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LIST OF ABBREVIATIONS

AC

– acetylcholine

ACE 

– angiotensin-converting enzyme

ACTH 
– adrenocorticotropin

ADH 

– antidiuretic hormone

ADP 

– adenosine-diphosphate

ATP 

– adenosine-triphosphate

ATPase 
– adenosine triphosphatase 

AV 

– atrioventricular

BBB 

– blood-brain barrier
BUN 

– blood urea nitrogen

cAMP 
– cyclic adenosine monophosphate

CAT 

– choline acetyltransferase

cGMP 
– cyclic guanosine-monophosphate

CHF 

– congestive heart failure

CNS 

– central nervous system

COMT
– catechol O-methyltransferase

CSF 

– cerebrospinal fluid

CVS 

– cardiovascular system

DOC 

– desoxycorticosterone
DOCSA 
– desoxycorticosterone acetate
DOPA 
– dihydroxyphenylalanine

ECG 

– electrocardiogram

EDRF
– endothelium-derived relaxing factor

FAD 

– flavin adenine dinucleotide

FMN 

– flavin mononucleotide

FSH 

– follicle-stimulating hormone

G (g)

– gram

GABA 
– gamma-aminobutyric acid

GI 

– gastrointestinal

GI

– gastrointestinal

GnRH 
– gonadotropin-releasing hormone
H (h)

– hour

HDL 

– high-density lipoproteins

HETEs 
– hydroxyeicosatetraenoic

HMG 
– human menopausal gonadotropins
HPETEs 
– hydroperoxyeicosateraenoic

IF 

– intrinsic factor

IM (i.m.) 
– intramuscular

ISA

– intrinsic sympathomimetic activity

IU 

– international unites

IV (i.v.) 
– intravenous

Las

– local anesthetics

LH 

– luteinizing hormone

LSD 

– lysergic acid diethylamide
MAC

– minimum alveolar concentration

MAO 
– monoamine oxidase

MD 

– moment dose

NAD 

– nicotinamide adenine dinucleotide

NADP 
– nicotinamide adenine dinucleotide phosphate

NAPA 
– n-acetylprocainamide

NO

– nitric oxide

NREM
– non-rapid eye movement

NSAIDs
– nonsteroidal anti-inflammatory drugs
PABA
– paraaminobenzoic acid

PAG 

– periaqueductal gray

PASA 
– para-aminosalicylate sodium
PIH 

– pregnancy-induced hypertension

PRL 

– prolactin

PTH 

– parathyroid hormone

REM

– rapid eye movement

SA 

– sinuatrial

SC (s.c.) 
– subcutaneous

SH 

– sulfhydryl

SSRI 

– serotonin-reuptake inhibitors

T1/2 

– half-life period

TCAs 
– tricyclic antidepressants

TSH 

– thyrotropin

VMA

– vanillylmandelic acid

PREFACE

The lectures are designed to provide a complete, up-to-date and readable pharmacology text for the 3rd year students of medical faculty. Planned to be used during the 2 semesters, the text focuses on the major principles of pharmacology with the clinical application of drugs. It also offers special features that make it useful to practicing clinicians. 

The content of Lectures is organized in 10 sections, primarily by therapeutic drug groups and their effects on particular body systems. This approach helps the student make logical connections between major drug groups and the conditions for which they are used. It also provides a foundation for learning about new drugs, most of which fit into known groups. 
Information is organized according to the sequence used in many pharmacology courses: common pharmacology; autonomic drugs; neurotropic agents; cardiovascular drugs; endocrine and vitamin drugs; antimicrobial agents; drugs used to treat diseases of the blood; and special topics. The first lecture contains knowledges required to understand the main principles and rules of Medical prescription. Lecture 2 consist of common pharmacological information, including: cellular physiology, drug transport, pharmacokinetic processes, the receptor theory of drug action, types of drug interactions, and factors that influence drug effects on body tissues, dosage forms, routes and methods of accurate drug administration and general principles of drug therapy.

Other lectures within each section emphasize therapeutic classes of drugs and prototypical or commonly used individual drugs, those used to treat common disorders, and those likely to be encountered in clinical practice. Lecture’s content is presented in a consistent format and includes a description of a condition for which a drug group is used; a general description of a drug group, including a small historic review, mechanism(s) of action, indications for use, and contraindications; adverse drug effects and descriptions of individual drugs, with recommended dosages and routes of administration. The lectures in these sections include drug names, classifications, prototypes, drug approval processes. Some lectures include an initial parts that reviews the physiology of a body systems. The reviews are designed to facilitate understanding of drug effects on a body system. Each section includes examination questions with detailed answers to help students test their knowledge of the covered material. Appendices contain information about main international pharmacological abbreviations and examples of combination drugs. All of this made the Lectures book comprehensive but not exhaustive, and accurate – a text that supplies both students and university faculties.
These lectures are created at the Department of general and clinical pharmacology of Odessa State Medical University.

MEDICAL PRESCRIPTION

Lecture 1. INTRODUCTION TO THE MEDICAL PRESCRIPTION RULES OF PRESCRIPTION WRITING

Prescription is a part of pharmacology. It is divided into pharmaceutical prescription, which study rules of drug’s production, and medical prescription that study the rules of prescription writing. 

Drug substances have different sources. They can be obtained from the plants, animals, minerals, bacteria, and fungi. Drugs, produced from the plants by simple processing (drying and mixing), are called simple. They are used seldom. Composite drugs are produced from plant origin by more complex processing. For example, Galen’s and neo-Galen’s drugs. They are both containing sum of plant’s active substances. Galen’s drug is obtained by spirit or another kind of extraction from a plant, e.g., tinctures, extracts; usually it contains ballast or non-active substances. However, neo-Galen’s drug is subjected to more composite processing; it is more pure and can be used parenterally. 

Drug form is a shape that is given to the drug substance. According to their condition drug forms are divided into solid, (powders, capsules, tablets, dragee, granules), liquid (infusions, decoctions, mixtures, tinctures, fluid extracts, solutions), and soft (ointments, fluid ointments, pasts, suppositories, plasters). Also drug forms can be dosed, which are usually act after reaching of the bloodstream, and non-dosed, which as the rule act topically. Drug substance is a chemical compound that provides drug’s action. Drug is a drug substance, produced in concern drug’s form.

Pharmacopoeia is a work containing monographs of therapeutic agents, standards for their production strength, purity, and their formulations. Pharmacopoeia include especial list A (agents with high toxicity, poisons, and agents of abuse), list B (potent drugs of strict supervision).

Prescription is written proposition of physician for pharmaceutist to produce and/or to sale a concern drug. It is a written formula for the preparation and its administration. Also, prescription is a juridical document, because it is observed when the rightness of treatment is doubtful.
PARTS OF PRESCRIPTION.

1. Inscriptio – tells official data about hospital (title and address), physician, who writes prescription (surname, initial), and patient (surname, initial, age). It is written in national language.
2. Prepositio – consisting of the word recipe, take, or its sign, “Rp.:” 

3. Designatio materiarum (list of agents) is the main part of the prescription, containing the names and amounts of the drugs ordered. Each drug substance is written in own line from capital letter, in genitive case, and in Latin. Words can not to be shortened and broke. Doses are written by figures. If ingredient is only one, receipt is simple, if many – complex. 

Drug substances are divided according to their importance.
a. Remedium cardinale (s.basis) – drug substance, which carries the main treating effect.
b. Remedium adjuvants are the substances with additive action.
c. Remedium constituents – shape-making substance. A constituent is to be indifferent (non-active).
d. Remedium corrigens – substances bettering taste, smell, type. Corrigens is 

usually – sugar, ether oils, syrups.

4. Subscriptio - directions for mixing of the ingredients and designation of the form (pill, powder, solution, etc.) in which the drug is to be made, e.g., beginning with the word, misce, mix, or its abbreviation, M., fiat, make, or its abbreviation, f., and name of drug form (pulvis, powder). Also it can includes the quantity Da (D.), give; tales (t.), such; doses (d.) N, number. 

5. Signatura – directions to the patient regarding the dose and times of taking the remedy that is preceded by the word signa, designate, or its abbreviation, (S.). It is written in national language.

6. Nomen medici –signature and own stamp of physician. 

Prescription in special cases. It is concern narcotic substances and other similar substances. Special blanks for strict calculation are done for this purpose. Those blanks have serial number. They are covered by pink drawing and are proved by stamp of hospital and signature of its head. Prescriptions on poisonous substances including spirit are proved by special stamp of hospital. Prescription for privilege using (free of charge for 80 %), are proved by stamp of hospital also. During emergency prescription of a drug we write “cito!”, quickly in upper left corner.

Dose – is a quantity of the drug substance that can be expressed in milliliters, grams, and international unites. There are doses – moment, daily, curative, and minimal, median or maximal therapeutical. 

Prescription can indicate moment (for one time) dose of agent and its quantity. It is distributive way of prescribing. Tablets, powders, etc are prescribed in this way. During divisive way we prescribe summary dose and patient has to divide it on moment before using only, e.g., mixtures, decoctions. Magisterial prescription – prescription that is compiled by physician. Officinal prescription – prescriptions of already produced drug substances.

1.1. SOLID DOSED MEDICINAL FORMS

Powder (pulvis, pulv.) is a homogenous dispersion of finely divided, relatively dry, particulate matter consisting of one (simple) or more (complex) substances. Its weight is limited 0,1–1 g, optimal weight – 0,3 g. If basis weight is less 0,1 g, we add form-making substance – sugar (Saccharum), glucose (Glucosum).

Rp.: 
Platyphyllini hydrotartratis 0,005

Sacchari 0,3

Misce fiat (M.f.) pulvis

Da tales doses (D.t.d.) N 6

Signa (S.) By 1 powder 3 times a day.

If basis is enough by weight, we don’t add form-making substance.

Rp.:
Amidopyrini 0,3





Simple
D.t.d. N 6






powder
S. By 1 powder during headache.

# – this sign usually separates two prescriptions.
Rp.:
Amidopyrini 0,3

Coffeini natrii-benzoatis 0,1



Complex
M.f. pulv.






powder
D.t.d. N 6

S. By 1 powder during headache.
Capsule (capsula, caps., genitive case - capsulae) is a solid dosage form in which the drug is enclosed in either a hard or soft soluble container or "shell" of a suitable form of gelatin. Capsule remove probable unfavorable taste, smell; prevents irritation of oral cavity and stomach mucosa, and drug’s inactivation by stomach juice. Nowadays capsules are produced at the factories, that’s why they are prescribed in shortened (brief) form:

Rp.:
Capsulae Chinini sulfatis 0,2 N 10
D.S. By 1 capsule 5 hours before attack.

Tablet (tabuletta, tab., genitive case – sing., tabulettae, pl., tabulettarum) is a solid dosage form containing medicinal substances; it may vary in shape, size, and weight. Tablets may be complex and simple according to amount of active substances. They always include nonactive ingredients, but physician doesn’t consider them.

Shortened form (for simple prescriptions only):

Rp.:
Tabulettarum Reserpini 0,00025 N 50

D.S. By 1 tablet 3 times a day.

Full form (for simple and complex prescriptions):

Rp.:
Reserpini 0,00025

D.t.d. N 50 in tabulettis

S. By 1 tablet 3 times a day.

#
Rp.:
Acidi acetylsalicylici

Phenacetini


āā 0,25

Coffeini natrii-benzoatis 0,1

D.t.d. N 10 in tabulettis
S. By 1 tablet during headache.

Ana, āā or both means that ingredients have similar weight.
Patented tablet consists of one or more substances with fixed (determined) weight. It is written without weight. Patented tablet like a sign, under which one or more active agents are present.

Rp.: 
Tabulettarum “Pentalginum” N 10

D.S. By 1 tablet during headache.
Dragee (dragee, dr.) is a solid dosage form. It is a sugarcoated small globular mass of some coherent but soluble substance, containing a medicinal substance to be swallowed. Consecutive tracing of drug substances produces it. Rules of dragee prescription are the same as tablets.

Rp.: 
Dragee Acidi ascorbinici 0,05 N 10

D.S. By 1 dragee 3 times a day.

1.2. LIQUID DOSED MEDICINAL FORMS 

Infusion (Inf., in genitive cases - Infusi) is a liquid form that contains water extract from the plants. It is produced by steeping of plant origin (leaves – folium, pl. folia, in genitive case – sing., folii, pl., foliorum; grass – herba, in genitive case - herbae) in water and boiling 15 minutes. Decoction (Dec., in genitive case - Decocti) is close to infusion. However, decoction is prepared from more crude and rough plant origin, e.g., roots – radix, in genitive case - radicis; bark – cortex, in genitive case - corticis. That’s why decoction boiling is longer (about 20-30 minutes) than infusion.
Infusion and decoction are prescribed in a division way. It’s mean that patient obtain bottle with total dose. Than patient himself select moment dose by different spoonfuls. They are small teaspoonful (for children below 5 years), teaspoonful (from 6 years till 16 years), and tablespoonful (over 17 years). 


1 small teaspoonful contains 

5 ml


1 teaspoonful contains 


10 ml


1 tablespoonful contains 

15 ml

Both infusion and decoction are unstable; they loose therapeutic action in a few days. Thus, traditionally they are prescribed for twelve times taking. For prescription of infusion and decoction we have to multiple moment dose of plant origin into 12 (amount of its taking), and we’ll get the total weight of plant source.

The water volume for infusion and decoction is to be found out as follows:

Spoon volume
*
Quantity of
intake
=
Total volume

5 ml 

*
12
=
60 ml (for children till 5 years)

10 ml 
*
12
=
120 ml (for children from 6 till 16 years)

15 ml 
*
12
=
180 ml (for patients over 17 years)

For example, prescribe infusion of grass of Adonis vernalis, which moment dose (MD) is 0.5 (5 decigram). Take 1 tablespoonful three times per day.

First of all we have to calculate total weight of grass and total volume of added water.

Total weight of grass:
0,5

*
12
= 6,0

Total volume of water:
15 ml

*
12
= 180 ml

Thus

Rp.:
Infusi herbae Adonidis vernalis 6,0 - 180 ml

D.S. Take 1 tablespoonful 3 times per day.
Prescription of decoction is similar. For example, prescribe decoction of bark of Frangula, which moment dose is 1,5. Take 1 tablespoonful before sleep.

Rp.:
Decocti corticis Frangulae 18,0 - 180 ml

D.S. Take 1 tablespoonful before sleep.
Mixture (Mixtura, in genitive case – Mixturae) is a liquid medicine that consists of various agents. Water is a liquid solvent that give form to mixture. If mixture contains decoction or infusion, water can be present in their composition. In opposite case, water have to be added separately; it is mentioned Aqua destillata (Aq. destill., in genitive case – Aquae destillatae) on the last line of agent’s list. Mixture as well as infusion and decoction are given by spoonfuls, teaspoonfuls, and small teaspoonfuls. Also, mixture is prescribed for twelve intakes and in a division way. All substances in mixture have to be mixed. That’s why we write Misce (M.), mix after the list of active agents.
For example, prescribe mixture that contains potassium (kalium) and sodium (natrium) bromide, moment dose 0,3 each for adult. Take 1 tablespoonful 3 times per day.
Rp.:
Natrii bromidi 

Kalii bromidi ana 3.6

Aquae destillatae 180 ml

M.D.S. Take 1 tablespoonful 3 times per day.
Mixture that includes infusions has the next structure. Prescribe mixture that include infusion of leaves of Digitalis (moment dose – 0,05) and Themisalum (moment dose – 0,3). Take 1 tablespoonful 3 times per day.

Rp.:
Infusi foliorum Digitalis 0,6 - 180 ml

Themisali


3.6

M.D.S. 1 tablespoonful 3 times per day.
Syrup (Syrupus, in genitive case – Syrupi) is a highly concentrated aqueous solution of a sugar, e.g., sugar syrup (Syrupus simplex). That’s why it improves mixture test and prevents bacterial growth. Volume of syrup approximately is 20-30 % of total mixture volume. 

Drops for enteral usage are liquid medicines. Water, spirit, and vegetable oils are used as solvents. As usually total volume of drops is 10-30 ml. It is known that 1 ml of spirit solution contains 50 drops and 1 ml of water solution contains 20 drops. For example, prescribe atropine sulfate (Atropinum sulfas), moment dose – 0,001. Prescribe 20 drops (1 ml) two times per day during 10 days.

Quantity of intakes = quantity of usage during 1 day * duration of treatment; 2*10=20. Total weight of atropine = moment dose * quantity of intakes; 0,001*20=0,02 (g). If it does not mentioned “spirit” or “oil” solution, it is water solution. Moment dose of water is 20 drops or 1 ml. Total volume of water = volume of moment dose * quantity of intakes; 1 ml*20=20 ml.

Rp.:
Atropini sulfatis
0.02

Aquae destillatae
20 ml

M.D.S. Take 20 drops 2 times per day.
More often drops for inner use are prescribed in shortened form. In this case we begin prescription from characteristic of medicinal form – word “solutionis”; than it must be written name of agent, concentration (in per cent, %) and total volume of solution. In general, expression “1 % solution” is mean that 100 ml of this solution contains 1gram of active substance. That’s why, percentage of the solution is a quantity of active substance (in gram) in 100 ml of solution. It can be calculated with the help of ratio. For example, we know that it is 0,02 (gram) of atropine sulfate in 20 ml of solution. Ratio will be the next:

In 20 ml of solution – 0,02 of Atropine sulfate
In 100 ml of solution – X of Atropine sulfate
X = 0,02*100 / 20 = 0,01

Thus, it will be 0,01 (gram) of Atropine sulfate in 100 ml of solution; concentration of solution is 0,01 %.

Rp.:
Solutionis Atropini sulfatis 0,1 % 20 ml

D.S. Take 20 drops 2 times per day.
If solvent is spirit or vegetable oil, it must be noted spirituosae or oleosae correspondently after agent’s name. 

Rp.:
Solutionis Nitroglycerini spirituosae 1 % 10 ml

D.S. Take 2 drops on peace of sugar under the tongue.
Tincture (Tinctura, T-ra; in genitive case – Tincturae, T-rae) – is an alcoholic, hydroalcoholic, or ether-alcoholic extraction of raw plant material. Medical dosage is 20 – 25 drops of tincture for one time. 

Both infusion and tincture are extracts from the plant origin. However, infusion is a water extract, tincture is a alcohol extract. Also, tincture is more stable (during a few years) than infusion. 
Rule of tincture writing is: drop's quantity for one intake must be the same as the total volume of tincture in milliliters.
Example:
Rp.:
Tincturae Valerianae 25 ml

D.S. Take 25 drops three times per day.
Simple tincture is an alcohol extract from one plant origin. Complex tincture is composition of two or more tinctures. For instance, prescribe composition of tincture of Valeriana and tincture of Convallaria in equal volume with addition of tincture of Grataegus, volume of which is ¼ of total composition volume. Prescribe 20 drops 3 times per day.

First of all, if we have prescribe 20 drops for one intake, the total volume of composition is 20 ml. Than, ¼ of total composition volume (20 ml) will be 5 ml. So, the sum volume of tinctures of Valeriana and Convallaria is 15 ml. As it mentioned beyond, tincture of Valeriana and tincture of Convallaria have equal volume. Thus, volume of both tinctures is 7,5 ml.

Rp.:
Tincturae Valerianae
Tincturae Convallaria
āā 7,5 ml

Tincturae Crataegi
    5 ml

M.D.S. Take 20 drops 3 times per day.
If tincture-including mixture consists of many ingredients, it is prescribed as a patented officinal form. For example, “Corvalolum” include Valerianic acid, phenobarbital, peppermint oil, alcohol, and water.

Rp.:
Corvaloli 15 ml

D.S. Take 15 drops in the evening.
Extract (Extractum, Extr., in genitive case - Extracti) is a concentrated preparation obtained from the plant origin by removing of the constituents with suitable solvents. According to it aggregate condition, extract can be dry (siccum), thick (spissum), and liquid (fluidum). Dry extract has less than 5 % of moister; thick extract has 5-25 % of moister; and liquid extract has over 25 % of moister. 

Thick and dry extracts are dosed out in the weight units (gram) and are prescribed in capsules, powders, tablets, and suppositories. 

Liquid extract is dosed out in drops and is prescribed in the same way as a tincture. It means that the total volume in milliliters must be the same as the quantity of drops for one intake. Also we have to mark that it is liquid (fluidum) extract.
Rp.:
Extracti Polygoni hydropyperis fluidi 25 ml

D.S. Take 25 drops 4 times per day.
Solution for injection is a liquid officinal form that is formed by dissolving of one or more active substances and is intended for injection using. In generally, solution is the incorporation of a solid, a liquid, or a gas in a liquid resulting in a homogeneous single phase.

The solvents are water, spirit, or vegetable oils. Solution for injection differs from tincture, extract with higher degree of purity, sterility, and absence of ballast substances. Also, solution for injection have such advantages as: the higher therapeutic activity, quick onset of action, more exact dosage, portability, possibility of their administration to unconsciousness patients.
Physician begins prescription from the word solution, sol. (in genitives case – solutionis; in nominative case - solutio) and agent’s name. Than it must be present concentration of the solution (in percentage) and volume of one ampoule or bottle. In the next line we have to write Da tales doses, D.t.d., give such doses; amount of ampoules or bottles. Solutions for injections are produced in ampoules (ampullis) with 1, 2, 5, 10, 20 ml capacity or bottles with 5, 10, 50, 200, 400 ml capacity. If it is ampoules, we have to note after figure in ampullis, in ampull. In case of bottle we don’t write anything after amount.

Rp.:
Solutionis Platyphyllini hydrotartratis 0,2 % 1 ml

D.t.d. № 10 in ampullis
S. Inject 1 ml 2 times per day subcutaneously.
If solvent is spirit or vegetable oil, it must be noted spirituosae or oleosae correspondently after agent’s name. For aqueous solutions the solvent isn’t indicated.
Rp.:
Solutionis Camphorae oleosae 20 % 2 ml

D.t.d. № 10 in ampullis

S. Inject subcutaneously 2 ml once daily.

#

Rp.:
Solutionis Gramicidini spirituosae 2 % 5 ml

D.t.d. № 10 in ampull.

S. Before use the ampoule’s content is to be
diluted of sterile water (500 ml). Only for external use.

Patented form of solution we prescribe without word “solution”. For instance, 0,15 % solution of Cytisinum is known as “Cytitonum”. As the rule, we can’t write word solution when concentration is absent. This agent can be prescribed in both ways.

Rp.:
Solutionis Cytisini 0,15 % 1 ml

D.t.d. № 10 in ampull.

S. Inject intravenously 1 ml.
#

Rp.:
Cytitoni 1 ml

D.t.d. № 10 in ampull.

S. Inject intravenously 1 ml.
#
Rp.:
Reopolyglucinum 400 ml

D.t.d. № 2

S. Inject intravenously by drops 200 ml.
Also we don’t write word “solution” for hormones prescription.
Rp.:
Pituitrini 1 ml (5 units)

D.t.d. № 6 in ampull.

S. Inject 1 ml subcutaneous per day.
#

Rp.:
Insulini 5 ml (1 ml – 40 units)

D.t.d. № 2 

S. 20 units subcutaneous per injection
               (to inject before half hour of the meal).
As it mentioned beyond, when the substance is produced in bottle, the word “bottle” isn’t written.

Sometimes we prescribe big bottles, which contain many units of doses of injection solution. In addition, when bottles are produced in the laboratory of hospital or drug-store, we have to write instruction for its purity – Sterilizetur, sterilize.
Rp.:
Solutionis Glucosi 5 % 400 ml

Sterilizetur!
D.S. For subcutaneous injection.

Agent in bottle can be produced in dry form. As the rule, it must be dissolved before using. In signature it have to be marked. The prescription is looked so:
Rp.:
Streptomycini sulfatis 1,0

D.t.d. № 6

S. To dissolve the contents of bottle

in 5 ml of 0,25 % novocaine solution.

To inject intramuscularly 2,5 ml per 12 hours.

Sometimes the substance is dosed in international (biological) units and produced in bottles:

Rp.:
Bicillini–3 600.000 units

D.t.d. № 5

S. Inject intramuscularly once a week, 

preliminary dissolving the bottle content

in 3 ml of water for injections.

Suspension (Suspensio, Susp., in genitive case - Suspensionis) is a class of preparations of finely divided, undissolved drugs (e.g., powders for suspension) dispersed in liquid for oral or parenteral use.
We prescribe them so as solutions:

Rp.:
Suspensionis Hydrocortisoni acetatis 2,5 % 5 ml

D.t.d. № 6

S. To inject 1,5 ml into the cavity of injured 

joint 1 time per week.

