

¢ To delay the absorption of the drug.

Time Release/Sustained Release Capsules

It is a useful solid dosage form of drug,
where the particles of the drug dissolve at
different time intervals.

The advantages of time-release prepara-
tions are:

* Reduction in the frequency of admin-
istration of drug.
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¢ Maintenance of therapeutic effect for
longer time.

¢ To some extent decreased incidence of
undesired effects.

¢ Appropriate for drugs with short half
lives (less than 4 hours).

Sublingual Administration

The highly lipid soluble and
nonirritating drugs (i.e. nitroglycerine,
isoprenaline, methyltestosterone) in the
form of tablets or pellet is placed under the
tongue, where they rapidly dissolve and are
absorbed quickly in the general circulation.
The advantages of this routes are:

* Rapid onset of action.

¢ The degradation and metabolism of the
drugs in the stomach and liver is
avoided

PARENTERAL ROUTES
(par = beyond, enteral = intestinal)

The administration of drugs by injection
directly into the tissue fluid or blood without
having to cross the intestinal mucosa.

The advantages of parenteral routes are:

¢ Rapid action of drug.

* Can be employed in unconscious/
uncooperative patients.

* Drugs, which are modified by
alimentary juices and liver can be given
by this route.

¢ Drugs, which are not absorbed in small
intestine or irritate the stomach can be
administered by this route.
Disadvantages are:
¢ Less safe, more expensive.
¢ Inconvenient (painful) for the patient.

¢ Self medication is difficult.

¢ Chances of local injury at the site of
injection.
The important parenteral routes are:

Subcutaneous

The non-irritant substances can be
injected by this route. The rate of
absorption of drug is constant and slow to
provide a sustained effect. The site of
injection is usually the outer surface of the
arm, or front of the thigh. Self medication
(e.g. insulin) is possible because deep
penetration is not needed. Other drugs
which are administered subcutaneously are
adrenaline, morphine and certain hormonal
preparations.

The other related subcutaneous routes
are dermojet (by which, drug is projected
from a microfine orifice using a high ve-
locity jet) and pellet implantation (which
provides sustained release of the drug
over weeks and months e.g. testosterone).

Intramuscular

The soluble substances, mild irritants
and suspensions can be injected by this
route in the large skeletal muscles (deltoid,
triceps, gluteus maximus, rectus femoris
etc.). These muscles are less richly supplied
with sensory nerves and are more vascular,
so irritant solutions can be injected. Small
volumes (up to 2 ml) are injected into the
deltoid muscle, and small or large volumes
(up to 10 ml) are injected into the gluteal
mass.

The rate of absorption is reasonably
uniform and the onset of action is rapid.
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Intravenous

The drug is injected as a bolus or infused
slowly directly into a vein to produce rapid
action. Itis also useful for certain irritant and
hypertonic solutions, as they are rapidly
diluted by the blood. Drugs in an oily vehicle
or those which precipitate blood constituents
or haemolyze erythrocytes should not be
given by this route.

Intravenous route is the most rapidly
effective and the desired blood concentration
can be obtained with a definite dose but at
the same time it is the most dangerous route
of administration. For once the drug is
injected there is no retreat. So, intravenous
injection must usually be performed slowly
and with constant monitoring of the patient.
This routeis usually reserved for emergencies
when a rapid action is required and infusion
of large amounts of fluids to overcome
dehydration or to supply nutrition to patients
who can not take food/fluids orally.

Intradermal

The drug is injected into the skin raising
ableb. This route is employed for vaccination
e.g. BCG vaccine and for testing the
sensitivity e.g. penicillin injection.

Intra-arterial

This route is useful in diagnostic studies,
by which arterial blood sample may be
withdrawn for blood gas studies. Certain
cytotoxic compounds are administered by
intra-arterial perfusion in localised
malignancies.

Intrathecal or Intraspinal

For local and rapid effect of drugs on the
meninges or cerebrospinal axis, drugs are
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injected directly into the spinal
subarachnoid space. This is also used to
produce spinal anaesthesia, or for
introduction of a radio-opaque contrast-
medium into the subarachnoid space for
visualising the spinal cord.

Intramedullary

By this method, the drug is introduced
into the bone marrow of the sternum or tibia.
Blood is occasionally given by this route.

Intracardiac

In sudden cardiac arrest and other
cardiac emergencies, the adrenaline is
directly injected into the heart by a long
needle in the left fourth intercostal space
close to the sternum.

Intraperitoneal

This route is a common laboratory
procedure, but it is seldom employed
clinically in infants for giving fluids like
glucose saline, as the peritoneum offers a
large surface for absorption.

Intra-articular

Certain drugs (i.e. glucocorticoids) can
be administered directly into a joint space
for the treatment of local condition i.e.
rheumatoid arthritis.

INHALATION ROUTE

The volatile liquids and gases are given by
inhalation route. The drugs may be given as
solid particles, as nebulized particles from
solutions or in the form of vapours. The
volatile substances include gaseous
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anaesthetics, amyl nitrite and vapours of
liquid anaesthetics, gases like oxygen,
carbon dioxide and helium.

Nonvolatile substances have to be
broken down into small particles, and then
inhaled as aerosols.

Drugs given by this route are quick-
ly absorbed, which takes place from the
vast surface of alveoli and produce rap-
id action. Various bronchodilators and
mast cell stabilizers are used in the
treatment and prophylaxis of bronchial
asthma i.e. salbutamol (ASTHALIN)
and sodium cromoglycate (FINTAL)
inhaler.

DosacE Forms aND RouTes oF DRuG
ADMINISTRATION

A dosage form is a medicated product
specially designed for administration
depending upon the routes to the patient for
the diagnosis and treatment of disease.

The dosage form is broadly divided into
solid dosage form, liquid dosage form and
inhalations which are used both internally
as well as externally.

Solid dosage form includes capsules,
granules, effervescent granules, powders,
tablets, suppositories
(pessaries, bougies and ear cone) etc.

insufflations,

Semisolid/liquid dosage form
includes elixirs, emulsions, gels, linctus,
mixtures, drops, solutions, syrups,
tinctures, applicators, creams, enema,

gargles, jellies, liniments, lotions, mouth
washes, ointments, paints, paste,
poultices etc.

Inhalation forms include aerosols,
sprays etc.

SOLID DOSAGE FORM (INTERNAL
USE)

Capsules: These are small gelatin
contains shells. Capsules are of two types —
hard & soft capsules.

Hard capsules are used for powdered
drugs e.g. capsules ampicillin, tetracy-
cline. In hard capsules, certain sustained
released substance, which gradually
release the drug in the respiratory tract
(e.g. cap. theophylline).

Soft capsules are used for oils and
solution of active drugs e.g. cap. vitamins
A, A & D, E, garlic pearls, seven seas etc.

Soft capsules are also used for semisolid
(ointment) e.g. eye applicaps of chloromycetin.

Granules: These are mixture of active
medicament, sugar and some flavouring
agent and then moistened to produce a
coherent mass which is then passed
through a sieve to form a granule. Gran-
ules are the unusual means of adminis
tering drug that possess an unpleasant
taste e.g. PAS (para-amino salicylic acid)
granules.

Effervescent granules: It is a mixture
of citric and tartaric acids with sodium
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bicarbonate and usually some sweetening
agents (saccharin or glucose) may be
added.

The powder granules should be
dissolved with a prescribed amount of water
and taken when it produce effervescence e.g.
ENO powder used for indigestion,
flatulence and heartburn etc.

Powder: Powder are medicaments in
dried form. The powders are of different types:

¢ Simple or compound powder: The
simple powder contain just one active
ingredient (e.g. acetylsalicylic acid
powder) and compound powder
contain more than one active ingredient.

¢ Powders enclosed in cachets (e.g.
ALCOPAR, ORS powder) and in
capsules (e.g. ampicillin powder).

¢ Effervescent powder.

¢ Powder for external use e.g.
NEBASULF, boric acid powder, zinc
oxide powder, talc etc. Tooth powder
may also be classified under this group.

¢ Powder with metal (e.g. mercury with
chalk) used as purgative.

* Powder use after reconstitution e.g. syr.
ampicillin for paediatric use.

Tablets: These are the most extensively
used solid dosage form containing
granulated or powdered drugs that are
compressed or moulded into different
shapes. These are different types of tablets
according to their size, shape and uses:

e Simple tablets:
— Are disintegrated readily e.g. tab
aspirin.
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Soluble tablets:

— Are dissolved in water to form
solution for internal and external use
(gargles) e.g. tab Disprin.

— Also used for parenteral adminis-
tration called hypodermic tablets
e.g. atropine sulphate tablets.

Scored tablets:

— They may be easily divided if
smaller doses are required (e.g. tab.
Analgin).

Lozenges:

— Are solid preparation consisting
mainly of sugar and gum and ensures
slow release of medicaments and
generally used for local action e.g.
cough remedies — Strepcils, Vocacil.

Pastilles:

— Are solid medicated preparation
intended to dissolve slowly in the
mouth and softer than lozenges.

Chewable tablets:

— Are chewed in the mouth for
systemic action e.g. tab. Digene,
vitamin C (Suckcee), mebendazole
(for paediatric use) etc.

Buccal or sublingual tablets:

— Are chewed and placed under the
tongue. When it dissolved and exert
their action e.g. tab. nitroglycerine.

Implants:

— Are tablets use for sustained action
and implanted under the skin e.g.
Deoxycortone acetone (for
contraception).

Depot tablets:

— Are compressed tablets used for
sustained systemic action e.g. tab.
Asmapax Depot for asthmatic patients.
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e Enteric-coated tablets:

— Are coated with keratin, cellulose
acetate phthalate, which do not
dissolve in the stomach and only
dissolve in alkaline juice of the
intestine where the drug is liberated
e.g. tab. erythromycin.

SOLID DOSAGE FORM (EXTERNALLY
USED)

Collodions: These are the fluid preparation
intended for external use. The vehicle of
collodion are volatile (e.g. ethyl alcohol) in
nature and when applied on the skin (with
brush or rod) evaporates to the skin and leaving
a flexible, protective film. The film producing
agent is pyroxylin (nitrocellulose) and for
flexibility colour oil is added.

It is generally used for small cuts and
abrasions.

Dusting powder are free flowing and
very fine in nature for external use.

Insufflations are dusting powder
consisting medicaments that are blown by
an insufflator (similar to atomiser) into
various body cavities, nose, throat, ear etc.,
where it would be difficult to apply the
powder directly.

Suppositories are conical or ovoid shape
solid preparation made up of fat (cocoa
butter oil or theobroma oil), a wax or a
glycerine-gelatin jelly. They are used for
insertion into the rectum, where they melt,
dissolve and disperse and exert their action
—local as well as systemic.

Pessaries are the same as suppositories
for introduction into vagina. Pessaries are
of two type:

* Moulded pessaries (as suppositories).

¢ Compressed pessaries — in different
shapes.
Bougies used for nasal and urethral
administration of drugs.

Ear cone for administration of drugs in
ear.

Plasters are solid adhesive (with cloth)
preparation applied to the skin to protect,
soothe and lessen pain e.g. Mustard plaster,
Capsicum plaster.

SEMISOLID/LIQUID DOSAGE FORM
(INTERNAL USE)

Aqua are aqueous solution of volatile
substance used as solvent in certain
pharmaceutical preparation to mask the
disagreeable taste of drug e.g. peppermint
water.

Cachets are providing a means of
administering nauseous or disagreeable
powder in a tasteless form.

Elixir are liquid, oral preparation of
potent or nauseous medicaments, which are
pleasantly flavoured and coloured with
suitable agents.

Emulsions are suspensions of fats or
oils in water with the inclusion of an
suitable emulsifying agent (e.g. gum
acacia, gum tragacanth) e.g. Castor oil
emulsion, Cod liver oil emulsion for
internal use. One such emulsion is also
used externally e.g. benzyl benzoate
emulsion.

Gels are the aqueous colloidal suspension
of insoluble medicaments (e.g. aluminium
hydroxide as antacid in Digene gel).



Sources and Nature of Drug Dosage Form

Linctus are viscous, liquid oral
preparation containing high proportions of
syrup (sugar) and glycerin (for viscosity and
its sweet nature) which produce a
demulcent affect on the mucous membrane
of the throat.

Mixture are liquid oral preparation,
where the medicaments are in solution or
suspension form. Mixture are generally not
formulated for a long life and prepared
freshly.

Paediatric drops are liquid oral
preparation of small dose giving by a
calibrated dropper intended for paediatric use.

Solution are aqueous solution
containing one or more drugs. They are
divided into different categories:

* Solution in dosage form for oral use/
external use e.g. strong iodine solution,
hydrogen peroxide solution.

¢ Parenteral solution are sterile liquid or
suspensions packaged in sterile
containers, intended for parenteral
administration.

There are other type of solutions that
are used for peritoneal dialysis,
anticoagulant solution, bladder irrigation
and certain dermatological solution
intended for application to broken surface.

Syrups are the liquid oral preparation
made in concentrated sugar solution, mainly
for paediatric use and for drugs which are
unpleasant in taste.

Tinctures are the concentrated alcoholic
preparation of vegetable drugs made by
maceration process. (e.g. Tr. opium, Tr.
lemon) used in different pharmaceutical
preparation for oral use. Tr. Benzoin Co. is
used externally.
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SEMISOLID/LIQUID DOSAGE FORM
(EXTERNAL USE)

Applications are liquid or semi-liquid
preparation applied to the skin, and are
usually emulsion or suspension in nature
(e.g. antiparasitics application).

Creams are semisolid preparation
(usually emulsion) for external use. They are
oily and non-greasy in nature.

Ear/eye/nasal drops are solution of
drugs that are instilled into a ear, eye and
nose with a dropper. The eye drops are
sterile solutions.

Enema are solution, suspension or
emulsion (oil/water type) of medicament
intended for rectal administration.

Gargles are aqueous solution used to
prevent and for treatment of throat
infections.

Irrigators are medicated solution used
to treat urinary bladder, vagina and less
often the nose infections. They are
administered with a help of catheter (in
bladder), vulcanite (for vagina) which are
made up of thin, soft rubber or plastic tube.
The nose irrigator is made up of glass.

Jellies are transparent or translucent,
non-greasy medicated semi-solid
preparation used externally, sometime
containing local anaesthetic agent also e.g.
Lignocaine jelly.

Liniments are liquid, semi-liquid and
some-times semi-solid preparation used
externally on the skin. Liniments are
counter-irritant and stimulating type and are
massaged or rubbed into the skin, and must
not be applied to the broken skin e.g.
liniment turpentine.
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Lotions are liquid preparation applied
to skin without friction. Lotions are used for
soothing, astringent and antipruritic affects
e.g. calamine lotion.

Mouth washes are liquid preparation
similar to gargles but are use for oral
hygiene.

Ointments are semi-solid greasy
preparation for local application to the skin,
rectum and mucous membrane also. The
ointment base is usually anhydrous and
contain the medicaments in solution or
suspension. Ointments are used for its
soothing, astringent, antiseptic and other
selected actions e.g. chloromycetin eye
ointment.

Paints are liquid preparation containing
volatile solvent which quickly evaporate to
leave a dry and resinous film of
medicaments on the skin.

Throat paints are more viscous in nature
(due to the high proportion of glycerine) which
being sticky and adhere to the affected site and
prolongs the action of the drug.

Pastes are semi-solid preparation for ex-
ternal application that differ from similar
products (i.e. ointment) in containing a high
proportion of finely powdered medicaments.

They afford greater protection and are more
absorptive. The base may be anhydrous or
water soluble e.g. zinc oxide paste.

Poultices are paste like preparation for
external application to reduce inflammation
due to its heat retaining capacity. After
heating, the preparation is spread thickly on
a dressing gauze and applied as hot as
patient can bear it, to the affected area.

INHALATION FORM

Aerosols are suspension of fine, solid
or liquid particles in a medium like air or
oxygen and administered with the help of
nebulizers. They are used to apply drugs
to the respiratory tract in asthmatic
patients e.g. Asthalin (salbutamol) inhaler,
Fintal (sodium cromoglycate) inhaler.

Sprays are preparation of drugs in oil
or water, usually administered by atomizer
or nebulizer. They are applied to the
mucosae of nose or throat e.g. Tyrothricin
spray.

Vitrellae are thin walled glass capsules
containing volatile substance (drops) (e.g.
amyl or octyl nitrite) and protected by
absorbent cotton wool and an outer silk bag.
This capsule is crushed and the vapours are
inhaled in the treatment of angina.
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Prescription

Writing

Prescription is an order for medication
written/issued by a physician, dentist or
other registered medical practitioner and it
is a part of the professional relationship
among the physician, pharmacist and
patient. It can also be defined as signed
written order by a physician to pharmacist
with certain directions for dispensing the
prescribed drugs/formulations and their
uses by the patient. It is the pharmacist’s
responsibility in this relationship to provide
quality patient and pharmaceutical care that
meets the medication needs of the patient.
It is also the responsibility to advise the
physician of drug sensitivities the patient
may have, previous adverse drug reactions
or allergy, or other medications that the
patient may be taking which may alter the
efficacy or safety of the newly or previously
prescribed drugs.

Since pharmacist is the key person
between physician and patient, he must
establish and maintain the trust of the
physician and patient. The important part
in this relationship includes maintaining
confidentiality. The medication being taken
by a patient and the nature/severity of the

illness is a private matter which must be
respected.

There are two types of legal prescription
according to Drugs and Cosmetics Act; those
that can be obtained by prescription only and
those that may be purchased without a pre-
scription and one termed as non-prescription
drugs or over-the-counter (OTC) drugs.

While a prescription can be written on
any peice of paper (but it should contain
all legal elements), it usually takes a spe-
cific printed form on pad that contains
blank spaces for the required informa-
tion. In certain emergency conditions it
may be communicated telephonically or
directly to the pharmacist by electronic
means.

ELEMENTS OF THE PRESCRIPTION

Prescription usually are written on printed
pad of blanks, which consists of following
parts.

(i) Name and address of the prescrib-
er: Most prescription blanks are
imprinted with the name, address,
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(ii)

(iii)

(iv)

Section 1/ General Principles of Pharmacology

telephone numbers and other perti-
nent information (such as availabil-
ity of the physician at particular time,
if a physician is practicing in more
than one hospitals) of the physician
or his/her practice site. These print-
ed information clarifies the physi-
cian’s name when it is signed illeg-
ibly and address, telephone no. etc.
which facilitates additional profes-
sional communication if required.

Patient’s name, age, sex, address
and date: The date of prescription
should be written near the top of
prescription form or at the beginning
of the chart order. The patient’s
name, age, sex and address are
necessary on the prescription and
should be clearly spelled out.

Superscription: It consists of Latin
symbol R«meaning take thau or you
take and it has been believed to be an
innovation to Horus and Jupiter, the
father of Gods whose help is wished
to make the prescription effective.

Inscription: It is the principal part
or body of the prescription which
specify the medication, its strength,
the dosage and direction for use by
the patients. When writing the drug
name, either the brand name (pro-
prietary name) or generic name
(non-proprietary name) may be
used. Now a days, the majority of
prescriptions are written for medi-
cations which are already prepared
in various dosage forms by phar-
maceutical manufacturers. Phama-
cists are required to dispense the
trademarked products when pre-

(v)

(vi)

scribed, unless substitution of an
equivalent product is permitted by
the prescriber. Prescriptions requir-
ing the pharmacist to mix ingredi-
ents are termed compound prescrip-
tions, which containing the names
and quantities of each ingredients,
required and quantities of ingredi-
ents to be used may be indicated in
the metric or apothecary system of
weighs and measure.
Subscription: This part of prescrip-
tion consists of directions to the
pharmacist for dispensing or pre-
paring the prescription. With
decreasing frequency of com-
pounded prescriptions in a major-
ity of prescriptions, the subscription
only consists the name of dosage
from (as tablet, capsule, syrup etc.)
and the number of dosage units to
be supplied.

Signatura: The word, usually abbre-
viated sigma or sig means mark thou.
This part includes the direction for
the patient. The instructions on how
and when to take medications, the
duration of therapy must be
explained to each patient by the phy-
sician and by the pharmacist. To help
patients remember to take their
medication, physicians often give an
instruction that particular medication
be taken at or around meal times
and at bed time. The direction for
use must be clear and understand-
able to the patient and concise to
avoid any toxicity and to obtain the
maximum benefit from therapy.
(table 1.2.1)



(vii) Prescriber’s signature and registra- number of respective medical or
tion number: This part consists of dental council which is also required
prescriber signature and registration as per law by every country.

Table 1.2.1 Some commonly used Latin abbreviations in prescription writing:
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Drugs Laws

RATIONAL USE OF DRUGS

Rational use of drugs means using drugs
which are safe and effective. These drugs
should be available at reasonable prices and
could be stored conveniently. The drug
should be the appropriate drug for the
disease, should be administered at the right
dose for the right period of time.

Following factors lead to irrational

prescribing.

L.

II.

A large number of commercial
preparation: There are large number of
commercial preparations available in
the market. It is difficult for the
physicians to make a rational choice
from the wide range of drugs available.
However, by applying sound criteria
for selection the most appropriate drug
could be chosen.

Physician’s decision making process:
The knowledge about the pharmaco-
logical properties of the drugs, an
ability to deal with demanding patient
and aggressive drug promotion by
pharmaceutical companies all influ-
ence the prescriber. An up-to-date

knowledge about drugs and the
ability to deal with the patient and the
pharmaceutical companies will make
it easier for the doctors to select the
right formulation.

The rational use of drugs can be

accomplished by applying the following
approach:

1. Patients” problem: Try to find an

explanation for the patients” problem.
Take a detailed history of the illness
and the drug history of the patient.

. Diagnosis: An accurate diagnosis is a

prerequisite for rational therapy.

. Therapeutic objectives: This should be

arrived at from the prognosis of the
disease or relieving a symptom or pre-
venting a disease or a combination of
these.

. Selection of drug treatment (drug):

The approach towards selection of a
drug treatment is divided into two
phases:

a. Determine the options available to
treat a health problem. Sometime
simple advice may be all that is
necessary and drug therapy may not
be needed.
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b. Evaluate the drugs on the basis of
the following criteria: Efficacy,
safety, suitability, cost, ease of ad-
ministration and storage require-
ments.

5. Start the treatment: Describe the drug
and start drug administration. Inform
the patient about the beneficial effects
as well as side effects of the drugs and
how to deal with.

6. Result of treatment: The results of the
drug therapy should be assessed peri-
odically.

RATIONAL PRESCRIBING

Rational prescribing is to prescribe drugs to
treat a particular health problem effectively
and safely at an affordable cost. Therefore
selection of a drug to treat a particular disor-
der should be based on a systematic approach
towards its rational use.

I. Selection of a drug: If a drug is really
needed to treat a health problem, then
its selection involves the following
steps:

i. Accurate diagnosis is the prerequi-
site for rational therapy. However,
if a tentative diagnosis is made due
to the limited local resources, then
it should be reviewed in the light of
response to the therapy.

ii. Select group of drugs effective to
treat the particular health ailment.

iii. Compare the effective groups of

II.

have special importance in certain
situations where onset and duration of
drug effect is to be considered.

Safety: Drug with fewer serious side
effects in normal doses should be
preferred.

Suitability: Dosage forms should be
such that it does not only guarantee the
desired effect but can also be handled
easily by the patient and due
consideration should be given for
contraindications and interactions.

Cost: More expensive dosage forms
may be an important factor for non-
compliance. So, the cost factor should
be considered while selecting a drug.
The less expensive drug treatment may
be preferred.

Storage conditions: If all other things
are equal then the drug which can be
stored more easily should be selected.
Monitoring of treatment: The treat-
ment can be monitored by the follow-
ing methods:

i. Passive monitoring: Information is
given to the patient regarding the
possible side effects with the
necessary cautions. The patient is
therefore well informed and able to
do his monitoring.

ii. Active monitoring: Make an another
appointment for active determination
of relief or side effects due to drug
therapy.

Knowledge about the drugs are

drugs and then select a drug on the
basis of following criteria:

¢ Efficacy: Efficacy of a drug is not only
based on pharmacodynamic but also on
pharmacokinetic parameters, which

constantly changing. New drugs are
introduced in the market and more
information about existing drugs appear
constantly. Therefore the doctor has to keep
themselves updated.
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SELECTION OF ESSENTIAL DRUGS

Essential drugs are those drugs that
satisfy the health needs to the majority of
the population. These should always to
available in adequate quantities and in
appropriate dosage forms.

The selection of the essential drugs
should be based on the established health
need for the drugs. The list should be
reviewed periodically. Changes in the
essential drugs list are made according to
changes in the health needs, epidemiology
of the diseases for which the drugs are
prescribed and on therapeutic advances.

The WHO list of Essential Drugs
published at regular intervals is a model list
which could be used at the national,
regional, hospital and primary health centre
levels (given in appendix III).

DRUGS LAWS

The Drugs and Cosmetics Act, 1940 and rules
1945 have been passed with the objectives of
regulating the import, manufacture,
distribution and sale of drugs & cosmetics. The
Act and rules have been amended from time
to time and the latest and major amendment
was made in 1982. Schedules G & H have been
revised and new schedule X have been added
and schedules E, I & L have been deleted.
According to the Act, now there are four
categories of drugs:

i. Drugs specified in schedule C, C, & X.

ii. Drugs not specified in schedule C, C,
& X.

iii. Drugs specified in schedule C & C,
(excluding those specified in schedule X).

iv. Drugs specified in schedule X.
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Schedule M (Good Manufacturing
Practice — GMP) and schedule Y
(clinical trials etc.) were introduced in
1988.

Drugs and Cosmetics Rules have been
divided into 18 parts each dealing with a
particular subject. There are 2 schedules to
the Actand 26 schedules to the Rules, which
are as follows:

SCHEDULES TO THE ACT

First Schedule — Names of Books under
Ayurvedic, Siddha and Unani Tibb systems.

Prior toindependence, a Health Survey and
Development Committee was appointed in the
Year 1943. The committee underscored the
future role to be played by the indigenous
systems of medicine of India. In 1946, the
conference of Health Ministers resolved that
adequate provisions should be made at the
Centre and provinces for research in indigenous
systems of medicine, Ayurveda and Unani. The
conference also recommended for starting
educational and training institutions of these
systems. In pursuance of the recommendations
of the Health Ministers’s conference, a number
of committees were appointed by the
Government of India, famous of them being
Colonel R.N. Chopra (1946) and C.G. Pandit
(1949) Committees. These committees
recommended detailed outline for the
development of Indian systems of medicine.

The Government of India established in
1969 a Central Council for Research in In-
dian Medicine and Homeopathy
(CCRIMH) to develop scientific research in
different branches of Indian systems of
medicine — Unani Medicine, Ayurveda,
Siddha, Yoga, Naturopathy and Homeopa-
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thy. Research activities in these systems
continued under the aegis of the CCRIMH
until 1978, when it was split into four sepa-
rate research councils, one each for Unani
Medicine, Ayurveda and Siddha, Yoga and
Naturopathy, and Homeopathy, so as to
further develop these systems in conso-
nance with the basic philosophies of the
respective systems. Also, with a view to
streamlining education and regulating
practice in Indian systems of medicine —
Ayurveda, Unani Medicine and Siddha, the
Government of India set up by an Act of
Parliament, Indian Medicine Central Coun-
cil Act 1970, the Central Council of Indian
Medicine (CCIM).

In 1995, the Government also set up a
full-fledged Department of India Systems of
Medicine & Homeopathy (ISM & H) in the
Union Ministry of Health & Family Welfare
to further boost the development of Unani
Medicine and other Indian systems of
medicine. The Department of ISM & H has
been renamed as Department of Ayurveda,
Yoga & Naturopathy, Unani, Siddha and
Homeopathy (AYUSH).

Second Schedule — Standard to be
complied with by imported drugs and by
drugs manufactured for sale, sold, stocked
or exhibited for sale or distributed.

In addition the following appendices are
also prescribed:

Appendix
I. Data required to be submitted with
application for permission to market a
new drug.
II. Format for submission of clinical trial
reports.
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III. Animal toxicity requirements for
clinical trials and marketing of a new
drug.

IV. Number of animals for long term
toxicity studies.

V. Patient consent form for participation
in a phase I clinical trial.

VI. Four groups of fixed dose combinations
and their data requirements.

NARCOTIC DRUGS & PSYCHOTROPIC
SUBSTANCES ACT & RULES

Opium was brought under legislature
control as far back as in 1857. The primary
aim of the Opium Act was the protection
of the public welfare by preserving health
& eliminating undesirable social and
moral effects which are associated with
indiscriminate use of opium. Govt. of
India passed the Dangerous Drug Act in
1930 with a view to control certain
operations in the dangerous drugs and to
centralise and vest the same in the central
government.

Further to “consolidate and amend the
law relating to narcotic drugs, to make
stringent provisions for the control and
regulation of operations relating to narcotic
drugs & psychotropic substances, and
concerned matters”, the “Narcotic Drugs &
Psychotropic Substances Act & Rules was
passed in September 1985.

THE MEDICINAL & TOILET PREPA-
RATIONS (EXCISE DUTIES) ACT &
RULES

The Medicinal and Toilet Preparation
Act was passed in 1955 and Rules were
passed in 1956 and came into force in April,



24 Section 1/ General Principles of Pharmacology

1957 to provide for the collection of levy and
collection of duties of excise on medicinal
and toilet preparations containing alcohol,
narcotic drugs or narcotics.

THE DRUGS & MAGIC REMEDIES
(OBJECTIONABLE ADVERTISEMENTS)
ACT

The Drugs & Magic Remedies Act, 1954
was passed with the objective of controlling
the advertisement of drugs in certain cases,
to prohibit the advertisements for certain
purposes for remedies alleged to possess
magic qualities and to provide for related
matters. The Act as well as Rules came into
force in April, 1955 and was amended in
1963.

NEW DRUG POLICY

The drug policy was announced for the
first time in 1978 on the basis of the recom-
mendations of Hathi Committee report 1975.
To provide the new thrust and direction in the
policy frame, some new modifications were
announced vide Drug policy, 1986. In 1994,
new Drug policy guided the better & effec-
tive implementation of policy through newer
provisions, rationalization, liberalization,
minimizing control on drug & pharmaceuti-
cal industry sector and encouraging the indig-
enous research & development.

THE DRUGS (PRICE CONTROL)
ORDER

Under section 3 of Essential Commodities
Act, 1955, the central government is
empowered to control the production,
supply, distribution etc. of essential

commodities including drugs. The Drugs
(Price Control) Order, 1955 has been
promulgated to ensure equitable distribution
of essential bulk drugs and to fix the
maximum retail prices of drug formulations.

THE PREVENTION OF FOOD
ADULTERATION ACT & RULES

Food & drugs are generally controlled
through a common administration i.e. FDA
(Food & Drugs Administration in various
states/country). The main objective of the
Prevention of Food Adulteration Act is to
make provision for the prevention of
adulteration of food. The Act was passed in
1954 & Rules under the Act were passed in
1955.

THE MEDICAL TERMINATION OF
PREGNANCY (MTP) ACT & RULES

The MTP Act, 1971, Rules 1971 and
Regulation, 1975 provide for the termination
of certain pregnancies by registered medical
practitioners and related matters.

THE POISONS ACT

The Poisons Act was passed in 1919 with
the objective of consolidating and amending
the laws regulating the import, possession
for sale & sale of poisons.

According to the provisions of the Act,
the Central Government has been
empowered to regulate the importation of
poisons into India whereas the various state
governments have been empowered to make
rules regarding the possession and sale of
poison within their respective territories.
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Pharmacokinetics

Pharmacokinetics is the study, which
determines the rapidity and concentration
of the drug in the body and its duration of
appearance at the target organ, i.e. onset,
time of peak action and duration of action
and by these also determine the route(s) and
frequency of administration of drug.

Drug administration _Absorption |
Pharmaco-
Distribution | Kinetic part
Metabolism
v Excretion __|

Concentration in blood (systemic circulation)

|

Target organ

Pharmacodynamic effect

Fig. 1.4.1: Scheme of pharmacokinetics and pharmaco-
dynamic processes.

ABSORPTION

Absorption is the entry of drug with blood
via the biological membrane from the site/
route of administration.

It is the movement of drug with the
circulation from its site and route of
administration.

Biopharmaceutics is the study of factors
influencing the extent and rate of absorption
and release of a drug from its various
physicochemical properties and dosage
forms and the therapeutic response obtained
after its administration.

The rate and total amount of drug
absorbed is dependent upon many factors,
which are:

BIOLOGICAL FACTORS

The biological factors which affect the
drug absorption are:

Passage or Drug Through Body Membranes

After a drug is administered in any
form/route, it must reach the site of action
and remain there for a particular period, so
as to yield the desired effect. During their
way to site of action, drug molecules have
to cross one or more membranous barrier,
which are lipoidal in nature, and having
different sizes of pores.

The substance with higher water
partition coefficient values can penetrate
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through natural membranes easily as
compared to those having lower value. The
natural substances like amino acids, bile
salts, glucose readily pass through body
membranes even if their molecules are too
large.

Site of Absorption

The site of absorption is mainly localised
in mouth (for buccal administration),
stomach, intestines or colon.

Certain vasodilators (like nitroglycerine)
and hormones which can penetrate the
buccal mucosal wall will only be kept in
buccal cavity or under the tongue. It
provides rapid onset of action and
prevention of gastrointestinal interactions.

The absorption in stomach depends
upon the gastric emptying, gastrointestinal
motility and its pH.

¢ Codeine, which is absorbed in the
intestine fails to give quick relief if its
emptying from the stomach is delayed.

* Benzylpenicillin if allowed to stay
longer in the stomach, much of its
activity is lost.

The other important factors controlling
the rate of gastric emptying by influencing
the gastric motility are the volume of the
meal, its temperature, its viscosity and
physical position.

The gastrointestinal pH has its own
effect on the drug absorption. The range of
pH in stomach is 1 to 3.6, in duodenum is 5
to 7 and 7 to 8 in ileum and colon.

Presence of Food and Other Salts

Normally, the presence of food in the
GIT reduces the rate of absorption of drugs.

Tetracycline, when given in full stomach,
the blood level are reduced by 55 to 80% as
compared with fasting individuals. The
griseofulvin absorption is enhanced by
giving it with fatty meals.

Bile salts have favourable effect on the
absorption of drugs mainly due to their
surface activity.

Routes of Administration

The drugs are mostly given by mouth,
which is considered already in previous
sections, the other routes of administration
of drugs in relation to absorption are being
discussed here.

Parenteral administration: This route is
applicable for drugs which are inactivated by
gastrointestinal tract or absorption is poor
when given orally or there is a urgency for
fast response in small dose. Intramuscular,
intravenous, or subcutaneous routes are
commonly used. The intravenous injection (in
aqueous solution) is introduced directly into
the vein by which a rapid response is
produced. The subcutaneous injection are
given through the layer of skin, while
intramuscular injection, introduced through
the skin layer deep into the muscle. The
nature of intramuscular injection may be in
aqueous or oily solution/suspension form.
The aqueous solution will be rapidly
absorbed as compared to oily solution or
suspension. So, the rate of absorption is
dependent on the nature of the preparation.

Inhalational administration: The
absorption of drug takes places through
lungs and the absorbing membrane is very
thin and surface area is quite large. The lipid
soluble drugs are readily absorbed from the
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nasal mucosa, as these drugs diffuse more
rapidly.

Topical administration: It is employed
for local action in the form of ointments,
creams, jellies etc. for its antiseptic and local
anaesthetic action. The lipid soluble drugs
penetrate the skin easily and rapidly.

Rectal administration: The drug is also
administered rectally in the form of
suppositories and enema preparations
which are absorbed from the colon.

PHYSICO-CHEMICAL FACTORS

The physicochemical factors affecting
the absorption are lipid solubility,
dissolution rate, salt from complexation,
viscosity and drug stability in the GIT.

Lipid Solubility Dissociation Constant
and pH

The drug solution of weak acid in the
stomach (pH = 1.0; acidic) will be in more
unionized form, which is more lipid soluble
and gets more easily absorbed in the stomach.

A solution of weak base in stomach, less
unionized is most unabsorbable e.g. quinine.

The high pH in intestine favours the
absorption of weak bases.

Dissolution Rate

All the drugs in any solid dosage form
or suspension when administered will first
change into drug solution in body fluids. So,
dissolution rate is important factor affecting
the rate of absorption.

When a drug is more rapidly or
completely absorbed from solution, it is very
likely that its absorption will be dissolution
rate limited.
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Salt Form

The sodium or potassium salts of weak
acids have higher absorption rate than those
of acids themselves. For example, the
biological activity of sodium salt of
novobiocin (weak acid) is twice as compared
to its calcium salt, and about 50 times larger
in comparison to its free acid.

The dissolution rate of tolbutamide
sodium is much greater than the rate of its
free acid.

Crystal Form

The metastable forms are preferred in
pharmaceutical preparations due to their
higher solubility and dissolution rate e.g. the
amorphous form of novobiocin is absorbed
readily as compared to its crystalline form.

Complexation

The complexation of calcium of the
mucosal cells reduces the absorption of
certain drugs e.g. the barbiturates and
sulfonamides. Presence of EDTA increases
the absorption of mannitol.

Viscosity

Viscosity limits the dissolution rate and
thereby affect the rapid absorption e.g.
aqueous solution of sodium salicylate showed
its rapid appearance in plasma while the same
drug in suspension form failed to reach the
target as quickly as with aqueous solution.

PHARMACEUTICAL FACTORS

These factors are mainly related to the
various dosage form of pharmaceuticals.
Their absorption depends upon their
physical nature like aqueous solution,
suspension, powder, tablets, capsules etc.
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Aqueous Solutions

The aqueous solution are most quickly
absorbed. But due to their poor stability,
solubility limitation and packaging problems,
most of the drugs are not designed in aqueous
solution unless unavoidably needed in some
specific preparations.

In aqueous suspensions, the particle size
is the important factor for their stability,
dissolution and absorption of drug e.g.
sulphadimethoxine when given in
suspension form is absorbed much quickly
as compared when given in tablet form.
Penicillin V, when given in aqueous
suspension gives much higher initial blood
level as compared to the tablets or capsules.

Solid Forms — Powders, Capsules, Tablets
Powder: When drug is given in the form
of powder its absorption is largely
dependent upon particle size, interaction
with other diluents and dissolution rate.

The micronized powder gives much
higher concentration in blood as compared
to ordinary powder and tablets.

Capsule: The absorption of capsule is
also dependent on their type e.g. hard
capsule and soft capsule. The hard capsule
dissolves much more readily in
gastrointestinal tract as compared to soft
capsules.

Tablets: After swallowing, the tablet
first disintegrates into granules and
primary solid particles and then into
solution by dissolution for absorption.
There is a specific disintegration and
dissolution time for each tablet specified in
the various pharmacopoeias. The
absorption of any tablets is dependent on
their disintegration and dissolution time,
which may be affected by adding certain

pharmaceutical additive e.g. dissolution can
be increased by increasing the starch
content, binders can retard the dissolution
as they delay disintegration.

BIoOAVAILABILITY

The bioavailability of any drug is defined
as its rate and extent of absorption. This is
mainly used to describe the biological
availability of a drug from a preparation and
is calculated/determined in terms of
amount or rate of presence of drug in various
body fluids like blood, urine etc.

Itis also used to indicate a measurement
of rate and relative amount of an
administered drug in general circulation.

Bioavailability, after determining the
rate and amount of drug absorbed, and the
duration of drug’s presence in the body fluid
gives an idea about the therapeutic
efficiency and toxicity.

The extent of absorption of a drug can
be estimated by comparing the total area
under the drug concentration in the blood
versus time curve or the total amount of
unchanged drug excreted in the urine after
administration of drug and compared to the
administration of standard (standard may
be an intravenous injection, where the
bioavailability of a drug reaches 100%).

For bioequivalence studies, the two
formulations of same drug is administered
orally as single dose. Figure 1.4.2 shows that
in the study the different parameters are
obtained. Firstly the peak height which
represents the highest concentration of the
drug reached in the blood at a particular
timei.e. time of peak concentration. The area



Pharmacokinetics

under the curve (AUC) represents the total
amount of drug absorbed into the
circulation.

The percent availability can also be
calculated from wurine data:

Total amount of
drug excreted in
urine after oral

administration
Percent availability = Total . f><100
otal amount o

drug excreted
in urine after

intravenous
administration
From blood data:
AUC (Oral)
Hahility = ——— "7 <100
Percentage availability AUC (IV)

AUC = Area under the curve (Total amount of
drug absorbed into the circulation).

DisTrRIBUTION OF DRUG

After absorption, the drug may be
distributed into various body fluids
like intestinal fluid, transcellular fluids
e.g. fluids in the gastrointestinal tract,

CSF etc.
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The drug is distributed in such a pattern
which reflects physiological factors and
physicochemical nature of drug. These
patterns of distribution depend on various
factors.

PLASMA PROTEIN BINDING

Most of the drugs are transported bound
to nonspecific sites on plasma proteins, mostly
to albumin (for acidic drugs) and to o, -acid
glycoprotein (for basic drugs). Binding to other
proteins like ceruloplasmin and transcortin
generally occurs to a much smaller extent. The
binding is usually reversible and depends on
the individual compound.

The binding of drugs to plasma proteins
limit its concentration in tissue and
glomerular filtration of the drug. Since only
unbound drug is in equilibrium across
membranes and this process does not
immediately change the concentration of
free drug in the plasma. The free drug is
cleared from the plasma by the liver and
kidneys, which is rapidly replaced by

5.0+

Drug
concentration

(ug/ml)

Peak height concentration
Peak

Time of real concentration

Area under curve = Total
amount of drug absorbed

I
ol
o
~

+ 00|

Time after drug administration (hours)

Fig. 1.4.2: Drug concentration in the plasma after oral administration (area under the curve versus time plot).
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dissociation from plasma proteins and
redistribution from the tissue.

Since, only unbound drug in the plasma
is available for distribution. Therefore,
higher the degree of protein binding, greater
is the proportion which remains in the blood
which makes the drug long acting, as bound
fraction is not available for metabolism or
conversion unless it is actively excreted by
the liver or kidney.

Other drug reservoirs are cellular and
fat reservoir. The accumulation of drug in
the cells may be the result of active transport
or binding. Many drugs are accumulated in
muscle and other cells in higher
concentration than in the extracellular fluids.
Many lipid soluble drugs are stored in the
neutral fat, and act as the important
reservoir.

REDISTRIBUTION

In general, the termination of drug effect
is usually by metabolism and excretion, but
it can also be due to the redistribution of
drugs. The highly lipid soluble drugs when
given intravenously or by inhalation route,
the fat, muscle and tissue take up the drug
(initially they are distributed in other organs
like heart, kidney, brain etc.) by which the
plasma concentration falls and drug is
withdrawn for these sites. However, where
the same drug is repeatedly administered,
the drug action can be prolonged.

BLOOD BRAIN BARRIER (BBB)

The capillary endothelial cells in the
brain, small extracellular space, sheet of glial
cells lining the capillaries and the myelin
sheath together constitute the barrier, so
called blood-brain barrier. There is another

barrier, called blood-CSF (cerebrospinal
fluid) barrier, which is located in the choroid
plexus. The penetration of any drug through
these barriers is dependent on their lipid
solubility and ionization. Both barriers are
lipoidal in nature and restrict the entry of
non-lipid soluble drugs. Only lipid soluble
drugs are able to penetrate and produce
their action on central nervous system. The
best example is levodopa in the treatment
of parkinsonism, the dopamine (which is
ultimately required in the brain) does not
enter the brain but its precursor levodopa
crosses the blood-brain barrier, changes into
dopamine and produce their action.

PLACENTAL BARRIER

The placental membranes are also
lipoidal in nature and lipophilic drugs (also
nonlipid soluble drugs to some extent) can
easily cross the placental barrier. It is a
contact between the foetal blood and the
maternal blood. Drugs are transferred
through this barrier by simple diffusion
method, once across this, drug molecules
circulate in the foetal blood before diffusing
back.

MEeTaBOLISM OF DRUGS

Metabolism of drugs means chemical
alteration of the drug in the body i.e. drugs
are converted to their metabolites that are
more polar than the parent compound. Most
drugs, are hydrophilic drugs and are not
biotransformed and are excreted unchanged
e.g. streptomycin, neostigmine etc. The most
lipid soluble drugs are readily absorbed
from the filtrate by diffusion through renal
tubular cells. Thus, the enzymatic biotrans-
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formation of drugs to more polar and less
lipid soluble metabolites enhances their
excretion and reduce their volume of
distribution. The primary site of drug
metabolism is liver. The other organs like
kidney, intestine, lungs and plasma are also
involved in drug metabolism.

Many active drugs, during metabolism
are converted into one or more active metabo-
lites and produce effect due to the collective
effect of parent drug and their metabolites
e.g. phenacetin is converted into paracetamol,
phenylbutazone into oxyphenbutazone,
primidone into phenobarbitone, amitrip-
tyline into noriptyline, imipramine into
desimipramine and codeine into morphine.
Certain drugs (parent drug) are inactive as
such and has little or no biological activity
called “prodrug,” but it is metabolized to a
pharmacologically active compound. For
example, levodopa is converted into
dopamine which is effective in the treat-
ment of parkinsonism, the anticancer drug
cyclophosphamide is biologically inert but
is converted into a active cytotoxic com-
pound aldophosphamide, and another an-
ticancer drug fluorouracil is changed into
fluorouridine monophosphate, etc.

The drug metabolism in liver usually
undergoes three general types of enzymatic
reactions:

1. Oxidation-reduction and hydrolysis or
stage I reaction.
2. Conjugation or stage II reaction.

The first stage I reaction i.e. oxidation-
reduction are generated by a common
hydroxy-lating enzyme system (cytochrome
P450 system; CYP), which is located in
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endoplasmic reticulum of the liver cells. The
CYP important isoenzymes in human being
are CYP3A4/5, CYP2C19, 2CYP2De,
CYP2C8/9, CYP2E1 and CYP1A1/2 which
are responsible for metabolism of large
number of drugs. Hydrolytic enzymes are
mostly located in the cell cytoplasm or in
plasma and conjugation enzymes are
associated with cytoplasm and endoplasmic
reticulum.

OXIDATION

Oxidative reactions involve addition of
oxygen/negatively charged radical or
removal of hydrogen/positively charged
radical.

The different oxidative reaction are:

Hydroxylation

It may be followed by oxidation to form a
ketone or in the case of oxidative dealkylation
to form an unstable intermediate, examples
are:

Ring . Phenobarbital in to p-hydroxypheno-
hydroxylation barbital.

Cortisol into 7-B-hydroxycortisol.
Epoxidation . Benzene into benzene 1,2-epoxide.
N-oxidation . Drug containing amino groups can

undergo N-oxidation i.e. imipra-
mine into imipramine N-oxide.

This reaction probably involves
formation of an unstable hydroxy
methyl intermediate i.e. codeine
into morphine.

O-dealkylation :

Oxidative : Amphetamine into phenylpropa-
deamination none-2.
REDUCTION

The different type of reduction reactions
are azo, nitro and keto group reductions.
The important one is azoreduction, and
example includes conversion of prontosil
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into sulfonamide, which was the first
antimicrobial agent in treating the systemic
bacterial infections.

HYDROLYSIS

It is a cleavage of drug molecule by
taking up a molecule of water. The most
hydrolytic enzymes are found outside the
endoplasmic reticulum, and in higher
concentrations in liver, kidney and plasma.
The metabolism of an ester by an enzyme
esterase results in the formation of an acid
and alcohol. The examples are meperidine,
procaina-mide, pethidine and lidocaine etc.
Meperidine is catalyzed by esterases to be
changed into meperidinic acid and
procainamide is catalyzed by amidases.

CONJUGATION REACTION (STAGE II
OR SYNTHETIC REACTIONS)

The conjugation reaction involves the
chemical combination of the reactive group
with a molecule provided by the body e.g.
glucuronic acid, sulfate, glycine. This
conjugation reaction decreases the drug
activity to give a pharmacologically inactive
compound, which is highly water soluble,
that increases the rate of drug excretion.

Glucuronide Conjugation

This is the most common single
metabolic reaction undergone by drugs,
which occurs in the liver. These reactions are
catalyzed by a family of enzymes known as
uridine diphosphate (UDP) glucuronyl
transferases. These enzymes are present in
liver, kidney, intestine and lungs.

The compounds with a hydroxyl or
carboxylic acid groups are easily conjugated
with glucuronic acid which is derived from
glucose.

The examples are aspirin, phenacetin,
morphine, chloramphenicol, metronidazole,
steroidal hormones etc.

Sulfate Conjugation

Sulfate conjugation is catalyzed by a fam-
ily of enzymes known as “sulfotransferases’,
which are present in the cell cytoplasm of
liver and other organs. Example are chloram-
phenicol and sex steroids etc.

Acetylation

This reaction is catalyzed by enzymes
‘N-acetyltransferases’ that utilize acetyl-
CoA as a cofactor, and are present in the cell
cytoplasm of the liver, intestine, kidney and
lung.

Examples:
N-acetyl-

Isoniazid —ransferase N-acetylisoniazid
Acetyl CoA

Other examples are sulfonamides, PAS
etc.

Methylation

This reaction is catalysed by enzyme
‘methyl-transferases’ (catechol-o-methyl-
transferase) and generally uses S-
adenosylmethionine as a methyl donor.
Examples are conversion of norepi-nephrine
into normetanephrine, which has less than
one percent of the vasoconstrictor activity
of the parent compound.

Glutathione Conjugation

It is an important pathway in the
detoxification of a large variety of chemical
toxic substances. Forming a mercapturate is
normally a minor pathway like naphthalene
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(an aromatic compound) is excreted in the
urine as N-acetylcysteine derivatives called
as mercapturic acid.

Glycine Conjugation

Certain drugs having carboxylic acid
groups are often inactivated by conjugation
with glycine for example, salicylic acid.

Factors AFFecTING DRUG METABOLISM

AGE

In general, infants and older (human or
animals) tend to be more sensitive to the
action of the drugs. The impairment of drug
metabolism in the new born infants usually
results from a diminished capacity to
deactivate drugs and consequently to more
prolonged pharmacological action and to
increased toxic reactions.

NUTRITION

Protein or calcium deficiency impairs
drug metabolism in animals, due to de-
creased activity of the microsomal enzymes
of the liver. The sleeping time by
hexobarbitone is increased as a result of pro-
longed protein malnutrition. Acetylsalicylic
acid has been shown to be more toxic to ani-
mals on a diet deficient in protein and mag-
nesium.

The rates of metabolism are also
impaired in vitamin deficiency states
(especially vitamin A, vitamin B, C and E).
Starvation in mice leads to decrease in the
rates of metabolism of certain drugs like
pethidine, acetanilide, hexobarbitone etc.
Ethanol increases the hepatic content of
monooxygenase enzymes and cytochrome
P450 on chronic ingestion.
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DISEASE CONDITIONS

Patients with liver disease may exhibit
an increased sensitivity of many drugs.
Patients with obstructive jaundice, hepatitis,
cirrhosis shows reduce ability to synthesize
glucuronide and sulfate conjugates.

Experimentally induced obstructive
jaundice in animals (by ligation of bile ducts)
decreases rate of metabolism of certain
drugs like hexobarbitone, chlorpromazine,
codeine etc.

SEX

The sex difference in the metabolism of
drugs has not been observed in human
beings. However, in rats, the pharmacological
activity of a drug is more prolonged and the
toxicity more marked in females than males,
a difference which has been attributed to the
more rapid metabolism of the drugs by the
hepatic microsomal enzymes of the male rat.

PREGNANCY

During late pregnancy in rats, the
conjugation of drugs with glucuronic acid
(a major pathway for the deactivation of
drugs) is reduced to about 50%. Certain
oxidative metabolic transformations of
drugs are also inhibited in pregnancy.

HORMONAL EFFECTS

The hormones of adrenal glands, thyroid
and pancreas exert various effects on the
metabolism of drugs. Adrenalectomy of cer-
tain species e.g. rat impairs the metabolism
of certain drugs, which can be reversed by
administration of cortisone or prednisolone.
Administration of ACTH, adrenaline or thy-
roxine impairs the hepatic microsomal me-
tabolism of drugs. Thyroidectomy reduces the



34 Section 1/ General Principles of Pharmacology

metabolism of a number of drugs like barbi-
turate induced sleeping time is prolonged in
thyroidectomized animals. Alloxan or
streptozotocin induced diabetes in rats also
reduced the metabolism of hexobarbitone
thus prolonging the sleeping time.

EFFECTS OF THE INTESTINAL
MICROFLORA

The metabolic transformation of
many drugs is catalysed by various
enzyme of the intestinal microflora. The
anaerobic microflora and colon are rich
in reductases which may be responsible
for a significant proportion of the
azoreductase and nitroreductase activity.
The enzymes and other factors that may
produce change in the nature of intestinal
microflora might also produce changes in
the metabolism pattern of the drugs.

GENETIC FACTOR - SPECIES
DIFFERENCES

Species differences in the metabolism
of drug may be due to the difference in
the rate of metabolism or in their metabo-
lites difference. Certain drugs have been
found safe and non-toxic in animals, but
when they were tested in human beings
severe toxic effects were observed. For
example, when sulfanilamide was tested
in dog it was found safe and non-toxic,
but when it was administered to human
being, certain toxic effects like the hema-
turia, renal failure were observed.

Likewise, in certain case it was opposite.
In human beings, phenacetin is generally
free from toxic side effects, but in dogs it
undergoes deacetylation.

PHARMACODYNAMIC FACTORS

Effects of Protein Binding

Acetylation of sulfonamides is reduced
by protein binding, but the formation of
glucuronide conjugates is unaffected.

ExcreTioN oF DruGs

The excretion of drugs has been known to
take place through different routes mainly
kidneys, skin, lungs and alimentary tract.
Only few drugs are eliminated through skin
and via lungs (only for volatile drugs like
chloroform, ethyl alcohol, ether etc.). Drugs
which are poorly absorbed are excreted in
faeces. So kidneys serve as the primary and
major organ for removal of most drugs,
which is constituted by the microunits
called ‘nephron’. Three major processes
that are involved in the excretion of drugs
through kidneys are:

i. Glomerular filtration,
ii. Tubular secretion, and
iii. Passive diffusion.

Glomerular filtration: The rate of
drug filtration is determined by the glom-
erular filtration rate (GFR) by using a sub-
stance like ‘inulin’, which when injected
is filtered by the glomeruli and does not
undergo either reabsorption or secretion
by the renal tubules. The highly protein
bound drugs like phenylbutazone,
digoxin etc. are excreted slowly. Factors
affecting the GFR of drug also can influ-
ence the rate of drug clearance. For ex-
ample inflammation of the glomerular
capillaries may increase GFR. Molecular
configuration of drugs may also influence
the GFR.
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Tubular secretion: The active secretory
systems can rapidly remove the protein-
bound drugs from the blood and transport
them into tubular fluid as the drugs that are
bound to proteins are not readily available
for excretion by filtration. The drugs known
to be secreted by organic anion secretory
system (i.e. strong acids) are salicylates,
chlorothiazide, probenecid, penicillin etc.
and cation (i.e. bases) includes
catecholamines, choline, histamine,
hexamethonium, morphine etc.

Passive diffusion: Passive diffusion can
occur in both the ways in proximal and distal
convoluted tubules. The lipophilic drug
molecules are reabsorbed from the
glomerular filtrate into the blood stream.

The pH of the urine can affect the rate of
passive diffusion and hence drug excretion.
The changes in urinary pH affect tubular
reabsorption of partially ionized drugs. The
effect of change in urinary pH on excretion
of drugs is more with the drugs having pH
values between 5 to 8. The excretion of basic
drugs can be increased by making the urine
more acidic by using the acidifying salt i.e.
ammonium chloride.

PULMONARY EXCRETION

Volatile lipophilic substances like
volatile general anaesthetics, ethyl alcohol,
paraldehyde are excreted by the lungs. These
volatile substances and certain gases that
enter the body through the respiratory tract
in the form of aerosol are excreted by this
route.

Ethanol, having high blood gas
solubility is excreted very slowly by the
lungs and nitrogen oxide, which are not very
soluble in blood, will be excreted rapidly.
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The excretion of these drugs may be affected
in the presence of lung disease conditions,
which may precipitate the drug toxicity.

BILIARY EXCRETION

Certain drugs are excreted in urine only
in small amounts but appear in high
concentrations in the bile for example,
erythromycin, novobiocin, tetracycline,
phenolphthalein etc. The abnormality or any
disease related to liver may impair bile
secretion which can lead to the accumulation
of certain drugs like probenecid, digoxin etc.
This can also lead to decreased drug
metabolism and decreased rates of secretion
of drugs into bile.

Certain drugs that are secreted by the
liver into the bile and then to small intestine
are not eliminated out through the faeces,
so that the drugs will re-enter the blood that
perfuses the intestine and again carried to
the liver (repeatedly reabsorbed from the
intestine and re-excreted in the bile) and
thereby prolongs the action by the so called
‘enterohepatic circulation’.

EXCRETION IN OTHER BODY FLUIDS
Sweat and Saliva

The excretion of drugs through sweat
and saliva is primarily dependent upon the
diffusion of the non-ionized, lipophilic form
of the drug across the epithelial cells of the
glands. The compounds like lithium,
potassium iodide and heavy metals are
present in these secretions.

Milk

The excretion of drugs into the mother’s
milk will depend upon the amount of drug
in blood, its lipid solubility and the extent



of its active excretion. A highly lipid soluble
drug should tend to accumulate in milk fat.
As milk has a lower pH (6.5), the basic drugs
are more concentrated in it. The drugs which
are excreted in milk include sulfonamides,
penicillin, tetracycline and other antibiotics,
morphine, lithium, antithyroid drugs,
antineoplastic agents, radioactive iodine etc.

So these drugs should be avoided or
breast feeding should be suspended in
lactating mothers as these drugs have effect
on the infants.

CLEARANCE

Clearance may be defined as the rate of
urinary excretion divided by the average
concentration of excreted substance in the
plasma.

Clearance can be calculated as:

Cl= Rate of egmination ’

where C is plasma concentration.

Drugs are eliminated by (i) first order
kinetics or (ii) zero order kinetics. Majority
of drugs obey first order kinetics i.e. a
constant fraction of the drug is eliminated
in each equal interval of time. The rate of
drug elimination is directly proportional to
plasma concentration. They are eliminated
exponentially i.e. first order kinetics.

BIOLOGICAL HALF-LIFE (t*)

It is the time it takes for the blood
concentration of the drug in the body to be
reduced by 50 percent.

When a drug of single compartment
distribution is given intravenously, a semi-
log plasma concentration time plot is
obtained (Fig. 1.3.4), which has two slopes,
one is due to distribution and another which
is due to the drug elimination.

