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Qintment. -~ =~

. Pharmacopoeia & Formular

Q. Enumerate the potential sources of information on drugs. (CU-07J)

1. Nature Water-based anc Dil-based ar
spread uniformly.

2. Composition Oil- 50% and water- 50% Qil- 80% ~~4 water- 20%

3. Appearance Less greasy and has lighter | More gicasy and has thicker
consistency. consistency.

4. Absorption Quickly absorbed by the skin. Slowly absorbed and stays longer

over the skin.

5. Function Suitable to use both in small and large | Suitable to use in small skin
areas of skin. lesions.

6. Application on dry skin | Cream neamatec clin drmece and | Best used in dry skin.

Q. List the drug information sources that can be consulted for rational prescribing. (SU-071)

of drug information:

Pharmacopoeia:

a !'!'=i~d~+~e~e Pharmacopoeia

b nacopoeia

¢.  biusn ruannaceutical Codex

d. Indian Pharmacopoeia

e. The International Pharmacopoeia (Ph. Int.) by WHO etc.
2. Formulary:

a. British National Formul~—' /?NF)

b. Bangladesh National Drug roimulg= /RDNEY ats,

3. Textbooks:

a. Goodman & Gilman’s The Pharmacological Basis of Therapeutics,
b. Racic & Clinical Pharmacology (By Bertram G. Katzung) etc.
4. Medic._, .
a. New England Journal of Medicine
b, Reitich Madira] Journal
C. 1armacology
d. 'macology
e. ruropean journal of pharmacology
f. Japanese journal of pharmacology

5. Pharmaceutical companies: But their information sometimes may be biased.

6. Computer based information: Single comprehensive source of drug information. Data base software for
pharmacokinetic designing, drug-dose includes PCONLINE, PHARMAKIN & MINSQ. Online authentic
information about drug can be obtained from the “food & drug administration” or FDA; using
http:/www.fda.gov/

7. Unbiased information about drug is proved by —

a. Martindale’s Extra Pharmacopoeia
b. American Drug Index
WHO drug information

C.

(Ref> Misbahuddin-5"/6-8)
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S

"¢ .
gll(b(h:)gz'(ll(ln vPlac*cmum under the tongue allows a drug to diffuse into the capillary network and, therefore, (o enter (he
systemic circulation directly. (Ref: Lippincott's- 6'/'/2)
Intramuscular (IM). Drugs administered IM can be aqueous solutions or .s'pe.cialfzec/ depot p/‘epd{’cnion.\i‘/1/75()rpti(m
of drugs in an aqueous solution is fast, whereas that from depot preparations is slow. An excunplg is .\t%l.&'!all?t’d-rt‘lea_s'g
haloperidol decanoate, which slowly diffuses from the muscle and produces an extended neurn/epnc.e//.ecl.‘ o
(Ref: Lippincot’s-6"/3
Many drugs are well absorbed when administered intramuscularly. The rate q/'alxgorp/iun is governed by muscle blogy
How. and this varies from site to site (deltoid > vastus lateralis > gluteus /naximuS).. ' . o
The drug must be sufficiently water soluble to remain in solution al the injection site .unnl absorption occur.s'.'l his is ¢
problem for some drugs, including phenytoin, diazepam and digoxin, as crystallization and/or poor absorption occyy
when these are given by intramuscular injection, which should therefore be avoided. . , . th
(Ref: A Textbook of Clinical Pharmacology and Therapeutics by Ritter& Lewis-5"/ & 2y J

Subcutaneous (SC): This route of administration is somewhat slower than the IV route. Examples of drugs utilizing S¢
administration include epinephrine along with local anesthetic, norplant, LMW heparin
and programmable mechanical pumps that can be implanted to deliver insulin in diabetic patients.