#

Rp.:
Suspensionis Chlorthiazidi 5 % 250 ml

D.S. Take orally 10 ml (teaspoonful) twice per day.
Aerosol (Aerosolum; in genitive case – Aerosoli) is a liquid or particulate matter dispersed in air in the form of a fine mist for therapeutic purposes. It is packaged in bottles under pressure and contains active ingredients intended for inhalation (mostly) and topical application. For example, prescribe aerosol Salbutamolum, in bottles – 10 ml. One inhalation 4 times per day.

Rp.:
Aerosoli Salbutamoli 10 ml

D.S. One inhalation 4 times per day.
1.3. SOFT DOSED MEDICINAL FORMS – SUPPOSITORIES

Suppository (Suppositorium, Supp., in genitive case – sing. Suppositorii; pl. Suppositoriorum) is a small solid body shaped for ready introduction into one of the orifices (opening) of the body other than the oral cavity (e.g., rectum, urethra, vagina), made of a substance, which is solid at ordinary temperatures but melts at body temperature. Usually cacao oil (Oleum Cacao) is used as form-making substance suppository.
Rectal and vaginal suppositories are widely spread in medicine. These suppositories (especially rectal) provide both local therapeutical effect and general absorptive effect thanks to absorptive ability of mucous membranes. 

Suppositories are used during treatment of rectum (proctitis, paraproctitis) and vagina (vaginitis) diseases. The contraceptive agents are prescribed in globules moreover. Administration of drugs into rectum has greater meaning when the oral using of substances is impossible (vomiting, burn of gullet and others). During some diseases (decompensation of heart activity, cirrhosis) the absorption from the small intestine is difficult and uncompleted. Drugs absorbed from suppositories in the lower rectum enter vessels that drain into the inferior vena cava, thus bypassing the liver. However, partially drugs achieve superior hemorrhoidal that lead to the liver. Also the absorptive ability of rectum mucosa lower than of small intestine. Thus dose of active substance in suppository higher than the dose for oral use. 

Rectal suppositories have the conic or “cigar” form with 4 sm height. Weight is 1,1 – 4,0 g (average is 3,0 g). Vaginal suppositories have round or egg-like forms; weight is 1,5-6,0 (average is 4,0).

Nowadays, suppositories are prepared mostly in industrial route. They can be prescribed in shortened form.

Rp.:
Suppositoriorum Metronidazoli 0,5 № 10

D.S. Use 1 suppository into vagina, 

preliminary taking off packing.

The patented suppositories are prescribed as a ready officinal forms.

Rp.:
Suppositoriorum Bethioli № 10

D.S. Introduce into rectum 1 suppository per night.
For prescription of suppositories produced in drug-store we use full-form. “Basis” (active substance) is written first of all for the prescription of suppositories. Than it must be form-making substance. In subscription we have to write Misce fiat suppositorium, M. f. supp. (mix let it be suppository) rectale or vaginale. In signature we indicate how to use them.

Rp.:
Omnoponi 0,24

Olei Cacao 3,0

M.f. supp. rectale

D.t.d. № 10
S. 1 suppository into the rectum per night.
Instead of oil cacao quantity it is possible to write quantum satis, q.s., that is mean - as many as it necessary.

Rp.:
Metronidazoli 0,5

Ol. Cacao q.s.

M.f. supp. rectale

D.t.d. № 10 

S. Use 1 suppository into vagina 2 times a day.
1.4. NON-DOSED MEDICINAL FORMS – POWDERS FOR EXTERNAL USE, OINTMENTS, LINIMENTS AND SOLUTIONS FOR EXTERNAL USE

Non-dosed medicinal forms are used in external way (application, massage, washing). Preparation’s quantity depends on size of injured place. Agents that are prescribed in non-dosed forms cause local action or act in reflective way. As usually in this route we prescribe different disinfectant remedies. According to aggregate condition non-dosed medicinal forms are divided into solid (powder for external use), liquid (solution for external use), and soft (ointment, pasta). 

Powder for external usage (Aspersio, Aspers.; in genitive case – Aspersionis) is a homogenous dispersion of finely divided, relatively dry, particulate matter consisting of one (simple) or more (complex) substances for external application on skin and mucous membranes. It is used during wetting and maceration of skin, pyodermititis, fungous injuring of skin. 

Talc (Talcum) and starch (Amylum) are the form-making substances in powders for external usage.

Powder for external usage can be prescribed both shortened and complete methods. Shortened way is useful for prescription of patented powder or if it consists of only one active substance. In cases, when there are two or more compounds in the powder composition, complete method is used. The shortened method:
Rp.:
Aspersionis Amycozoli 5 % 50,0

D.S. Apply on the injured surface.

Unlike shortened variant, quantity of substances in full method is expressed in grams:
Rp.:
Bismuthi subnitratis

Zinci oxydi 

ana 10,0

Amyli 

ad 50,0

M. f. aspersio 

D.S. Apply on the injured surface.
Smallest powders are used for application on the mucous membranes, e.g., in ophthalmic practice. They are called – pulvis subtilissimus. 

Rp.:
Streptocidi subtilissimi 20,0

D.S. Apply on the injured surface.
Ointment (Unguentum, Ung., in genitive case - Unguenti) is a soft non-dosed medicinal form for external use. Agents, which are prescribed in ointments, usually have astringent, anti-inflammation, keratolytic (causes peeling of skin) or keratoplastic (increasing of keratinization) effects. Vaselin (Vaselinum) and lanolin (Lanolinum) are used as form-making substances in ointments. 

Ointment that consists of only one compound, is prescribed in the shortened way:

Rp.:
Unguenti Resorcini 10 % 100,0

D.S. Apply on the injured surface.

Ointment that includes two and more active substances is prescribed in complete method. Unlike shortened variant, quantity of substances in full variant is expressed in grams. For example, prescribe 50,0 (grams) of ointment that consists of Anaesthesinum (1 %) and Xeroforminum (10 %). 

First of all, we have to convert per cents in grams with the help of ratio.

100 % of ointment – 50,0 (grams) of ointment 

          1 % of anaesthesinum – X (grams) of anaesthesinum

X = 50,0*1 / 100 = 0,5.
Weight of Xeroforminum: 50*10 / 100 = 5,0
Rp.:
Anaesthesini 0,5

Xeroformini 5,0

Vaselini ad 50,0 

Misce fiat unguentum

D.S. Apply on the injured skin surfaces.

Paste (Pasta, in genitive case - Pastae) is a soft semisolid non-dosed medicinal from. It contains more than 25 % of solid substances. However, ointment has less than 25 % of solid substances. Thus, ointment can be transformed into paste by addition of solid substance (e.g., talc). Paste has the same form-making substances as ointment (e.g., Vaseline).

If paste include only one active substance, or it is produced in patented form, prescription will has shortened form:

Rp.:
Pastae Resorcini 10 % 100,0

D.S. Apply on the injured surface.

In others cases complete method is used. For example, prescribe 100,0 (grams) paste with follow composition: Acidum salicylicum (5 %), Acidum boricum (1 %), Zincum oxydum (15 %).
Sum of all solid form of this composition is 21 %. It is not enough for paste. We have to add talc, e.g., 10 %. In this case sum will be 31 % that is enough. Than we have to expressed weight of substances in grams.

100 % of paste – 100,0 (grams) of paste

5 % of Acidum salicylicum – X (grams) of Acidum salicylicum

X = 5 * 100,0 / 100 = 5,0 (grams)
Weight of Acidum boricum = 1 * 100,0 / 100 = 1,0 (grams).
Weight of Zincum oxydum = 15 * 100,0 / 100 = 15,0.

Rp.:
Acidi salicylici 5,0

Acidi borici 1,0

Zinci oxydi 15,0

Talci 10,0

Vaselini ad 100,0

M. f. pasta

D.S. Apply on the injured surface.

Liniment (Linimentum, Lin., in genitive case - Linimenti) or fluid ointment is a soft preparation for external application. It is a thick liquid at room temperature, but melts at body temperature. Vegetable oils, e.g., sunflower seed oil (Oleum Helianthi) are used as a form-making substance for liniment. 

The prescription rules are the same with ointments:

Rp.:
Linimenti Synthomycini 10 % 20,0

D.S. Apply on the injured surface.

#

Rp.:
Chevroformini

Olei Helianthi ana 20,0

M. f. linimentum

D.S. Apply on the injured surface.
An officinal liniment:
Rp.:
Linimenti Vipratoxi 50,0

D.S. Apply on the injured surface.

Solution for external use is a fluid officinal form, which is received during dissolution of solid or fluid medicinal substance in the solvent. The solutions are the aqueous, alcoholic, and oil. They are used for washing, irrigation, rinsing, fomentation in the treatment of wounds, ulcers, etc. They are prescribed as already prepared officinal forms:

Rp.:
Solutionis Furacilini 0,02 % 500 ml

D.S. For irrigation of wound.
In addition, concentration can be expressed in form of ratio

Rp.:
Solutionis Furacilini 1:5000 – 500 ml
D.S. For irrigation of wound.
In cases of spirit or oil solutions we have to write word “spirituosae” or “oleosae” correspondently after agent’s name.

Rp.:
Solutionis Iodi spirituosae 5 % 50 ml

D.S. For external application.

#

Rp.:
Solutionis Camphorae oleosae 10 % 10 ml

D.S. For external using.

Usually volume of prescribed solution for irrigation and rinsing of wounds or cavities is about 500 ml, volume for local application is about 50-100 ml, and volume of eye’s or ear’s drops is about 10 ml.

Rp.:
Solutionis Sulfacili-natrii 30 % 10 ml
D.S. Eye’s drops. Put two drops in each eye 4 times per day.
Common PHARMACOLOGY

Lecture 2. Common pharmacology principles
Pharmacology is the science that studies the interaction of substances with living systems through chemical processes. It concerned with drugs, their sources, appearance, chemistry, actions, and uses.

The interactions between a drug and the body are conveniently divided into two classes. The actions of the drug on the body are termed pharmacodynamic processes. These properties play the major role in deciding whether that group is appropriate therapy for a particular symptom or disease. The actions of the body on the drug are called pharmacokinetic processes. Pharmacokinetic processes govern the absorption, distribution, and elimination of drugs. Pharmacotoxicodynamic is a branch of pharmacology that deals with the undesirable effects of chemicals on living systems, from individual cells to complex ecosystems.

PHARMACOKINETIC PROCESSES

Time, needed for achieving of maximal effect, it's duration and intensity depends on route of administration. So it is necessary to consider peculiarities and principles of different introduction methods, while choosing. They are divided to enteral (through the digestive tract) and parenteral (omitting digestive tract). 

Enteral routes include oral, sublingual, and per rectum administration. Oral way is the most easy, convenient, and widely used way of administration. But a lot of factors influence on absorption and bioavailability of the drug. Bioavailability is the ratio of unchanged drug reaching the systemic circulation to the given dose (in percentage). For an intravenous dose of the drug, bioavailability is equal to unity (100 %). For example, if bioavailability of drug is 50 %, its mean that 50 % of ingested dose reach the serum. For a drug administered orally, bioavailability may be less than 100 % for two main reasons - incomplete extent of absorption and first-pass elimination. The last one is mean that following absorption across the gut wall, the portal blood delivers the drug to the liver prior to entry into the systemic circulation. A drug can be metabolized in the gut wall, but most commonly in the liver that is responsible for metabolism before the drug reaches the systemic circulation. 

The hepatic first-pass effect can be avoided to a great extent by use of sublingual route and by use of rectal suppositories. Sublingual absorption provides direct access to systemic - not portal - veins. This route is facile; the onset of action is fast; but the duration of action is short. Drugs absorbed from suppositories in the lower rectum enter vessels that drain into the inferior vena cava, thus bypassing the liver. However, partially drugs achieve superior hemorrhoidal that lead to the liver. In addition the absorptive ability of rectum mucosa lower than of small intestine. Thus, only about 50 % of a rectal dose can be assumed to bypass the liver.

To parenteral routes we consider injections, inhalations, and transdermal route. The first one includes injection under the skin, intro the muscles (i.m.), in veins (i.v.) and arteries. The effect appears quickly, especially in case of intravenous injection, and provides precision of dosage. Bioavailability for intravenous route is 100 %. After intravenous injection the onset of action is quicker, but duration is shorter than during intramuscular or subcutaneous injection. It is not recommended to use the drugs with strong irritate action subcutaneously and intramuscularly. Also it is prohibited to use intravenously insoluble substances and oily solutions, because of embolism risk. Lack of these routes is tissue damages, necessity of sterility, and risk of non-specific reactions (shock, collapse, cramps).

Gases and aerosols are introduced using inhalations. Therapeutic effect is reached quickly. Predominantly this route is desirable for the treatment of diseases of breathing ways. It causes topical action mainly. Lack of this method is irritation followed by spasm of larynx, bronchi.

Through the skin are introduced the oil-solved substances (in the form of ointments and liniments) and electrolytes (by electrophoresis). The transdermal route provides direct access to systemic - not portal – veins and prolong the duration of drug absorption.

In digestive tract drug absorption depends on many factors. Ionized forms of drugs are poorly dissolved in lipids and poorly absorbed. Salicylates in the stomach (pH 1,0 - 1,5) are poorly ionized and are absorbed to a great extend in the stomach. Alkaloids are better absorbed in intestine (pH in duodenum is ~ 6,6), due to the poor ionization in alkaline medium. It is necessary to consider, that pH in the stomach is the lowest during and just after meals, and the highest - 1 hour before and 1,5 - 2 hours after meals. So acid substances is necessary to administrate while or just after eating, alkaline substances - 1 hour before and 1.5 - 2 hours after eating.

Quantity and character of meals, that can change pH of surrounding, also considerably influence on drug's absorption. For example, tetracycline forms stable compounds with calcium, which are not absorbed. That’s why simultaneous using of tetracycline and milk that contain calcium can decrease the rate of tetracycline absorption. In the same time, lipids increase the absorption of fat-dissolved drugs (vitamins A, D, K, E, etc.). Alkaline promotes ionization of acid substances and impedes their absorption and vice versa.

Also drugs absorption in intestine considerably depends on motility of digestive tract. Substances that decrease motility of intestine (spasmolytics, cholinolytics, etc.) promote absorption; substances, hastening motility (cholinomimetics) impede absorption.

Drug's form has a great meaning while oral administration. The most common rule is, that liquid forms are absorbed better, than powders, absorption of which depends on it's dispersion; powders are absorbed better then tablets, dragees and granules. So, bioavailability of drugs while enteral administration depends on many factors, various greatly and difficulty predicted.

After parenteral administration drugs are absorbed into the blood circulation from subcutaneous tissue, muscles and cavities (depending of injection types), from alveoli (during inhalations). Physician can easier predict serum's level of drug and its effective dose. However, in the case of bloodstream delay the absorption after subcutaneous and intramuscular injections can decrease.

Choosing the route of administration it is important to consider some basic factors: (1) stability of drug in digestive tract; (2) possibility of absorption through the walls of digestive tract and bioavailability; (3) goal of therapy (in emergency cases parenteral route of administration, especially intravenous is preferred).

In organism drugs permeate through the various barriers that separate different compartments, e.g., gut, brain. For a drug given orally to produce an effect in the central nervous system, these barriers include the tissues that comprise the wall of the intestine, the walls of the capillaries that perfuse the gut, and the "blood-brain barrier," the walls of the capillaries that perfuse the brain. 

Drug permeation proceeds by four primary mechanisms.

· Passive or lipid diffusion due to gradient of substance's concentration. Passive diffusion is the most important limiting factor for drug permeation because of the large number of lipid barriers that separate the compartments of the body. This way are transported the lipophilic substances. It occurs without energy using. 

· Filtration or aqueous diffusion is appear across epithelial membrane through pores that permit the passage of small molecules. Filtration is depends on the concentration gradient of the permeating drug. In this way are transported small hydrophilic molecules and some ions.

· Active transport is provided by special carrier molecules exist for certain substances that are important for cell function and too large or too insoluble in lipid to diffuse passively through membranes (e.g., peptides, amino acids, glucose). Active transport needs energy, which occur due to decomposition of ATP molecule. 

· Pinocytosis is the process by which the substance is engulfed by the cell membrane and carried into the cell by pinching off of the newly formed vesicle inside the membrane. This process is responsible for the transport of large substances. 

There are many biological (blood-histological) barriers in organism, except mentioned above blood-brain barrier. They are placental, blood-follicular, blood-testicular, and epithelium of mamma's glands. Blood-histological barrier is the capillary wall that consists of endothelium cells, basal membrane, enzymes, and small pores. Lipophilic substances easily pass through cellular membranes, hydrophilic substances pass through basal membrane and pores. Substances with molecular weight smaller than 5000-6000 DA easily pass through capillary wall also. Blood-brain barrier (BBB) consists of cerebral capillaries and astrocytes (neuroglia cells). It possesses selective permeability. Ionized molecules cannot pass trough it. In the case of inflammatory process brain BBB become more permeable; and brain is subjected by harmful influence of different substances. Placental barrier protects fetus from xenobiotics (not endogenous substances). Drugs with molecular weight smaller than 400 DA easily pass trough placenta by the way of passive diffusion. Permeability of placenta depends on many conditions and gradually increases to 33-35 weeks of pregnancy. Thus, it is necessary care administration of drugs especially in first trimester of pregnancy (period of fetus organ appearing). Blood-follicular and blood-testicular barrier protects sexual cells from action of xenobiotics. They consist of lipoprotein membranes and are easily passed by lipophilic non-ionized molecules (narcotics, alcohol, etc.). So, genetic material may be damaged (mutagenic effect). Epithelium of mamma glands is easily passed by lipophilic substances. If drugs, used by mother are toxic or may cumulate in breast milk, nursing have to be stopped or the drug have to be changed.

Distribution of drugs in organism is done by blood and lymph circulation. There are three fractions of substances in organism: (1) free fraction in serum and tissues; (2) connected with serum proteins; (3) fixed in different tissues.

These fractions are in dynamic balance and constantly remove from one form to another. Only free fraction is biologically active, because it could be transformed and excreted. So, the high level of free fraction is associated with strong, quick, but short action. Level of free fraction in blood depends on albumin content. In case of low protein levels (diseases of liver, kidneys, starvation) concentration of free fraction considerably increases, that may cause strengthening of effect.

Some drugs may be deposited in tissues, forming extra-cellular and cellular depots. It occurs due to connection with proteins and phospholipids. Durability of connection is various. Some drugs (e.g., substances for narcosis) form not durable complexes with phospholipids and are quickly deleted from fat depots. Other (sulfanilamides of prolonged action, salts of heavy metals) form durable connections with proteins and for a long time stay in tissues.

Volume of distribution (Vd) relates the amount of drug in the body to the concentration of drug in blood or plasma. Drugs with very high volume of distribution have much higher concentrations in extravascular tissue than in the vascular compartment. Mostly it is prefer for the drugs with high selectivity of action. Serum concentration is sum of free and connected with proteins drugs fractions. It shows different phases of pharmacokinetic: absorption, distribution and elimination of substance. Curve shows time from drug's administration to appearance of primary effect (latent period of action), time from first appearance to minimal therapeutic effect (duration of action). 

Biotransformation (chemical drug conversion) occurs, basically in liver, and also in kidneys, lungs, wall of intestines and other organs. Most part of drugs are biotransformed in organism, except drugs for narcosis and hydrophilic non-ionized substances that are excreted non-transformed. Result of biotransformation is converting of lipid-soluble substances to water-soluble and their excretion. Metabolic products are often less active than the parent drug and may even be inactive. There are two main phases of biotransformation - metabolism and conjugation.

Metabolism (I phase) is occur due activity of oxidizer’s systems, basic components of which are cytochrome P-450 and NADP. At this phase reactions usually convert the parent drug to a more polar metabolite by introducing or unmasking a functional group (-OH, -NH2, -SH). Metabolic transformation is done by oxidation, restoration and hydrolysis. For example, Imipramine, Ephedrine, and Aminazine are subjected to oxidation; levomycetin and nitrazepam are metabolized by restoration; complex ethers (e.g., Novocain, Atropine) are hydrolyzed. Most part of substances are metabolized by oxidation for which oxygen is necessary. So, changes of blood circulation, hypoxia sharply lower metabolism of drugs. 

An interesting feature of some drugs (e.g., barbiturates, rifampicin) is their ability, on repeated administration, to "induce" cytochrome P-450 by enhancing the rate of its synthesis or reducing its rate of degradation. Induction results in an acceleration of metabolism and usually in a decrease in the pharmacologic action of the inducer and also of coadministered drugs. However, another drugs (e.g., Valproic acid, Cimetidine) inhibit activity of cytochrome P-450 that can result in an increasing of action of coadministered drugs.

Parent drugs or their phase I metabolites that contain suitable chemical groups often undergo conjugation (coupling) reactions with an endogenous substance to yield drug conjugates. For example, histamine and noradrenaline are methylated; sulfanilamides are acetylated; morphine and bilirubin bind with glucuronic acid, etc. In general, conjugates are polar molecules that are readily excreted and often inactive. Conjugate formation involves high-energy intermediates and specific transfer enzymes (transferases). 

Excretion of drugs occurs basically via kidneys. Some drugs are excreted with bile into the lumen of intestine, via lungs, mammary glands, sweat and sebaceous glands. Drugs are excreted in changed form (metabolites, conjugates) and in unchanged (non-transformed) form. Almost all drugs are filtered at the glomerulus. If a drug is in a lipid-soluble form during its passage down the renal tubule, a significant fraction will be reabsorbed by simple passive diffusion. If the goal is to accelerate excretion of the drug, it is important to prevent its reabsorption from the tubule. This can often be accomplished by adjusting urine to make certain that most of the drug is in the ionized state. As it is mentioned above, acids in acidic medium are poorly ionized and are easily reabsorbed. Alkaloids are better reabsorbed from alkaline urine. Thus, weak acids are usually excreted in alkaline urine; weak bases are better excreted in acidic urine. Also blood circulation in kidneys (hypotension diminish glomerular filtration), pathological processes in kidneys play an important role in excretion. 

It is necessary to remember that some drugs (e.g., tetracyclines, glycosides), which are excreted with bile, partially are reabsorbed in intestine. Some substances are excreted through stomach and intestine (morphine, salts of heavy metals).

Drugs excretion into breast-milk has especial meaning. Most part of the drugs, used by mother, are found in breast-milk and may cause side effects at infant. If the drug is excreted into milk and is dangerous for infant, feeding has to be avoided.

Elimination is the process of drug inactivation in result of biotransformation and excretion. It values by half-life of the drug, constant of elimination, and clearance. Half-life (T1/2) is the time required to change the amount of drug in the body (usually in blood) by one-half during elimination time. Constant of elimination is the drug quantity (in %), that was excreted by organism during period of time (usually during 1 day). Total clearance of a drug is the ratio of the rate of elimination by all routes to the concentration of drug in serum. Elimination of drug from the body may involve processes occurring in the kidney, the lung, the liver, and other organs. Dividing the rate of elimination at each organ by the concentration of drug presented to it yields the respective clearance at that organ.

PHARMACODYNAMIC PROCESSES 

It is a part of pharmacology that study mechanisms of action, pharmacological, therapeutical and side effects of drugs.

The therapeutic and toxic effects of drugs result from their interactions with molecules in the patient. Most drugs act by associating with specific macromolecules in ways that alter the macromolecules' biochemical or biophysical activities. This idea is embodied in the term receptor. In general, receptor is a structural protein molecule on the cell surface or within the cytoplasm that binds to a specific factor, such as a hormone, antigen, or neurotransmitter. This interaction initiates the chain of biochemical events leading to the agent's observed effects. The receptor's affinity for binding a drug determines the concentration of drug required to form a significant number of drug-receptor complexes, and the total number of receptors often limits the maximal effect a drug may produce. Many drugs and endogenous chemical signals, such as mediators, regulate the function of receptor macromolecules as agonists (mimetics); i.e., they change the function of a macromolecule as a more or less direct result of binding to it. They possess affinity and intrinsic activity. Based on the maximal pharmacologic response that occurs when all receptors are occupied, agonists can be divided into two classes. Partial agonists produce a lower response, at full receptor occupancy, than do full agonists.
Antagonists (lytics, blockers), however, bind to receptors without directly altering their function. Thus, they prevent the binding of agonist molecules and block their biologic actions. The two classes of receptor antagonism are known. In the presence of a fixed concentration of agonist, increasing concentrations of a competitive antagonist progressively inhibit the agonist response. Conversely, sufficiently high concentrations of agonist can completely surmount the effect of a given concentration of the antagonist. Some receptor antagonists bind to the receptor in an irreversible fashion, i.e., not competitive. The antagonist's affinity for the receptor may be so high that for practical purposes, the receptor is unavailable for binding of agonist. 