The elimination half life (t'2) from
elimination phase is

4 = Lokg 2

k = Elimination rate constant (total
amount of drug in the body removed
per unit time).

_cL
k=%

Clearance is the measure of the body’s
ability to eliminate a drug.

_ '
Therefore t¥ = 0.693 x CL

And, having known the biological half-
life (t%4), the elimination rate constant (kE)
can be calculated

kE = 0.693/t%

VOLUME OF DISTRIBUTION (Vd)

It relates the amount of drug in the body to
the concentration of drug in the blood or
plasma.

Vd = Amount of drug (in body)
~ Concentration of drug
(in blood /plasma)

REPEATED DRUG ADMINISTRATION

When the drug is repeated at short
intervals, it accumulates in the body until
elimination balances input and steady state
plasma concentration is attained. When the
doses are widely spaced, there is enough
time for each dose to be cleared before the
next dose in given.

The common pattern of drug
administration is to attain the steady-state
concentration, which correlates with the
steady effective concentration of the drug
at the site of action.
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The figure shows the different types of
drugs with different plasma half life, but the

steady state concentration is maintained on
repetitive dosing in all the three type of drug.

Toxic level

@ ""“—“©} Steady state

_________________________ concentration

Therapeutic
level

Blood concentration

Time (hour)

Fig. 1.4.3: Drug concentration vs time curve of
repeated dosing.

Drug: A = Drug with long plasma half life given
in initial loading dose followed by
constant maintenance dose.

B = Drug with short plasma half life given
in constant repetitive dose.
C = Drug with long plasma half life given

in constant repetitive dose.

LOADING DOSE

It is a single or many quickly repeated
doses given in the beginning of treatment
to achieve target concentration rapidly.

DOSAGE INTERNAL

Most of the drugs are given in divided
dose daily, the dosing interval is determined
by the plasma half life. The drugs with long
half lives may be given once or twice daily
while drugs with shorter plasma half lives
may require constant dosing or with short
dosing interval.

When any drug is administered, it
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produces its desired effect in a particular
time at receptor site and remain there at
therapeutic level for particular time and
after that its therapeutic efficacy declines.
So the next dose should be given in
between this period so that the steady state
concentration is maintained and no toxic
effects are produced due to high dose.

The graph shows that the drug reaches
at the therapeutic level in 3% hours after oral
administration and achieve its peak
concentration in 4% hours and decreases
below the mini-mum effective concentration
(MEC) in 10 hours.

Toxic level
[Minimum toxic
concentration (MTC)]

_______________________ Therapeutic level
[Minimum effective
concentration (MEC)]

w A O o N
| |

RN
| |

Plasma concentration (png/ml)

T T T T T T T T T T
2 4 6 810121416 1820
Time (hr.)

Fig. 1.4.4: Drug concentration in plasma vs time curve
of drug administered orally.

Now for maintaining the serum concen-
tration above the MEC for longer duration,
the second dose of drug should be given
about 7 to 8 hours after the first dose,
otherwise when it is given after 7 to 8 hours
itwill take extra time to reach the MEC or if
it is given prior to 7 to 8 hours the second
dose in combination with the first dose effect
crosses the minimum toxic concentration
(MTCQ).
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Fig. 1.4.5: Shows the administration of 2nd dose
between the 7-8 hours interval which maintains the
drug plasma levels above minimum effective

concentration.

Fig. 1.4.6: Shows the administration of 2nd dose after
7-8 hours interval which does not maintain the drug
plasma concentration at MEC level.

Plasma concentration (ug/ml)

L |
10 12 14

Time (hr.)

Fig. 1.4.7: Shows the administration of 2nd dose
before 7-8 hours interval which crosses the MTC which
may produce toxic effects of drugs.
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Pharmacodynamics is the study of drug ef-
fects (biochemical and physiological) and
their mechanism of action. When the drug
reaches its site of action it has a pharmaco-
logical effect which may be responsible for
an eventual therapeutic effect and also re-
sponsible for the adverse effects as well as
some other effects which may be of no clini-
cal importance.

SiTE AND MECHANISM OF DRUG ACTION

The site of drug action means where a drug
acts and mechanism means how the drug
acts. Drug which act only at the site of
application (i.e. localized region) are termed
as local or topical action for example,
ointments, paste, creams and certain other
local preparations used externally produce
only local effect. The local anaesthetics like
lignocaine, procaine produce anaesthesia
(local) in a localized region only.

The second type of action is systemic or
general action which produce their action
after absorption, for example, general
anaesthetics act centrally after absorption,

and often drugs like antibiotics, antacids,
and so many other drugs acts systemically.

The proper localization of the site of
drug action can be determined pharmaco-
logically. When a new drug is introduced
its screening gives an idea about the site and
mechanism of drug action, for example, if
any drug is said to be antihypertensive in
nature and by blocking this action by prior
administration of an antihistaminic, it will
gives an idea that the drug may act in the
same place and same mechanism as hista-
mine. The use of certain blocking agents also
help in suggesting the probable site of ac-
tion of drugs.

Types oF DrRuG AcCTION

The drug may produce their effects by:

i. Stimulation.
ii. Depression.
iii. Irritation.
iv. Replacement.

v. Bactericidal and cytotoxic action.
Stimulation
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STIMULATION

Stimulation is an increase in the selective
activity of specialized cells, which increases the
secretion from a gland, for example, morphine
stimulates vagus, acetylcholine stimulates
exocrine glandular secretions, high dose of CINS
stimulant picrotoxin produces convulsions.

DEPRESSION

Itis a reduction/decrease in the activity
of specialized cells. For example barbiturates
depress central nervous system, quinidine
depresses myocardium. Certain drugs
stimulate one type of cells but depress others
e.g. morphine stimulates the vagus and
chemoreceptor trigger zone but depresses
the vomiting and cough centres. Similarly
acetylcholine stimulates intestinal smooth
muscle but depresses SA node in the heart.

IRRITATION

It is the effect of drugs on the growth,
nutrition and morphology of living tissues
which induce a gross change in cellular
function. Such drugs produce a nonselective,
often noxious effects and is particularly
applied to less specialized cells and causing
a mild inflammation or irritation, corrosion
and necrosis of cells. The other cellular
changes produced by irritation are
precipitation of protein (astringent effect)
and when these agents as applied locally to
the skin to relieve deep seated pain by
increasing the blood flow to the site (counter
irritant action) e.g. liniments to relieve
muscular pain (turpentine oil liniment).

REPLACEMENT

It includes certain drugs, which are used
to replace some missing endogenous
component of the body or when the

production of endogenous components is
reduced e.g. thyroxine is used to replace
natural thyroid hormone secretion in
hypothyroidism, insulin in diabetes
mellitus, levodopa in parkinsonism,
hydroxycobalamin (vitamin B, ) and ferrous
salts in the treatment of conditions
associated with their deficiency.

BACTERICIDAL AND CYTOTOXIC
ACTION

The bacteriostatic activity which is
inhibition of growth and multiplication of
bacteria and bactericidal activity, which is
bacterial death, is induced by certain types
of antibiotics. Cytotoxic action is selective
for invading cancer cells and altering them
without affecting the host cells.

Factors MobiryiNng DRuUG AcCTION

The drug action can be modified either
quantitatively (in which the action of drug
is increased or decreased) or qualitatively
(in which the type of response is altered).

The factors are:

1. Age: In newborn infants, the
glomerular filtration rate and tubular
transport is immature, which takes 5 to 7
months to mature. Also, the hepatic drug
metabolism capacity is also inadequate
(that is why chloramphenicol can produce
‘grey baby syndrome’), and due to the higher
permeability of blood brain barrier, certain
drugs attain high concentration in the CNS.

The dose of a drug for children is often

calculated from adult dose.

Child dose = ix Adult dose
Age + 12



Children are more susceptible to special
adverse effects of drugs and in the elderly,
the renal function is on decline and doses of
drugs have to be reduced.

2. Body size/weight: The average adult
dose refers to individuals of medium
body build. For obese or lean
individuals, doses of drug may be
calculated by the formula:

Adult dose x YVeight (kg)
70

Dose can be calculated more accurately
by body surface area (BSA).

Individual _ BSA (m?) _ Average adult
dose ~ 7 17 x dose

3. Sex: Females require lower dose than
males. Drugs given during pregnancy
can affect the foetus. There are certain
physiological changes that take place
during pregnancy, which can alter the
drug disposal.

4. Species and racial difference: In
animal species, rabbits are resistant to
atropine and rat and mice are resistant
to digitalis.

Among human beings, blacks require
higher and Mongols require lower
concentration of atropine and ephedrine to
dilate their pupils.

5. Genetics: In certain individuals, the
same dose may produce their effect 5-
6 times more among others, which is
due to their differing rate of drug me-
tabolism, e.g. haemolysis occurs with
primaquine in a person with glucose-
6-phosphate dehydrogenase (G-6-PD)
deficiency.

6. Routes and time of administration:

The different routes of administration
may affect the intensity of drug effect
e.g. magnesium sulphate, when used
orally acts as a purgative, in local
application it relieves inflammation of
wound or boil and when it is used
intravenously it causes depression of
CNS and reduce convulsions.

The time of administration can also affect
drug response e.g. INH and rifampicin (anti-
tubercular drugs) are taken in early morning
empty stomach. The corticosteroids when
taken in morning as single dose cause less
adrenal-pituitary suppression.

7. Pathological conditions: Several
disease conditions influence the drug
disposal and action of drug. For
example:

In liver disease:

* Bioavailability of drug (having first
pass metabolism) is increased, which
is due to diminished hepatocellular
function.

¢ Protein binding of drugs (acidic) is
reduced.

* Metabolism and elimination of some
drugs is reduced.

In kidney disease:

* The kidney disease affects the
pharmaco-kinetics of certain drugs.
¢ (Clearance of drugs (e.g. digoxin,

glycosides) is reduced.
¢ Plasma albumin is altered in struc-
ture in patients with renal disease.
* In renal failure, the permeability of
blood-brain barrier is increased so that the
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drugs like morphine, barbiturates, phenothi-
azines, benzodiazepine can produce more
CNS depression.

In gastrointestinal disease:

¢ The absorption of orally administered
drug is altered e.g. achlorhydria
reduces aspirin absorption.

e Absorption of amoxycillin is
reduced in coeliac disease.

Other important diseases in which the
drug action is altered are:

¢ The hyperthyroid patients are
relatively resistant to inotropic
action but more prone to arrhythmic
action of digoxin.

* In congestive heart failure the drug
elimination is retarded due to
decreased perfusion and congestion
of liver, also reduced glomerular
filtration and increased tubular
reabsorption.

¢ Inhead injury, morphine (in normal
dose) can cause respiratory failure.
In severe pain, hypnotics may cause
mental confusion.

8. Tolerance: Tolerance is a condition
when there is a requirement of higher
dose of a drug to produce a given
response.

9. Drug resistance: It is tolerance of
micro-organisms to inhibitory action of
antimicrobials e.g. staphylococci to
penicillin.

10. Other drugs: Drugs may modify the
response to each other by pharmacokinetic
or pharmaco-dynamic interaction between
them.

Tachyphylaxis is the rapid development
of tolerance in which there is a marked
reduction in response even after repeated
doses of a drug. It is not necessary that
tolerance develop equally to all the action
of the drug, e.g. tolerance of morphine
occurs to its analgesic and euphoric action
and not to its constipating and miotic
actions. Likewise in phenobarbitone,
tolerance occurs to its sedative action and
not to its anti-epileptic action.

Cross tolerance is development of
tolerance to pharmacologically related
drugs e.g. morphine and barbiturates.

CHemicaL CHARACTER oF DRuGs

STRUCTURE ACTIVITY
RELATIONSHIP (SAR)

The effect of certain structural
compounds in relation to its activity,
duration of action and mechanism can be
altered by changing the structure of drugs
of known activity. A new product can show
different reactions, different relation
between the drugs and cell constituents and
perhaps even new mechanism of action.

The structure activity relationship is
useful in synthesis of new active compounds
with more specific actions with lesser
unwanted effect, and to know about their
mechanism of action.

DRruGc RECEPTORS

The drug receptors are macromolecular sites
which are situated on the surface or inside
the effector cells with which specific agonist
combines to produce its response. Antago-



Pharmacodynamics (Mode of Action of Drugs)

nist prevents the action of an agonist on a
receptor, but does not have any effect of its
own (Fig. 1.5.1).

Receptors are mostly protein macro-
molecules. The cholinergic, adrenergic, hista-
minergic and other receptors are “physiological
receptors” on which certain drugs act which
mediate the responses to transmitters, autacoids
etc. Another type of receptor is ‘drug receptors’,
which do not have any known physiological
ligands, for example thiazide receptor, benzo-
diazepine receptor etc.

-2 W

Agonist  Receptor Agonist- Response
receptor
interaction

PN

Antagonist Receptor Antagonist- No
receptor response
interaction

Fig. 1.5.1: Drug-receptor interaction: The agonist
completely fits (interact) with the receptor site to
produce a pharmacological response and antagonist
only partially fit with the receptor site and is unable to
produce any pharmacological response, and also
prevents the agonist from combining with the
receptors.

The ability of a drug to get bound to a
receptor is termed as the ‘affinity of the
drug’ for the receptor. The ability of the drug
to produce a pharmacological response after
its interaction with the receptor is known as
‘intrinsic activity of the drug’, it also
determines the degree of receptor response.
The agonists produce a maximal receptor
response (high intrinsic activity), partial
agonists have intermediate intrinsic activity
and antagonists have low intrinsic activity
and high affinity for the receptors.
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On the basis of affinity and efficacy, the
drugs can be classified as agonists, which
have both affinity as well as high intrinsic
activity and can mimic the effects of the
endogenous substance after combining with
the receptor (e.g. methacholine produces the
effect of acetylcholine at cholinergic
receptors). Antagonists have only the affinity
but no intrinsic activity. These drugs bind to
the receptor, but do not mimic (rather block)
or interfere with the binding of an
endogenous agonist (e.g. atropine block the
effect of acetylcholine on cholinergic-
muscarinic receptors). Partial agonists have
full affinity to the receptor but with lower
intrinsic activity [e.g. pentazocine is a partial
agonist at p receptor (subtype of opioid
receptor)]. Inverse agonist or negative
antagonists have full affinity towards the
receptor but their intrinsic activity is
absolutely negligible and may be zero or in
minus.

RECEPTOR TYPE
On the basis of molecular structure and

nature of transduction mechanism, receptor
can be classified into following categories:

i. G-protein and second messengers.

ii. Ligand-gated channels.
iii. Cytokine receptors.
iv. Tyrosine kinases.

v. Intracellular receptors.

CowmBINED EFFeCT OF DRUGS

SYNERGISM

When two drugs are given simulta-
neously, and the action of one drug is in-
creased by the other, they are treated as
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synergistic. In the synergism, the drugs can
have action in the same direction or when
given alone, one may be inactive. Synergism
can be additive or supradditive in nature.

ADDITIVE

When the effect of two drugs are in the
same direction. For example when aspirin
is combined with paracetamol the combined
effect is analgesic/antipyretic.

Another important example is
combination of theophylline and ephedrine
as bronchodilator, combination of
sulfonamides as antibacterial etc.

SUPRADDITIVE

In this the effect of combined therapy is
greater than the individual effect of the one
drug. Examples are:

¢ Levodopa and peripheral dopa-
decarboxylase inhibitor, carbidopa or
benserazide in the treatment of
parkinsonism.

¢ Sulfonamide and trimethoprim (well
known preparation ‘Septran’) as
antibacterial.

DRuG ANTAGONISM

Antagonism describes the situation, when
one drug decreases or inhibits the action
of another. The antagonism may be physi-
cal in which the physical property of the
drug can affect the absorption of another
drug, chemical in which two drugs react
chemically and form a biologically inactive
compound. This type of reaction may be
used in the treatment of drug poisoning.
For example in cyanide poisoning nitrites
form methaemoglobin which has high af-
finity for cyanide radical and forms

cyanomethaemoglobin and after sodium
thiosulphate injection forms sodium thio-
cyanate which is easily excreted in urine.

On receptor basis, drug antagonism will
be of two types competitive and noncompeti-
tive antagonism.

COMPETITIVE ANTAGONISM

In competitive antagonism, the
antagonist binds with the same receptor as
agonist. If the log dose response curve with
agonist is obtained in the presence of
antagonist, it will be found that antagonist
has no effect of its own and there is parallel
rightward shift in the dose response curve
of agonist (Fig. 1.5.2) with no change in
shape, slope or maximum response.

In competitive antagonism, the
antagonist reduces affinity i.e. potency of the
agonist.

Example of competitive antagonism are:
¢ Acetylcholine (as agonist) —atropine (as
antagonist).
¢ Acetylcholine — d-tubocurarine.
¢ Isoprenaline — propranolol.

Agonist
100+ 9
Competitive
% age antagonism
response5 ol
f \ 1
0.1 1.0 10.0
Log dose —»

Fig. 1.5.2: Log dose response curve showing
competitive antagonism.



NONCOMPETITIVE ANTAGONISM

In this type of antagonism, antagonist
binds to another site or receptor. The
antagonist is not displaced by a high

Fig. 1.5.3: Log dose response curve showing non-
competitive antagonism.

concentration of the agonist on the same
receptor and the log dose response curve is
flattened and its slope and maximum
response will be decreased.

In noncompetitive antagonism, the anta-
gonist apparently reduces intrinsic activity
ie. efficacy of the agonist and the response
depends only on the concentration of the
antagonist. Examples are noradrenaline —
phenoxybenzamine.

Dose — ReEsPONSE RELATIONSHIP

The relationship between the dose and
the response depends on the object, per-
cent response measured and drug
employed. By increasing the dose of a
drug there is increase in the pharmaco-
logical response. The response to a drug
is related to its molar concentration pre-
sented to the cells.

There are two types of dose-response
curve:

HYPERBOLIC OR EXPONENTIAL TYPE
OF DOSE-RESPONSE CURVE

Fig. 1.5.4: Hyperbolic or exponential dose-response
curve.

In this the magnitude of response is
proportional to the concentration of the drug
present.

If the log dose of a drug is plotted against
the percentage response, the relationship
becomes linear, which is termed as log-dose
response curve.

SIGMOID TYPE DOSE-RESPONSE
CURVE

In this type, the response is quantal or
‘all or none’ type. If dose-response curve is
plotted, no significant response is observed
till a certain steady or threshold level is
attained. The dose with which it is obtained
is called “ceiling dose’. Beyond this point,
there is no further increase in the therapeutic
effect which remains unchanged even after
increasing the dose of the drug. This type of
response gives a sigmoid type dose-
response curve.



Fig. 1.5.5: Sigmoid type dose-response curve.

In this type of curve, if log dose is plotted
against the percentage response, the shape
of the curve remains unchanged. This log
dose-response curve is useful in bioassays.

LD,, (MEDIAN LETHAL DOSE)

It is the dose which kills 50% of the
experimental animals (i.e. 50% mortality)
receiving the drug.

ED,, (MEDIAN EFFECTIVE DOSE)

It is the dose which produced a desired
effect (i.e. effective) in 50% of the test
population.

THERAPEUTIC INDEX

The LD,, and ED,, are employed to
determine the therapeutic index for a
particular drug, which assesses the safety of
the drug.

Therapeutic index (TI) = Ldy,
Ed,,

Qaa
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1.6

ADVERSE DrRuUG REACTIONS

Adverse drug reaction is an undesired or
unintended effect of the drug, occurs at dose
normally used by human being. The adverse
drug reaction requires treatment or decrease
in dose if it is due to poisoning or overdose.

Adverse drug reaction may be defined
as ‘any response to a drug which is noxious
(injurious) and unintended, and which
occurs at doses of an appropriately given
drug used in man for prophylaxis,
diagnosis or therapy excluding therapeutic
failures.’

Adverse drugs reactions are not rare and
have increased in number, which may be
due to irrational use of multiple drug
therapy, availability of most of the drugs as
OTC (over the counter) i.e. without
prescription and self medication by the
patients.

Adverse effects can be based on the
pharmacodynamics of the drug i.e. side
effects (occur at therapeutic dose of the drug),
toxic effects (occurs at overdose or poisoning)
and drug withdrawal symptoms (i.e.

Adverse Drug

Reactions

withdrawal of narcotic drugs) and secondly,
the effects which are individual to individual
like drug allergy (hypersensitivity to drugs),
idiosyncracy.

Other types are teratogenicity (drug
causing foetal abnormalities), carcinogenicity
(drug causing cancer), iatrogenicity (drug
induced diseases).

SipE EFFECTS

There are undesirable and unavoidable
pharmacological effect of the drug, which
occur at therapeutic dose. These unwanted
effects of many drugs are based on their
pharmacological actions. Some important
examples are:

¢ Atropine causes dryness of mouth as
side effect which is due to its
antisecretory effect, and due to this
action atropine is used in peptic
ulcer.

¢ Acetazolamide (a carbonic anhydrase
inhibitor) used as diuretic by increasing
bicarbonate excretion and thus acidosis
occur as side effect which is related to
its pharmacological action.
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Side effects are also based on different
facet of action (or side effects unrelated to
its pharmacological or therapeutic effect).
All antihistaminics except few newer
compounds e.g. astemizole, terfenadine etc.
cause sedation which is unrelated to its
therapeutic action i.e. antiallergic action.

The history of pharmacology revealed that
certain drugs have been developed from the
observation of their side effects for example
sulfonamide produce hypoglycemia and
acidosis as side effect, which further gave anidea
for developing a new compound related to
sulfona-mide — sulfonylurea as hypoglycemic
agent and acetazolamide as diuretic.

Toxic EFFecTs

Toxic effects develop due to excessive
pharmacological action of drug, which may
be due to overdose or continuous use of
drug for prolonged period.

The overdose toxicity occurs when the
high dose of drug is required for the specific
treatment or the drug is taken accidentally or
with the intention of suicide. The effects are
predictable and dose related. For example
delirium by the use of atropine and respiratory
failure by morphine occur due to their
overdoses. The well known antitubercular
drug, streptomycin causes vestibular damage
and deafness on prolonged use.

DRruG ALLERGY AND IDIOSYNCRASY

HYPERSENSITIVITY (DRUG ALLERGY)

Drug allergy is a cell-mediated immune
reaction producing symptoms, which are
unrelated to the pharmacological effects of the

drug. It results from previous sensitization to
the drug itself or a particular chemical with
similar structure.

The B-lymphocytes, when exposed to
antigens mature into immunoglobulin
secreting cells after proliferation, which
often have the appearance of plasma cells.

The immunoglobulins (Ig) are secreted
by B-lymphocytes in the later stage of their
development into plasma cells. IgG, IgA,
IgM, IgE and IgD are immunoglobulins, out
of these IgG is the major one.

Based on the mechanism of immuno-
logical reactions, the allergic responses have
been divided into four categories:

TYPE-I (ANAPHYLACTIC REACTION)

They are mediated by IgE antibodies. On
exposure to the drug, antigen and antibody
reaction takes place on mast cells and
basophils releasing various mediators e.g.
histamine, leukotrienes, 5 hydroxytryptamine
(5-HT), prostaglandins etc., which are
responsible for immediate immune reactions
like skin reaction, anaphylactic shock, asthma
etc. These reactions occur immediately after
challenge and are termed as immediate
hypersensitivity.

TYPE-II (CYTOLYTIC REACTION;
DELAYED IGG/IGE MEDIATED)

These reactions are mediated by IgG and
IgE antibodies, which bind to the target cells
(cells in the circulating system). On
reexposure antigen-antibody reaction takes
place on the surface of these target cells and
cytolysis occur. Example are penicillin-
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induced hemolytic anaemia, sulfonamide-
induced granulocytopenia and quinidine-
induced cytopenic purpura.

TYPE-III (ARTHUS REACTION IGG
MEDIATED)

These reactions are predominantly me-
diated by IgG. The antigen-antibody com-
plexes are deposited in the vascular endot-
helium, where a destructive inflammatory
response occurs. Serum sickness, clinical
symptoms include fever, skin eruptions, ar-
thralgia and lymphadenopathy. The reac-
tion usually subsides in 6-12 days.

The drugs inducing serum sickness are
sulfonamides, penicillin etc. Sulfonamides
also cause Stevens-Johnson syndrome, a form
of immune vasculitis, which is characterized
by the reactions including arthritis, nephritis,
myocarditis and certain mental symptoms.

TYPE-IV (DELAYED
HYPERSENSITIVITY)

These reactions are mediated by
production of sensitized T-lymphocytes. On
contact with antigen, an inflammatory
reaction is generated which includes contact
dermatitis, fever and photosensitization.

Drugs which cause these types of
reactions are penicillin, sulfonamides,
tetracycline, phenylbutazone, salicylates etc.

TERATOGENICITY

Teratogenicity is derived from the word “teratos’
mean ‘monster.’ Teratogens may act directly on
the foetus, e.g., thalidomide and anticancer drugs
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act directly on the foetus, or act indirectly on
placenta e.g., vitamin A, 5-HT.

It is clear that the major foetal damage
occur by drug when it is taken in early
pregnancy (i.e. first 2-9 weeks when
organogenesis takes place.)

The teratogenic drugs can affect
different stages of pregnancy i.e.

¢ At fertilization and implantation stage
(i.e. conception to 3 weeks).

¢ Organogenesis period (3 to 9 weeks),
and

¢ In growth and development period
(i.e., after 9 weeks).

The drugs, which are proven to be
teratogenic are thalidomide, anticancer
drugs (specially methotrexate), sex
hormones (androgens, progestins,
stilboesterol) corticosteroids, warfarin,
antithyroid drugs (which can cause foetal
goitre and hypothyroidism), oral antidia-
betic drugs, and social drugs including
tobacco, alcohol etc.

CARCINOGENICITY

Certain drugs affect the genes and structural
changes in the chromosomes. The drugs that
cause cancer are called as carcinogenic
drugs, for example, oral contraceptives in-
crease the incidence of benign liver tumors,
vaginal adenocarcinoma in the female off-
springs of women who have taken
stilboesterol during her pregnancy for abor-
tion purpose.

Drugs producing carcinogenic effects are
anticancer/antineoplastic drugs, radioisotopes
like P?2, I'*! and hormonal therapy etc.
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IDIOSYNCRASY

It is genetically determined abnormal
reactivity to a drug. The abnormal reac-
tion to the drug are precipitated some-
time because of genetically determined
total absence or reduced activity of some
enzyme in the body of the recipient, e.g.,
primaquine produce haemolysis in indi-
viduals with glucose-6-phosphate dehy-
drogenase (G-6-PD) deficiency. Blacks
require higher concentration of atropine
to dilate their pupil. Certain individuals
feel excitement and mental confusion af-
ter taking barbiturates. The short acting
skeletal muscle relaxant succinylcholine
may produce respiratory paralysis and
prolonged apnea in individuals whose
plasma contain an atypical pseudocho-
linesterase enzyme.

PoisoNING

Poison is a substance which endangers life
due to its toxic reaction /poisoning on certain
vital functions in the body. The poisonous
substances may be the toxins, very high doses
of drug, industrial chemicals/gases, house-
hold chemical like insecticides-DDT, BHC,
etc.

For the treatment of poisoning, a
selective antidote (which antagonises the
action) may be given e.g., nalorphine and
naloxone in case of morphine poisoning,
atropine in case of anticholinergic drugs,
dimercaprol in mercury and penicillamine
in lead poisoning, etc.

MANAGEMENT OF POISONING

* Maintain a clear airway/adequate
ventilation (for inhaled poisons).

¢ Washing the eyes and other surface of
the body (for local poison entering from
the surface).

¢ Gastric lavage (with hypertonic saline
solution, apomorphine injection for
ingested poison).

e Activated charcoal (to bind the
unabsorbed drug) 10-30 g in
suspension in 200 ml water.

¢ Identify the poison and specific
antidotes should be given.

* Maintenance of blood pressure and
other related body function by fluid
infusion, pressor agents, depending
upon the condition of the patient.

* The nonspecific antidotes are also
given, for example anticonvulsants in
convulsions.

* Forced diuresis by furosemide,
mannitol etc. and altering the urinary
pH-increasing the pH of urine favours
ionisation of acidic drugs like
salicylates, phenobarbital etc. whereas
reducing the pH favours ionisation of
basic drugs like pethidine,
amphetamine etc.

¢ Haemodialysis and haemoperfusion
which is a passage of blood through a
charcoal or adsorbent resin column
may be instituted, depending upon the
patient’s condition.

(Detailed treatment of poisoning is
discussed in chapter 11.1)
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Drug Interactions

Drug interactions may be defined as an
alteration in duration and /or onset of action
of the pharmacokinetic and/or pharmaco-
dynamic of one drug produced by another
drug. The multiple drug therapy produced
a combined effect, which may be antagonis-
tic or synergistic in nature. In antagonism
the effects of one drug are reduced or abol-
ished by the second drug, and in synergism
the effects may be additive or potentiative
in nature, which may be harmful or useful
to the patient in a particular disease.

The clinically established drug
interactions can be minimized to some
extent by the avoidance of combined drug
therapy, which are proven to be
incompatible.

But, in certain cases, the single drug is
effective only to a certain degree or stage of
disease condition. The multiple/combined
drug therapy is required in many medical
and dental conditions.

¢ To produce a desired pharmacody-
namic/ therapeutic effect which is not
obtained by single drug, e.g. in the
treatment of hypertension, a single

drug is effective only in very low per-
centage of patients. Likewise, in the
treatment of heart failure, a combined
therapy of diuretic with vasodilator
and/or cardiac glycoside has to be
given to achieve a adequate cardiac
output and control over edema. Mul-
tiple drug therapy also required in che-
motherapy of cancer, tuberculosis and
certain infectious diseases.

¢ To minimize the side effects of drugs
e.g. to supplement potassium by giving
potassium sparing diuretic with
digitalis.

The use of combined drug therapy can
not be avoided in certain cases to attain a
desired therapeutic level, but the risk of
incompatibility /interactions involved in the
treatment increases.

The drug interactions may be divided
into:

i. Pharmacokinetic, which occur at the
level of absorption, distribution,
metabolism and excretion of one drug
by another.

ii. Pharmacodynamic, which occur at the site
of drug action involving the receptors.



Table 1.7.1: Drug interactions at the sites of absorption.

PHARMACOKINETIC INTERACTIONS

The drug may interact with the another drug
at any point during their absorption,
distribution, metabolism and excretion.

Drug Interactions Involving Absorption
Important drug interactions include
antacids which contain calcium, magnesium
or aluminium that interfere with absorption
of tetracycline by forming a ‘chelate’” with
the metals; carbonates prevent absorption
of iron; cholestyramine interferes with the
absorption of certain drugs like warfarin,
thyroxine and digitalis glycosides.

Some important drug interactions at the
site of absorption are shown in table 1.7.1.

Drug Interactions Involving Distribution

After absorbed into blood many drugs
are bound to plasma proteins, the portion of
the drug which is being transported in the
bound form is inactive (pharmacologically)
and only the free part or molecule that diffuse
into the tissues produce their effect.

The most important drug interaction
caused by displacement from plasma pro-
teins occur with coumarin anticoagulants.
Phenylbutazone displaces warfarin from its
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binding site thereby causing bleeding. Tolb-
utamide is displaced by dicumarol resulting
in severe hypoglycemia (See table 1.7.2).

Drug Interactions During Metabolism

This type of interaction occurs when the
metabolism of a drug is inhibited or
decreased by another drug.

Certain drugs induce the hepatic
microsomal enzyme system i.e. enzyme
induction, which decreases the effectiveness
of other drugs, for example, if phenobarbital
is suddenly discontinued without lowering
the dosage of coumarin, severe hemorrhage
can occur.

Some important drug interactions
during metabolism are shown in table 1.7.3
& 1.7.4.

Drug Interaction During Excretion

The renal drug clearance is influenced
by alterations in glomerular filtration
rate and tubular reabsorption or secretion
rate.

The tubular secretion of penicillin is
inhibited by probenecid, so that the blood
concentration and its half life (therapeutic
effects) is prolonged with the simultaneous
use of these two drugs. Phenylbutazone can
block the renal tubular reabsorption of uric
acid, leading to uricosuria.

Quinidine inhibits the tubular secretion
of digoxin which consequently raises the
plasma digoxin concentration, which may
be associated with toxicity. Certain other
drugs also increase the digoxin concentra-
tion like verapamil, amiodarone, spirono-
lactone etc.
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Table 1.7.2: Interactions caused by displacement of
drugs from plasma protein binding sites.

Drug displaced Displacing agent
Coumarin Diazoxide, ethacrynic acid,

phenylbutazone, NSAIDs
Tolbutamide Dicumarol, phenylbutazone
Phenytoin Tolbutamide, NSAIDs
Diazepam Heparin

NSAIDs = Nonsteroidal antiinflammatory drugs.

Table 1.7.3: Drugs that induce the metabolism.

Drug (inducing part)  Drug induced

Chloral hydrate Bishydroxycoumarin

Phenobarbital Bishydroxycoumarin,
digitoxin, phenylbutazone,
phenytoin

Phenytoin Carbamazepine, cimeti-

dine, theophylline, oral

Table 1.7.4: Drugs inhibit the metabolism of other drugs.
Drug causing inhibition Drug inhibited

Bishydroxycoumarin Tolbutamide

Disulfiram Phenytoin, theophylline,
warfarin

Isoniazid Phenytoin

Phenylbutazone Tolbutamide, phenytoin
Ammonium chloride increases urinary
volume with acidification of urine. The
excretion of amphetamine is decreased in
relatively alkaline urine and has proved useful
in ‘the treatment of amphetamine intoxication’.

PHARMACODYNAMIC INTERACTIONS

Pharmacodynamic interactions take place
at the site of drug action. When two or more
drugs with similar pharmacological
effects are administered together, an
additive or synergistic effect is usually seen.



These type of interactions are of two types:

The direct pharmacodynamic interactions
occur when two drugs either act on the same
site or on two different sites with a similar
effect.

When two drugs act on same site, they
are either antagonist or synergist. For
example:

Antagonism: Reversal of the effect of
opiates with naloxone.

Reversal of anticholinergic effects with
tricyclic antidepressants and physostigmine.

Synergism: Increased anticoagulation of
warfarin with clofibrate, corticosteroids,
tetracycline, vitamin K and naloxone.

Arrhythmias with the use of b-adreno-
receptor antagonists and verapamil together.

The indirect pharmacodynamic interac-

tions are unrelated to the effects of the ob-
ject drug, for example:

* Drugs which alter potassium con-
tent may have effect on the thera-
peutic effect of cardiac glycosides,

Table 1.7.5: Some clinically important drug interactions.

which are enhanced by potassium
depletion e.g., potassium-sparing
diuretics, corticosteroids and
purgatives.

¢ Diuretics like frusemide may attenuate
the effects of oral hypoglycemic drugs.

* Drugs like salicylates, dipyridamole,
phenylbutazone decrease the ability
of platelets to aggregate, and thus
impairing the haemostasis if war-
farin induced bleeding occurs.

¢ The nonsteroidal antiinflammatory
drugs like aspirin, indomethacin and
phenylbutazone causes ulceration in
gastro-intestinal tract which provides
a site for bleeding in patients on
anticoagulants.

The pharmacodynamic interactions are
relatively common in practice, but they can
be minimized if the interactions are antici-
pated and appropriate precautions are
taken by avoiding irrational and unneces-
sary drugs combination.
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Anaesthetics

General anaesthetics are the group of
drugs which bring about a reversible loss of
pain sensation and consciousness. The depth
of anaesthesia appropriate for the conduct
of surgical procedures can be achieved by a
wide variety of drugs, either alone or by a
combination of drugs, each drug for a spe-
cific purpose. General anaesthetics can be
administered by a variety of routes, but in-
tra-venous or inhalation administration is
preferred, because the effective dose and the
time course of action are more predictable
when these techniques are used.

The general anaesthetics are divided into
two main groups (table 2.1.1).

INHALATIONAL ANAESTHETICS

NITROUS OXIDE (N,0)

Itis a colourless, odourless, noninflammable
gas which is approx. 1%z times heavier than
air. It is non-irritating with a sweet taste.

Nitrous oxide is used for induction and
maintenance of anaesthesia. It is widely
used as carrier gas for other volatile agents
in general anaesthesia. The usual concentra-

tion used is 70 percent N,O + 30 percent O,
along with some muscle relaxants or other
potent anaesthetics. Nitrous oxide, if admin-
istered along with air, it produces a stage of
excitement and delirium and also produce
amnesia. Hence, the name ‘laughing gas.”

It is eliminated unchanged from the
body, via the lungs. Despite its high fat solu-
bility, it is rapidly eliminated through lungs
within 2 to 5 minutes after its withdrawal.

Nitrous oxide, due to its analgesic action
in subanaesthetic concentration, is employed
for minor operation like tooth extraction, for
obstetrical analysis, painful procedures such
as changing dressing of burns. It is cheap and
very commonly used.

Prolonged administration of nitrous ox-
ide as in cases of tetanus, may cause bone
marrow depression and agranulocytosis.

CYCLOPROPANE

Itis a colourless gas with sweet odour and
taste, available as liquid under pressure. It
produces analgesia without loss of conscious-
ness in 1 to 2 percent concentration, in 6 to 8
percent it produces loss of consciousness while



Table 2.1.1: Classification of general anaesthetics.

20 to 25 percent is required to produce surgi-
cal anaesthesia. It has a low blood solubility.
The induction and recovery are rapid and
smooth. Blood pressure and cardiac contrac-
tility are well maintained with cyclopropane
even on prolonged administration. Muscle
relaxant activity is fairly good. Because of its
highly inflammable and explosive nature, the
close circuit has to be used to conserve the
drug and to keep its concentration in the op-
erating room low.

Because of its smooth induction and
non-irritant to the respiratory passage, the
danger of overdosage must be watched for.
Cyclopropane also sensitizes the myocar-

dium to adrenaline and may produce a va-
riety of cardiac irregularities such as tachy-
cardia and fibrillation. That is the reason for
avoiding cyclopropane anaesthesia in pheo-
chromocytoma and thyrotoxicosis. Cyclo-
propane shock (in patients with sepsis) is
another drawback, which produces a sud-
den fall of blood pressure with collapse.

VoLATILE LiQuiDs

ETHER (DIETHYL ETHER)

It is a colourless, volatile liquid with a pun-
gent odour and produces irritating vapours
which are inflammable and explosive. It is
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one of the first substances to be employed
for general anaesthesia. It is a potent agent
and produces full anaesthesia when inhaled
in low concentration. A concentration of 10
to 15% in the inspired air is usually required
for induction. It produces prolonged and
unpleasant induction with salivation and
marked respiratory secretions. For this at-
ropine must be given prior to anaesthesia
for inhibition of these secretions.

Respiration and blood pressure are gen-
erally well maintained because of reflex
stimulation and high sympathetic tone.

Because of its slow induction and recov-
ery, irritant property and other disadvan-
tages ether is rarely used these days and may
be occasionally used as a supplement to ni-
trous oxide-oxygen mixture in children.

TRICHLOROETHYLENE

Itis a clear, colourless liquid with a char-
acteristic odour but a blue dye is added for
distinction from chloroform. It is a potent
analgesic with a rapid onset of action but
muscular relaxation with this agent is inad-
equate. Induction and recovery are slow.

It may produce tachypnoea and brady-
cardia and sensitizes the myocardium to
adrenaline and cardiac arrhythmias can oc-
cur probably due to hypoxic release of
adrenaline.

Now-a-days, it is occasionally used in
obstetrics, burns dressings etc. as a self
medication analgesic.

HALOTHANE

It is a volatile liquid, non-irritant and
non-inflammable. It is most widely used
volatile anaesthetic due to its smooth and
rapid induction. It inhibits laryngeal and
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pharyngeal reflexes in upper planes of sur-
gical anaesthesia.

Halothane causes relatively greater de-
pression of respiration. It inhibits intesti-
nal and uterine contractions. Cardiac out-
putis also reduced by 20 to 50 percent when
anaesthesia is induced by inspiration of ha-
lothane at 0.8 to 1.2 percent concentration,
which is necessary for surgical anaesthesia.
Heart rate is slowed during anaesthesia,
tachyarrhythmias may also occur in the
presence of halothane.

Halothane causes dose-dependent re-
ductions of renal blood flow and glomeru-
lar filtration rate as a result of fall in blood
pressure.

Hepatitis occurs in susceptible individu-
als with repeated use.

It causes decrease in uterine muscle tone.

Elimination of halothane may continue
for 24 to 48 hours after prolonged adminis-
tration. Recovery is smooth and reasonably
quick. It is currently one of the most popu-
lar anaesthetic used due to its non-irritant,
non-inflammable, pleasant and rapid action.

ENFLURANE

It is a clear, colourless, noninflammable
liquid with a mild, sweet odour and consid-
ered to be a useful alternative to halothane.
Induction of anaesthesia, appropriate for
surgery may be achieved within 10 minutes
after approximately 4 percent enflurane in
inhaled. Arterial blood pressure decreases
progressively as the depth of anaesthesia is
increased with enflurane, about the same
degree as it does with halothane inhalation.
The anaesthesia produces rapid induction
with quick recovery.
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Enflurane can be used for prolonged
operations such as cholecystectomy and
other abdominal surgery which requires
profound muscular relaxation. It stimulates
salivary and respiratory secretions. Uterine
relaxation is similar to halothane.

No unusual effect on the gastrointes-
tinal tract has been reported with
enflurane anaesthesia, however, certain
evidence of hepatic impairment has
been obtained during and after surgi-
cal anaesthesia. Hepatic necrosis prob-
ably occurs with enflurane in rare
instances.

Heart rate decreases little and reduction
of cardiac output is less marked. Fall in
blood pressure is similar to that caused by
halothane, arrhythmias are rare.

ISOFLURANE

It is a isomer of enflurane and its chemi-
cal and physical properties are similar to
enflurane, but it is approximately 1% times
more potent, more volatile. It has a lower
blood: gas solubility coefficient than
enflurane. It produces rapid induction and
recovery.

Systemic arterial blood pressure de-
creases progressively with increasing depth
of anaesthesia with isoflurane. It also in-
creases heart rate but arrhythmias are not
precipitated. Isoflurane depresses respira-
tion as concentration is increased. Uterine
and skeletal muscle relaxation is similar to
enflurane.

During anaesthesia, depression of renal
blood flow, decrease in rate of glomerular
filtration and urinary flow are reported but
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these changes are rapidly reversed during
recovery.

METHOXYFLURANE

It is a clear, colourless liquid with a
sweet and fruity odour. It is noninflammable
and non-explosive in air or oxygen in an-
aesthetic concentrations. It is the most po-
tent inhalational anaesthetic which has a
good analgesic and muscle relaxant prop-
erties. Renal blood flow, glomerular filtra-
tion rate and urine flow are reduced as with
the halothane.

It also produces the respiratory and car-
diovascular depression as with halothane
but bradycardia is more prominent.

Methoxyflurane damages renal tubules
leading to inability to concentrate urine and
uraemia. Because of its renal toxicity, it
should not be used to achieve profound
anaesthesia nor for prolonged periods of
time.

This agent is used due to certain advan-
tagesi.e. it provides profound analgesia and
good relaxation of skeletal muscles, uterine
contractions are not inhibited and postop-
erative nausea and vomiting are not
troublesome. But, due to its renal toxicity,
its use as a general anaesthetic is limited.

DESFLURANE

It is a noninflammable, non-irritant
agent and chemically related to ether. Induc-
tion with this agent is smooth and rapid. The
respiratory, hemodynamic and other
changes caused by desflurane are similar to
those of isoflurane. This agent is undergo-
ing clinical trial.
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SEVOFLURANE

This is also a new compound and un-
dergoing clinical trial. It is noninflammable,
non-irritant agent. It produces more rapid
induction and termination of anaesthesia
than observed with other inhalational
agents. The respiratory and circulatory ef-
fects of sevoflurane resemble those of
isoflurane.

INTRAVENOUS ANAESTHETICS

Intravenous anaesthetics are mainly used for
rapid induction of anaesthesia, which is then
maintained by an inhalational agent. They
also serve to reduce the amount of mainte-
nance anaesthetics.

In this section the agents having anaes-
thetic properties will be discussed. More de-
tails of each class of drug and their uses in
other circumstances are presented elsewhere.

BARBITURATES

THIOPENTONE SODIUM

Itis an ultra short acting thiobarbiturate. The
sodium salts are highly soluble in water
yielding a very alkaline solution (pH 10.5 to
11), which must be prepared freshly before
injection. Induction is generally smooth and
takes approximately 10 to 30 seconds.

Thiopentone sodium is usually given as
92.5 percent solution, initially 100 to 150 mg
over 10-15 seconds and repeated if necessary
depending upon the patient’s response after
20-30 seconds. On repeated administration
the extracerebral sites are gradually filled up
and lower doses produces anaesthesia
which lasts longer.
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Because of its poor analgesic property,
the painful procedures should not be car-
ried out under its influence unless an opioid
or nitrous oxide has been given.

Thiopentone depresses respiration tran-
siently. Blood pressure falls immediately
after injection but recovers rapidly. It does
not sensitize the myocardium to adrenaline.

Thiopentone also has been sometimes
used for rapid control of convulsions.

Adverse effects include laryngospasm,
which occurs generally when respiratory
secretions or other irritants are present. Shiv-
ering and delirium may occur during recov-
ery. Postoperative pain induces restlessness.
Nausea and vomiting are uncommon. It can
precipitate acute intermittent porphyria in
susceptible individuals.

METHOHEXITONE SODIUM

It is preferred to thiopentone sodium for
short procedures and out patients due to its
rapid recovery. It is approximately three
times more potent than thiopentone sodium
with quicker and briefer action.

The only disadvantages associated with
its use are that induction is less smooth, rest-
lessness is more common, as is coughing and
hiccup.

NON-BARBITURATE INTRAVENOUS
ANAESTHETICS

PROPANIDID

It is an oily liquid eugenol derivative and
less potent than thiopentone. It is a very
short acting intravenous anaesthetic and
specially used for very short outpatient op-
erations and dental procedures.
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Adverse effects include laryngospasm,
high incidence of hypersensitivity reactions,
tachycardia, respiratory depression and
sometimes hypotension. Local irritation and
thrombophlebitis occur due to the alkalin-
ity of the solution. It is occasionally used as
an alternative to thiopentone.

KETAMINE

It is a new non-barbiturate anaesthetic
agent and pharmacologically related to
phencyclidine, a hallucinogen. Intravenous
ketamine produces unconsciousness and
analgesia within 30 seconds. It can be given
by intramuscular route also. It acts on the
cerebral cortex and subcortical areas.

The drug increases the heart rate, car-
diac output and blood pressure which is
due to sympathetic stimulation. Respira-
tion is not depressed, muscle tone
increases and reflexes are not abolished
during anaesthesia. Ketamine has been
recommended for short operations, un-
pleasant therapeutic and diagnostic pro-
cedures in children, operation in shocked
patients and in obstetrics.

Adverse reactions include delirium,
hallucinations and unpleasant dreams. It
should not be used in hypertensives and in
patient with ischaemic heart disease.

FENTANYL-DROPERIDOL
COMBINATION

Fentanyl is a potent short acting analge-
sic related to pethidine and belongs to group
of 4-acyl-anilinopiperdines. Droperidol is a
rapidly acting potent neuroleptic
butyrophenone derivative related to halo-
peridol. In combination, these agents pro-
duce a state of ‘neuroleptanalgesia.’
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The fixed dose combination of fentanyl
(0.05 mg) and droperidol (2.5 mg/ml), 4 to
6 ml is diluted in glucose solution and in-
fused IV over 10 minutes.

Patient remains drowsy but conscious.
Respiratory depression is marked and pre-
dictable. There is slight fall in blood pres-
sure. Heart rate often decreases but myocar-
dium is not sensitized to adrenaline.

It is recommended for endoscopies, an-
giographies, burn dressings etc.

DIAZEPAM

It may be used to produce light seda-
tion and amnesia for unpleasant procedures
by intravenous injection. It has also been
used for induction and to supplement ni-
trous oxide anaesthesia. The benzodiaz-
epines are further discussed in chapter
‘Sedative and hypnotics” in detail.

ETOMIDATE

Itis a new intravenous anaesthetic agent
with poor analgesic property. It has a briefer
duration of action than thiopentone. It pro-
duces little cardiovascular and respiratory
depression. A single intravenous dose pro-
duces loss of consciousness within 10 sec-
onds and a state of anaesthesia.

ALPHADONE

It is a slower acting steroid anaesthetic
which is a combination of two preganedione
derivatives, alphaxolone and alphadolone
acetate. It produces analgesia and sleep last-
ing 20-30 minutes. It is less irritant, blood
pressure and respiration are not much af-
fected. It has been used as an inducing agent
in place of thiopentone but due to hyper-
sensitivity reactions its use is very limited.
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PrREANAESTHETIC MEDICATION

Preanaesthetic medication refers to the use
of drugs before the administration of an an-
aesthetic agent, which makes it more pleas-
ant and safe to the patient

The aims of preanaesthetic medication
are:

1. Reduce the anxiety and apprehension
without producing much drowsiness.

2. To facilitate a smooth and rapid
induction.

3. Torelieve preoperative and postopera-
tive pain or to supplement the analge-
sic action of anaesthetics.

4. To provide amnesia for preoperative
and postoperative period.

5. To suppress respiratory and other
secretions and vagal stimulation
caused by anaesthetics.

6. Tominimize certain undesirable effects
produced by anaesthetic agents like
bradycardia and vomiting.

To achieve all the objectives, a combina-
tion of 2 or 3 drugs is used depending on
the need. The commonly employed drugs
are opioids, sedative-hypnotics, antianxiety
agents, anti-cholinergics, neuroleptics and
antiemetics.

OPIOIDS

These are the most commonly used
drugs. Morphine (10-15 mg IM), pethidine
(50-100 mg IM) are frequently used drugs
for their sedative and analgesic property.
They reduce the anxiety and apprehension,
produce pre- and postoperative analgesia,
help in smooth induction. They also reduce
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the amount of anaesthetic required. How-
ever, they have certain disadvantages:

* They depress respiration.

* May cause fall in blood pressure during
anaesthesia.

¢ Can precipitate asthma, as these drugs
are histamine liberators.

¢ Pethidine may produce tachycardia by
its vagolytic action.

* Morphine can interfere with pupillary
signs of anaesthesia.

SEDATIVE-HYPNOTICS

The barbiturates like pentobarbitone,
secobarbitone or butobarbitone (100 mg oral)
have been used to provide sedation and to
relieve apprehension before operation.

Non-barbiturate sedatives like chloral
hydrate, paraldehyde and glutethimide may
be used.

Promethazine (50 mg IM), an
antihistaminic with sedative, antiemetic and
anticholinergic properties is generally used
in children as it causes little respiratory de-
pression.

ANTIANXIETY DRUGS

The tranquillizers like benzodia-
zepines (diazepam 5-10 mg oral, or
lorazepam 2 to 4 mg IM, IV are now
preferred for preanaesthetic medication
because they produce tranquillity, have
better muscle relaxant property and
smoothen induction. Other tranquillizer
compounds include phenothiazines which
possess sedative, antiemetic and
antihistaminic properties. They can be
given orally as well as parenterally.
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ANTICHOLINERGICS

Atropine (0.06 mg IM, IV) or scopola-
mine is generally given in combination with
morphine to block the vagal action so as to
reduce the salivary and bronchial secretions.

They also prevent vagal bradycardia and
hypotension during operation. Hyoscine
produces amnesia and antiemetic effect also.

NEUROLEPTICS

Chlorpromazine (25 mg), triflupromazine
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(10 mg) or haloperidol (2-4 mg) IM are used
as preanaesthetic medication. They reduce
anxiety, emesis and help in smooth induction.

However, these compounds potentiate
respiratory depression.

ANTIEMETICS

Droperidol and hydroxyzine (25-50 mg
IM) is sometime used for their antiemetic
activity. Hydroxyzine has antianxiety,
antihistaminic and anticholinergic proper-
ties also.

Qaa
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Hypnotics

Sedative (anxiolytic) are the agents which
reduce anxiety and exert a calming effect
with little or no effect on motor or mental
functions.

Hypnotics are the drugs which produce
drowsiness and encourage the onset and
maintenance of sleep. They are classified
into different categories (Table 2.2.1.)

BARBITURATES

Barbiturates are the derivatives of
barbituric acid. They are general CNS
depressants. They can cause sedation,
hypnosis and general anaesthesia
depending upon the particular barbiturates
used and its dose.

Pharmacological Actions

CNS: Barbiturates produce depression
of central nervous system in dose dependent
manner. In small dose, barbiturates relieve
anxiety and are generally used as sedative.
In hypnotic dose, it produces sleep resem-
bling normal physiological sleep. Hypnotic
dose of barbiturates produce motor incoor-
dination.

Pain: Barbiturates do not have any an-
algesic effect.

Anaesthesia: The ultra short acting bar-
biturates produce general anaesthesia (de-
tails are given in chapter ‘General
anaesthetics’).

Anticonvulsant action: In anaesthetic
dose all barbiturates e.g. phenobarbitone,
mephobarbitone possess anticonvulsant ac-
tion. Phenobarbitone is drug of choice for
the treatment of grandmal epilepsy (details
are given in chapter ‘Antiepileptic drugs’).

CVS: In hypnotic dose, hypotension and
decrease in heart rate occurs. In toxic dose,
there is a severe decrease in blood pressure
due to ganglionic blockade.

Respiration: In higher dose, barbiturates
depress the respiration. It depresses the sen-
sitivity of respiratory centre to CO,.

GIT: They depress the tone and motil-
ity of GIT, but thiobarbiturates may stimu-
late the intestinal smooth muscles.

Kidney: They directly depress the tubu-
lar reabsorption of sodium, reduce urine
flow and increase ADH release.
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Liver: They induce microsomal drug
metabolising enzyme thus they increase the
rate of metabolism of number of drugs.

Pharmacokinetics

They are well absorbed from the GIT.
They are widely distributed in body. Rate
of entry into CNSis dependent on lipid solu-
bility. Ultra short acting barbiturates are
highly lipid soluble and quickly enter the
brain. Redistribution to various tissues ter-
minate their action and they are slowly re-
leased from the tissues and gradually
metabolised in the liver. They are partly
metabolised and partly excreted unchanged
in urine.

Adverse Effects

Intolerance effects include headache,
vomiting, diarrhoea, nausea.

Hangover especially with long acting
barbiturates. Excitement and restlessness,
neuralgic pain, allergic reactions include
swelling and erythematous dermatitis. They
produce physical dependent and have abuse
potential.

Therapeutic Uses

¢ To produce hypnosis.
¢ To produce sedation.

¢ Anticonvulsant action: Phenobarbital is
drug of choice.
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e For general anaesthesia: Ultra short
acting barbiturates are used.

* As preanaesthetic medication.
* As obstetrical analgesia.

Barbiturate Poisoning

It produces severe toxic manifestations.
Either suicidal or accidental intake of toxic
doses of barbiturates is characterized by
depressed respiration, circulatory shock,
pupils are initially constricted & then dilated
due to asphyxia, hypothermia, renal failure
and pulmonary complications such as acute
pulmonary edema.

Treatment of Acute Barbiturate Poisoning

¢ Gastric lavage to remove unabsorbed
drug. Emesis can be produced by
apomorphine and activated charcoal is
administered to adsorb the unabsorbed
drug.

¢ Maintenance of respiration:
» Oxygen inhalation.
» Endotracheal intubation or tracheo-

stomy.

> Mechanical ventilation.

¢ Intravenous fluids.

¢ Forced diuresis: Diuretics like mannitol
and furosemide can be used.

¢ Alkalinization.

¢ Prophylactic antimicrobial therapy to
avoid any secondary infection e.g.
pneumonia and infection due to
tracheostomy or urinary catheterization.

¢ Dialysis (peritoneal or haemodialysis).

BENZODIAZEPINES

Benzodiazepines are commonly used
anxiolytics in clinical practice because these
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agents exhibit good efficacy, are relatively
safe and have minimum toxicity. They are
indicated for short term relief of anxiety.
Benzodiazepines have no action on respira-
tion and cardiovascular system. They have
no action on other body systems. They have
a muscle relaxant action, probably due to
CNS depressant action and have anticonvul-
sant action. They have lower abuse liabil-
ity. Benzodiazepines when administered
cause sedation, hypnosis, muscle relaxation,
relieve anxiety and some have anticonvul-
sant action.

Benzodiazepines exert their pharmaco-
logical effect mainly by potentiation of
neural inhibition in CNS which is medi-
ated by GABA.

Pharmacokinetics

The pharmacokinetic profile is different
with different compounds. Diazepam after
oral administration is completely and rap-
idly absorbed from the proximal small in-
testine. Oxazepam is least rapidly absorbed
while lorazepam is an intermediately ab-
sorbed between these two. They are
metabolised in liver by dealkylation and
hydroxylation and excreted in urine as glu-
curonide conjugates. They cross the placen-
tal barrier and are secreted in milk.

Adverse Reactions

The common side effects are drowsiness,
lethargy, ataxia. They also cause behavioural
changes and dose dependent impairment of
visual motor coordination. Other side effects
which occur rarely are vertigo, headache,
allergy, photosensitization, leucopenia, im-
paired sexual function and menstrual irregu-
larities.
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Therapeutic Uses

¢ As antianxiety agent.

¢ As hypnotic.

* As anticonvulsant.

* As preanaesthetic medication.

DIAZEPAM

Being highly lipophilic it is quickly ab-
sorbed from the gastrointestinal tract. The
kinetics of redistribution of diazepam is
complicated by enterohepatic circulation.
Initially there is high concentration in CNS
after intravenous injection, then due to redis-
tribution of drug the concentration starts fall-
ing in brain. It has a plasma half life of more
than 20 hours. Diazepam is metabolised in
liver to pharmacologically active metabolite,
desmethyldiazepam which has a long
plasma half life (80 hrs). It crosses the pla-
cental barrier and when given before labour
may cause hypotonia and mild respiratory
depression in neonates.

It is indicated as hypnotic, in anxiety,
tension, muscle spasm, psychosomatic and
behaviour disorders, dysmenorrhoea, cere-
bral palsy, upper motor neuron spasticity,
sedative for surgical procedures, labour,
tetanus, eclampsia and epilepsy.

LORAZEPAM

It provides prompt relief from a variety
of symptoms associated with anxiety and in
anxiety associated with depression.

It is readily absorbed when given orally.
Peak concentrations in plasma occur ap-
proximately 2 hours following administra-
tion. The halflife of unconjugated lorazepam
in human plasma is approximately 12 to 16
hours. At clinically relevant concentration,
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lorazepam is approximately 90 percent
bound to plasma proteins. It is conjugated
to inactive glucuronide metabolite and is
excreted in urine.