(Ref: Lippincott 's-6”'/3/
Oral Inhalation: Inhalation provides the rapid delivery of a drug across the large surface area of the mucoyg
membranes of the respiratory tract and pulmonary epithelium, producing an effect almost as rapidly as with [y
injection. This route of administration is used Jor drugs that are gases (for example, some anesthetics) or those that can
be dispersed in an aerosol. This route is particularly effective and convenient for patients with respiratory complaings
(such as asthma, or chronic obstructive pulmonary disease) because the drug is delivered directly to the site of action

and systemic side effects are minimized. Examples of drugs administered via this route include sulbutamol, 4
corticosteroids, such as fluticasone.

(Ref: Lippincott's-6"/4)
Nasal inhalation: This route involves administration of drugs directly into the nose. Agents include ¥

decongestants such as the anti-inflammatory corticosteroid mometasone furoate. Desmopressin is adminis

intranasally in the treatment of diabetes insipidus; salmon calcitonin, a peptide hormone u

sed in the treatment of
osteoporosis, is also available as a nasal spray. The abused drug, cocaine, is generally taken by intranasal sniffing.

(Ref: Lippincott’s-6"/4)
Intrathecal/intraventricular: This route provides access to the CNS for drugs that are normally excluded by the blood-

brain barrier. This inevitably involves very high risks of neurotoxicity, and this route should never be used witho
adequate training. The possibility of causing death or permanent neurological di  Hility is such that extra care must be

taken in checking that both the drug and the dose are correct. Examples of drugs used in this way include-
1. Methotrexate

Local anesthetics (e.g. levobupivacaine)
Opiates, such as morphine and fentanyl.
Amphotericin B used in freating cryptococcal meningitis.
Aminoglycosides are sometimes administered by neuro-
Gram negative infections of the brain.
6. The antispasmodic baclofen is sometimes administered by this route.
(Ref: A Textbook of Clinical Pharmacology
Topical: The topical route includes application to the skin or to the m

airway, or vagina for local effect. The rate of absorption varies with the

th

(T OV N

surgeons via a cisternal reservoir to patients with

and Therapeutics by Ritter & Lewis-5"/ & 22)
ucous membrane of the eye, ear, nose, throut,
area of application . 1 the drug's formulation.
(Ref: Katzung & Trevor-9" edition)
sdermal patch for systemic effect
he first-pass effect is avoided. This
[ drug nitroglycerin, ' antiemetic
week contraceptive patch that has an efficacy similar to oral birth control pills.

(Ref: Lippincott’s-6"/4 +Katzung & Trevor-11" edition)

Transdermal: The transdermal route involves application to the skin via a tran

Absorption usually occurs very slowly (because of the thickness of the skin), but t

route is most often used for the sustained delivery of drugs, such as the antiangina
scopolamine, and the once-a-

Q. Write down the advantages & disadvant: of oral route. (DU-12J, CU-1 1Ju, RU-I

3, SU-06M)
Q. Write down the advantages & disadvant: _ of sublingual route. (SU-03J, DU-17))
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3. Diagnostic enema.

I. Evacuant enema: Worm soap water to remove the fecal matter & flatus. HO stimulates the rectum and soap
lubricates.

e Use: Before surgical operation, delivery, radiological investigation of GIT.
¢ Amount: 600 ml at a time.

2. Retention enema:
e Prednisolone enema- in ulcerative colitis.
» Glycerine vegetable oil enema- in constipation
e Normal saline glucose- Nutrient enema
e Amount: 100-200 ml at a time

Diagnostic enema: BaSO, suspension or emulsion is administered into rectum for x-ray examination of
colon.
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dissociates from the protein. This maintams the free-drug concentration as a constant fractic.. .. ., Ol
drug in the plasma.

Tissue binding of the drugs: Certain drugs have special afﬁnity‘for certain tlsslues‘ a(;l_fléhieny ;T'ig_’g highe,
concentration in that tissue compared to plasma. Eg, digoxin in hc.ean. muscle, r'(; lu and th>c/: til Elang,
tetracycline in bone and teeth. This phenomenon is called selective distribution of drug Ssues gy,

called cellular reservoir of drug.