Mechanisms of drug's action may be connected with enzyme's inhibition. For example, Proserine, which inhibits acetylcholinesterase, preserves acetylcholine from enzymatic decomposition, in result - tonus of cholinergic system increases. Mechanism of action of some drugs is connected with blockade of ionic channels in cellular membranes, e.g., for example, antagonists of calcium channels. Another drugs cause the exhaustion of mediator reserves in neural fibers in result of synthesis breach or reverse neuronal seizure (e.g., tricyclic antidepressants).

Types of drug's action. There are local, reflective, and resorptive action. Under local action one can understand the drug's action in place of administration. It is used seldom. Reflective action appears in result of irritation of neural fibers that transmitted through CNS or by axon-reflexes. It may appear both: during local and resorptive action (e.g., reflective action of mustard plaster and Cytitone). Resorptive action is observed after drug achievement of blood. 

There are some types of resorptive action: direct and indirect, basic and side, selective and general, convertible and non-convertible. Direct action occurs in the place of drug contact with tissues, e.g., cardiotonic action of cardiac glycosides. Indirect action appears in result function changes, e.g., increased diuresis during administration of cardiac glycosides. Basic action is the main goal of drug's administration, e.g., lowering of blood pressure during administration of Octadine. Side action is an additional effect to basic action. As the rule, side effect is unfavorable. For example, Octadine can cause dyspeptic disorders.
Selective action alters function of certain organ and system. Usually it is related with action on functionally determined cyto-receptors (e.g., Salbutamol, Pilocarpine). General action is non-specific action in different organs and tissues (action of narcotic substances and alcohol). Convertible (reversible) action disappears just after drug's elimination. Non-convertible (irreversible) action appears in result of strong connection of drug with receptor (usually covalent) that cause irreversible breaking off it functions (e.g., Proserine cause convertible inhibition of acetylcholinesterase, phosphacol causes non-convertible inhibition of acetylcholinesterase).

Factors that influence on drug's action. They may be divided into 3 groups:

a. Features of drugs;

b. Factors related with whole organism;

c. Environmental factors.

To the first group we refer structure of drug, it's physical and chemical features, pharmaceutical form, and doze. Chemical structure of drug determines its mechanism of action and toxicity. The molecular size, shape, and electrical charge of a drug determine whether it will bind to a particular receptor among the vast array of chemically different binding sites available in a cell, animal, or patient. Accordingly, changes in the chemical structure of a drug can dramatically increase or decrease a new drug's affinities for different classes of receptors, with resulting alterations in therapeutic and toxic effects. Drug's dissociation, solubility in lipids and water, permeation through biological barriers and membranes as well as pharmaceutical form and way of administration determine drugs action also. Strength and duration of effect, possibility of toxic action depends on the doze of drug. There is direct correlation among doze and drug level in serum. 

Dose is the quantity of a drug to be taken. It can be expressed in milliliters, grams, and international unites. It can be moment dose (for one time use), daily dose (the total amount of a remedy that is to be taken within 24 hours), curative dose (quantity of any substance required to effect the cure of a disease). Minimal (threshold) therapeutical dose is the smallest amount of a drug that will produce a desired therapeutic effect in an adult; maximal therapeutical dose is the largest amount of a drug that an adult can take with safety; median therapeutical dose is the dose that produces the desired therapeutic effect in majority of patients. Initial (loading) dose is a comparatively large dose given at the beginning of treatment to get the patient under the influence of the drug; maintenance dose supports the effect of drug therapy. 

For evaluation of activity and safety of drugs therapeutical index is used. It is a ratio of doze that causes death in 50 % of laboratory animals to doze that cause desirable effect in 50 % of animals. Also it can be expressed as a ration of dose, which evoke toxic effect in 50 % of patients, to dose, which evoke favorable effect in 50 % of patients. Another data of drug's safety is wideness of therapeutical action - difference between threshold and maximal therapeutical doses. That drug is safer, which has large wideness of therapeutical action.

To factors related with whole organism of patient we consider age, sex, genetic features, condition of patient, and biological rhythms. Age of patient considerable influences on the drug action. This factor is especially important in children and old patients. Most part of protective mechanisms in child organism is poorly developed. It is necessary to refer possibility of cramps, allergic reactions, slow biotransformation and excretion of the drugs, unripeness of biological barriers, high absorptive ability of skin and mucosa coats. In children of first 3 years drugs connection with serum proteins is lowered and level of free fraction is increased. In addition, children possess higher sensitiveness to drugs. 
Old patients, especially over 75 years characterized by higher sensitiveness to drugs, which suppress CNS and lower sensitiveness that cause opposite effect. Tonus of vegetative nervous system, endocrine gland lowers. Inclination for thrombus formation increases, and it is dangerous to use coagulants. Level of serum albumins is lower and level of free fraction is higher. Biotransformation in liver and excretion by kidneys are delayed. So, in old patient, dose is smaller and administration is more careful.

Also it is necessary to consider condition of patient. Weakened and exhausted patients are needed for lowering of the dose. During shock and bleeding the sensitiveness for oppressing drugs increases (narcotics, neuroleptics, etc.). It is necessary to consider the additive diseases. For example, hepatic disease has been shown to reduce the clearance and prolong the half-life of many drugs. 

Biological rhythmus is alternation of process's activity through determined interval of time. Dependence of drug action from biological rhythmus and their influence on them are studied by chronopharmacology. Biorhythms may have seasonal, monthly, and daily (circadian) character. Knowledge of rhythmus is necessary for choosing of drug’s optimal regimen. For example, it is ascertained that maximal production of hormones in adrenal cortex occurs in the morning and sensitiveness of tissues for those hormones increases in that time also. So, using of corticosteroids in the morning increases efficacy of therapy and lowers risk of complications.

Some effects of drugs are concerned with genetic factors. These problems are studied by pharmacogenetics, part of medical genetics. For instance, metabolism of isoniazid and apressin occur due to their acetylation in liver. People are divided into “slow acetylators” with slow drug’s acetylation and “quick acetylators”. One of genetically determined reactions is idiosyncrasy, which is appears as abnormal reaction to a drug. It is characterized by redness, edema of skin and mucous, disorders of breathing and blood pressure, fever, and other disorders up to shock. Usually these reactions are related with congenital insufficiency of enzymes (enzymopathies). For example, in case of glucose-6-phosphate dehydrogenase of erythrocytes insufficiency sulfanilamides and derivatives of nitrofuran cause hemolytic anemia and jaundice. 

Pharmacogenetics is also studying mutagenic effects of drugs. It has great significance for individualization of treatment and prognoses efficacy and safety of pharmacotherapy.

Factors of environment also have determined influence on drug's action. They are social conditions that may cause psycho-emotional strain, strong noises, vibration, radiation, ecological problems, fluctuation of temperature, etc. Prolonged and excessive influence of these factors increases the drug's action on the CNS especially of narcosis substances, soporifics and neuroleptics. Some drugs (sulfanilamides) increase sensitivity of the skin to sunlight that named as photosensitization.

Changes in drug's action while repeated administration. In many cases drugs are used for prolonged therapy that can strengthen or weaken their action. Strengthening of effect may be stipulated by its cumulation both material and functional. Material cumulation is the accumulation of drugs (e.g., digitoxine, strychnine) that are slowly excreted from organism. Functional cumulation is the accumulation of drug's effect (alcohol, caffeine, etc.). It means that after the drug's excretion it effects still present As a result, toxic effects may appear.

Tolerance (accustoming, adaptation) is the ability to endure or be less responsive to the drug, especially over a period of continued exposure. Tolerance can be explained by accelerated of biotransformation and excretion, lowered of receptor's sensitiveness. For overcoming of the tolerance you need to increase doses of the drug that sometimes cause intoxication. Usually tolerance for one drug is accompanied by developed tolerance to pharmacologically similar compounds. 

Tachyphylaxis is a rapid appearance of progressive decrease in response following repetitive administration of a pharmacologically or physiologically active substance (e.g., while using ephedrine).

Dependence (drug abuse, addiction) is characterized by constant and repeated wish of drug using. Usually it is indicated by withdrawal symptoms (abstinence) that develop when use of the substance is terminated. Psychologic dependence is manifested by compulsive drug-seeking behavior in which the individual uses the drug repetitively for personal satisfaction. Cigarette smoking is an example. Abstinence is characterized by mental depression that include depressed or irritable mood, loss of interest in usually pleasurable activities, sleep and appetite disturbance, fatigue, suicidal thoughts, hopelessness, and guilt. Physiologic dependence is present when withdrawal of the drug produces symptoms and signs that are frequently the opposite of those sought by the user. It has been suggested that the body adjusts to a new level of homeostasis during the period of drug use and reacts in opposite fashion when the new equilibrium is disturbed. For example, symptoms of opioid withdrawal include lacrimation, sweating, weakness, chills, nausea and vomiting, muscle aches, hyper- or hypotension.

Drugs interaction. Combined therapy is used for the treatment of majority diseases. Thus, it is necessary to know more about drugs interaction. There are two types of interaction: pharmaceutical and pharmacological. Pharmaceutical interaction may appear between incompatible drugs while their production, storing or mixing in solution. It can lowers components activity and increases their toxicity. For example, it is not recommended to mix in one-syringe vitamins B1, B6, and B12.
Pharmacological interaction occurs on the level of pharmacodynamic and pharmacokinetic processes.
Interaction on level of pharmacokinetic processes can be observed during absorption, transport, biotransformation, and excretion of drugs. For example, activated carbon, which has adsorbent properties, decreases the extent of intestine absorption of concomitant drug. Competition for binding with serum proteins may develop between drugs, e.g., Salicylates replace Butamide, which decrease the blood glucose concentration, that may cause hypoglycemic coma. Drugs interaction on the biotransformation level may appear due to inducing or inhibiting effects on microsomal enzymes of the liver. As it is mentioned beyond barbiturates increase the enzyme's activity that is accompanied by hastened biotransformation of other drugs. Cimetidine has opposite effect. Interaction on the stage of excretion may cause hastening and slowing of drug's excretion from organism (see beyond). So, alkaline drugs (sodium bicarbonate) hasten excretion the acid substances (salicylates) and on the contrary. This interaction may be used during poisoning, e.g., administration of sodium bicarbonate during poisoning by salicylates and barbiturates.

Drugs interaction on the pharmacodynamic level appears in form of synergism or antagonism. Synergism is a coordinated or correlated action of two or more agents so that the combined action is greater than the effect of each acting separately. It can be in two forms: summation (additive) and potentiation. First one is a simple sum (addition) of effects, e.g., combination of agents for narcosis. Potentiation is an interaction between two or more drugs or agents resulting in a pharmacologic response greater than the sum of individual responses to each drug or agent, e.g. combination of sedative drugs with alcohol. Synergism may be direct, when drugs act on the same substrate, and indirect, when drugs act on different substrates.

Antagonism is the situation in which the combined effect of two or more agents is smaller than the solitary effect of any one of the factors. It can be physiological, chemical, physico-chemical and physical. Physiological antagonism appears on level of biological substrate. It may be direct and indirect. Interaction of cholinomimetic and cholinolytic is an example of direct antagonism. Indirect antagonism is stipulated by interaction of drugs with different mechanism of action. For example, Pilocarpine narrow pupil through the stimulation of M-cholinoreceptors of sphincter pupil; adrenaline widens pupil due to stimulation adrenoreceptors of pupil's radial muscle. Chemical antagonism is a type of chemical reaction that results in loosing of initial pharmacological activity of agents and in formation of non-active substance (e.g., binding of unithiol with metals). Example of physico-chemical antagonism is neutralization of heparin (anticoagulant) by Protamine sulfate, in result of electrostatic interaction. Physical antagonism is stipulated by physical features of drug, e.g., activated carbon adsorb on own surface molecules of many substances.

Types of drug's therapy. Basic types of pharmacotherapy are prophylactic, etiotropic, pathogenic, and symptomatic. Prophylactic drug is an agent that acts to prevent a disease, e.g., Chloridine for malaria prevention. Etiotropic therapy is directed against the cause; etiotropic agent is a remedy that attenuates or destroys the causal factor of a disease, e.g., antimicrobial drugs. Pathogenic therapy is directed on the pathologic, physiologic, or biochemical mechanism resulting in the development of a disease or morbid process, e.g., uses of cardiac glycosides during heart insufficiency. Finally, symptomatic therapy is directed on removing of symptoms of a disease (analgesics, stimulators of breathing, etc.). 

Complications of drug therapy. Together with therapeutically action drugs may cause unfavorable side (adverse) effects. There are different types of side effects.
It may be complications related with absolute drug’s overdose – exceed of maximal therapeutical dose. Comparative overdose can appear in a result of fast intravenous injection of drug, during hard diseases of the liver, kidneys that delay drug’s elimination and increase drug’s concentration in the blood. Unfortunately, many drugs possess toxic action on human organs and tissues. For example, aminoglycosides are ototoxic (vestibular and auditory damage) and nephrotoxic, Chloramphenicol commonly causes bone marrow depression (anemia, leukopenia).

Mutagenic, teratogenic, embryotoxic, and carcinogenic effects of the drugs engage prominent place in nowadays medicine. Mutagenic effect is a promoting of the changes in the chemistry of a gene that is perpetuated in subsequent divisions of the cell in which it occurs. It may be a result of drug's action on sexual cells (e.g., anticancer drugs). Mutagenic action may lead to congenital diseases like Daune’s syndrome. Teratogenic action of the drugs appears after its administration during pregnancy. It is characterized by the disturbed growth processes of fetus that lead to the formation of growth anomalies and malformed neonate. The most dangerous period is the first trimester of pregnancy (2-3 months) during formation of organs and systems. That’s why, administration of drugs in this period of pregnancy must be especially careful. In 60-s years of XX century it was so-called "thalidomide catastrophe". Using of thalidomide during pregnancy was accompanied by numerous developments of congenital defects in fetus. Nowadays, any drug cannot be proposed for sale and using without observing on teratogenic features.

Negative action on fetus can appear in growth retardation also. If this effect appear during first 12 weeks of pregnancy, it is named embryotoxic, if later - fetotoxic.

Allergic reactions are the most spread complications of pharmacotherapy. They are stipulated by formation of antibodies to the drugs that possess antigen features or to their metabolites. Increasing of organism's sensitivity to drugs is named sensitization. Hypersensitivity can be classified, as immediate or delayed depending on the time required for clinical symptoms to become manifest following exposure of the host to the sensitizing antigen. The most dangerous is anaphylactic shock.
Examination questions

1. Receptors are macromolecules that

(A) Are designed to attract drugs

(B) Are resistant to antagonists

(C) Exist as targets for physiological neurotransmitters and hormones

(D) Are only on the outer surface of cells

(E) Are only inside of cells

2. All of the following are capable of initiating a signal transduction process EXCEPT

(A) Combination of an agonist with its receptor

(B) Combination of an antagonist with its receptor

(C) Combination of a neurotransmitter with its receptor

(D) Combination of a hormone with its receptor

3. Which of the following chemical bonds would create an irreversible combination of an antagonist with its receptor?

(A)
Ionic bond

(B)
Hydrogen bond

(C)
Van der Waals bond

(D)
Covalent bond

4. Potency is determined by

(E) Affinity alone

(F) Efficacy alone

(G) Affinity and efficacy

(H) Affinity and intrinsic activity

(I) Efficacy and intrinsic activity

5. Following oral administration, a drug is absorbed into the body, wherein it can exert its action. For a drug given orally, the primary site of drug absorption is:

(J) The esophagus

(K) The stomach

(L) The upper portion of the small intestine

(M) The large intestine

6. Patients can exhibit alterations in the rate and extent of drug absorption because of various factors. All of the following factors might affect the rate and/or extent of drug absorption EXCEPT:

(N) Gastric emptying time

(O) Intestinal motility

(P) The presence of food

(Q) The formulation of the drug

(R) A generic form of the drug

7. The body has developed defense mechanisms that reduce the amount of foreign chemicals, such as drugs, that enter the body. One of the more prominent of these mechanisms is an efflux transport system that pumps some drugs back into the intestinal lumen following absorption into the enterocytes and that is responsible for the lack of complete absorption of some drugs. This efflux transport system is:

(S) Facilitated diffusion

(T) P glycoprotein

(U) Cytochrome P450 3A

(V) Pinocytosis

8. All of the following statements concerning the blood-brain barrier and the passage of drugs from the systemic circulation into the cerebrospinal fluid are TRUE EXCEPT:

(W) Ionized drugs are more likely to cross into the CSF than un-ionized drugs.

(X) The higher the lipid solubility of a drug, the more likely it will cross into the CSF.

(Y) Inflammation of the meninges improves the likelihood that drugs will cross the blood-brain barrier as compared to the uninflamed state (i.e., normal condition).

(Z) P glycoprotein serves to pump drugs back into the systemic circulation from endothelial cells lining the blood-brain barrier.

9. Which of the following organs or tissues is a potential site for drug accumulation of lead that has been ingested?

(AA) Eyes

(AB) Fat

(AC) Bone

(AD) Lungs

(AE) Blood


10. Concerning regulation of CYP-mediated drug metabolism, all of the following statements are true EXCEPT

(AF) Drugs that competitively inhibit CYP enzymes cause a decrease in concentrations of the object (original) drug.

(AG) Induction of drug-metabolizing enzymes results in a decrease in concentrations of the object (original) drug, thus potentially reducing efficacy.

(AH) Induction of drug-metabolizing enzymes frequently requires the synthesis of new enzyme protein and thus may not occur immediately upon introduction of the inducing agent.

(AI) Mechanism-based inactivation results in irreversible inactivation of the enzyme that lasts for the duration of the enzyme molecule.

11. Conjugation of a drug with glucuronic acid via the glucuronosyl transferases will result in all of the following EXCEPT

(AJ) Production of a more water-soluble moiety that is more easily excreted

(AK) A new compound that may also possess pharmacological activity

(AL) A drug molecule that may be more susceptible to biliary elimination

(AM) A drug molecule that may undergo enterohepatic recirculation and reintroduction into the bloodstream

(AN) A drug with a different pharmacological mechanism of action

12. Concerning the renal excretion of drugs:

(AO) Drugs that are ionized in the renal tubule are more likely to undergo passive reabsorption than those that are unionized

(AP) Low-molecular-weight drugs are much more likely to be actively secreted than filtered.

(AQ) Only drug that is not bound to plasma proteins (i.e., free drug) is filtered by the glomerulus.

(AR) Decreasing renal tubular fluid pH will increase elimination of weakly acidic drugs.

13. Drug presence in breast milk is most likely for:

(AS) Drugs highly bound to plasma proteins

(AT) Lipid-soluble molecules

(AU) Large ionized water-soluble molecules

(AV) Acidic compounds

14. Frequently it is useful to consider the overall exposure of a person to a drug during the dosing interval. Which of the following pharmacokinetic parameters defines the exposure of a person to a drug?

(AW) Cmax
(AX) Tmax
(AY) AUC (area under the curve)

(AZ) Half-life

(BA) Clearance

15. Organs such as the liver remove exogenous chemicals, such as drugs, from the body. For drugs such as phenytoin, for which the difference between the minimum effective concentration and the minimum toxic concentration is small, clinicians must calculate the rate at which a given individual removes drug from the body. The volume of fluid from which drug can be completely removed per unit of time (rate of drug removal) is termed:

(BB) Distribution

(BC) Clearance

(BD) Metabolism

(BE) Excretion

16. For a drug such as piroxicam with a 40-hour half-life and being dosed once daily (i.e., every 24 hours), steady state will be reached shortly following which DOSE (not which half-life)?

(BF) 1st dose

(BG) 3rd dose

(BH) 5th dose

(BI) 8th dose

(BJ) 12th dose 

17. Volume of distribution (Vd), though not a physiological volume, helps a clinician to estimate drug distribution in the body. Drugs distribute throughout the body to differing degrees depending on a number of factors. Which of the following factors is TRUE concerning drug distribution?

(BK) In general, a drug with a higher degree of plasma protein binding will have a lower volume of distribution.

(BL) All drugs distribute to the same degree in all tissues.

(BM) The binding of drugs to tissues has no relationship to the distribution of drug in the body.

(BN) In general, lipophilic drugs distribute to a lesser extent than hydrophilic drugs.

18. A clinician must be concerned with the amount of a drug dose that reaches the systemic circulation, since this will affect the plasma concentration and therapeutic effects observed. The fraction of a dose reaching the systemic circulation as unchanged drug (i.e., intact) is defined as:

(BO) Theoretical dose

(BP) Cmax
(BQ) Bioavailability

(BR) Ideal dose

19. A dental technician begins to display symptoms, including tremors, depression, and insomnia. Which of the following chemicals present in the workplace may be responsible for the symptoms?

(BS) Solvents used in dental adhesives

(BT) Fluoride used in oral rinses

(BU) Mercury used in the preparation of amalgams

(BV) Lidocaine used as an anesthetic

20. A patient learned recently that she is about 5 weeks pregnant, but because she has been suffering from depression, she asks her physician for a prescription for a drug to treat this problem. Her physician refuses to prescribe a drug at this time because he is concerned that the fetus is at risk for toxicity from in utero exposure to the drug. What is the most likely adverse outcome if the woman began taking the drug at this time?

(BW) The fetus would die.

(BX) A teratogenic response would occur in the fetus.

(BY) The growth of the fetus would be retarded.

21. Exposure to air pollutants can have adverse effects on human health. Exposure to one such pollutant, carbon monoxide, can result in which of the following conditions?

(BZ) Irritation of the deep lungs because of damage to the epithelium

(CA) An increased susceptibility to respiratory infection due to impairment in phagocyte function

(CB) Exacerbation of asthmatic episodes because of bronchoconstriction

(CC) Hypoxia due to displacing oxygen from hemoglobin

22. A 4-year-old boy is taken to the emergency department by his parents in the afternoon the first Saturday in June. The family is moving into a house. They found the boy almost unconscious in a corner in the garage, having difficulty breathing. He was surrounded by chemical containers left by the previous owners. The labels had deteriorated and couldn't be read. On examination you noted bronchoconstriction and profuse airway secretion, weakness of the muscles, difficulty breathing, and CNS depression. Which of the following chemicals do you suspect was involved?

(CD) Compound 1080

(CE) Pyrethrin

(CF) Parathion

(CG) Diquat

23. You are a staff physician at a major chemical manufacturing company. A worker on the maintenance crew has complained of being light-headed and tired occasionally at work and that if it occurs, it clears up after he leaves for the day. He was asked to write down where he had worked on the days this occurred; these are listed below. In which of these areas is he most likely to have exposures that would cause these symptoms?

(CH) Herbicide production area

(CI) Insecticide packaging area

(CJ) Label printing area

(CK) Kitchen area of the cafeteria

24. You have been told there has been a large spill at the chemical company but in the confusion you weren't told where it occurred. The exposed workers were agitated and irritable and said to be having difficulty walking in a coordinated manner. Some feel quite hot as if they are burning up, and one had a seizure. Which area do you suspect had the spill?

(CL) Herbicide production area

(CM) Insecticide packaging area

(CN) Label printing area

(CO) Kitchen area of the cafeteria

Answers
1. C. There are a large number of receptors in the body. Although many drugs are attracted to receptors, the receptors are not designed for that purpose. Antagonists also are attracted to receptors. Some receptors are on the cell surface, while others are found inside the cell.

2. B. An antagonist binds to a receptor and prevents the action of an agonist. Choice A is wrong because this combination does initiate a signal transduction process. C and D are incorrect because both neuro-transmitters and hormones work through their appropriate receptor to initiate signal transduction.

3. D. A covalent bond is a strong and stable bond that is essentially irreversibly formed at normal body temperature. The other bonds are much weaker.

4. C. Potency is a useful measure of the comparison between two or more drugs. It does not equate to therapeutic superiority but rather is a measure of the size of the dose required to produce a particular level of response.

5. C. The primary site of absorption is the small intestine. Because of its large surface area and high blood perfusion rate, the small intestine is optimal for absorbing drugs. Some drug absorption occurs in the stomach and large intestine, but because of their reduced surface area in relative terms and for some drugs less than optimal physicochemical conditions, these tissues play a lesser role in drug absorption. Because of the tissue type, very little drug absorption occurs through the esophagus.