The most frequent adverse reactions
reported are sedation, followed by
dizziness, weakness and unsteadiness. Less
frequent adverse reactions include
disorientation, depression, nausea, change
in appetite, headache, sleep disturbance,
agitation, dermatological symptoms
including very serious reactions, eye-
function disturbance, together with various
gastrointestinal symptoms and autonomic
manifestations. The incidence of sedation
and unsteadiness increases with age.

It is used in anxiety disorders or anxiety
associated with depressive symptoms, as
pre-surgical medication.

OXAZEPAM

It is used in tension, anxiety disorders,
anxiety associated with alcohol withdrawal,
agitation and irritability in older patients
and psychoneurosis.

Adverse effects include sedation, ver-
tigo, dizziness, disorientation, blurred vision
and dependence.

MIDAZOLAM

Midazolam is a new, short acting ben-
zodiazepine with sedative properties, twice
as potent as diazepam. It is also used as an
anaesthetic inducing agent.

The mechanism of action of midazolam
though not clearly understood is probably
similar to other benzodiazepinesi.e. through
interference with GABA reuptake. It has a
relatively high affinity for benzodiazepine
receptors.
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It is rapidly absorbed following intra-
muscular administration with more than 90
percent bioavailability.

Adverse effects include local effects like
redness and phlebitis, apnoea (usually seen
on IV administration). Rarely nausea, vom-
iting, headache, drowsiness, hiccups and
retrograde amnesia may occur.

Itis indicated for preoperative sedation,
conscious sedation prior to short diagnostic
or endoscopic procedures, induction of gen-
eral anaesthesia prior to administration of
other anaesthetic agents.

ALPRAZOLAM

CNS agents of the 1,4 benzodiazepine
class presumably exert their effects by
binding at stereo specific receptors at
several sites within the central nervous
system (CNS). Alprazolam like other
benzodiazepines exerts its anxiolytic
action by potentiating GABA activity.
GABA is a neurotransmitter which inhib-
its the CNS activity. Alprazolam acts
preferentially in midbrain, ascending
reticular formation (which maintains
wakefulness) and on limbic system
(thought and mental functions).

The pharmacological effects of
alprazolam do not differ appreciably
from those of diazepam. However,
alprazolam is about 10 times more potent
than diazepam.

Following oral administration, alprazolam
is readily absorbed. Peak concentration in the
plasma occur in one to two hours following
administration. Alprazolam and its metabo-
lites are excreted primarily in the urine.
Alprazolam is 80% bound to plasma proteins.
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Alprazolam has caused a lower inci-
dence of drowsiness, light-headedness and
depression than diazepam. Alprazolam, like
other benzodiazepines, has the potential for
the development of tolerance and with-
drawal symptoms, although the incidence
is lower than that seen with other benzodi-
azepines. Alprazolam’s potential for drug
dependence is less in comparison to other
benzodiazepines.

It is used in the management of
generalised anxiety disorder or the short
term relief of symptoms of anxiety. It is also
indicated for the treatment of panic disor-
ders with or without agoraphobia.

CHLORDIAZEPOXIDE

It is the first benzodiazepine used clini-
cally. Adverse effects include nausea, ver-
tigo, headache and skin rash.

It is indicated in fear, anxiety, tension,
pre and postoperative apprehension
behavioural disorders, insomnia and emo-
tional disturbances.

CLONAZEPAM

It acts by enhancing GABA induced in-
crease in conductance of chloride in neurons.

After oral administration, over 80 per-
cent of clonazepam is absorbed. It is exten-
sively bound to plasma proteins and is
widely distributed. It is metabolised and the
metabolites are excreted in urine.

Adverse effects include impaired alert-
ness, amnesia, drowsiness, lethargy, respi-
ratory depression, salivary and bronchial
hypersecretion in infants, behavioural prob-
lems, muscle weakness, vertigo, ataxia and
dizziness.
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It is indicated in typical and atypical
absence seizure, infantile spasms, myoclonic
epilepsy, atonic seizures, minor motor sei-
zures of childhood, refractory grandmal
epilepsy or temporal lobe epilepsy and sei-
zures not controlled by conventional
antiepileptics.

Newer CoOMPOUNDS

ZOPICLONE

It is a novel hypnotic belonging to
cyclopyrrolone derivative. It is useful in short
term management of insomnia and has low
abuse potential.

Zopiclone exhibits anticonvulsant,
muscle relaxant and hypnosedative proper-
ties similar to benzodiazepines.

Zopiclone is rapidly absorbed after oral
dosing. Its elimination half-life period is 3.5-
6 hours. It is mainly excreted in urine.

Adverse effects include metallic or bit-
ter after-taste, nausea, vomiting, allergic skin
reaction, irritability, hallucinations, depres-
sion, amnesia and confusion.

It is indicated in treatment of transient,
situational and chronic insomnia, insomnia
secondary to psychiatric disorders.

ZOLPIDEM

Zolpidem is a non-benzodiazepine hyp-
notic of the imidazopyridine class. It is a
GABA, receptor agonist selective for
omega-1 receptor subunit.
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Zolpidem is rapidly absorbed and has a
quick onset of hypnotic action. Bio-
availability is 70 percent following oral
administration and the drug demonstrates
linear kinetics in the therapeutic dose range.
Peak plasma concentration is reached at 0.5
and 3 hours. The elimination half-life is
short. It is 92% plasma protein bound and is
metabolised in liver to inactive metabolites.
Itis eliminated in the urine and in the faeces.

Adverse effects include diarrhoea, nau-
sea, vomiting, vertigo, dizziness, headache,
drowsiness, nightmares, asthenia, memory
disturbances, depression, confusion, diplo-
pia, tremor and ataxia.

Itis indicated in short term management
of insomnia.

ZALEPLON

It is a nonbenzodiazepine hypnotic.
Zaleplon interacts and binds selectively to the
brain omega-1receptor situated on the alpha
subunit of the GABA , receptor complex.

It is rapidly and almost completely
absorbed following oral administration. It
undergoes significant presystemic metabo-
lism, all the metabolites are pharmacologi-
cally inactive.

Adverse effects include dizziness, am-
nesia, headache, tremor, nausea, abdominal
pain, dyspepsia, anorexia, eye pain, asthe-
nia, malaise and myalgia.

Itis indicated in short term management
of insomnia.
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2.3

Analgesics are the drugs (natural or syn-
thetic origin) which relieve pain by acting
on CNS or peripheral pain mechanism
without causing loss of consciousness.
Dental pain is the initial sign of any den-
tal disease which is usually acute in
nature. In dentistry, non-steroidal anti-
inflammator drugs (NSAID’s) are
commonly employed for dental pain and
inflammation which may be due to caries,
abscess tooth extraction or after any den-
tal procedures. Analgesics can be divided
into two main groups:

a. Opioid/narcotic/morphine like an-
algesics.
b. Nonopioid/nonnarcotic/aspirin
like analgesics.
Drugs obtained from morphine are
known as opioids or narcotic analgesics.

The opium is obtained from the opium
poppy Papaver somniferum. It contains two
type of alkaloids e.g. phenanthrene deriva-
tives (morphine, codeine & thebaine) and
benzyl isoquinoline derivatives (papaverine
and noscapine).

The opioid analgesics are classified as
in table 2.3.1.

Narcotic Analgesics

NATURAL COMPOUNDS

MORPHINE

Opium is the milky exudate obtained by
incising the unripe seed capsule of the
poppy plant Papaver somniferum and mor-
phine is the most important alkaloid of
opium. Morphine produces analgesia
through action in the brain and spinal
cord, that contain peptides possessing
opioid like pharmacological action. These
endogenous substances are known as
endogenous opioid peptides (earlier
known as endorphin & now known as
B-endorphin).

Morphine and other opioids exert their
pharmacological actions by acting on dif-
ferent receptors namely mu (p), kappa ()
and delta (9).

Analgesic, respiratory, depression as
well as euphoria produced by morphine
result mainly from action at mu recep-
tors. Most of the currently available nar-
cotic analgesics act primarily on the mu
receptors.
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Table 2.3.1: Classification of narcotic analgesics.

I. Natural alkaloids
Morphine (as sulphate; MORCONTIN)
Codeine (as phosphate)

Il. Semisynthetic compounds
Pholcodeine (ETHNINE)
Diacetyl morphine (HEROIN)

Section 2/ Drugs Acting on CNS

0.2-0.8 mg/kg BD, IM/SC
20-60 mg/day

10-30 mg/day
3-5 mg/day IM/SC

Other semisynthetic agents are hydromorphone, oxymorphone, oxycodone, hydrocodone, dihydro-

codeine etc.

Ill. Synthetic compounds
Pethidine (as hydrochloride)
Fentanyl (as citrate; FENDROP)
Methadone (PYSEPTONE)
Dextropropoxyphene (DEXOVON)
Tramadol (TRANDOL)
Ethoheptazine (EQUAGESIC)

50-100 mg/day IM/SC
50-100 pg/day IM/IV
5-10 mg/day oral/SC
65-130 mg/day
50-100 mg BD-TDS
75-150 mg/day

Newer compounds include sufentanil, alfentanil etc.

Delta and kappa receptors can also con-
tribute to analgesia, particularly at spinal
level. Although morphine also acts on kappa
and delta sites but it is not clear that up to
what level they contribute in its analgesic
action.

Pharmacological Actions

Effect on CNS: The main action of mor-
phine is CNS depression which further re-
sults in analgesia, depression of respiratory
centre, cough centre and sleep. In addition
it causes euphoria or dysphoria and depen-
dence.

Analgesia: Morphine produces analge-
sia by elevation of pain threshold, thereby
reducing the perception of pain. It also al-
tered psychic reaction to pain which may be
associated with feeling of well being e.g.
euphoria. It also produces lethargy and
sleep, morphine relieves all types of pain,
but dull constant pain is relieved more ef-

fectively than sharp intermittent pain and
is very effective in visceral pain.

Morphine also produces a sense of anxi-
ety, known as dysphoria. The morphine pro-
duces euphoria (wWhich makes morphine as
one of the main drugs of abuse) and analge-
sia by acting on higher centres and spinal
cord.

On intrathecal injection, it acts on substan-
tia gelatinosa of dorsal horn of spinal cord and
inhibit the release of excitatory transmitters.
At supraspinal sites, it acts on medulla, mid
brain, limbic and cortical areas.

Action on eye: Morphine causes con-
striction of pupil (miosis) due to action on
oculomotor nerve nucleus.

Action on respiration: Morphine de-
presses the medullary respiratory centre in
medulla oblongata and by reducing the sen-
sitivity of the medullary respiratory centre
to increased plasma CO,. The rise in arterial
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CO, causes an increase in cerebrospinal fluid
pressure.

Action on cough centre: Morphine sup-
presses cough reflexes, but cough suppres-
sion by opioids may allow accumulation of
respiratory secretions and may produce air-
way obstruction.

Chemoreceptor trigger zone (CTZ):
Morphine stimulates CTZ and produces
nausea and vomiting. These effects are more
marked in upright position due to vestibu-
lar involvement.

Vagal centre: Morphine stimulates the
vagal centre and produces bradycardia.

Effect on GIT: It increases the tone of
smooth muscle as well as sphincters but at
the same time it decreases the propulsive
movements and gastrointestinal secretions
are diminished, the overall action is consti-
pation.

Other smooth muscle: Morphine causes
bronchoconstriction which is due to hista-
mine release and may be dangerous in pa-
tients suffering from bronchial asthma.

Morphine also cause flushing and itch-
ing of skin due to histamine release.

Urinary system: Morphine causes
spasm of detrusor as well as sphincters of
urinary bladder and causes distension, ur-
gency and difficulty in micturition.

Endocrine system: Morphine and other
opioid analgesics stimulate the release of
vasopressin and prolactin and inhibit the
release of luteinizing hormone, ACTH and
follicle stimulating hormone.

Metabolism: Morphine decreases the
metabolic rate which can lead to decrease
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in body temperature. It also depresses tem-
perature regulating centre.

Pharmacokinetics

Morphine orally is less effective and
absorption is very slow. It has variable and
high first pass metabolism when given by
subcutaneous route, its analgesic effect starts
within 10 minutes which persists for 4 to 5
hours and by IV route, it produces immedi-
ate action. In plasma, it binds to plasma pro-
teins (approx. 30%). In liver it is metabolized
by conjugation to glucuronic acid to form
active and inactive products, which are ex-
creted in urine. It is also excreted though bile
and in the faeces.

Adverse Reactions

CNS side effects include confusion, anxi-
ety, lethargy, nausea and vomiting. GIT re-
lated effect is constipation. Other side effects
are urinary retention, dry mouth, miosis,
dysphoria, hypotension, skin rash, itching
and urticaria. Tolerance, drug dependence
and drug abuse are the main drawbacks of
morphine.

Acute Overdose/Toxicity (Morphine
Poisoning)

It is characterised by respiratory depres-
sion, miosis, cyanosis, reduced body tem-
perature, urinary retention, hypotension,
pulmonary edema and coma.

The acute poisoning can be treated by:
* Maintenance of airway and oxygen in-
halation. Maintenance of BP.

* Specific antagonists: Naloxone 0.4-0.8
mg IV; alternatively nalorphine (3-5 mg
IV) can be given.



78

¢ Stomach lavage with potassium per-
manganate.

¢ Enhancing excretion of unabsorbed
morphine from the intestine.

¢ Acidify the urine to enhance the renal
excretion of morphine.

Contraindications

1. Head injury, because morphine can
cause increase in intracranial tension,
cause marked respiratory depression
and certain physiological signs e.g.
miosis and vomiting can interfere
with the assessment of clinical
progress.

2. Myxoedema patients are more sensi-
tive to morphine.

3. Bronchial asthma: Morphine releases
histamine which can trigger
bronchoconstriction.

4. In liver damage chance of cumulative
toxicity is more.

5. In elderly patients, chances of urinary
retention are high.

6. In hypotensive states, more fall in
blood pressure occurs due to morphine.

Therapeutic Uses

1. Amnalgesia: Morphine is used in the fol-

lowing painful conditions:

¢ In the treatment of any severe, con-
stant pain.

¢ Visceral pain e.g. myocardial infrac-
tion, pleurisy, vascular occlusion,
renal and biliary colic.

¢ Traumatic pain e.g. long bone frac-
tures and burns.

¢ Pain of terminal illness e.g. in can-
cer patients.
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* Postoperative pain.
¢ Obstetrical analgesia.

2. In the suppression of cough and dysp-
nea (due to left ventricular failure and
pulmonary edema).

For sedation.

In the treatment of diarrhoea.

As preanaesthetic medication.

In the treatment of acute left ventricu-
lar failure.

7. Use of opioids in dentistry is very limited.
CODEINE

It is a methyl ester of morphine and less
potent analgesic than morphine. It is widely
used as antitussive agent. Pholcodeine is
also used as antitussive agent and causes
less constipation (Details are given in chap-
ter ‘Drugs acting on respiratory system’).

SYNTHETIC COMPOUNDS

PETHIDINE

Pethidine is predominantly a 1 agonist and
it exerts its action on the CNS and the neural
elements in the bowel. In equianalgesic doses,
pethidine produces as much sedation, respira-
tory depression and euphoria as does morphine.
A few patients may experience dysphoria.

SANRS LN S

The analgesic effects of pethidine are
detectable about 15 minutes after oral ad-
ministration, reach a peak in about two
hours and subside gradually over several
hours. Pethidine is absorbed by all routes of
administration, but the rate of absorption is
erratic after IM injection. Pethidine crosses
the placental barrier.

Pethidine is metabolized chiefly in the
liver, to mainly meperidinic acid and minor
metabolite norpethidine, which are conju-
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gated with glucuronic acid and excreted in
urine. Only a small amount of pethidine is
excreted unchanged. Pethidine differs from
morphine in that toxic doses sometimes
cause CNS excitation, characterized by trem-
ors, muscle twitches and seizures; these ef-
fect are largely due to norpethidine.

Adverse effects include nausea, vomit-
ing, respiratory depression, dizziness, dys-
phoria, constipation, urinary retention. Tol-
erance develops to some of these effects and
it has abuse potential.

It is mainly indicated for analgesia, as
preanaesthetic medication, for epidural and
intrathecal analgesia.

FENTANYL

It is a potent opioid analgesic. Chemi-
cally it is N-phenyl-N-propanamide. It in-
teracts predominantly with opioid p-recep-
tor in human brain, spinal cord and other
tissues. It exerts its principle pharmacologic
effects on the CNS. It is 80-100 times more
potent than morphine, both in analgesia and
respiratory depression.

Adverse effects include respiratory de-
pression (death from hypoventilation), de-
pendence, apnoea, muscle rigidity, bradycar-
dia, arrhythmia, chest pain, GI symptoms,
haemoptysis, abdominal pain, headache,
somnolence, confusion and hallucinations.

It is indicated as a narcotic analgesic
supplement in general or regional anaesthe-
sia, as an anaesthetic agent with oxygen and
skeletal relaxant in selected high risk pa-
tients (e.g. open heart surgery).

METHADONE

It is synthetic compound having same or
more analgesic activity than morphine. It’s
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pharmacology and side effects are similar to
that of morphine. It is used in the treatment of
visceral pain and as an antitussive. Itis also used
as substitution therapy of opioid dependence.

DEXTROPROPOXYPHENE

It is dextro isomer of propoxyphene
which is an analgesic and possesses antitus-
sive property. It has low analgesic activity
even half of codeine. It is metabolized in liver.
Side effects include vomiting, epigastric dis-
tress and sedation. The demethylated me-
tabolite of propoxyphene is cardiotoxic. It is
used in the treatment of mild type of pain.

TRAMADOL

It is centrally acting synthetic analgesic
compound that is not derived from natural
sources nor is chemically related to opiates.
It acts via opioid receptors in CNS to pro-
duce analgesia and has no abuse potential.
It also inhibits the reuptake of noradrena-
line and serotonin.

It causes less respiratory depression, se-
dation, constipation and urinary retention
than morphine. Its hemodynamic effects are
minimal.

Side effects include nausea, vomiting
and dizziness.

It is indicated in moderate to severe,
acute or chronic pain and in painful diag-
nostic procedures and surgery; arthralgia,
dental pain, musculoskeletal pain, pain as-
sociated with fractures, dislocation and
other related type of pain.

ETHOHEPTAZINE

It is orally active analgesic, similar to
pethidine with low abuse potential. Itis gen-
erally used in combination with nonsteroi-
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dal antiinflammatory drugs for mild to mod-
erate type of pain.

OrPi0ID AGONISTS/ANTAGONISTS

They are classified as in table 2.3.2.

PENTAZOCINE

It is agonist-antagonist of morphine and
isused as an analgesic. It exerts morphine like
action. Itis a partial agonist at opioid receptors
and is effective in mild to moderate type of
pain associated with surgery, trauma, burns,
colics, toothache, cancer, in labour and as
preanaesthetic medication. It is kappa receptor
agonist with weak mu antagonist or partial
antagonist properties. It causes tachycardia
and rise in BP due to sympathetic stimulation.
Tolerance and dependence develops on
repeated use. Itis effective orally. It is oxidized
and glucuronide conjugation occurs in liver
and excreted in urine.

NALORPHINE

It is an N-allylnormorphine, semisyn-
thetic congener of morphine. The agonistic
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actions are produced by kappa receptor ac-
tivation and antagonistic properties are due
to action on mu receptor which antagonizes
all morphine actions (mainly reverses the
analgesia and respiratory depression). It is
used mainly in the treatment of acute mor-
phine poisoning.

NALBUPHINE

Itis a strong kappa receptor agonist and
mu receptor antagonist. Its agonistic prop-
erty is approximately three to four times
more than pentazocine and its antagonistic
property is approximately 10 times more
than pentazocine. It has less abuse liability
in comparison to pentazocine. It is useful
in postoperative pain, myocardial infarction
and labour.

BUPRENORPHINE

Itis a potent and long acting opioid with
partial mu receptor agonist property. 25
times more potent than morphine. Effects
are similar to morphine but constipation is
less marked. It undergoes extensive
presystemic elimination and therefore is

Table 2.3.2: Classification of opioid agonists and/or antagonists.

I.  Agonists-antagonists
Pentazocine (PENTAWIN)

Nalorphine (LETHIDRONE)
Nalbuphine

30-60 mg/day IM/SC (used as analgesic; 50-100
mg oral)

2-5 mg IM/IV (not used as analgesic)

10-20 mg/day SC/IM/IV

The other compounds which are agonist-antagonist are levallorphan and cyclazocine which are not used

as analgesics.

Il. Partial/weak agonists
Buprenorphine (TIDIGESIC)

Butorphanol

lll. Pure antagonists
Naloxone (NARCOTAN)

Naltrexone (NALTIMA)
Nalmefene

0.2-0.4 mg TDS SL, 0.3-0.6 mg/day IM/slow IV
1-4 mg/day IM/IV

0.4-0.8 mg/day IM/IV
50-100 mg/day
0.1-1.0 mg/day IM/IV
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given by parenteral route. It is excreted un-
changed in urine. Side effects include dizzi-
ness, sedation, miosis, respiratory depres-
sion, sweating and vomiting.

Itis indicated in moderate to severe pain,
premedication to surgery, pain due to myo-
cardial infarction and in postoperative pain.

BUTORPHANOL

It is a kappa agonist. It produces anal-
gesia equivalent to nalbuphine and
buprenorphine but produces more sedation.

It is used in postoperative pain and re-
nal colic pain.

NALOXONE

It is N-allyl analogue of oxymorphone,
have a high affinity for mu receptor and
lower affinity at delta and kappa sites. It
selectively antagonizes the respiratory de-
pression produced by opioids. After intra-
venous administration, it antagonizes all
actions of morphine. It also blocks the ac-
tions of endogenous opioid peptides.
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Itis inactive orally because of high first
pass metabolism in liver. Metabolised by
glucuronidation in liver. The main use of
naloxone is in the treatment of acute opioid
overdose (acute morphine poisoning). It
also precipitates withdrawal syndrome
when administered to morphine addicts.
The constricted pupils of addicts dilate af-
ter administration of naloxone. This has
been used as a diagnostic tool for opioid
addiction.

NALTREXONE

It is a pure antagonist and chemically
related to naloxone. It is more potent than
naloxone and because of its longer dura-
tion of action, it can be used as maintenance
drug for morphine addicts. It has no eu-
phoric effect and no physical dependence
liability. It is effective orally. It is also
claimed to be beneficial in decreasing crav-
ing for alcohol in alcoholics. Side effects
include gastrointestinal disturbances and
muscular pain.

Qaaa
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Non-Narcotic

Analgesics

Non-steroidal antiinflammatory drugs
(NSAIDs) are also known as nonopioid an-
algesics. They relieve pain without interact-
ing with opioid receptors and do not depress
CNS and have no drug dependence or drug
abuse property and possess antipyretic ac-
tivity also. They act primarily on peripheral
pain mechanisms and also in CNS to raise
pain threshold.

They can be classified as in table 2.4.1.

NSAIDs exert analgesic, antipyretic,
anti-inflammatory and related effects. Dur-
ing pain, fever and inflammation the arachi-
donic acid is liberated from the phospho-
lipid fraction of the cell membrane which is
then converted to prostaglandins (PGs) via
cyclooxygenase pathway (both COX-1 &
COX-2). COX-1 is present in kidney, stom-
ach and blood vessels and COX-2 is present
in activated leukocytes and other inflamma-
tory cells.

SALICYLATES

Salicylates are esters or salts of salicylic acid.
Acetyl salicylic acid (aspirin) is rapidly con-

verted in the body to salicylic acid and pro-
duce the pharmacological actions.

Analgesic action: Salicylates relieve
pain by both central and peripheral action.
The site of action of central analgesia seems
to be the hypothalamus. It does not have
cortical action on the reaction component of
the pain but raises the threshold to pain per-
ception. Unlike morphine, they do not pro-
duce sedation and there is no drug tolerance
or dependence and are not effective against
visceral pain.

The peripheral component of their an-
algesic action is due to the inhibition of
prostaglandin synthetase and thereby in-
hibiting the synthesis of prostaglandins
(PGs) which sensitise the pain receptors to
mechanical and chemical stimuli. Aspirin
inhibits prostaglandin synthesis and blocks
the sensitization of pain mechanism.

They are useful in relieving all dull
itching, throbbing pain of muscles and
joints, dysmenorrhoea, toothache, head-
ache etc. The NSAID's are the mainstay for
the management of acute dental pain.



Table 2.4.1: Classification of non-steroidal antiinflammatory drugs.
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Combination of two drugs e.g., paracetamol
+ ibuprofen or diclofenac) also used for its
additive effect.

Antipyretic action: Salicylates lower the
elevated body temperature. Hypothalamic
thermoregulatory centre acts as a thermo-
stat of the body which maintains the balance
between heat production and heat loss. Sali-
cylates reset the hypothalamic thermostat
which is disturbed during fever. They do not
affect the heat production but they increase
the heat loss by causing vasodilatation and
sweating. The antipyretic action of salicy-
lates is probably due to the inhibition of PG
synthesis.

Effect on respiratory system: Salicylates
stimulate respiration by increasing the con-
sumption of oxygen primarily by skeletal
muscles and this results in increased pro-
duction of carbon dioxide, which leads to
direct stimulation of the respiratory centre
in the medulla oblongata producing an in-
crease in the depth and to some extent in
the rate of respiration. Toxic doses depress
the respiratory centre.

Antiinflammatory and antirheumatic
action: Salicylates suppress the clinical signs
and symptoms of rheumatoid arthritis and
other related inflammatory disorders by in-
hibiting prostaglandin synthesis, reducing
the capillary permeability and inhibition of
neutrophil aggregation. Salicylates by inhib-
iting the prostaglandin synthesis, prevent
sensitization of the pain receptors to certain
biological amines such as histamine, 5-HT
(serotonin) and bradykinin, the chemical
mediators of inflammation and pain.

Effect on kidney: In low doses, aspirin
inhibits the tubular secretion of uric acid and
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can cause uric acid retention while in higher
dose, it also inhibits tubular reabsorption of
uric acid and have beneficial effect in gout
by producing uricosuric action.

Acid-base and electrolyte balance: High
therapeutic dose especially when used in
rheumatic fever, stimulates respiration and
causes respiratory alkalosis. Reduction in
bicarbonate and potassium level reduces the
buffering capacity of the extracellular and
intracellular fluid. Hypokalemia may lead
to dehydration and hypernatremia. They
also interfere with carbohydrate metabolism
resulting in accumulation of pyruvic acid
and lactic acid.

Effect on GIT: Aspirin and related com-
pounds irritate gastric mucosa which may
cause epigastric distress, nausea and vom-
iting as a result of gastric irritation. The sali-
cylates are unionised at the pH of the stom-
ach and can easily enter the mucosal cell
and at the pH of the cell they get ionised
thus unable to cross it and accumulate in-
side the gastric mucosal cell and causing
damage to the gastric mucosa and the dam-
aged mucosa permits back flow of H* ions
which may damage the endothelium of
submucosal capillaries and gastric bleed-
ing occurs.

Metabolic effects: Salicylates cause un-
coupling of oxidative phosphorylation
which leads to conversion of energy into
heat and may thus produce hyperpyrexia
and increased protein catabolism. Larger
dose produces hyperglycemia and glyco-
suria in normal individual while in diabetic
patient it produces hypoglycemia which
may be due to an enhanced peripheral utili-
zation of glucose and inhibition of
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neoglucogenesis induced by salicylates and
related compounds. Chronic use can also
lead to negative nitrogen balance by in-
creased conversion of protein to carbohy-
drate.

Effect on blood: Platelets are the
important factors in thrombus formation
and aspirin has been shown to inhibit plate-
let aggregation. They reduce the blood
prothrombin level by inhibition of pro-
thrombin synthesis and prothrombin time
is prolonged. The aspirin suppresses the
synthesis of thromboxane (TXA,) in the
platelets. They also prolong the bleeding
time due to prevention of platelet aggrega-
tion which may be due to inhibition of re-
lease of adenosine diphosphate (ADP) from
the platelets by salicylates.

Effect of CVS: In therapeutic doses, as-
pirin has no direct effect on CVSbut in larger
doses, it can lead to increase in cardiac out-
put to meet increased peripheral oxygen
demand and can cause direct vasodilatation.

Endocrine effects: Salicylates decrease
the plasma protein bound iodine due to dis-
placement of thyroxine from prealbumin
and stimulation of central sympathetic cen-
tre causes release of adrenaline from the
adrenal medulla.

Pharmacokinetics

Salicylates are well absorbed after oral
administration. They are absorbed from the
stomach and largely from the upper part of
small intestine. After oral administration,
appreciable plasma concentrations are
found within half an hour, peak plasma level
is achieved within two hours and approxi-
mately 50 percent of the drug is eliminated
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within 24 hours and plasma half life is two
to eight hours. After absorption, about 80
percent of salicylate is bound to plasma pro-
tein (mainly albumin) and rapidly distrib-
uted in the tissues. Aspirin is deacetylated
to salicylic acid which is the major circulat-
ing and active form. Salicylates are mainly
metabolized in the liver and excreted in
urine in the form of conjugates with glycine
(mainly) and glucuronic acid.

Adverse Effects

These include nausea, vomiting, gastric
irritation and occult blood in stool.

Allergic reactions include urticaria, skin
rash, rhinorrhoea, asthmatic attack and ana-
phylactic reactions.

Prolonged administration of salicylates
cause a syndrome called ‘salicylism” which
is characterized by headache, dizziness, tin-
nitus, vertigo, difficulty in hearing, dimness
of vision, mental confusion, drowsiness,
lethargy, hyperventilation and electrolyte
imbalance.

Overdose/acute salicylate poisoning is
characterized by salicylism which consists
of tinnitus, vertigo and deafness, hyperther-
mia, toxic encephalopathy (agitation, con-
fusion and convulsions followed by coma),
dehydration (due to hyperpyrexia, sweating
and vomiting), disturbances of acid base
balance and petechial haemorrhages.

Treatment of Overdose/Toxicity (Salicy-
late Poisoning)

i. Gastric lavage.

ii. Intravenous fluid to correct dehydration.

iii. Cold water/alcohol sponges for hyper-
thermia.
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iv. To prevent intracellular potassium loss,
potassium is given along with sodium
bicarbonate.

v. For ketoacidosis and hypoglycemia,
glucose may be given.

vi. Insevere intoxication, dialysis (perito-
neal dialysis and haemodialysis) may
be used.

Therapeutic Uses

1. In Dentistry: The NSAID’s are the
most important drugs for the manage-
ment of acute dental pain. The particu-
lar drug may be selected on the basis
of severity of pain and presence of
other related symptoms e.g. for mild
to modrate pain, paracetamol is gen-
erally recommended and in accute
pain diclofenac alone or combined
with paracetamol is generally pre-
ferred. But care must be taken when
given to patient who is having peptic
ulcer, asthama or any hypersensitivty
history.

2. As analgesic-antipyretic: Salicylates
are effective in the treatment of mild
to moderate types of pain. They are
used in the treatment of headache,
bodyache, arthralgias, neuralgias and
dysmenorrhoea. They are also effective
in fever of any origin.

3. As an antiinflammatory: Salicylates
are commonly used in the treatment of
various inflammatory conditions such
as arthritis and fibromyositis.

4. As antirheumatic: Salicylates are the
drug of choice in the treatment of rheu-
matoid arthritis. In larger dose they
suppress the swelling, immobility and
redness of the joints involved. They are
also useful in the acute rheumatic fe-
ver. They produce relief in pain, swell-
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ing and morning stiffness in the rheu-
matoid arthritis patients.

5. Treatment of gout: In large dose, aspi-
rin is effective in the treatment of gout.

6. As antiplatelet agent: By inhibiting
platelet aggregation aspirin may lower
the incidence of reinfarction. It has been
used to prevent the formation of plate-
let-fibrin thrombus in ischemic heart
disease patients.

PyrazoLoNE DERIVATIVES

PHENYLBUTAZONE

It is a potent antiinflammatory agent. It has
poor analgesic and antipyretic action.
Mechanism of action is similar to other
NSAIDs.

It is readily absorbed from the GI tract
with peak plasma concentration occurring
two hours after ingestion. It is 98% bound
to plasma proteins and it is extensively
metabolised in the liver by oxidation and by
conjugation with glucuronic acid.

Adverse effects include nausea, epigas-
tric distress, aplastic anaemia, vomiting, di-
arrhoea, peptic ulcer, depression, neutrope-
nia, hypothyroidism, skin rash and urticaria.

Itis indicated in ankylosing spondyli-
tis, rheumatoid arthritis, rheumatic fever,
osteoarthritis, after blunt injuries, frac-
tures, tooth extraction, vasectomy and
acute gout.

OXYPHENBUTAZONE

It is a metabolite of phenylbutazone and
having similar pharmacodynamic and phar-
macokinetic properties and similar thera-
peutic uses.
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INDOLE DERIVATIVES

INDOMETHACIN

Itis indole acetic acid derivative possess-
ing potent antiinflammatory property and
having a good analgesic and antipyretic ac-
tion also. Mechanism of action is same as
other NSAIDs.

It is readily absorbed from the GI tract,
99% bound to plasma proteins, distributed
into synovial fluid, the central nervous sys-
tem, placenta and breast milk. It is
metabolised in the liver to glucuronide con-
jugates, excretion of metabolites is predomi-
nantly in the urine with some amount ap-
pearing in the faeces.

Adverse effects include nausea, vomiting,
anorexia, gastric bleeding, diarrhoea, dizzi-
ness, frontal headache, confusion, depression,
psychosis, hallucination, leukopenia, epigas-
tric distress and rarely aplastic anaemia.

Itis used in rheumatoid arthritis, osteo-
arthritis, ankylosing spondylitis and gout.

SULINDAC

It is a fluorinated derivative of in-
domethacin, has longer duration of action
and is used orally. It is prodrug, converted
to active sulfide metabolite.

ProprioNic Acib DERIVATIVES

The drugs like ibuprofen, flurbiprofen,
ketoprofen etc. possess antiinflammatory
property similar to aspirin but toxicity and
adverse effects are fewer and of lesser in-
tensity. These preparations alone and in
combination with other NSAIDs are used for
treatment of inflammatory disorders,
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muscle spasm and rheumatic disorders.

They are all well absorbed orally and are
highly bound to plasma proteins (90-99%).
Metabolized largely in liver by hydroxyla-
tion and glucuronide conjugation and ex-
creted in urine as well as in bile.

Adverse effects include nausea, vomit-
ing, epigastric discomfort, dizziness, head-
ache, skin rash and thrombocytopenia.

Itis indicated in rheumatoid and osteo-
arthritis, ankylosing spondylitis, mild to
moderate pain including dysmenorrhoea,
soft tissue injuries, fractures and postopera-
tive analgesia.

FLURBIPROFEN

It is NSAID used in musculoskeletal and
joint disorders. It acts by inhibition of
cyclooxygenase.

It is readily absorbed from GI tract and
is 99% bound to plasma proteins.
Metabolised mainly by hydroxylation and
conjugation and excreted in urine.

KETOPROFEN

It is an inhibitor of cyclooxygenase with
analgesic, antiinflammatory and antipyretic
properties.

Readily absorbed from the GI tract. Food
slows the rate of absorption but not the total
bioavailability. Extensively bound to plasma
proteins and substantial concentrations are
found in synovial fluid. Metabolised mainly
by conjugation with glucuronic acid and ex-
creted mainly in the urine.

NAPROXEN

After oral administration, it is fully
absorbed. It is 99% bound to plasma pro-
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teins and crosses placenta. The metabo-
lites of naproxen are almost entirely ex-
creted in urine. Naproxen is more effica-
cious and better tolerated. It is also longer
acting and has the advantage of twice
daily dosing.

Adverse effects include dyspepsia, gas-
tric discomfort, nausea, vomiting, heartburn,
dizziness, drowsiness, headache, fatigue,
sweating, depression, ototoxicity, pruritus
and thrombocytopenia.

Itis indicated in osteoarthritis, rheuma-
toid arthritis, musculoskeletal disorders,
primary dysmenorrhoea, acute gout, pelvic
inflammation, ankylosing spondylitis, tooth
extraction, tendinitis, bursitis and juvenile
arthritis.

ANTHRANILIC AciD DERIVATIVES

MEFENAMIC ACID

It is an inhibitor of cyclooxygenase with an-
algesic, antiinflammatory and antipyretic
properties.

It is readily absorbed from the GI tract,
extensively bound to plasma proteins and
excreted mainly in the urine as unchanged
drug or conjugated metabolites.

Adverse effects include drowsiness, di-
arrhoea, rashes (withdraw treatment),
thrombocytopenia, haemolytic anaemia,
aplastic anaemia. Convulsions may occur in
overdosage.

It is indicated in muscle, joint and soft
tissue pain, dysmenorrhoea, rheumatoid
and osteoarthritis, as antipyretic, in dental
pain, postoperative or postpartum pain.
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Oxicam DERIVATIVES

PIROXICAM

Piroxicam is a new NSAID and has anti-in-
flammatory, analgesic and antipyretic activ-
ity. It provides effective and long-lasting
relief of pain and stiffness. Its convenient
once daily dosage provides round the clock
relief of symptoms.

It acts peripherally by inhibiting the syn-
thesis of prostaglandins by reversible inhi-
bition of cyclooxygenase. Inhibition of the
migration of leukocytes to an inflammatory
site and inhibition of the release of lysoso-
mal enzymes may also be involved in the
antiinflammatory action.

Itis well absorbed from the GIT. The rate,
but not the extent of absorption is decreased
by food and 99% plasma protein bound.
Piroxicam is metabolised in liver. Because of
long half life single daily administration is
sufficient. The half life may be especially pro-
longed in patients with renal function impair-
ment. Excretion of piroxicam is through re-
nal, fecal and as unmetabolised piroxicam.

Adverse effects include, nausea, vom-
iting, epigastric distress, skin rash, rarely
haematuria, proteinuria, hepatitis and de-
pression.

It is indicated in acute or long term use
in acute and chronic rheumatoid arthritis
and other rheumatic disorders like osteoar-
thritis, ankylosing spondylitis, cervical
spondylosis, acute gouty arthritis and acute
musculoskeletal disorders.

Tenoxicam is a congener of piroxicam
with similar properties and uses.
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ARYL AceTic Acib DERIVATIVES

DICLOFENAC

It is a NSAID with pronounced antirheu-
matic, antiinflammatory, analgesic and an-
tipyretic properties. Inhibition of prostag-
landin biosynthesis is fundamental mecha-
nism of action. In rheumatic diseases, it leads
to marked relief from pain at rest, pain on
movement, morning stiffness and swelling
of the joints, as well as by an improvement
in function.

In posttraumatic and postoperative in-
flammatory conditions, diclofenac rapidly
relieves both spontaneous pain and pain on
movement and reduces inflammatory swell-
ing and wound oedema.

It also exerts a pronounced analgesic ef-
fect in moderate and severe pain of non-
rheumatic origin.

After the passage of the tablet through
the stomach, it is completely absorbed. Due
to the enteric coating, onset of absorption is
delayed. However, once the absorption sets
in diclofenac is rapidly absorbed.

Diclofenac enters the synovial fluid,
where maximum concentrations are mea-
sured two to four hours after peak plasma
values have been attained.

Adverse effects include nausea, vomit-
ing, epigastric discomfort, skin rash, peptic
ulcer, fluid retention, edema and impair-
ment of hepatic function rarely.

It is used in the treatment of inflamma-
tory and degenerative forms of rheumatism,
rheumatoid arthritis, ankylosing spondyli-
tis, osteoarthritis and spondyloarthritis,
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painful syndromes of the vertebral column,
non-articular rheumatism and acute attacks
of gout,

Also used in posttraumatic and postop-
erative pain, inflammation and swelling e.g.
following dental or orthopaedic surgery,
painful and/or inflammatory conditions in
gynaecology e.g. primary dysmenorrhoea or
adnexitis, in severe painful inflammatory
infections of the ear, nose or throat e.g.
pharyngotonsillitis, otitis etc.

ACECLOFENAC

Itis newer COX-2 inhibitor and is a phe-
nylacetic acid derivative. It also inhibits syn-
thesis of IL-1b and TNF-a, thus inhibiting
PGE, production. It is rapidly and com-
pletely absorbed after oral administration,
highly protein bound and bioavailability is
almost 100%. It is metabolized to a major
metabolite 4'-hydroxyaceclofenac.

It is indicated for the relief of pain and
inflammation in osteoarthritis, rheumatoid
arthritis, ankylosing spondylitis and
musculo-skeletal trauma.

Adverse effects include dyspepsia, ab-
dominal pain, nausea and diarrhoea.

PARrRA-AMINOPHENOL DERIVATIVES

PARACETAMOL

Itis a para-amino phenol derivative, acts on
CNS to produce analgesia and antipyretic
effect. It has negligible antiinflammatory
action peripherally in therapeutic uses. It is
poor inhibitor of PG synthesis in peripheral
tissues, but more active on COX in brain. It
also raises the pain threshold.
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Paracetamol is given orally and is well ab-
sorbed, peak plasma concentration is reached
in 30 to 60 minutes. About 1/3rd is bound to
plasma proteins and the drug is inactivated in
the liver, being conjugated to give the glucu-
ronide or sulphate which are excreted in urine.

Adverse effects include nausea, epigas-
tric distress. Rarely it can cause skin rash.
Acute toxicity may result in hepatic failure.

Paracetamol is used for the rapid relief
of fever, pains and aches such as headache,
earache, toothache, fibrositis, myalgia, neu-
ralgia, arthralgia, osteoarthritis and postop-
erative pain.

Newer Cox-2 INHIBITORS

KETOROLAC

Ketorolac is a NSAID chemically related
to indomethacin and tolmetin.

Ketorolac has antiinflammatory and an-
tipyretic action that, together with its anal-
gesic effects.

The absorption is rapid with maximum
plasma concentration being attained 30 to
40 minutes after oral administration. Highly
plasma protein bound and metabolised by
glucuronidation. 60% is excreted unchanged
in urine.

Adverse effects include, nausea, vom-
iting, epigastric distress, diarrhoea, drowsi-
ness, dizziness, skin rash etc.

Itis indicated in short term management
of acute pain, pain associated with surgical
procedures.

NIMESULIDE

Nimesulide is a NSAID of the sulfonanilide
class. Nimesulide has exhibited potency

91

similar to or greater than that of indometha-
cin, diclofenac, piroxicam and ibuprofen in
standard animal models of inflammation.

Oral drug absorption is nearly complete
and concomitant administration of food may
decrease the rate, but not the extent of ab-
sorption. The drug is 99% bound to plasma
proteins and metabolised (1 to 3% of a dose
is excreted unchanged in the urine) to sev-
eral metabolites which are excreted mainly
in the urine or the faeces.

The adverse effects are gastrointestinal
disturbances (epigastralgia, heart burns,
nausea, diarrhoea and vomiting). It can also
lead to rash, pruritus, dizziness, somnolence
and headache.

There were reports of hepatotoxicity es-
pecially in children, due to which it should
not be used in children and in the presence
of hepatic dysfunction.

Itis indicated in the treatment of a vari-
ety of painful inflammatory conditions, in-
cluding osteoarthritis, oncology, postopera-
tively, trauma, sports injuries, ear, nose and
throat disorders, dental surgery, bursitis/
tendinitis, thrombophlebitis, upper airways
inflammation and gynaecological disorders.
Nimesulide has shown to be well tolerated
even by aspirin sensitive asthmatic patients.

CELECOXIB

It is a NSAID which has COX-2 selec-
tivity. It is a diaryl substituted pyrazole.

It exhibits antiinflammatory, analgesic
and antipyretic activities which are believed
to be due to inhibition of COX-2. At thera-
peutic concentrations in humans, celecoxib
does not inhibit COX-1 enzyme.



92

After oral administration it is rapidly
absorbed from the GI tract and undergoes
predominantly hepatic metabolism with
little unchanged drug recovered in the urine
and faeces. It is widely distributed into tis-
sues. All metabolites are inactive.

Adverse effects include headache, diar-
rhoea, rhinitis, nausea, sinusitis, dyspepsia,
abdominal pain etc.

It is used in rheumatoid arthritis, osteo-
arthritis and other conditions including
rheumatic pain, neuralgia, gout and
ankylosing spondylitis etc.

NABUMETONE

Nabumetone selectively inhibits COX-
2. It is metabolised into 6-methoxy-2-
naphthylacetic acid (MNA), that is a potent
inhibitor of COX-2. It has no inhibitory ef-
fect on COX-1 which is responsible for pros-
taglandin synthesis in gastric mucosa,
thereby minimising the risk of problems like
ulcers and hypertension. After oral admin-
istration 80% of dose is excreted in the urine.
Peak plasma concentration is reached after
2.5 to 4 hours.

Adverse effects include nausea, vomit-
ing, heartburn, diarrhoea, constipation,
headache and dizziness.

Itis indicated in osteoarthritis, rheuma-
toid arthritis, inflammatory conditions and
soft tissue injuries.

Drucs UseD IN RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is an autoim-
mune chronic inflammatory joint disease. It
is a progressive symmetrical, destructive
and deforming polyarthritis affecting proxi-
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mal small joints of hand (usually) and large
joints as well. It is also associated with a
number of extra-articular and systemic fea-
tures. There is joint inflammation, synovial
proliferation and destruction of articular
cartilage by inflammatory cells. There is no
single treatment for RA and the principles
of treatment are directed towards relief of
symptoms and suppression of active and
progressive disease with conservation and
maintenance of joint function.

Initial treatment consists of NSAIDs, low
dose corticosteroids. If the symptoms are not
controlled then second line/disease modi-
tying drugs (DMDs) are added. Since it is a
progressive disease, spontaneous remis-
sions are rare and joint damage occurs early,
DMDs are started early and continued in-
definitely with regular monitoring.

The disease modifying drugs (DMDs/
DMARD:s) used are gold, d-penicillamine,
hydroxychloroquine, sulfasalazine and
immuno-suppressants like methotrexate,
azathioprine, cyclosporin etc.

GOLD COMPOUNDS

It appears to reduce immune respon-
siveness. It inhibits the migration of mono-
nuclear cells in area of inflammation. It may
also stabilise lysosomal membrane, hence
damage to cartilage is prevented.

It can be used orally and bioavailability
is 25%. After administration it binds exten-
sively to plasma albumin and is distributed
to inflamed synovium, liver and kidney.

Adverse effects include diarrhoea, der-
matitis, stomatitis, glossitis, pharyngitis,
pruritus, exfoliative dermatitis, alopecia,
blood dyscrasias including thrombocytope-
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nia, leucopenia, renal and hepatic damage
and encephalopathy.

PENICILLAMINE

The exact mechanisms of action of peni-
cillamine in rheumatoid arthritis is not
known. After oral administration it is partly
metabolised and partly excreted unchanged.

Adverse effects include Gl upset, dose
related impairment of taste, thrombocytope-
nia, aplastic anemia, allergic reactions, skin
rash, fever, SLE and proteinuria.

SULFASALAZINE

When taken orally, it liberates 5-ASA (5-
aminosalicylic acid) and sulfapyridine in
colon. 5-ASA acts locally by inhibiting PG
synthesis and provide symptomatic relief in
ulcerative colitis. Sulfapyridine is absorbed
systemically and inhibits generation of su-
peroxide radicals and cytokine elaboration
by inflammatory cells and is responsible for
beneficial effects in RA.

METHOTREXATE

It is a dihydrofolate reductase inhibitor
immuno-suppressant. Benefit in RA is due
to inhibition of cytokine production, chemo-
taxis and cell mediated immune reaction.

Druas For Gout

Gout results from hyperuricemia i.e. in-
creased serum uric acid levels. Normal se-
rum uric acid level is 1-5 mg/dl. Uric acid
is formed in the metabolism of purine. When
the blood levels of uric acid are high, it pre-
cipitates in joints, cartilage, kidney and sub-
cutaneous tissues and leads to various signs
and symptoms. Hyperuricemia is also
seen in various leukemias, lymphomas
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(increased production) or is drug induced
(due to reduced renal excretion by uric acid).

Drugs used for gout can be divided into
two groups:

a. Drugs for acute attack of gout: NSAIDs,
colchicine, corticosteroids.

b. Drugs for chronic gout/hyperuricemia:
Can be uric acid synthesis inhibitors
(allopurinol) and uricosurics (increase
renal excretion of uric acids) e.g.
probenecid and sulfinpyrazone.

NSAIDS

Drugs useful are indomethacin,
piroxicam or naproxen. Their usefulness is
due to strong antiinflammatory action and
can be continued for 3-4 weeks. They also
inhibit chemotactic migration of leukocytes
into the affected joint.

CORTICOSTEROIDS

Systemic/intraarticular steroids can be
used in those cases not responding to or tol-
erating NSAIDs/ colchicine.

COLCHICINE

It is effective for treatment of acute at-
tacks of gout. It has no effect on renal excre-
tion of uric acid. It binds to tubulin, it in-
terferes with function of mitotic spindles,
causes depolymerization and disappear-
ance of fibrillar microtubules in granulo-
cytes. In gout, the useful of colchicine is due
to the inhibition of the release of glycopro-
teins from granulocytes in inflamed joint
thus preventing precipitation of uric acid
crystals and release of lysosomal enzymes.

After oral administration it is rapidly
absorbed. A major part of the drug is ex-
creted in faeces.
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Adverse effects include nausea, vomit-
ing, diarrhoea, abdominal pain, neuropathy,
myopathy especially in patients with de-
creased renal function. Prolonged therapy
may lead to aplastic anaemia, agranulocy-
tosis, alopecia and myopathy.

It is used in the treatment of acute gout
and prophylaxis of gout.

ALLOPURINOL

Itinhibits the terminal steps in uric acid
biosynthesis by inhibiting enzyme xan-
thine oxidase. During therapy with allopu-
rinol the uric acid plasma levels decline.

After oral intake it is absorbed relatively
rapidly. Itis converted to alloxanthine which
is active and non competitive inhibitor.

Adverse effects include hypersensitiv-
ity reactions, maculopapular rash, urticaria,
myalgia, malaise fever, transient leucope-
nia or leukocytosis, hepatic damage, nau-
sea, vomiting, diarrhoea, headache and
drowsiness.

Itis indicated in primary hyperuricaemia
of gout, secondary hyperuricaemia due to
myeloid metaplasia, radiation, cancer chemo-
therapy, thiazide diuretics.
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PROBENECID

Itincreases the excretion of uric acid (by
inhibiting its reabsorption from kidney tu-
bules) and hence causes reduced serum lev-
els of uric acid.

After oral administration it is completely
absorbed. It is 90% plasma protein bound. It
is partly metabolised and excreted in urine.
The metabolites also have uricosuric action.

Adverse effects include skin rash,
gastro-intestinal irritation. Overdosage may
result in convulsions and death due to res-
piratory failure.

It is used in chronic gout and secondary
hyperuricaemia.

SULFINPYRAZONE

Pyrazolone derivative related to phe-
nylbutazone. It has uricosuric action. It also
inhibits platelet aggregation.

It is well absorbed orally and 98%
plasma protein bound. It is excreted by ac-
tive secretion in proximal renal tubule.

Adverse effects are gastric irritation
(most common), hypersensitivity reactions.
It is used in chronic gout.

ada



Psychotropic

Agents

Psychopharmacological agents may be clas-
sified into three broad groups used in vari-
ous states of psychic disorders.

1. Antipsychotic drugs or major tranquil-
lizers used in all types of psychosis
mainly schizophrenia.

2. Antianxiety drugs or minor tranquil-
lizers used in anxiety.

Table 2.5.1: Classification of antipsychotic drugs.

I.  Phenothiazines
Chlorpromazine (MEGATIL)
Triflupromazine (SIQUIL)
Trifluoperazine (NEOCALM)

Il. Butyrophenones
Haloperidol (HEXIDOL)
Droperidol (DROPEROL)
Trifluperidol (TRIPERIDOL)

lll. Other newer compounds
Loxapine (LOXAPAC)
Clozapine (SIZOPIN)
Pimozide (PIMODAC)
Zuclopenthixol (CLOPIXOL)
Molindone
Sulpiride
Sertindole

3. Antidepressants for minor and major
depressive disorders and mood
stabilisers (antimanic drugs) for mania.

ANTIPSYCHOTIC DRUGS

(MAJOR TRANQUILLIZERS)

They are classified as in table 2.5.1.

100-800 mg/day
50-200 mg/day
5-15 mg BD

5-10 mg/day
10 mg IM, 5-15 mg/day IV
0.5-8 mg/day

60-100 mg BD-QID

25-50 mg/day

3-4 mg/day

20-40 mg IM repeated 2-4 week interval
20-200 mg/day

0.4-2 g/day

4-24 mg/day
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PHENOTHIAZINES

PHARMACOLOGICAL ACTIONS

a. Action on CNS: Effects differ in nor-
mal and psychotic individuals.

1. Sedation: They produce sedation
which does not progress to anaesthesia.
They decrease the agitation, anxiety and
aggressiveness in psychotic patient without
affecting wakefulness.

2. Antipsychotic effect: In schizophrenic
patients, they improve thought disorders,
blunted affect, withdrawal and self centered
behaviour. They also improve the halluci-
nations and delusions.

They produce neuroleptic syndrome
which consists of motor retardation and
emotional quietening.

In animal studies, they reduce the spon-
taneous motor activity and produce cata-
lepsy (state of rigidity and immobility).

3. Action on CTZ: Chlorpromazine de-
presses the chemoreceptor trigger zone
(CTZ) and acts as a powerful antiemetic
agent.

4. Effect on hypothalamus: They produce
hypothermia by acting on temperature
regulating centre. They also produce
central sympathoplegia resulting in
miosis and failure in ejaculation.

They produce parkinsonism like reac-
tion by increasing the spontaneous firing of
dopaminergic neurons of basal ganglia.

b. Effect on CVS: Chlorpromazine may
produce orthostatic hypotension prob-
ably due to inhibition of centrally me-
diated pressor reflexes. It also causes
prolongation of QT interval in ECG.
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c. Effect on endocrine system: They can
produce amenorrhoea and galactor-
rhoea due to increase in serum prolac-
tin level in females. It also blocks the
release of growth hormone, ADH and
gonadotrophin secretion.

d. Local anaesthetic: Chlorpromazine has
a potent local anaesthetic action.

e. ANS: They have varying degree of a
adrenergic blocking activity. They also
have weak anti-cholinergic, H -
antihistaminic and anti 5-HT actions as
well.

They also cause blockade of postsynap-
tic monoaminergic (including 5-HT, norad-
renaline and dopamine) transmission in the
brain resulting in decrease in central sym-

pathetic activity.

Pharmacokinetics

Phenothiazines are well absorbed after
oral and parenteral administration. They are
distributed in all the body tissues and
metabolised in liver by hydroxylation and
glucuronide conjugation and demethylation.
The metabolites are excreted in urine and bile
for long period of time even after discontinu-
ing the drug.

Adverse Reactions

CNS side effects include lethargy,
drowsiness, increase in REM sleep, restless-
ness, excitement and impaired psychomo-
tor functions.

The other side effects include epileptic
seizures, disturbances in body temperature
regulation. ANS side effects include tachy-
cardia, difficulty in micturition, inhibition
of ejaculation, postural hypotension,
blurring of vision (with thioridazine), con-
stipation, nasal stuffiness etc.



Psychotropic Agents

Extrapyramidal reactions include par-
kinsonism, acute muscular dystonias,
akathisia, tardive dyskinesia and malignant
neuroleptic syndrome. They can also cause
hypersensitivity reaction including
cholestatic jaundice, skin rash, urticaria,
photosensitivity and contact dermatitis.
There is also blue pigmentation of skin, len-
ticular opacities on prolonged use of drug.

Therapeutic Uses

1. Treatment of psychosis (schizophre-
nia): Schizophrenia is a split mind or
splitting of perception from reality.
The patient of schizophrenia is dis-
sociated from the world around him
and lives in their own world which
is characterized by aggression, anxi-
ety, restlessness, hallucinations and
delusions. Phenothiazines reduce the
hallucinations, aggression, anxiety
and make them acceptable and coop-
erative.

2. In the treatment of manic depressive
psychosis (treatment of mania).

3. In alcoholic hallucinosis
Huntington’s disease.

4. As an antiemetic in drug and disease
induced vomiting. Also useful in morn-
ing sickness but are ineffective in mo-
tion sickness.

and

5. In the treatment of intractable hic-
cough.

6. In the treatment of behavioural disor-
ders in children.

7. As preanaesthetic medication.
8. To produce hypothermia.
TRIFLUOPERAZINE

It is a phenothiazine derivative and
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is used in hallucination, delusions, agi-
tation, withdrawal and other schizo-
phrenic symptoms in schizophrenia,
schizoaffective disorders, mania, hypo-
mania and panic anxiety.

BUTYROPHENONES

HALOPERIDOL

Itis a potent antipsychotic drug. It does
not cause weight gain. Its pharmacological
effects are similar to phenothiazines.

Adverse effects include dystonia, hal-
lucinations, restlessness, nausea, epigas-
tric discomfort, anaemia, blurred vision,
hypersensitivity reaction, blood dyscra-
sia, jaundice, galactorrhoea, gynecomas-
tia and amenorrhoea.

It is indicated in acute and chronic
schizophrenia, anxiety disorders, acute ma-
nia, hypomania and behavioural disorders
in children; antiemetic neuroleptanalgesia,
Gilles de la Tourette’s syndrome and
Huntington’s disease.

DROPERIDOL

Itis a short acting neuroleptic agent used
in anaesthesia.

TRIFLUPERIDOL

It exerts sedative and tranquillizing ef-
fectand it is postulated that it blocks dopam-
ine receptors within CNS. Itis used in acute
and chronic psychoses, anxiety disorders,
mania and schizophrenia.

Side effects include nausea, epigastric
distress, dry mouth, blurred vision, jaun-
dice, skin rash and photosensitivity.
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Newer CoOMPOUNDS

LOXAPINE

It is the antipsychotic agent resembling
chlorpromazine in pharmacological actions.

It is used in manifestation of psychotic
disorders, acute and chronic paranoid
schizophrenia.

CLOZAPINE

It is an atypical neuroleptic drug. It in-
terferes with binding of dopamine at D1 and
D2 receptors in CNS. It produces few ex-
trapyramidal symptoms.

After oral administration itis rapidly and
almost completely absorbed. The absorption
is not affected by food and it is almost com-
pletely metabolised in liver. The metabolites
are much less potent and less toxic.

Adverse effects include nausea, vomit-
ing, heartburn, constipation, diarrhoea,
agranulocytosis, eosinophilia, postural hy-
potension, tachycardia, angina, headache,
sedation, dizziness, syncope, seizures, hy-
perthermia, neuroleptic malignant syn-
drome, weight gain and sexual dysfunction.
May lead to myocarditis.

Itis indicated in all types of schizophre-
nia including resistant cases not responding
to conventional antipsychotics and chronic
schizophrenia.