™ YW= 3o you mean by selective distribution of drug? (DU-01S, CU-01S, SU-06S)
Distribution of drug in body is unequal. (DU-07Ju)

stribution of drug: It means special distribution of drug in the certai.n tissue of Fhe boqy dye to
ity between particular drug & particular body constituents. The dr ugs exist in these tissues in higheg
cuinianll compared to plasma. This phenomenon is called cellular reservoir of drug and the tissues are ca||g,

selective reservoir. It is due to presence of nucleoprotein in the tissue.

Examples:

B Tissue /organ | Drugs

| Thyroid [ Todine ' _

| Heart Digoxin (bound to muscle protem?, Quinidine
Liver Chloroquine, Doxycycline, Digoxin, Fe
Brain Chlorpromazine, INH
Retina (melanin containing tissue) Chloroquine —

[ Bone & Teeth (Ca”* containing tissue) | Tetracycline, Bisphosphonates, Ca” ", iron, lead

| Iris Atropine, Ephedrine
Fat Morphine, Thiopental Na, OPC, Barbiturate
Hair & Nail | As, Heavy metal
Lungs | TCA, Amiodarone

@stric parietal cell | Omeprazole

). What are the causes of unequal distribution of drug?
Ans.
Causes of unequal distribution of drug
I. Plasma protein binding: high PPB — |distribution
Tissue binding: Cardiac glycoside binds with cardiac muscle due to presence of sugar part.

2.
3. Blood brain barrier: 1Penetration — fdistribution.
4,
S.

Sequestration in adipose tissue: tbody fat — tdistribution of thiopental Na”
Disease state: hypoproteinemia due to liver cirrhosis, nephrotic syndrome — |albumin— |PPB -

tdistribution.

Nice to now
Clinical significance of tissue binding of a drug:
I. Large volume of distribution
2. Long duration action (Digoxin & Doxycycline has half-life of 40 hours & 20 hours respectively)
3. May exert local toxicity due to high concentration e.g. Digoxin toxicity on heart; Tetracycline toxicity on
bones & teeth etc.

Criteria of free drug:
1. This is the active form of drug & responsible for its pharmacological action.
2. Produces equilibrium with the protein bound drug.

Short duration of action,

Is metabolized & excreted readily.

Is filtered through the glomerulus along with plasma.

s W
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Mechanism of redistribution: This occurs due to higher affinity to the sccond organ. Drugs are stored in thyg
organ (cellular reserve) and are then released from there slowly. The greater the lipid solubility of the drug, the
faster is its redistribution.

Examples of Drugs which are redistributed:

! ™-1gs which are redistributed | Tissues where redistribution occurs
ne e Thyroid
oroquine o Retina
| wpuedrine, Atropine o Iris
| Tetracycline, Iron. e Bone & teeth
(Ref: Goodmun & Gilman's-12h
ow:
m of redistribution: fa is a highly lipid-soluble 1V anesthetic. As the blood flow to the brain is vepy
high, thiopental-Na reaches to ... .............. concentration in the brain within minute in case of 1V injection. But there is liufe

binding of drugs with the brain constituents and as a result, the drug is redistributed from the brain to the adipose tissues,
The concentration of the drug falls in the brain tissue within minutes and the action of the drug in the brain is terminated
Thiopental-Na produces unconsciousness within 10-30 seconds with a peak effect in I min & duration of anaesthesia is 5-§
minutes. But its half life is 12 hours due to its redistribution.

(Ref: Goodman & Gilman's-12th)

Plasma Protein Binding (PPB)

Plasma protein binding (PPB): Reversible binding of some plasma proteins with the drugs in the circulation is
called plasma protein binding or PPB.

Plasma proteins that binds with different drugs:
Albumin:

a. Principal drug binder.

b. Usually binds with acidic drugs with high affinity; e.g. *'“* ™~ ™'~ ™ "5, Benzodiazepines etc.
1-acid glycoprotein: Usually binds with basic drugs; €.g. B-bivvnuis, 1 1acuom, Verapamil etc.
slobulin:

o Thyroid binding globulin 7T

o Corticosteroid binding globulin (CLBG)

Factors responsible for plasma protein binding:
1. Affinity of the drug for the plasma protein
2. Concentration of free drugs
3. Concentration of plasma proteins
4. Diseases causing hypoproteinaemia / hypoalbuminaemia (eg, chronic liver disease, CLD)

Important characteristics / criteria of PPB:

1. One drug can bind to many sites on the albumin molecule. Conversely more than one drug can bind with
the same plasma protein.