6. E. To be approved, generic formulations must exhibit the same rate and extent of absorption as the trademark compound. All of the other choices can affect drug absorption. For example, slowing gastric emptying time may increase the absorption of a drug absorbed in the stomach. Alterations in gastric motility may affect the amount of time a drug spends in the region of the gastrointestinal tract, where it undergoes the most extensive absorption. The presence of food may cause decreased absorption through binding to the drug or may increase absorption through making a better local environment for absorption of particular drugs. Finally, changes in drug formulation can alter absorption by changing dissolution rates.

7. B. P-glycoprotein transporters in the intestinal lumen serve as an efflux transporter for many drugs. This transporter pumps drugs out of the enterocytes into which they were absorbed and back into the intestinal lumen, reducing absorption. Facilitated diffusion and pinocytosis generally result in drug influx (absorption). The cytochrome P450 3A enzymes metabolize drugs; therefore, even though they may reduce the amount of drug absorbed, the reduction is due to drug metabolism, not efflux transport back into the intestinal lumen.

8. A. Un-ionized drugs cross into the cerebrospinal fluid more readily than ionized drugs. All of the other choices are correct.

9. C. Lead can substitute for calcium in the bone crystal lattice, resulting in bone brittleness. Bone may become a reservoir for other substances as well. Several drugs, such as chlorpromazine, may accumulate in the eye. Drugs with extremely high lipid-water partition coefficients tend to accumulate in fat, while basic amines tend to accumulate in the lungs. Many agents bind avidly to albumin in the blood.

10. A. When one inhibits the action of a drug-metabolizing enzyme (A), one would expect an increase instead of a decrease in drug concentrations, since less is being metabolized. Induction of an enzyme (B) would have the opposite effect, since there would be more enzyme available to metabolize the drug. C is correct, since the most common mechanism of enzyme induction is through synthesis of new enzyme protein, which does not occur immediately. Finally, mechanism-based inactivation (D) is also correct, since this is irreversible, leaving the enzyme inactive and eventually it is degraded by the body.

11. E. Most glucuronic acid conjugates are less effective than the parent drug. The conjugate, however, usually maintains the same pharmacological mechanism of action, although frequently of a lesser magnitude. Conjugation with glucuronic acid makes a drug molecule more water soluble (A), and glucuronic acid conjugates are more likely to be eliminated by secretion into the bile (C) than are unconjugated compounds. These glucuronide conjugates, once secreted into the bile, may be cleaved by β-glucuronidases to liberate the parent compound, which can then be reabsorbed (D). Several glucuronic acid conjugates of drugs (e.g., morphine 6-glucuronide) possess pharmacological activity (B).

12. C. Plasma proteins are too large to be filtered by the glomerulus, so that any drug molecules bound to these plasma proteins will not undergo filtration. A is not correct: ionized drugs are less likely to undergo reabsorption, since this is generally thought to be a passive process. B is also not correct: low-molecular-weight drugs are more likely to be filtered, since they can easily pass through the glomerulus filter. Finally, weakly acidic drugs will be un-ionized at a low (acidic) pH, hence more likely to undergo reabsorption, thus reducing the net elimination (D).

13. B. Lipid-soluble molecules are more likely to be excreted in breast milk because it is primarily a passive diffusion process. A, C, and D are not correct because they are opposite of the typical characteristics of drugs excreted into breast milk.

14. C. The AUC (area under the curve) best describes the overall exposure of a person to a given drug over the course of the dosing interval. It describes the concentration of drug integrated over the period assessed, usually the dosing interval. A (Cmax) is not correct, as Cmax gives the maximum concentration achieved but does not reveal how long measurable concentrations of the drug were present or how long until this concentration was achieved. B (Tmax) only refers to the time until the maximum concentration is achieved, again not giving a reference to overall exposure over time. D (half-life) simply describes how much time is required for the concentration to decrease by one-half. Finally, clearance (E) is the volume of fluid (usually plasma) from which drug can be removed per unit of time and as such does not define exposure.

15. B. Clearance is defined as the volume of fluid from which drug is completely removed per unit of time and as such is a measure of the body's ability to remove drug by whatever manner (e.g., elimination, metabolism, excretion). Distribution is the theoretical volume to which the drug distributes and metabolism and excretion are simply methods of clearing drug.

16. D. Approximately five half-lives are required for a drug to reach steady-state concentrations. Since piroxicam has a half-life of 40 hours, it will require approximately 200 hours before steady state is reached. If given every 24 hours, shortly after the 8th dose (192 hours at exactly the 8th dose) steady state will be reached.

17. A. Drugs with a higher degree of plasma protein binding in general have a lower volume of distribution, since the plasma proteins (and thus the drug bound to the plasma protein) tend to stay in the plasma and not distribute to the extravascular tissues. Different drugs can have widely disparate volumes of distribution, so B is incorrect. Tissue binding of drugs is extremely important to drug distribution and can override plasma protein binding, so C is incorrect. Finally, D is incorrect, since in general the more lipophilic a drug is, the greater volume of distribution it has.

18. C. Bioavailability describes the portion of the drug that reaches the systemic circulation without being metabolized or eliminated. Bioavailability is highly dependent on the drug and the route of administration. Cmax (B) is incorrect, since this is only the maximum concentration reached following a dose and gives no measure of the amount reaching the circulation. The other terms (ideal dose and theoretical dose) are fabricated.

19. C. The symptoms are characteristic of a person chronically exposed to vapors released from elemental mercury. Since the dental technician may handle elemental mercury, including mishandling, the symptoms presented may occur. While the technician may be exposed to solvent vapors released from dental adhesives, the symptoms are not characteristic of this type of exposure. Fluoride toxicity would not be expected because these are not symptoms associated with fluoride ingestion, and the patient and not the technician would be most likely exposed to quantities high enough to cause any symptoms. The technician has little exposure to lidocaine, and the symptoms are not typical of lidocaine toxicity.

20. B. The fetus is particularly vulnerable to teratogens between days 25 and 40 of gestation, and this patient is within this window of time. The fetus is at much greater risk for death if exposure occurs during the first 2 weeks of gestation. Growth retardation of the fetus is the principal outcome if exposure to drugs occurs during the last 6 months of gestation.

21. D. Carbon monoxide can cause hypoxia because it reduces the oxygen carrying capacity of the blood by displacing oxygen from hemoglobin as well as impairing the erythrocyte's ability to release oxygen. Particulate air pollutants and reactive air pollutant gases, such as ozone and nitrogen dioxide, can damage the lungs, including increasing susceptibility to respiratory infection and irritation of the deep lungs, while exposure to sulfur dioxide can exacerbate asthmatic episodes.

22. C. Bronchoconstriction and secretion and muscular weaknesses occur from acetylcholine accumulation after inhibition of acetylcholinesterase. Parathion is an organophosphate insecticide that inhibits acetylcholinesterase, and it is readily available. Poisoning with compound 1080 (fluorocitrate) inhibits mito- chondrial respiration and causes seizures and cardiac arrhythmias. Pyrethrin and pyrethroids are generally low in toxicity and few poisonings have been reported; however, seizures are a symptom. Diquat causes gastrointestinal disturbances.

23. C. Symptoms that occur during the work day and clear up after work are often due to inhalation exposure of volatile or aerosol materials. The solvents used in printing inks cause light-headedness and sedation. The symptoms are not those of herbicide exposure and insecticide exposure.

24. B. Spills cause acute high-dose exposures. The symptoms are referable to an acute high exposure to an organochlorine or pyrethroid insecticide. While organochlorine pesticides are not used in this country, they are manufactured for export. An acute high exposure to herbicide would be primarily irritation of skin and mucous membranes. The solvents in printing ink would cause CNS depression.

SPECIAL PHARMACOLOGY
DRUGS AFFECTING EFFERENT INNERVATION

The nervous system is divided into two anatomical divisions, the central nervous system (CNS), which is composed of the brain and spinal cord, and the peripheral nervous system, which includes neurons located outside the brain and spinal cord, that is, any nerves that enter or leave the CNS (diag. 3.1).
The peripheral nervous system can be further divided into the efferent division, whose neurons carry signals away from the brain and spinal cord to the peripheral tissues, and the afferent division, whose neurons bring information from the periphery to the CNS.

The efferent portion of the peripheral nervous system can be further divided into two major functional subdivisions, the somatic and autonomic systems. The somatic efferents are involved in voluntarily controlled functions such as contraction of the skeletal muscles in locomotion. The autonomic system functions involuntarily to regulate the everyday needs and requirements of the body without the conscious participation of the mind. It is composed primarily of visceral motor (efferent) neurons that innervate smooth muscle of the viscera, cardiac muscle, vasculature and the exocrine glands.
Anatomy of the autonomic nervous system

Efferent neurons. The autonomic nervous system carries nerve impulses from the CNS to the effector organs by way of two types of efferent neurons. The first nerve cell is called a preganglionic neuron and its cell body is located within the CNS. Preganglionic neurons emerge from the brain stem or spinal cord and make a synaptic connection in ganglia. These ganglia function as relay stations between the preganglionic neuron and the second nerve cell, the postganglionic neuron. The latter neuron has a cell body originating in the ganglion. It is generally non-myelinated and terminates on effector organs such as smooth muscle of the viscera, cardiac muscle, and the exocrine glands.

Afferent neurons. The afferent neurons (fibers) of the autonomic nervous system are important in the reflex regulation of this system, for example, by sensing pressure in the carotid sinus and aortic arch and signaling the CNS to influence the efferent branch of the system to respond.

Sympathetic neurons. The efferent autonomic nervous system is divided into the sym-pathetic and the parasympathetic nervous systems. The preganglionic neuron of the sympathetic system come from thoracic and lumbar region of the spinal cord and synapse in two cord-like chains of ganglia that run in parallel on each side of the spinal cord. Axons of the postganglionic neurons extend from these ganglia to the glands and viscera. [Note: The adrenal medulla, like the sympathetic ganglia, receives preganglionic fibers from the sympathetic system. Lacking axons, the adrenal medulla in response to stimulation, influences other organs by secreting the hormone adrenaline, also known as epinephrine (and lesser amounts of noradrenaline) into the blood.]

Parasympathetic neuron. The parasympathetic preganglionic fibers arise from the cranial and sacral areas of the spinal cord and synapse in ganglia near or on the effector organs. In both the sympathetic and parasympathetic systems, postganglionic fibers extend from the ganglia to effector organs.

Functions of the sympathetic system

The sympathetic division has the property of adjusting in response to stressful situations, such as trauma, fear, hypoglycemia, cold, or exercise (table 3.1). 

The effect of sympathetic output is to increase heart rate and blood pressure, to mobilize energy stores, and to increase blood flow to skeletal muscle and heart while diverting flow from the skin and internal organs. Sympathetic stimulation also results in dilation of the pupils and the bronchioles. The changes experienced by the body during emergencies have been referred to as the “fight or flight” response. These reactions are triggered both by direct sympathetic activation of the effector organs and by stimulation of the adrenal medulla to release adrenaline which enters the blood stream. The sympathetic nervous system tends to function as a unit and often discharges as a complete system.

The parasympathetic division maintains essential bodily functions, such as digestive processes and elimination of wastes. It usually acts to oppose or balance the action of the sympathetic division and is generally dominant over the sympathetic system in “rest and digest” situation. The parasympathetic system is not a functional entity as such and never discharges as a complete system. If it did, it would produce massive and undesirable symptoms. Instead, discrete parasympathetic fibers are activated separately, and the system functions to affect specific organs, such as the stomach or eye.

Table 3.1
Action of sympathetic and parasympathetic nervous systems
on effector organs

	Organ
	Sympathetic
	Parasympathetic

	Eye
	Contraction of iris radial muscle (pupil dilates)
	Contraction of iris sphincter muscle (pupil contracts) 

Contraction of ciliary muscle (lens accommodates for near vision)

	Lacrimal glands
	
	Stimulates tears

	Salivary glands
	Thick, viscid secretion
	Copious, water secretion

	Trachea and bronchioles
	Dilates 
	Constricts, increases secretions

	Heart 
	Increased rate and contractility
	Decreased rate and contractility

	Blood vessels (skeletal muscle, skin, mucus membranes and splanchnic area)
	Dilatation 

Constriction
	

	Gastrointestinal
	Decreased in muscle motility and tone; Contraction of sphincters
	Increased muscle motility and tone

	Ureters and bladder
	Relaxes detrusor; Contraction of trigone and sphincter
	Contraction of detrusor; Relaxation of trigone and sphincter

	Genitalia-male
	Stimulates ejaculation
	Stimulates erection

	Genitalia-female
	Relaxation of uterus
	


INNERVATION BY the autonomic nervous system

Dual innervation. Most organs in the body are innervated by both divisions of the autonomic nervous system. Thus, the heart has vagal parasympathetic innervation that slows rate of contraction, and sympathetic innervation that speeds contraction. Despite this dual innervation, one system usually predominates in controlling the activity of a given organ. E.g., in the heart, the vagus is the predominant controlling factor for rate.

Organs receiving only sympathetic innervation. Although most tissues receive dual innervation, some effector organs, such as the adrenal medulla, kidney, pilomotor muscles, and sweat glands, receive innervation only from the sympathetic system. The control of blood pressure is also mainly a sympathetic activity, with essentially no participation by the parasympathetic system.

Somatic nervous system. The efferent somatic nervous system differs from the autonomic system in that a single myelinated motor neuron, originating in the CNS, travels directly to skeletal muscle without the mediation of ganglia. As noted earlier, the somatic nervous system is under voluntary control, whereas the autonomic is an involuntary system.

Neurotransmitters. Each neuron is a distinct anatomic unit. Communication between nerve cells – and between nerve cells and effector organs – occurs through the release of specific chemical signals, called neurotransmitters, from the nerve terminals. This release depends on processes that are triggered by Ca++ uptake and regulated by phosphorylation of synaptic proteins. The neurotransmitters rapidly diffuse across the synaptic cleft or gap (synapse) between nerve endings and combine with specific receptor on the postsynaptic (target) cell.

Membrane receptors. All neurotransmitters (and most hormones and local mediators) are too hydrophilic to penetrate the lipid bilayer of cell membranes; instead, their signal is mediated by binding to specific receptors on the cell surface of target organs. [Note: A receptor is defined as a recognition site for a substance. It shows a binding specificity and is coupled to processes that eventually evoke a response. Most receptors are proteins.]

Types of neurotransmitters. Although over 50 chemical signal molecules in the nervous system have tentatively been identified, 6 signal compounds–norepinephrine (and closely related epinephrine), acetylcholine, dopamine, serotonin, histamine, and (-amino butyric acid–are most commonly involved in the actions of therapeutically useful drugs. Each of these chemical signals binds to a specific family of receptors. Cholinergic and adrenergic neurotransmitters are the primary chemical signals in the autonomic nervous system, whereas a wide variety of neurotransmitters function in the CNS (diag. 3.2).

Acetylcholine. The autonomic nerve fibers can be classified into two groups based on the chemical nature of the neurotransmitter released. If transmission is mediated by acetylcholine, the neuron is termed cholinergic. Acetylcholine mediates the transmission of nerve impulses across autonomic ganglia in both the sympathetic and parasympathetic nervous systems. It is the neurotransmitter at the adrenal medulla.

Transmission from the autonomic postganglionic nerves to the effector organs in the parasympathetic system also involves the release of acetylcholine. In the somatic nervous system, transmission at the neuromuscular junction (that is, between nerve fibers and voluntary muscles) is also cholinergic.

Noradrenaline and Adrenaline. If noradrenaline or adrenaline is the transmitter, the fiber is called adrenegic (epinephrine being another name for adrenaline). In the sympathetic system, noradrenaline mediates the transmission of impulses from post-ganglionic nerves to effector organs. A summary of the neuro mediators released and the type of receptors within the peripheral nervous system is shown in figure above. [Note: A few sympathetic fibers, such as those involved in sweating, are cholinergic; for simplicity, they are not shown on the diagram.]
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Diagram 3.2 Neurotransmitters of the efferent innervation
Lecture 3. CHOLINERGIC AGONISTS

Drugs affecting the autonomic nervous system are divided into two subgroups according to the type of neurons involved in their mechanism of action. The cholinergic drugs act on receptors that are activated by acetylcholine. The second group–the adrenergic drugs – act on receptors that are stimulated by noradrenaline or adrenaline. Both the cholinergic and adrenergic drugs act either by stimulating or blocking neurons of the autonomic nervous system.

The cholinergic neuron.

The preganglionic fibers terminating in the adrenal medulla, the autonomic ganglia (both parasympathetic and sympathetic), and the postganglionic fibers of the parasympathetic division use acetylcholine as a neurotransmitter. Cholinergic neurons innervate voluntary muscles of the somatic system and are also found in the CNS.

Neurotransmission at cholinergic neurons. Neurotransmission in cholinergic neurons involves six steps. The first four, synthesis, storage, release and binding of acetylcholine to a receptor, are followed by the fifth step, degradation of the neurotransmitter in the synaptic gap, and the sixth step, the recycling of choline.

d. Synthesis of acetylcholine. Choline is transported from the extracellular fluid into the cytoplasm of the cholinergic neuron by a carrier system that cotransport Na+ and can be inhibited by the drug Hemicholinium. Choline acetyltransferase (CAT) catalyzes the reaction of choline with acetyl CoA to form acetylcholine in cytosol.

e. Storage of acetylcholine in vesicles. The acetylcholine (AC) is packaged into vesicles by an active transport process. The mature vesicle not only contains AC but also adenosine triphosphate (ATP) and proteoglycan. The function of the latter substances in the nerve terminal is unknown.

f. Release of AC (Acetylcholine). When an action potential arrives at a nerve ending, voltage-sensitive Ca++ channels in the presynaptic membrane open, causing an increase in the concentration of intracellular Ca++. Elevated Ca++ levels promote the fusion of synaptic vesicles with the cell membrane and release of AC into the synapse. This release is blocked by Botulinum toxin. By contrast, black widow spider venom causes all of the cellular AC stored in synaptic vesicles to spill into the synaptic gap.

g. Binding to receptor. AC released from the synaptic vesicles diffuses across the synaptic space and binds to either postsynaptic receptors on the target cell or to presynaptic receptors in the membrane of the neuron that released the AC. Binding to the receptor leads to a biological response within the cell such as the initiation of a nerve impulse in a postganglionic fiber or activation of specific enzymes in effector cell as mediated by second messenger molecules.

h. Degradation of AC. The signal at the postjunctional effector site is rapidly terminated. This occurs in the synaptic cleft where acetylcholinesterase cleaves AC to choline and acetate.

i. Recycling of AC. Choline may be recaptured by a sodium-coupled high affinity uptake system that transports the molecule back into the neuron, where it is acetylated and stored until released by a subsequent action potential.

Cholinergic receptors

Two families of cholinergic receptors (cholinoreceptors), designated muscarinic and nicotinic receptors, can be distinguished from each other on the basis of their different affinities for agents that mimic the action of acetylcholine (cholinomimetic agents).

Muscarinic receptors. These receptors, in addition to binding AC, also recognize muscarine, an alkaloid that is present in certain poisonous mushrooms. By contrast, the muscarinic receptors show only a weak affinity for nicotine. Using binding studies and specific inhibitors, several subclasses of muscarinic receptors have been pharmacologically distinguished as M1, M2, M3, M4, and M5.

Locations of muscarinic receptors. The most important sites of location of the muscarinic receptors are (1) neuroeffector endings of the parasympathetic system. They have been also found (2) sweating glands innervated by sympathetic fibers, and (3) in the CNS. M1 receptors are found on gastric parietal cells, M2 receptors on cardiac cells and smooth muscle, and M3 receptors on exocrine glands and smooth muscle.

Muscarinic agonists and antagonists. Attempts are currently underway to develop muscarinic agonists and antagonists that are directed against specific receptor subtypes. For example, pirenzepine, a tricyclic anticholinergic drug, selectively inhibits M1 muscarinic receptors, such as in gastric mucosa. At therapeutic doses, pirenzepine does not cause many of the side effects seen with the non-subtype-specific drugs. Therefore, Pirenzepine may be useful in the treatment of gastric and duodenal ulcers. [Note: At the present time there are no clinically important agents that interact with the M4 and M5 receptors.]

Nicotinic receptors. These receptors, in addition to binding AC, also recognize nicotine but show only a weak affinity for muscarine. Nicotine initially stimulates and then blocks the receptor. Nicotinic receptors are located in the (1) CNS, (2) adrenal medulla, (3)autonomic ganglia, (4)neuromuscular junctions, and (5) in the carotid sinuses. The nicotinic receptors of autonomic ganglia differ from those of the neuromuscular junction. For example, ganglionic receptors are selectively blocked by Benzohexonium, whereas neuromuscular junction receptors are specifically blocked by Tubocurarine.

Direct-acting cholinergic agonists

Cholinergic agonists mimic the effects of acetylcholine (AC) by binding directly to cholinoreceptors. These agents are synthetic esters of choline, such as Carbachol, or naturally occurring alkaloids, such as Pilocarpine. All of the direct acting cholinergic drugs have longer duration of action than AC. [Note: Muscarinic receptors are located primarily, but not exclusively, at the neuroeffector junction of the parasympathetic nervous system.] However, as a group, the direct acting agonists show little specificity in their action, which limits their clinical usefulness.

Acetylcholine

Acetylcholine is a quaternary ammonium compound that cannot penetrate membranes. Although it is the neurotransmitter of parasympathetic and cholinergic nerves, it is therapeutically of no importance because of its multiplicity of action and its rapid inactivation by acetylcholinesterase. AC has both muscarinic and nicotinic activity. Its action include:

j. Decreased in heart rate and cardiac output: The action of AC on the heart mimic the effects of vagal stimulation. E.g., acetylcholine, if injected intravenously, produces a brief decrease in cardiac rate and stroke volume as a result of a reduction in the rate of firing at the sinoatrial (SA) node. [ Note: It should be remembered that normal vagal activity regulates the heart by the release of AC at the SA node.]

k. Decrease in blood pressure: Although no innervation of vasculature by the parasympathetic system exists, there are cholinergic receptors on the blood vessels that respond by causing vasodilation. Vasodilation is due to an acetylcholine-induced rise in intracellular Ca++ – caused by the phosphatidylinositol system – that results in the formation of nitric oxide (NO) from arginine in endothelial cells. [Note: NO is also known as endothelium-derived relaxing factor (EDRF).] In the absence of administered cholinergic agents, the vascular receptors have no known function, since AC is never released into the blood in any significant quantities. Atropine (see next lecture) blocks these muscarinic receptors and prevents AC from producing vasodilation.

l. Other actions: In the gastrointestinal tract, AC increases salivary secretion, and stimulates intestinal secretion and motility. Bronchiolar secretion is also stimulated. In the genitourinary tract, the tone of the uterine detrusor muscle is increased. In the eye, AC is involved in stimulating ciliary muscle contraction for near vision and in the constriction of the pupillae sphincter muscle, causing miosis (marked constriction of the pupil).

Carbachol
Carbachol has both muscarinic as well as nicotinic actions. Carbachol is an ester and a poor substrate for acetylcholinesterase. It is biotransformed by other esterases but at a much slow rate. A single administration can last as long as one hour.

Actions. Carbachol has profound on both cardiovascular system and the GI tract because of its ganglion-stimulating activity and may first stimulate and then depress these systems. It can cause release of epinephrine from the adrenal medulla by its nicotinic action. Locally instilled into the eye, it mimics the effects of AC, causing miosis.

Therapeutic uses. Because of its high potency and relatively long duration of action, Carbachol is rarely used therapeutically, except in the eye as a miotic agent to cause contraction of the pupil and decrease in intraocular pressure.

Adverse effects. At doses used ophthalmologically, there are little to no side effects.

Pilocarpine

The alkaloid pilocarpine is a tertiary amine and is stable to hydrolysis by acetyl-cholinesterase. Compared with AC and its derivatives, it is far less potent. Pilocarpine exhibits muscarinic activity and is primarily used in ophthalmology.

Actions. Applied topically to the cornea, pilocarpine produces a rapid miosis and con-traction of the ciliary muscle. The eye undergoes a spasm of accommodation, and vision is fixed at some particular distance, making it impossible to focus. Pilocarpine is one of the most potent stimulators of secretions such as sweat, tears, and saliva, but it is not used for this purpose.