PIMOZIDE

It is a diphenylbutylpiperidine deriva-
tive. Pimozide causes low incidence of dys-
tonic reactions.

It acts by blocking dopaminergic recep-
tors and has weak a-adrenergic and cholin-
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ergic blocking activity. It has long duration
of action (several days) after a single dose.

Adverse effects include mania, insomnia,
nervousness, fatigue, drowsiness, nausea,
extrapyramidal reactions and irritability.

It is used in the treatment of acute and
chronic schizophrenia and manic excite-
ment.

ZUCLOPENTHIXOL

Zuclopenthixol is a thioxanthene of high
potency with general property similar to the
chlorpromazine. It has a piperazine side-
chain.

Adverse effects include extrapyramidal
symptoms and on prolonged administra-
tion, occasionally tardive dyskinesia, hypo-
thermia (occasionally pyrexia), drowsiness,
apathy, pallor, nightmares, insomnia, de-
pression, agitation, EEG changes, endocrine
effects such as menstrual disturbances, ga-
lactorrhoea, gynaecomastia, impotence and
weight gain, alterations in liver function.

It is used in the maintenance therapy of
schizophrenia.

ANTIANXIETY DRUGS
(MINOR TRANQUILLIZERS)

Anxiety is a emotional feeling of fear along
with discomfort and uneasiness. Antianxi-
ety drugs are used to control the symptoms
of anxiety without affecting the other men-
tal and physical functions of the body. They
are classified as in table 2.5.2.

BENZODIAZEPINES

The detailed pharmacology of all the
benzodiazepines used in anxiety disorders
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Table 2.5.2: Classification of antianxiety drugs.

I. Benzodiazepines
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Diazepam, lorazepam, oxazepam, alprazolam. Details are already given in chapter ‘Sedative and hypnotics’

along with trade name and dose also.
Il. Azapirones
Buspirone (BUSPIDAC)
Ill. Others
Hydroxyzine (ATARAX)
Meprobamate
Beta blockers e.g. propranolol.

is discussed in chapter ‘Sedative and
hypnotics’.

They have selective action on limbic sys-
tem and have little effect on other body sys-
tems. They help in improving the anxiety and
stress related symptoms. They are widely
used because of lower dependence produc-
ing liability and wide margin of safety.

AZAPIRONES

BUSPIRONE

It belongs to azapirones which is chemi-
cally and pharmacologically distinct class.
It acts as a partial agonist at serotonin and
dopamine receptors and having no hypnotic
and sedative action. It does not interact with
benzodiazepine receptor or modify GABA-
ergic transmission.

It is rapidly absorbed and undergoes
extensive first pass metabolism and excreted
through kidney and faeces.

It is used in short-term management of
anxiety disorders and relief of symptoms of
anxiety with or without accompanying de-
pression.

Adverse effects include headache, ex-
citement, tachycardia, palpitation (may raise

5-15 BD-TDS

25-100 mg TDS-QID

BP in patients on MAQ inhibitors), nervous-
ness, dizziness, drowsiness, confusion, fa-
tigue, sweating etc.

OTHER COMPOUNDS

HYDROXYZINE

It is antihistaminic agent having anti-
emetic, sedative, anticholinergic and local
anaesthetic property. Used in anxiety, pru-
ritus and dermatoses; as an adjunct therapy
in acute/ chronic alcoholism.

Side effects include epigastric distress,
nausea and impaired alertness.

BETA BLOCKERS

Beta blockers provide symptomatic re-
lief by decreasing the symptoms due to sym-
pathetic overactivity e.g. palpitation, trem-
ors, rise in BP, etc. They may be used as ad-
juvant to benzo-diazepines.

ANTIDEPRESSANTS

They are classified into two main categories
e.g. MAO inhibitors and tricyclic/tetracyclic
antidepressants as in table 2.5.3.

MAO INHIBITORS

Monoamine oxidase (MAO) is an intra-
cellular enzyme and metabolizes intracellu-



Table 2.5.3: Classification of antidepressant drugs.

lar catecholamines present in the non-granu-
lar cytoplasmic pool. It also causes oxida-
tive deamination of 5-hydroxytryptamine.
Their antidepressant action may be related
to increase in the brain catecholamines con-

tent.

MAQO inhibitors increase the catechola-
mine content of various organs so that more
catecholamine is to be released by indirectly
acting sympathomimetic amines.

Adverse effects include tremor, insom-
nia, delirium, convulsion, postural hypoten-
sion, dry mouth, constipation, difficulty in

micturition, impotence, constipation. The
serious side effects include peripheral neu-
ropathy and jaundice due to hepatocellular
injury.

Interaction with Other Drugs and Foods

1. Hypertensive crisis: MAO inhibitors
with ingestion of tyramine containing
food e.g. cheese, beer, red wine or fer-
mented food can cause intracranial
haemorrhage due to hypertensive cri-
sis because of release of noradrenaline
from adrenergic nerve endings by
unmetabolised tyramine.
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2. MAQO inhibitors along with barbitu-
rates, alcohol, narcotic analgesic can en-
hance and prolong the action of these
drugs.

3. Potentiate the toxic effects of tricyclic
antidepressants.

4. It's use with anticholinergic antiparkin-
sonian drugs can lead symptoms simi-
lar to atropine poisoning.

Because of their toxic effects and seri-
ous interactions, they are not commonly
used. However, a new selective inhibitor is
used clinically.

MOCLOBEMIDE

It is a reversible and selective MAO-A
inhibitor used in the major depression. It is
devoid of anticholinergic, sedative and car-
diovascular effects of TCAs.

Side effects include sleep disturbances,
dizziness, nausea, headache, restlessness,
agitation, confusion state and nausea.

TRriCcYCLIC ANTIDEPRESSANTS

Tricyclic antidepressants are the most
commonly used drugs. They produce an-
tidepressant effect by blocking the neu-
ronal uptake of noradrenaline and exert
anti-cholinergic activity. They also inhibit
neuronal uptake of 5HT and dopamine.
The exact mechanism of action is not
known. The antidepressant effect is no-
ticed after three to four weeks of drug ad-
ministration.

TCAs lower seizure threshold and
overdose leads to convulsions. The side
effects are due to anticholinergic effect
leading to dry mouth, blurring of vision,
constipation, urinary hesitancy and tachy-
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cardia. They also lead to postural hypoten-
sion due to a, blockade and inhibition of
cardiovascular reflexes. They also produce
T wave suppression or inversion. Oral
absorption is good and they are highly
bound to plasma proteins. They are exten-
sively metabolized in liver and metabo-
lites are excreted in urine.

IMIPRAMINE

It is an efficacious drug in alleviating
depression. When the drug is given to de-
pressed patients, elevation of mood occurs
in about three weeks. Tolerance to anticho-
linergic effects occurs with continued use of
imipramine.

It is highly protein bound and is metabo-
lized to pharmacologically active metabo-
lite. It crosses placental barrier.

Adverse effects include dry mouth, ta-
chycardia, palpitation, impotence, constipa-
tion, difficulty in accommodation, rarely hy-
perpyrexia and paralytic ileus; lethargy,
headache, drowsiness, tremors, ataxia, sweat-
ing, convulsion, urticaria, skin rash, pruritus,
cholestatic jaundice, cardiac arrhythmias,
orthostatic hypotension, agranulocytosis,
gynaecomastia, galactorrhoea and depen-
dence; loss of weight or gain.

It is indicated in all types of depression,
nocturnal enuresis, intractable chronic pain,
narcolepsy, chorea, cachexia, mood distur-
bances and sleep apnoea syndrome.

AMITRIPTYLINE

It causes sedation and after oral admin-
istration it is metabolised to nortriptyline
which is active form.

Adverse effects include epigastric dis-
tress, sedation, drowsiness, orthostatic hy-
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potension, palpitation, dry mouth, urinary
retention, blurred vision, confusion and low-
ering of seizure threshold.

Itis indicated in depression, illness accom-
panied by anxiety, agitation, restlessness and
disturbances of sleep; masked depression;
dysphoria and depression in alcoholics;
childhood bed wetting. It is also useful for
prophylaxis of migraine.

NORTRIPTYLINE

It is same as amitriptyline and its anti-
depressant effect may persist up to six
weeks.

Adverse effects include dry mouth, con-
stipation, nausea, epigastric discomfort, seda-
tion, confusion, arrhythmias, altered vision,
skin rash, jaundice and impaired alertness.

It is indicated in neurotic, reactive,
masked endogenous, recurrent depression;
depression with insomnia, depression, en-
uresis, panic disorder, neurogenic pain, ur-
ticaria and nausea and vomiting during che-
motherapy; maniac depressive psychosis in
depressive phase.

TRIMIPRAMINE

It has more sedative effect than other tri-
cyclic antidepressants and is suitable for
patients showing depression with agitation
and anxiety.

DOTHIEPIN

The mechanism of action is same as of
tricyclic antidepressant and used in depres-
sion and anxiety associated with depression.

Adverse effects include dry mouth, ta-
chycardia, palpitation, impotence, constipa-
tion, difficulty in accommodation, rarely
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hyperpyrexia and paralytic ileus. Lethargy,
headache, drowsiness, tremors, ataxia,
sweating, convulsion, urticaria, skin rash,
pruritus, cholestatic jaundice, cardiac
arrhythmias, orthostatic hypotension,
agranulocytosis, gynecomastia, galactor-
rhoea and dependence are also seen.

TETRACYCLIC ANTIDEPRESSANTS

MIANSERIN

It exerts potent presynaptic central a,, adr-
energic blocking activity which may cause
increased noradrenaline release. It does not
effect noradrenaline or 5-HT uptake in
CNS.

Adverse effects include hypersensitiv-
ity reaction, nausea, drowsiness, jaundice,
may precipitate seizures, blood dyscrasias,
lethargy and tremors.

It is used in psychotic and neurotic
depression and obsessive compulsive neu-
rosis.

MIRTAZAPINE

It acts as an antagonist at central presyn-
aptic a, inhibitory adrenergic auto-receptors
and hetero-receptors. This results in an in-
crease in central noradrenergic and seroton-
ergic activity. Mirtazapine is a potent an-
tagonist of 5-HT, and 5-HT, receptors.

Adverse effects include asthenia, flu like
syndrome, back pain, dry mouth, increased
appetite, constipation, weight gain, periph-
eral edema, myalgia, somnolence, dizziness,
abnormal dreams, abnormal thinking,
tremor, confusion, dyspnea and urinary
frequency.
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SELECTIVE SEROTONIN
REUPTAKE INHIBITORS

Selective serotonin reuptake inhibitors
(SSRI) are currently used group of drug in
treatment of depression. These have a faster
onset of action and are better tolerated.

SERTRALINE

Sertraline is a potent and selective inhibi-
tor of neuronal serotonin (5-HT) reuptake.
It has only a weak effect on neuronal up-
take of norepinephrine and dopamine.
Sertraline’s inhibition of serotonin reuptake
enhances serotonergic transmission.

It has a wide therapeutic index and can
be administered in elderly patients and
those with underlying cardiovascular dis-
orders.

Adverse effects include nausea, head-
ache, diarrhoea, insomnia, dry mouth,
tremor and fatigue.

Itis indicated for the treatment of symp-
toms of depressive illness including accom-
panying symptoms of anxiety. It is also in-
dicated in preventing relapse of the initial
episode of depression or recurrence of fur-
ther depressive episodes including accom-
panying symptoms of anxiety.

It is indicated in the treatment of obses-
sions and compulsions in patients with ob-
sessive compulsive disorder.

It is also indicated for the treatment
of panic disorder with or without agorapho-
bia.

CITALOPRAM

It is orally active SSRI. The mechanism
of action is due to potentiation of serotoner-
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gic activity in the CNS resulting from its in-
hibition of CNS neuronal reuptake of sero-
tonin (5-HT).

Following a single oral dose of
citalopram, peak blood levels occur at about
four hours.

Adverse effects include activation of
mania/hypomania, dizziness, insomnia,
agitation, nausea and vomiting, dry mouth,
diarrhoea, tachycardia, postural hypoten-
sion, cardiac failure, MI, arthralgia, myal-
gia, arthritis, purpura, anaemia, leukocyto-
sis, decreased or increased weight, thirst,
ejaculation disorder, impotence, dysmenor-
rhoea, decreased or increased libido, cough-
ing, epistaxis, bronchitis, rash, pruritus, pho-
tosensitivity reaction, urticaria, acne, abnor-
mal accommodation, conjunctivitis, eye
pain, fatigue and fever.

Itisindicated in the treatment of depres-
sion.

PAROXETINE
It is an orally administered SSRI.

Paroxetine is readily absorbed from the
GIT with peak plasma concentration occur-
ring within about five hours. It is widely
distributed throughout body tissues and is
about 95% bound to plasma proteins. Excre-
tion is via the urine and the faeces, mainly
as metabolites.

Adverse effects include asthenia, sweat-
ing, nausea, decreased appetite, somno-
lence, dizziness, insomnia, tremor, nervous-
ness, constipation, ejaculatory disturbance
and impotence.

Itis indicated in the treatment of depres-
sion, obsessive compulsive disorder and
panic disorder.
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FLUOXETINE

A potent antidepressant drug, it does not
cause sedation. In CNS it inhibits the neu-
ronal uptake of 5-HT. It shows negligible
binding to histaminergic, muscarinic, o, adr-
energic receptors, so it is devoid of anticho-
linergic and hypotensive side effects.

After oral administration the drug is con-
verted to norfluoxetine which has a very
long lasting biological activity.

Adverse effects include drowsiness,
skin rash, insomnia, anxiety, weakness, fa-
tigue, nausea, anorexia, epigastric distress,
diarrhoea, tremor and sweating.

It is used in the treatment of depression
where sedation is not required and for pro-
phylaxis of recurrent depression.

Moob StABILIZERS (ANTIMANIC DRUGS)

LITHIUM CARBONATE

It has narrow therapeutic index and treat-
ment requires facility for therapeutic moni-
toring of serum lithium levels.

Exact mechanism of action is unknown.
It brings the patient of mania towards nor-
mal. Lithium decreases the neuronal uptake
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of dopamine and noradrenaline and their
synthesis. It increases the rate of 5-HT syn-
thesis in brain. On continuous therapy cy-
clic mood changes are prevented.

It also inhibits ADH action on distal tu-
bules (diabetes insipidus like state), also has
insulin like action on glucose metabolism
and decreases thyroxine synthesis by inter-
fering with iodination of thyroxine.

After oral administration it is well ab-
sorbed and is not protein bound. It not
metabolised and is excreted mainly in urine
and it inhibits the reabsorption of sodium
in renal tubules. It has narrow margin of
safety.

Adverse effects include nausea, vomit-
ing, epigastric distress, polydipsia, polyuria,
diarrhoea, dizziness, ataxia, nystagums,
hyper-reflexia, arrhythmias, skin rash, gly-
cosuria and blurred vision.

Itis indicated in acute hypomania, ma-
nia, recurrent mania, depression — cyclic
and recurring, unipolar depression, bipo-
lar depression, schizoaffective psychosis,
mental depression, cluster headache, che-
motherapy induced leukopenia and
agranulocytosis.

aaa
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Epilepsy is a neurological disorder
characterized by short, recurrent and
periodic attacks of motor, sensory or
psychological malfunction. It is associated
with paroxysmal abnormal electrical
discharge in the brain. According to Jackson,
epilepsy is due to sudden, excessive and
rapid discharge in the grey matter of the
brain. Anti-epileptic drugs inhibit the spread
of abnormal electrical discharge in the brain
with minimal general depressant action on
the central nervous system.

The antiepileptic drugs belong to
following groups as classified in table 2.6.1.

BARBITURATES

PHENOBARBITONE

Phenobarbitone raises the threshold of
electro-shock seizures and modifies
maximal electro-shock seizures and abolish
the tonic phase thus useful in the treatment
of grandmal epilepsy. The threshold of
pentylenetetrazol induced convulsion is
slightly raised and has less usefulness in the
treatment of petitmal epilepsy.

Antiepileptic

Agentis

Phenobarbitone has long plasma half-
life but slow oral absorption, is metabolized
in liver as well as excreted unchanged in
urine.

Phenobarbitone is useful in grandmal,
focal and temporal lobe epilepsy and
sometimes petitmal also. It is also useful in
the treatment of febrile convulsions.

Phenobarbitone is cheap and produces
less side effects which include sedation,
behavioural abnormalities, mental confu-
sion, impairment of learning and memory
and hyperactivity in children.

MEPHOBARBITONE

It is N-methylphenobarbitone. It is more
expensive than phenobarbitone and requires
double dose compared to phenobarbitone.
It probably offers no advantage over
phenobarbitone.

PRIMIDONE

Chemically it is deoxybarbiturate (carbo-
nyl oxygen of urea moiety in phenobarbitone
is changed by two hydrogen atoms) and is
twice as active as phenobarbitone in modify-
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ing electroshock seizures in the rats. It is ef-
fective against all type of seizures e.g.
grandmal epilepsy, psychomotor epilepsy,
focal and myoclonic epilepsy. It is not effec-
tive in petitmal epilepsy.

It is converted into phenobarbitone
and phenylethyl malonamide in the
liver, which actually produces the
antiepileptic actions. The common side
effects are anorexia, drowsiness, nausea,
leukopenia, osteomalacia and megalo-
blastic anaemia.

HYDANTOINS

DIPHENYLHYDANTOIN (PHENYTOIN)

In epileptic patients there is repetitive
detonation of normal brain cells during the
depolarisation shift and consists of synchronous
and unusually large depolarisation on which
action potentials are superimposed. Phenytoin
prevents repetitive detonation of these normal
brain cells as it has a stabilizing influence on
the neuronal membrane. It is achieved by
prolonging the inactive state of voltage sensitive
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neuronal Na* channels & governs the refractory
period of a neurone.

After oral administration peak plasma con-
centration of phenytoin usually takes 2 to 4
hours with a second peak at 10 to 12 hours.
When administered intramuscularly, pheny-
toin is eventually absorbed completely, the
drug first crystallises out at the injection site
and then slowly redissolves in tissue fluids be-
fore entering into the circulation. As a result
absorption of phenytoin by IM route is too slow
to produce a reliable effect. In contrast a phos-
phate prodrug, fosphenytoin, is more soluble
and is well absorbed after IM administration.

In liver it is extensively biotransformed
by oxidation, with less than 5 percent of the
dose excreted unchanged in urine. Majority
of dose is excreted in urine with up to 15
percent of the dose is eliminated in the faeces.

Adverse effects include gum hypertro-
phy, hirsutism, hypersensitivity reaction,
megaloblastic anemia, osteomalacia and
hyperglycemia.

During pregnancy produces foetal
hydantoin syndrome. At higher
concentration produces ataxia, vertigo,
diplopia, nystagmus, behavioural alteration
and mental confusion.

It is used in prophylactic treatment of
all varieties of partial epilepsy whether or
not seizure becomes secondarily
generalised. It is also used in prophylactic
treatment of generalised convulsive
seizures and treatment of status
epilepticus; prophylactic management of
certain forms of supraventricular cardiac
arrhythmia as it has an ability to
selectively inhibit high frequency firing;
prophylactic management of certain
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varieties of migraine (particularly
childhood, basilar artery and hemiplegic
migraine) and in treatment of myotonia.

IMINOSTILBENE DERIVATIVES

CARBAMAZEPINE

It is structurally and chemically related
to tricyclic antidepressant drug imipramine
and pharmacologically it is similar to
diphenyl hydantoin sodium. It is effective
in grandmal and psychomotor epilepsy and
also in the treatment of trigeminal neuralgia
(a condition characterized by paroxysms of
intense pain of stabbing nature within the
area of distribution of trigeminal nerve
without sensory loss).

It also exerts antidiuretic action by
enhancing ADH action on renal tubules.

Carbamazepine, because of its poor
water solubility has slow oral absorption. It
is metabolized in the liver to an active
metabolite, (10-11 epoxy carbamazepine) by
oxidation as well as by hydrolysis and
conjugation to inactive forms.

Adverse effects include sedation, ataxia,
dizziness and extrapyramidal side effects, dry
mouth, blurred vision and urinary retention;
hepatic damage, bone marrow depression,
hypertension, left ventricular failure and
cardiovascular collapse in toxic doses.

OXCARBAZEPINE

It is a keto analog of carbamazepine. It
produces blockade of voltage sensitive
sodium channels, leading to stabilisation of
hyperexcited neural membranes, inhibition
of repetitive neuronal firing and diminution
of propagation of synaptic impulses.
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Oxcarbazepine is completely absorbed
following oral administration and is exten-
sively metabolised to its pharmacologically
active 10-monohydroxy metabolite.

Adverse reactions include dizziness,
diplopia, fatigue, nausea, vomiting,
dyspepsia, ataxia, abnormal vision, tremor
etc.

SUCCINIMIDES

ETHOSUXIMIDE

Ethosuximide is most commonly used
antiepileptic agent in the treatment of
petitmal epilepsy. It acts on thalamocortical
system by selectively suppressing T current
without affecting other types of Ca** or Na*
currents. It is completely absorbed from
gastrointestinal tract and present in plasma
in free form and approximately 20% is
excreted unchanged in urine and remaining
portion is metabolized in liver.

Adverse effects include anorexia, nau-
sea, vomiting, drowsiness, dizziness, agita-
tion, skin rashes and blood dyscrasias and
rarely cause systemic lupus erythematosus.

METHSUXIMIDE

It is similar to ethosuximide and used
along with the other drugs in the treatment
of temporal lobe epilepsy.

ALiPHATIC CARBOXYLIC ACID

SODIUM VALPROATE (VALPROIC
ACID)

Sodium valproate increases the levels of
GABA in the brain and increases the
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responses to GABA in the postsynaptic
neurons. Also sodium valproate affects
potassium flow across the neurons. The result
of these effects is inhibition of initiation as well
as spread of epileptic activity in the neurons.

Valproate has antiepileptic efficacy in
different types of epilepsy. It is therefore
sometimes called the broad range antiepileptic
drug. It has no significant hypnosedative
effects nor does it have respiratory depressant
activity. In addition it does not have
undesirable effects on blood pressure, heart
rate, kidney function and body temperature.

Absorption is rapid and complete. Protein
binding is between 80 to 95 percent and the
elimination half life is 8 to 22 hours. It is
metabolised in the liver and is excreted by the
kidney. There is no presystemic metabolism.

Adverse effects include anorexia,
nausea, vomiting, diarrhoea and/or
constipation, weight gain, skin rash; hair
loss, neutropenia, tremors and ataxia are
occasionally reported. Valproic acid is
contraindicated in liver disease, especially
cirrhosis, pregnancy and hypersensitivity.

BENZODIAZEPINES

CLONAZEPAM

It is a benzodiazepine useful in the
treatment of petitmal epilepsy, myoclonic
seizures and infantile spasms. It is used in
the treatment of petitmal epilepsy not
responding to ethosuximide and sodium
valproate. Clonazepam and diazepam act by
increasing the effectiveness of the
inhibitory neurotransmitter GABA, within
the central nervous system.
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Clonazepam is well absorbed orally and
approximately 85 percent is bound with
plasma proteins, completely metabolized in
liver and excreted through kidney.

Adverse effects include sedation, lack
of concentration, irritability, ataxia and
behavioural abnormalities.

The detailed pharmacology of diazepam is
discussed in chapter ‘Sedative and hypnotics’.

CLOBAZAM

Itis 1, 5 benzodiazepine with a chemical
structure slightly different from that of diaz-
epam and clonazepam. This change in struc-
ture results in less sedative and psychomo-
tor retardation. Though introduced as an
anxiolytic it has been found to be useful in
treatment of patients with refractory epilepsy.

Its antiepileptic activity results from its
binding to one or more specific GABA recep-
tors increasing GABA mediated inhibition.

Adverse reactions include drowsiness,
hangover effects, dizziness, weight gain,
headache, dry mouth and orthostatic
hypotension etc.

PHENYLTRIAZINE DERIVATIVE

LAMOTRIGINE

It is phenyltriazine compound, chemi-
cally unrelated to existing antiepileptic
drugs. It acts primarily via a dose depen-
dent blockade of voltage sensitive sodium
channels in their slow inactivated state,
thus stabilizing the presynaptic neuronal
membrane inhibiting release of excitatory
neurotransmitters mainly glutamate.
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Lamotrigine is almost completely
absorbed after oral administration and
metabolized completely in liver.

The adverse effects include headache, rash,
nausea, dizziness, somnolence and insomnia.

It is mainly used as adjunctive therapy
in patients for simple partial seizures,
complex partial seizures, secondary
generalised tonic and clonic seizures.

Newer CoOMPOUNDS

TOPIRAMATE

It is used as adjunctive treatment of
seizures including refractory seizures,
simple and complex partial seizures.

It acts by reducing epileptiform
discharges generated by blocking the
sensitive sodium channel and enhancing
the activity of GABA receptors.

It is rapidly absorbed after oral
administration and is unaffected by
presence of food and excreted mainly
through kidney.

Adverse effects include abdominal pain,
anorexia, weight loss, impaired concentra-
tion, confusion, mood disorders, ataxia, diz-
ziness, drowsiness, fatigue and psychotic
symptoms.

GABAPENTIN

It is a new anticonvulsant drug and is a
structural analogue of GABA. It increases
the release of GABA by unknown mecha-
nism. It modifies maximal electroshock as
well as inhibits pentylenetetrazol induced
convulsions.
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After oral administration, it is rapidly
absorbed and widely distributed into all
tissues. It readily crosses blood brain
barrier and is not bound to plasma proteins.
It is excreted unchanged in urine. It is
mainly used as adjunctive therapy in
treatment of partial seizures with or
without secondary generalization in adults.

Adverse effects include sedation,
dizziness, diplopia, ataxia and fatigue.
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VIGABATRIN

Itis an inhibitor of GABA transaminase
which degrades GABA. It suppresses
maximal electroshock and kindled seizures
and is used in partial seizure with or without
generalization.

It is well absorbed after oral administra-
tion and excreted unchanged in urine.

Adverse effects include drowsiness,
dizziness, agitation and amnesia.

aaa
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Relaxants

Skeletal muscle relaxants act peripherally at
the neuromuscular junction or centrally in
the cerebrospinal axis to reduce muscle tone.

Skeletal muscle relaxation can be achieved
by following group of drugs as in table 2.7.1.

NEUROMUSCULAR BLOCKERS

D-TUBOCURARINE

It is an dextrorotatory quarternary
ammonium alkaloid obtained from

Chondrodendron tomentosum plant. It ini-
tially produced motor weakness fol-
lowed by flaccid paralysis after
parenteral administration. The paralysis
occurs in following order e.g. paralysis
of fingers, toes, eyes, ears producing
diplopia, speech slurring, difficulty in
swallowing; the muscles of neck, limb,
trunk, paralysis of diaphragm and death
occur due to hypoxia.

In higher doses, d-tubocurarine can
produce blockade of autonomic ganglia. It

Table 2.7.1: Classification of skeletal muscle relaxants.

I. Neuromuscular blockers
d-Tubocurarine
Atracurium
Pancuronium
Vecuronium
Succinylcholine
Benzoquinonium
Dantrolene

Il. Centrally acting muscle relaxants
Mephenesin
Chlorzoxazone (MOBIZOX)
Methocarbamol (FLEXINOL)
Carisoprodol (CARISOMA)
Orphenadrine (ORPHIPAL)
Tizanidine (CITANZ)
Baclofen (LIORESAL)
Metaxalone (FLEXURA)

0.2-0.4 mg IV
10-15 mg IV
40-100 pg/kg IV
0.08-0.1 mg/Kg IV
30-50 mg IV
10-15 mg IV

25 to 100 mg/day

250 mg TDS

0.15-1 g/day oral, 100-200 mg IM/IV
350 mg TDS

100-300 mg/day

2-6 mg/day

30-75 mg/day

400-800 mg TDS-QID
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can also produce release of histamine and
can cause bronchospasm and increase other
body secretions.

d-Tubocurarine is not absorbed orally
and after intravascular administration, it is
widely distributed in tissue. As it does not
cross blood brain barrier it has no effect on
CNS.

Adverse effects include hypoxia, respi-
ratory paralysis, decreased blood pressure,
bronchospasm etc.

d-Tubocurarine is not used now due to
its prominent histamine releasing and
ganglionic blocking effect.

PANCURONIUM

Pancuronium is a synthetic steroidal
compounds and approximately five times
potent than d-tubocurarine. Vecuronium is
congener of pancuronium with short dura-
tion of action.

Atracurium is bisquarternary competi-
tive blocker similar to pancuronium in prop-
erties and duration of action.

SUCCINYLCHOLINE

Itis a quarternary ammonium compound
with a structure similar to acetylcholine (De-
tails are discussed in chapter ‘Cholinergic
agents’).

Therapeutic uses

* As a adjuvant to general anaesthesia
(specially in major surgical procedures
e.g. abdominal and thoracic surgery,
orthopaedic procedures, intubation etc).

* Succinylcholine is used for surgical
procedure of brief duration (endotra-
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cheal intubation, bronchoscopy,
esophagoscopy, laryngoscopy etc).

* Succinylcholine is used to avoid con-
vulsion and coma from electroconvul-
sive therapy.

¢ In the treatment of tetanus and emer-
gency of epilepsy (status epilepticus).

* As a diagnostic tool for myasthenia
gravis.

CENTRALLY AcTING MuscLE RELAXANTS

These agents reduce skeletal muscle tone by
a selective action on cerebrospinal axis
without affecting consciousness.

Mephenesin was the first drug used as
muscle relaxant but due to its serious side
effects e.g. haemolysis, hypotension and
thrombophlebitis, it is not clinically used
now.

CHLORZOXAZONE

It is mephenesin related skeletal muscle
relaxant. After oral administration, it is
rapidly and completely absorbed. It is
metabolized in liver and excreted in urine
primarily as the glucuronide. Adverse
reactions include gastric irritation, nausea,
lethargy, headache.

It is used in painful skeletal muscle
spasm and is used in combination with
paracetamol and diclofenac.

METHOCARBAMOL

It causes skeletal muscle relaxation by
preferential blockade of polysynaptic spinal
reflexes.

It is rapidly absorbed from the GI tract,
metabolised in the liver and excreted in
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urine as the glucuronide and sulphate
conjugates of its metabolites. Small amount
is excreted in faeces.

Adverse effects include nausea,
anorexia, skin rash, vertigo, drowsiness,
headache and fever.

It is indicated in skeletal muscle spasm,
in surgery, orthopaedic procedures,
neurological diseases and tetanus.

CARISOPRODOL

It is used for the treatment of muscle
spasm. It has antipyretic and weak
antiadrenergic activity.

It is absorbed from the GI tract,
metabolised in the liver and excreted in urine
as metabolites including meprobamate.

It is used in musculoskeletal disorders.
Adverse reactions include nausea, rash,
headache, drowsiness, constipation and
dizziness.

ORPHENADRINE

It is a centrally acting, anticholinergic
muscle relaxant drug.

With administration of 100 mg of
orphenadrine, peak plasma concentration
are achieved within two hours. Half-life is
14 hours for the parent drug and 2 to 25
hours for the metabolites. Excretion is via
urine and faeces.

It is used in musculoskeletal disorders,
trauma, sports injuries, low backache,
tension headache, sprains and strains,
parkinsonism including the drug induced.

Adverse effects include dry mouth,
blurred vision, nausea, restlessness,
dizziness etc.
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TIZANIDINE

Tizanidine is an o,-adrenergic receptor
agonist at supraspinal and spinal levels. This
effect results in inhibition of spinal
polysynaptic reflex activity. It presumably
reduces spasticity by increasing presynaptic
inhibition of motor neurons. Tizanidine has
no direct effect on skeletal muscle, the
neuromuscular junction or on monosynaptic
reflex activity.

In humans, tizanidine reduces
pathologically increased muscle tone,
including resistance to passive movements
and alleviates painful spasms and clonus.

Adverse effects include nausea, seda-
tion, dry mouth, dizziness, hypotension,
headache, palpitation. Other rarely pro-
duced side effects include hallucinations,
bradycardia etc.

It is indicated in spasticity due to
neurological disorders e.g., multiple sclerosis,
chronic myelopathy, degenerative diseases of
the spinal cord, cerebrovascular accidents
and cerebral palsy; painful muscle spasm
associated with static and functional
disorders of the spine (cervical and lumbar
syndromes); painful muscle spasm following
surgery e.g., for herniated intervertebral disc
or for osteoarthritis of the hip.

BACLOFEN

It is beta-4 (chlorophenyl)-gamma
aminobutyric acid. It is a powerful neuronal
depressant. It reduces the release of excita-
tory transmitter and is antinociceptive in
animal studies. It inhibits monosynaptic and
polysynaptic reflex transmission at spinal
level, probably by stimulating the GABA
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receptors which in turn inhibit the release
of glutamate and aspartate.

After oral administration, it is rapidly
and completely absorbed and eliminated
from the body by kidney in unchanged form.

Adverse effects include weakness,
fatigue, dizziness, headache, insomnia,
hypotension, confusion, skin rash,
constipation, nausea, anorexia, dry mouth
and taste disturbance etc.

It is mainly used in the treatment of
spasticity in multiple sclerosis, spastic spinal
paralysis etc. It is also used in the treatment
of trigeminal neuralgia.

METAXALONE

It is a skeletal muscle relaxant,
oxazolidinone derivative used in conjunc-
tion with other therapeutic agents to treat
and discomfort associated with acute mus-
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culoskeletal conditions. Mechanism of ac-
tion is not known, however, it is thought that
the skeletal muscle relaxation is due to its
central nervous system depressant action.
It probably acts by inhibiting polysynaptic
pathways but has no effect on monosynap-
tic pathways.

It is well absorbed from GIT and mostly
metabolised in liver and excreted in urine.
Peak plasma levels are reached at two hours
and onset of action occurs within one hour.

Adverse effects include blurred or
double vision, dizziness, drowsiness,
abdominal cramps, confusion, headache,
hiccups, anaemia etc.

It is mainly used to relieve pain and
discomfort caused by strains, sprains and
other painful muscular conditions in which
muscles are in spasm i.e. fibromyalgia,
dislocations and fractures.
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Local

Anaesthetics

Local anaesthetics reversibly block impulse
conduction in a restricted area of the body
where itis applied by topical application or
local injection. They are classified as in table
2.8.1.

All the local anaesthetics possess vary-
ing degree of water and lipid solubility. Both
the properties are essential for a local anaes-
thetic, lipid solubility helps in migration of
active drug into the neuronal fibre and wa-
ter solubility is essential to get the drug to
site of action from the site of administration.

Table 2.8.1: Classification of local anaesthetics.

I.  Used topically
Lignocaine (XYLOCAINE)
Benzocaine (MANDELAY)
Tetracaine (ANETHANE)
Dibucaine (NUPERCAINAL)
Oxethazaine (MUCAINE GEL)

Il. Used parenterally
Procaine (NOVOCAINE)
Lignocaine (XYLOCAINE)
Tetracaine (ANETHANE)
Bupivacaine (SENSORCAINE)
Dibucaine (NUPERCAINE)

Local anaesthetics are employed
routinely in dentistry by nerve block or by
infiltration and/ or regional block techniques
to cary out varous operative procedures.

Local anaesthetics can also be classified
into two categories based on their chemical
structure:

a. Esterlinked local anaesthetics e.g. co-
caine, procaine, tetracaine, benzocaine,
chloroprocaine.

b. Amide linked local anaesthetics e.g.
lidocaine, bupivacaine, dibucaine,
prilocaine, ropivacaine.

1-5% (as ointment, jelly & topical solution)
5% ointment

0.25-0.5% (powder & ointment)

1% ointment

2% suspension

0.5-2% inj

0.5-2% inj, 5% for spinal anaesthesia
0.25-0.5%

0.25-0.5% inj, 0.5-0.75% for spinal anaesthesia
0.1-0.5%, 0.25-0.50% for spinal anaesthesia

Newer compounds are prilocaine, ropivacaine, etidocaine etc.
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Local anaesthetics block both the
generation and conduction of the nerve
impulse.

Pharmacological Actions

Action on CNS: Local anaesthetics
stimulate CNS and produce restlessness,
tremor, mental confusion, convulsion. In
toxic doses, it causes respiratory depression,
coma and death. Cocaine is a powerful
stimulant while procaine and other agents
produce less CNS stimulant effect.

Action on CVS: Local anaesthetics are
myocardial depressant and decrease heart
rate and amplitude of myocardial
contraction. In high doses, they produce
changes in the ECG and may precipitate
ventricular fibrillation. Bupivacaine is more
cardiotoxic and can produce ventricular
tachycardia or fibrillation.

Local anaesthetics also produce decrease
in blood pressure which may be due to
sympathetic blockade. Only cocaine has the
property to raise the BP due to its
sympathomimetic property.

Pharmacokinetics

Local anaesthetics are readily absorbed
through mucous membranes and damaged
skin. These are weak bases and at tissue pH
diffuse through the connective tissue and
cellular membranes to reach the nerve fibres
where ionization can occur. Amide type
local anaesthetics (lignocaine, bupivacaine)
are metabolised in the liver and in some
cases the kidneys. These are considerably
protein bound. For certain procedures the
duration of action is prolonged by adding
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adrenaline 1 in 2,00,000. In dentistry, where
the total dose is small higher concentration
such as 1 in 80,000 may be used.

Adverse Effects

CNS side effects include dizziness,
mental confusion, tremors, twitching,
visual disturbances, convulsion and
respiratory depression. CVS toxicity
includes hypotension, cardiac arrhythmias
and bradycardia. Other side effects include
allergic dermatitis, asthma, anaphylactic
shock etc.

Therapeutic Uses
Local anaesthetics are used for

¢ Surface anaesthesia.
¢ Spinal anaesthesia.

Infiltration anaesthesia.

Nerve block or conduction block and

For systemic use in the treatment of
cardiac arrhythmias (Details are given
in chapter ‘Antiarrhythmic agents’).

Dental anaesthesia—The total
amount of local anaesthetics injected
is much smaller (20-80 mg of
lignocaine) than that used for othr
purpose. Lignocaine (2%) with
adrenaline (1:80,000) is the standard
local anaesthetic preparation used in
dentistry which produces good soft
tissue and pulpal anaesthasia and
also reduce postextraction bleeding.

LIGNOCAINE
Mechanism of Action

Lignocaine stabilizes the neuronal
membrane by inhibiting ionic fluxes
required for initiation and conduction of
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impulses thereby affecting local anaesthetic
action.

Pharmacokinetics

Lignocaine is completely absorbed
following parenteral administration, its rate
of absorption depending upon various
factors such as site of administration and the
presence or absence of vasoconstrictor agent.

Lignocaine is metabolised rapidly by the
liver and metabolites and unchanged drug
are excreted by the kidneys. Approximately
90% of lignocaine administered is excreted
in the form of various metabolites and less
than 10% is excreted unchanged.

The elimination half-life of lignocaine
following an intravenous bolus injection is
1.5 to 2.0 hours.

Adverse Effects

CNS manifestations are excitatory and /
or depressant and may be characterised by
light-headedness, nervousness, apprehen-
sion, euphoria, confusion, dizziness, drowsi-
ness, tinnitus, blurred or double vision,
vomiting, sensation of heat, cold or numb-
ness, twitching, tremors, convulsions, un-
consciousness, respiratory depression.

Drowsiness following the administration
of lignocaine is usually an early sign of a high
blood level of the drug and may occur as a
consequence of rapid absorption.

Cardiovascular manifestations are usu-
ally depressant and are characterised by
bradycardia, hypotension and cardiovascu-
lar collapse, which may lead to cardiac ar-
rest.

Allergic reactions are characterised by
cutaneous lesions, urticaria, edema or
anaphylactoid reactions may occur as a result
of sensitivity to local anaesthetic agent.
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Indications

Lignocaine injections are indicated for
production of local or regional anaesthesia
by infiltration techniques such as percutane-
ous injection, peripheral nerve block, spinal
or subarachnoid block.

Lignocaine (2%) with adrenaline
(1:80,000) is mostly used local anaesthetic in
dentistry which produces good soft tissue
and pulpal anaesthesia and also reduces post
extraction bleeding. The pulpal anaesthesia
is obtained within 2-3 minutes after injection
and lasts for about on hour.

BENZOCAINE

It is a local anaesthetic belonging to the
ester group. It inhibits conduction of nerve
impulses from sensory nerves. This action
is a result of alteration of cell membrane
permeability to ions. It is poorly absorbed
from the intact epidermis.

Benzocaine has been termed by the FDA
as ‘one of the most widely used and safest
external analgesic and that the incidence of
sensitivity of benzocaine is quite low”. It's male
genital desensitizing product has been termed
as premature ejaculation remedy. Benzocaine
when applied on the penis aids in temporarily
slowing the onset of ejaculation.

DIBUCAINE

Itis another local anaesthetic with longer
action but most toxic. It is used for surface
anaesthesia.

BUPIVACAINE

It is a potent and long acting local
anaesthetic used for spinal, infiltration,
epidural anaesthesia and nerve block.

Side effects include cardiac arrest,
cardiac arrhythmias and respiratory failure.
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Bupivacaine (0.5%) with adrenaline
(1:2,00,000) is less frequently used in dentistry
because of its poor penetration into bone.

BENOXINATE

It is a surface anaesthetic used in eye for
producing corneal anaesthesia for
tonometry and does not cause mydriasis or
any corneal damage.

OXETHAZAINE
A potent local anaesthetic used for
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anaesthetizing gastric mucosa. Along with
antacid in suspension form it is used in
gastritis, gastric irritation and
gastroesophageal reflux. Side effects
include drowsiness and dizziness.

ROPIVACAINE

Newer compound, long acting local an-
aesthetic which produces less cardiotoxicity.
It is used mainly for nerve block and in post-
operative pain. It is occasionally used in
dentistry.
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These are the group of drugs which are used
to stimulate the central nervous system.
Some of them are also known as analeptics,
but they are not much useful clinically due
to non-selectivity of action.

They are classified as in table 2.9.1.

Table 2.9.1: Classification of CNS stimulants.

These drugs stimulate respiration in coma or
fainting but because of its narrow margin of
safety, they are occasionally used. Nikethamide
is no longer used. Doxapram stimulates
respiration and raises the blood pressure.
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PSYCHOSTIMULANTS CEREBROACTIVE DRUGS

Amphetamines (dexamphetamine, meth-
amphetamine etc.) are central sympathomi-
metics. These are drugs of abuse and re-
peated use can cause long lasting
behavioural abnormalities and can precipi-
tate psychosis. The detail is discussed in
chapter ‘Adrenergic drugs’.

Methylphenidate is chemically and
pharmacologically similar to amphetamine.
Both act by releasing norepinephrine and
dopamine in brain. Both produce increased
mental activity with little action on central
and peripheral functions. It is well absorbed
orally, metabolized and excreted in urine.

CONVULSANTS

Strychnine (alkaloid obtained from the
seeds of Strychnos nux vomica) was used
earlier due to its convulsant properties. It
acts by blocking the postsynaptic inhibition
produced by inhibitory transmitter glycine.
It acts at Renshaw cell-motor neurone
junction in spinal cord through which
inhibition of antagonistic muscles is
achieved. Picrotoxin (obtained from fish
berries) is a potent convulsant. It acts by
blocking presynaptic inhibition mediated
through GABA by preventing Cl- channel
opening. It is not used now-a-days.
Bicuculline is a synthetic convulsant and
possessing picrotoxin like action.
Pentylenetetrazol is a CNS stimulant, acting
by direct depolarization of central neurons.

But none of these compounds are now
used therapeutically and used in laborato-
ries only as a research tool.

In this category, some of the compounds are
used in the treatment of dementia and other
related cerebral disorders.

PYRITINOL

It enhances cholinergic transmission and
improves cerebral microcirculation in
ischemic regions. It protects the neurons
against hypoxia & disturbance of glucose
metabolism.

Adverse effects include anorexia,
epigastric distress, vomiting, fatigue,
headache, sleep disturbances, skin rash,
pruritus and increased excitement.

It is indicated in organic brain
syndrome, intellectual impairment of
senility, encephalitis, alcohol with-
drawal state and perinatal distress,
cerebrovascular accidents, and or-
ganic psychosyndrome.

PIRACETAM

It improves the functioning of the brain
involved in cognitive processes e.g.
memory, thought, learning in normal and
in subnormal conditions. Itis categorized as
nootropic agent (cognition enhancers).

The beneficial effects are due to im-
proved microcirculation, promotes the me-
tabolism and modulates neurotransmission.

Adverse effects include nausea,
epigastric distress and skin rash.

Itis indicated in mental retardation and
learning problems in children, confusional
state in old age, cerebrovascular accidents,
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senile dementia, cerebral insufficiency and
behavioural problem in elderly.

The other drugs in this category are
aniracetam, oxiracetam, fosracetam,
nefiracetam, nebracetam and pramiracetam.

DIHYDROERGOTOXINE

It increases cerebral blood flow by
blocking alpha adrenergic receptors.

Adverse effects include nausea, epi-
gastric distress, headache, dizziness,
nasal congestion, skin rash and orthostatic
hypotension.

Itis indicated in arteriosclerotic demen-
tia, primary progressive dementia,
Alzheimer’s dementia, multiinfarct demen-
tia and primary progressive dementia.

NICERGOLINE

It is an ergot derivative with activity
similar to that of dihydroergotoxine.

Adverse effects include GI disturbances,
malaise, dizziness, agitation and hot flushes.

It is indicated in cognitive, behavioural
and somatic symptoms associated with
cerebral decay, parkinson’s disease, memory
disorders, apathy, asthenia, anorexia,
dizziness and tinnitus.

PIRIBEDIL

It is a dopaminergic agonist and
improves memory, concentration and
vigilance in older individuals.

NIMODIPINE

It is a calcium channel antagonist. It
enters the brain and acts by blocking the
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entry of extracellular calcium in smooth
muscle cells and neurons.

Adverse effects include nausea,
epigastric distress, hypotension and
flushing.

It is indicated in prevention and
treatment of ischaemic neurological deficit
following subarachnoid haemorrhage.

Some of the plant preparations
containing Ginkgo biloba are used in cerebral
impairment due to organic degeneration of
cortex, multiple vascular infarcts, in
psychobehavioural symptoms, certain
syndrome of vertigo, dizziness and tinnitus
etc. Benefit is due to ginkgoflavin glycosides
which has PAF antagonistic action.

Drucs UseD IN ALzHEIMER’S DISEASE
(AD)

Itis progressive neurodegenerative disorder
and mainly affects older individuals. It is the
most common cause of dementia which is a
impairment of intellect, memory and
personality in the absence of gross clouding
of motor involvement.

The drugs used in AD are:
¢ Centrally acting ChE inhibitor:
Tacrine, donepezil.
e ChE inhibitors: Metrifonate,
rivastigmine, epastigmine, galantamine.
* Cholinergic agonists: Milameline,
xanomeline.

TACRINE

It is the first centrally acting anti-ChE
used in mild to moderate cases of AD. Side
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effects include diarrhoea, abdominal
cramps, polyuria etc. The major side effect
is rise in serum transaminase and
hepatitis.

DONEPEZIL

It is another predominant centrally acting
ChE inhibitor and does not cause hepatotox-
icity. It is given in dose of 5-10 mg OD HS.
RIVASTIGMINE

Itis given in a dose 6-12 mg/day for six
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months and has been shown to improve
cognitive functions in patients of AD and it
has central ChE inhibitory action.

GALANTAMINE

It acts by dual mechanism i.e. inhibition
of central ChE and as an agonist on central
acetylcholine nicotinic receptors.

Other drugs which may have beneficial
property in the AD are antioxidants, beta
blockers and drugs from natural origin e.g.
Ginkgo biloba.
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Parkinsonism

Parkinsonism is an extrapyramidal motor
disorder, characterized by akinesia, rigidity
and tremor with secondary manifestations
such as excessive salivation, seborrhoea,
mood changes (especially depression) and
in certain patients, liver damage has been
reported. It was first described by James
Parkinson in 1817.

In parkinsonism, there is a degeneration
of dopaminergic nerve endings of the basal
ganglion (neurons in substantia nigra and
the nigrostriatal tract), which results in
deficiency of dopamine and cholinergic
overactivity. This imbalance between the
dopamine deficiency and overactivity of
cholinergic system gives rise to this motor
disorder. Thus, the rational approach to the
therapy of parkinsonism would be either to
increase the central dopaminergic activity or
to decrease the central cholinergic activity.

The drugs used in the treatment of
parkinsonism can be classified as in table 2.10.1.

LEVODOPA

Levodopa is the most effective drug
available for the treatment of parkinsonism

and used in combination with peripheral
dopa decarboxylase inhibitors. Levodopa as
such is inactive but it is the immediate
precursor of the transmitter dopamine.
When administered orally, 95 percent of the
dose is decarboxylated in the peripheral
tissues (mainly in liver). Dopamine thus
formed in peripheral system act on CVS and
other peripheral tissues and produce the
unwanted effects. Dopamine, as such, can
not be used to treat parkinsonism as it does
not cross the blood brain barrier. However,
the precursor of dopamine i.e. dopa crosses
the blood brain barrier and is converted to
dopamine in the brain and is released as a
neurotransmitter.

Pharmacological Actions

1. CNS: Levodopa does not produce any
significant action in normal individual.
In parkinsonism patient, it improves all
manifestations of parkinsonism.
Akinesia responds first, followed by
rigidity and tremor. Other symptoms
such as seborrhoea, sialorrhoea and
aphonia also improve. The drug also
improves mood, memory and patients



Table 2.10.1: Classification of antiparkinsonism agents.

become more alert and interested in life
and surroundings.

. CVS: The levodopa produces its CVS
effect by being converted into
dopamine. It acts by stimulating alpha
adrenergic receptors in blood and
produce vasoconstriction and may
raise the blood pressure. It also acts
by stimulating betaadrenergic
receptors in heart and produce
tachycardia and increase force of
myocardial contraction (positive
inotropic action).

3. Endocrine system: Dopamine inhibits

prolactin release in human being. It also
acts on somatotrophs to increase
growth hormone release.

. Miscellaneous actions: Peripherally

formed dopamine (converted peripher-
ally after levodopa therapy) gains access
to the CTZ (chemoreceptor trigger zone)
causing nausea and vomiting.

Pharmacokinetics

Levodopa is rapidly absorbed when

given orally and peak plasma level is
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reached at 30 minutes to 2 hrs and
plasma half life is 1 to 3 hours. More
than 95 percent of oral dose is rapidly
decarboxylated peripherally mainly in
GIT, liver and other tissues to dopam-
ine and very little (less than 5%) is left
to enter the central nervous system.
Hence, levodopa is given along with
peripheral dopa decarboxylase inhibi-
tors (i.e. carbidopa, benserazide) so that
more and more levodopa enters into
CNS and is converted into dopamine in
CNS.

Levodopa is excreted in the urine as
conjugated metabolites and its main
metabolite is homovanillic acid (HVA).

Adverse Effects

Nausea and vomiting because of CTZ
stimulation, which can be minimized by start-
ing with a lower dose. It also causes confu-
sion, hallucinations, delusions and other
behavioural effects. Certain cardiovascular
effects such as palpitation, postural hypoten-
sion, sinus tachycardia and ventricular
arrhythmias have also been reported.

On prolonged administration, grimac-
ing facial tics and choreoathetoid move-
ments of limbs have been reported.

Drug Interaction with Levodopa

¢ Levodopa with MAO inhibitors may
precipitate severe rise in blood pressure
(MAQ inhibitors should be stopped at
least two weeks before levodopa
therapy).

* Methyldopa intensifies the adverse
effects of levodopa.

¢ Pressor agents (catecholamines such as
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adrenaline and isoprenaline) should be
avoided in patients on levodopa
therapy.

¢ Pyridoxine accelerates the peripheral
dopadecarboxylation of levodopa.

PERIPHERAL DECARBOXYLASE INHIBITORS

CARBIDOPA AND BENSERAZIDE

Carbidopa and benserazide are peripheral
decarboxylase inhibitors used in combination
with levodopa. They do not penetrate blood-
brain barrier and do not inhibit the conversion
into dopamine from levodopa in brain.

They make more of levodopa available
to cross blood-brain barrier where levodopa
is converted into dopamine and reach at the
site of action.

When used along with levodopa, the
plasma half life of levodopa is prolonged
and dose may be markedly reduced. Also
the most common side effecti.e. nausea and
vomiting are not prominent and cardiac
complications are minimized. It has no effect
on involuntary movements, behavioral
abnormalities and postural hypotension.

DoprAMINERGIC AGONISTS AND
OTHER DRuGS

BROMOCRIPTINE (Bromoergocriptine)

It is an ergot preparation which has a
specific dopamine receptor agonist action
(acts mainly on D, receptors) and capable
of crossing the blood brain barrier. It is less
active than levodopa and used only in late
cases as a supplement to levodopa. Adverse
effects are vomiting hallucinations,
hypotension, nasal stuffiness.
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AMANTADINE

It is an antiviral compound and also
improves akinesia, rigidity and tremor in
parkinsonism. It is more effective than
atropine like drugs but it is less effective
than levodopa. Its effect on tremors is less
than on rigidity. It acts by releasing
dopamine from the neuronal storage sites.
The drug is well absorbed orally and
excreted unchanged in urine and drug is
tolerated well and cause fewer adverse
effects. In toxic dose, it causes convulsions
and mania and should be used cautiously
in epileptic patients.

SELEGILINE

It is a selective MAQO-B inhibitor, which
is predominant in brain and blood platelets.
It retards intracerebral degradation of
dopamine. It is used with levodopa in early
cases of parkinsonism. It prolongs levodopa
action, attenuates motor fluctuations and
decreases wearing off effect. But clinical
benefits are short lived (6-24 months).

Adpverse effects are postural hypotension,
nausea, confusion, increased levodopa in-
duced involuntary movements and confusion.

Drucs AcTING oN CENTRAL
ANTICHOLINERGIC SYSTEM

The cholinergic neurons are immediately
distal to dopaminergic fibres in the cau-
date nucleus in brain. They are excitatory
and in parkinsonism, there is a degenera-
tion of inhibitory dopaminergic neurons
and thus, there is increased cholinergic ac-
tivity (preponderance of cholinergic sys-
tem) which results in the symptoms of par-
kinsonism.
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The central anticholinergic drugs having
a higher central versus peripheral
cholinergic action ratio are useful. The drugs
like atropine are much less effective than
levodopa but they are used when levodopa
is not tolerated or contraindicated or the
patient is not benefitted by levodopa or drug
induced parkinsonism.

Atropine like drugs antagonize the
rigidity and akinesia and cause reduction
in the intensity of tremors. They act by
reducing the unbalanced cholinergic
activity in parkinsonism. Benzhexol is
most commonly used and effective drug
among the atropine substitutes used in
parkinsonism.

Atropine like drugs cause several side
effects such as dry mouth, blurred vision,
urinary retention, mental confusion,
hallucinations etc.

Antihistaminics are better tolerated by
elderly patients who do not tolerate
anticholinergics. Antihistaminics do not
cause blurring of vision and xerostomia and
also possess some central anticholinergic
properties.

NEweRr DRruGs

ROPINIROLE

Ropinirole is a non-ergot dopamine
agonist with high relative in vitro specificity
and full intrinsic activity at the D, and D,
dopamine receptor subtypes, binding with
higher affinity to D, than to D, or D, receptor
subtypes. Ropinirole is more specific than
dopamine agonists, bromocriptine and
pergolide. The relevance of D, receptor
binding in Parkinson’s disease is unknown.
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Ropinirole is rapidly and well absorbed
from the GIT with maximum plasma
concentration achieved within one to two
hours after single oral dose.

Adverse effects include nausea, vom-
iting, drowsiness, fainting, fatigue, dys-
pepsia, abdominal pain, constipation,
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pharyngitis, abnormal vision, confusion
and hallucinations.

It is indicated for the treatment of signs
and symptoms of idiopathic Parkinson’s
disease.

Pramipexole has preferential affinity for
D, family of receptors.
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Sympathomimetics

The sympathomimetic or adrenergic or
adrenomimetic drugs mimic the effects of
adrenergic sympathetic nerve stimulation.
These are the important group of
therapeutic agents which may be used to
maintain blood pressure and in certain cases
of severe bronchial asthma.

The sympathomimetics are classified as
in table 3.1.1.

Mechanism of Action and Adrenoceptors

The catecholamines produce their action by
direct combination with receptors located on
the cell membrane. In 1948, Ahlquist divided
the adrenergic receptors into two main groups
—alpha and beta. The alpha receptor stimulation
produces excitatory effect and beta receptor
stimulation usually produces inhibitory effect.

Adrenergic receptors: These are
membrane bound G-protein coupled
receptors which function primarily by
increasing or decreasing the intracellular
production of second messengers cAMP or
inositol triphosphate (IP,)/diacylglycerol
(DAG). Adrenergic receptors are classified
into two main groups o and .

Alpha receptors: There are two major
groups of alpha receptors, o, and o,.
Activation of postsynaptic o, receptors
increases the intracellular concentration of
calcium by activation of a phospholipase C
in the cell membrane via G protein. o,
receptor is responsible for inhibition of renin
release from the kidney and for central a-
adrenergically mediated blood pressure
depression.

Beta receptors: On the basis of the
relative selectivity and potency of both
agonists and antagonists, three types of beta
receptors can be distinguished.

a. Beta, receptors have approximately
equal affinity for adrenaline and
noradrenaline and are responsible for
myocardial stimulation and renin
release.

b. Beta, receptors have a higher affinity
for adrenaline than for noradrenaline
and are responsible for bronchial
muscle relaxation, skeletal muscle
vasodilatation and uterine relaxation.

Dopamine receptors: The D, receptor is
typically associated with the stimulation of
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adenylyl cyclase. The important agonist of
dopamine receptors is fenoldopam (D,) and
bromocriptine (D,) and antagonist is
clozapine (D,).

These receptors are distinct from alpha
and beta receptors and are particularly
important in the brain.

Adrenergic drugs can also be classified
into:

a. Direct sympathomimetics: These act
directly on a or/and b adrenoceptors
e.g. adrenaline, noradrenaline, isopre-
naline, phenylephrine, methoxamine,
salbutamol etc.

b. Indirect sympathomimetics: They act
on adrenergic neurones to release
noradrenaline e.g. tyramine.

c. Mixed action sympathomimetics: They
act directly as well as indirectly e.g. ephe-
drine, amphetamine, mephentermine
etc.

Pharmacological Action of

Sympathomimetics (Particularly
adrenaline and noradrenaline)

Heart: Direct effects on the heart are
determined largely by P, receptors.
Adrenaline increases the heart rate, force of
myocardial contraction and cardiac output
which is associated with increased
metabolism by the myocardium, increased
oxygen consumption and thus decreasing
cardiac efficiency.

Blood vessels: Adrenaline and
noradrenaline constrict the blood vessels of
skin and mucous membranes. Constriction
predominates in cutaneous and mucous
membranes which occur through both o,
and o, receptors. Adrenaline also dilates the
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blood vessels of the skeletal muscles on
account of the preponderance of f,
receptors.

Blood pressure: Because of vasocon-
striction (o) and vasodilatation (B,) action
of adrenaline, the net result is decrease in
total peripheral resistance. Although
adrenaline increases the systolic blood pres-
sure but simultaneously lowers the blood
pressure by its peripheral action. The rise in
systolic blood pressure is often followed by
decrease in blood pressure, adrenaline in
such doses activates both a and b receptors.
But mean blood pressure rises with increase
in pulse pressure.

Noradrenaline causes rise in systolic,
diastolic and mean blood pressure and does
not cause vasodilatation (because of no
action on B, receptors) and increase in
peripheral resistance due to its a action.

Isoprenaline causes rise in systolic blood
pressure (because of B, cardiac stimulant
action) but marked fall in diastolic blood
pressure (because of b, vasodilatation action)
but mean blood pressure generally falls.

GIT: Adrenaline causes relaxation of
smooth muscles of GIT and reduce its
motility. Relaxation of smooth muscles of
GIT can be brought about by both alpha and
beta stimulants. It decreases the tone,
frequency and amplitude of contraction of
smooth muscles.

Respiratory system: The presence of j3,
receptors in bronchial smooth muscle causes
relaxation and activation of these receptors
by B, agonists cause bronchodilatation.
Among catecholamines, adrenaline and
isoprenaline are potent bronchodilators due
to its B, action but not noradrenaline.
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Uterus: The response of the uterus to the
catecholamines varies according to species
and absence or presence of pregnancy. In
rats both pregnant and nonpregnant uterus,
relaxation is produced while in rabbits both
pregnant and nonpregnant uterus is
contracted. In human beings, nonpregnant
uterus is contracted while pregnant uterus
is relaxed in the last month of pregnancy.

Eye: Mydriasis occur due to contraction
of radial muscles of iris, intraocular tension
is lowered due to less production of the
aqueous humor secondary to vasoconstric-
tion and conjunctival ischemia due to con-
striction of conjunctival blood vessels.

Action on other smooth muscles & other
miscellaneous actions:

a. Urinary bladder: Detrusor is relaxed
(b) and trigone is constricted (a) and
both the actions tend to inhibit
micturition.

b. Spleen: In animals, it causes
contraction (due to its a action) of the
splenic capsule resulting in increase in
number of RBCs in circulation.

c. It also cause contraction of retractor
penis, seminal vesicles and vas
deferens.

d. Adrenaline causes lacrimation and
salivary glands are stimulated.

e. Adrenaline increases the blood sugar
level by enhancing hepatic glyco-
genolysis and also by decreasing the
uptake of glucose by peripheral tissues.
Adrenaline inhibits insulin release by
its a-receptor stimulant action whereas
it stimulates glycogenolysis by its b
receptor stimulant action.

Section 3/ Drugs Acting on ANS

f. Adrenaline produces leucocytosis and
eosinopenia and accelerates blood
coagulation and also stimulates platelet
aggregation.

Action on CNS: Catecholamines do not
produce any marked CNS effects because
they do not cross blood brain barrier
satisfactorily. However, adrenaline may
produce restlessness, apprehension,
excitement and tremors on intravenous or
intracarotid injection.

Pharmacokinetics

Catecholamines are absorbed from the
intestines, but are rapidly degraded in gut
and liver by enzymes MAO and COMT.
Thus they are inactive on oral
administration.

Adverse Effects

Restlessness, anxiety, tremor, head-
ache. Both adrenaline and noradrenaline
cause sudden increase in blood pressure,
precipitating sub-arachnoid haemorrhage
and occasionally hemiplegia, and ven-
tricular arrhythmias. May produce angi-
nal pain in patients with ischemic heart
disease.

Contraindications

a. In patients with hyperthyroidism.

b. Hypertension.

¢. During anaesthesia with halothane and
cyclopropane.

d. In angina pectoris.

Therapeutic Uses

Allergic reaction: Adrenaline is drug of
choice in the treatment of various acute al-
lergic disorders by acting as a physiological
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antagonist of histamine (a known mediator
of many hypersensitivity reactions). It is
used in bronchial asthma, acute angion-
eurotic edema, acute hypersensitivity reac-
tion to drugs and in the treatment of ana-
phylactic shock.

Bronchial asthma: When given
subcutaneously or by inhalation, adrenaline
is a potent drug in the treatment of status
asthmaticus.

Cardiac uses: Adrenaline may be used
to stimulate the heart in cardiac arrest.
Adrenaline can also be used in Stokes-Adam
syndrome, which is a cardiac arrest
occurring at the transition of partial to
complete heart block. Isoprenaline or
orciprenaline may be used for the temporary
treatment of partial or complete AV block.

Vascular uses: Pressor agents like
adrenaline (more appropriate dopamine or
dobutamine) may be useful in hypotensive
crisis.

Adrenaline along with local anaesthetics
may be used for infiltration, nerve block and
spinal anaesthesia for prolonging the action
and to reduce the systemic toxicity of local
anaesthetics.

Adrenaline may be useful in control of
haemorrhage from the skin and mucous
membrane such as epistaxis and after tooth
extraction.

Also used as nasal decongestant.

Miscellaneous uses:

a. Phenylephrine is used in fundus
examination as mydriatic agent.

b. Amphetamines are sometime used as
adjuvant and to counteract sedation
caused by antiepileptics.
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c. Anoretic drugs can help the obese
people.

d. Amphetamine may be useful in
nocturnal enuresis in children.

e. Isoxsuprine (uterine relaxant) has been
used in threatened abortion and
dysmenorrhoea.

DOPAMINE

It is an immediate metabolic precursor of
noradrenaline. It activates D, receptors in
several vascular beds, which causes
vasodilatation. It acts on dopaminergic and
other adrenergic receptors (o & f3,).

Pharmacological Actions of Dopamine

The actions of particular sympathomi-
metic amine depend on its relative activity
at different types of adrenergic receptors.
The overall actions are:

Cardiovascular system:

a. Blood vessels: D, receptors promote
vasodilatation of renal, splanchnic,
coronary and cerebral arteries.
Activation of the D, receptors in the
renal vasculature may play a major role
in the natriuresis induced by
pharmacologic administration of
dopamine.

b. Heart: In the heart, intraventricular
pressure rises and falls more rapidly,
and ejection time is decreased. These
direct effects are easily demonstrated
in the absence of reflexes evoked by
changes in blood pressure, e.g. in
isolated myocardial preparations and
in patients with ganglionic blockade. In
the presence of normal reflex activity,
the direct effects on heart rate may be
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dominated by a reflex response to
blood pressure changes.

c. Blood pressure: The enhanced arterial
constriction may lead to a marked rise
in blood pressure. In the presence of
normal cardiovascular reflexes, the rise
in BP elicits a baroreceptor mediated
increase in vagal tone with slowing of
the heart rate.

Eye: The radial pupillary dilator muscle
of the iris contains alpha-receptors; activation
by drugs causes mydriasis.

Respiratory tract: The blood vessels of
the upper respiratory tract mucosa contain
o,-receptors; the decongestant action of
alpha stimulants is clinically useful.

Gastrointestinal tract: Relaxation of GIT
smooth muscle can be brought about by both
o and B stimulant agents. Alpha stimulants
especially o, selective agonists, decrease
muscle activity indirectly by presynaptically
reducing the release of catecholamines. o, -
receptors may also decrease salt and water
flux into the lumen of the intestine.

Effect on endocrine function: Catechola-
mines are important endogenous regulators
of hormone secretion from a number of
glands. Insulin secretion is stimulated by
beta receptors and inhibited by o -receptors.
Similarly, renin secretion is stimulated by
B, and inhibited by o, receptors; indeed,
beta-receptor antagonists may lower plasma
renin at least part by this mechanism.

Adverse effects of dopamine include
nausea, vomiting, ectopic beats, anginal pain,
tachycardia, palpitation and widened QRS.

Contraindications are atrial or ventricu-

lar tachyarrhythmias, hyperthyroidism and
pheochromocytoma.

Section 3/ Drugs Acting on ANS

It is indicated in shock syndrome due
to MI, trauma, septicaemia, heart surgery,
renal failure and chronic cardiac failure.

DOBUTAMINE

It is a derivative of dopamine and has
relatively P,-selective action and it also
activates o, receptors and do not have D,
or D, receptor agonistic property. It
increases the force of myocardial
contraction and cardiac output without
significant change in heart rate, blood
pressure and peripheral resistance. It is
used as inotropic agent and for short term
management of CHF and also in patients
who are unresponsive to digitalis.

EPHEDRINE

Ephedrine is an alkaloid obtained from
‘Ephedra vulgaris’ plant. It act indirectly and
directly on o and P receptors. It increases
blood pressure both by peripheral
vasoconstriction and by increasing the
cardiac output. Ephedrine also relaxes the
bronchial smooth muscles.

Ephedrine stimulates CNS and produces
restlessness, insomnia, anxiety and tremors.
Ephedrine produces mydriasis on local as
well as systemic administration.

Ephedrine is useful for the treatment of
chronic and moderate type of bronchial
asthma, used as nasal decongestant and as
a mydriatic without cycloplegia. It is also
useful in preventing ventricular asystole in
Stokes Adams syndrome. It is also used in
narcolepsy, however amphetamines are the
drug of choice.

PSEUDOEPHEDRINE

Pseudoephedrine appears to have less
pressor activity and weaker central nervous
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system effects than ephedrine. It has agonist
activity at both B, and B, adrenoceptors,
leading to increased cardiac output and
relaxation of bronchial smooth muscle.

It is readily and completely absorbed
from the GIT following oral administration
with no presystemic metabolism.

Pseudoephedrine is rapidly absorbed
throughout the body. It is eliminated largely
unchanged in urine by N-demethylation.

It is excreted in breast milk at
concentration constantly higher than those in
maternal plasma. The elimination of
pseudoephedrine is reduced in renal
impairment. Hepatic dysfunction is unlikely
to affect the pharmacokinetics of the drug.

Adverse effects include excessive
tiredness, restlessness, nervousness,
tremors, headache, palpitation, elevation in
BP, vomiting, anorexia, constipation, nausea
and convulsions.

It is contraindicated in cardiovascular
disease causing hypertension, angina pectoris
etc., endocrine disorders like hyperthyroidism,
diabetes mellitus, prostate enlargement and
concurrent use of MAQ inhibitors.

Itis indicated in symptomatic relief from
stuffed nose, respiratory tract congestion,
bronchospasm associated with asthma,
bronchitis and other similar disorders.

OXYMETAZOLINE

It is a directly acting sympathomimetic
amine used in symptomatic relief in nasal
congestion which increases mucosal
secretion.

Local vasoconstriction is normally
achieved within 5 to 10 minute of intranasal
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administration. Oxymetazoline enters
tissues rapidly and is released slowly. The
plasma half life is 5-8 days. 30% of absorbed
drug is eliminated in the urine and
approximately 10% in the faeces.

It is used:

1. As a nasal decongestant in allergic
rhinitis, with or without the addition of
antazoline or sodium chromoglycate.

2. Asanasal decongestant in sinusitis, in
otitis media where there is evidence of
obstruction of the eustachian tube
especially in subacute serous otitis
media and otitic barotrauma.

3. As an ocular decongestant in allergic
conjunctivitis.

4. To ‘whiten” an inflamed (red) eye
caused by a local irritant such as dust
or following the removal of a foreign
body.

Adverse effects include local stinging or
burning, sneezing, dryness of mouth and
throat. Prolonged use may cause rebound
congestion and drug induced rhinitis,
headache, tachycardia may occur.

Compounds like naphazoline and
xylometazoline are relatively selective a,
agonists, which on topical application
produce local vasoconstriction. They are
used as nasal decongestants and have
longer duration of action. Prolonged use
can produce atrophic rhinitis and anosmia.

ISOPRENALINE

It is beta-receptor stimulant, which
stimulates the heart and causes tachycardia.
It relaxes the smooth muscles particularly
the bronchial and GIT. It is mainly used in
bronchial asthma, in the treatment of shock
and as a cardiac stimulant in heart block.



138

ORCIPRENALINE

Is a potent B-adrenergic agonist.
Receptor sites in the bronchi and bronchioles
are more sensitive to the drug than those in
the heart and blood vessels.

It decreases reversible bronchospasm
associated with chronic bronchitis,
pulmonary emphysema, bronchial asthma,
silicosis, tuberculosis and sarcoidosis. The
resultant decrease in airway obstruction
may relieve the dyspnea associated with
bronchospasm.

It is effective both by oral route as well
as inhalation.

There is more rapid onset of action
following inhalation administration.

Absorption via the bile is 45 percent of
renal excretion. Bioavailability of the active
substance is 33% owing to a first pass effect.

It is indicated in bronchial asthma and
reversible bronchospasm associated with
chronic bronchitis and pulmonary emphy-
sema, including bronchospasm due to the
use of b-blocking agents.

Can be used as a supportive therapy
with antibiotics, secretomucolytics,
corticosteroids, physiological saline and
disodium chromoglycate.

Side effects such as palpitation, restless-
ness and finger tremor may occur; in iso-
lated cases, flushing, headache, sleep distur-
bances, nausea, ventricular disturbances or
angina pectoris and allergic skin reactions
have been observed.

The injection or infusion of high doses
may also cause tachycardia, arrhythmia and
a decrease in blood pressure.

Section 3/ Drugs Acting on ANS

AMPHETAMINE

It is a synthetic compound with
structural similarity to ephedrine and is
available in racemic and dextro isomers. It
increases the systolic and diastolic blood
pressure. Amphetamine is a potent CNS
stimulant and causes alertness, insomnia,
increased concentration, euphoria or
dysphoria and increased work capacity.
Amphetamine produces wakefulness and
improved physical performance. It contracts
the sphincter of the bladder and relaxes the
bronchial smooth muscle in large doses.
Amphetamines are drugs of abuse and can
produce behavioural abnormalities and can
precipitate psychosis. It can produce
psychological but no physical dependence.

Because of its misuse especially by
teenagers, its use is limited to the treatment
of Attention Deficit Hyperactivity Disorder
(ADHD) and narcolepsy.

PHENYLEPHRINE

It is a vasopressor agent with some struc-
tural similarity to adrenaline and has a power-
ful alpha, receptor stimulant action. The pres-
sor response is accompanied by reflex brady-
cardia. It is used as a nasal decongestant and
mydriatic agent and also in the treatment of
paroxysmal supraventricular tachycardia.

UTERINE RELAXANTS (TocoLYTICS)

These are the agents which decrease uterine
motility and have been used to delay or postpone
labour and to arrest threatened abortion which
is needed to allow fetus to mature.

ISOXSUPRINE

Both nylidrin and isoxsuprine have got
beta receptor stimulant action and is used
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in the treatment of peripheral vascular
diseases. But nylidrin is not used clinically.

Isoxsuprine has a potent inhibitory
effect on vascular and uterine smooth
muscle and has been used in the treatment
of dysmenorrhoea, threatened abortion,
premature labour and peripheral vascular
diseases. Adverse effects include nausea,
tachycardia, flushing and dizziness.

RITODRINE

It is B, selective agonist with uterine
relaxant property and preferred to suppress
premature labour and delay delivery of fetus.
But, use of ritodrine in suppressing labour has
been found to increase maternal morbidity and
neonate may develop hyperglycemia. So it
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should not be used if mother has a history of
diabetes, heart disease or is on -blocker or
steroid therapy.

Certain other drugs also having uterine
relaxant property are calcium channel
blockers, prostaglandin synthesis inhibitors,
progesterone, nitrites, anticholinergics,
ethyl alcohol etc.

FENFLURAMINE

It is a sympathomimetic amine. the
mechanism of action is related to brain
levels (or turnover rates) of serotonin or
to increase glucose utilization. Its
antiappetite effect is suppressed by
serotonin blocking drugs. Its use in clinical
practice is recently banned in ‘India’
because of severe toxicity.
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Treatment of Shock

&

Vasopressor Agents

Shock is a clinical syndrome in which
profound and widespread reduction in
the effective delivery of oxygen and
other nutrients to the tissues. In shock
condition, the individual is weak, anx-
ious with coldness of extremeties, sweet-
ing and marked fall in arterial pressure.
Physiologic mechanisms can effect the
arterial pressure by acting on one or
more of two variables i.e. preload,
impedance to blood flow (after load) and
myocardral contractility. These macha-
nisms include:

— Local release of vasodilater metabolits
e.g. adenosine

- Release form the endothelium of
substances that relax (e.g. endothelium
derived relax factor, nitric oxide) or
contract (e.g. endothelium)

— Activity of autonomic nervous system
and the modulation of this activity by
baroreceptor reflexes and vasomotor
centre in the brainstem.

— The release of epinephrine or norepi-
nephrine by adrenal medulla and sym-

pathetic nerve endings.
— Release of vasopressin.
— Release of vasodilators, including kinin
and prostaglandins.
— Two activity of renin-angiolension sys-
tem
All these mechanism can affect the
arterial pressure by altering the vascular
resistance and/or cardiac output.

FORMS OF SHOCK

The classification of shock is based on
the cause which is as under:

I Cardiogenic shock
- Myopathic
— Arrhythmic
— Mechanical

II Oligemic shock or hypovolaemic shock
— Haemorrhage
— Fluid depletion

IIT Extracardiac obstructive shock

— Constrictive pericarditis
— Pulmonary embolism
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— Severe pulmonary hypertension
- Percardial tamponade
— Coarctation of aorta
IV Distributive shock
— Anaphylaxis
— Septic shock
— Neurogenic shock
— Endocrinologic shock
— Due to toxic products e.g. overdose

TREATMENT

CARDIOGENIC SHOCK

It is characterized by severe, persisting
pain, shock and hypotension with possible
development of arrhythmias and is due to
severe depression of systolic cardiac
performance, systolic arterial pressure is
below 80 mm Hg, low cardiac index,
ventricular filling pressure is elevated and
pulmonary edema may or may not be
evident. The most frequent cause is
infarction involving more than fourty
percent of the left ventricular myocardiam,
leading to a severe reduction in left
ventricular contractility contradictively and
failure of the left ventricular pump.

Acute myocarditis and depression of
myocardial contractility following cardiac
arrest and prologed cardiac surgery also the
causes of cardiogenic shock.

Cardiogenic shock is also caused by
mechanical abnormalities of the ventricle.
Acute mitral or ventricular aneurysm,
usually caused by acute myocardial
infarction, can cause a severe reduction in
forward cardiac output and thereby result
in cardiogenic shock.

The management of cardiogenic shock
when it is due to myocardial infarction (after

Section 3/ Drugs Acting on ANS

mechanical causes have been excluded), the
therapy should be directed toward reducing
ischemia and salvaging severely, ischemic
but reversibly damaged myocardium at the
infart border. This may also be supported
by administration of oxygen and nitrates,
intraaortic balloon pumping and depending
upon the specific condition, thrombolytic
agents may be added.

The repaired myocardium may be treated
by combination of intraaoritc balloon
couterpulsation and sympathomimetics
amines e.g. dopamine, dobutamine, etc.

In other conditions of cardrogenic shock
(due to mechanical abnormalities) e.g. acute
mitral regurgitation or ventricular septal
defect, surgical correction is usually
required.

OLIGEMIC OR HYPOVOLEMIC SHOCK

It occur due to haemorrhage or a large
loss of body fluids secondary to diarrhoea,
vomiting, burn or dehydration leads to
inadequate ventricular filling i.e. to decreased
preload severely, decreased right and left
ventricular end-diastolic volumes and
pressures. These changes leads to oligemic
shock by causing an inadequate stroke
volume and inadequate cardiac output.

Oligemic shock may be managed by
rapid infusion of blood plasma or plasma
substitutes/expanders and simultaneously
the source of blood / fluid loss in identified
and corrected.

EXTRACARDIAC OBSTRUCTIVE
SHOCK

Pericardial temponade is the main cause
of extracardric obstructive shock, which is
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the inability of the ventricle of fill during
diastole markedly limiting the stroke
volume and cardiac output. Another cause
is massive pulmonary embolism

In pericardial temponade, administra-
tion of sympathomimetic amines e.g. nore-
pinephrine and /or dopamine may improve
haemodynamics temporarily and surgical
pericardial drainage is the only effective
treatment.

DISTRIBUTIVE SHOCK

Anaphylactic, septic and neurogenic
shock are the examples of distributive shock
and all of which usually cause profound
decrease in periperal vascular resistance.

In anaphylactic shock, when a sensitized
person is re-exposed to the specific antigen
and due to antigen-antibody reaction there
is large amount of histamine release along
with other mediators of anaphylaxis,
resulting in fall in blood pressure with savere
allergic reaction and bronchospasm.
Penicillin is the common example of
anaphylactic shock in sensitized individuals.
Epinephrine is a life saving drug of choice
in this type of case. Dopamine may be given
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in severe vasomotor collapse. Septic shock is
characterized by a low systemic vascular
resistance and an elevated cardiac output and
itusually begins with a nidus of infection that
releases microbes and/or one or more
mediators e.g. histamine, Kkinine,
prostaglandins, endorphins, TNF, interlukin
1 & 2 etc. into the blood stream which
produce vascular dilatation and
vasoconstriction (some PG’s & leukotrienes).
The peripheral vasodilatation result in a
reduced systemic vascular resistance and
high cardric output.

Management of septic shock may be
carried out in three simultaneous ways,
firstly, the nidus of infection must be
identified and eliminated, using surgical
drainage and antimicrobial therapy.
Sacondly, using cardiovascular monitoring
and support, adequate organ system
perfusion and function must be maintained.
Thirdly, to interrupt the pathogenic
sequence leading to septic shock.

Neurogenic shock is generally occur in
abdominal trauma, spinal anasthesia, spinal
cord injury and is managed by vasopressor
agents e.g. dopamine.
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Sympatholytics

These are the agents, which block the action
of adrenaline and noradrenaline. They block
either alpha or beta or both adrenergic
receptors. They are classified asin table 3.3.1 ~ Alpha blockers are the drugs which block
and 3.3.2. the pressor response to noradrenaline and

GENERAL CHARACTERISTICS OF

ALPHA BLOCKERS

Table 3.3.1: Classification for alpha adrenergic blocking agents.

A. Non-equilibrium
Phenoxybenzamine (FENOXENE) 20-60 mg orally, 1 mg/kg IV infusion
B. Equilibrium
I.  Nonselective (e,+a, blockers)
i. Ergot alkaloids

Ergotamine (GYNERGEN) 1-3 mg oral, 0.25-0.5 mg IM/SC
Dihydroergotamine 2-6 mg oral, 0.5-1 mg IM
Dihydroergotoxine (HYDERGINE) 1.5 mg oral TDS, 0.15-0.6 mg IM
ii. Imidazolines
Phentolamine mesylate (FENTANOR) 50 mg QID
Tolazoline (PRISCOL) 25-50 mg TDS
iii. Phenothiazines
Chlorpromazine (LARGECTIL) 25-50 mg oral/IM
Il o, Selective
Prazosin (MINIPRESS) 0.5-1.0 mg TDS
Terazosin (OLYSTER) 2-10 mg/day, 1 mg HS
Triamazosin 25-200 mg TDS
Doxazosin (DOXACARD) 1-4 mg/day
Tamsulosin (DYNAPRES) 0.4-0.8 mg OD
lll. e, Selective

Yohimbine 2-4 mg TDS
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convert adrenaline induced stimulation
response to depressor response. Blockage of
vasoconstrictor receptors reduces peripheral
resistance, venous return and cardiac output
leading to fall in blood pressure. The
decrease in blood pressure by alpha blockers
can reduce renal blood flow, which can lead
to reduction of glomerular filtration rate and
more reabsorption of sodium and water in
the tubules and ultimately sodium retention
and increase in blood volume.

Positive inotropic and chronotropic
effects of catecholamines are not blocked by
alpha blockers, but these drugs can block
catecholamine induced cardiac arrhythmias.

Certain stimulant actions of
catecholamines on various smooth muscles
are blocked by alpha blockers such as
uterine contraction of certain species,
contraction of vas deferens and retractor
penis, stimulation of seminal vesicles and
vas deferens. Alpha blockers can inhibit
ejaculation and produce impotence. Salivary
secretion and sweat formation induced by
catecholamines is blocked by alpha blockers.

Alpha blockers also produce certain
metabolic effects such as inhibitory action
of adrenaline on insulin secretion is blocked
and adrenaline induced rise in blood
potassium level is also blocked.

Miosis and nasal stuffiness can occur
with alpha blockers by acting on radial
muscles of iris and nasal blood vessels.
Diarrhoea may occur due to increase in
intestinal motility.

The common adverse effects with alpha
blockers are palpitation, nasal stuffiness,
postural hypotension, retention of fluid,
diarrhoea, inhibition of ejaculation and
impotence.

Section 3/ Drugs Acting on ANS

PHENOXYBENZAMINE

It is a potent alpha-adrenergic blocking
agent and only haloalkylamine used
clinically. It effectively prevents the
responses mediated by alpha receptors and
diastolic blood pressure tends to decrease.
It interferes with the reflex adjustment of
blood pressure and produces postural
hypotension. It increases the cardiac output
and decreases the total peripheral resistance.
It also antagonizes cardiac arrhythmias
provoked by catecholamines. Apart from
these effects, phenoxybenzamine has other
actions also e.g. antagonism of acetylcholine,
histamine, 5-hydroxytryptamine (serotonin).
However, the vasodilatation produced by
phenoxybenzamine is because of alpha
blockage. Adverse reactions are miosis,
dryness of mouth, inhibition of ejaculation,
palpitation, nasal stuffiness and in higher
doses, postural hypotension and reflex
bradycardia.

It is used in the management of
pheochromocytoma and also to treat
peripheral vasospastic conditions e.g.
Raynaud’s disease and shock syndrome.

Phentolamine, another alpha blocker is
exclusively used for the diagnosis of
pheochromocytoma and for the prevention
of abrupt rise in blood pressure during
surgical removal of adrenal medulla tumors.

ERGOT ALKALOIDS

Ergot is a parasitic fungus (Claviceps
purpurea). It contains different alkaloids of
complex chemical structure. The amino acid
ergot alkaloids are ergotamine, ergocristine,
ergocornine, ergosine, ergocryptine and their
dehydrogenated derivatives can block the



Sympatholytics (Antiadrenergic Agents)

alpha receptors. Ergotamine is an important
alkaloid that possesses both vasoconstrictor
and alpha-receptor blocking activity. Both
ergotamine and dihydroergotamine are used
in the treatment of migraine.

MIGRAINE

Migraine is a severe episodic throbbing or
dull pain in head, may be lateralized or
generalised associated with anorexia,
nausea, vomiting, photophobia and blur-
ring of vision. The pain of migraine and
vascular headaches are associated with va-
sodilatation, edema and visible pulsations
of the extracranial blood vessels. The 5-HT
plays a pivotal role in pathophysiology of

migraine.

DRUG THERAPY OF MIGRAINE

a. Simple analgesics (aspirin or
paracetamol), NSAIDs and antiemetics are
useful in mild attacks of migraine.

b. Moderate and severe attacks of
migraine besides NSAIDs need specific
drugs like ergot alkaloids, sumatriptan and
methysergide along with antiemetics.

METHYSERGIDE

It is a 5-hydroxytryptamine antagonist
(5HT,, ,o)- It is effective in preventing an
attack of migraine. Adverse effects include
nausea, abdominal pain, diarrhoea and ner-
vousness.

SUMATRIPTAN

It is a potent selective 5-HT, , receptor
agonist used in the treatment of migraine.
The 5HT, receptor is found dominantly in
cranial blood vessel. It activates other
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subtype of 5-HT, receptor at very high
concentration.

Oral bioavailability is only 15% but af-
ter SC injection absorption is rapid and com-
plete. It is metabolized by MAO-A isoen-
zyme and metabolites are excreted in urine.
Adverse effects include tightness in head
and chest, paresthesia in limb, dizziness, rise
in BP and bradycardia. Rarely seizures and
hypersensitivity reactions occur.

Dose: SUMINAT; 25-100 mg/day, 6 mg SC.

Drugs useful in prophylaxis of migraine
are B-adrenergic blockers (usually
propranolol), methysergide, calcium
channel blockers.

OTHER O-INHIBITORS

PRAZOSIN

It is an piperazinyl quinazoline effective in
the management of hypertension. It is highly
selective for o, receptors. It also reduces the
venous return and cardiac output. It is used
in essential hypertension, benign prostatic
hypertrophy and in Raynaud’s syndrome.
Prazosin lowers blood pressure in human
beings by relaxing both veins and resistance
vessels but it dilates arterioles more than
veins.

It has variable absorption from GIT and
has about 50% hepatic first pass metabolism.
It is highly bound to plasma proteins.

Adverse effects include orthostatic
hypotension, dizziness, headache, drowsiness,
weakness, palpitation and impotence.

TERAZOSIN

It is similar to prazosin but has higher
bioavailability and longer plasma t%2.
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It is another o, -selective blocker used in
hypertension and benign prostatic
hypertrophy.

DOXAZOSIN

It is another potent and selective o -
adrenoceptor antagonist and quinazoline
derivative. It’s antihypertensive effect is
produced by a reduction in smooth muscle
tone of peripheral vascular beds.

Doxazosin is well absorbed after oral
administration and approximately two third
of the dose is bioavailable.

TAMSULOSIN

It is uroselective o, blocker and has
been found effective in improving BPH
symptoms.

Adverse effects include dizziness and
retrograde ejaculation.

YOHIMBINE

It is an alkaloid obtained from an
African plant Yohimbehe. Chemically it is
an indolealkylamine related to reserpine.
It has selective o, blocking property with
short duration of action and also blocks 5-
hydroxytryptamine receptors. It produces
increase in heart rate and blood pressure
due to increase in noradrenaline release.
It does not have any role in clinical
practice.

Therapeutic Uses of Alpha Blockers

1. Diagnosis and treatment of
pheochromocytoma: Phenoxybenzamine
is used in the treatment of inoperable
pheochromocytoma. Phentolamine
test is used for the diagnosis of
pheochromocytoma.
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2. Hypertension: The selective o, blockers
such as prazosin, terazosin, doxazosin
etc. are used in the management of
essential hypertension.

3. Congestive heart failure: The selective
o, blocker affords symptomatic relief
in congestive heart failure in short
term.

4. Peripheral vascular disease: In
Raynaud’s phenomenon, the drugs like
prazosin, phenoxybenzamine produce
a symptomatic relief.

5. Alpha blockers can be used in
secondary shock due to any blood/
fluid loss accompanied by reflex
vasoconstriction.

6. Benign prostate hypertrophy: Alpha
receptor blockers increase urinary flow
rate and causing more complete
emptying of urinary bladder in benign
prostate hypertrophy patients.

7. Migraine: Ergotamine is used in the
treatment of migraine.

8. Erectile dysfunction: Injection of papav-
erine with or without phentolamine in
the corpus cavernosum has been found
to be effective in erectile dysfunction of
penis.

Other drugs used for erectile dysfunction

Sildenafil: It is orally active selective in-
hibitor of phosphodiesterase type 5 useful in
treatment of erectile dysfunction. It results
in reduced breakdown of cyclic guanosine
monophosphate (cGMP) which is responsible
for nitric acid (NO) mediated vasodilatation
in corpora cavernosa. Thus inducing an erec-
tile response to sexual stimulation. It has no
direct relaxant effect on smooth muscle of
corpus cavernosa and has no effect in absence
of sexual stimulation.
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It is rapidly absorbed after oral
administration with 40% bioavailability. It
is metabolised in liver by cytochrome P450
to a less active metabolite which is
predominantly excreted in faeces (80%) and
in urine (13%).

It is useful in erectile dysfunction of any
etiology.

Adverse effects include headache,
flushing, dyspepsia, nasal congestion,
abnormal vision (mild and transient),
diarrhoea, dizziness, angina pectoris, AV
block, palpitation, postural hypotension,
priapism etc.

Dose: VIAGRA; 25-100 mg/day.

The newer drug of same category are
alprostadil, vardenafil and tadalafil which
are recently introduced for erectile
dysfunction in man. Apomorphine is
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recently introduced for erectile dysfunction
with proven efficacy and safety, given
sublingually and acts within 20 minutes in
a dose of 2-3 mg.

BETA ADRENERGIC BLOCKERS

These are the agents which block the action
of sympathetic nerve stimulation and
circulating sympathomimetic amines on the
beta adrenergic receptors. At the cellular
level, they inhibit the activity of the
membrane cAMP. The main effect is to
reduce cardiac activity by diminishing B,
receptor stimulation in the heart. This
decreases the rate and force of myocardial
contraction of the heart, and decreases the
rate of conduction of impulses through the
conduction system. They are classified as in
table 3.3.2.

Table 3.3.2: Classification for beta adrenergic blocking agents.

A. Non-selective (B,+B,)

Propranolol (CIPLAR)

Sotalol (SOTAGARD)

Nadolol

Timolol (TIMOPRESS)

Alprenolol

Pindolol (VISKEN)

With additional alpha blocking activity
Labetalol (LOBATE)

Carvedilol (CARDIVAS)

B. B, Selective (cardioselective)
Metoprolol (BETALOC)
Atenolol (BETACARD)
Bisoprolol (CONCOR)
Celiprolol (CELIPRESS)

C. B, Selective
Butoxamine

10-80 mg TDS, 2-8 mg IV

80-480 mg/day

40-240 mg OD

5-20 mg BD, 0.25-0.5% topical (eye)
200-800 mg/day

10-30 mg/day

100-200 mg TDS, 50 mg IV
12.5-50 mg BD

100-450 mg/day
50-100 mg/day
5 mg OD-BD
100-200 mg/day
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PROPRANOLOL

Propranolol is an optically active
compound. The B-adrenergic receptor
blocking activity resides entirely in the L-
isomer, although the D-isomer has equivalent
membrane stabilising activity. L-propranolol
is a competitive antagonist at both B, and j3,
receptor. It is not cardioselective although it
has slightly greater activity at the B, than at
B, receptor. It has no agonist activity but has
membrane stabilizing activity at
concentration exceeding 1 to 3 mg, though
such concentrations are rarely achieved
during oral therapy.

If adrenaline is administered to an
animal which has been pretreated with
propranolol the pressor action is potentiated
because the o-adrenergic vasoconstriction is
not affected but the B, vasodilator action is
blocked.

Pharmacokinetics

Propranolol is well absorbed after oral
administration. Peak concentration occurs
after 1-3 hrs after administration.
Propranolol undergoes extensive hepatic
first pass metabolism. The proportion of
drug, reaching the systemic circulation
increases as the dose is increased when the
hepatic circulation may become saturated.
It is rapidly distributed because it is lipid
soluble. It can readily cross blood brain
barrier (BBB).

It is highly bound to plasma protein
(90% to 95%). The major binding protein is
o, -acid glycoprotein. Plasma half life is 3 to
6 hrs, and excreted through urine (95%)
breast milk & 5% in faeces as glucuronide
metabolites.
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Therapeutic Uses

1.

Hypertension: Propranolol is antihy-
pertensive. Propranolol suppresses the
activation of heart by blocking the 3,
receptor. They reduce the work of heart
by decreasing the cardiac output and
causing a slight decrease in blood
pressure.

Glaucoma: Timolol and other ocular 3-
blockers are used to treat glaucoma.
Propranolol is effective in diminishing
intraocular pressure in glaucoma. This
occurs by decreasing the secretion of
aqueous humor by ciliary epithelium.
It neither affects the ability of eye to
focus for near vision, nor changes pupil
size. Used in chronic cases only.
Migraine: Effective in reducing
migraine episodes due to blockade of
catecholamine induced vasodilatation
in the brain vasculature. Propranolol
decreases the incidence and severity of
the attack.

Hyperthyroidism: Propranolol blocks
the peripheral conversion of thyroxine
to triiodothyronine. It controls
palpitation, nervousness, tremor &
sweating etc.

Angina pectoris: Propranolol decreases
O, requirement and work of heart
muscle and therefore is effective in
reducing the chest pain on exertion
which occurs in angina.

Myocardial infarction: It blocks the
action of circulating catecholamines
which would increase the oxygen
demand in already ischemic heart
muscle thereby limiting the infarct size.
Anxiety: Exerts an antianxiety effect
during nervousness and panic attacks.
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8. Cardiac arrhythmias: It is life saving
in protecting against serious cardiac
arrhythmias. It suppresses tachycardia.

9. Pheochromocytoma: Propranolol is
used.

10. Hypertrophic obstructive cardiomy-
opathy: Propranolol inhibits the inotro-
pic effect of sympathetic stimulation
and may reduce intraventricular pres-
sure gradient.

11. Essential tremor: Non selective
blockers are useful.

Adverse Reactions & Contraindications

1. II or III degree heart block: Cardiac
arrest may occur.

2. Bronchial asthma: An immediate
contraction of bronchiolar smooth
muscle prevents air from entering the
lungs. Bronchospasm may occur in
patient with obstructive pulmonary
diseases.

3. Bradycardia: If it taken, resting heart
rate reduces to 60/min or less.

4. In digitalis and verapamil therapy:
Severe bradycardia may occur. Both
verapamil and propranolol are
negative inotropic agents.

5. Cardiac failure: Beta blockers depress
myocardial contractility and may
precipitate cardiac failure & bradycardia.

6. Cardiogenic shock.

7. Carbohydrate tolerance may be
impaired in prediabetics.

8. Hypoglycemia.

9. Rebound hypertension & angina can
occur on abrupt withdrawal of
propranolol.
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10. Metabolic acidosis.

11. Cold hand & feet.

12. Severe haemorrhage.

13. Tiredness & reduced exercise capacity.

14. Can precipitate CHF by blocking
sympathetic support to the heart.

OTHER BETA BLOCKERS

SOTALOL

Itis nonselective (B,+f3)) blocking agent
with lower lipid solubility with additional
potassium channel blocking activity.

NADOLOL

It is another nonselective beta blocker
with longer duration of action and mainly
used in hypertension. It is excreted largely
in urine and does not cross blood-brain
barrier and has no central side effects.

TIMOLOL

It is nonselective agent with no local
anaesthetic activity and having excellent
ocular hypotensive effect preferred for
ophthalmic use. It is useful in chronic wide-
angle and aphakic glaucoma. Levobunolol
and betaxolol are other agents used as
ophthalmic preparation used in glaucoma.

PINDOLOL

It is a nonselective beta blocker with
marked intrinsic sympathomimetic activity.
It has advantage over propranolol that it
produces less bradycardia and rebound
hypertension. Oxprenolol resembles
propranolol and is short acting with mild
intrinsic sympathomimetic activity.
Alprenolol is similar to pindolol and
oxprenolol.
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BETA BLOCKERS WITH ADDITIONAL ALPHA
BLockING ACTIVITY

LABETALOL

It is a adrenergic antagonist which can
block both alpha and beta receptors. It is
non-selective (B,+fB,) and selective (c,)
receptor blocker. Labetalol is five times more
potent in blocking beta than alpha receptors.
Both alpha and beta blocking actions of
labetalol contribute to a decrease in blood
pressure in hypertensive patients. It is
effective in mild to moderate hypertension,
pheochromocytoma and clonidine with-
drawal hypertension. The most serious side
effect is postural hypotension because of
alpha blocking activity. Other side effects
include sexual dysfunction, failure of
ejaculation, depression etc.

CARVEDILOL

Itis beta (B,+p,) and alpha (o) blocking
agent with additional antioxidant property.
Itis mainly used in hypertension and in CHF
as cardioprotective agent.

Carvedilol significantly reduces
systemic blood pressure, pulmonary artery
pressure, right atrial pressure, systemic
vascular resistance, and heart rate, while
stroke volume index is increased.

Carvedilolis a dualaction cardiovascular
agent with non selective beta blocking, o,
antagonistic vasodilating properties and is
devoid of intrinsic sympathomimetic activity.

Carvedilol is well absorbed after oral
administration with peak serum levels
occurring after one hour. Excretion is
primarily in bile and significant accumulation
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of carvedilol or its active metabolites is
unlikely in patients with renal impairment.

Carvedilolis indicated for the management
of essential hypertension. It can be used alone
or in combination with other anti-hypertensive
agents. It is effective also in CHF.

Carvedilol may be used in patients unable
to tolerate an ACE inhibitor. Carvedilol may
be used in patients who are not receiving
digitalis, hydralazine and nitrate therapy.

Adverse effects include symptomatic pos-
tural hypotension, dizziness, headache, fa-
tigue, gastrointestinal upset and bradycardia.

CARDIOSELECTIVE/fB, BLOCKERS

METOPROLOL

Itis cardioselective beta blocking agent
and is devoid of intrinsic sympathomimetic
activity. It reduces plasma renin activity in
hypertensive patients. Metoprolol may be
preferred to a nonselective agent in
asthmatics and patients prone to develop
hypoglycemia. Its antianginal action is
comparable to that of propranolol. It is
metabolised by hydroxylation and excreted.

ATENOLOL

Itis cardioselective beta, blocking agent
with low lipid solubility, generally
administered once daily because of its longer
duration of action. Most commonly used in
hypertension and angina pectoris.

BISOPROLOL

Another cardioselective beta, blocking
agent devoid of intrinsic sympathomimetic
activity given once daily in the treatment of
hypertension and angina pectoris.
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CELIPROLOL

It is beta, selective blocker with a
modest capacity to activate beta, receptors
also. It is used in treating hypertension and
angina pectoris.

NEBIVOLOL

Nebivolol is a new selective [ -
adrenergic blocking agent that possesses a
unique pharmacodynamic profile, by which
it differs from traditional B3 -blockers.

Nebivolol is quite safe and is well
tolerated. The most common adverse effects
are dizziness, headache and fatigue. Owing
to its combined dual mechanism of action,
nebivolol leads to a unique haemodynamic
and therapeutic profile by which it may be
advantageous in essential hypertension,
ischemic heart disease and congestive heart
failure.
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B, SELECTIVE BLOCKERS

BUTOXAMINE

Itis selective beta, blocker, but does not

have any efficacious role in clinical practice.

THERAPEUTIC USES OF BETA
BLOCKERS

—_

Hypertension.

Ischemic heart disease, angina pectoris.
Cardiac arrhythmias.

Hypertrophic cardiomyopathy.
Congestive heart failure.

Myocardial infarction.
Pheochromocytoma.
Hyperthyroidism.

Neurologic diseases: Migraine, anxiety,
essential tremor.
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Glaucoma.

ada



Thispage
Intentionally left
blank




\
Y-\\““ Parasympatl

3.4

These are the drugs which stimulate the
parasympathetic system and mimic the
action of acetylcholine. The acetylcholine
receptor stimulants and cholinesterase

Table 3.4.1: Classification of cholinergic agents.

(Cholinergic Agents)

inhibitors together comprise a large group
of drugs that initiate the action of
acetylcholine. They belong to the various
groups (Table 3.4.1).




156

ACETYLCHOLINE

Acetylcholine (ACh) is an ester of
choline and acetic acid available in powder
form as chloride or bromide salt. It is
extremely hygroscopic and rapidly
undergoes hydrolysis in a neutral or alkaline
medium.

It is synthesized within the cholinergic
neurons by the transfer of an acetyl group
from acetyl coenzyme A to the organic base
choline. The specific enzyme ‘choline
acetylase’ is essential for this reaction.
Coenzyme A is widely distributed in the
body and choline acetylase is synthesized
in the cell bodies of the cholinergic neurons.

ACh is produced throughout the
neurone and is stored in synaptic vesicles
at the nerve endings.

There are two types of esterases found in
animal tissues. True cholinesterase which is
found in neural structures, RBC and placenta
and is concerned with destruction of
acetylcholine released at the nerve endings.
The second type is “pseudocholinesterase’
(non-specific cholinesterase) is found in
blood serum, intestines, liver and skin and is
responsible for the hydrolysis of
benzoylcholine and does not hydrolyse
methacholine. Cholinesterase hydrolyses
acetylcholine into choline and acetic acid.

Pharmacological Actions

Stimulation of the parasympathetic
nervous system modifies the organ functions
by two main pathways. Firstly, the
acetylcholine released from parasympathetic
nerves can activate muscarinic receptors
which are present in gland cells (sweat
glands), smooth muscles and heart. The
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muscarinic action of acetylcholine are
stimulated by muscarine and are blocked by
atropine. Second, by its nicotinic action on
autonomic ganglia, motor end plates of
skeletal muscles and adrenal medulla etc.
The action of acetylcholine on autonomic
ganglia can be blocked by ganglion blocking
agents such as hexamethonium and action
on myoneural junction can be antagonised
by d-tubocurarine.

Muscarinic Actions

Cardiovascular system: Acetylcholine
decreases the contractility (negative
inotropy) and decreases the conduction
velocity (negative dromotropy) of the atria.
It depresses the sinoauricular node,
decreases the heart rate (negative
chronotropy) and may cause cardiac arrest.

In isolated heart preparation,
acetylcholine reduces the cardiac rate and
in the presence of atropine, it can stimulate
the heart causing ventricular arrhythmias.

Acetylcholine dilates all blood vessels
causing flushing and fall in blood pressure. The
vasodilatation is mediated through the release
of endothelium dependent relaxing factor
(EDRF). The fall in blood pressure is because
of decrease in total peripheral resistance and
cardiac output in anaesthetized animals.

Effect on smooth muscles: Acetylcholine
causes increase in tone, amplitude of
contractions, peristalsis and secretory activity
of the gastrointestinal tract. It causes
contraction of smooth muscles of gall bladder
and relaxation of sphincters of gastrointestinal
and biliary tract.

It also causes contraction of detrusor
resulting in decrease in the capacity of the
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bladder and increase in the frequency of
ureteral peristaltic waves.

Acetylcholine causes bronchoconstriction
and increase in bronchial secretion and can
precipitate the bronchial asthma.

Effect on secretions: Acetylcholine
increases the salivary, sweat, lacrimal,
nasopharyngeal, gastric and bronchial
secretions. All these secretory effects
are blocked by atropine and enhanced
by cholinesterase inhibitors e.g. phys-
ostigmine.

Effect on eye: After intraconjunctival
instillation, acetylcholine causes miosis, due
to contraction of circular muscles of the iris
and fall in intraocular tension.

Nicotinic Actions

Effect on autonomic ganglia: It can
cause stimulation of sympathetic and
parasympathetic ganglia and stimulation of
adrenal medulla, which leads to rise in
arterial blood pressure due to peripheral
vasoconstriction.

Effect on myoneural junction:
Acetylcholine cause stimulation of skeletal
muscles and in larger concentration at the
myoneural junction can produce paralysis
of skeletal muscles.

Effect on CNS: Acetylcholine when
injected parenterally does not cross blood
brain barrier being a quarternary
ammonium compound and does not have
any central action.

Therapeutic Uses

Because of nonselective actions,
acetylcholine can not be used for any
therapeutic purpose.
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CHoLiNnoMIMETIC DRuUGS

METHACHOLINE

It is effective orally and resistant to
pseudo-cholinesterase and possesses longer
duration of action. Its nicotinic action is less
than acetylcholine and actions are more
marked on CVS as compared to GIT and
urinary system. Earlier it was used for CVS
disorders such as peripheral vascular
disease and paroxysmal supraventricular
tachycardia. But now, it is rarely used in
therapeutics.

CARBACHOL

It is resistant to both true and pseudo-
cholinesterase and is more potent than
methacholine and action is more prolonged.
It is used topically for ophthalmic purpose.

BETHANECHOL

It is resistant to hydrolysis by both true
and pseudocholinesterase and has mainly
muscarinic actions. It has been used in
postoperative and postpartum non-
obstructive urinary retention and
gastroesophageal reflux.

PILOCARPINE

Itis anatural alkaloid obtained from leaves
of Pilocarpus microphyllus and Pilocarpus
jaborandi. Pilocarpine is direct acting
muscarinic agonist. It acts on M, receptor. It
produces contraction of iris to produce miosis.
It also stimulates ciliary muscle resulting in
increased accommodation and improved
outflow of aqueous humor. As a result of
miosis the pressure on canal of Schlemm is
reduced and hence improves drainage and
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thus reduces intraocular pressure. Thus it is
useful in treatment of glaucoma.

Pilocarpine when given IV increases the
flow from salivary gland and other exocrine
glands. Bronchial smooth muscle and
intestinal smooth muscle contract. Small
doses generally cause fall in BP, but higher
doses elicit rise in BP and tachycardia (which
is due to ganglionic stimulation).

Therapeutic Uses

a. Open angle glaucoma.
Angle closure glaucoma.
Ocular surgery.
To counteract mydriasis.
Diagnosis of Adie’s tonic pupil.
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Accommodative esotropia.

Adverse Reactions

1. Potentially life threatening effects: Some
commercially available preparation of
pilocarpine contain sodium bisulphite
which may cause allergic reactions
including anaphylaxis and severe
asthmatic episode.

2. Acute overdosage: The clinical
symptoms may include nausea,
vomiting, diarrhoea, abdominal pain.
In addition frequent urination,
excessive salivation, lacrimation,
sweating, bronchoconstriction, nasal
congestion. Severe pilocarpine toxicity
may produce tremors, muscle
weakness, bradycardia, cardiac
arrhythmia, hypotension etc.

3. Severe or irreversible adverse effect:
Some patient with peripheral retinal
degeneration may develop retinal
detachment. A sudden drop of
intraocular pressure indicates that
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retinal detachment has occurred.

4. Symptomatic adverse effects: Topical
pilocarpine therapy produces blurred
vision or myopia, poor vision in dim
light or sometime painful spasm. Many
patients on pilocarpine may experience
ciliary or conjunctival congestion,
headache, photophobia. Some patient
may develop pupillary dilatation
following use of pilocarpine.

Ibopamine (2% eye drop) is recently
introduced newer compound, producing dose
dependent mydriasis endowed with very
interesting characteristics: rapid onset, marked
pupil dilatation and rapid return to normal
pupillary diameter. This rapid return tonormal
pupillary diameter after its diagnostic
application in eye offers significant advantages
compared to other currently available
mydriatics. Ibopamine is well absorbed
through the cornea, it is rapidly hydrolyzed by
esterases to epinine and the mydriatic effect is
correlated with the concentration of epinine in
the aqueous humor.

It is approved for mydriasis in ocular
examination and surgery and for the early
diagnosis of glaucoma.

ARECOLINE

It is obtained from the betel nut ‘Areca
catechu’ and has got muscarinic and weak
nicotinic actions. It has no therapeutic value
except for chewing to promote salivary
secretion and in pan masala etc.

ANTICHOLINESTERASES

These are the drugs which act by inhibiting
the enzymes true and pseudocholinesterase
and thereby produce an accumulation of



Parasympathomimetics (Cholinergic Agents)

acetylcholine at the various cholinergic sites.
The released acetylcholine from the nerve
endings is quickly destroyed by the enzyme
cholinesterase. Anticholinesterase inhibit
this enzyme which results in accumulation
of acetylcholine and continuous stimulation
of muscarinic and nicotinic receptors.

As given in classification, these agents
are of two type e.g. reversible and irrevers-
ible. The reversible anticholinesterases
have a structural resemblance to acetylcho-
line, are capable of combining with anionic
and esteratic sites of cholinesterase as well
as with acetylcholine receptor. The complex
formed with the esteratic site of cholinest-
erase is less readily hydrolyzed than the
acetyl esteratic site complex formed with
acetylcholine. Edrophonium forms revers-
ible complex with the anionic site and has
shorter duration of action. Also, neostigmine
and edrophonium have a direct stimulating
action at cholinergic sites.

Irreversible cholinesterases are mostly
organophosphorus compounds and combine
only with esteratic site of cholinesterase and
that site gets phosphorylated. The hydrolysis
of phosphorylated site produces irreversible
inhibition of cholinesterase. And, because, of
this property, the therapeutic usefulness is
very limited. Most of the compounds are
used as insecticides e.g. parathion, malathion
and war gases e.g. tabun, sarin, soman etc.

REVERSIBLE ANTICHOLINESTERASE

PHYSOSTIGMINE

It is a tertiary ammonium alkaloid
obtained from the Calabar bean, the dried
ripe seed of ‘Physostigma venenosum’, which
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is indigenous to tropical west Africa.

The pharmacological actions of
physostigmine are similar to those of
cholinergic drugs. Topical instillation into the
eye produces miosis, spasm of accommo-
dation and decrease in intraocular pressure.
Physostigmine is well absorbed after oral as
well as parenteral administration and also
produces central cholinergic actions because
of penetration into blood brain barrier.

The main therapeutic wuse of
physostigmine is as miotic to treat glaucoma
and also to reverse the mydriatic effect of
atropine and its analogues used in refraction
of the eye. It is also used in the treatment of
atropine intoxication and poisoning with
phenothiazines. It is also used in primary
stages of Alzheimer’s disease.

NEOSTIGMINE

It is a synthetic quarternary ammonium
compound, similar to physostigmine and
rapid onset of action and can inhibit both
true and pseudocholinesterases.

It increases the tone and motility of the
gut and enhances the gastric juice
production and also promotes the
propulsion of intestinal contents.

At the neuromuscular junction, it
produces the contraction of skeletal muscle
by its direct action and by inactivation of
anticholinesterase and has got anticurare
action. By virtue of its structural similarity
to acetylcholine, it acts as partial agonist on
motor end plate.

Neostigmine, by its peripheral
vasodilatation action reduces the blood
pressure and heart rate.

On local ophthalmic administration, it
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produces miosis, spasm of accommodation
and reduction in intraocular tension.

Neostigmine does not cross blood-brain
barrier, hence has no significant central action.

Neostigmine is a drug of choice in the
treatment of myasthenia gravis, a chronic
disease characterized by muscular weakness
and rapid fatiguability of the skeletal muscles
due to impaired neuromuscular transmission.
The defect may be presynaptic or postsynaptic.

Apart from neostigmine, pyridostigmine
and ambenonium are the other standard drugs
used in the treatment of myasthenia gravis.

Neostigmine preceded by atropine to
block muscarinic effects rapidly reverses
muscle paralysis induced by competitive
neuromuscular blockers (decurarization).

Neostigmine is also wuseful in
postoperative paralytic ileus/urinary
retention.

PYRIDOSTIGMINE

It structurally and pharmacologically
resembles neostigmine but has longer
duration of action and less potent than
neostigmine and better tolerated by
myasthenia gravis patients.

EDROPHONIUM

It is a quarternary ammonium anticho-
linesterase and structurally related to neostig-
mine but has got weak anticholinesterase
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activity as compared to neostigmine. It is
mainly useful as diagnostic agent for myas-
thenia gravis and for postoperative
decurarization.

DISTIGMINE

It is a longer acting neostigmine
analogue and is used to treat atony of the
bladder and intestine and its action lasts for
24 hours. It is given daily before breakfast.

IRREVERSIBLE ANTICHOLINESTERASES

The organophosphorus cholinesterase
inhibitors like diisopropyl fluorophosphate,
phospholine, parathion, malathion etc. are
highly toxic compound and cause
irreversible inhibition of both true and
pseudocholinesterases. They are highly lipid
soluble compound and can easily cross the
blood-brain barrier.

DIISOPROPYL FLUOROPHOSPHATE
(DFP)

The pharmacological effects are those of
acetylcholine. It produces prolonged
inhibition of true and pseudocholinesterases.
They are inactivated in the body completely
by oxidation and hydrolysis and excreted in
urine.

The are mainly used for the treatment
of glaucoma, especially when other miotic
agents fail.

aaa



Parasympatholytics

Anticholinergic or cholinergic blocking
agents are the agents which block the action
of acetylcholine at the postganglionic
parasympathetic nerve endings. They are
also termed as antimuscarinic or muscarinic
blockers and atropine is the classical
antagonist which blocks the effect of
acetylcholine on muscarinic receptors. The
nicotinic antagonists also block certain
actions of acetylcholine and are termed as
ganglion blocking agents.

The anticholinergics can be classified as
in table 3.5.1.

The cholinergic blocking agents which
mainly include atropine and related al-
kaloid are obtained from the plant Atropa
belladonna (deadly nightshade), Atropa
acuminata, Hyoscyamus niger (black hen-
bane) and Datura stramonium (datura) and
semisynthetic atropine/hyoscine ana-
logues and synthetic compounds.

The two important alkaloids of
belladonna are atropine and hyoscine
(scopolamine).

ATROPINE

The alkaloids namely atropine,
hyoscyamine and scopolamine are obtained
from Atropa belladonna. Atropine is dl-
hyoscyamine, and, l-isomer is more potent
than d-form both peripherally and centrally.
Atropine blocks the muscarinic effects of
acetylcholine, the antagonism between
acetylcholine and atropine is of competitive

type.

Pharmacological Actions

Pharmacological actions of atropine are
due to equal blockade of M, M, and M,
muscarinic receptors.

Effect on cardiovascular system:
Atropine initially decrease the heart rate due
to stimulation of vagal centre followed by
tachycardia due to peripheral vagal block
on SA node. It also shortens effective
refractory period of AV node and facilitates
AV conduction. In therapeutic doses,
atropine completely blocks the peripheral
vasodilatation and decrease in blood
pressure produced by cholinergic agents.
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In higher doses, atropine produces dilatation
of the cutaneous blood vessels which may
be due to paralysis of vasomotor centre.

Effect on central nervous system: In
therapeutic doses, atropine causes stimula-
tion of medullary vagal nuclei and higher
cerebral centres and may produce bradycar-
dia and increase in rate & depth of respira-
tion. By depressing vestibular excitation, it
has antimotion sickness property. It also de-
creases tremors and rigidity in parkinsonism

by blocking relative cholinergic overactivity
inbasal ganglia. Scopolamine also stimulates
the respiratory and vagal centres. Toxic doses
of atropine may lead to CNS excitatory ef-
fects e.g. restlessness, anxiety, insomnia, de-
lusions and hallucinations etc. It also cause
medullary paralysis (respiratory paralysis) in
still higher dose.

Both atropine and scopolamine induce

sleep like pattern of EEG, it also cause rise in
body temperature due to its action on
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temperature regulating centre in hypothalamus
and also inhibits sweating.

Effect on gastrointestinal system:
Atropine decreases the tone and motility of
all parts of gastrointestinal tract. It also
decreases the amplitude of contraction and
frequency of peristaltic wave of stomach and
intestines. Atropine also exerts a weak
antispasmodic action on biliary tract and
gall bladder.

Effect on other smooth muscles:
Atropine relaxes the smooth muscles of
bronchi and bronchioles which results in
widening of the airways. It is effective in
relieving bronchospasm produced by
cholinergic agents.

Atropine also produces reduction in
normal and drug induced wureteral
peristalsis. It also tends to reduce the tone
of the fundus of urinary bladder and
enhances the tone of trigonal sphincter and
may cause of retention of urine.