Therapeutic uses. Pilocarpine is a drug of choice in the emergency lowering of intraocular pressure of both narrow-angle (also called closed-angle) and wide-angle (also called open-angle) glaucoma. Pilocarpine is extremely effective in opening the trabecular meshwork around Schlemm’s canal, causing an immediate drop in intraocular pressure as a result of the increased drainage of aqueous humor. This action lasts up to 1 day and can be repeated. Cholinesterase inhibitors, such as Phosphacol, have longer duration of action. [Note: Carbonic anhydrase inhibitor Acetazolamide, the (-adrenergic blocker, timolol, and adrenaline are effective in treating glaucoma chronically but are not used for the emergency lowering of intraocular pressure.]

Adverse effects. Pilocarpine can enter the brain and cause CNS disturbances. It stimulates profuse sweating and salivation.

Anticholinesterases (reversible)

Acetylcholinesterase is an enzyme that specifically cleaves acetylcholine (AC) to acetate and choline. It is located in the nerve terminal, where it is membrane bound. Inhibitors of acetylcholinesterase indirectly provide cholinergic action by prolonging the lifetime of AC. This results in accumulation of AC in the synaptic space. These drugs can thus provoke a response at all cholinoreceptors in the body, including both muscarinic and nicotinic recep-tors of the autonomic nervous system as well as the neuromuscular junction and the brain.

Physostigmine

Physostigmine is an alkaloid (a nitrogenous compound found in plants) and a tertiary amine. It is a substrate for acetylcholinesterase, and forms a relatively stable enzyme-substrate intermediate that reversibly inactivates acetylcholinesterase. The result is potentiation of cholinergic activity throughout the body.

Action. Physostigmine has a wide range of actions because it stimulates not only muscarinic and nicotinic sites of the autonomic nervous system but also the nicotinic receptors of the neuromuscular junction. Its duration of action is about 2-4 hours. Physostigmine can enter and stimulate the CNS.

Therapeutic uses. The drug increases intestinal and bladder motility, which serve as its therapeutic action in atony of either organ. Placed topically in the eye, it produces miosis and spasm of accommodation and a lowering of intraocular pressure. It is used to treat glaucoma, but pilocarpine is more effective. Physostigmine is also used in the treatment of overdoses of drugs with anticholinergic actions such as atropine, phenothiazine, and tricyclic antidepressants.

Adverse effects. The effects of Physostigmine on the CNS may lead to convulsions when high doses are used. Bradycardia may also occur. Inhibition of acetylcholinesterase at the skeletal neuromuscular junction causes the accumulation of AC and ultimately results in paralysis of skeletal muscle. However, these effects are rarely seen with therapeutic doses.

Neostigmine

Neostigmine is a synthetic compound that reversibly inhibits acetylcholinesterase as does physostigmine. Unlike physostigmine, Neostigmine is more polar and therefore does not enter the CNS. Its effect on skeletal muscle is greater than that of physostigmine, and it can stimulate contractility before it paralyzes. Neostigmine has a moderate duration of action, usually 2-4 hours. It is used to stimulate the bladder and GI tract, and is also used as anti-dote for Tubocurarine and other competitive neuromuscular blocking agents. Neostigmine has found use in symptomatic treatment of myasthenia gravis, an autoimmune disease caused by antibodies to the nicotinic receptors that bind to the AC receptors of neuromuscular junctions. This causes their degradation, and thus makes fewer receptors available for interaction with neurotransmitter. Adverse effects of Neostigmine include the actions of generalized cholinergic stimulation, such as salivation, flushing, decreased blood pressure, nausea, abdominal pain, and bronchospasm.

Pyridostigmine

Pyridostigmine is another cholinesterase inhibitor that is used in the chronic management of myasthenia gravis. Its duration of action (3-6 hours) is longer than that of Neostigmine.

Anticholinesterases (irreversible)

A number of synthetic organophosphate compounds have the capacity to bind covalently to acetylcholinesterase. The result is a long lasting increase in AC at all sites where it is released. Many of these drugs are extremely toxic and were developed by the military as nerve agents. Related compounds such as Parathion, Chlorophos are insecticides.

Armine

Mechanism of action. Armine is an organophosphate that covalently binds to the active site of acetylcholinesterase. Once this occur, the enzyme is permanently inactivated, and restoration of acetylcholinesterase activity requires the synthesis of new enzyme molecules. Following covalent modification of acetylcholinesterase, the phosphorylated enzyme slowly release one of its alkyl groups. The loss of an alkyl group, which is called aging, makes it impossible for chemical reactivators, such as Pralidoxime or Dipiroxime (see below), to break the bond between the remaining drug and the enzyme. Newer nerve agents, available to the military, age in minutes or seconds. Armine ages in several hours.

Actions. Actions include generalized cholinergic stimulation, paralysis of motor function (causing breathing difficulties), and convulsions. Armine produces intense miosis and thus has found therapeutic use. Atropine in high dosage can reverse many of the muscarinic and central effects of organophosphate compounds.

Therapeutic uses. An ophthalmic solution of the drug is used topically in the eye for the chronic treatment of open-angle glaucoma. The effect can last for up to one week after a single administration.

Reactivation of acetylcholinesterase. Dipiroxime, Pralidoxime (PAM) are synthetic compounds that can reactivate inhibited acetylcholinesterase. The presence of a charged group allows it to approach an anionic site on the enzyme where it is essentially displaces the organophosphate and regenerates the enzyme. If given before aging of the alkylated enzyme occurs, it can reverse the effects of armine except for those for CNS. With the newer nerve agents, which produce aging within seconds, reactivators are less effective.

Available forms:

Aceclidine – in ampoules 0,2 % solution 1 and 2 ml each

Arminum – in bottles 0,01 % solution 10 ml each

Dipiroxime – in ampoules 15 % solution 1 ml each 

Neostigmine – in tablets 0,015 each; in ampoules 0,05 % solution 1 ml each

Physostigmine – in bottles 0,25 % solution 5 ml each

Pilocarpine – in bottles 1 % and 2 % solution 5 and 10 ml each

Lecture 4. CHOLINERGIC ANTAGONISTS

The cholinergic antagonists (also called cholinergic blockers or anticholinergic drugs) bind to cholinoreceptors but do not trigger the usual receptormediated intracellular effects. The most useful of these agents selectively the muscarinic synapses of the parasympathetic nerves. The effects of parasympathetic innervation are thus interrupted, and the actions of sympathetic stimulation are left unopposed. A second group of drugs interfere with cholinergic transmission primary in the CNS and are used in Parkinson’s disease. A third group, the ganglionic blockers, show a preference for the nicotinic receptors of the sympathetic and parasympathetic ganglia. A fourth family of compounds, the neuromuscular blocking agents, interfere with transmission of efferent impulses to skeletal muscles.

ANTIMUSCARINIC AGENTS

These agents, for example, atropine and scopolamine, block muscarinic receptors causing inhibition of all muscarinic function. In addition, these drugs block the few exceptional sympathetic neurons that are cholinergic, such as those innervating sweat glands. In contrast to cholinergic agonists, which have limited usefulness therapeutically, the cholinergic blockers are beneficial in a variety of clinical situations. Because they do not block nicotinic receptors, the antimuscarinic drugs have little or no action at skeletal neuromuscular junctions or autonomic ganglia.

Atropine

Atropine, a belladonna alkaloid, has a high affinity for muscarinic receptors, where it binds competitively, preventing acetylcholine (AC) from binding to that site. Atropine is both a central and peripheral muscarinic blocker. Its general actions last about 4 hours except when placed topically in the eye, where the action may last for days.

Actions:
m. Eye: Atropine block all cholinergic activity on the eye (diag. 3.3), resulting in mydriasis (dilation of the pupil), unresponsiveness to light and cycloplegia (inability to focus for near vision). In patients with glaucoma, intraocular pressure may rise dangerously. Locally applied atropine produces ocular effects of considerable duration; accommodation and papillary reflexes may not fully recover for 7 to 12 days.

n. Gastrointestinal (GI): Atropine can be used as an antispasmodic to reduce activity of GI tract. Atropine and scopolamine are probably the most potent drugs available that produce this effect. Although gastric motility is reduced, hydrochloric acid production is not significantly affected. Thus, the drug is not effective in promoting healing of peptic ulcer. [Note: Pyrenzipine, an M1-muscarinic antagonist, does reduce gastric acid secretion at doses that do not antagonize other systems.]

o. Urinary system: Atropine is also employed to reduce hypermotility states of the urinary bladder. It is still occasionally used in enuresis (involuntary voiding of urine) among children but (-adrenergic agonists may be more effective with fewer side effects.

p. Cardiovascular: Atropine produces divergent effects on the cardiovascular system, depending on the dose. At low doses the predominant effect is a decreased cardiac rate (bradycardia). Originally thought to be due to central activation of vagal efferent outflow, newer data indicate that the effect results from blockade of the M1 receptors on the inhibitory prejunctional neurons, thus permitting increased AC release. With higher doses of atropine, the cardiac receptors on the SA node are blocked, and the cardiac rate increases modestly (tachycardia). This generally requires at least 1 mg of atropine, which is a higher dose than ordinary given. Arterial blood pressure is unaffected.
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Diagram 3.3 Dose-dependent effects of atropine
q. Secretions: Atropine blocks the salivary glands to produce a drying effect on the oral mucous membranes (xerostomia). The salivary glands are exquisitely sensitive to atropine. Sweat and lacrimal glands are also affected. Inhibition of secretions by the former can cause elevated body temperature.

Therapeutic uses:
r. Ophthalmic: In the eye, topical atropine exerts both mydriatic and cycloplegic effects and permits the measurement of refractive errors without interference by the accommodative capacity of the eye. Atropine may induce an attack in individuals with narrow angle glaucoma.

s. Antispasmodic agent: Atropine is used as antispasmodic agent to relax the GI tract and bladder.

t. As antidote for cholinergic agonists: Atropine is used for the treatment of organophosphate (contained in certain insecticides) and some types of mushroom poisoning (certain mushrooms contain cholinergic substances). Its ability to enter CNS is of particular importance. Atropine blocks the effects of excess acetylcholine (AC) that results from inhibition of acetylcholinesterase by drugs such as physostigmine.

u. Anti-secretory agent: The drug is sometimes used to block secretions in the upper and lower respiratory tracts prior to surgery.

Pharmacokinetics. Atropine is readily absorbed, partially metabolized in the liver, and is eliminated primarily in the urine. It has a half-life of about 4 hours.

Adverse effects. Depending on the dose, atropine may cause dry mouth, blurred vision, “sandy eyes”, tachycardia, and constipation. Effects on the CNS include rest-lessness, confusion, hallucination, and delirium, which may progress to depression, collapse of the circulatory and respiratory systems and death (see 
diag. 3.3). In older individuals, the use of atropine to induce mydriasis and cycloplegia is considered too risky since it may exacerbate an attack of glaucoma in someone with a latent condition.
Scopolamine

Scopolamine, another belladonna alkaloid, produces peripheral effects similar to those of atropine. However, scopolamine has greater action on the CNS and a longer duration of action in comparison to those of atropine. It has some special actions indicated below.

Actions. Scopolamine is one of the most effective anti-motion sickness drug available. Scopolamine also has the unusual effect of blocking short-term memory. In contrast to atropine, scopolamine produces sedation, but at higher doses can instead produce excitement.

Therapeutic uses. Though similar to atropine, its therapeutic use is limited to prevention of motion sickness (for which scopolamine is particularly effective) and blocking of short-term memory. [Note: As with all such drugs used for this condition, it is much more effective prophylactically than for treating motion sickness after it occurs. The amnesic action of scopolamine is sometimes made use of in anesthetic procedures.]

Pharmacokinetic and Adverse effects. These aspects are similar to those of atropine.
Other compounds

An alkaloid Platyphylline is a naturally occurring tertiary amine found in plants. Platyphylline is less potent than Atropine. Its use has been limited chiefly to gastrointestinal diseases where it is administered as antispasmodic agent.

Homatropine, a quaternary ammonium compound, is available in an ophthalmic solution. Applied topically in the eye, Homatropine produces ocular effects similar to those of Atropine (pupillary dilation and loss of accommodation). Compared with Atropine, its duration of action is shorter (15-20 H).

Methacine is a quaternary ammonium derivative and therefore lacks the central actions. Other pharmacological properties are similar to those of Atropine. Methacine is used parenterally and enterally.

Ipratropium bromide, a quaternary derivative of Atropine, produces effects that are similar to those of atropine when each agent is administered parenterally. These include bronchodilation, tachycardia, and inhibition of salivary secretion. Although Ipratropium lacks appreciable effect on the CNS. When Ipratropium is inhaled, the actions are confined almost exclusively to the airways. Even when administered in amounts many times the recommended dosage, little or no change occurs in heart rate, blood pressure, bladder function, intraocular pressure, or pupillary diameter. This selectively results from the very inefficient absorption of the drug from the lungs or the GI tract. Ipratropium is useful in treating asthma and chronic obstructive pulmonary disease in patients unable to take adrenergic agonists.
Pyrenzipine hydrochloride is a tricyclic drug, similar in structure to Imipramine. In contrast to the classic anticholinergics, Pirenzepine has selectivity for M1-receptors and was initially shown to have greater gastrointestinal selectivity than other muscarinic antagonists. Pirenzepine suppresses basal and stimulated gastric acid secretion at doses having a minimal effect on salivary glands, the heart and eye.

Centrally acting antimuscarinic drugs

The belladonna alkaloids and related antimuscarinic agents have long been used in the treatment of Parkinson’s disease. Parkinson’s disease is a progressive neurologic disorder of muscle movement, characterized by tremor, muscular rigidity, and brady-kinesia (slowness in initiating and carrying out voluntary movements). The disease is correlated with a reduction in the activity of dopaminergic neurons in the substantia nigra and corpus striatum – parts of the brain basal ganglia system that are responsible for motor control. The substantia nigra, part of the extrapyramidal system, is the source of dopaminergic neurons that terminate in the striatum. Dopaminergic system serves as a tonic, sustaining influence on motor activity, rather than participating in specific movements. Cells of the substantia nigra sends neurons to the striatum, secreting the inhibitory transmitter dopamine at their termini (diag. 3.4).
In turn, the striatum is connected to the substantia nigra by neurons that secrete the inhibitory transmitter GABA at their termini in the substantia nigra. This mutual inhibi-tory pathway normally maintains a degree of the two separate areas. Nerve fibers from the cerebral cortex and thalamus secrete acetylcholine (AC) in the neostriatum, causing excitatory effects. In Parkinson’s disease, destruction of cells in the substantia nigra results in the degeneration of neurons responsible for the secreting dopamine in the neostriatum.
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Diagram 3.4 Relations of synapses of the extrapyramidal system
Consequently, the decrease in dopaminergic activity results in a relative excess of cholinergic influence. The symptoms of parkinsonism reflect an imbalance between the excitatory cholinergic neurons and the greatly diminished number of inhibi-tory dopaminergic neurons. Strategy for the treatment is aim to restore dopamine in the basal ganglia and antagonizing the excitatory effect of cholinergic neurons, thus reestablishing the correct dopamine/acetylcholine balance.

Anticholinergic drugs play only an adjuvant role in antiparkinsonian therapy (they are much less efficacious than dopaminergic agonists). Currently available antiparkinsonian muscarinic antagonists (Cyclodolum, Amizylum etc.) qualitatively resemble the belladonna alkaloids in its pharmacological action and side effects.
Poisoning by belladonna alkaloids

The deliberate or accidental ingestion of belladonna alkaloids or other classes of drugs with atropinic properties is a major cause of poisonings. Infants and young children are especially susceptible to the toxic effects of atropinic drugs. Indeed, many cases of intoxication in children have resulted from conjunctival instillation of atropine eye-drops. Serious intoxication may occur in children who ingest berries or seeds containing belladonna alkaloids. The diagnosis of atropine poisoning is suggested by the wide-spread paralysis of parasympathetic innervation – dry mouth, mydriasis, blurred vision, hot dry skin, and, in addition, hyperreexia, excitement, hallucinations, delirium and later, cerebral depression and coma. As it was described with characteristic American verbal felicity – “hot as a hare, blind as a bat, dry as a bone, red as a beet and mad as a hen”.

The treatment of atropine (and other anticholinergic drugs) poisoning is on general lines. Measures to limit intestinal absorption should be initiated without delay if the poison has been taken orally. For symptomatic treatment, anticholinesterase drug (physostigmine) is the rational therapy. This agent enters the central nervous system and reverses both the central and peripheral effects. Physostigmine 1-4 mg i.v. or i.m. is effective, though it may need repeating, as its action (1-2 hours) is shorter than that of atropine. If marked excitement is present, diazepam is the most suitable agent for sedation and for control of convulsion. Ice bags and alcohol sponges help to reduce fever, especially in children.

AGENTS ACTING ON THE NICOTINIC RECEPTORS

Several drugs have their major action the interruption of transmission of the nerve impulses at the skeletal neuromuscular junction and/or autonomic ganglia. These agents can be classified together, since they interact with a common family of receptors; these receptors are called nicotinic cholinergic, since they are stimulated by both the natural transmitter acetylcholine and the alkaloid nicotine. Distinct subtypes of nicotinic receptors exist at the neuromuscular junction and the ganglia, and two groups of phar-macological agents discriminate between them (ganglionic blockers and neuromuscular blocking agents).

GANGLIONIC BLOCKERS

Ganglionic blockers specifically act on the nicotinic receptors of the autonomic ganglia. These drugs show no selectivity towards the parasympathetic or sympathetic ganglia and are not effective as neuromuscular antagonists. Thus, these drugs block the entire output of the autonomic nervous system at the nicotinic receptor. The responses observed are complex and can be anticipated by knowing which division of the autonomic nervous system exercises dominant control of various organs (table 3.2).

Table 3.2

Usual predominance of adrenergic or cholinergic tone at various effector sites, with consequent effects of autonomic ganglionic blockade

	Site
	Predominant tone
	Effect 

	Arterioles

Veins

Heart

Iris

Ciliary muscle

GI tract

Urinary bladder

Salivary glands

Sweat glands
	Sympathetic(adrenergic)

Sympathetic(adrenergic)

Parasympathetic(cholinergic)

Parasympathetic(cholinergic)

Parasympathetic(cholinergic)

Parasympathetic(cholinergic)

Parasympathetic(cholinergic)

Parasympathetic(cholinergic)

Sympathetic(adrenergic)
	Vasodilation; increased peripheral blood flow; hypotension

Dilation; peripheral pooling of blood; decreased venous return; decreased cardiac output

Tachycardia

Mydriasis

Cycloplegia

Reduced tone and motility; constipation

Urinary retention

Xerostomia

Anhidrosis 


Actions:

v. Cardiovascular system: Blockade of sympathetic ganglia interrupts adrenergic control of arterioles and results in vasodilation, improved peripheral blood flow, and a fall in blood pressure. Venous return decreases resulting from venous dilation and peripheral pooling of blood. In patients with cardiac failure, ganglionic blockade results in increased cardiac output due to a reduction in peripheral resistance. Blood flow to the hands and feet may increase and skin temperature in the limbs is elevated.

w. Other effects: Generalized ganglionic blockade may results also in atony of the bladder and GI tract, cycloplegia, xerostomia, diminished perspiration. These changes represent the generally undesirable feature, which limits the therapeutic use of the ganglionic blockers.

Pharmacokinetics. Ganglionic blocking agents are divided chemically into bisquaternary and tertiary amines. The absorption of quaternary ammonium compounds from the enteric tract is incomplete and unpredictable (Benzohexonium, Pentamine). Therefore, they are administered parenterally. According to the duration of action, ganglionic blockers are classified into:

· short-acting drugs – 15 to 20 minutes (Trimethaphan (Arfonad), Hygronium)

· intermediate-acting drug – up to 6 hours (Benzohexonium, Pentamine, Pachycarpine)

· long-acting drug – 6 to 12 hours (Pirilen)

Therapeutic uses.
Trimethaphan (Arfonad) is a short-acting ganglionic blocker that must be given by i.v. infusion. Today, the drug is used for the emergency lowering of blood pressure, for example, in hypertension caused by pulmonary edema or dissecting aortic aneurysm. Also it is used to produce controlled (moment-to-moment) hypotension in anesthesia.

Benzohexonium and Pentamine act longer and are generally used in the treatment of moderately severe to severe hypertension.

Pirilen is useful for the long-term treatment of severe hypertension and peripheral vascular disease.

Pachycarpine has an additional specific property to stimulate myometrium and accelerate parturition.

NEUROMUSCULAR BLOCKING DRUGS

This drugs block cholinergic transmission between motor nerve ending and the nicotinic receptors on the neuromuscular end-plate of skeletal muscle. These neuromuscular blockers are structural analogs of acetylcholine (AC) and act either as antagonists (non-depolarizing type) or agonists (depolarizing type) at the receptors on the end-plate of the neuromuscular junction. Neuromuscular blockers are clinically useful during surgery to produce complete muscle relaxation, without having to employ higher anesthetic doses to achieve comparable muscular relaxation. A second group of muscle relaxants, the central muscle relaxants, are used to control spastic muscle tone. These drugs include diazepam (which binds at GABA receptors in the CNS), Dantrolene (which act directly on muscles by interfering with the release of Ca++ from the sarcoplasmic reticulum), and Baclofen (which probably acts at GABA receptors in the CNS).

Nondepolarizing (competitive) blockers
The first drug that was found capable of blocking the skeletal neuromuscular junction was curare, which the native hunters of the Amazon in South America used to paralyze game. The drug tubocurarine was ultimately purified and introduced into clinical practice in the early 1940s. The neuromuscular blocking agents have significantly increased the safety of anesthesia, since less anesthetic is required to produce muscle relaxation.

Mechanism of action. Nondepolarizing neuromuscular blocking drugs combine with the nicotinic receptor and prevent the binding of ACh. These drugs prevent depolarization of the muscle cell membrane and inhibit muscular contraction. Because these agents compete with ACh at the receptors, they are called competitive blockers. Their action can be overcome by increasing the concentration of ACh in the synaptic gap, e.g. by administration of cholinesterase inhibitors such as neostigmine. Anesthesiologists often employ this strategy to shorten the duration of the neuromuscular blockade.

Actions. Not all muscles are equally sensitive to blockade by competitive blockers. Small, rapidly contracting muscles of the face and eye are most susceptible and are paralyzed first, followed by the fingers. Thereafter the limbs, neck, and trunk muscles are paralyzed, then the intercostal muscles are affected, and lastly, the diaphragm muscles are paralyzed.

Therapeutic uses. These blockers are used therapeutically as adjuvant drugs in anes-thesia during surgery to relax skeletal muscle.

Pharmacokinetics. All neuromuscular blocking agents are injected i.v. since their uptake via oral absorption is minimal. They penetrate membranes very poorly and do not enter cells or cross the blood-brain barrier. Many of the drugs are not metabolized; their actions are terminated by redistribution. For example, tubocurarine and pancuronium are excreted in the urine unchanged. Atracurium is degraded spontaneously in the plasma and by ester hydrolysis. The aminosteroid drug vecuronium is deacetylated in the liver, and their clearance may be prolonged in patients with hepatic disease.

Drug interaction:
x. Cholinesterase inhibitors. Drugs such as neostigmine and physostigmine can over-come the action of nondepolarizing neuromuscular blockers, but with increased dosage, can cause a depolarizing block as a result of elevated ACh concentration at the end-plate membrane.

y. Halogenated hydrocarbon anesthetics. Drugs such as halothane act to enhance neuromuscular blockade by exerting a stabilizing action at the neuromuscular junction.

z. Aminoglycoside antibiotics. Drugs like gentamicin or tobramycin inhibit acetyl-choline release from cholinergic nerves by competing with calcium ions. They synergize with tubocurarine and other competitive blockers, enhancing the blockade.

aa. Calcium channel blockers. These agents may increase the neuromuscular block of competitive blockers as well as depolarizing blockers.

Depolarizing blockers

Mechanism of action. The depolarizing neuromuscular blocking drug, succinyl-choline (Dithyline), attaches to the nicotinic receptor and acts like ACh to depolarize the junction. Unlike acetylcholine, which is instantly destroyed by acetylcholinesterase, the depolarizing agent persists at high concentrations in the synaptic cleft, remaining attached to the receptor for a relatively long time, and providing a constant stimulation of the receptor. The depolarizing agent first causes the opening of the sodium channel associated with the nicotinic receptor, which results in depolarization (Phase I). This leads to a transient twitching of the muscle (fasciculations). The continued binding of the depolarizing agent renders the receptor incapable of transmitting further impulses. With time, the continuous depolarization gives way to gradual repolarization as the sodium channel closes or is blocked. This causes a resistance to depolarization (Phase II) and a flaccid paralysis.