Effect on secretions: Atropine reduces
the various body secretions e.g. sweat,
salivary, bronchial and lacrimal etc. It also
reduces the volume and total acidity of
gastric secretion and, reduce the secretion
of mucin and enzymes in the gastric
secretions induced by cholinergic drugs.

It has no significant effect on intestinal
and pancreatic secretions.

Effect on eye: Atropine produces
mydriasis by blocking the cholinergic nerves
supplying the smooth muscles of sphincter
of the iris on local administration into the
eye. It also produces paralysis of
accommodation or cycloplegia (the
condition in which, one can see things
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clearly only at a long distance and can not
constrict the pupil for viewing the near
objects clearly). Atropine induced mydriasis
can be distinguished from the mydriasis
produced by sympathomimetic amines as
the latter do not produce cycloplegia.

Pharmacokinetics

All the belladonna alkaloids are well
absorbed from the GIT, from the site of
injection and the mucous membrane. They
are distributed throughout the body and
cross the blood-brain barrier. About 50% of
the atropine is metabolized in liver and
remaining portion is excreted unchanged in
urine. Atropine cross the placental barrier
and is secreted in milk and saliva.

Adverse Reactions

The adverse reactions are due to the
peripheral muscarinic blockade and cen-
tral actions. The general side effects
include dry mouth, difficulty is swallow-
ing, thirst, dry skin, skin rash, flushed skin
etc. It also produces constipation, urinary
retention, impotence, difficulty in mictu-
rition, tachycardia, palpitation, postural
hypotension, dilatation of pupil, photo-
phobia, blurred vision, dizziness, fatigue,
anxiety and tremors etc.

Toxic doses can gives rise to acute bella-
donna poisoning which is characterized by
depression of vasomotor centre, vasomotor
collapse, coma and depression of respiratory
centre.

Acutebelladonna poisoning can be treated
by administering universal antidote before
gastric lavage, physostigmine in the dose of
1-4mg SC can be administered after a interval



164

of one to two hours until a satisfactory
response is obtained. For urinary retention
catheterization can be done and patients is
kept in dark room to alleviate photophobia.

Therapeutic Uses

1. Gastrointestinal colic (as antispas-
modic): Belladonna alkaloids relax the
spasm of smooth muscles of intestinal,
urinary and biliary tract. They are also
effective in functional and drug
induced diarrhoea, to relieve urinary
urgency and frequency and enuresis in
children. They are also used to reduce
gastric secretion in peptic ulcer
patients. Also, used to reduce the
excessive sweating in tuberculosis and
sweating and salivation in parkinso-
nian patients.

2. CNS disorders: Scopolamine and
hyoscine are effectively used in the
treatment of nausea, vomiting and motion
sickness. Centrally acting anticholinergic/
antihistaminics e.g. trihexyphenidyl are
used in parkinsonism.

3. Pre-anaesthetic medication: These
agents reduce the salivary and respi-
ratory secretion and are administered
half an hour before general anaesthe-
sia. They also prevent laryngospasm.
Atropine is given in combination with
morphine as a preanaesthetic medi-
cation to antagonize the central
depressant action of morphine on
respiration.

4. In organophosphorus poisoning:
Atropine is used in mushroom
poisoning due to muscarine.

5. On CVS: Atropine is used for
counteracting bradycardia and partial
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heart block in some patients of
myocardial infarction.

6. As mydriatic and cycloplegic
agent: Atropine is used to produce
mydriasis and cycloplegia for test-
ing errors of refraction. Mydriasis is
required for fundoscopic examina-
tion and in the treatment of iritis
and keratitis.

ANTIMUSCARINICS (SEMISYNTHETIC AND
SYNTHETIC)

HOMATROPINE

More potent than atropine. Used in
eye and onset of mydriasis and
cycloplegia is similar to that of atropine
but homatropine is not much used for
producing cycloplegia.

CYCLOPENTOLATE

It is more potent and rapidly acting as
compared to homatropine for producing
mydriasis and cycloplegia especially in
children. It is also used in iritis.

TROPICAMIDE

It is used for refraction testing in adults
and as mydriating agent for fundoscopy. It
has quickest and briefest action.

ATROPINE METHONITRATE

It is used for abdominal colic and in
aerosol form it is used in bronchial asthma.

IPRATROPIUM BROMIDE

Itis a valuable drug used in the treatment
of chronic obstructive pulmonary disease
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(COPD) by inhalation route. Titropium bro-
mide is congener of ipratropium bromide
producing long lasting bronchodilatation.

DICYCLOMINE

It has got antispasmodic with direct
smooth muscle relaxant action. It is used in
morning and motion sickness.

GLYCOPYRROLATE

Rapidly acting antimuscarinic lacking
central effects. Used for preanaesthetic
medication.

ISOPROPAMIDE
Indicated in hyperacidity, dyspepsia,
irritable bowel syndrome.
Propantheline, oxyphenonium,
panthienate are useful in peptic ulcer and
gastrointestinal hypermotility.

Pipenzolate and mephenzolate are
useful in dyspepsia and infantile colics.
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MEBEVERINE

It shows effect on colonic muscle
activity. It is indicated in smooth muscle
spasm.

PIRENZEPINE

Selective M, muscarinic receptor
blocker. It inhibits gastric secretion. Thus is
effective in peptic ulcer patients and
promotes ulcer healing. It does not produce
atropinic side effect (due to blockade of M,
and M, receptors).

Only 20-30% oral bioavailability and is
excreted unchanged in urine.

FLAVOXATE

It produces direct relaxant action on
smooth muscle with analgesic and
anaesthetic action and used in the treatment
of dysuria, nocturia and urinary urgency
and frequency associated with cystitis and
urethritis.
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Cardiotonics

Congestive heart failure (CHF) is a clinical
syndrome with multiple causes and involve
the right or left ventricle or both and in CHF,
cardiac output is usually below the normal
range. This ventricular dysfunction may be
systolic, which leads to inadequate force
generation to eject blood normally and
diastolic, which leads to inadequate
relaxation to permit normal filling. Systolic
dysfunction, with decreased cardiac output
and significantly reduced ejection fraction
is typical of acute heart failure, especially
that resulting from myocardial infarction.

CARDIAC GLYCOSIDES

There are the drugs having cardiac inotropic
property. They increase myocardial
contractility and cardiac output in a
hypodynamic heart without increase in
oxygen consumption and overall
myocardial efficiency is increased.

The cardiac glycosides are mainly
obtained from plants e.g. digitalis,
stropanthus and squill species and also
present in certain other plants and animals.
In 1776, William Withering, a Birmingham

physician and botanist identified digitalis
and other ingredients, which was found
useful in the treatment of dropsy. In 1911,
Mackenzie and Cushney studied the effect
of digitalis on heart and its use in congestive
heart failure.

The important cardiac glycosides are
listed in table 4.1.1.

Pharmacological Actions
Effect on Heart

Contractility: Digitalis increases the force of
myocardial contraction without causing
corresponding increase in the oxygen
consumption. This pharmacological action
forms the basis of its use in treatment of
CHF. In a patient of CHF, force of
contraction of the heart at a given fibre
length is decreased, thus the stroke volume
is decreased. As digitalis increases the force
of contraction of the heart and subsequently,
it increases the cardiac output, increase in
circulating velocity, residual volume is
decreased, diastolic volume is decreased
and size of heart is decreased but these
effects are noticed secondary to increase in
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Table 4.1.1: Classification of cardiac glycosides.
I Natural glycosides
Digitoxin (DIGITALIN)
Digoxin (LANOXIN)

Lanatoside-C (CEDILANID)
Stropanthin-K (STROPHOSID)
Stropanthin-G (OVABAIN)

Proscillaridin-A
Cavallotoxin
Thevetin
Bufotoxin

Il. Semisynthetic
Acetyl digoxin (ACYLANID)
Desacetyl lanatoside-C (DESLANOSIDE)
Acetyl stropanthidin (diagnostic use)

contractility and are not the primary effects
of digitalis.

Cardiac output: Digitalis increases the
cardiac output in CHF patients by increasing
the force of myocardial contraction. It also
increases the contractility of normal heart
but cardiac output remains unchanged or is
slightly decreased. In normal individuals, it
increases the tone of arteries as well as that
of the veins.

Heart rate: In CHF patients, the heart
rate is decreased. Digitalis produce a
decrease in heart rate by stimulation of
vagus. The ‘vagal effect” is probably evoked
by sensitization of carotid baroreceptors,
and by direct stimulation of vagal centre.
The vagal action can be blocked by atropine
but after full digitalising dose the effect can
not be blocked by atropine and it is due to
its direct cardiac action. In CHF patients,
the sympathetic activity is increased as a
compensatory phenomenon which leads to
tachycardia. Digitalis decreases the
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0.05-0.2 mg/day
0.125-0.5 mg/day oral
0.25-1.0 mg slow IV
0.25-1.0 mg/day
0.25-0.5 mg IV
0.25-0.5 mg IV
0.3-1.0 ml (Tr. Scilla)

0.2-0.5 mg/day oral/lV
0.25-1 mg IV
0.25 mg IV

sympathetic tone and thus reducing the
heart rate.

Refractory period: Itis a period after onset
of depolarization during which a stimulus can
not evoke a propagated action potential. In
atrium, refractory period is shortened by vagal
action and increased by direct action.

SA node: Digitalis sensitizes the SA node
to normal vagal impulse resulting in
bradycardia. In a patient suffering from
paroxysmal supraventricular tachycardia, it
decreases the heart rate due to vagal action on
SA node which is associated with decrease in
the slope of slow diastolic depolarisation and
increase in the transmembrane negativity and,
alsolower the SA rate by antiadrenergic action.

Automaticity: Itis the ability to generate
propagated impulse. Digitalis increases the
ability of the Purkinje cell and the
ventricular muscle to initiate impulses.

Conductivity: Conduction through AV
node is depressed whereas conduction is
slightly increased in the auricle and ventricles.
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ECG changes: Digitalis, in therapeutic
doses causes inversion of T wave, sagging
of S-T segment and shortening of Q-T
internal (shortening of systole). In toxic dose,
it causes prolongation of P-R interval
(slowing of AV conduction), atrial
arrhythmias (atrial tachycardia and atrial
fibrillation) with AV block and ventricular
arrhythmias.

Extracardiac Actions

¢ Digitalis produces diuresis in CHF
patients, it increases excretion of
sodium and water by the kidney
which may be due to decrease in the
venous pressure bringing about
shifting of edema fluid into the
circulation and also improves the
renal circulation.

¢ Digitalis can produce nausea and
vomiting which is probably due to the
chemoreceptor trigger zone (CTZ)
stimulation.

¢ Digitalis has mild vasoconstrictor action
increasing the peripheral resistance. But
in CHF patients peripheral resistance
decreases due to withdrawal of reflex
sympathetic overactivity. Venous tone
improves in normal as well as CHF
patients. It has no significant effect on
coronary circulation.

Mechanism of Action of Digitalis

Digitalis acts by interfering with the
sodium and potassium transport across the
cell membrane and by increasing the
amount of coupling calcium i.e. making
more calcium available for excitation-
contraction coupling.

Cardiac glycosides inhibit Na* K*-
ATPase by competing with potassium and
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may probably explain reversal of toxic effects
of digitalis by potassium. Inhibition of the Na*
K*-ATPase leads to increase in intracellular
sodium and decrease in potassium.

Calcium also forms a link between the
electrical events in the membrane and
contractile proteins. Digitalis makes more
calcium available for excitation-contraction
coupling and increasing cardiac contractility.

Digitalis also exerts some indirect action
on heart mainly by increase in vagal activity
which ultimately influences activity of AV
node, SA node and auricles.

Pharmacokinetics

Among the cardiac glycosides, digitoxin is
absorbed rapidly and completely from the
gastrointestinal tract with oral absorption of
approximately 90 to 100 percent with plasma
protein binding of approx. 95 percent with
plasma half life of 5 to 7 days. It enters the liver
cells where it is metabolised to epidigitoxigenin
and is excreted in bile and urine.

Adverse Effects

It includes anorexia, vomiting which
may be of central origin. Headache, visual
disturbance, xanthopsia (yellow vision),
white vision, diplopia, drowsiness,
disorientation, delirium and psychotic
behaviour. Cardiac related effects include
cardiac arrhythmias e.g. tachyarrhythmias,
ventricular arrhythmias, supraventricular
arrhythmia, AV block and bradycardia.

Treatment of Digitalis Induced
Arrhythmias

Tachyarrhythmias
K* tends to antagonise digitalis induced
enhanced automaticity and decreases bind-
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ing of the cardiac glycosides to Na* K*-AT-
Pase. Infuse KC120 mmol/hr intravenously
or orally depending upon the case.

Supraventricular Arrhythmias

Can be treated by beta blockers e.g.
propranolol 10-40 mg every 6 hourly orally
or 0.5-1 mg IV.

Ventricular Arrhythmias

Lignocaine (1-2 mg/kg IV) is the drug
of choice. Phenytoin is also useful (250 mg
IV) and has the added advantage of
countering the depression of AV conduction
by digitalis.

AV Block and Bradycardia
Can be treated by atropine (0.6-1.2 mg IM).

Therapeutic Uses

Digitalis is used therapeutically in the
treatment of:

Congestive Heart Failure

Digitalis increases stroke volume and
cardiac output. Digitalis by increasing the
cardiac output, brings about more complete
emptying of the ventricles during systole.
This reduces the pulmonary congestion and
edema and decrease in systemic venous
pressure. The cardiac glycosides primarily
correct systolic dysfunction.

The dosing schedule is dependent on the
desired speed of action and urgency. Like
other drugs having a longer duration of ac-
tion the treatment is initiated with a load-
ing dose which is followed by maintenance
dose for achieving a rapid onset of action
and to avoid cumulative toxicity.

The maintenance dose is the amount
required to maintain the therapeutic effect
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and is equal to the amount eliminated
during the day.

Methods of Digitalization

1. Intravenous digitalization is done in
emergency conditions of CHF or in atrial
fibrillation. Digoxin 0.25 mg followed by
0.1 mg hourly be given by slow IV route
with close monitoring of cardiac function.

2. Oral digitalization: Digoxin 0.5-1.0 mg
stat and followed by 0.25 mg 6 hourly
with monitoring of toxicity.
¢ Digitoxin 1.2 mg is administered as

a single dose. This can be given in
divided dose also, in 8 hours interval.

3. Maintenance dose method: Administration
of a daily maintenance dose (0.5 mg) of
digoxin will digitalise the patient within
a week.

Atrial Fibrillation

Digitalis is the drug of choice in atrial
fibrillation for controlling ventricular rate.
Its effect is due to the prolongation of the
refractory period of the conducting tissue.
The dose in so adjusted as to maintain the
ventricular rate of 60 to 80 beats per minute
at rest and approximately 100 beats per
minute during light exercise.

Atrial Flutter

The reversal to normal rhythm is
because digitalis converts flutter into
fibrillation. Digitalis enhances the AV block
and reduces the ventricular rate.

Paroxysmal Supraventricular
Tachycardia

Its effects is due to vagomimetic activity,
generally one fourth total IV digitalizing
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dose in given. In this condition, drugs like
verapamil is more effective.

Left Ventricular Failure

Digitalis is used in chronic pure, left
ventricular failure with hypertension and
ischemic heart disease.

OTHER PosITIVE INOTROPIC

Drucs Useb IN CHF

BIPYRIDINE COMPOUNDS

AMRINONE

Itis arelatively selective inhibitor of cyclic
GMP, cyclic AMP-PDE (phosphodiesterase)
type III family. It causes vasodilatation with
a consequent decrease in systemic vascular
resistance. It increases both the force of
contraction and velocity of relaxation of
cardiac muscles. It is administered IV 0.75
mg/kg/min as a bolus dose followed by 5-
10 pg/kg/min IV infusion and total dose not
to exceed 10 mg/kg.
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Side effects include nausea, abdominal
pain, diarrhoea, fever, thrombocytopenia (tran-
sient and dose related) and hepatotoxicity.

MILRINONE

It is relatively selective inhibitor of
peak III cyclic AMP phosphodiesterase
isoenzyme in cardiac and vascular
muscle. In patients with CHF, it produces
dose related and plasma concentration
related increase in the maximum rate of
increase of left ventricular pressure.
Milrinone has a direct inotropic and
direct arterial vasodilator activity. It is
administrated by IV infusion 0.50 mg/kg
over 10 min with a maximum daily dose

of 1.13 mg/kg.

Side effects include ventricular
arrhythmias, sustained ventricular tachycar-
dia, angina, ventricular fibrillation, head-
ache and hypokalemia.

Both the compounds are indicated in short
term management of CHF in patents unre-
sponsive to digitalis, diuretics or vasodilators.
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Antihypertensive

Agents

Hypertension is the most common cardiovas-
cular disease and pathophysiologically hyper-
tension can be classified into two main groups.

a. Essential or primary hypertension,
where the cause for rise in blood
pressure is not known. Responsible for
majority of cases.

b. Secondary hypertension, where rise is
due to renal disease e.g. chronic diffuse
glomerulonephritis, pyelonephritis;
due to some vascular disease e.g. renal
artery disease or due to some
endocrinal disorders e.g. pheochro-
mocytoma, Cushing’s syndrome and
primary aldosteronism.

Systemic arterial blood pressure is de-
termined by cardiac output and total periph-
eral resistance. In most of the cases, rise in BP
is due to increase in total peripheral resistance.

Clinically, hypertension can be divided
into three stages e.g. mild, moderate and
severe hypertension. The diastolic blood
pressure between 90-104 mmHg is graded
as mild, 105-114 mmHg is graded as
moderate and above 115 mmHg is graded
as severe hypertension. The person having
systolic blood pressure more than 160

mmHg with low diastolic blood pressure is
termed as ‘isolated systolic hypertension’
commonly seen in elderly person.

The blood pressure is mainly con-
trolled by two systems. Firstly through the
baro-receptors and the adrenergic nervous
system. The baroreceptor reflexes protect
the circulation against stresses which
shows the changes in the arterial blood
pressure. Secondly through renin angio-
tensin system, which is involved in the
pathogenesis of some forms of secondary
hypertension. Renin is a proteolytic en-
zyme released from the juxtaglomerular
cells of kidneys. The reaction between re-
nin and plasma protein, serum globulin
(angiotensinogen) forms an inactive com-
pound ‘angiotensin I’ (decapeptide),
which further changed into ‘angiotensin
IT" (octapeptide) by the action of angio-
tensin converting enzyme (ACE) and is the
most powerful vasoconstrictor agent. An-
giotensin II also stimulates the synthesis
and release of aldosterone from adrenal
cortex of adrenal gland.

The drugs used in the treatment of
hypertension can be classified as in table 4.2.1.



Table 4.2.1: Classification of antihypertensive agents.




Antihypertensive Agents

CENTRALLY AcTING DRUGS

CLONIDINE

It is an imidazoline derivative with a par-
tial agonist action. It stimulates presynap-
tic, o, receptors in vasomotor centre of brain
causing decreased sympathetic outflow
which results in fall of blood pressure and
bradycardia.

After oral administration the absorption
is almost complete and rapid. It penetrates
easily into CNS. Half to two third of oral
dose is excreted unchanged in urine.

Adverse effects include drowsiness, dry
mouth, sedation, restlessness, anxiety,
nightmares, dizziness, sleep disturbances,
skin rash, urticaria, nausea, constipation,
indigestion and impotence.

Abrupt withdrawal may result in severe
rebound hypertension, hepatic dysfunction
and renal dysfunction.

Itis indicated in hypertension of all grades
except pheochromocytoma, glaucoma and
migraine. Itis also useful in opiate, alcohol and
nicotine withdrawal. It also attenuates vaso-
motor symptoms of menopausal syndrome.

METHYLDOPA

It is a-methyl analogue of DOPA, the
precursor of dopamine and noradrenaline.

It is converted to alpha methyl
noradrenaline which stimulates central
alpha, adrenergic receptors in brain thereby
decreasing sympathetic outflow. It
decreases peripheral resistance more than
heart rate or cardiac output.

After oral administration bioavailability
is low because of extensive metabolism. It
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is partly metabolized and partly excreted
unchanged in urine.

Adverse effects include dizziness, pos-
tural hypotension, sedation, dry mouth,
headache, sleep disturbances, depression,
anxiety, impotence, blurred vision, consti-
pation, skin rash, arthralgia, fatigue, anor-
exia, haemolytic anemia, parkinsonian
signs, drug fever and hepatitis.

It is indicated in mild to moderate
hypertension.

ADRENERGIC NEURONE BLOCKERS

RESERPINE

It is an alkaloid obtained from the roots of
‘Rauwolfia serpentina.” It is known to deplete
the catecholamines - adrenaline,
noradrenaline and dopamine from the
various sites in the body. It also depletes 5-
hydroxytryptamine (serotonin).

Hypotension develops gradually and is
due to depletion of noradrenaline from
peripheral adrenergic nerve endings.

Adverse effects include nasal
congestion, flushing, bradycardia, postural
hypotension, water and salt retention and
CHF may be precipitated.

It also causes miosis, salivation,
increased gastric acid secretion. CNS side
effects include lethargy, apathy, psychic
depression which may result in suicidal
tendencies and weight gain.

Endocrinal disturbances include

gynecomastia and impotence.

Because of its serious side effects and
limited efficacy, it is not much used now
clinically.
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Guanethidine is another agent which
inhibits release of noradrenaline. Causes
sodium and water retention and may
precipitate CHF. Endocrinal side effects are
more common e.g. impotence and inhibition
of ejaculation. It is also not used now
clinically.

ADRENERGIC RECEPTOR ANTAGONISTS

The detailed pharmacology of alpha and
beta blockers is already discussed in chapter
‘Adrenergic blocking agents’. Only
adrenergic blockers used in hypertension
are discussed here.

PRAZOSIN

It selectively blocks post synaptic o, adr-
energic receptors due to which vasodilata-
tion occurs. The haemodynamic effects are
decreased arterial pressure and reduction in
venous and arterial tone.

It shows first pass metabolism in liver
and it is highly bound to plasma proteins.

Adverse effects include postural
hypotension, dizziness, tachycardia,
palpitation, headache, weight gain, dry
mouth, nausea, diarrhoea, constipation,
nasal stuffiness, priapism and skin rash.

TERAZOSIN

It is an o, adrenoceptor antagonist and
is a close structural analog of prazosin. It has
a long duration of action.

It selectively blocks o, adrenoceptors
due to which vasodilatation occurs and the
blood pressure is reduced.

After oral administration it is almost
completely absorbed. It is highly bound to
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plasma proteins and is metabolised in liver.
About 10% terazosin is excreted unchanged
in urine. It crosses the placenta.

Adverse effects include marked hy-
potension with first dose of terazosin, drowsi-
ness, dizziness, nausea, blurred vision, nasal
congestion, peripheral edema, syncopal epi-
sodes and headache. In patients with BPH
postural hypotension has been reported more
than in those with hypertension.

It is indicated in mild to moderate
hypertension, symptomatic relief of urinary
obstruction in patients of benign prostatic
hypertrophy.

DOXAZOSIN

It effectively controls blood pressure
over 24 hours suppressing early morning BP
rise. It increases insulin sensitivity, improves
lipid profile.

It is extensively metabolised in the liver
mainly by O-demethylation or hydroxyla-
tion. Approximately 4.8% is excreted in the
faeces as unchanged drug.

Adverse effects include postural hy-
potension (rarely associated with fainting),
dizziness, headache, fatigue/malaise, ver-
tigo, edema, asthenia, somnolence, nausea
and rhinitis.

It is indicated in mild to moderate,
hypertension, treatment of both urinary
outflow obstruction, obstructive and
irritative symptoms associated with BPH.

PROPRANOLOL

It is B,, B, adrenergic receptor blocker
with membrane stabilising activity.



Antihypertensive Agents

It selectively and competitively
antagonises the action of catecholamines
mediated through adrenergic receptors. It
decreases heart rate, force of cardiac contrac-
tion. During longterm therapy, the blood
pressure falls in patients of hypertension.
The renin secretion is inhibited.

After oral administration it is absorbed
almost completely but a large portion of the
dose is metabolised in liver before reaching
systemic circulation as a result the
bioavailability of propranolol is reduced. It
is highly bound to plasma proteins.

Adverse effects include fatigue,
tiredness, skin rash, fever, depression,
nightmares, sexual dysfunction, nausea,
epigastric distress, cold extremities and
hypoglycaemia.

It is indicated in hypertension, cardiac
arrhythmias, longterm management of MI,
hypertrophic subaortic stenosis, pheochro-
mocytoma, migraine prophylaxis, angina pec-
toris, essential tremors.

The detailed pharmacology of propra-
nolol is discussed in chapter “Adrenergic
blocking agents.’

METOPROLOL

It is a relatively selective B, adrenergic
antagonist with no agonist activity. It
reduces plasma

hypertensive patients.

renin activity in

After oral administration its absorption
is good and rapid. It is metabolised
extensively in body and shows first pass
metabolism in liver (less than propranolol).

Adverse effects include headache, dizzi-
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ness, nausea, vomiting, skin rash, diarrhoea,
nightmares, hypotension and bradycardia.

It is indicated in hypertension, angina
pectoris, cardiac arrhythmia, post MI
patients, adjunctive management of
thyrotoxicosis and prophylaxis of migraine.

ATENOLOL

It is a cardioselective B, blocker with
insignificant intrinsic sympathomimetic
activity.

After oral administration it is
incompletely absorbed, excreted largely in
urine as unchanged drug.

Adverse effects include bradycardia,
nausea, vomiting, epigastric discomfort,
dizziness, fatigue, tiredness, skin rash, leg
pain, cold extremities because of peripheral
arterial insufficiency.

It is indicated in hypertension, angina
pectoris and acute ML

PINDOLOL

It is a non-selective P adrenergic
blocker with partial agonist activity.

It is absorbed efficiently after oral
administration and is metabolised in liver.

Adverse effects include dizziness, nausea,
vomiting, headache and sleep disturbances.

CARVEDILOL

It competitively blocks B, B, and a,
adreno-receptors. It lacks sympathomi-
metic activity and has vasodilating prop-
erties which are exerted mainly through
B, blockade. It reduces both systolic and
diastolic blood pressure without reflex
tachycardia.
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After oral administration it is rapidly
and extensively absorbed. Metabolism is
primarily hepatic.

Adverse effects include postural
hypotension, dizziness, headache, fatigue,
Gl disturbances and dry eyes.

LABETALOL

It is a mixed antagonist (o, and non-
selective B-receptor antagonist). It has
intrinsic sympathomimetic activity which is
largely confined to 3, adrenergic receptors.
It is more potent in blocking B than a
receptors. It is a potent hypotensive agent
especially useful in pheochro-mocytoma.

After oral administration it is well
absorbed and extensively metabolised in
liver.

ACE INHIBITORS

These drugs act primarily by suppressing
renin-angiotensin-aldosterone system.

The main action of all ACE inhibitors is
to inhibit conversion of angiotensin I
(inactive) to angiotensin II (active). They
inhibit the angiotensin converting enzyme
(ACE). Hence, angiotensin II production is
inhibited. Decrease in angiotensin II results
in dilatation of peripheral vessels leading to
a reduction in systemic vascular resistance
and a decreased aldosterone secretion. They
can be administered safely in patients of
hypertension with diabetes mellitus or
bronchial asthma. ACE inhibitors are
efficacious drugs, are well tolerated and are
useful antihypertensive drugs. ACE
inhibitors are also used in coronary artery
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diseases. They reduce cardiovascular
morbidity and mortality by improving
coronary perfusion, reducing ventricular
hypertrophy and remodeling and preventing
progression of coronary atherosclerosis.
However, the cellular mechanisms
underlying the beneficial effects of ACE
inhibitor are not fully understood.

They are now firstline drug in all grades
of hypertension. They can be safely
combined with diuretics and 8 blockers.

CAPTOPRIL

After oral administration it is absorbed
rapidly, the drug is partly metabolised and
partly excreted unchanged in urine. The
excretion is impaired in renal dysfunction.

Adverse effects include dry cough, skin
rash, loss of taste, hyperkalemia, vertigo,
headache, nausea, vomiting, hypotension,
fatigue, neutropenia (rare), proteinuria and
anaemia.

It is indicated in all grades of
hypertension, CHF and scleroderma crisis.

ENALAPRIL

Enalapril maleate is an orally active
angiotensin converting enzyme (ACE)
inhibitor, it lowers peripheral vascular
resistance without causing an increase in
heart rate. The maleate salt (enalapril)
allows better absorption after oral
administration. It is an ideal drug for
hypertensive patients who are intolerant to
beta-blocker therapy. It also shows promise
in the treatment of congestive heart failure.
Following oral administration, enalapril is
rapidly absorbed and hydrolysed to
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enalaprilat — a highly specific, long acting,
non-sulphydryl angiotensin converting
enzyme (ACE) inhibitor.

It is indicated in all grades of essential
hypertension and renovascular hyperten-
sion where standard therapy is ineffective
or inappropriate because of adverse effects
and in congestive heart failure. It should be
used as an adjunctive therapy with digitalis
and/or diuretics.

Enalapril is well tolerated in most
patients. The most common side effects
include dizziness, headache, nausea,
diarrhoea, fatigue, muscle cramps, rash and
cough. Other side effects are angioneurotic
edema, hypotension, urticaria which are rare.

LISINOPRIL

It is lysine derivative of enalaprilat.
Mechanism of action is same as other ACE
inhibitors. After oral administration it is
absorbed incompletely and slowly.

Adverse effects include dizziness,
cough, hyperkalemia, headache, hypoten-
sion and angioedema.

RAMIPRIL

Ramipril is a long acting ACE inhibitor
and is converted to active metabolite —
ramiprilat.

Ramipril in patients with mild to mod-
erate hypertension results in a reduction of
both supine and standing blood pressure.
In patients of acute myocardial infarction
with CHF, ramipril reduced total mortality,
progression of heart failure and CHF-related
hospitalizations.
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ANGIOTENSIN ANTAGONISTS

LOSARTAN

Angiotensin II is a potent vasoconstrictor,
stimulant of aldosterone secretion and an
important component in the pathophysiol-
ogy of hypertension. Both losartan and its
principal active carboxylic acid metabolite.
(10-40 times more potent than losartan)
block the vasoconstrictor and aldosterone
secreting effects of angiotensin II by selec-
tively blocking the binding of angiotensin
IT to the AT, receptor found in many tis-
sues (e.g. vascular smooth muscle, adrenals).
Losartan does not inhibit ACE (kininase II),
the enzyme that converts angiotensin I to
angiotensin Il and degrades bradykinin.

Losartan potassium is well tolerated.
Bioavailability is 33% due to hepatic first
pass metabolism. It is 98% plasma protein
bound. It is activated in liver. Both parent
compound and active compound are
excreted in urine.

Adverse effects seen most often are
dizziness or light-headedness and rash.
Angioedema (involving swelling of face, lips
and/or tongue) have been rarely reported.
There is also headache, asthenia, fatigue and
dizziness.

IRBESARTAN

It is a specific antagonist of AT,
receptors with a much greater affinity (more
that 8,500 fold) for the AT, receptor than for
the AT, receptor and no agonist activity.

Irbesartan is an orally active agent that
does not require biotransformation into an
active form. It is rapidly absorbed from the
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GIT and undergoes metabolism in liver to
inactive metabolites. It is about 90% bound to
plasma proteins. It is excreted as unchanged
drug and metabolites in the bile and urine.

Adverse effects are headache, sinus
abnormality, cough, pharyngitis, diarrhoea,
rhinitis, urinary tract infection, rash, anxiety /
nervousness, and muscle cramp. However,
most side effects have been mild and
transient in nature. Rare cases of
hypersensitivity reaction, occasionally severe
(e.g. anaphylaxis), have been reported.

It is indicated in mild to moderate
hypertension, either alone or in combina-
tion with other antihypertensive agents.

CaLcium CHANNEL BLOCKERS

Calcium channel blockers interfere with the
calcium entry into the myocardial and vascu-
lar smooth muscles and thereby decreasing the
availability of the intracellular calcium.

Calcium channel blockers depress the
contractility of the myocardium and decrease
the cardiac work and the requirement of
oxygen. This effect proves to be beneficial in
the treatment of angina pectoris.

VERAPAMIL

It increases coronary blood flow and
causes vasodilatation. It has anti-
arrhythmic action also and it decreases
peripheral vascular resistance.

After oral administration it is bound to
plasma proteins and it is metabolised to
biologically active metabolite.

Adverse effects include nausea, constipa-
tion, hypotension, flushing, dizziness, vertigo,
pedal edema, nervousness and paraesthesias.

It is indicated in tachycardias, such as
paroxysmal supraventricular tachycardia,
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atrial fibrillation/flutter with tachya-
rrhythmia, extra systoles, hypertensive cri-
sis, acute coronary insufficiency (spasm),
angina pectoris, vasospastic angina, myocar-
dial infarction and hypertension.

DILTIAZEM

Diltiazem is a calcium ion influx inhibi-
tor which inhibits the transmembrane in-
flux of calcium ions into cardiac muscle
and smooth muscle without changing
serum calcium concentration.

Diltiazem is well absorbed from gastro-
intestinal tract and is subject to extensive
first pass metabolism. It is 70% bound to
plasma proteins. It is excreted as metabolites
in bile and urine.

Adverse effects include headache ankle
edema, hypotension, dizziness, flushing,
weight gain, nausea, GI disturbances includ-
ing anorexia, nausea, vomiting, constipation
diarrhoea and taste disturbances. Occasionally
there is gingival hyperplasia, skin rash and
transient elevation in liver enzyme values.

It is indicated in the treatment of mild
to moderate essential hypertension and in
the management of chronic stable angina
and angina due to coronary artery spasm.

NIFEDIPINE

It causes coronary vasodilatation and
increases coronary blood flow. It reduces the
total peripheral vascular resistance and
systolic and diastolic blood pressure is
reduced. It causes reflex tachycardia.

Adverse effects include headache, flushing,
palpitation, nausea, vomiting and edema.

It is indicated in vasospastic angina,
chronic stable angina, hypertension, hyper-
tensive emergency, hypertrophic cardiomy-
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opathy, peripheral vascular disorders, con-
gestive heart failure, acute myocardial inf-
arction, myocardial preservation during
surgery, migraine, oesophageal spasm and
exercise induced bronchial asthma.

AMLODIPINE

Amlodipine is a long-acting calcium
channel blocker that inhibits the transmem-
brane influx of calcium ions into vascular
smooth muscle and cardiac muscle. By in-
hibiting calcium ion influx it directly dilates
vascular smooth muscle.

After oral administration of S-
amlodipine besylate, bioavailability is 65-
80%. Approximately 93% drug is bound to
plasma proteins. It is extensively converted
to inactive metabolites via hepatic
metabolism. It is excreted in urine as 10%
parent drug and 60% of the metabolites.

Amlodipine is generally well tolerated.
The most commonly observed side effects
are headache, edema, fatigue, flushing and
dizziness.

Other side effects include nausea,
abdominal pain, somnolence, palpitations,
muscle cramps, frequency of micturition or
nocturia, cough, breathlessness, epistaxis,
impotence, nervousness and conjunctivitis.

It is indicated in the treatment of
essential hypertension and angina pectoris.

DIRECT VASODILATORS

HYDRALAZINE

It acts directly on arteriolar smooth muscle
to cause relaxation. It decreases diastolic
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pressure more than systolic blood pressure
by lowering peripheral vascular resistance.
Due to preferential arteriolar dilatation, pos-
tural hypotension is uncommon. It increases
heart rate and cardiac output.

After oral administration its absorption
is almost complete and rapid. It is subject to
significant first pass metabolism in liver.

Adverse effects include nausea, vomiting,
tachycardia, dizziness, fatigue, weakness, pal-
pitations, headache, paresthesia, tremor, con-
stipation, anxiety, nasal congestion, lupus like
syndrome and sleep disturbances.

Itisindicated in hypertension (moderate
or severe) and hypertension with renal
involvement.

SODIUM NITROPRUSSIDE

It has a brief duration of action. It relaxes
directly arteriolar and venous smooth
muscle. It decreases both preload and
afterload thus both cardiac output and
peripheral resistance are reduced.

It is given parenterally and onset of ac-
tion occurs quickly (within 1 minute). On
stopping IV infusion, the effect dissipates
rapidly. It is converted to NO by endothe-
lial cells and RBCs which relaxes vascular
smooth muscle. It is converted to thiocyan-
ate in liver which is excreted slowly.

Adverse effects include nausea, vomiting,
nervousness, palpitation, sweating, headache,
disorientation, methaemoglobinaemia.

It is indicated in hypertensive crisis,
congestive heart failure and acute mitral
regurgitation.
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4.3

Angina pectoris is a symptom of ischaemic
heart disease. It develops as a result of an
imbalance between the oxygen supply and
oxygen demand of the myocardium. There
is a paroxysmal chest pain which occurs
when coronary blood flow is inadequate to
supply required amount of oxygen to
myocardium. There is a characteristic radi-
ating pain in distribution in left arm, chest,
jaw and neck region. This pain is mainly
brought about by exertion/excitement when
oxygen demand of heart increases and myo-
cardial perfusion is decreased. Decrease in
myocardial perfusion is due to deposition
of atherosclerotic plaques in blood vessels.
These plaques are due to accumulation of
cholesterol and other lipid compounds
which develop as patches on inner side of
tunica intima of blood vessels i.e. subinti-
mal layer.

The drugs used in the treatment of an-
gina pectoris are classified as in table 4.3.1.

GLYCERYL TRINITRATE

Glyceryl trinitrate (GTN) releases nitrite
ion (NO,") which is further metabolised to

Antianginal Agents

NO by enzymatic step involving reaction
with tissue sulphydryl (-SH) groups in
vascular smooth muscles.

NO released by GTN activates soluble,
cytosolic form of guanylyl cyclase in vascular
smooth muscles by interacting with haem
group in the enzyme. This converts GTP to
c¢GMP. cGMP dephosphorylates myosin light
chain kinase and prevent myosin interaction
with actin leading to relaxation.

Pharmacodynamics

Action is almost exclusively on smooth
muscle cells.

Effect on vascular smooth muscles:
Both large arteries and veins relax in re-
sponse to GTN. But in small doses, marked
venorelaxation is seen leading to reduced
preload. This causes decrease in stroke
volume which is compensated with reflex
tachycardia.

Arterioles relax less than venules because
GTN evokes reflexes by baroreceptors which
respond to decreased arterial pressure
leading to reflex sympathetic discharge
causing tachycardia and increased cardiac
contractility.
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Table 4.3.1: Classification of antianginal agents.

I. Nitrates
Glyceryl trinitrate (Nitroglycerine; ANGISED)
Amyl nitrate (VAPOROLE)
Isosorbide dinitrate (SORBITRATE)
Isosorbide 5-mononitrate (MONOTRATE)
Erythrityl tetranitrate (CARDILATE)
Pentaerythritol tetranitrate (PERITRATE)

Il. Beta blockers

Section 4/ Drugs Acting on Cardiovascular & Urinary System

2.5-15 mg BD-TDS, 0.5 mg SL, 2.5-6.5 mg SR
0.3 ml capsule inhalation

5-10 mg TDS-QID SL, 40-80 mg SR BD
10-20 mg/day, 40 mg SR

(30-60 mg/day oral, 5-10 mg SL)

30 mg/day

Propranolol, atenolol etc. (For details see chapter on ‘Antihypertensive drugs’).

Ill. Calcium channel blockers

Verapamil, nifedipine etc. (For details see chapter on ‘Antihypertensive drugs’).

IV. Potassium channel openers

Nicorandil, diazoxide etc. (For details see chapter on ‘Antihypertensive drugs’).

V. Miscellaneous
Dipyridamole (PERSANTIN)
Nicotinyl xanthinate (COMPLAMINA)

Effect on coronary blood of flow: Myo-
cardial oxygen extraction is nearly maxi-
mum at rest, so, there is little reserve to meet
increased demands. So, increased myocar-
dial demand for O, can only be met by in-
creased coronary blood flow which depends
on diastolic pressure and duration of dias-
tole because coronary blood flow is negli-
gible during systole.

Pharmacokinetics

They are administered through buccal,
sublingual and parenteral routes. Skin oint-
ments are also available. GTN is rapidly in-
activated by hepatic first pass metabolism.
So, oral tablets which are swallowed are in-
effective.

Excretion is primarily as glucuronide
derivatives of the denitrated metabolite via
kidney. IV infusion has rapid onset of ac-
tion but effects are quickly reversed on stop-
ping the infusion. So, itis used only in treat-
ment of severe, recurrent angina at rest.

25-100 mg TDS
300-600 mg TDS

Adverse Effects

1.

Throbbing headache: It is due to arte-
riolar dilatation of meningeal arteries.
It usually decreases over a few days if
treatment is continued and can be con-
trolled by decreasing the dose.

Weakness and dizziness: It may arise due
to postural hypotension especially if pa-
tient is standing in a single position for a
while. This is because, venodilatation re-
sultsin “venous pooling’i.e. accumulation
of blood in peripheral vessels leads to
postural hypotension.

Flushing: It is due to arteriolar dilata-
tion in face and neck region.
Sweating: Arteriolar dilatation in arter-
ies beneath the skin tends to warm up
and sweating is the body’s mechanism
to dispel heat.

Tachycardia and palpitation: In small
doses of GTN, arteriolar dilatation re-
sults in decreased arterial pressure.
This leads to reflex sympathetic dis-
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charge causing tachycardia and in-
creased cardiac contractility. So, palpi-
tation are felt.

6. Methaemoglobinemia: Its a rare ad-
verse effect.

Methaemoglobin has very low affinity
for oxygen, so large doses of nitrites can
result in pseudocyanosis (reduced O,
carrying capacity), tissue hypoxia and
death.

Usually, even large doses of GTN and
other organic nitrates do not raise
plasma levels of nitrite dangerously
high.

7. Fainting: Venodilatation leads to
increased capacity (venous pooling)
leading to marked hypotension. This
can cause syncope/temporary loss of
consciousness.

Indications
Sublingual tablet: Angina pectoris.

Intravenous: Unstable angina, coronary
vaso-spasm, left ventricular failure accom-
panying MI, hypertension and during car-
diac surgery.

Ointment/transdermal patch: Prevention of
angina pectoris.

ISOSORBIDE DINITRATE

It can be given sublingually and orally
for treatment of angina. Mechanism of action
is same as nitrates.

Adverse effects include throbbing head-
ache, sweating, skin rash, palpitation, flush-
ing, weakness and dizziness.

It is indicated in acute attacks
(sublingually) and chronic prophylaxis
(orally) of angina pectoris and coronary in-
sufficiency. In acute myocardial infarction,
CHF and acute LVF.
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ISOSORBIDE-5-MONONITRATE

It has a longer duration of action and
mechanism of action is same as nitrates.

After oral administration hepatic first pass
metabolism is less than isosorbide dinitrate,
hence, systemic bioavailability is more.

It is indicated in pulmonary hyperten-
sion, prophylaxis of angina pectoris, post
myocardial infarction therapy, CHF and
acute LVF. It is not recommended for acute
attacks of angina.

ERYTHRITYL TETRANITRATE

It is used for chronic prophylaxis of an-
gina pectoris. Tolerance may develop to
pharmacological actions.

Adverse effects include flushing, head-
ache, dizziness, methaemoglobinaemia and
drug rash.

Itis indicated in treatment and prophy-
laxis of exertional and vasospastic angina.

PENTAERYTHRITOL
TETRANITRATE

It is used for chronic prophylaxis of an-
gina pectoris. Tolerance may develop to
pharmacological actions.

Beta blockers, calcium channel blockers
and potassium channel openers detailed
pharmacology is given in chapter “Antihy-
pertensive drugs’.

OTHER ANTIANGINAL DRUGS

DIPYRIDAMOLE

It is a coronary dilator and claimed to di-
late coronary resistance vessels. It probably
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act by inhibiting the uptake and degrada-
tion of adenosine (a local mediator involved
in auto regulation of coronary flow in re-
sponse to ischemia). It has also weak plate-
let inhibiting action. It reversibly inhibits
platelet phosphodiesterase hence cAMP
concentration is increased and there is re-
duction of platelet reactivity.
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Adverse effects include nausea, dizzi-
ness, skin rash and headache. Though it is
not useful as an antianginal drug, but it has
been employed for prophylaxis of coronary
and cerebral thrombosis in post MI and
post stroke patients, as well as to prevent
thrombosis in patients with prosthetic heart
valves.
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CARDIAC ARRHYTHMIAS

Cardiac arrhythmias is a group of dis-
order characterized by an abnormal cardiac
rhythm and arise as a result of disorders of
impulse formation or conduction or both.

Tachyarrhythmias (sinus rate more
than 100 per minute) are produced by a
disturbances of impulse generation or of
impulse conduction in the heart.
Tachyarrhythmias due to disturbed im-
pulse formation are associated with ir-
regular and rhythmic discharge from ec-
topic pacemaker activity in areas of the
heart other than the SA node. The charac-
teristic of myocardial cells, which enables
them to generate spontaneous depolariza-
tion, is called automaticity.

Bradycardia can be due to depressed
sinus automaticity and AV block.
Bradyarrhythmias manifest as slow heart
rate (less than 50 to 60 beats per minute in
sleep). Depressed SA nodal automaticity
lead to missing beats and bradycardia. AV
block can be due to high vagal activity and
side effect of certain drugs e.g. digitalis and
B-blockers.

Antiarrhythmic drugs can be classified
as in table 4.4.1.

Sobium CHANNEL BLOCKERS

By limiting the conductance of Na*(and K*)
across cell membrane, they interfere with
depolarization and decrease responsiveness
to excitation thereby reducing rate of phase
of phase 4 depolarisation in automatic cells.

QUINIDINE

It is an alkaloid obtained from the
bark of cinchona and is a dextro isomer
of anti-malarial drug ‘quinine’. Its so-
dium channel blocking property results
in an increased threshold for excitability
and decreased automaticity. As a conse-
quence of its potassium channel blocking
properties, it prolongs action potential in
most cardiac cells.

Pharmacological Actions

Cardiac actions:

a. Excitability: Quinidine depresses the
excitability of cardiac tissues.
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Table 4.4.1: Classification of antiarrhythmic agents.

. Class I: Sodium channel blockers

Quinidine (NATCARDINE) 200-400 mg TDS-QID

Procainamide (PRONESTYL) 50 mg/kg/day oral, 50 mg/min slow IV
Disopyramide (NORPACE) 100-200 mg TDS-QID, 2 mg/kg slow IV
Lignocaine (XYLOCARD) 1 mg/kg slow IV (bolus) then 1-3 mg/min IV infusion
Phenytoin sodium (DILANTIN) 100-400 mg/day oral, 100 mg IV (max 600 mg/day)

Il. Class II: Beta adrenergic blockers

Propranolol, etc. (Detailed pharmacology is discussed in chapter ‘Antihypertensive agents’ and Adrenergic
blocking agents’).
. Class llI: Drugs that prolong effective refractory

period by prolonging action potential

Amiodarone (ALDARONE) 200 mg TDS

Bretylium 5-10 mg/kg bolus IV then 0.5-2 mg/min 1V infusion
IV. Class IV: Calcium channel blockers

Verapamil, diltiazem etc. (Detailed pharmacology is discussed in chapter ‘Antihypertensive agents’).

V. Miscellaneous

Adenosine (ADENOCOR) 6-12 mg IV bolus.

Atropine 0.6-2 mg IM (Used for AV block)
Sympathomimetics (e.g. adrenaline, isoprenaline and orciprenaline are also used for AV block).
Digitalis (DIGOXIN) 0.25-0.5 mg IV for paroxysmal supraventricular

tachycardia (PSVT), atrial flutter and atrial fibrillation

b. Automaticity: Quinidine decreases the Its antivagal action prolongs the re-
slope of slow diastolic depolarisation fractory period of atrium and short-
(phase 4 of action potential) and thus ens that of AV node. The antivagal
decreases the spontaneous rate of fir- action on the AV node causes para-
ing of pacemakers. By depressing the doxical tachycardia in a patient of
entry of sodium into the cell during atrium fibrillation.
depolarization, quinidine depresses e. Contractility: Quinidine produces a
diastolic depolarization and ultimately negative inotropic action on the heart
automaticity. and contractility is depressed with

c. Conductivity: Quinidine depresses in- toxic doses.
terventricular and atrioventricular con- f. AV conduction: Quinidine depresses
ductivity. PR and QRS intervals are the conduction in atrium and Purkinje
also prolonged. Also decreases the rate system.
of rise of action potential. g. Electrophysiological effect (effect on

d. Effective refractory period: Quini- ECG):
dine depresses the potassium efflux 1. It reduces the rate of rise of action
during repolarization and prolongs potential i.e. phase zero of action
repolarization. The refractory period potential which is due to

increases due to its antivagal action. depolarisation.
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2. Increase in the duration of ventricu-
lar systole (QT interval).

3. Decrease in amplitude of T waves.

=

Depression of ST segment.

5. Reduction in conduction velocity
(widening of QRS complex).

Extracardiac actions:

a. Quinidine in normal individuals pro-
duce a decrease in blood pressure af-
ter oral and IV administration.

b. Quinidine has got antimalarial, anti-
pyretic, oxytocic and skeletal muscle
relaxant activity also.

It is well absorbed orally, undergoes ex-
tensive hepatic oxidative metabolism. 90%
quinidine is bound to plasma protein. The
drug is distributed to most tissues except
brain. About 20% is excreted unchanged by
the kidney.

Adverse effects include SA block or ar-
rest, high grade AV block, ventricular tachy-
cardia, arrhythmia or ventricular asystole,
polymorphic ventricular tachyarrhythmia,
hypotension (particularly when given IV),
cinchonism, tinnitus, loss of hearing, gas-
trointestinal upset, severe headache, diplo-
pia, photophobia, etc.

It is indicated in prevention of atrial ar-
rhythmia, atrial fibrillation or flutter, par-
oxysmal supraventricular tachycardia, ven-
tricular premature beats and ventricular ta-
chycardia.

PROCAINAMIDE

It has got quinidine like cardiac prop-
erty. It depresses the excitability of both
atria and ventricles. Contractility and con-
ductivity are also depressed. It has got mini-
mal vagolytic action.
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It decreases the rate of rise of action po-
tential and prolongs the effective refractory
period.

After oral administration it is absorbed
quickly, about 20% is bound to plasma pro-
tein up to and 70% of a dose is excreted in
urine in unchanged form.

Adverse effects include renal failure,
hypotension (when given IV), anorexia, nau-
sea, vomiting, Q-T prolongation. Rarely there
is diarrhoea, giddiness, psychosis, hallucina-
tion, mental depression, hypersensitivity,
agranulocytosis, myalgia, angioedema, skin
rash, digital vasculitis. Procainamide can
cause syndrome that resembles SLE, which
is reversible on discontinuation of
procainamide; leukopenia and thrombocy-
topenia.

It is indicated in ventricular arrhyth-
mia, ventricular premature depolarization
and paroxysmal ventricular tachycardia,
supra-ventricular tachycardia and atrial ar-
rhythmia.

DISOPYRAMIDE

It has got anticholinergic and mem-
brane depressant properties and like qui-
nidine, it is effective against most of the
atrial and ventricular arrhythmias. It has no
effect on sinus rate.

Adverse effects include dry mouth, con-
stipation, blurred vision, urinary urgency
and occasional urinary retention, nausea,
vomiting, diarrhoea, abdominal pain,
hypoglycaemia, jaundice, coronary heart
failure and hypotension.

It is indicated in atrial and ventricular
arrhythmias in digitalised and non-
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digitalised patients, arrhythmias associated
with Wolff-Parkinson-White (WPW) syn-
drome.

LIGNOCAINE

It is an amide local anaesthetic and has
rapid onset of action. It depresses diastolic
depolarization and automaticity in ectopic
foci in ventricular tissue. Phase 4 depolar-
ization in partially depressed Purkinje fibres
and after depolarizations are antagonised.
It does not depress AV conduction and de-
creases action potential duration, effective
refractory period. It has no effect on BP.

Adverse effects include ventricular fi-
brillation, hypotension or massive cardiac
arrest due to overdose, dizziness, paraesthe-
sia, drowsiness, seizures, disorientation, res-
piratory arrest, nausea, vomiting, circulatory
collapse and blurred vision.

It is indicated in prophylaxis or treat-
ment of ventricular arrhythmias associated
with MI, digitalis intoxication, ventricular
tachyarrhythmia, in patients predisposed to
ventricular arrhythmias during general ana-
esthesia.

PHENYTOIN SODIUM

It is a anticonvulsant drug and de-
presses the ventricular automaticity and
accelerates the AV conduction. It also re-
duces the duration of action potential like
quinidine. It also shortens the QT interval.
It mainly blocks inactivated Na* channels.
It is used for the suppression of ectopic
beats and for prophylaxis of recurrent par-
oxysmal tachycardia and also for the treat-
ment of rapid supraventricular or ven-
tricular tachycardia.
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It is also used in digitalis induced ven-
tricular arrhythmia as it reverse the conduc-
tion block while accentuating the depression
of automaticity (The detailed pharmacology
is discussed in chapter “‘Antiepileptic agents’).

BETA-ADRENEGIC BLOCKERS

The detailed pharmacology of beta blockers
is discussed in chapter ‘Adrenergic block-
ing agents” and ‘Antihypertensive agents’.

The antiarrhythmic action is due to
cardiac adrenergic blockade. It decreases the
slope of phase 4 depolarization and
automaticity in SA node, Purkinje fibres and
other ectopic foci. It also prolongs the
effective refractory period of AV node and
impedes AV conduction. ECG shows
prolonged PR interval. It is useful in sinus
tachycardia, atrial and nodal extrasystoles.
It is also useful in sympathetically mediated
arrhythmias in pheochromocytoma and
halothane anaesthesia.

DRrucs ProLoNGING AcTION POTENTIAL

By prolonging repolarization, AP is wid-
ened and ERP is increased, so the
tissues remain refractory even after full
repolarization.

AMIODARONE

It is a long acting antiarrhythmic drug.
It contains iodine and may cause disorders
of thyroid function.

It blocks inactivated sodium channels.
It also decreases calcium current and tran-
sient outward, delayed rectifier and inward
rectifier potassium currents. It is a potent
inhibitor of abnormal automaticity. It pro-
longs duration of action potential, refracto-
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riness in Purkinje and ventricular muscle
fibers.

Amiodaroneis slowly and poorly absorbed
after oral administration. It is metabolised
slowly in liver to active metabolite.

Adverse effects include hypotension
due to vasodilatation and depression of
myocardial performance is frequent with the
IV route. Heart block, bradycardia, corneal
microdeposits, photosensitivity, hepatitis,
gastrointestinal upset may occur.

It is indicated in tachyarrhythmias asso-
ciated with WPW syndrome, atrial flutter and
fibrillation, paroxysmal tachyarrhythmias
not responding to other agents. Ventricular
tachycardia and ventricular arrhythmia re-
fractory to other treatment.

BRETYLIUM

It has direct action on myocardium and
interferes with the neuronal release of cat-
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echolamines and has direct antiarrhythmic
property. Bretylium may reverse the short-
ening of action potential duration caused by
ischemia. It acts due to K* channel blockade.

It is used in the treatment of ventricular
tachycardia and ventricular fibrillation.

CaLcium CHANNEL BLOCKERS

The detailed pharmacology is discussed in
chapter “Antihypertensive agents’.

These drugs inhibit Ca** mediated slow
channel inward current, thus inhibiting Ca*
mediated depolarization. Phase 4 depolar-
ization in SA node and Purkinje fibres is re-
duced. They also prolong AV nodal effec-
tive refractory period thus AV conduction
is slowed. There is also negative inotropic
action.

Itisindicated in PSVT, to control ventricu-
lar rate in atrial flutter or atrial fibrillation.
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Antihyperlipidemic

Agents

These drugs are used for treatment of
hyperlipidemia. They lower the levels of
lipoproteins and lipids in blood. The plasma
lipids are present in lipoproteins after
combining with apoproteins. They are high
density lipoproteins (HDL), low density
lipoproteins (LDL), very low density
lipoproteins (VLDL) and intermediate density
lipoproteins (IDL).

Atherosclerosis is main cause of cardio-
vascular deaths. It is characterized by a
localised plaque in the intima and is
composed of cholesterol esters, deposition
of fibrous proteins and calcification. These
plaques may narrow the arterial lumen and
can cause distalischemia. The coronary and
cerebral circulation are main sites of
atherosclerosis. Raised levels of VLDL, LDL

Table 4.5.1: Classification for antihyperlipidemic agents.

I.  HMG CoA reductase inhibitors
Lovastatin (LOVASTROL)
Simvastatin (SIMCARD)
Atorvastatin (ATOCOR)
Pravastatin (PRASTATIN)

Il. Fibric acid derivatives
Clofibrate (ATROMID)
Gemfibrozil (GEMPAR)

10-40 mg/day
5-20 mg/day
10-80 mg/day
40 mg/day

0.5-1 g BD
600 mg before meals

Ill. Agents inhibiting production of VLDL and lipolysis in adipose tissue

Nicotinic acid

100 mg TDS, increased to 2-6 g/day

IV. Interferes with intestinal absorption of cholesterol

Cholestyramine
Colestipol

V. Inhibit synthesis of LDL
Probucol

VI. Miscellaneous
Gugulipid (GUGLIP)

49TDS
5-10 g TDS

500 mg BD after meals

25 mg TDS
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and IDL are atherogenic, while HDL is
protective because it facilitates removal of
cholesterol from tissues.

The drugs used in the treatment of
hyperlipidemia are classified as in table 4.5.1.

HMG CoA REDUCTASE INHIBITORS

Also known as statins. HMG CoA reductase
(Hydroxymethyl-Glutaryl Coenzyme A
Reductase) inhibitors block the synthesis of
cholesterol in liver by competitively
inhibiting HMG CoA reductase activity, also
cause depletion of critical intracellular pools
of sterols and increased transcription of LDL
receptors leading to enhanced removal from
plasma of LDL cholesterol and LDL
precursors. They also reduce hepatic
synthesis of VLDL, increase plasma HDL.
Reduction of LDL occurs over 4-6 weeks.

LOVASTATIN

It is a potent HMG CoA reductase
inhibitor. This enzyme catalyzes the
conversion of HMG CoA to mevalonate in
liver which is an important early and rate
limiting step in the cholesterol synthesis. It
causes marked reduction in LDL
cholesterol and also raise HDL level and
may lower the triglyceride level. After oral
administration it is extensively metabolised
in liver and metabolites are excreted in bile.

Adverse reactions include arthralgia,
myopathy, vertigo, tremor, memory loss,
alteration of taste, peripheral neuropathy,
anxiety, insomnia, depression, hepatitis
cholestatic jaundice, abdominal pain,
alopecia, blurred vision etc.

Itisindicated in primary hypercholesterol-
emia and hyperglyceridemia.

Section 4/ Drugs Acting on Cardiovascular & Urinary System

SIMVASTATIN

Simvastatin, is twice as potent as
lovastatin.

Simvastatin has been shown to reduce
both normal and elevated low-density
lipoprotein (LDL) cholesterol concentrations.
Apolipoprotein B, VLDL cholesterol and
plasma triglycerides also reduce and can
produce increase in HDL cholesterol.

Simvastatin reduces total cholesterol,
LDL cholesterol and triglycerides by 25%,
35%, and 10% respectively. The increase in
HDL is upto 12%.

Adverse effects are flatulence,
diarrhoea, constipation, nausea, abdominal
pain, cramps, heart burn and dysgeusia.
Rarely myopathy, rhabdomyolysis with
acute renal failure may also occur.

Other adverse effects include headache,
dizziness, rashes/pruritus, impotence
insomnia, blurring of vision and lens opacities.

Simvastatin is indicated in patients with
coronary heart disease and
hypercholesteremia, for the reduction of
elevated total and LDL cholesterol in
patients with primary hypercholesterolemia
(type Ila and IIb hyperlipoproteinemia),
combined hypercholesterolemia and
hypertriglyceridemia.

Simvastatin is also used in combination
with nicotinic acid. It is found to be the most
useful drug combination for the treatment of
dyslipidemias associated with coronary
artery disease. It is particularly effective in
normalizing the lipid profiles of patients with
familial combined dyslipidemia.

ATORVASTATIN

Atorvastatin reduces total cholesterol,
LDL-cholesterol and apolipoprotein B
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hypercholesterolemia and mixed
dyslipidemias. Atorvastatin also reduces
VLDL-cholesterol and TG and produces
variable increases in HDL-cholesterol and
apolipoprotein Al. Atorvastatin reduces
LDL-cholesterol in patients with familial
hyper-cholesterolemia (FH).

Atorvastatin is generally well tolerated.
Adverse effects include constipation,
flatulence, dyspepsia, abdominal pain,
headache, nausea, myalgia, diarrhoea,
asthenia and insomnia.

Dose related and reversible elevated
serum ALT levels have also been reported.

Elevated serum CPK levels have been
reported in some patients but only rarely
patients have concurrent muscle pain,
tenderness or weakness.

It is indicated as an adjunct to diet to
reduce elevated total cholesterol, LDL-
cholesterol and TG levels in patients with
primary hypercholesterolemia, diabetic
dyslipidaemia or mixed hyperlipidemia,
hypertriglyceridemia, dysbetalipo-
proteinemia and familial hypercholester-
olemia.

PRAVASTATIN

Pravastatin sodium besides increasing
LDL cholesterol catabolism, also inhibits
LDL-cholesterol production by inhibiting
hepatic synthesis of VLDL-cholesterol, the
LDL-cholesterol precursor. These effects
result in a reduction of total cholesterol,
LDL-cholesterol, VLDL-cholesterol,
apolipoprotein B and trigly-cerides, whilst
increasing  (HDL-cholesterol) and
apolipoprotein A. It has little effect on
cholesterol synthesis in other tissues.

Pravastatin is administered orally in the
active form and is rapidly absorbed, with
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peak plasma levels occurring 1 to 1.5 hours
after dosing. Pravastatin undergoes
extensive first-pass extraction in the liver,
which is its primary site of action. It is 50%
bound to plasma proteins.

Adverse effects include rash, myalgia,
headache, non-cardiac chest pain; rarely
nausea/vomiting, diarrhoea and fatigue
may occur.

Pravastatin is indicated as an adjunct to
diet in patients with primary
hypercholesterolemia, mixed dyslipidemia,
elevated serum triglyceride levels and
primary dysbetalipoproteinemia who do not
respond adequately to diet.

FiBric Acib DERIVATIVES

These activate lipoprotein lipase which is
a key enzyme in degradation of VLDL
resulting in lower circulating triglycerides.
These drugs lower triglyceride levels by 20-
50% with 10-15% decrease in LDL
cholesterol and a 10-15% increase in HDL
cholesterol.

CLOFIBRATE

It has a specific action on type III
hyperlipo-proteinemia and also reduces
VLDL and LDL but because of its association
with a small increase in risk of gastrointestinal
and hepatobiliary neoplasia, it is seldom used.

GEMFIBROZIL

Gemfibrozil reduces plasma
triglycerides by 40 to 55% by decreasing the
concentration of VLDL. Its effectiveness is
less in lowering LDL.

It also decrease hepatic synthesis and
secretion of VLDL. The lowering of



198

triglyceride plasma levels may be due to
reduction in hepatic synthesis of VLDL and
increase in VLDL clearance.

It is completely absorbed from gastro-
intestinal tract and is excreted in urine.

Adverse effects include nausea,
diarrhoea, abdominal pain, dyspepsia,
fatigue, skin rash, weight gain, leucopenia,
alopecia, blurred vision etc.

NICOTINIC ACID

Nicotinic acid and nicotinamide
together represent the essential vitamin
niacin in the diet. Of these two, only nicotinic
acid is active as a lipid modifying drug.
Nicotinic acid is preferred in patients with
triglyceride levels exceeding 200 mg/dl
because bile acid sequestrants tend to raise
triglyceride levels. Nicotinic acid reduces
production of VLDL by liver, thus its
degradation products IDL and LDL are
subsequently reduced. It inhibits lipolysis
in adipose tissue and increases activity of
lipoprotein lipase. It has no effect on
cholesterol and bile acid metabolism.
Combination drug therapy has been shown
to decrease cholesterol levels in
hyperlipidemic patients.

Adverse effects include, flushing,
itching, vomiting, diarrhoea and dyspepsia.
It may also lead to hyperpigmentation of
skin, liver dysfunction, hyperglycaemia and
hyperuricaemia.

It is indicated in type III, IV & V hyper-
triglyceridemia. It lowers VLDL and raise
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HDL level and it is administered with HMG
CoA reductase inhibitors e.g. simvastatin.

CHOLESTYRAMINE AND COLESTIPOL

They are useful only in hyperlipopro-
teinemias involving elevated levels of LDL
i.e. type Ila, IIb and V. They are basic ion
exchange resins. They are neither digested
nor absorbed in the gut. They bind bile ac-
ids in intestine and interrupt their entero-
hepatic circulation, leading to increased
faecal excretion of bile salts and cholester-
ol. There is increased hepatic conversion of
choles-terol to bile acids. More LDL recep-
tors are expressed on liver cells leading to
increased clearance of IDL, LDL and indi-
rectly of VLDL.

Adverse effects include nausea, heart
burn, constipation and acidosis etc.

PROBUCOL

It is cholesterol lowering agent with
antioxidant property. It is only 1/10
absorbed when given orally. It reduces the
serum cholesterol levels without reduction
in serum triglycerides level and also reduces
the HDL levels. It has no effect on VLDL and
triglyceride levels.

Adverse effects include headache, dizzi-
ness, diarrhoea and eosinophilia.

GUGULIPID

Is an indigenous drug obtained from
gum guggul used for treatment of
hyperlipidemia, hypercholesterolemia and
hypertriglyceridemia.
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Plasma Expanders

Plasma substitutes/expanders are high
molecular weight substances when infused
intravenously into blood stream retain flu-
id in the vascular compartment and exert
oncotic pressure. But before infusing into the
blood stream, the following requirement
may be present.

¢ Should have same oncotic pressure
with plasma.

e Should remain in blood stream for ad-
equate period.

¢ Should not be disposed rapidly by
metabolic degradation or by excretion.

¢ Should remain stable on storage.

¢ Should not interfere with blood group-
ing and cross matching.

® Should be compatible with other IV
fluid and other drugs.

¢ Should be easily sterilized.

¢ Should be pharmacologically inert and
have a viscosity suitable for infusion
into blood stream.

They are used in conditions where
blood plasma has been lost e.g. shock, burn
cases, severe trauma and extensive tissue
damage as a temporary measure till the

blood can be arranged. These do not have
O, carrying capacity.

The clinically used plasma expanders
are classified as in table 4.6.1.

HUMAN ALBUMIN

It is obtained from heat treated pooled
human plasma. 100 ml of 20% human albu-
min solution is osmotic equivalent of 800 ml
of whole blood. It draws and holds addi-
tional fluid from tissues. It can used irrespec-
tive of patient’s blood group. For optimum
benefit it should be used with electrolyte
solutions. It does not interfere with coagu-
lation and there is no risk of sensitization.

Table 4.6.1: Classification of plasma substitutes/
expanders.

I. Human albumin (20% solution; ALBUSAFE)

Il. Dextran
Dextran 70 (Mol. wt. 70,000; 6% solution;
LOMODEX-70)
Dextran 40 (Mol. wt. 40,000; 10% solution;
LOMODEX-40)

Ill. Degraded gelatin polymer — polygeline (3.5% in
electrolyte solution; HAEMACCEL)

IV. Hydroxyethyl starch (HES; Hetastarch; 6%
solution; HESTAR)

V. Polyvinylpyrrolidone (PVP; 3.5% solution in
buffered normal saline; OSMOPLASMA)
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It is used in burns, shock, in patients of
acute liver failure and on dialysis.

DEXTRAN

They are most commonly used plasma ex-
panders. Itis polysaccharide isolated from beet
sugar which is formed by the action of
Leuconstec mesenteroides. Itis available in mainly
two forms depending upon the molecular
weight. Dextran 70 (mol. wt. 70,000) available
in 6% solution and Dextran 40 (mol. wt. 40,000)
available in 10% solution. They are infused in-
travenously in the treatment of shock. Dextran
40 acts more rapidly than dextran 70. It de-
creases the blood viscosity and prevents the
sludging of RBC’s. Dextran 70 remains in cir-
culation for longer period (upto 24 hrs) and is
slowly excreted by glomerular filtration.

It is commonly used cheap plasma ex-
pander and can be stored for a longer period
of time but it may interfere with blood group-
ing and cross matching. It may trigger ana-
phylactic reaction characterized by urticaria,
bronchospasm and decrease in blood pres-
sure etc. It can also prolong bleeding time by
interfering in coagulation of blood.

DEGRADED GELATIN POLYMER -
POLYGELINE

It is a polypeptide and exerts oncotic
pressure similar to albumin. It remains in
circulation for 12 hours and is slowly ex-
creted by the kidney. It does not interfere
with blood grouping and cross matching.

It is a plasma substitute which corrects
circulatory insufficiency due to plasma/
blood volume deficiency, absolute (e.g., re-
sulting from bleeding) or relative (e.g., re-
sulting from a shift in the blood volume be-
tween the circulatory compartments).

Section 4/ Drugs Acting on Cardiovascular & Urinary System

Side effects include transient skin reac-
tions (urticaria, wheals), hypotension, tachy-
cardia, bradycardia, nausea/vomiting, dysp-
noea, a rise in temperature and/or chills may
occasionally occur. In rare cases of severe hy-
persensitivity reactions leading to shock.

If side effects occur, the infusion should
be discontinued at once. Anaphylactic reac-
tions associated with polygeline are due to
histamine release.

It is indicated in hypovolaemic shock,
loss of blood and plasma (e.g., trauma,
burns, preoperative autologous blood or
plasma donation), and for priming the heart-
lung machine. In addition, it can be used as
a vehicle for various drugs.

HYDROXYETHYL STARCH

It is similar to glycogen, the starch mol-
ecule is substituted to a selected degree to
achieve a distinct plasma retention and vol-
ume effect. It improves haemodynamics,
macrocirculation, microcirculation, organ
function, oxygen supply.

After IV administration it is enzymatically
metabolised by endogenous amylase. The
smaller fragments undergo rapid glomerular
filtration. The 6% iso-oncotic infusion solution
allows precise blood volume control and leads
to an effective stabilisation of blood volume,
whereas 10% hyperoncotic infusion solution
has a greater expansive volume effect. It im-
proves plasma volume for 24 hours or more.

Adverse effects include anaphylactoid
reactions, manifesting as itching, chills, ur-
ticaria, shock and bronchospasm. In rising
doses it can influence coagulation mecha-
nism without triggering clinical haemor-
rhage.



Plasma Expanders

POLYVINYLPYRROLIDONE (PVP)

It is a synthetic, water soluble polymer
of molecular weight approximately 40,000.
It is 3-5% solution in buffered physiological
saline administered intravenously. It pro-
duce agglutination of RBC’s and therefore
interferes with blood grouping and cross
matching and also releases histamine. It also
binds certain drugsi.e. insulin, penicillin etc.
Because of these drawbacks, it is less com-
monly used.

Plasma expanders are not used in severe
anaemia, cardiac failure, pulmonary edema
and renal failure.

Apart from colloidal plasma expanders
crystalloid (electrolyte) fluids are used in
certain clinical conditions.

DEXTROSE (5%) SOLUTION

1. Itis used in prevention of:
¢ Dehydration of all types.

* Excessive tissue protein catabolism.
* Depletion of liver glycogen.

e As vehicle for IV administration of
numerous drugs.

2. When oral intake of food and water is
limited as in pre and postoperative pa-
tients or in the patients with severe
hepatic or cardiac or GIT disease.

3. Correction of deficit of water as in case
of inadequate intake and excessive
losses in urine and perspiration.

4. Inthe treatment of ketosis in starvation,
diarrhoea, vomiting or high fever.

5. In promotion of sodium excretion
when there is excess sodium in the
body due to excessive use of electro-
lyte solutions.
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6. To provide adequate calories to the
body.

NORMAL SALINE

It is indicated in:

1. When alkalosis is present alongwith
fluid loss.

2. In case of severe salt depletion when
rapid electrolyte restoration is essen-
tial.

3. In the treatment of low salt syndrome
which may occur in presence of heart
failure, renal impairment, during sur-
gery, etc. In these cases chloride loss
frequently exceeds sodium loss.

4. In severe salt depletion resulting from

excessive fluid loss due to sweating,
vomiting, diarrhoea, etc.

RINGER LACTATE

Ringer lactate (contain calcium chloride,
potassium chloride, sodium chloride and
sodium lactate) is indicated in:

1. For replacing the deficit of ECF due to
decreased water intake or increased
secretion of water even in absence of
marked acid base disturbance.

2. In case of burns, infections, fractures,
peritoneal irrigation etc. For the resto-
ration of normal ECF balance during
surgery.

3. In moderate metabolic acidosis which
occurs in cases of mild renal insuffi-
ciency, infant diarrhoea, diabetic keto-
sis etc.

4. In diabetes mellitus to provide potas-
sium to ECF.

5. During or after giving anaesthesia, to
correct metabolic acidosis which results
from disturbed respiration.
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Diuretics and

Antidiuretics

Diuretics are the agents which increase the
rate of urine formation by the kidneys, or
which cause a net loss of sodium and
water in urine, i.e. the diuretics increase
the urine output of ions and fluids from
the kidneys.

Clinically, diuretics are among the most
widely prescribed drugs used in the
management of hypertension and various
edematous states like congestive heart
failure, nephrotic edema and in some cases
of edema in pregnancy.

Almost all diuretics exert their action
at the luminal surface of the renal tubule
cells. Their mechanism of action includes
interaction with specific membrane
transport proteins like thiazides,
furosemide etc., osmotic effects which
prevent the water permeable segments of
the nephron from absorbing water like
mannitol, and specific interaction with
enzyme like carbonic anhydrase
inhibitors i.e. acetazolamide, and
hormone receptors in renal epithelial cells
like spironolactone.

They are classified as in table 4.7.1.

BENZOTHIAZIDES

The main action of thiazides is exerted on
the early segment of distal tubule or cortical
diluting segment. They inhibit reabsorption
of sodium and chloride. The thiazides enter
the tubule partly by glomerular filtration
and partly by active secretion into the
proximal tubule. At usual therapeutic doses,
the major portion of the diuresis is due to
an inhibition of reabsorption in the more
distal parts of the nephron.

Pharmacodynamics

In maximal doses, chlorothiazide will
markedly increase excretion of water, Na*,
K*, CIrand HCO,". Chlorothiazide due to its
weak carbonic anhydrase activity, can cause
some loss of bicarbonate in therapeutic dose.

Because of the marked inhibitory action
on sodium reabsorption, a large amount of
sodium is made available to the distal tubule
where exchange of potassium with sodium
takes place, this causes potassium loss.

Thiazides, due to their direct action on
blood vessels and on sodium metabolism
produce a mild hypotension. They also tend



Table 4.7.1: Classification of diuretics.
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to reduce glomerular filtration rate by their
action to reduce blood volume, also decrease
positive free water formation. Although this
response is less than that seen with ADH-
deficient diabetes insipidus patients treated
with ADH, it is sufficient to reduce
significantly urinary frequency and water
consumption.

Pharmacokinetics

All thiazides and related compounds are
well absorbed from the GIT and begin to
produce diuresis within one hour after oral
administration, but the duration is variable,
which are due to variation in rates of renal
tubular secretion and clearance, metabolism,
and enterohepatic circulation. Approximately
50 percent of an oral dose is excreted in urine
within 6 hours. Most of the agents undergo little
hepatic metabolism and excreted as such.
However indapamide is extensively
metabolized.

Adverse Reactions

In the presence of severe renal and hepatic
disease, these drugs may precipitate renal
failure or hepatic coma. The most important
toxic effect associated with thiazide therapy
is hypokalemia and hypochloremic alkalosis.

The thiazides may induce hyperglyce-
mia and aggravate pre-existing diabetes
mellitus, the pharmacological effect of oral
hypoglycemic agents may also be reduced.

Occasionally, they can cause allergic
reactions like rashes, photosensitivity,
thrombocytopenic purpura, dermatitis etc.

Therapeutic Uses

1. Edema: Thiazides are useful adjunctive
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therapy in controlling the edema asso-
ciated with CHF and cirrhosis.

2. Hypertension: They are widely used in
the treatment of hypertension with or
without edema and often serve as the
first drug of choice.

3. Diabetes insipidus: They reduce urine
volume in both pituitary and renal dia-
betes insipidus. They are especially
valuable for the latter in which ADH is
ineffective.

HicH-CEILING OR Loor DIURETICS

These are the most efficacious agents
available for inducing marked water and
electrolyte excretion. The peak diuresis is far
greater than that observed maximally with
other diuretics. The drugs in this group
include furosemide, bumetanide and
ethacrynic acid and the main site of action
is the thick ascending limb of loop of Henle,
thus they are often called “loop diuretics.’
The high-ceiling diuretics act primarily
by inhibiting electrolyte reabsorption in the
thick ascending limb of the loop of Henle.
As much as 20% of the filtered Na* may be
reabsorbed in the loop of Henle.

These agents bind to Cl~ binding site of
Na*-K*-2CI" cotransporter glycoprotein and
inhibit its transport function in ascending
limb of loop of Henle.

These agents tend to increase renal blood
flow without increasing filtration rate, which
reduces fluid and electrolyte reabsorption
in the proximal tubule and may augment the
initial diuretic response.

Pharmacodynamics

After oral administration, the intense
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diuretic action starts within one hour and
lasts up to 4 to 6 hours. Furosemide produces
more loss of chloride than sodium, potassium
loss also occurs, which is probably an indirect
effect due to the large Na* load reaching to
the distal tubules. In low doses, these drugs
do not appreciably effect HCO,™ or H*
excretion.

Pharmacokinetics

All the loop diuretics are rapidly
absorbed from the GIT, usually within 30
minutes after oral, and 5 minutes after IV
administration. The bio-availability of
furosemide is about 60% while that of
bumetanide is nearly 100%. They are
extensively bound to plasma proteins, but
they are rapidly secreted by the organic acid
transport system of the proximal tubule. They
produce a peak diuresis in about 2 hours with
a total duration of diuretic action of 6 to 8
hours.

Furosemide is mainly excreted
unchanged by glomerular filtration as well
as tubular secretion.

Adverse Reactions

Abnormalities of fluid and electolyte
imbalance are the most common forms of
clinical toxicity, overdose may result in rapid
reduction of blood volume, dizziness,
orthostatic hypotension, headache,
hypokalemia.

Gastrointestinal symptoms of nausea,
vomiting, diarrhoea are common with
ethacrynic acid.

Ototoxicity has been reported with all
the three loop diuretics, which is seen more
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commonly with renal

insufficiency.

in patients

Therapeutic Uses

Edema: The high ceiling diuretics are
effective for the treatment of edema of
cardiac, hepatic or renal origin. They are the
drug of choice in case of congestive heart
failure. These are preferred initially in all
cases for rapid mobilization of edema fluid.

IV administration of furosemide
produces prompt relief in acute pulmonary
edema (acute left ventricular failure,
following myocardial infarction). This is due
to the vasodilator action that precedes the
saluretic action.

In the management of refractory edema,
the high ceiling diuretics may be used in
conjunction with other types of diuretics.
They are also useful for forced diuresis in
hypnotic or other poisonings.

BUMETANIDE

Bumetanide is chemically similar to
furosemide. It induces very rapid diuresis.
The site and mechanism of action is similar
to furosemide but it is 40 times more potent
than furosemide.

It is highly effective in pulmonary
edema. Adverse effects such as
hyperuricaemia, potassium loss and
ototoxicity are less than furosemide.

ETHACRYNIC ACID

Ethacrynic acid is chemically distinct
from the thiazides and furosemide but
ceiling effect is similar. It is a phenoxyacetic
acid derivative that also contains an adjacent
ketone and methylene group.
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It does not inhibit carbonic anhydrase.
Loss of potassium is less marked but chance
of hypochloremic alkalosis are greater. It is
an irritant and upon oral administration it
produces diarrhoea, gastrointestinal
bleeding may occur at higher dose. Chances
of hearing loss are greater. So, due to their
uniform toxicity, they are no longer used.

CARBONIC ANHYDRASE INHIBITORS

ACETAZOLAMIDE

It is a potent, noncompetitive reversible
carbonic anhydrase inhibitor. Carbonic
anhydrase is an enzyme which catalyses the
reversible reaction
H,O + CO, — H,CO,

Carbonic anhydrase influences the
tubular reabsorption of sodium in proximal
tubule where biocarbonate absorption occurs
and in the distal tubule where sodium is
exchanged for potassium or hydrogen ion
and bicarbonate is formed as the
accompanying anion. The hydration of
carbon dioxide takes place under the
influence of enzyme carbonic anhydrase
which forms carbonic acid which dissociates
and breaks into hydrogen and carbonate ions.

Acetazolamide inhibits the enzyme
carbonic anhydrase, and interferes with the
ability of the renal tubules to produce and
secrete hydrogen ions. And, the diuretic
action is due to the decreased sodium
biocarbonate absorption in proximal tubules
and diminished hydrogensodium exchange
in the distal tubules.

Pharmacokinetics

All the carbonic anhydrase inhibitors
are well absorbed after oral administra-
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tion. Peak concentrations in plasma occur
with in 2 hours and persists for 12 hours
after a single dose. Acetazolamide is ex-
creted unchanged in urine. Ethoxzolamide
is similar to acetazolamide but more
potent.

Adverse Reactions

Serious toxic reactions include acidosis,
hypokalemia, drowsiness and paresthesia
are common with larger doses.

Hypersensitivity reactions are rare, they
consists of fever, skin reactions, bone-
marrow depression and sulfonamide like
renal lesions.

Drug induced osteomalacia has been
reported with the simultaneous use of
phenytoin.

Therapeutic Uses

Carbonic anhydrase inhibitors are rarely
used as primary diuretics, because of self-
limiting action, production of acidosis, and
hypokalemia. They are used in:

i. Glaucoma, as adjuvant to miotics.

ii. In urinary tract infections or to
alkalinise urine to promote the excre-
tion of acidic drugs.

iii. In petit mal epilepsy as adjuvant.

iv. In the management of periodic paraly-
sis.

v. Effective in ameliorating the symptoms
of acute mountain sickness.

DirRecTLY AcTING DIURETICS

TRIAMTERENE AND AMILORIDE

Triamterene and amiloride are non-steroidal
potassium sparing diuretics, which interfere
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with transport in the late segments of the
nephron by blocking the luminal Na* channels
thus indirectly inhibiting K* excretion. They
slightly increase sodium excretion and decrease
potassium excretion, particularly whenitis high
due to high potassium intake or use of diuretics
that enhances potassium loss.

In addition to these effects, all the
potassium sparing diuretics are capable of
inhibiting urinary H* secretion in the distal
tubule and cortical collecting duct.

Pharmacokinetics

About 50% of an oral dose of each agent
is absorbed. Triamterene is about 60 percent
bound to plasma proteins, while amiloride
is bound to a lesser extent. Both drugs are
secreted in the proximal tubule, presumably
by the organic cation secretory mechanism.

Adverse Reactions

The serious toxic effect is hyperkalemia.
Triamterene produces relatively few other
side effects which includes nausea,
vomiting, dizziness etc. Megaloblastic
anaemia has been reported in patients with
alcoholic cirrhosis, which is probably due
to inhibition of dihydrofolate reductase in
patients with reduced folic acid intake.

Therapeutic Uses

Both drugs are used in conjunction with
other diuretics like thiazide or loop diuretics
to augment natriuresis and reduce loss of
potassium. Triamterene may be used in the
treatment of congestive heart failure, cirrhosis
and the edema caused by secondary
hyperaldosteronism. Amiloride is also useful
in lithium induced diabetes insipidus.

Section 4/ Drugs Acting on Cardiovascular & Urinary System

PoTtassium SpaRING DIURETICS

SPIRONOLACTONE

It is a steroid and aldosterone antagonist.
Aldosterone acts on the late distal tubules
and collecting tubule cells by combining
with an intracellular receptor which induces
the formation of aldosterone induced
protein, which promotes Na* reabsorption
and K* secretion.

Spironolactone also increases Ca**
excretion through a direct effect on tubular
transport. In relatively high concentrations,
it can inhibit the biosynthesis of aldosterone.

Pharmacokinetics

The oral bioavailability of spironolac-
tone is about 70%. It is extensively bound to
plasma proteins and is completely metabo-
lized in liver. Canrenone is a major active
metabolite of spironolactone, which can be
converted enzymatically into canrenoate
(hydrolytic product). Canrenoate has no
intrinsic activity, but it can exert their effects
by virtue of its interconversion with
canrenone.

Adverse Reactions

In patients with renal insufficiency,
spironolactone may induce hyperkalemia.

Minor side effects include drowsiness con-
fusion, gastrointestinal upset, gynaecomastia
and menstrual irregularities.

Therapeutic Uses

Spironolactone is generally used in
combination with other, more efficacious
diuretics.
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i. It is widely used in the treatment of
hypertension and in the management
of refractory edema.

ii. Hypokalemia: Potassium sparing di-
uretics have been used in patients with
low serum K* resulting from other di-
uretics, like thiazide and loop diuretics.

iii. Edema: It has been used in cirrhotic and
nephrotic edema.

OswmoTic DIuRETICS

Osmotic diuretics are non-electrolytes,
freely filterable at the glomerulus, undergo
limited reabsorption by the renal tubules.
The amount of diuresis produced is
proportional to the quantity of osmotic
diuretic, therefore for more diuresis, a large
quantity of osmotic diuretic should be given.
The primary effect of osmotic diuretics
involves an increased fluid loss caused by
osmotically active diuretic molecule. This
results in reduced reabsorption of sodium
and water in proximal tubule and since the
tubule is permeable to water, there is a
passive back diffusion of water, such a
process keeps the tubular fluid isotonic.

They also tend to increase glomerular
filtration rate.

MANNITOL

Mannitol is not absorbed from the GIT
and must be given IV and is osmotically
more active than urea.

Mannitol is useful in clinical conditions
which are characterized by hypotension and
decreased glomerular filtration. It is useful
in maintaining kidney function under these
conditions, even at low rates of filtration a
sufficient amount of mannitol may enter the
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tubular fluid to exert an osmotic effect and
thus continue urine formation.

It is also used to reduce intraocular
pressure prior to eye surgery for glaucoma.
Mannitol has been used to reduce cerebral
edema.

The adverse reactions associated with
mannitol administration are nausea,
vomiting, headache and hypernatremia.

UREA

Urea is administered intravenously and
useful for reducing a raised cerebrospinal
fluid pressure during neurosurgery and
cerebral edema after head injury.

Urea is contraindicated in patients with
severe impairment of renal, hepatic or
cardiac function due to their potential effect
on expansion of the extracellular fluid
volume.

ISOSORBIDE

Isosorbide is an orally active diuretic,
most commonly used in the emergency
treatment of acute angle-closure glaucoma.

ORGANIC MERCURIALS

In earlier twenties, these agents were
diuretics of choice, but after the introduc-
tion of thiazides and loop diuretics, the
organomercurials have been almost re-
placed.

Mercurials depress the tubular
reabsorption of sodium at several sites
including loop of Henle and some portions
of proximal and distal tubules. They inhibit
the reabsorption of Cl- and Na*.
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The mercury ion is capable of caus-
ing local or systemic toxicity. For local
irritation, they are combined with theo-
phylline in an attempt to diminish the
irritative toxicity at the site of injection.
IV administration may lead to ventricu-
lar arrhythmias. They cause hepatocellu-
lar damage and even precipitate hepatic
failure. They can also lead to low salt
syndrome, hypochloraemic alkalosis and
potassium depletion.

MisceLLANEOUS COMPOUNDS

Ammonium Chloride

Ammonium chloride was used earlier along
with mercurials, as they act best in acidosis,
but now-a-days, it is not used as diuretic.

It is converted to urea in liver and free
hydrogen ion are liberated in the body which
tilt the buffer system towards acidosis.

Potassium Citrate

Potassium citrate alkalinises the urine
and increases its volume. They are used to
change the pH of urine.

Table 4.7.2: Classification of antidiuretics.

I. Antidiuretic hormone (vasopressin)
Vasopressin (VASOPIN)
Desmopressin (MINIRIN):

Il. Thiazide diuretics
Hydrochlorothiazide (Details are given in section
on ‘Diuretics’)

Ill. Miscellaneous agents
Carbamazepine (Antiepileptic drug, MAZETOL)

Chlorpropamide (Oral hypoglycemic agent, DIABINESE)

Section 4/ Drugs Acting on Cardiovascular & Urinary System

ANTIDIURETICS

Antidiuretic agents reduce urine volume
and are used in the treatment of diabetes
insipidus. They are classified as in table 4.7.2.

VASOPRESSIN

The antidiuretic hormone is an
octapeptide released from the posterior lobe
of pituitary gland. Itis used in the treatment
of diabetes insipidus. ADH reduces the total
urine volume and absence of this hormone
cause diabetes insipidus. ADH acts on
collecting duct cells to increase their water
permeability. It acts on V2 receptors in
collecting duct and regulate their water
permeability through cAMP production.

ADH in larger dose increases the blood
pressure by direct stimulation of vascular
smooth muscle. It also stimulates the
smooth muscle of gastrointestinal tract and
increase the peristalsis. It is inactive orally
because it is destroyed by trypsin. It can be
administered by any parenteral route or by
nasal spray. Vasopressin is indicated in
diabetes insipidus and in treatment of
postoperative abdominal varices.

5-20 U SC/IM
0.2-0.4 mg/day HS

25-50 mg TDS

200-600 mg BD
100-50 mg OD
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Adverse effects include nausea, belching,
abdominal cramps, hypersensitivity
reactions etc.

DESMOPRESSIN

Desmopressin is a synthetic analogue
of vasopressin. Two chemical changes have
been made to natural hormone, namely
dissemination of cysteine and substitution
of 8-L-arginine by 8-D-arginine. These
structural changes result in a compound
with significantly increased antidiuretic
potency, very little activity on the smooth
muscles, hence the avoidance of
undesirable pressor effects. Desmopressin
proved to be a highly selective diuretic
agent with a ratio between antidiuretic and
vasopressor activity in excess of 2,000 : 1.
Desmopressin is more stable than
vasopressin and this is reflected in its
prolonged duration of action.

Desmopressin is a pure V2 receptor
agonist. When bound to V2 receptors in the
kidney, itincreases the permeability of the
collecting ducts and tubules thereby
enhancing water reabsorption and
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reducing the volume of urine produced
without any pressor effects.

Oral administration of 0.1-0.2 mg
desmopressin provides an antidiuretic effect
lasting for 8-12 hours. Desmopressin does not
cross blood brain barrier and maximal plasma
concentrations are reached within 2 hours.
After oral administration, t% varies between
2.0 hours and 3.2 hours. 65% of oral
desmopressin absorbed is excreted unchanged
in the urine. It is also used as a nasal spray.

Adverse effects include headache,
nausea and stomach pain and in very rare
cases epistaxis. Treatment without
concomitant restriction of water intake may
lead to water retention with accompanying
signs and symptoms (reduced serum
sodium, weight gain and in serious cases,
convulsions).

Therapeutic Uses
¢ Nocturia in adults.
¢ Primary nocturnal enuresis.

¢ Central diabetes insipidus: Desmo-
pressin is preparation of choice.

adaa
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Histamine and

Antihistaminic

The term ‘autacoid’ is derived from Greek,
autos — self and akos — remedy. These are
formed in various tissues of the body and
generally act locally at the site of synthesis
and release in the body. They have also been
called “local hormones’ and differ from
hormones which are secreted from
endocrine glands. The hormones are
produced by specific cells (endocrine
glands), and are transported through
circulation to the distant target organs while
autacoids are produced in tissues rather than
in glands.

The important autacoids include:
e Histamine,

¢ Hydroxytryptamine (5-HT, serotonin),
Prostaglandins,

e Leukotrienes, and
e Kinins.

HISTAMINE

Histamine is a potent biogenic amine, occurs
in tissues in almost all forms of life and
released in a free state in response to injury
or to any antigenantibody reaction.

Histamine is an imidazole compound,
formed by decarboxylation of the amino acid
L-histidine, a reaction catalyzed by the
enzyme histidine decarboxylase.

Histamine is found in most of the tissues,
present in various biological fluids. In most
tissues, histamine exists in bound form in
granules, in mast cells or basophils. These
mast cells are especially rich at sites of
potential tissue injury i.e. skin, lungs, liver,
GIT etc. and is unevenly distributed. It is
also present in many venoms (of bees &
wasps), bacteria and plant tissues.

Histamine Receptors

The present evidence indicates that
histamine act on three types of receptors
namely H, H, & H..

The contraction of smooth muscle,
increase in vascular permeability and mucus
secretion are mediated by H, receptors and is
associated with increase in intracellular cyclic
GMP. These type of effects are competitively
blocked by H, receptor antagonists
(antihistaminics) like mepyramine.
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Table 5.1.1: Classification of antihistaminic agents.

I. Ethanolamines
Diphenhydramine (BENADRYL)
Dimenhydrinate (DRAMAMINE)

Il. Ethylenediamines
Pyrilamine maleate (DORANTAMIN)
Tripelennamine

IIl. Alkylamines
Pheniramine maleate (AVIL)
Chlorpheniramine maleate (PIRITON)
Triprolidine (ACTIDIL)

IV. Phenothiazines
Promethazine (PHENERGAN)
Promethazine chlorotheophyllinate (AVOMINE)

V. Piperazines
Cyclizine hydrochloride (MAREZINE)
Meclizine hydrochloride (ANCOLAN)
Buclizine (LONGIFENE)

VI. Piperidines:
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25-50 mg/day
25-50 mg/day, IM

25-50 mg/day
25-50 mg/day

25-50 mg/day, IM
2-4 mg/day, IM
2.5-5 mg/day

25-50 mg/day, IM
25-75 mg/day

50 mg/day
25-50 mg/day
25-50 mg/day

Loratidine (LORMEG) 10 mg OD
Fexofenadine (ALLEGRA) 60-180 mg OD
Astemizole (STEMIZ) 10 mg/day

VII. Miscellaneous compounds
Cetirizine (CETZINE) 10 mg/day
Levocetirizine (TECZINE) 5 mg/day
Cyproheptadine (Antihistaminic/antiserotonin; PERIACTIN) 4 mg/day

Cinnarizine (Antivertigo; STUGERON)

ANTIHISTAMINICS

Antihistaminics are classified in table 5.1.1.

Pharmacological Actions

Most of the antihistaminics (H,-receptor
antagonists) have similar pharmacological
actions and conventionally can be discussed
together.

1. Antihistaminic action: The antihista-
minics blocks histamine effects at a
variety of sites. They inhibit most re-
sponses of smooth muscles to hista-

25-50 mg/day

mine. They antagonize the stimulant
actions of histamine on various smooth
muscles of the respiratory system, gas-
trointestinal tract, the uterus and the
blood vessels. They inhibit the hyperten-
sive effect (in rabbits & guinea pigs) and
hypotensive effect (in cat & dog) pro-
duced by histamine. They also reduced
the triple response induced by histamine
injection.

Histamine induced bronchospasm in

many animal species, especially in guinea
pigs can easily be antagonized by antihis-
taminics.
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2. Action on central nervous system:
Majority of antihistaminic drugs
produce variable degree of CNS
depressioni.e. sedation, drowsiness and
sleep. Drugs like diphenhydramine,
promethazine are potent sedatives and
is often accompanied by inability to
concentrate.

The newer H, -antagonists such as
terfenadine and astemizole are claimed to
have little or no sedative action. Astemizole
is also claimed to be free of autonomic
blocking effects. Loratidine is claimed to
have little autonomic and CNS blocking
effects.

3. Antimotion sickness effect: Several
H, -antagonists have significant
property in preventing motion
sickness. This effect was first observed
with drug, dimenhydrinate and
subsequently with other drugs like
diphenhydramine, promethazine and
other piperazine derivatives.

4. Anticholinergic effects: Many of the
H -antagonists also tend to inhibit
responses to acetylcholine that are
mediated by muscarinic receptors. The
newer agents, terfenadine and
astemizole have no effect on
muscarinic receptors.

5. Adrenergic blocking effect: H -
antagonists, specially of phenothiazine
subgroups have weak alpha-receptor
blocking effect.

6. Antiparkinsonism effects: Because of
anticholinergic property, some H,-
antagonists  have  significant
suppressant effect on the parkinsonism
like symptoms.

7. Local anaesthesia: Most of the H,
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antagonists block sodium channels in
excitable membranes in the same way as
procaine and lignocaine. The drugs like
diphenhydramine and promethazine are
occassionally used to produce local
anaesthesia in patients allergic to local
anaesthetic drugs.

8. Antiserotonin effect: Drugs, like
cyproheptadine is promoted as an
antiserotonin agent.

Pharmacokinetics

H, -antagonists are well absorbed from
the gastrointestinal tract. Following oral
administration, antihistaminic effect is
manifested within 30 minutes, peak plasma
concentration is achieved in 2 to 3 hours and
effects usually last 4 to 6 hours. However,
drugs in piperazine subgroups especially
chlorcyclizine and meclizine, the actions
persists for 8 to 12 and 12 to 24 hours
respectively.

The drugs are mainly metabolized in the
liver by hydroxylation and glucuronide
conjugation, widely distributed throughout
the body and excreted in the urine.

Adverse Reactions

The most common side effect, common
to all H, antagonists other than terfenadine
and astemizole is sedation. Other untoward
reactions include fatigue, dizziness, tinnitus,
lassitude, blurred vision, diplopia, euphoria,
nervousness, tremor and insomnia.

Side effects include loss of appetite,
nausea, vomiting, epigastric distress,
constipation or diarrhoea. Side effects due
to antimuscarinic actions of H,-antagonists
include dryness of mouth, bladder
disturbances.
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Therapeutic Uses

H, antagonists have a widespread value
in the symptomatic treatment of various
disorders.

1. Hypersensitivity reactions: To prevent
allergic reactions or to treat their
symptoms, in which histamine is the
primary mediator, the H -antagonists
are the drugs of choice and are often
quite effective. They are used primarily
to treat allergic reactions produced by
the release of histamine e.g., edematous
states, pruritus, allergic rhinitis and
urticaria. They are generally more
effective in acute conditions and are
used only for symptomatic relief.

2. Motion sickness: Drugs like promet-
hazine, promethazine chlorotheophyl-
linate, diphenhydramine, dimenhydri-
nate, cyclizine and meclizine have
value in prophylaxis of motion sickness.

3. Antivertigo: Drugs line cyclizine, cin-
narizine, dimenhydrinate, diphenhy-
dramine are used in the treatment of
vertigo.

4. Antiparkinsonism: Based on
anticholinergic property, some H-
antagonists such as diphenhydramine
can be used in the early stages of
treatment of parkinsonism.

5. Local anaesthetics: In patients allergic
to procaine H -antagonists, such as
diphenhydramine and tripelennamine
have been used successfully as local
anaesthetic.

NEWER ANTIHISTAMINICS

CETIRIZINE

Cetirizine is a potent antihistaminic with a
low potential for drowsiness at pharmaco-
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logically active doses and with additional
antiallergic properties. It is a selective H,
antagonist with negligible effects on other
receptors and is, therefore, virtually free
from anti-cholinergic and anti-serotonin ef-
fects. Cetirizine inhibits the histaminemedi-
ated ‘early’ phase of the allergic reaction and
also reduces the migration of inflammatory
cells such as eosinophils and the release of
mediators associated with ‘late” allergic
response.

Cetirizine is indicated for the
symptomatic treatment of perennial allergic
rhinitis, seasonal allergic rhinitis, chronic
idiopathic urticaria, conjunctivitis and
pruritus in adults and children above two
years of age.

Side effects include headache, dizziness,
drowsiness, dry mouth and gastrointestinal
discomfort.

LEVOCETIRIZINE

The second generation H,-receptor an-
tagonist cetirizine is a reacemate consist-
ing of equal quantities of 2 enantiomers,
levocetirizine [(R)-enantiomer] and
dextrocetirizine [(S)-enantiomer]. In vitro
and human pharmacodynamic studies
have provided evidence that levocetirizine
is the more active enantiomer, accounting
for most or all clinical antihistaminic activ-
ity of racemic cetirizine; this activity of
levocetirizine is seen at half the dose of
cetirizine.

Levocetirizine exhibit a 2-fold higher
affinity for human H, -receptors than
cetirizine, and is about 10 fold more potent
than the (S)-enantiomer. Levocetirizine
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dissociates more slowly from the H,-
receptor than the (S)-enantiomer.

It is well absorbed with an oral
bioavailability of 85%. Onset of action occurs
within one hour.

Indications for levocetirizine remain the
same as those of cetirizine.

Adverse reactions include headache,
fatigue etc.

FEXOFENADINE

It is a pharmacologically active
metabolite of terfenadine, is a non sedating
antihistaminic with selective peripheral H,
receptor antagonist activity.

Fexofenadine inhibited antigen-induced
bronchospasm and histamine release from mast
cells. No anticholinergic or alpha adrenergic-
receptor blocking effects were observed.
Moreover, no sedative or other CNS effects
were observed. Fexofenadine does not cross the
blood-brain barrier. It inhibits skin wheal and
flare responses produced by histamine
injection. Following single and twice daily oral
administration, antihistaminic effects occurred
within 1 hour, achieved a maximum at 2-3
hours, and lasted a minimum of 12 hours.
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Fexofenadine hydrochloride is rapidly
absorbed into the body following oral
administration, with Tmax occurring at
approximately 1-3 hours post dose. It is 60-
70% plasma protein bound.

Side effects include headache, fatigue,
drowsiness, nausea, tachycardia, palpita-
tions, dry mouth, GIT disturbances, taste
disturbances, photosensitivity, dysmenor-
rhoea and menstrual disorders.

The newer antihistaminics agents e.g.
Azelastine inhibits histamine release and also
inflammatory reactions evoked by
leukotrienes and plasma activating factor
(PAF). It is used for seasonal and perennial
allergic rhinitis in the form of nasal spray.
Mizolastine, a non-sedating antihistaminic is
used in allergic rhinitis and urticaria. Ebastine,
another non-sedating antihistaminic is used
in nasal and skin allergies.

H,-RECEPTOR ANTAGONISTS

As discussed earlier, H, receptors are
responsible for histamine induced gastric
acid secretion. H,-receptors antagonists such
as cimetidine, ranitidine, famotidine etc. are
used in the treatment of peptic ulcer and are
discussed in chapter ‘Antiulcer agents’.
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Serotonin and its

Antagonists

5-HYDROXYTRYPTAMINE (5-HT, SEROTONIN)

5-Hydroxytryptamine is widely distributed
in plant and animal tissues, mast cells,
platelets, the enterochromaffin cells located
throughout the gastrointestinal tract, and
in certain regions of the brain. It is also
present in the venoms and stings. Some
fruits such as bananas, pineapples,
tomatoes and plums contain considerable
amount of 5-HT.

It is an indole ethylamine formed in
biological systems from the amino acid L-
tryptophan by hydroxylation with
tryptophan hydroxylase enzyme, followed
by the decarboxylation by the nonspecific
aromatic L-amino acid decarboxylase. 5-HT
is then taken up into secretory granules and
stored.

Pharmacological Actions

Cardiovascular system: 5-HT can
directly stimulate or relax smooth muscles
via 5-HT, & 5-HT, receptors and can
influence the release of noradrenaline from
adrenergic nerves and stimulate endothelial
cells to release EDRF and prostaglandins. It

acts directly to constrict the arteries and
increases the peripheral vascular resistance.
The released adrenaline from adrenal
medulla, affects ganglionic transmission and
evokes cardiovascular reflexes.

On heart, 5-HT has weakly direct
positive inotropic and chronotropic effects,
that are mediated by 5-HT| receptors. 5-HT,
receptors are also present on vagal nerve
endings in the coronary bed, which evoke
bradycardia and hypotension.

A characteristic ‘triphasic response’ is
observed after intravenous injection. The
early transient fall in blood pressure is due
to stimulation of chemoreceptors. The
second phase, pressor effect is due to
vasoconstriction. The final depressor phase
is due to vasodilator action on the skeletal
muscle.

Smooth muscle: 5-HT stimulates
smooth muscles, it increases the motility of
the small intestine, stomach and also large
intestine by which peristalsis is increased &
diarrhoea can occur.

It also constricts bronchial smooth
muscles, but is less potent than histamine. It
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Table 5.2.1: Classification of 5-HT antagonists.

I. Ergot alkaloids and derivatives
Ergotamine
Lysergic acid diethylamide (LSD)
2-Bromolysergic acid amide (BOL)
Methysergide (Congener of LSD; SANSERT)
Metergoline

Il. Antihistaminics
Cyproheptadine (PERIACTIN)
Cinnarizine (STUGERON)

lll. Phenothiazines
Chlorpromazine (LARGECTIL)

IV. Selective 5-HT blockers
Ketanserin (SUFREXAL)
Pizotifen (PIZOTYLINE)

can also stimulate the smooth muscles of uterus.

Nerve endings: 5-HT is less potent than
histamine in releasing catecholamines from
adrenal medulla. 5-HT, receptors located on
various sensory neurons mediate a
depolarising response, which may cause
pain & itching.

5-HT ANTAGONISTS

5-HT antagonists are classified in table 5.2.1.

Many of the drugs are partial agonists
or antagonise certain action of 5-HT but
stimulate others. The two drugs that are
usually classified as 5-HT antagonist namely
methysergide and cyproheptadine is used
as a potent 5-HT, antagonist, while another
drug, ketanserin is highly selective for
blocking 5HT, receptors.

METHYSERGIDE

Chemically, methysergide is 1-methyl-d-
lysergic acid butanolamide, congener of
methylergonovine and of LSD.
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1-3 mg/day, 0.25-0.5 mg SC/IM

2 mg BD-TDS

4 mg/day
25-50 mg/day

25-100 mg/day, IM

10-30 mg/day
0.5-1 mg/day

It antagonises the vasoconstrictor and
pressor effect of 5-HT as well as the action
of the amine on a variety of extravascular
smooth muscles.

It has been used for migraine prophy-
laxis, vascular headaches, postgastrectomy
dumping syndrome and also used to
combat diarrhoea and malabsorption in car-
cinoid patients.

Common side effects include nausea,
vomiting, heartburn, diarrhoea. Central
effects include drowsiness, weakness,
nervousness, insomnia, confusion, excite-
ment and hallucinations.

CYPROHEPTADINE

Chemically, it is a phenothiazine
derivative and has equal potency at both
H,-histamine and 5-HT receptors as an
antagonist. As H -histamine antagonist it
has been used in various allergic
conditions. It increases the appetite and
promotes weight gain.
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As 5-HT antagonist it is used in
controlling intestinal manifestations of
carcinoid and postgastrectomy dumping
syndrome. In addition, it has weak
anticholinergic and sedative properties
also.

Side effects include drowsiness, dry
mouth, weight gain and confusion.
KETANSERIN

Ketanserin is a highly selective 5-HT,
antagonist and has no significant action on
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5-HT, & 5-HT, receptors. It blocks 5-HT
induced vasoconstriction, platelet
aggregation and contraction of airway
smooth muscle.

In addition, it has adrenergic, H, and
dopaminergic blocking activity also.
Ketanserin is an effective antihyperten-
sive, but the mechanism of action is not
clear.

Side effects include dry mouth,
sedation, nausea, dizziness etc.
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5.3

EicosaNnoIiDS — PROSTAGLANDINS AND
LEUKOTRIENES

In 1935, von Eular demonstrated a substance
present in the extracts of human seminal
fluid, which caused contraction of the isolated
intestine and uterine muscle. This substance

was named as ‘prostaglandin’ (PG) because
of its probable origin from the prostate gland.
In 1962, the structure of two prostaglandins
namely PGE, & PGF, were elucidated and
in 1964, PGE, was biosynthesized.

Biosynthesis and Metabolism

Prostaglandins (PG’s) and leukotrienes
(LT’s) are biologically active derivatives of
20 carbon atom polyunsaturated essential
fatty acids, which contains 3, 4 or 5 double
bonds (e.g. 5, 8, 11, 14-eicosatetraenoic acid
i.e., arachidonic acid).

In human being, arachidonic acid is the
most important precursor for the
biosynthesis of eicosanoids. Arachidonic
acid is formed from linoleic acid in most
mammalians by desaturation and carbon
elongation to dihomog-linolenic acid and
subsequent desaturation.

Prostaglandins

and

Leukotrienes

Inhibitors of Eicosanoid Biosynthesis

Salicylates and related non-steroidal
anti-inflammatory = drugs  inhibit
cyclooxygenase, thus all the PG’s formed by
this pathway i.e. PGG,, PGE,, PGD,, PGF,,
TXA, and prostacyclin can not be
synthesized.

Pharmacological Actions

Uterus: Uterine smooth muscle from
pregnant women are uniformly contracted
by PGF’s. PGI, and high concentrations of
PGE, produce relaxation. While, nonpreg-
nant human uterus are contracted by PGF’s
but relaxed by PGE’s.

Bronchial muscle: Bronchial and
tracheal muscle are contracted by PGF’s &
PGD, and relaxed by PGE’s. Asthmatic
patients are sensitive to PGF, and PGE, &
PGE, causes bronchodilatation. LTC, &
LTD, are bronchoconstrictors.

Gastrointestinal tract: Longitudinal
muscle is contracted by PGE, & PGF,, while
circular muscle is contracted by PGI, &
PGF,, and relaxed by PGE,.
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PGE’s & PGI, also inhibit gastric acid
secretion stimulated by gastrin or histamine.

Cardiovascular system: PGE’s are
potent vasodilators. However, PGF’s
constricts arterioles and veins. PGI, inhibits
the aggregation of human platelets in vitro.
TXA, is a very powerful inducer of platelet
aggregation. LTB, stimulates the
aggregation of polymorphonuclear

leukocytes.

Endocrine system: Systemic
administration of PGE, increases circulating
concentration of ACTH, GH, prolactin &
gonadotrophins.

Ithas also been observed in experimental
animal that PG’s cause regression of corpus
luteum and reduction in secretion of
progesterone.

Central & peripheral nervous system:
PGE, & PGE, increase body temperature. They
also contribute importantly to the genesis of
the signs and symptoms of inflammation.
When injected intracerebroventrically, PGE,
produces sedation, rigidity and increased
body temperature.

Kidney: PGE2 and PGI2 increases water,

Na* and K* excretion and have a diuretic
effect. Prostaglandins probably modulate

Table 5.3.1: Classification of prostaglandin analogues.

Misoprostol (CYTOTEC) 200 pg/day oral

Section 5/ Autacoids

renal blood flow and may serve to regulate
urine formation. It also plays a role in the
regulation of the secretion of renin (PGIL,
PGE, & PGD, evoke release of renin). PGE,
and PGI, cause renal vasodilatation while
TXA, causes renal vasoconstriction.

Uses of Prostaglandins

1. Abortifacient: Intra-amniotic adminis-

tration of PGF,, produced abortion with
less severe adverse effects. It is used to
induce second trimester abortion & usu-
ally administered as a single 40 mg in-
traamniotic injection.
Synthetic PGE, analogues are also used
as suppositories for abortion. It directly
affects the collagenase of the cervix and
also stimulates the contraction of the
uterus.

2. Induction of labour: PG’s do not have
any advantage over oxytocin for the
induction of labour. The adverse effects
of the prostaglandins are slightly higher
than that produced by oxytocin. PGF,,
has more gastrointestinal toxicity than
PGE, and is a bronchoconstrictor also.
Oral PGE, is superior to oral oxytocin.
PGE, & PGF,, is used in place of
oxytocin in renal failure patients.

Dinoprostone (PROSTIN E,)

PGE,
Rioprostil
PGE, Enprostil
Arbaprostil
Trimoprostil
PGI, Carbacyclin
lloprost
PGF
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Dinoprost (PROSTIN F, ALPHA)
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15-methyl-PGF, is used to control
postpartum haemorrhage when
oxytocin and ergot alkaloids fail to
control the bleeding.

3. Peripheral vascular diseases: Infusion
or intraarterial injection of prostacyclin
(PGI,) improves potency of blood
vessels in certain peripheral vascular
diseases. Infusion of PGI, can also
reduce the infarct size in immediate
postmyocardial infarction period.

4. Respiratory system: PGE, is a powerful
bronchodilator when given in aerosol
form, but due to its irritant action on
bronchial mucosa its clinical utility is
limited.

5. Renal system: PGE,, PGE, & PGI,
increase glomerular filtration through
their vasodilatory effects and increase
water & sodium excretion.

6. Gastric ulcer: PGE, & PGI, has been
found to promote healing in gastric
ulcer. PGE’s are cytoprotective at low
doses and inhibit gastric acid secretion
at higher doses.

227

7. PGE, (Alprostadil) is being used as IV
infusion in infants with congenital
heart defects, to maintain the patency
of ductus arteriosus.

LEUKOTRIENES

The leukotrienes play a major role in the in-
flammatory response to injury and are
implicated in the pathogenesis of many
inflammatory diseases, most notably asthma,
allergic rhinitis, cystic fibrosis, glomerulone-
phritis, rheumatoid arthritis, psoriasis, and
inflammatory bowel disease. Several highly
effective cysteinyl leukotriene receptor antag-
onists and synthesis inhibitors are now in late
stage clinical development and are coming
in to the market for the treatment of asthma.
There are indications that these new com-
pounds are steroid sparing in their actions.
The development of leukotriene receptor an-
tagonists and synthesis inhibitors for the
treatment of other inflammatory conditions
is currently a highly active area of research.
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Drugs Used in Cough

and Asthma

Cough is a protective reflex which helps in
expulsion of respiratory secretion or foreign
particles which are irritant to respiratory
tract. Irritation to any part of respiratory
tract starting from pharynx to lungs carried
impulses by afferent fibres in vagus and
sympathetic nerve to the cough centre in the
medulla oblongata. Cough may be dry
(without sputum or unproductive) or pro-
ductive (with sputum production). There
are certain factors which are responsible for
production of cough e.g.

i. Environmental factors: Certain irritant
pollutants, dust, smoking, automobile
smoke.

ii. Upper respiratory tract infection.

iii. Acute lung infections, asthma and
certain pleural diseases e.g. pleural
effusion.

iv. Chronic pulmonary ailments e.g.
tuberculosis, chronic bronchitis & lung
cancer etc.

v. Drug induced cough.

The various drugs and their combination
used in cough are clasified as in table 5.1.1.

PHARYNGEAL DEMULCENTS

These are the agents which are generally
administered in the form of lozenges, cough
drops and cough linctus. They produce the
soothing action on throat directly and by
increasing the flow of saliva and provide
symptomatic relief from dry cough.

ExPECTORANT

Expectorants are the drugs which increase
the production of bronchial secretion and
reduce its viscosity to facilitate its removal
by coughing. Expectorants can stimulate the
expulsion of respiratory secretion either
directly or reflexly. Certain volatile oils of
plant origin such as oil of lemon, anise,
eucalyptus by steam inhalation route increase
the respiratory secretion by its direct action.
Another compound, guaiacol, which is
obtained from wood creosote or synthetically
prepared, directly increase bronchial
secretion and syrup tolu (Tolu balsum) act
in same way.

The second type is reflex expectorant,
which acts by stimulating the gastric reflex-
es which help to increase the respiratory
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Table 5.4.1: Classification for drugs used in cough.

I.  Pharyngeal demulcents

Section 5/ Autacoids

Certain lozenges, linctus and cough drops containing glycerine, liquorice and syrups.

Il. Expectorants
Sodium and potassium citrate

Sodium and potassium acetate
Potassium iodide
Ammonium chloride & carbonate

Acetylcysteine
Bromhexine
Guaiphenesin
Syrup of Vasaka
Syrup of Tolu

Ill. Antitussive

i. Opioids
Codeine (as linctus)
Pholcodeine

ii. Non-opioids
Noscapine
Dextromethorphan
Pipazethate

ili. Antihistaminics
Chlorpheniramine (PIRITON)
Diphenhydramine (BENADRYL)
Promethazine (PHENARGAN)

secretions. Certain salts which are used as
emetics, when used in subemetic dose, in-
crease the bronchial secretion and expel it
out, they are known as saline expectorants.

Ammonium salts (as chloride and car-
bonate) are gastric irritant in nature and re-
flexly increase bronchial secretion.

Potassium salts (as iodide) act by both
direct action and reflexly to increase the
respiratory secretions and decrease its
viscosity thus they are easy to expel out.
Potassium iodide is generally used for cough
associated with chronic bronchitis and
asthma but it interferes with thyroid
function tests, so it is dangerous in patients

0.3-1 g TDS. Used in various preparations as
expectorant

3-5 ml of 10-20% (as aerosol)

8 mg TDS (used with ambroxol and cetirizine also)
100-300 mg TDS

2-4 ml TDS

0.3-0.6 g TDS

10-30 mg/day
10-15 mg/day

15-30 mg/day
10-20 mg/day
40-80 mg/day

2-5 mg/day
15-25 mg/day
15-25 mg/day

sensitive to iodine and chronic use can
induce hypothyroidism and goitre.

Sodium and potassium citrate and ace-
tate act by increasing bronchial secretion by
their salt actions.