Actions. The sequence of paralysis may be slightly different, but as is seen with the competitive blockers, the respiratory muscles are paralyzed last. Succinylcholine initially produces short-lasting muscle fasciculations, followed within a few minutes by paralysis. Normally, the duration of action of succinylcholine is extremely short, since this drug is rapidly broken down by plasma cholinesterase.

Therapeutic uses. Because of its rapid onset and short duration of action, succinyl-choline is useful when rapid endotracheal intubation is required during the induction of anesthesia (a rapid action is essential if aspiration of gastric contents is to be avoided during intubation). It is also employed during electroconvulsive shock treatment.

Pharmacokinetics. Succinylcholine is injected i.v. Its brief duration of action (several minutes) results from rapid hydrolysis by plasma cholinesterase.

Adverse effects:
ab. Hyperthermia: When halothane is used as anesthetic, administration of succinylcholine has occasionally caused malignant hyperthermia (with muscular rigidity and hyperpyrexia) in genetically susceptible people. This is treated by rapidly cooling the patient and by administration of dantrolene, which blocks release of Ca++ from the sarcoplasmic reticulum of muscle cells, thus reducing heat production and relaxing muscle tone.

ac. Apnea: A genetically related deficiency of plasma cholinesterase or presence of an atypical form of the enzyme can lead to apnea due to paralysis of the diaphragm.

Available forms:

Atropine sulfate – in ampoules 0,1 % solution 1 ml each; in tablets 0,0005 

Benzohexonium – in tablets 0,1 and 0,25 each; in ampoules 2,5 % solution

Diplacini dichloridum – in ampoules 2 % solution 5 ml each

Dithylinum – in ampoules 2 % solution 5 and 10 ml each

Hygronium – in bottles and ampoules 0,1 each (to dilute in physiologic solution)

Ipratropium bromide – in aerosol 15 ml each

Pachycarpini hydroiodidum – in tablets 0,1 each; in ampoules 3 % solution 2 ml each

Platyphyllinum – in tablets 0,005 each; in ampoules 0,2 % solution 1 ml 

Pyrenzipine – in tablets 0,025 and 0,05 each

Scopolamine – in ampoules 0,05 % solution 1 ml each

Tubocurarine chloride – in ampoules 1 % solution 1,5 ml each


Lecture 5. ADRENERGIC AGONISTS

The adrenergic drugs affect receptors that are stimulated by Noradrenaline (Norepinephrine) or Adrenaline (Epinephrine). This lecture describes agents that either directly or indirectly stimulate the adrenoreceptors.

The adrenergic neuron. Adrenergic neurons release Noradrenaline as the neurotransmitter. These neurons are found in the CNS, and also in the sympathetic nervous system where they serve as links between ganglia and effector organs. The adrenergic receptors located either pre-synaptically on the neuron or postsynaptically on the effector organ are the sites of action of the adrenergic drugs.
Neurotransmission at adrenergic neurons. Neurotransmission in adrenergic neurons closely resembles that already described for the cholinergic neurons, except that Noradrenaline is the neurotransmitter instead of acetylcholine. Neurotransmission takes place at numerous beadlike enlargements called varicosities; the process involves five steps: the synthesis, storage, release, and receptor binding of the Noradrenaline, followed by removal of the neurotransmitter from the synaptic gap (diag. 3.5).
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Diagram 3.5 Neurotransmission at adrenergic neurons

Synthesis of noradrenaline. Tyrosine is transported by Na+-linked carrier into the axoplasm of the adrenergic neuron, where it is hydroxylated to dihydroxyphenylalanine (DOPA) by tyrosine hydroxylase. This is the rate-limiting step in the formation of Noradrenaline. DOPA is decarboxylated to form Dopamine.

Storage of noradrenaline in vesicles. Dopamine is transported into synaptic vesicles by an amine transporter system. This carrier system is blocked by Reserpine. In vesicles, Dopamine is hydroxylated to form Noradrenaline by the enzyme, dopamine (-hydroxylase. In the adrenal medulla, Noradrenaline is methylated to yield adrenaline. On stimulation, the adrenal medulla release about 85 % Adrenaline and 15 % Noradrenaline.

Release of noradrenaline. An action potential arriving at the nerve junction triggers an influx of Ca++ from the extracellular fluid into the sarcoplasm of the neuron. This causes vesicles to fuse with cell membrane and expel their content into the synapse. This release is blocked by drugs such as Guanethidine.

Binding by receptor. Noradrenaline released from the synaptic vesicles diffuses across the synaptic space and binds to either postsynaptic receptors on the effector organ or to presynaptic receptors on the nerve ending. The recognition of Noradrenaline by the membrane receptors triggers a cascade of events with in the cell, resulting in the formation of intracellular second messengers that act as links (transducers) in the communication between the neurotransmitter and the action generated within the effector cell. Adrenergic receptors use both the cyclic adenosine monophosphate (cAMP) second messenger system and the phosphoinositide cycle.

Removal of noradrenaline. Noradrenaline may (1) diffuse out of the synaptic space and enter the general circulation, (2) be metabolized to O-methylated derivatives by post-synaptic cell membrane-associated catechol O-methyltransferase (COMT) in the synaptic space, or (3) be recaptured by an uptake system that pulls the Noradrenaline back into the neuron. The uptake by the neuronal membrane involves a Na+-K+ activated ATPase that can be inhibited by tricyclic antidepressants such as Imipramine, or by Cocaine.

Potential fates of recaptured noradrenaline. Once the Noradrenaline reenters the cytoplasm it may be taken up into vesicles via the amine transporter system and be sequestered for release by another action potential. Alternatively, Noradrenaline can be oxidized by monoamine oxidase (MAO) present in neuronal mitochondria. The inactive products of Noradrenaline metabolism are excreted in the urine as vanillylmandelic acid (VMA), Metanephrine and Normetanephrine.

Adrenergic receptors. In the sympathetic nervous system, several classes of adrenoreceptors can be distinguished pharmacologically. Two families of receptors, designated ‘(’ and ‘(’, were initially identified on the basis of their responses to the adrenergic agonists, Adrenaline, Noradrenaline, and Isoproterenol. The use of the specific blocking drugs and the cloning of genes have revealed the molecular identities of a number of subtypes. Alteration in the primary structure of the receptors influence their affinity for various agents.

(1 and (2 receptors. The ( receptors show a weak response to the synthetic agonist isoproterenol, but are responsive to the naturally occurring catecholamines, adrenaline, and noradrenaline. For ( receptors the rank order of potency is:

Adrenaline ≥ Noradrenaline >> Isoproterenol
The ( adrenoreceptors are subdivided into two groups, (1 and (2 , based on their affinities for ( agonists and blocking drugs. For example, the (1 receptors have a higher affinity for Phenylephrine than do the (2 receptors. Conversely, the drug Clonidine selectively binds to (2 receptors, and has less effect on (1 receptors.

ad. (1 receptors. These receptors are present on the postsynaptic membrane of the effector organs and mediate many of the classic effects, originally designated as (- adrenergic, involving constriction of smooth muscle.

ae. (2 receptors. These receptors, located primarily on presynaptic nerve ending and on other cells, such as the ( cells of the pancreas, control adrenergic neuro-mediator and insulin output, respectively. When a sympathetic adrenergic nerve is stimulated, the released Noradrenaline traverses the synaptic cleft and interact with the (1 receptor. A portion of released Noradrenaline “circles back” and reacts with the (2 receptors on the presynaptic membrane. The stimulation of the (2 receptors causes feedback inhibition of the ongoing release of Noradrenaline from the stimulated neuron. This inhibitory action decreases further output from the adrenergic neuron and serves as a local modulating mechanism for reducing sympathetic neuro-mediator output when there is high sympathetic activity.

( receptors. ( receptors exhibit a set responses different from those of the ( receptors. These are characterized by a strong response to Isoproterenol, with less sensitivity to Adrenaline and Noradrenaline. For ( receptors, the rank order of potency is:
Isoproterenol > Adrenaline > Noradrenaline
The ( receptors can be subdivided into two major groups, (1 and (2 based on their affinities for adrenergic agonists and antagonists. (1 receptors have approximately equal affinities for Adrenaline and Noradrenaline, whereas (2 receptors have a higher affinity for Adrenaline than for Noradrenaline. Thus, tissues with a predominance of (2 receptors (such as the vasculature of skeletal muscle) are particularly responsive to the hormonal effects of circulating Adrenaline released by the adrenal medulla.

Distribution of receptors. Adrenergic innervated organs and tissues tend to have a predominance of one type of receptor. For example, tissues such as vasculature to skeletal muscle have both (1 and (2 receptors, but (2 receptors predominate. Other tissues may have one type of receptors exclusively, with practically no significant num-bers of other type of adrenergic receptors. For example, the heart contains predominantly (1 receptors.

Characteristic responses mediated by adrenoreceptors. It is useful to organize the physiologic responses according to the receptor type, since many drugs preferentially stimulate or block one type of receptor. As a generalization, stimulation of (1 receptors characteristically produces vasoconstriction (particularly in skin and abdominal viscera) and an increase in total peripheral resistance and blood pressure (table 3.3).
Table 3.3
Effects of adrenoreceptors stimulation

	Effects
	Type of receptor

	
	α1
	α2
	β1
	β2

	
	Vasoconstriction

Increased peripheral resistance

Increased blood pressure

Bronchodilation

Mydriasis

Increased closure of internal sphincter of the bladder
	Inhibition of noradrenaline release

Inhibition of insulin release
	Tachycardia

Increased lipolysis

Increased myocardial contractility
	Vasodilation
Slightly decreased peripheral resistance

Increased glycogenolysis

Increased release of glucagon

Relaxed uterine smooth muscle


Conversely, stimulation of (1 receptors characteristically causes cardiac stimulation, while (2 produces vasodilation (in skeletal vascular beds), and bronchiolar relaxation.

ADRENERGIC AGONISTS

Most of adrenergic drugs are derivatives of (-phenylethylamine. Substitutions on the benzene ring or on the ethylamine side chains produce a great variety of compounds with varying abilities to differentiate between ( and ( receptors and to penetrate the CNS. Two important structural features of these drugs are the number and location of OH substitutions on the benzene ring and the nature of the substituent on the amino nitrogen.
       HO
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Catechol
Catecholamines. Sympathomimetic amines that contain the 3,4-dihydrobenzene group (such as, Adrenaline, Noradrenaline, Isoproterenol, and Dopamine) are called catecholamines. [Note: 1,2-dihydrobenzene is catechol.] These compound share the following properties:

High potency. Drugs that are catechol derivatives show the highest potency in activation ( or ( receptors.

Rapid inactivation. Not only are the catecholamines metabolized by COMT postsynaptically and by MAO intra-neuronally, but they are also metabolized in other tissues. For example, COMT is in the gut wall and MAO is in the liver and gut wall. Thus catecholamines have only a brief period of action when given parenterally, and are ineffective when administered orally.

Poor penetration into the CNS. Catecholamines are polar and therefore do not readily penetrate into the CNS. Nevertheless, most of these drugs have some clinical effects (anxiety, tremor, headaches) that are attributable to action on the CNS.

Non-catecholamines. Compounds lacking the catechol hydroxyl groups have longer half-lives, since they are not inactivated by COMT. These include Phenylephrine (Mesaton), Ephedrine, and Amphetamine. Increased lipid solubility of many of the non-catecholamines permits greater access to the CNS. These compounds may act indirectly by causing the release of stored catecholamines.

Substitution on amine nitrogen. The nature of the substituent on the amine nitrogen is important in determining the ( selectivity of the adrenergic agonist. For example, Adrenaline with a –CH3 substituent is more potent at ( receptors than Noradrenaline. Similarly, Isoproterenol with an isopropyl substituent –CH(CH3)2 on the amine nitrogen, is a strong ( agonist with little ( activity.

Mechanism of action.
· Direct-acting agonists. These drugs act directly on ( or ( receptors, producing effects similar to those that occur following stimulation of sympathetic nerves or release of the hormone Adrenaline from the adrenal medulla. Examples direct acting agonists include Adrenaline, Noradrenaline, Isoproterenol, and Phenylephrine.

· Indirect-acting agonists. These agents (e.g. Amphetamine) are taken up into the presynaptic neuron and cause the release of Noradrenaline from the cytoplasmic pools or vesicles. As with neuronal stimulation, the Noradrenaline traverses the synapse and binds to the ( or ( receptors.

· Mixed-acting agonists. Some agonists, such as Ephedrine, have the capacity both to direct stimulate adrenoreceptors and to release Noradrenaline from the adrenergic neuron.

DIRECT-ACTING AGONISTS

Direct-acting agonists bind to adrenoreceptors without interacting with the presynaptic neuron. The activated receptor initiates synthesis of second messengers and subsequent intracellular signals. As a group these agents are widely used clinically.

Adrenaline

Adrenaline is one of five catecholamines – Adrenaline, Noradrenaline, Dopamine, Dobutamine, and Isoproterenol – commonly used in therapy. The first three catecholamines occur naturally, the latter two are synthetic compounds. Adrenaline is synthesized in the adrenal medulla and released into the blood stream. Adrenaline interacts with both ( and ( receptors. At low doses, ( effects (vasodilatation) on the vascular system predominate, whereas at high doses, ( effects (vasoconstriction) are strongest.

Actions:

af. Cardiovascular: the major actions of adrenaline are on the cardiovascular system. Adrenaline strengthens the contractility of the myocardium (positive inotropic: (1 action) and increases its rate of contraction (positive chronotropic: (1 action). Cardiac output therefore increases. With these effects comes increased oxygen demands on the myocardium. Adrenaline constricts arterioles in the skin, mucous membranes, and viscera (( effects) and dilates vessels going to the liver and skeletal muscle ((2 effects). Renal blood flow is decreased. The cumulative effect, therefore, is an increase in systolic blood pressure, coupled with a slight decrease in diastolic pressure.

ag. Respiratory: Adrenaline causes powerful bronchodilation by acting directly on bronchial smooth muscle ((2 action). This action relieves all known allergic- or histamine-induced bronchoconstriction. In the case of anaphylactic shock, this can be life-saving.

ah. Hyperglycemia: Adrenaline has a significant hyperglycemic effect because of increased glycogenolysis in liver ((2 effect), increased release of glucagon ((2 effect), and a decreased release of insulin ((2 effect).

ai. Lipolysis: Adrenaline initiates lipolysis through its agonist activity on the ( receptors of adipose tissue, which activate a hormone-sensitive lipase, which hydrolyzes triacylglycerols to free fatty acids and glycerol.

Biotransformations. Adrenaline, like other catecholamines, is metabolized by two enzymatic pathways: COMT, and MAO. The final metabolites found in the urine are metanephrine and vanillylmandelic acid. [Note: Urine also contains normetanephrine, a product of Noradrenaline metabolism.]

Therapeutic uses:
aj. Bronchospasm: Adrenaline is the primary drug used in the emergency treatment or any condition of the respiratory tract where the presence of bronchoconstriction has resulted in diminished respiratory exchange. Thus, in the treatment of acute asthma and anaphylactic shock, Adrenaline is the drug of choice; within a few minutes after subcutaneous administration, greatly improved respiratory exchange is observed. Administration may be repeated after a few hours. However, selective (2 agonists, such as Terbutaline, are presently favored in the chronic treatment of asthma because of a longer duration of action and minimal cardiac stimulatory effect.

ak. Glaucoma: In ophthalmology, a 2 % Adrenaline solution may be used topically to reduce intraocular pressure in open-angle glaucoma. It is reduces the production of aqueous humor by vasoconstriction of the ciliary’s body blood vessels.

al. Anaphylactic shock: Adrenaline is the drug of choice for the treatment of Type I hypersensitivity reactions in response to allergens.

am. In anesthetics: Local anesthetic solutions usually contain 1:100,000 parts Adrenaline. The effect of the drug is to greatly increase the duration of the local anesthesia. It does this by producing vasoconstriction at the site of injection, thereby allowing the local anesthetic to persist at the site before being absorbed into the circulation and metabolized. Very weak solutions of Adrenaline (1:100,000) can also be used topically to vasoconstriction mucous membranes to control oozing of capillary blood.

Pharmacokinetics. Adrenaline has a rapid onset but brief duration of action. In emergency situation Adrenaline is given intravenously for the most rapid onset of action; it may also be given subcutaneously, by endotracheal tube, by inhalation, or topically to the eye. Oral administration is ineffective.

Adverse effects. Adrenaline can produce adverse CNS effects that include anxiety, fear, tension, headache, and tremor. The drug may induce cerebral hemorrhage as a result of a marked elevation of blood pressure. Adrenaline can trigger cardiac arrhythmias, particularly if the patient is receiving digitalis. Adrenaline can induce pulmonary edema in predisposing patients with left ventricular failure.

Noradrenaline

Since Noradrenaline is the neuromediator of adrenergic nerves, it should theoretically stimulate all types of adrenergic receptors. In practice, when the drug is given in therapeutic doses, the ( receptors are most affected.

Cardiovascular actions:
an. Vasoconstriction: Noradrenaline causes a rise in peripheral resistance due to intense vasoconstriction of most vascular beds, including the kidney (an (1-receptor effect). Both systolic and diastolic blood pressure increase.

ao. Baroreceptor reflex: In isolated cardiac tissue Noradrenaline stimulates cardiac contractility; however, in vivo, little if any cardiac stimulation is noted. This is due to the increased blood pressure that induces the reflex rise in vagal activity by stimulating the baroreceptors. This bradycardia is sufficient to counteract the local action of Noradrenaline on the heart.

If atropine (which block the transmission of vagal effects) is given before Noradrenaline, then Noradrenaline stimulation of the heart is evident as tachycardia.

Therapeutic uses. Noradrenaline is used to treat shock because it increases vascular resistance and, therefore, increases blood pressure; however, Dopamine is better, because it does not reduce blood flow to the kidney as does Noradrenaline. Other actions of Noradrenaline are not considered clinically significant. It is never used for asthma.

Isoproterenol (Isadrinum)

Isoproterenol is a direct-acting synthetic catecholamine that predominantly stimulates both (1 and (2 adrenergic receptors. Its non-selectivity is one of its drawbacks. Its action on ( receptors is insignificant.

Actions:

ap. Cardiovascular: Isoproterenol produces intense stimulation of the heart to increase its rate and force of contraction, causing increased cardiac output. It is as active as Adrenaline and is therefore useful in the treatment of atrioventricular (AV) block or cardiac arrest. Isoproterenol also dilates the arterioles of skeletal muscle ((2). Because of its cardiac stimulatory action, it may increase systolic blood pressure slightly, but it greatly reduces mean arterial and diastolic blood pressure.

aq. Pulmonary: A profound and rapid bronchodilatation is produced by the drug ((2 action). Isoproterenol is as active as Adrenaline and rapidly alleviates an acute attack of asthma, when taken by inhalation (which is the recommended route). This action lasts about one hour and may be repeated by subsequent doses.

Therapeutic uses. Isoproterenol is now rarely used as a bronchodilator in asthma. It can be employed to stimulate the heart in emergency situations.

Pharmacokinetics. Isoproterenol can be absorbed systemically by the sublingual mucosa but is more reliably absorbed when given parenterally or as inhaled aerosol. It is a marginal substrate for COMT and is stable to MAO action.

Adverse effects. Isoproterenole’s adverse effects are similar to those of adrenaline.

Dopamine

Dopamine, the immediate metabolic precursor of Noradrenaline, occurs naturally in the CNS in the basal ganglia where it functions as a neurotransmitter as well as in the adrenal medulla. Dopamine can activate (- and (- receptors. At higher doses it causes vasoconstriction by activating ( receptors, whereas at lower doses, it stimulates (1 cardiac receptors. In addition, D1 and D2 dopaminergic receptors, distinct from the ( and ( adrenergic receptors, occur in the peripheral mesenteric and renal vascular beds, where binding of dopamine produces vasodilatation. D2 receptors are also found on presynaptic adrenergic neurons, where their activation interferes with Noradrenaline release.

Actions:

ar. Cardiovascular: Dopamine exerts a stimulatory effect on the (1 receptors of the heart, having both inotropic and chronotropic effects. At very high doses, dopamine activates ( receptors on the vasculature, resulting in vasoconstriction.

as. Renal and visceral: Dopamine dilates renal and splanchnic arterioles by activating dopaminergic receptors, thus increasing blood flow to the kidney and other viscera. These receptors are not affected by (- or (-blocking drugs. Therefore, dopamine is clinically useful in the treatment of shock, in which significant increases in sympathetic activity might compromise renal function.

Therapeutic uses. Dopamine is the drug of choice for shock and is given by continuous infusion. It raises the blood pressure by stimulating the heart ((1 action). In addition, it enhances perfusion to the kidney and splanchnic areas, as described above. An increased blood flow to the kidney enhances the glomerular filtration rate and causes sodium diuresis. In this regard, Dopamine is far superior to Noradrenaline, which diminishes the blood supply to the kidney and may cause kidney shutdown.
Adverse effects. An overdose of Dopamine produces the same effects as sympathetic stimulation. Dopamine is rapidly metabolized to homovanilic acid, and its adverse effects (nausea, hypertension, arrhythmias) are therefore short-lived.

Dobutamine

Dobutamine is a synthetic, direct-acting catecholamine that is a (1-receptor agonist. The drug increases cardiac output with little change in the heart rate and with few vascular effects. It does not significantly elevate oxygen demands of the myocardium – a major advantage over other sympathomimetic drugs. Dobutamine is used in congestive heart failure. Dobutamine should be used with caution in atrial fibrillation, since the drug increases atrioventricular conduction. Other adverse effects are the same as those for Adrenaline.

Phenylephrine (Mesatonum)

Phenylephrine is a direct-acting, synthetic adrenergic agonist that bind primarily to ( receptors and favors (1 receptors over (2 receptors. It is not a catechol derivative and therefore not a substrate for COMT. Phenylephrine is a vasoconstrictor that raises both systolic and diastolic blood pressures. It has no effect on the heart itself but induces reflex bradycardia when given parenterally. It is often used topically on the nasal mucous membranes and in ophthalmic solutions for mydriasis. The drug is used to raise blood pressure and to terminate episodes of supraventricular tachycardia. Large doses can cause hypertensive headache.

Clonidine (Clophelinum)

Clonidine is an (2 agonist that is used in essential hypertension to lower blood pressure because of its action in the CNS. It can be used to minimize the symptoms that accompany withdrawal from opiates or benzodiazepines. Clonidine acts centrally ((2) to produce inhibition of the sympathetic vasomotor centers.

Metaproterenol (Alupent, Orciprenaline)

Metaproterenol, although chemically similar to Isoproterenol, is not a catecholamine and is resistant to COMT. It can be administered orally or by inhalation. The drug act primarily at (2 receptors, producing little effect on the heart ((1). Metaproterenol is used to dilate bronchioles and improve airway function.

Terbutaline (Bricanyl)

Terbutaline is a (2 agonist with more selective properties than Metaproterenol and a longer duration of action. Terbutaline can be administered either orally or subcutaneously. It is used as a bronchodilator and to reduce uterine contractions in pre-mature labor.

INDIRECT-ACTING ADRENERGIC AGONISTS

Indirect-acting adrenergic agonists cause Noradrenaline release from presynaptic terminals. These agents do not directly affect postsynaptic receptors. For example, the central and peripheral actions of Amphetamine are mediated primarily through the cellular release of stored catecholamines. The actions and uses of Amphetamine are discussed under stimulants of the CNS.

MIXED-ACTING ADRENERGIC AGONISTS

Mixed-action drugs induce the release of Noradrenaline from the presynaptic terminals and activate adrenergic receptors on the postsynaptic membrane.

Ephedrine

Ephedrine, a plant alkaloid, is now made synthetically. The drug is mixed-action adrenergic agent. It not only releases stored Noradrenaline from the nerve endings but also stimulates both ( and ( receptors. Thus, a wide variety of adrenergic actions ensue that are similar to those of Adrenaline, although less potent. Ephedrine is not a catechol and is a poor substrate for MAO and COMT; thus, the drug has a long duration of action. Ephedrine has excellent absorption orally and penetrates into the CNS. It is eliminated unchanged in the urine. Ephedrine raises systolic and diastolic blood pressures by vasoconstriction and cardiac stimulation. Ephedrine produces bronchodilatation, but less potent and more slowly than Adrenaline or Isoproterenol. It is therefore sometimes used prophylactically in chronic treatment of asthma to prevent attacks, rather than to treat acute attack. Ephedrine enhances contractility and improves motor function in myasthenia gravis, particularly when used in conjunction with anti-cholinesterase. Ephedrine produces mild stimulation of the CNS. This increases alertness, decreases fatigue, and prevent sleep. It also improves athletic performance. Ephedrine has been used to treat asthma, as a nasal decongestant (due to its local vasoconstrictor action), and to raise blood pressure. [Note: The clinical use of Ephedrine is declining due to the availability of better, more potent agents which cause fewer adverse effects.]

Available forms:

Adrenaline hydrochloride – in bottles 0,1 % solution 10 ml each; in ampoules 0,1 % solution 1 ml each

Ephedrine – in tablets 0,025 (for adults) and 0,001; 0,002 and 0,003 each; in ampoules 5 % solution 1 ml each; in bottles 2 % and 3 % solution 10 ml each

Isoproterenol (Isadrinum) – in tablets 0,005 each; in bottles 0,5 % and 1 % solution 25 ml and 100 ml (for inhalation) 

Naphthyzinum – in bottles 0,05 % and 0,1 % solution 10 ml each

Phenylephrine (Mesatonum) – in ampoules 1 % solution 1 ml each

Terbutaline (Bricanyl) – in aerosol; in tablets 0,0025 each; in ampoules 0,05 % solution 1 ml each

Lecture 6. ADRENERGIC ANTAGONISTS

The adrenergic antagonists (also called blockers) bind to adrenoreceptors but do not trigger the usual receptor-mediated intracellular effect. These drugs act by either reversibly or irreversibly attaching to the receptors, thus preventing its activation by endogenous catecholamines. Like the agonists, the adrenergic antagonists are classified according to their relative affinity for ( or ( receptors in the peripheral nervous system. [Note: Antagonists that block dopamine receptors are most important in the CNS and will be considered in that section.]

(-ADRENERGIC BLOCKING AGENTS

Drugs that block ( adrenoreceptors profoundly affect blood pressure. Since normal sympathetic control of the vasculature occurs in large part through agonist action on ( receptors, blockade of these receptors reduces the sympathetic tone of the blood vessels, resulting in decreased peripheral vascular resistance. This induces a reflex tachycardia resulting from the lowered blood pressure. [Note: ( receptors, including (1 adrenoreceptors on the heart, are not affected by ( blockade].
Phentolamine

Phentolamine produces a competitive block of (1 and (2 receptors. The drug’s action lasts for approximately 4 hours after a single administration.

Cardiovascular effects. By blocking ( receptors, Phentolamine prevents vasoconstriction of peripheral blood vessels by endogenous catecholamines. The decreased peripheral resistance provokes a reflex tachycardia. Furthermore, the ability to block presynaptic (2 receptors in the heart can contribute to an increased cardiac output.

Adrenaline reversal. All (-adrenergic blockers reverse the (-agonist actions of adrenaline. For example, the vasoconstrictive action of Adrenaline is interrupted, but vasodilatation of other vascular beds caused by stimulation of (-receptors is not blocked. Therefore, the systemic blood pressure decreases in response to Adrenaline given in the presence of Phentolamine. [Note: The action of Noradrenaline are not reversed but diminished, since Noradrenaline lacks significant (-agonist action on the vasculature.] Phentolamine has no effect on the actions of Isoproterenol, which is a pure ( agonist. 

Therapeutic uses. Phentolamine is used in the diagnosis and treatment of pheochromocytoma, a catecholamine-secreting tumor of cells derived from the adrenal medulla. Prior to surgical removal of the tumor, patients are treated with Phentolamine to preclude hypertensive crisis that can result from manipulation on the tissue. This drug also finds use in the chronic management of these tumors, particularly when the catecholamine cells are diffuse and therefore inoperable. Phentolamine is sometimes effective in treating Raynaud’s disease.

Adverse effects. Phentolamine-induces reflex cardiac stimulation and tachycardia are mediated by the baroreceptor reflex and by blocking the (2 receptors of the cardiac sympathetic nerves. The drug can also trigger arrhythmias and anginal pain and is contraindicated in patients with decreased coronary perfusion. It can inhibit ejaculation.
Prazosin, Terazosin and Doxazosin
Prazosin, Terazosin and Doxazosin are selective competitive blockers of (1-receptor. In contrast to Phentolamine, these drugs are useful in the treatment of hypertension. Metabolism leads to inactive products that are excreted in the urine, except for those of Doxazosin which appear in the feces. Doxazosin is longest acting.

Cardiovascular effects. Prazosin and Terazosin decrease peripheral vascular resistance and lower arterial blood pressure by causing the relaxation of both arterial and venous smooth muscle. These drugs, unlike Phentolamine, cause minimal changes in cardiac output, renal blood flow, and glomerular filtration rate.

Therapeutic uses. Individuals with elevated blood pressure who have been treated with Prazosin or Terazosin do not become tolerant to its action. However, the first dose of these drugs produces an exaggerated hypotensive response that can result in syncope (fainting). This action, termed as a “first-dose” effect, may be minimized by adjusting the first dose to one third or one fourth of the normal dose, and by giving the drug at bed time. The (1 antagonists have been used as an alternative to surgery in patients with symptomatic benign prostatic hypertrophy. Blockade of the ( receptors decreases tone in the smooth muscle of the bladder neck and prostate and improves the urine flow. [Note: Fenestrate, which inhibits dihydrotestosterone synthesis, has been approved for treatment of benign prostatic hypertrophy, but its effects are not evident for several weeks.]

Adverse effects. Prazosin and terazosin may cause dizziness, alack of energy, nasal congestion, headache, drowsiness, and orthostatic hypotension (although to a lesser degree than that observed with phentolamine). An additive antihypertensive effect occurs when prazosin is given with either a diuretic or a (-blocker, thereby necessitating a reduction in its dose. Due to a tendency to retain sodium and fluid, prazosin is frequently used along with a diuretic. Male sexual function is not as severely affected by these drugs as it is by phentolamine.

(-ADRENERGIC BLOCKING AGENTS
All the clinically available (-blockers are competitive antagonists. Nonselective (-blockers act at both (1 and (2 receptors, whereas cardioselective (-antagonists primarily block (1 receptors. These drugs also differ in intrinsic sympathomimetic activity, in CNS effects, and in pharmacokinetics. Although all (-blockers lower blood pressure in hypertension, they do not induce postural hypotension because the (-adrenoreceptors remain functional; therefore, normal sympathetic control of the vasculature is maintained. (-blockers are also effective in treating angina, cardiac arrhythmias, myocardial infarction, and glaucoma, as well as serving in prophylaxis of migraine headaches. [The names of all (-blockers end in “-olol”, except for Labetalol, which has a component of (1-blocking action.]

Propranolol

Propranolol is a prototype (-adrenergic antagonist and blocks both (1 and (2 receptors.

Actions:

at. Cardiovascular: Propranolol diminishes cardiac output, having both negative inotropic and chronotropic effects. It directly depresses sino-auricular and atrioventricular activity. Cardiac output, work, and oxygen consumption are decreased; these effects are useful in the treatment of angina. The (-blockers are effective in attenuating supraventricular cardiac arrhythmias but are generally not effective against ventricular arrhythmias (except those induced by exercise).

au. Peripheral vasoconstriction: Blockade of ( receptors prevents (2-mediated vasodilatation. The reduction in cardiac output leads to decreased blood pressure. This hypotension triggers a reflex peripheral vasoconstriction, which is reflected in reduced blood flow to the periphery. On balance, there is a gradual of both systolic and diastolic blood pressures in hypertensive patients. No postural hypotension occurs, since the (1-receptors that control vascular resistance are unaffected.

av. Bronchoconstriction: Blocking (2 receptors in the lungs of susceptible patients causes contraction of the bronchiolar smooth muscle. This can precipitate a respiratory crisis in patients with chronic obstructive pulmonary disease or asthma. (-blockers are thus contraindicated in patients with asthma.

aw. Increased Na+ retention: Reduced blood pressure causes decease in renal perfusion, resulting in an increase in Na+ retention and plasma volume. In some cases this compensatory response tends to elevate the blood pressure. For these patients, (-blockers are often combined with a diuretic to prevent Na+ retention.

ax. Disturbances in glucose metabolism: ( blockade leads to decreased glyco-genolysis and decreased glucagon secretion. Therefore, if an insulin-dependent diabetic is to be given Propranolol, very careful monitoring of blood glucose is essential, since pronounced hypoglycemia may occur after Insulin injection. (-blockers also attenuate the normal physiologic response to hypoglycemia.

ay. Blocks action of Isoproterenol: All (-blockers, including Propranolol, have the ability to block the actions of Isoproterenol on the cardiovascular system. Thus, in the presence of (-blocker, Isoproterenol does not produce either the typical reductions in mean arterial pressure and diastolic pressure, nor cardiac stimulation. [In the presence of (-blocker, Adrenaline no longer lowers diastolic blood pressure nor stimulates the heart, but its vasoconstrictive action (mediated by (-receptors) remains unimpaired. The actions of Noradrenaline on the cardiovascular system are primarily mediated by ( receptors and are, therefore, unaffected.]

Therapeutic uses:
az. Hypertension: Propranolol lowers blood pressure in hypertension by decreasing cardiac output.

ba. Glaucoma: Propranolol and other (-blockers, particularly Timolol, are effective in diminishing intraocular pressure in glaucoma. This occurs by decreasing the secretion of aqueous humor by the ciliary body. Many patients with glaucoma have been maintained with these drugs for years. They neither affect the ability of the eye to focus for near vision, nor change pupil size, as do the cholinergic drugs. However, in an acute attack of glaucoma, Pilocarpine is still the drug of choice. The (-blockers are only used to treat this disease chronically.

bb. Migraine: Propranolol is also effective in reducing migraine episodes. The value of the (-blockers is in the treatment of chronic migraine in which the drug decreases the incidence and severity of the attacks. The mechanism may depend on the blockade of catecholamine-induced vasodilation in the brain vasculature. [Note: During an attack, the usual therapy with Sumatriptan or other drugs is used.]

bc. Hyperthyroidism: Propranolol and other (-blockers are effective in blunting the widespread sympathetic stimulation that occurs in hyperthyroidism. In acute hyperthyroidism (thyroid storm), (-blockers may be lifesaving in protecting against serious cardiac arrhythmias.

bd. Angina pectoris: Propranolol decreases the oxygen requirement of heart muscle and therefore is effective in reducing the chest pain on exertion that is common in angina. Propranolol is therefore useful in the chronic management of stable angina (not for acute treatment). Tolerance to moderate exercise is increased and this is noticeable by improvement in the ECG. However, treatment with Propranolol does not allow strenuous physical exercise, such as tennis.

be. Myocardial infarction: Propranolol and other (-blockers have a protective effect on the myocardium. Thus, patients who have had one myocardial infarction appear to be protected against a second heart attack by prophylactic use of (-blockers. In addition, administration of a (-blocker immediately following a myocardial infarction reduces infarct size and hastens recovery. The mechanisms for these effects may be blocking of the actions of circulating catecholamines, which would increase the oxygen demand in an already ischemic heart muscle. Propranolol also reduces the incidence of sudden arrhythmic death after myocardial infarction.

Adverse effects:
bf. Bronchoconstriction: Propranolol has a serious and potentially lethal side effect when administered to an asthmatic. An immediate contraction of the bronchiolar smooth muscle prevents air from entering the lungs. Death by asphyxiation have been reported for asthmatics who were inadvertently administered the drug. Therefore, Propranolol must never be used in treating any individual with obstructive pulmonary disease.

bg. Arrhythmias: Treatment with (-blockers must never be stopped quickly because of the risk of precipitating cardiac arrhythmias, which may be severe. The (-blockers must be tapered off gradually for 1 week. Long-term treatment with a (-antagonist leads to up-regulation of the ( receptor. On suspension of therapy, the increased receptors can worsen angina or hypertension.

bh. Sexual impairment: Since sexual function in the male occurs through (-adrenergic activation, (-blockers do not affect normal ejaculation nor the internal bladder sphincter function. On the other hand, some men do complain of impaired sexual activity. The reasons for this are not clear and may be independent of (-receptor blockade.

bi. Disturbances in metabolism: ( Blockade leads to decreased glycogenolysis and decreased glucagon secretion. Fasting hypoglycemia may occur. [Note: Cardioselective (-blockers are preferred in treating Insulin-dependent asthmatics.]

bj. Drug interactions: Drugs that interfere with the metabolism of Propranolol, such as Cimetidine, Furosemide, and Chlorpromazine, may potentiate its anti-hypotensive effects. Conversely, those that stimulate its metabolism, such as barbiturates, Phenytoin and Rifampin, can mitigate its effects.

Timolol and Nadolol: nonselective (-antagonists

Timolol and Nadolol also block (1 and (2 receptors and are more potent than Propranolol. Nadolol has a very long duration of action. Timolol reduces the production of aqueous humor in the eye and is used topically in the treatment of chronic open-angle glaucoma, and occasionally for systemic treatment of hypertension (table 3.4).

Atenolol, Metoprolol, Acebutolol and Esmolol
Drugs preferentially block the (1 receptors have been developed to eliminate the unwanted bronchoconstrictor effect ((2) of Propranolol seen among asthmatic patients. Cardioselective (-blockers antagonize (1 receptors at doses 50 to 100 times less than those required to block (2 receptors. This cardioselectivity is thus most pronounced at low doses and is lost in high drug doses. In contrast to Propranolol, the cardiospecific blockers have relatively little effect on pulmonary function, peripheral resistance, and carbohydrate metabolism. Nevertheless, asthmatics must be carefully monitored to make certain that respiratory activity is not compromised. Esmolol has a very short lifetime. It is only given i.v. if required during surgery.

Pindolol and Acebutolol: antagonists with partial agonist activity

Acebutolol and Pindolol are not pure blockers; instead they have the ability to weakly stimulate both (1 and (2 receptors and are said to have intrinsic sympathomimetic activity (ISA). These partial agonists stimulate the ( receptor to which they are bound, yet they inhibit stimulation by the more potent endogenous catecholamines, Adrenaline and Noradrenaline. The result of this opposing actions is a much diminished effect on cardiac rate and cardiac output, compared to (-blockers without ISA. Blockers with ISA minimize the disturbances of lipid and carbohydrate metabolism seen with other (-blockers.

(-Blockers with ISA are used in hypertensive patients with moderate bradycardia, since a further decrease in heart rate is less pronounced with these drugs. Carbohydrate metabolism is less affected with Acebutolol and Pindolol, making them valuable in the treatment of diabetics.

Table 3.4
Uses of (-adrenoblockers
	Propranolol
	(1, (2
	Hypertension

Glaucoma

Migraine

Hyperthyroidism

Angina pectoris

Myocardial infarction

	Timolol
	(1, (2
	Glaucoma

Hypertension

	Atenolol

Metoprolol

Acebutolol
	(1
	Hypertension

	Pindolol
	(1, (2
	Hypertension

	Labetalol
	(1, (1, (2
	Hypertension


Labetalol: an (- and (-blocker

Actions. Labetalol is a (-blocker with concurrent (1-blocking actions that produce peripheral vasodilation, thereby reducing blood pressure. Labetalol thus contrasts with the other (-blockers that produce peripheral vasoconstriction. Labetalol does not alter serum lipid or blood glucose levels.

Therapeutic uses in hypertension. Labetalol is useful for treating the elderly or black patients in whom increased peripheral resistance is undesirable. [Note: In general black hypertensive patients are not well controlled with (-blockers.] Labetalol may be employed as an alternative to hydralazine in the treatment of pregnancy-induced hypertension (PIH).

SYMPATHOLYTICS

Sympatholytic drugs do not act directly on the adrenoreceptors. Instead, they exert their effects by either interfere in neurotransmitter release or alter the uptake of the neurotransmitter into the adrenergic nerve.

Reserpine

Reserpine, a plant alkaloid, blocks the transport of biogenic amines Noradrenaline, dopamine, and serotonin from the cytoplasm into storage vesicles in the adrenergic nerves of all body tissues. This cause an ultimate depletion of Noradrenaline levels in the adrenergic neuron, since monoamine oxidase (MAO) degrade the Noradrenaline in cytoplasm. Sympathetic function, in general, is impaired because of decreased release of Noradrenaline. Hypertensive patients taking the drug show a gradual decline in blood pressure with a concomitant slowing in the cardiac rate. The drug has a slow onset of action. When one stops taking the drug, the action persists for many days.

Guanethidine (Octadinum)

Guanethidine acts by blocking the release of stored Noradrenaline. Guanethidine also displaces Noradrenaline from storage vesicles. This leads to depletion of the neurotransmitter in nerve endings except those in the CNS. Guanethidine is now rarely used in the treatment of hypertension.

Available forms:

Atenolol – in tablets 0,1 each

Guanethidine (Octadinum) – in tablets 0,025 each

Phentolamine – in tablets 0,025 each

Pindolol – in tablets 0,005; 0,01 and 0,015 each; in ampoules 0,004 % solution 2 ml each

Prazosin – in tablets 0,001 and 0,005 each

Propranolol (Anaprilinum) – in tablets 0,01 and 0,04 each

Examination questions
25. Selective β2-agonists, such as terbutaline

(CP) Have shorter durations of action than cate- cholamines when taken orally

(CQ) Have stronger cardiac stimulant effects than epinephrine

(CR) Can be taken orally because these agents are not degraded by COMT

(CS) Are definitely no better than methylxanthines for asthmatic patients who are hypertensive.

26. Which drug does not induce mydriasis?

(CT) Phenylephrine

(CU) Cocaine

(CV) Phentolamine

(CW) Norepinephrine

(CX) Ephedrine

27. Epinephrine given in small therapeutic doses

(CY) Increases systolic blood pressure through β2 receptor stimulation in the left ventricle

(CZ) Decreases heart rate reflexively.

(DA) Decreases peripheral resistance through stimulation of pi-receptors on the vascular smooth muscle cells.

(DB) Decreases peripheral resistance through β2- adrenoceptor stimulation predominantly in skeletal muscle vascular beds.

28. The pressor response to amphetamine is

(DC) Decreased in the presence of a monoamine ox- idase (MAO) inhibitor.

(DD) Potentiated by a reuptake inhibitor, such as cocaine

(DE) Associated with marked tolerance (tachyphylaxis)

(DF) Potentiated by pretreatment with reserpine

29. Which of the following actions of epinephrine would be antagonized by prazosin but not by propranolol?

(DG) Increase in heart rate

(DH) Mydriasis

(DI) Release of renin

(DJ) Bronchiolar dilation

(DK) Glycogenolysis

30. Which of the following adrenoceptor antagonists will reduce responses mediated by both α- and β-receptors?

(DL) Propranolol

(DM) Prazosin

(DN) Phenoxybenzamine

(DO) Labetalol

(DP) Metoprolol
31. A young patient is being treated for myasthenia gravis, which requires frequent adjustment of the optimal dose of neostigmine. The patient is challenged with edrophonium to evaluate the effectiveness of the cholinesterase inhibition. Optimal dosing will be indicated by

(DQ) An increase in muscle strength

(DR) A decrease in muscle strength

(DS) No change in muscle strength

32. A young man broke his leg in a skiing accident, causing severe muscular spasm that necessitated relaxation of the muscle with a competitive nicotinic receptor antagonist before the fracture could be set. At the end of the orthopaedic procedure, the doctor restored neuromuscular transmission by administering:

(A) Succinylcholine

(B) Carbachol

(C) Physostigmine

(D) Neostigmine

33. A patient has developed glaucoma that is refractory to noncholinergic therapies. You decide to prescribe eyedrops containing pilocarpine, but you are concerned about the patient's ability to self-administer the drops. The most sensitive indicator of excessive administration of pilocarpine is

(E) An increased heart rate

(F) A decreased heart rate

(G) Mental confusion

(H) Constriction of the pupil

34. An 80-year-old man is increasingly forgetful, and his wife is afraid he is developing Alzheimer's disease. You are considering prescribing an anti-AChE drug to see if this will decrease his forgetfulness. Before making this prescription, you want to be sure that these drugs are suitable given the patient's medical history. Of the possible preexisting conditions listed below, you should be least concerned about

(I) Asthma

(J) Weak atrioventricular conduction

(K) Glaucoma

(L) Obstruction of the GI tract

35. The choice of route of administration plays an important role in the actions of directly acting choli- nomimetics. An adverse effect of choline esters that may be avoided by selection of an appropriate route of administration is:

(M) Bradycardia

(N) Hypotension

(O) Delirium

(P) Sweating

36. Which of the responses to atropine listed below is most likely to be different in an elderly versus a young patient?

(Q) Inhibition of sweating

(R) Tachycardia

(S) Mydriasis

(T) Drowsiness

37. You have successfully prescribed neostigmine to a young patient with myasthenia gravis, and her muscle strength has improved markedly. However, she also exhibits cardiovascular and gastrointestinal signs of excessive vagal tone, which you would like to block with atropine. Which of the following risk factors in prescribing atropine is most important to you?

(U) Dry mouth

(V) Ocular disturbances

(W) Paralysis of the respiratory muscles

(X) Tachycardia

38. Antimuscarinic mydriatics, such as tropicamide, are useful in ophthalmological examinations. Prior to administering tropicamide, it would be most important to know

(Y) If the patient has angle-closure glaucoma

(Z) If the patient has open-angle glaucoma

(AA) If the patient is taking a cholinomimetic miotic drug

39. In which of the following conditions would atropine be the least likely to increase blood pressure?

(AB) A healthy young medical student

(AC) A patient being treated with an AChE inhibitor

(AD) A patient being treated with bethanechol

40. A patient has come to you complaining of feeling drowsy and finding it hard to concentrate. The patient tells you that he is taking a medication, but he cannot remember the name of the medication. You proceed to ask questions that might provide a clue to the source of his problems. Which of the following questions would be least likely to be helpful?
(AE) Has the patient had problems with hay fever and stuffiness?

(AF) Is the patient being treated for glaucoma?

(AG) Has the patient had back spasms?

(AH) Is the patient being treated for mood disorders?

41. During a laboratory demonstration to depict the complexity of neurotransmission in autonomic ganglia, Professor Smith sets up an anesthetized mammalian preparation in which she is recording postsynaptic events following the electrical stimulation of pregan-glionic sympathetic nerves. This demonstrates a complex action potential that consists of a fast EPSP followed by a slow IPSP followed by a slow EPSP and finally by a late very slow EPSP. L In Professor Smith's demonstration, the mediator of the fast EPSP is

(AI) Dopamine

(AJ) Neuropeptide Y

(AK) Serotonin

(AL) Angiotensin

(AM) Acetylcholine

42. In Professor Smith's demonstration, the slow EPSP and slow IPSP can both be blocked by prior administration of

(AN) Prazosin

(AO) Sumatriptan

(AP) Atropine

(AQ) Losartan

(AR) Chlorpromazine

43. In Professor Smith's demonstration, the receptor most likely mediating the slow EPSP is

(AS) Nicotinic cholinergic

(AT) Muscarinic cholinergic

(AU) α-Adrenergic

(AV) P2X Purinergic

(AW) β-Adrenergic
44. A patient you are treating in the hospital has a hypertensive emergency, with blood pressure of 210/140 mm Hg. Of the following drugs, which would be most effective intravenously?

(A)
Hydralazine

(B)
Hydrochlorothiazide

(C)
Trimethaphan

(D)
Methyldopa

(E)
Spironolactone

45. Ganglionic blocking agents are rarely used because of the numerous side effects they may produce. One such side effect is

(F) Increased stimulation of the genital tract

(G) Urinary hesitation or urgency

(H) Vasoconstriction

(I) Increased cardiac output

(J) Mydriasis
Answers

25. C. Structural modification by placing the hydroxy groups at positions 3 and 5 of the phenyl ring has resulted in compounds that are not substrates for COMT, resulting in lower rates of metabolism and enhanced oral bioavailability compared to cate- cholamines.

26. C. α-Adrenoceptors mediate contraction of the radial muscle of the iris. The shortening of the radial muscle cells opens the pupil. Phentolamine blocks α-adrenoceptors, allowing parasympathetic nerves innervating the sphincter muscle to take over. This leads to a less opposed contraction of the sphincter muscle induced by transmitter acetylcholine and a constriction of the pupil or miosis.