Certain alkaloids such as vasicine
obtained from plant Adhatoda vasica act as
potent expectorant and mucolytic agent.
Bromhexine, a derivative of vasicine
depolymerises mucopolysaccharides directly
and by liberating lysosomal enzymes.
Another compound acetylcysteine opens
disulfide bonds in mucoproteins present in
sputum and decrease its viscosity.
Carbocisteine acts in same manner.
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Erdosteine is recently introduced mucolyt-
ic with unique protective functions for the res-
piratory tract. Itis indicated in the treatment of
acute and chronic airway diseases such asbron-
chitis, rhinitis, sinusitis, laryngopharyngitis and
exacerbations of chronic bronchitis.

ANTITUSSIVES

They are central cough suppressants and act
centrally to raise the threshold of cough
centre and inhibit the cough reflex by
suppressing the coordinating cough centre
in the medulla oblongata. They are mainly
used in dry (unproductive) cough and are
ineffective in cough due to pleural disease.

Codeine, which is an opium alkaloid is
most commonly opiate used as antitussive
and more selective for cough centre. Like
morphine, it depresses cough centre but is
less constipating and abuse liability is low.
Itis relatively safe drug used in cough along
with analgesic property and it’s only impor-
tant adverse effect is constipation.

Pholcodeine is similar to codeine in ef-
ficacy and is longer acting. It has no analge-
sic or addicting property.

Noscapine is another opium alkaloid of
benzylisoquinoline group. It is used as
antitussive with no analgesic and drug abuse or
drug dependence property. Itis contraindicated
in asthmatic patients as it releases histamine
which can cause bronchoconstriction.

Dextromethorphan is a synthetic
compound and its dextroisomer is used as
antitussive and is as effective as codeine
without any addiction liability.

Pipazethate is another synthetic compound
of phenothiazine category used as antitussive
with little analgesic and sedative properties.

231

ANTIHISTAMINICS

Many H, antihistaminics have been added
to antitussive/expectorant formulations. They
do not act on cough centre but provide relief
due to their sedative and anticholinergic action.

BRONCHODILATORS

Bronchodilators are helpful in individ-
uals with cough and bronchoconstriction
due to bronchial hyperreactivity. They help
by improving the effectiveness of cough in
clearing secretions.

ANTIASTHMATIC AGENTS

BRONCHIAL ASTHMA

Asthma is a disease characterized by an in-
creased responsiveness of the trachea and
bronchi to a variety of stimuli and mani-
fests as narrowing of the airways that
changes in severity either spontaneously or
as a result of therapy. The impairment of
air flow in asthma is caused by three ab-
normalities:

a. Constriction of bronchial smooth
muscle (bronchoconstriction).

b. Swelling of bronchiolar mucosa
(bronchial edema).

c. Excessive bronchial secretions.

The drugs used in management of bron-
chial asthma can be classified as in table 5.4.1.

SYMPATHOMIMETICS

B,-agonists are invariably used in the symp-
tomatic treatment of asthma. Epinephrine
and ephedrine are structurally related to the
catecholamine norepinephrine, a neu-
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Table 5.4.2: Classification for antiasthmatic drugs.

I. Bronchodilators

Section 5/ Autacoids

i. Sympathomimetics (adrenergic receptor agonists)
Adrenaline, ephedrine, isoprenaline, orciprenaline, salbutamol, terbutaline, salmeterol, bambuterol

etc.

ii. Methylxanthines (theophylline and its derivatives)

Theophylline (THEOLONG)
Hydroxyethyl theophylline (DERIPHYLLIN)

Theophylline ethanolate of piperazine (CADIPHYLLATE)

iii. Anticholinergics
Atropine methonitrate (BROVON INHALANT)
Ipratropium bromide (IPRATOP)

Il. Mast cell stabilizer
Sodium cromoglycate (CHROMOTOP)

Ketotifen (AIRYFEN)
lll. Corticosteroids

Beclomethasone dipropionate (BACLATE INHALER)

200-400 mg TDS
250-500 mg/day oral/IM/IV
250-500 mg/day oral/lV

2.5-10 mg/day oral/IM, 1-2 mg (aerosol)
40-80 ug day (aerosol)

2 mg by aerosol TDS-QID, 2% nasal
spray (FINTAL)

1-2 mg/day

100-200 pg TDS-QID

Beclomethasone (200 pg) with salbutamol (AEROCORT

ROTACAPS)

2 rotacaps TDS-QID

IV. Leukotriene pathway inhibitors (newer compounds)

Montelukast (MONTAIR)
Zafirlukast (ACCOLATE)

rotransmitter of the adrenergic nervous sys-
tem. They also protect effectively against the
challenge with various bronchoconstrictor
agents and may inhibit microvascular leak-
age into the airway. B,-agonists are the drug
of choice to relieve acute exacerbation of
asthma and prevent bronchoconstriction
following exercise or other stimuli. After
inhalation the B, agonists have rapid onset
of action (within minutes), but are active
only for 4 to 6 hours.

Their adverse effects are dose-related
and are more common after oral than aero-
sol administration because of the manifold
higher dose required for oral drugs. Some
of the important 3 -agonists like salmeterol,

10 mg HS
20 mg/day

terbutaline and salbutamol are invariably
used as bronchodilators both oral as well as
aerosol inhalants. Salmeterol is long-acting
analogue of salbutamol in which the amine
substituent is a long lipophilic chain, but
found to be slower in achieving the peak
bronchodilatation effect. The detailed phar-
macology is discussed in chapter ‘Adrener-
gic Agents’.

Specific agents used in bronchial asth-
ma are discussed here.

SALBUTAMOL

It is highly selective 3 -adrenergic stim-
ulant having a prominent bronchodilator
action. It has poor cardiac action compared
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to isoprenaline. It is given by oral as well as
inhalation route by nebulizer. Palpitation,
restlessness, nervousness are the common
side effects with salbutamol.

TERBUTALINE

It is highly selective [, agonist similar
to salbutamol, useful by oral as well as in-
halational route.

SALMETEROL

It is newer long acting selective 3, adr-
energic agonist with slow onset of action,
used for maintenance therapy in asthma,
nocturnal asthma and asthma induced by
exercise.

The B, selective adrenergic agonists
are most widely used drugs for the treat-
ment of asthma. They are effective after
oral and inhaled administration and have
a longer duration of action. Albuterol
(salbutamol), salmeterol, bitolterol, pir-
buterol are available as aerosol pack in
metered dose.

BAMBUTEROL

It is a latest selective adrenergic f3, ago-
nist with long plasma half life and given
once daily in a dose of 10-20 mg orally.

METHYLXANTHINES (THEOPHYLLINE AND ITS
DERIVATIVES)

Among the methylxanthines, aminophylline
is most commonly used drug in the treat-
ment of bronchial asthma. It is a stable mix-
ture of theophylline and ethylenediamine.
These drugs inhibit the enzyme phosphod-
iesterase, this inhibition results in higher
concentration of intracellular cyclic AMP.
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Increased cAMP leads to bronchodilatation,
cardiac stimulation and vasodilatation.

Pharmacological Actions

CNS: The caffeine and theophylline are
pharmacologically CNS stimulants and pro-
duce alertness and cortical arousal, but in
higher doses causes restlessness, nervous-
ness and insomnia.

CVS: Methylxanthines stimulate the
heart and increase the force of myocardial
contraction. Tachycardia is more common
with theophylline. Cardiac output is
increased in CHF patients.

Smooth muscles: Methylxanthines relax
smooth muscles especially bronchi in
asthmatic patients. Theophylline produces
sustained bronchodilator action.

Kidney: Methylxanthines exert mild
diuretic action by inhibiting tubular
reabsorption of sodium and water, In
addition, it increases renal blood flow and
glomerular filtration rate.

Skeletal muscles: Methylxanthines
facilitate neuromuscular transmission by
increasing acetylcholine release.

Mast cells: Methylxanthines inhibit the
release of histamine and other mediators
from mast cells which indirectly help in the
management of bronchial asthma.

THEOPHYLLINE

Theophylline has two distinct action:
smooth muscle relaxation (i.e. bronchodi-
latation) and suppression of the response
of the airways to stimuli (i.e. non-bron-
chodilator prophylactic effects). Bron-
chodilatation is mediated by inhibition of
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two isozymes of phosphodiesterase (PDEIII
and to a lesser extent, PDE IV) while non-bron-
chodilator prophylactic actions are mediated
through one or more different molecular mech-
anisms, that do not involve inhibition of PDE
Il or antagonism of adenosine receptors. Theo-
phylline increases the force of contraction of
diaphragmatic muscles.

It is well absorbed orally. It is distribut-
ed to all tissues and is 50% plasma protein
bound. It is extensively metabolized in
liver by demethylation and oxidation. Only
10% is excreted unchanged in urine.

Adverse Effects

Side effects are usually associated with
the increasing serum concentration of
theophylline and includes nausea,
vomiting, headache, insomnia, tachypnea,
epigastric pain, palpitation, hypotension,
irritability. Higher doses can cause
persistent vomiting, cardiac arrhythmias,
intractable seizures, tachycardia. Other
side effects include alopecia, hyper-
glycemia, inappropriate ADH syndrome,
rash.

ANTICHOLINERGICS

Anticholinergics, like atropine and its deriv-
ative ipratropium bromide block cholin-
ergic pathways that cause airway constric-
tion. They may provide added bronchodi-
lator effect in patients who are receiving
beta -adrenergic agents for asthma.

The detailed pharmacology is discussed
in chapter ‘Cholinergic blocking agents.”

Section 5/ Autacoids

MasT CELL STABILIZERS

SODIUM CROMOGLYCATE

It is a synthetic chromone derivative, highly
effective in preventing asthma attacks. It in-
hibits degranulation of mast cells by trig-
ger stimuli. It also inhibits the release of
various asthma provoking mediators e.g.
histamine, leukotrienes, platelet activating
factor (PAF) and interleukins (IL’s) from mast
cells. It prevents the late response and sub-
sequent bronchial hyperresponsiveness by
acting on inflammatory cells such as mac-
rophages or eosinophils. It does not produce
bronchodilatation and also does not antago-
nize the constrictor effect of histamine etc.
therefore not found beneficial in acute attack
of asthma and used for prophylaxis only.

Sodium cromoglycate is not absorbed
orally and is to be administered by aerosol.
Only a small fraction of inhaled drug is ab-
sorbed systemically and it is rapidly excret-
ed unchanged in urine and bile.

Adverse reactions reported are bron-
chospasm, throat irritation and rarely head-
ache, dizziness, rashes and nasal congestion.

Therapeutic Uses

1. Bronchial asthma: It is used for pro-
phylactic treatment of bronchial
asthma.

2. Allergic rhinitis: Two percent aqueous
nasal spray (FINTAL nasal spray) is
used for nasal decongestion although
it is not a nasal decongestant.

3. Allergic conjunctivitis: Two percent
aqueous eye solution (FINTAL eye
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drop) is used in allergic conjunctivitis
in chronic cases.

KETOTIFEN

It is a cromolyn analogue. It is an
antihistaminic (H, antagonist) and probably
inhibits airway inflammation induced by
platelet activating factor (PAF) in primate.
Itisnota bronchodilator. It is used in asthma
and symptomatic relief in atopic dermatitis,
rhinitis, conjunctivitis and urticaria. It is
absorbed orally and well tolerated.
Bioavailability is 50% due to first pass
metabolism and is primarily metabolized.
The common side effects include dry
mouth, sedation, dizziness and nausea.

CORTICOSTEROIDS

Like mast cell stabilizer, corticosteroids do
not relax airway smooth muscle directly but
reduce bronchial reactivity, increase air-
way caliber, suppress inflammatory
response to antigen antibody reaction or
trigger stimuli and reduce the frequency
of asthma exacerbations. They produce
more sustained symptomatic relief than any
bronchodilator and mast cell stabilizer.

Systemic steroids are used in both se-
vere chronic asthma and in acute emergen-
cy of asthma (status asthmaticus).

Among the inhaled steroids,
beclomethasone is a halogenated corticoster-
oid ester used in aerosol form. It suppresses
asthma by a topical antiinflammatory action
without causing any systemic side effects.
They reduce the bronchial hyperreactivity
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and increase the peak expiratory flow rate in
asthmatic patients. They are not effective
during an acute attack or in status
asthmaticus. Side effects are sore throat,
hoarseness of voice, dysphonia, oropharyn-
geal candidiasis.

LEUKOTRIENE PATHWAY INHIBITORS

Apart from histamine, leukotrienes liberated
during inflammation are more powerful
bronchoconstrictor and longer acting.
Leukotrienes also increase bronchial mucus
secretion and increase vascular permeability.
All the leukotrienes are derived from 5-
lipoxygenase pathway of arachidonic acid
and are synthesized by a variety of
inflammatory cells in the airways e.g.
eosinophils, mast cells, basophils and
macrophages. The LTB,, C, & D, exert many
effects known to occur in bronchial asthma,
including bronchoconstriction and increased
bronchial reactivity. The drug, montelukast
(LTB, antagonist) and zafirlukast (LTD,
antagonist) have the advantage of being used
when taken orally in asthmatic patients.

MONTELUKAST

It is a cysteinyl leukotriene receptor
antagonist indicated for the management of
persistent asthma. It has been shown to have
substantial blockade of airway leukotriene
receptors 24 hours after oral dosing. Mon-
telukast appears to be a useful alternative
or adjunct to inhaled corticosteroid therapy
in adults and an alternative to sodium cro-
moglycate in children.
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Coagulants and

Anticoagulants

Thrombogenesis is an abnormal state of
haemostasis leading to the formation of
arterial and venous thrombus, also known
as white and red thrombus respectively.
Haemostasis is the spontaneous arrest of
bleeding from the damaged blood vessels.
The immediate haemostatic response to a
damaged blood vessel is vasospasm and,
after few seconds, platelets stick to the
exposed collagen of the damaged
endothelium (platelet adhesion) and to each
other (platelet aggregation). Certain agents
e.g. thromboxane A, (from arachidonic acid
metabolic pathway) is synthesized within
platelets and induces thrombogenesis and
vasoconstriction and prostacyclin I, (PGL)
inhibits thrombogenesis.

Coagulation of blood comprises the
formation of fibrin. There are thirteen factors
(synthesized in liver) which are involved in
the coagulation of blood.

Review of Clotting Mechanism

Haemostasis: Haemostasis refers to the
arrest of blood loss from a damaged blood
vessel i.e. stoppage of bleeding. The mech-

anism is essential to maintain life. In case of
any damage to a blood vessel, the haemo-
static response must be:

* Quick.
¢ Controlled & localised to region of
damage.
Three basic measures taken by the body
to reduce and stop blood loss are:

i. Vascular spasm.
ii. Platelet plug formation.
iii. Clotting or coagulation.

Clotting: Normally, blood remains
liquid as long as it is flowing within intact
smooth blood vessels. But on damage to the
blood vessel and/or if blood is extracted
from the blood vessel, there is conversion
of liquid to gel state. This gel, on
solidification gives a clot. The process of
conversion of liquid to gel is termed as
coagulation.

Clotting involves several factors called
clotting factors. These include calcium,
several inactive enzymes synthesized by
hepatocytes and various molecules
associated with platelets and / or released by
the damaged tissue. The clotting factors are
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denoted by Roman numeral, denoting the
order of their discovery (Table 6.1.1).

Table 6.1.1: Clotting factors.

I. Fibrinogen.

Il. Prothrombin.

Ill. Thromboplastin.

IV. Calcium.

V. Proaccelerin.

VI. Accelerin.

VII. Serum prothrombin conversion accelerator.
VIII.  Antihaemophilic factor.

IX. Plasma thomboplastin component.
X. Stuart Prower factor.

Xl. Plasma thromboplastin antecedent.
XIl. Hageman factor.

XIll. Fibrin stabilizing factor.

Stages of Clotting

Formation of prothrombinase: It can be
formed by extrinsic pathway and intrinsic
pathway.

Extrinsic pathway: This pathway has
fewer steps than the intrinsic pathway and
occurs rapidly, within a matter of seconds if
the trauma is severe. It is called the extrinsic
pathway because a protein tissue factor, also
called thromboplastin or coagulation factor
111, takes into the blood stream from outside
and initiates the formation of
prothrombinase. Tissue factor is released
from the surface of the damaged cells. It
activates factor VII. Factor VII combines with
factor X, activating it. Factor X in the presence
of Ca** combines with factor V to give active
enzyme prothrombinase.

Intrinsic pathway: This pathway is
more complex and is much slower. It is so
named as the activators are in direct

Section 6/ Drug Acting on Blood

contact with the blood in the intact blood
vessels. No outside tissue damage is
required. Rough vessels with exposed
collagen is sufficient. Contact with
collagen activates factor XII. This in turn
activates factor IX. Factor IX joins factor
VIII and this gives active factor X. Factor
X joins with calcium to bring about the
formation of prothrombinase.

Once prothrombinase has been formed,
the common pathway is followed. In stage
2, prothrombinase and calcium catalyze the
conversion of prothrombin to thrombin. In
stage 3, thrombin, in the presence of calcium
converts soluble fibrinogen to insoluble
fibrin threads.

COAGULANTS

These are the agents which promote
coagulation and are mainly used in any
haemorrhagic condition. They are classified
as in table 6.1.2.

VITAMIN K

Vitamin K is a fat soluble vitamin
found primarily in leafy green veg-
etables. There are two normal forms ex-
ist, K, found in food (called phytona-
dione), K, found in human tissue (syn-
thesized by intestinal bacteria) known as
menaquinone. The synthetic compound
is known as K,. Synthetic analogues of
natural vitamin also show biological ac-
tivity. Most of the vitamin K is synthe-
sized by intestinal microorganisms and
there is a risk of vitamin K deficiency in
new born infants.

Vitamin K is necessary for final stage of
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Table 6.1.2: Classification of coagulants.

I.  Vitamin K (along with other vitamins available)
Vitamin K analogues
Menapthone (KAPLIN)
Menadione (STYPINDON)
Phytomenadione
Botropase
Ethamsylate (ALSTAT)

Adenochrome monosemicarbazone (STYPTOCID)

Feracrylum (HEMOLOK)
Aprotinin (APROTIN)

Il. Other
Tranexamic acid (TEXID)

Polidocanol (SCLEROL)
Sodium tetradecyl (SETROL)

synthesis of coagulation factors (mainly
factor II, VII, IX and X) in liver. In synthesis
of coagulant proteins vitamins Kis converted
to an epoxide which is subsequently reduced
to vitamin K. Vitamin K is metabolised in
liver and metabolites are excreted in bile and
urine.

The deficiency of vitamin K occur due
to liver disease, jaundice, malabsorption
syndromes and chronic use of antimicrobial
agents.

Adverse effects include haemolysis
especially in infants and person with G-6-
PD deficiency. Menadione can cause
jaundice, and haemolysis in infants.

Therapeutically, vitamin K is used in
prophylaxis and treatment of deficiency of
clotting factor due to dietary deficiency of
vitamin K, chronic antimicrobial therapy,
malabsorption syndrome, obstructive jaun-
dice, liver diseases such as cirrhosis and
hepatitis, in neonates to prevent or treat
haemorrhagic disease of new born; to coun-
teract the overdosing of oral anticoagulants
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0.66 mg OD-BD

5-20 mg/day

10-30 mg TDS

10 mg/ml IM/day

1 ml BD-TDS IM

250-500 mg TDS

10-30 mg BD-TDS

Applied locally on affected surface
Upto 2 million KIU IV injection

15-25 mg/kg BD-QID oral, 10-15 mg/kg slow
IV TDS

Local application
1-3% solution

(phytomenadione is most effective as it acts
most rapidly).

BOTROPASE

Itis a aqueous solution of haemocoagulase
isolated from venom of Bothrops jararaca and
B. atorox containing normal saline. It is
indicated in primary and secondary post-
operative internal and external haemorrhage.

ETHAMSYLATE

It inhibits prostacyclin synthetase
enzyme resulting in the prevention of
prostacyclin induced vasodilatation and
corrects abnormal platelet function. It is
mainly used to control haemorrhage in
epistaxis, haemoptysis, haematemesis,
menorrhagia and postsurgical conditions.

ADENOCHROME
MONOSEMICARBAZONE

It exerts its haemostatic action by
reducing capillary fragility, and is
indicated in epistaxis, haematuria, retinal
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haemorrhage and secondary haemorrhage
from wounds.

FERACRYLUM

It is a local haemostatic and antiseptic
agent. The haemostatic effect of feracrylum
is based on the formation of synthetic
complex consisting of its adduct with
plasma proteins principally albumin. Like
other biodegradable polymers, the
feracrylum-albumin complex formed gets
broken down over a period of time.

Adverse effects include burning
sensation.

Itis indicated as adjunct to conventional
haemostatic procedures in capillary and
venule oozing in various surgical and
diagnostic procedures, dental extraction and
oral surgeries.

APROTININ

It is a naturally occurring proteolytic
enzyme inhibitor acting on plasmin and
kallikrein.

It inhibits plasmin and kallikrein, thus
directly affecting fibrinolysis. It also
inhibits the contact phase activation of
coagulation which both initiates coagulation
and promotes fibrinolysis.

After IV injection rapid distribution of
aprotinin occurs into the total extracellular
space leading to a rapid initial decrease in
plasma concentration. It has a plasma half-
life of 2.5 hours. After a single IV dose 25-
40% is excreted in the urine over 48 hours.
It is accumulated primarily in the kidney (it
is actively absorbed by the proximal
tubules).

Section 6/ Drug Acting on Blood

Adverse effects include local thrombo-
phlebitis, hypersensitivity reactions (skin
eruptions, tachycardia, pallor/cyanosis,
dyspnoea, nausea or anaphylactic shock)
may occur.

It is indicated in patients at high risk of
blood loss following open heart surgery with
extracorporeal circulation, life threatening
haemorrhage due to hyperplasminaemia,
hyperfibrinolytic haemorrhage occurring
post-traumatically and postoperatively e.g.
in obstetrics and gynaecology.

TRANEXAMIC ACID

Tranexamic acid produces an
antifibrinolytic effect by blocking the lysine
binding site on plasminogen which is
essential for binding to fibrin and thereby
prevents the activation of plasminogen on
the surface of fibrin.

Tranexamic acid is absorbed from the
GIT with peak plasma concentration at
about three hours. Bioavailability is about
30 to 50 percent. It is widely distributed
throughout the body and has very low
protein binding. It diffuses across the
placenta and is distributed into breast milk.
It has a plasma half life of about two hours.
It is excreted in the urine mainly as
unchanged drug.

Adverse effects include dose related
gastrointestinal disturbances, hypotension
particularly after rapid IV administration
and transient disturbance in colour vision
rarely.

It is used for prophylaxis and control of
bleeding in gynaecological and obstetric
surgery, haemorrhage associated with IUCD
insertion, conisation of the cervix, intra- and
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postoperative haemorrhage (cardiac surgery
with cardiopulmonary bypass, coronary
artery bypass grafting), total knee
replacement, gastrointestinal bleeding, local
and general fibrinolysis, epistaxis, prosta
tectomy, haemoptysis and haemorrhage
after dental extraction.

POLIDOCANOL

It is a sclerosing agent for bleeding
oesophageal varices, varicose veins,
bleeding gastroduodenal ulcers etc.

SODIUM TETRADECYL

IV injection causes intimal inflammation
and thrombus formation occluding the
injected vein. Subsequent formation of
fibrous tissue results in partial or complete
vein obliteration.

Itis indicated in the treatment of small,
uncomplicated varicose veins of the lower
extremities, haemangioma, ganglionoma,
oesophageal varices.

ANTICOAGULANTS

These are the drugs used to reduce the
coagulability of blood. They can be classified
as in table 6.1.3.

HEPARIN

Heparin is a heterogenous mixture of
sulfated mucopolysaccharides and quick
acting anticoagulant which shows efficacy
both in vitro and in vivo and having a
molecular weight from 4,000 to 40,000
depending upon the type of preparations.
Its biological activity is dependent upon the
plasma protease inhibitor antithrombin III,
which inhibits clotting factor proteases by
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forming equimolar stable complexes with
them.

It acts by activating plasma antithrombin
III which rapidly inhibits activated coagulation
factors IXa, Xa, XIa and XIla, plasmin, kallikrein
and thrombin, thus inhibiting conversion of
fibrinogen to fibrin.

Heparin is well absorbed after subcuta-
neous administration and is not effective
orally, and metabolized mainly in liver. It is
not secreted in milk and does not cross pla-
cental barrier.

Adverse effects include bleeding,
alopecia (reversible), bleeding from gums,
unexplained bruising, osteoporosis and
rarely hypersensitivity, thrombocytopenia
and hyperkalemia.

It is indicated in the prophylaxis and
treatment of deep vein thrombosis in major
surgery and pulmonary embolism,
treatment of atrial fibrillation with
embolisation, prophylaxis and treatment of
peripheral arterial embolism.

LOW MOLECULAR WEIGHT
HEPARINS (LMWH)

These are prepared by enzymatic or
chemical hydrolysis of conventional heparin,
their molecular weight varies from 3,000 to
7,000. They are absorbed more completely
than the conventional heparin preparation
and having longer duration of action.

Itis obtained as fragments of commercial
grade heparin which is produced by
chemical or enzymatic depolymerisation. It
contains less pentasaccharide sequences
with a high affinity for antithrombin III.

LMWH exerts its action mostly by anti-
thrombin mediated inhibition of factor Xa.
But some thrombin inhibition by LMWH is
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Table 6.1.3: Classification of anticoagulants.

Parenteral anticoagulants
Heparin (INHEP)

Low molecular weight heparin (LMWH)
Nadroparin (FRAXIPARINE)
Enoxaparin (CLEXANE)
Reviparin (CLIVARINE)
Dalteparin (FRAGMIN)
Pamparin (FLUXUM)
Ardeparin (INDEPARIN)
Semisynthetic heparinoids
Ancrod

Heparan sulfate

Danaparoid

Lepirudin

. Oral anticoagulants

Warfarin (WARF)
Bishydroxycoumarin (DICUMAROL)

Acenocoumarol (ACITROM)
Phenindione (DINDEVAN)
Fibrinolytics

Streptokinase (PROKINASE)
Urokinase (URIDAN)
Alteplase (ACTILYSE)
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5,000-10,000 U IV stat and maintained at 5,000 U
4-6 hourly

3075-4100 IU OD SC
20-40 mg OD SC
13.8 mg OD SC
100-200 U/kg OD
6400 IlU OD SC
2500-5000 IU OD SC

2 U/kg IV infusion

30 mg (loading) & maintained on 2.5-10 mg/day (usual
dose is 10-15 mg/day)

200 mg x 2 days (loading), maintained on 50-100 mg/
day

8-28 mg/day (loading), maintained on 2-10 mg/day
200 mg/day (loading), maintained on 50-150 mg/day

7,50,000-1.5 million IU in 1 hr IV infusion
50,000-2.5 lac IV infusion
10 mg IV (bolus) upto 100 mg in 3 hrs

retained and is of importance for the
antithrombotic effect.

LMWH have higher bioavailability
after subcutaneous injection than
standard, heparin. LMWH binds less than
heparin to plasma proteins. The clearance
of LMWH is mainly renal, independent of
dose and slower than metabolic clearance
of heparin.

Adverse effects include thrombocytopenia,
haemorrhage, injection site ecchymoses,
osteoporosis, sensitivity phenomenon.

Itis indicated in prevention and treatment
of deep vein thrombosis and pulmonary em-
bolism in surgical patients, prevention of ex-
tracorporeal thrombosis during haemodialysis.

The clinically used low molecular
weight heparins are enoxaparin, reviparin,
dalteparin, nadroparin, ardeparin and
tinzaparin etc.

HEPARINOIDS

Ancrod is an enzyme obtained from
Malayan pit viper venom. It produces
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heparin like effect by degrading fibrinogen
into an unstable form of fibrin.

Danaparoid containing mainly heparan
sulfate isolated from porcine intestinal
mucosa and is used in heparin induced
thrombocytopenia and deep venous
thrombosis.

Lepirudin is a recombinant derivative
of hirudin (direct thrombin inhibitor
secreted by salivary glands of leech). It
inhibits thrombin directly and is mainly
used in heparin induced thrombocytopenia.

HEPARIN ANTAGONISTS

The agents like protamine sulfate react
with the strongly acidic groups of heparin
and can abolish its anticoagulant activity.
Approximately 1 mg of protamine sulfate
neutralizes 80 to 100 units of heparin. It is
used only in severe bleeding or when
heparin action needs to be terminated
rapidly e.g. after cardiac or vascular
surgery.

ORAL ANTICOAGULANTS

They act by interfering with synthesis of
vitamin K dependent clotting factors in liver.
They act as competitive antagonists of vitamin
K and reduce plasma levels of clotting factors
in a dose dependent manner. They act by
interfering with regeneration of active form
of vitamin K. Factor VIl levels are reduced first
followed by factor IX, X and IL.

ACENOCOUMAROL

It takes at least 48 to 72 hours for the
anticoagulant effect to develop fully.

Acenocoumarol is absorbed nearly
completely after oral administration. It is
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highly bound to plasma proteins and it
crosses the placental barrier.

Adverse effects include haemorrhage,
rash, alopecia, diarrhoea, hepatic dysfunction,
nausea, vomiting and pancreatitis.

It is used in venous thromboembolism,
pulmonary embolism, atrial fibrillation and
for prophylaxis after insertion of prosthetic
heart valves.

WARFARIN

Itismost commonly used oral anticoagulants
employed for long term anticoagulant therapy
and having less toxic effects including alopecia
and dermatitis. It is rapidly and completely
absorbed from intestines and is 99% plasma
proteinbound. It crosses the placental barrier and
is secreted in milk. The other properties are same
as acenocoumarol.

PHENINDIONE

The mechanism of action and adverse
effects are same as acenocoumarol. It
produces more serious nonhaemorrhagic
toxic effects, their use is now very limited.

FiBRINOLYTICS

These are agents used to lyse clot to
recanalise occluded blood vessels, mainly
used in coronary arteries.

STREPTOKINASE

It is a purified preparation of bacterial
protein obtained from 8 hemolytic streptococci.

It acts by forming a complex with
circulating plasminogen that binds loosely
to fibrin and it converts plasminogen to
plasmin. It has no intrinsic activity. It is
given by parenteral route and has a short
plasma half life.
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Adverse effects include fever, allergic
reactions, bleeding from different sites, rarely
anaphylaxis, arrhythmias, bronchospasm.

Itis indicated in acute myocardial infarction,
pulmonary embolism, deep vein thrombosis,
arterial thrombosis, acute thrombosis of central
retinal vessels, extensive coronary emboli and
severe iliofemoral thrombophlebitis.

UROKINASE

Itis obtained from cultures of human renal
cells in tissue culture and it is a proteolytic
enzyme. It activates plasminogen directly.
Plasmin acts on fibrin and fibrinolysis occurs.
It is non antigenic.

Adverse effects include drug fever and
haemorrhage.

It is used for myocardial infarction, for
venous thrombosis and pulmonary embolism.

ALTEPLASE

Also known as recombinant tissue
Plasminogen Activator (rt-PA). Itis produced
by recombinant DNA technology from
human tissue culture. It specifically activates
plasminogen bound to the fibrin clot. This
minimises the risk of systemic bleeding.

It is non antigenic and has a plasma t}2
of 4-8 min.
Adverse effects are nausea, fever, mild

hypotension, rash, pruritus and localised
bleeding.

It is used in lysis of suspected occlusive
coronary artery thrombi associated with
evolving MI in adults.

PLATELET INHIBITING DRUGS

These drugs interfere with platelet function
and may be useful in prophylaxis of
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thromboembolic disorders. Thromboxane
A, (TXA,) from platelets promote and
prostacyclin (PGL) from vessel wall inhibit
platelet aggregation.

ABCIXIMAB

It binds to the intact glycoprotein
IIb/IIla receptor of human platelets,
which is a member of the integrin family
of adhesion receptors and the major
platelet surface receptor involved in
platelet aggregation. The drug inhibits
platelet aggregation by preventing the
binding of fibrinogen, von Willebrand
factor and other adhesive molecules to
GP IIb/Illa receptor sites on activated
platelets.

Adpverse effects include bleeding, thrombo-
cytopenia, human antichimeric antibody deve-
lopment, atrial fibrillation/ flutter, complete AV
block, palpitation, SVT, constipation, ileus,
abnormal thinking, dizziness.

It is indicated for platelet aggregation
inhibition as adjunct to percutaneous
transluminal coronary angioplasty or
atherectomy (PTCA).

ASPIRIN

In small doses aspirin inactivates irre-
versibly platelet enzyme cyclooxygenase,
hence thromboxane A, is not synthesised.
The effect of enzyme inactivation lasts till
the life of platelet.

It is indicated in prophylaxis in cases of
increased risk of blood clotting, myocardial
infarction, coronary bypass, transluminal
angioplasty, stroke, transient ischaemic
attack and unstable angina.
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Anaemia is the decrease in number of red
blood cells or hemoglobin content caused
by blood loss, deficient erythropoiesis,
excessive hemolysis, or combination of
these changes. Iron deficiency anaemia is
probably the most common nutritional
deficiency in the world. It is estimated that
at least 500 million people are affected. Iron
deficiency anaemia is much more common
in developing countries, as people are
consuming too little food or a limited
variety of food.

Infants and young children have higher
iron requirement. For the first six months
of life, these requirements are met by iron
store in the infant’s body alone with
supplementation from breast or formula
milk. Iron requirement increases during
adolescence because of growth, muscle
development and, for girls, at the start of
menstruation. Adult women have higher
iron requirement because of menstrual
losses. During pregnancy it is not necessary
to have extra iron in the diet because
absorption increases and menstruation
stops. The fetus is likely to get enough iron

Haematinics

even if its mother has low stores, but
mother becomes anaemic.

Anaemia may be classified into different
groups according to the pathophysiology.

1. Dietary deficiency anaemia, which is
due to deficient supply of various
factors e.g. iron, folic acid, vitamin B ,,
vitamin C and pyridoxine which are
essential for normal blood formation.

2. Anaemia due to blood loss e.g. in
severe gastric blood loss (ulcers),
protozoal or worm infestation.

3. Anaemia due to excessive destruction,
of blood e.g. sickle cell anaemia and
haemolytic anaemia.

4. Anaemia due bone narrow depression
e.g. aplastic and hypoplastic anaemia.

IRON

The body iron is distributed mainly in two
forms, one as haem in haemoglobin and
cytochrome oxidase enzyme and other as
iron bound to protein as storage compounds
ferritin and hemosiderin, and as transport
iron bound to transferrin. The total body iron
in human adult is approximately 3.5 g out
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of which 66% is in haemoglobin and 25% is
stored as ferritin and hemosiderin and rest
is in muscles and enzyme.

Iron absorption occurs predominantly in
the duodenum and upper jejunum. The
physical state of iron entering the duodenum
greatly influences its absorption. At
physiological pH, ferrous iron is rapidly
oxidized to the insoluble ferric form. Gastric
acid lowers the pH in the proximal duodenum,
enhancing the solubility and uptake of ferric
iron. When gastric acid production is
impaired, iron absorption is reduced subs-
tantially. Ascorbic acid enhances iron
absorption. Ascorbic acid mobilizes iron from
iron-binding proteins in vivo, which in turn
could catalyze lipid peroxidation. Iron
absorption is inhibited by antacids, phytates,
phosphates and tetracyclines.

The iron is transferred by the mucosal
epithelium to the body and is bound to plasma
transferrin in the ferric state. In the plasma, iron
takes part in a dynamic transferrin-iron
equilibrium and is distributed into vascular and
interstitial extravascular compartment. 50 to
60% of transferrin is extravascular. The plasma
iron pool in adults is about 3 mg and has an
estimated turnover of 20 to 30 mg per 24 hours.
Daily and obligatory losses of iron in healthy
men are about 1 mg; in healthy menstruating
women these average 2 mg and in either case
are compensated by a net absorption of 1 to 2
mg from the intestine, which enters the mobile
pool of transferrin iron.

Pharmacokinetics

After oral administration iron is absorbed
in ferrous form. The conversion of ferric iron
to ferrous iron is aided by hydrochloric acid.
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Iron is transported via transferrin. When
body stores of iron are high, ferric iron
combines with apoferritin to form ferritin.
Ferritin is the protein of iron storage. About
80 percent iron in plasma goes to erythroid
marrow. The excretion of iron is minimal.
Only little amount of iron is lost by exfoliation
of intestinal mucosal cells and trace amount
is excreted in urine, sweat and bile.

After confirmation of iron deficiency
iron therapy can be given by oral or
parenteral route. Generally oral iron therapy
is given unless the patient is suffering from
severe anaemia, malabsorption syndrome,
gastrectomy or patient is showing adverse
effects to oral iron therapy.

Uses

Nutritional iron deficiency anaemia; other
causes in which iron deficiency can occur are
pregnancy, lactation, infants, children. In
patients with malabsorption syndrome,
patients who are taking NSAIDs for long
period, patients with chronic inflammatory
disease and in patients of gastrectomy.

Preparations of iron alone or in
combination with vitamin B, folic acid or
other vitamins are available (see table 6.2.1).

Most of the oral formulations contain
one of the iron compound with many
vitamins, amino acids, liver extract,
minerals, folic acid, appetite stimulants
(cyproheptadine like compound).

Adverse Effects

Oral administration can cause nausea,
vomiting, epigastric pain, metallic taste,
staining of teeth, constipation and diarrhoea
both can occur, but constipation is more
common.
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Table 6.2.1: Classification for iron preparations.

Ferrous sulphate (Hydrated salt 20% iron, exsiccated

salt 30% iron; FERSOLATE).

Ferrous gluconate (12% iron; FERRONICUM).
Ferrous fumarate (33% iron; AUTRIN).

Colloidal ferric hydroxide (50% iron; NEOFERUM).
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200-600 mg/day
300-1200 mg/day
100-300 mg/day
200-800 mg/day

Other forms of iron which are present in different pharmaceutical preparations are ferric ammonium citrate,
ferrous succinate, iron choline citrate, ferrous amionate, iron calcium complex, carbonyl iron, ferric
glycerophosphate, haemoglobin, elemental iron, ferrous glycine sulphate, glycerinated haemoglobin, and
iron (I11) hydroxide polymaltose complex (equivalent to elemental iron).

Parenteral preparations: Iron dextran (IMFERON) & Iron-sorbitol citric acid complex (JECTOFER).

The parenteral administration can
cause local pain at the site of injection. The
other adverse effects include headache,
fever, flushing, palpitation, dyspnoea, chest
pain, metallic taste and even disorientation
and temporary loss of taste.

IV administration can cause anaphylactic
reaction characterized by circulatory collapse
and even deaths have been reported.

Treatment of Acute Iron Poisoning

1. Gastric lavage with 1% sodium
bicarbonate solution to remove any
undissolved iron tablets.

2. Administration of milk or egg yolk to
complex iron.

3. Specific iron binding chelating agent
like desferrioxamine mesylate (5-10 g
in 100 ml isotonic saline) or calcium di-
ethylene triamine pentaacetate (DTPA)
35-40 mg/kg or calcium disodium ac-
etate (35-40 mg/kg).

4. Electrolytes and other fluids to correct
metabolic acidosis and hypotension.

5. Supportive administration of various
agents e.g. anticonvulsants drugs to
control convulsions.

ERYTHROPOIETIN

It is produced primarily by peritubular
cells in the proximal tubule of the kidney.
In anaemia renal secretion of erythropoi-
etin increases rapidly manifold. Erythro-
poietin levels are always detectable in
plasma.

It exerts its action by binding to recep-
tor on surface of erythroid precursor cells.
There is increase in intracellular concentra-
tion of calcium and arachidonate and
changes in intracellular phosphorylation. It
stimulates proliferation, maturation and
haemoglobin formation by committed
erythroid progenitors.

Recombinant human erythropoietin is
available. It is given by parenteral route
(IV or SC).

It is used in the treatment of anaemia of
chronic renal failure, in anaemia of patients
with AIDS who are being treated with
zidovudine and anaemia associated with
cancer chemotherapy.

Adverse effects include exacerbation of
or new onset of hypertension and seizures
in patients with renal disease.
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Laxatives and

Antidiarrhoeal
Agents

LAXATIVES

These are the drugs which promote the
evacuation of bowels and used in constipation.

They are classified as in table 7.1.1.

BuLk FoOrRMING AGENTS

These contain natural or semisynthetic
hydrophilic colloidal derivatives of cellulose.

These drugs act to increase the volume
of stool by absorbing water and as a result
softening of faeces occurs. These are safe
drugs (except in patient with strictures when
intestinal obstruction may be precipitated).
Adequate hydration of the patient is to be
maintained. The onset of action occurs in 12-
24 hours after oral intake.

Table 7.1.1: Classification of laxatives.

I.  Bulk forming agents
Il. Osmotic laxatives

OsmoTic LAXATIVES

These solutes are not absorbed in intestine.
They retain water osmotically in bowel
lumen and distend the bowel thereby
increasing peristalsis indirectly. These
agents should be administered with plenty
of water. The administration of sodium salts
is to be avoided in patients of cardiac failure,
renal failure and hepatic failure.

LACTULOSE

It is a semisynthetic disaccharide of
fructose and lactose. It is not digested or
absorbed in small intestine thereby
withdrawing water into bowel lumen. It
breaks down in colon to form more
osmotically active products. It also causes
reduction in ammonia in hepatic coma.

Ispaghula, methylcellulose, psyllium
Magnesium salts, (sulphate, hydroxide), sodium salts (sulphate,

phosphate), lactulose, glycerol suppositories

Ill. Stool softener

IV. Stimulant laxatives
castor oil

Liquid paraffin, docusate sodium
Bisacodyl, senna, phenolphthalein, danthron, sodium picosulphate,
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SToOL SOFTENER

Docusate acts by its detergent action which
reduces the surface tension.

LIQUID PARAFFIN

It is a petroleum hydrocarbon, an inert
viscous liquid. It is a faecal softener and
causes lubrication of hard scybali by coating
them. Paraffin lubricates the passage of
faeces. It is not absorbed and is safe.

Itisindicated in postoperative constipation.
Dose: CREMAFFIN 10-15 ml/day.

Adverse effects include aspiration
pneumonia, perianal pruritus, healing in
perianal region may be delayed, unpleasant
taste, the absorption of fat soluble vitamins
may be affected. Long-term administration
is not recommended.

DOCUSATES

Itis an anionic detergent which softens the
stool by water accumulation in intestinal lumen
and emulsifies the colon contents. Itis indicated
in obstetric, habitual, geriatric, paediatric
constipation or when straining is to be avoided
(recent myocardial infarction, severe
hypertension, post-operative cases, abdominal
hernia), fissures, haemorrhoids and bed ridden
patients. Dose: 100-200 mg/day.

Side effects include nausea, cramps and
abdominal pain.

STIMULANT LAXATIVES

These drugs exert their laxative action by
increasing motility of colon. They mainly
alter absorptive and secretory activity by
inhibiting Na* K* ATPase in mucosal cells,
leading to water and electrolyte accumulation
in lumen. Colicky pain may occur and on the
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long term use may lead to hypokalemia.
These drugs are to be avoided in pregnancy
and children. The onset of action occurs in 6-
12 hours after oral administration.

BISACODYL

Itis stimulant laxative, when administered
orally or as a rectal suppository it produces
increased peristalsis by direct action on the
mucosa of the colon, usually resulting in a soft,
formed stool.

It is indicated in all forms of
constipation, e.g. in bedridden patients, due
to change of food or environment, illness or
digestive disorders; relief of evacuation in
painful conditions such as haemorrhoids;
pre and postoperatively; pre-paration for
barium enema; preparation of colon for
proctosigmoidoscopy. Dose: DULCOLAX
5-15 mg HS oral and suppository (5-10 mg).

SODIUM PICOSULPHATE

In the colon, sodium picosulphate is
converted in to the active comound bis-(p-
hydroxy diphenyl) pyridyl methane
(BHPM) which stimulates propulsive
activity of the colon, prevents absorption of
water in the colonic lumen and promotes
accumulation of water.

Following oral administration sodium
picosulphate is not absorbed. In colon it is
converted to the active metabolite BHPM,
by the action of arylsulphatases secreted by
the colonic bacteria.

Prolonged use or overdosage can
precipitate the onset of an atonic non-
functioning colon and hypokalemia.

It is indicated in constipation e.g. in
patients with cardiovascular disease, hernia
and anorectal disorders, the elderly and
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postoperatively; bowel clearance before
radiography, endoscopy, labour or surgery.

It is contraindicated in intestinal obs-
truction, undiagnosed abdominal symptoms.
Dose: CREMALAX 5-10 mg HS.

SENNA

It is an anthraquinone laxative. It is not
active as such but after oral intake when it
reaches colon the bacteria liberate anthrones,
which is the active form. Active form acts on
myenteric plexus to increase peristalsis. It also
inhibits salt and water absorption in colon.

It is indicated in intestinal evacuation
for radiological examination and atonic
constipation.

Adverse effects include vomiting, nausea,
fixed drug eruptions, skin rash. It is contrain-
dicated in spastic constipation, electrolyte
imbalance, intestinal obstruction, lactation.

Dose: As powder 0.6-10 gm. HS

Table 7.1.2: Classification of antidiarrhoeal agents.
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ANTIDIARRHOEAL AGENTS

Diarrhoea is defined as frequent passage of
liquid faeces with or without blood and
mucus. It occurs due to various causes,
infective or non infective.

The antidiarrhoeal agents can be
classified as in table 7.1.2.

Antidiarrhoeals are given for
symptomatic relief of diarrhoea. The first step
in treatment of acute diarrhoea is replacement
of fluid and electrolytes. If due to diarrhoea
there is severe dehydration, it requires
immediate hospitalization for IV fluid and
electrolyte replacement. Antidiarrhoeal
drugs are administered for obtaining
symptomatic relief in acute diarrhoea but
have untoward effects. Alongwith antidiar-
rhoeal drugs, antispasmodics are
administered in those patients who have
diarrhoea with abdominal pain.

I. Rehydrating solutions: Containing NaCl, KCI, NaHCO, (for parenteral administration) and sodium
chloride, potassium chloride, sodium citrate and glucose as oral formula (ORS).

Il. Absorbents & bulk forming agents
Kaolin
Pectin
Psyllium
Ispaghula
Methyl cellulose

Ill. Antimotility & antisecretory drugs
Codeine
Loperamide (LOPAMIDE)
Diphenoxylate with atropine (LOMOFEN)
Sulfasalazine (SALAZOPYRIN)
Mesalazine (MESACOL)

IV. Antimicrobial drugs

2-4 g/lday
100-300 mg/day
8-16 g/day

8-16 g/day

4-6 g/day

30-60 mg TDS
4-16 mg/day
5 mg QID
1-3gQID

2-4 g/day

Details are given in chapter ‘Chemotherapeutic agents’.
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ABSORBENTS AND BuLk FormING DRUGS

They are colloidal bulk forming agents which
swell by absorbing water. They modify the
consistency and frequency of stools. They are
used for functional bowel disease associated
with diarrhoea. They are safe substances but
their effect occurs slowly.

ANTIMOTILITY AND ANTISECRETORY DRUGS

Antimotility drugs are opioid drugs. They
increase small bowel smooth muscle tone and
segmentation activity. They also reduce
propulsive movements and decrease intestinal
secretions while increasing absorption. They
mediate these actions through 11 receptors.

LOPERAMIDE

It has a direct action on intestinal muscu-
lature and having a weak anticholinergic
property. Itis used to treat acute and chronic
diarrhoea. Adverse effects include
addominal cramps and skin rash.

DIPHENOXYLATE

Chemically it is an opioid, related to
pethidine. It is used in acute and chronic
diarrhoea but since it crosses the blood brain
barrier it can cause CNS effect similar to
opioids. Atropine is added with diphenoxylate
(LOMOEEN) to discourage abuse.

Loperamide and codeine are preferred to
diphenoxylate in chronic diarrhoea, because
they have less tendency to produce drug
dependence. Long-term use of these drugs may
aggravate irritable bowel syndrome. These
drugs are used cautiously in attacks of colitis
because there is increased risk of toxic
megacolon. Also all these drugs should be used
with caution in elderly because faecal impaction
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may occur leading to abdominal obstruction.
These are usually not prescribed for bacterial
diarrhoea in children because by delaying the
passage of liquid faeces there is proliferation of
pathogens which is undesirable.

SULFASALAZINE

It is an antisecretory drug. It is 5-ami-
nosalicylic acid with linked sulfapyridine
through azo bond. The drug is poorly ab-
sorbed from the intestine and the azo link-
age is broken down by the bacterial flora in
the distal ileum and colon to release 5-ami-
nosalicylic acid (5-ASA) and sulfapyridine.
5-ASA inhibits locally prostaglandin synthe-
sis, decreases mucosal secretion. It is used
in rheumatoid arthritis and ulcerative coli-
tis. Side effects include fever, rashes, blood
dyscrasias, nausea, vomiting and headache.

MESALAZINE

5-ASA is prepared as delayed release
preparation by coating with acrylic polymer,
which releases 5-ASA in distal ileum and colon.
Itis used in ulcerative colitis to prevent relapses.

Olsalazine and balsalazine are the
newer compounds of 5-aminosalicylic acid
linked with azo bonds.

ANTIMICROBIAL THERAPY

Antimicrobials have a limited role in
treatment of diarrhoea because only a small
percentage of diarrhoeas are caused by
bacterial infection. Majority of cases are due
to non infective causes, Rota virus and food
poisoning in which antimicrobial therapy
has no role.

Specific antimicrobial drugs are discussed
in chapter ‘Chemotherapeutic agents.’
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Emetics & Antiemetic

Agents

EMETICS

Vomiting or emesis occurs due to stimulation
of vomiting/emetic centre in medulla oblon-
gata. The chemoreceptor trigger zone (CTZ)
and nucleus tractus solitarius (NTS) are relays
for the afferent impulses arising from GIT,
throat and other viscera. There are different
drugs e.g. morphine, digitalis glycosides, apo-
morphine etc. which stimulate the CTZ. While
certain agents e.g. chlorpromazine and certain
antihistaminics depress it. Vomiting due to ir-
ritants in the GIT especially upper region does
not involve CTZ and is mediated directly by
the vomiting centre. Histamine (H,), seroto-
nin (5-HT,), dopamine (D,) cholinergic (M)
and opioid (p) receptors on CTZ and NTS are
involved in inducing vomiting. Impulses from
vestibular centre also lead to stimulation of
vomiting centre via H, and M receptors.

The drugs that produce or evoke
vomiting are known as emetics. The most
common compounds used are apomorphine
and ipecacuanha.

APOMORPHINE

It is a semisynthetic opioid and act as
dopami-nergic agonist on the CTZ. It is

given by subcuta-neous/IM route in the dose
of 6 mg and it produces vomiting within 15
minutes. Apomorphine induced vomiting
can be antagonized by chlorpromazine.

Side effects include tremors, restless-
ness and in toxic doses it may cause convul-
sions and respiratory depression.

IPECACUANHA

Itis used as tincture and syrup containing
alkaloid emetine obtained from plant
Cephaelis ipeca-cuanha. It act on both gastric
mucosa and CTZ.

The emetics are used mainly in poisoning
when gastric lavage facilities are not
available. But in certain poisoning e.g.
kerosene poisoning, corrosive acid or alkali
poisoning, emetics are contraindicated. They
are also not advisable in unconscious patients
as they may aspirate vomitus.

ANTIEMETICS

These are the drugs which are used to prevent
vomiting. They are classified in table 7.2.1.

The detailed pharmacology of phe-
nothiazines e.g. chlorpromazine, triflupro-
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Table 7.2.1: Classification of antiemetics.

Anticholinergics
Dicyclomine, hyoscine etc.

. Antihistaminics

Promethazine

Promethazine theoclate (AVOMINE)

Diphenhydrinate
Diphenhydramine

Doxylamine succinate etc.
Dopamine antagonists
Chlorpromazine
Triflupromazine
Prochlorperazine (STEMETIL)
Domperidone (DOMSTAL)
Metoclopramide (PERINORM)

. 5-HT, antagonists

Ondansetron (EMSETRON)
Granisetron (GRANICIP)
Prokinetic agents
Cisapride (CIZA)
Mosapride (MOZA)

Itopride (ITZA)
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Details are given in chapter ‘Anticholinergic agents’

Details are given in chapter ‘Antihistaminic agents’.

10-25 mg/day oral/IM
10 mg/day oral/IM
5-10 mg/day oral/IM
10-40 mg TDS

10 mg TDS oral/IM

Dose depends upon the patient’s requirement and stage.
10-20 mg TDS

2.5-10 mg BD-TDS
150 mg TDS

mazine and is discussed in chapter ‘Psy-
chopharmacological agents’. Only remain-
ing compounds used as antiemetics are dis-
cussed here.

DoPAMINE ANTAGONISTS

PROCHLORPERAZINE

It blocks dopaminergic neurotransmission
in brain and exerts its action by blocking
dopamine receptors in brain. It is used in
nausea and vomiting.

Side effects include drowsiness, dry
mouth, skin rash, insomnia and other
cholinergic effects.

DOMPERIDONE

It causes antiemetic action by block-
ing dopamine (D,) receptors and it also
increases gastric motility. It is absorbed
orally but bioavailability is 15% due to
first pass metabolism. It is completely
biotransformed and metabolites are ex-
creted in urine. It is used in nausea and
vomiting in postoperative period, drug
induced, radiation, uraemia, hepatitis,
peptic ulcer. It is also useful in reflex oe-
sophagitis.

Side effects include galactorrhoea, skin
rash and gynaecomastia.
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METOCLOPRAMIDE

It is a centrally acting dopamine antagonist
and acts on CTZ by blocking D, receptors
thereby preventing emesis. It also acts
peripherally in GIT to enhance ACh release
from muscarinic receptors, leading to
increased gastric peristalsis and relaxing the
pylorus and first part of duodenum. Thus it
increases gastric emptying. It also increases
tone of lower esophageal sphincter and
prevents gastroesophageal reflux.

It is absorbed orally, partly conjugated
in liver and excreted in urine.

It is used as antiemetic, for gastroesoph-
ageal reflux disease, dyspepsia and as gas-
trokinetic.

Adverse effects include drowsiness,
diarrhoea, facial spasm, trismus, oculogyric
crisis seen commonly in children and young
adults.

On prolonged use leads to tardive
dyskinesia in elderly, gynaecomastia,
galactorrhoea and parkinsonism.

5-HT® ANTAGONISTS

ONDANSETRON

It causes antiemetic effect by blocking
5-HT, receptor in brain and periphery.

Absorbed orally and bioavailability is
60-70% due to first pass metabolism.
Metabolised by hydroxylation and
metabolites are excreted in urine and faeces.

It is used in nausea and vomiting
induced by cytotoxic chemotherapy and
radiotherapy and for the prevention of
postoperative vomiting.
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Side effects include headache,
constipation, dizziness and allergic reactions.

GRANISETRON

It is newer compound. Mechanism of
action is similar to ondansetron but can
cause elevation of liver enzyme level e.g.
SGOT, SGPT etc. It is mainly used in the
management of nausea and vomiting
induced by cytotoxic chemotherapy and
radiotherapy.

Dolasetron is a new compound of the
similar category acting by blocking 5-HT,
receptor.

PROKINETIC AGENTS

CISAPRIDE

It is a selective 5-HT|, agonist. It restores
and increases motility throughout
gastrointestinal tract. It appears to increase
the release of acetylcholine from myenteric
plexus of the gut.

Itis absorbed orally (bioavailability 33%)
and is metabolised in liver.

Adverse effects include abdominal
cramps, diarrhoea, headache, convulsions
and extrapyramidal effects. When used with
imidazole antifungals/macrolide
antibiotics, it may lead to Q-T prolongation
and ventricular arrhythmias.

It is indicated in non-ulcer dyspepsia

and gastroesophageal reflux disease and not
mainly used as antiemetic.

MOSAPRIDE

Mosapride is a selective 5-HT, receptor
agonist which is free from the extrapyrami-
dal and proarrhythmic effects. It stimulates
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the 5-HT, receptor in the presynaptic nerve
endings in the myenteric plexus promoting
the release of acetylcholine at the neuro-
muscular junction, strengthening tone and
contractions of the gut wall, in particular the
tone of the lower oesophageal sphincter.

Adverse effects include nausea and
diarrhoea.

Itis indicated in gastroesophageal reflux
disease and functional dyspepsia, diabetic
gastropathy.

Renzapride is also a selective 5-HT,
receptor agonist.

ITOPRIDE

It is a novel prokinetic agent, it inhibits
dopamine D, receptors at the parasympa-
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thetic nerve endings and thereby increas-
es the release of acetylcholine. It decreases
the metabolism of acetylcholine by inhibit-
ing the enzyme acetylcholinesterase.

It is highly protein bound (approx. 96%),
metabolised in the liver by N-oxidation to
inactive metabolites by the enzyme flavin-
containing monooxygenase. It is excreted
mainly by the kidneys in the form of
metabolites and as unchanged drug.

Adverse effects include rash, itching
sensation, tremor, increase in SGOT, SGPT
levels, diarrhoea, abdominal pain, gyneco-
mastia etc.

It is indicated in upper abdominal
digestive symptoms associated with chronic
gastritis.

aaa



7.3

ANTACIDS

Antacids are basic compounds that
neutralise acid in gastric lumen, have no
effect on gastric acid secretion. They are
quantitatively compared in terms of their
acid neutralizing capacity (ANC), which is
defined as the quantity of 1 N HCl (in MEq)
that can be brought to pH 3.5 in 15 minutes
by a unit dose of antacid preparation. An
ideal antacid should be potent in
neutralizing acid, inexpensive, not absorbed
from GIT and contain negligible amounts of
sodium, should be sufficiently palatable to
be readily tolerated with repeated dosage
and should be free of side effects. An ideal
antacid is yet to be developed.

Role of antacids:
1. Is primarily in pain relief.
2. Higher dose given continuously can
promote ulcer healing.

3. Aresuperior to H, blockers in bleeding
peptic ulcer.

SysTEMIC ANTACIDS

Systemic antacids e.g. sodium carbonate is
water soluble and potent neutralizer, but is

Antacids and
Antiulcer Agents

not suitable for the treatment of peptic ulcer
because of risk of ulcer perforation due to
production of carbon dioxide in the stomach.
Systemic absorption lead to alkalosis, may
worsen edema and CHF because of
increased Na* load.

NoN-sYSTEMIC ANTACIDS

They are insoluble and poorly absorbed
compounds.

MAGNESIUM SALTS

Magnesium carbonate is most water
soluble and reacts with hydrochloric acid ata
slow rate. Magnesium hydroxide has low
water solubility. It reacts with hydrochloric
acid promptly. Magnesium trisilicate has low
solubility and has the power to adsorb and
inactivate pepsin and to protect the ulcer base.

ALUMINIUM HYDROXIDE

Itis weak and slow reacting antacid. The
aluminium ion relaxes smooth muscles, thus
delay