27. D. A small dose of epinephrine (0.1 |Jig/kg) given by intravenous route may cause the blood pressure to fall, decreasing peripheral resistance. The depressor effect of small doses is due to greater sensitivity to epinephrine of vasodilator β2-adrenoceptors than of constrictor α-adrenoceptors and a dominant action on β2-adrenoceptors of vessels in skeletal muscle. Consequently, diastolic blood pressure usually falls. The mean blood pressure in general, however, is not greatly elevated. The compensatory baroreceptor reflexes do not appreciably antagonize the direct cardiac actions.

28. C. Amphetamine is an indirectly acting adrenomimetic amine that depends on the release of norepinephrine from noradrenergic nerves for its action. Thus, its effect depends on neuronal uptake (blocked by cocaine) to displace norepinephrine from the vesicles and the availability of norepinephrine (depleted by reserpine). The substitution on the α-carbon atom blocks oxidation by monoamine oxi- dase. With no substitution on its benzene ring, amphetamine resists metabolism by COMT.

29. B. The adrenoceptors that epinephrine acts on to affect heart rate, renin release, bronchiolar tone, and glycogenolysis are β-receptors. Prazosin is an α-antagonist so would not antagonize epinephrine at those receptors. The radial smooth muscle in the iris has α-receptors that when activated, contract the radial muscle which dilates the pupil. This action is antagonized by prazosin.

30. D. Propranolol and metoprolol are selective for β- receptors, whereas prazosin and phenoxybenzamine are selective for α-receptors. Labetalol is the only antagonist in this list that has the ability to reduce responses mediated by both α- and β-receptors.

31. C. At an optimal dose of neostigmine, there should be no change in muscle strength with administration of edrophonium. If edrophonium increases muscle strength, the inhibition of AChE is insufficient and the maximum therapeutic benefit is not being achieved. If edrophonium decreases muscle strength, the dose of neostigmine is too high, bordering on the production of a depolarizing block of neuromuscular transmission.

32. D. Neostigmine will inhibit AChE and increase the ACh available to compete with the antagonist at the neuromuscular junction, overcoming the block of neurotransmission. Succinylcholine, a nicotinic agonist, will only very transiently increase the strength of the muscle, after which it will produce a depolarizing block. Carbachol is a nonselective cholinoreceptor agonist that will stimulate nicotinic and muscarinic receptors without therapeutic benefit. Physostigmine will increase the strength of the muscle by the same mechanism as neostigmine, but it will also enter the CNS, producing undesirable side effects.

33. A. Excessive administration of pilocarpine can cause it to enter the circulatory system, activate en- dothelial muscarinic receptors, and produce a fall in blood pressure. This will activate sympathetic reflexes that increase the heart rate. Higher levels of pilocarpine would be required to stimulate muscarinic receptors on the heart that can decrease the heart rate. Although pilocarpine can enter the CNS and produce confusion in older patients, this also requires higher doses. Pilocarpine will constrict the pupil at therapeutically appropriate doses.

34. C. Glaucoma as a preexisting condition does not contraindicate an AChE inhibitor. The other preexisting conditions preclude the administration of AChE inhibitors. Potentiation of parasympathetic stimulation can constrict airway smooth muscle and aggravate asthma, further weaken A-V conduction, and risk perforation of the bowel if an obstruction is present.

35. B. Hypotension, which can be life threatening, can be avoided by preventing the entry of directly acting cholinomimetics into the circulatory system. Bradycardia and sweating are also avoided by the same precaution, but they are less significant. Delirium is not an issue for choline esters, since they do not enter the CNS.

36. B. The resting level of vagal stimulation of the heart decreases with age, which is typically accompanied by a gradual increase in heart rate with age. Therefore, the tachycardia produced by atropine is greater in young patients with strong vagal tone, and the response decreases with age in parallel with the decrease in vagal tone.

37. C. Atropine will not directly paralyze the respiratory muscles. However, it can prevent the detection of early signs of an overdose of neostigmine, which can quickly progress to a depolarizing block of skeletal muscle and paralysis of the respiratory muscles. Dry mouth, ocular disturbances, and tachycardia are common side effects of atropine given alone, but these effects are less likely to occur with competition between atropine and the increase in the synaptic ACh produced by inhibition of AChE by neostigmine.

38. A. Application of tropicamide to the eye of a patient with narrow-angle (angle-closure) glaucoma is a very serious risk, because the peripheral movement of the relaxed iris can block the outflow of fluid and trigger a rapid rise in intraocular pressure. Open-angle glaucoma does not present the same risk for the application of a short-acting mydriatic such as tropicamide. If the patient is taking a choli-nomimetic miotic for open-angle glaucoma, there is even less risk of applying tropicamide, although potential competition between the miotic and the antagonist may have to be considered.

39. A. Atropine has little effect on blood pressure in the absence of a circulating muscarinic agonist because the muscarinic receptors on endothelial cells do not receive synaptic input. Therefore, the blood pressure of a healthy patient will not change with treatment with atropine. In contrast, patients being treated with an AChE inhibitor may have slightly elevated plasma ACh levels, and patients being treated with bethanechol may be hypotensive because of its direct actions on the muscarinic receptors on endothelial cells. 

40. B. The symptoms are suggestive of central antimus- carinic effects of a drug. Glaucoma is treated with muscarinic agonists or noncholinergic drugs. Although the entry of pilocarpine into the CNS can disturb CNS function, it is not as likely as an antimuscarinic drug to produce drowsiness and loss of concentration. The other questions would all be useful. A patient who has hay fever or stuffiness may be taking an antihistamine. A patient with back spasms may be taking a muscle relaxant, such as cy- clobenzaprine. One who is being treated for mood disorders may be taking antipsychotic medication. All of these treatments can produce significant central antimuscarinic side effects.

41. E. The principal neurotransmitter released from preganglionic nerve terminals in all autonomic ganglia is acetylcholine. It acts on the postganglionic cell body to activate a nicotinic-cholinergic receptor resulting in a fast EPSP. Dopamine or norepineph-rine or both are the mediators released from SIF cells or interneurons. Neuropeptide Y is a peptide neurotransmitter. Angiotensin and serotonin are modulatory mediators. These last three contribute to the late very slow EPSP.

42. C. The slow EPSP results from activation of muscarinic-cholinergic receptors on SIF cells or interneurons, which release norepinephrine or dopamine from their terminals. These catechol-amines then cause a slow IPSP in the ganglionic cell body. Therefore, both the slow EPSP and subsequent slow IPSP would be prevented by the mus-carinic antagonist atropine. Prazosin is an ar adrenergic antagonist; sumatriptan is a serotonin 5HT1D agonist; losartan is an angiotensin receptor antagonist; and chlorpromazine is a dopamine antagonist. Only atropine would block both the slow EPSP and the slow IPSP.

43. B. The receptor contributing to the slow EPSP is a muscarinic-cholinergic receptor and is activated by ACh. The nicotinic-cholinergic receptor mediates the fast EPSP, an α-receptor may mediate the slow IPSP, and a P2X receptor and a β-adrenergic receptor do not appear to be involved in the complex action potentials seen at autonomic ganglia.

44. C. Trimethaphan is a ganglionic blocking agent that will lower blood pressure very rapidly. Hydralazine is a vasodilator; hydrochlorothiazide and spirono- lactone are diuretics; and methyldopa is a sympatholytic acting in the central nervous system. All of these drugs are used clinically as antihypertensive agents. None work as rapidly as trimethaphan. Clinically, however, either nitroprusside or clonidine is used much more commonly than trimethaphan in this situation.

45. E. The effect of ganglionic blockade depends upon the predominant autonomic tone exerted within various organ systems. Since the activity of the parasympathetic nervous system predominates in the eye, the effect of ganglionic blockade is mydriasis, not miosis. Similarly, stimulation of the genital tract and urinary retention would be decreased. Since sympathetic nervous system activity predominates in blood vessels and the ventricles, vasodilation and a decreased cardiac output would follow ganglionic blockade.
Unit IV. DRUGS AFFECTING AFFERENT INNERVATION

Lecture 7. DUGS THAT IRRITATE RECEPTORS

Irritants stimulate sensory nerve endings at the site of application and induce local and reflex responses. Depending of their nature, concentration and sensitiveness of the site, they produce cooling sensation or warmth, pricking and tingling, hyper-aesthesia or numbness and local hyperemia. Local vasodilation improves blood circulation and tissue nutrition.

Certain irritants also produce a remote effect which tends to relief pain and inflammation in deeper organs–called counter-irritants. Cutaneous sensations are precisely localized. Deeper sensations from muscles, joints and viscera are perceived more diffusely. A spinal segment receives afferent impulses from the surface as well as from deeper organs. According to a spinal segment, a determined region of skin corresponds a determined internal organ (called Zakharin-Ged’s zones). Irritation of afferent nerve endings from the surface modulates pain impulses coming from deeper organs. This, through segmental association of afferents, results in decrease of pain afferentation, vasodilation in the corresponding deeper organ. Increased blood supply helps to fight the cause of pain and inflammation in the deeper organ.

Counter-irritants are generally massaged to relieve headache, muscular pain, joint pain, colica etc. The drugs are: 

· Volatile oils: Turpentine oil, Eucalyptus oil

· Stearoptenes: Camphor, Thymol, Menthol

· Mustard seeds

· Capsicum

· Ammonia etc.

Volatile oils (essential oils) are terpene hydrocarbons of plant origin having a characteristic odor. They have variable properties, but all are irritants. Stearoptenes are solid volatile oils.

Turpentine oil obtained by distilling Pinus oleoresin; used as counterirritant in the form of liniment.

Eucalyptus oil used in pain balms.

Camphor obtained from bark of Cinnamomum camphora or produced synthetically. Produces cooling sensation on skin and is mildly anesthetic–relieves itching. It is added in liniments and pain balms. Taken internally–small doses produce a warm and comforting sensation in epigastria; large doses are emetic. Systemically it produces excitement and convulsions (specially in children). Menthol from mint or prepared synthetically, has cooling and soothing action. It is added to pain balms, throat paints and inhalers for relief of nasal congestion. Menthol is included in Validol – tablets used sublingually in angina pectoris.

Mustard seeds contain a glycoside Sinirgin and enzyme Myrosin. When ground seeds are soaked in water, Myrosin hydrolyses Sinirgin to release Allyl isothiocyanate which is strong irritant. Mustard plasters has been used as counter-irritant. As a suspension in water 4-8 g, it is emetic.

CAUSTICS AND ESCHAROTICS

Caustic means corrosive and escharotic means cauterize. These chemicals cause local tissue destruction and sloughing. An escharotic, in addition, precipitates proteins that exude to form a scarb. They are used to remove moles, warts, condylomata, papillomas and on keratotic lesions. Care is needed in their application to avoid ulceration. It is believed that all microorganisms are killed during cauterization, but it is not always so.

Podophyllum resin as 10-25 % alcoholic solution or suspension in mineral water;

Silver nitrate as toughened silver nitrate sticks or pencils;

Phenol as 80 % solution;

Trichloracetic acid as crystals or 10-20 % solution.

KERATOLYTICS

Keratolytics dissolve the intracellular substance in the horny layer of the skin. The epidermal cells swell, soften and then desquamate. They are used on hyperkeratotic lesions like corns, warts, psoriasis, chronic dermatitis, ring warm, athletes foot.

Salicylic acid as 10-20 % solution in alcohol or propylene glycol for dissolving corns;

Benzoic acid is antifungal with mild keratolytic action.

Bitters, emetic drugs, purgatives, and bile-drive drugs are described in lecture “Drugs used in gastrointestinal diseases”.

Available forms:

Menthol – in bottles 1 % and 2 % spirit solution 10 ml each

Validolum – in bottles 10 ml each; in capsules 0,05 and 0,1 each

Camphor – ointment (Unguentum Camphoratum) 10 % 100,0

Salicylic acid – in bottles 1 % and 2 % spirit solution

Lecture 8. DRUGS THAT PROTECT RECEPTORS

LOCAL ANESTHETICS

Local anesthetics (LAs) are drugs which upon topical application or local injection cause reversible loss of sensory perception, specially of pain, in a restricted area of the body. They block generation and conduction of nerve impulse at all parts of the neuron where they came in contact, without causing any structural damage. Thus, not only sensory but also motor impulses are interrupted when a LA is applied to a mixed nerve, resulting in muscular paralysis and loss of autonomic control as well.

The first local anesthetic to be discovered was cocaine, an alkaloid contained in the leaves of Erythroxylon coca, a shrub growing in the Andes Mountains. The pure alkaloid was first isolated in 1860 by Niemann. A russian scientist Von Anrep in 1880 observed that the skin became insensitive to the prick of a pin when cocaine was infiltrated subcutaneously. He recommended the alkaloid to be used clinically as a local anesthetic. A chemical search for synthetic substitutes for cocaine started in 1892 with the work of Einhorn. This resulted in 1905 in the synthesis of procaine which became the prototype for local anesthetic drugs for half a century. The most widely used agents today are lidocaine, bupivacaine, and tetracaine.

Properties desirable in LA. A good LA should combine several properties. It should not be irritating to the tissue to which it is applied, nor should it cause any permanent damage to nerve structure. It systemic toxicity should be low because it eventually absorbed from it site of application. The ideal LA must be effective regardless of whether it is injected or applied locally to mucous membranes. It is usually important that the time required for the onset of anesthesia should be as short as possible. Furthermore, the action must last long enough.

Chemistry. The clinically useful LAs are weak bases with amphiphilic property. A hydrophilic secondary or tertiary amine on one side and a lipophilic aromatic residue on the other are joined by an alkyl chain through an ester or amide linkage.
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The nature of this bond determines certain of the pharmacological properties of these agents. The ester link is important because this bond is readily hydrolyzed during metabolic degradation in the body. According to the chemical structure LAs are classified into:
· Ester linked LAs
Procaine, Tetracaine, Anaesthesin (paraaminobenzoic acid derivatives), and Cocaine.

· Amide linked LAs
Lidocaine, Trimecaine, Bupivacaine (xylidine derivatives). They differ from the ester linked LAs in that they are not hydrolyzed by plasma esterases; are generally longer acting and less frequently produce hypersensitivity reactions; no cross sensitivity with ester linked LAs.

Mechanism of action. The LAs block the nerve conduction by decreasing the entry of Na+ ions during upstroke of action potential. The LAs directly interact with voltage-sensitive Na+ channels. As the anesthetic action progressively develops in a nerve, the threshold for electrical excitability gradually increases, the rate of rise of the action potential declines, impulse conduction slows and fails. As a general rule, small nerve fibers seem to be more susceptible to the action of LAs than are large fibers. This may explain why the LAs affect the functions of a nerve in predictable order. Autonomic fibers are generally more susceptible than somatic fibers. Among the somatic afferents order of blockade is: pain – temperature sense – touch – deep pressure sense.

In clinical practice the preparation of LA often contains a vasoconstrictor, usually adrenaline (1: 50,000 to 1: 200,000). The vasoconstrictor decreases the rate of absorption of a LA into the circulation. This performs a dual service: (1) prolongs duration of action of a LA, and (2) reduces systemic toxicity of a LA.

Actions. The danger of such adverse reactions is proportional to the concentration of LA in the circulation.

bk. CNS: Following absorption, LAs may cause stimulation of the CNS, producing restlessness and tremor that may proceed to clonic convulsions followed by depression with respiratory failure.

bl. CVS: (usually seen after high systemic concentrations): The primary site of action is the myocardium, where decreases in electrical excitability, conduction rate, and force of contraction occur. In addition, most LAs cause arteriolar dilation. Lidocaine has little effect on contractility and atrioventricular conductivity; it may serve as an antiarrhythmic. Procaine is not used as antiarrhythmic, but its amide derivative procainamide is a classical antiarrhythmic.

Pharmacokinetics. Surface anesthetics are rapidly absorbed from mucous membranes, but absorption from intact skin is poor. Procaine does not significantly penetrate mucous membranes. Rate of absorption depends on the blood flow to the area of application or injection. Esters linked LAs (procaine etc.) are rapidly hydrolyzed by plasma pseudocholinesterase and the remaining by esterases in the liver. Amide linked LAs (lidocaine etc.) are metabolized only in the liver microsomes.

Adverse effects. Systemic toxicity is related to the intrinsic anesthetic potency of the LA. However, toxicity is influenced by relative rates of absorption and metabolism. CNS effects are mental confusion, tremors and finally convulsions and respiratory arrest. CVS toxicity is manifested as bradycardia, hypotension, cardiac arrhythmias and vascular collapse. Hypersensitivity reactions like rashes, dermatitis, asthma, and rarely anaphylaxis occur. These are more common with ester type LAs and cross reactivity is frequent among them, but not with amide linked LAs.

Therapeutic uses. Local anesthesia is the loss of sensation without the loss of consciousness. The choice of a LA and the technique of its use are the determinants of the properties and toxicity of the LA.

bm. Surface anesthesia: It is produced by topical application of surface anesthetics to mucous membranes (nose, mouth, throat, tracheobronchial tree, esophagus, genitourinary tract) and abraded skin. Tetracaine (2 %), lidocaine (2 to10 %), and cocaine (1 to 4 %) are most often used. Procaine and other more polar LAs are clinically unsatisfactory; they penetrate mucous membranes too poorly. Cocaine has the unique advantage of producing vasoconstriction as well as anesthesia.

bn. Infiltration anesthesia: Dilute solution of LA is injected under the skin in the area of operation – blocks sensory nerve endings. It is used for minor operations. The LAs most frequently used for infiltration anesthesia are lidocaine (0.5 to 1.0 %), procaine (0.25 to 1.0 %), and Bupivacaine (0.125 to 0.25 %).

bo. Conduction block: The LA is injected around nerve trunks so that area distal to injection is anesthetized and paralyzed. It is frequently used for tooth extraction, operation on eye, limbs, abdominal wall, fracture setting etc.

bp. Spinal anesthesia: The LA is injected into the lumbar subarachnoid space between LII-III or LIII-IV below the lower end of spinal cord. The primary site of action is the nerve root in the cauda eqina rather than spinal cord. Lower abdomen and lower limbs are anesthetized and paralyzed. Spinal anesthesia is used for operations on the lower abdomen, pelvis, lower limbs, prostatectomy, obstetric procedures, caesarian section etc. Its advantage over general anesthesia are – (1) it is safer; (2) produces good analgesia and muscle relaxation without loss of consciousness; (3) cardiac, pulmonary, renal disease and diabetes pose less problem.

bq. Epidural anesthesia: The spinal epidural space is filled with semiliquid fat through which nerve roots travel. The LA injected in this space acts primarily on nerve roots (in the epidural as well as subarachnoid spaces to which it diffuses). It is a popular form of regional anesthesia.

ASTRINGENTS

Astringents are substances that precipitate proteins, but do not penetrate cells, thus affecting the superficial layer only. They toughen the surface making it mechanically stronger and decrease exudation and inflammation.
These drugs are divided into:
· Organic: Tannins, Tanalbine, Decoctions of bark of Oak-Tree, Camomile, etc.

· Non-organic: weak solutions of zinc, aluminum, cooper and bismuth salts. They form tough albuminates on the surface, thus serve as protective coat.

Astringents are used for the treatment of skin diseases, inflammatory diseases of oral, nasal cavities. Tannic acid and Tannin are used in alkaloid poisonings – precipitate ingested alkaloids (morphine, atropine, etc.) as tannates.
COATING DEMULCENTS

They are, in general, high molecule weight substances and are applied as thick colloidal solutions in water. They form viscous film over the sooth inflamed mucosa, preventing contact with irritants in the surroundings.

ADSORBENTS

Adsorbents are finely powdered, inert and insoluble solids with great adsorptive surface (activated charcoal, starch, kaolin). They are capable to bind to their surface noxious and irritant substances, preventing mucosa from irritation and absorption from mucous membrane. These agents are used in case of poisoning, inflammatory disease of GIT, meteorism, etc.

EMOLLIENTS

Emollients are brand oily substances which sooth and soften skin and mucosa. They form an occlusive film over the skin, preventing evaporation, thus restoring elasticity of cracked and dry skin. They are also used as vehicles for topically applied medicaments. They are (1)vegetable oils (Olive oil, Cocoa butter, Linseed oil); (2)animal products (Wool fat (Lanolin), Spermaceti (from the head of sperm whale), Bees wax); (3)petroleum products (Soft and hard paraffin, Liquid paraffin). Cocoa butter, wool fat and paraffin are commonly employed as ointment bases. Bees wax and spermaceti are used to harden ointment bases. Wool fat may cause allergy in some patients.

Antacids
are described in lecture “Drugs used in gastrointestinal diseases”.

Available forms:

Tetracaine – in bottles 0,5 % and 1 % solution 10 ml each

Novocain (Procaine) – in ampoules 0,25 %; 0,5 %; 1 % and 2 % solu tion 1; 2; 5 and 10 ml each

Anaesthesinum – in tablets 0,3 each; 5 % ointment
Lidocaine hydrochloride (Propoxycaine) – in ampoules 1 % solution 10 ml each; in ampoules 2 % solution 2 and 10 ml each

Examination questions
46. Local anesthetics interfere with the movement of which ion as a fundamental basis for their action?

(A)
Calcium

(B)
Sodium

(C)
Potassium

(D)
Hydrogen

(E)
Oxygen

47. Sympathetic block is one use of local anesthetics. What is the best location to apply the local anesthetic?

(A)
Nerve cell ending

(B)
Neuromuscular junction

(C)
Sympathetic ganglia

(D)
Spinal cord

48. Frequently vasoconstrictors are combined with local anesthetics to delay absorption of the anesthetic from its injection site. What is the most widely employed agent?

(A)
Dopamine

(B)
Phenylephrine

(C)
Levonordefrin

(D)
Epinephrine

(E)
Cocaine

49. What is the most commonly used local anesthetic?

(A)
Bupivacaine

(B)
Procaine

(C)
Lidocaine

(D)
Etidocaine

50. A 25-year old-woman visits your office with red and itchy eczematoid dermatitis. She had a dental procedure earlier in the day, and the dentist administered a local anesthetic. There were no other findings, although she indicated that she had a history of allergic reactions. Which of the following drugs is most likely involved?

(A)
Cocaine

(B)
Procaine

(C)
Lidocaine

(D)
Bupivacaine

(E)
Etidocaine


Answers

46. B. Inhibition of inward migration of Na+ can result in complete block of conduction and therefore abolition of pain transmission. This block of conduction is not a feature of alteration of any of the other ions.

47. C. A block at this level will affect only the sympathetic nerves, not parasympathetic activity. Application to the nerve cell ending would result only in topical anesthesia, and blockade of the neuromuscular junction could produce respiratory failure. Administration to the spinal cord is too general an answer. The injection must be near a nerve or nerve plexus proximal to the surgical site.

48. D. Epinephrine is by far the most commonly employed vasoconstrictor. Phenylephrine is occasionally used with procaine for dental procedures. Levonordefrin is also used rarely in dental procedures. Dopamine has no vasoconstrictor activity. Cocaine is itself a local anesthetic with some vasoconstrictor properties. However, cocaine, because of its abuse potential and toxicity, is seldom used. Its only use is topical.

49. C. Lidocaine is well tolerated and has a rapid onset and an adequate duration of action for most procedures. Bupivacaine has a particularly long duration of action. This may be advantageous in certain procedures, but not in most. Procaine has a relatively slow onset of action as well as a short duration of action. Etidocaine shows a preference for motor rather than sensory block; this limits its effectiveness in obstetrics.

50. B. Allergic reactions occur only to the ester type of local anesthetics. This is because the metabolism of all ester-linked local anesthetics leads to the formation of PABA, which is known to be allergenic to some individuals. Both cocaine and procaine are esters. However, cocaine is not employed in dental procedures. Therefore, the best choice is procaine.
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Diagram 3.1 Structure of the autonomic nervous system
































































































































































































































































































































































































































4. Binding to receptor


Postsynaptic receptor activated by binding of neurotransmitter





6. Metabolism


Noradrenaline�is methylated by COMT and oxidized by MAO





3. Release of neurotransmitter


Release blocked by guanethidine and bretylium











5. Removal of noradrenaline


Released noradrenaline is rapidly taken into neuron


Uptake is inhibited by cocaine and imipramine





2. Uptake into storage vesicles


Dopamine enters vesicles and is converted to noradrenaline


Noradrenaline is protected from degradation in vesicles


Transport into vesicles is inhibited by reserpine





Synthesis of noradrenaline


Hydroxylation of tyrosine is the rate-limiting step