2. If two drugs has same binding site on a protein & are administered at the same time, affinity to bind with
the protein determines the binding, Drug with better affinity binds with the protein & the other remains @
free drug.

3. As the binding sites may not overlap, two highly protein bound drugs (of same plasma protein) do not
necessarily displace each other. Example: Both Probenecid & Indomethacin are highly bound to albumim
but don’t displace each other.

4. Acidic drugs don’t displace basic drugs & the vice versa.
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Q. Explain “plasma protein binding influences both pharmacodynamics & pharmacokinetics”. (DU-08))
Ans.

Effects of plasma protein binding on pharmacodynamics: . ‘
1. If adrug is displaced from plasma protein, it would increase the unbound drug concentration and increage
the effect.
2. Highly plasma protein-bound drug is displaced slowly, and thus acts slovyly.
3. [If adrug is displaced more from plasma protein, it would cause more toxic effect.

Effects of plasma protein binding on pharmacokinetics: . o

I. When the amount of unbound drug in plasma increases, the rate of elimination will increase.

2. More plasma protein bound drug has increased duration of action.

3. It helps to interpret the drug concentration measurement. _

4. When the plasma protein is lower than normal, then total drug concentration will be lower but unbound

concentration will not be affected.

5. Competitive binding of a drug with plasma protein can increase the serum concentration of another drug,

(Ref: Katzung-13"

Volume of Distribution (Vd)

volume of distribution. (CU-01M)
are the factors affecting volume of distribution?
note: Volume of distribution. (DU-11Ju)

v viume uf distribution (Vd):

Definition: Volume of distribution (V) is defined as the virtual volume of plasma that would contain the total
body content of the drug at a concentration equal to that in the plasma.

(Ref: Rang & Dale ’s-8th)

Volume of distribution (V,) = Total amount of drug

Plasma concentration of drug

Factors influencing volume of distribution:
1. Lipid-water partition coefficient of the drugs.
pKa value of the drug.
Degree of plasma protein binding (PPB)
Affinity for different tissues.
Fat & lean body mass ratio (it can also vary with age, sex, obesity etc.)
Pathological condition such as CCF, CLD, uremia etc.

ARl

(Ref: Tripathi-6" 19
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0 Explain the cffect of a large Vd on the half-life of a drug.

1S.

..fect of a large Vd on the half-life of a drug: A large V4 has an important influence on the half-life of a drug,
because drug elimination depends on the amount of drug delivered to the liver or kidney (or other organs where
metabolism occurs) per unit of time. Delivery of drug to the organs of climination depends not only on blogg
flow, but also on the fraction of the drug in the plasma. If the V for a drug is large, most of the drug is in the
extraplasmic space and is unavailable to the excretory organs. Therefore, any factor that increases the volume of
distribution can lead to an increase in the half-life and extend the duration of action of the drug.

Q. Name 2 drugs with large volume of distribution.
Q. Name 2 drugs with low volume of distribution.

(Ref: Lippincott's-6"/] vy

Ans.
Drugs with high Vd Drugs with low Vd
1. Fluoxetine (2500 litres) 1. Frusemide (7.7 L)
2. Imipramine (1600 L) 2. Aspirin(11L)
3. Nortriptyline (1300 L) 3. Indomethacin
Digoxin Salicylic acid
Chloroquine Valproic acid
6. Amoxicillin
6. Ampicillin
7. Gentamicin

tion will you get if it is said that Vd of a drug is either low or high? (DU-98M)

mean by Vd of nortriptyline 1300 litres?

iificance of high volume of distribution.
lificances of low volume of distribution.

_.igh volume of distribution / significances of low volume of distribution

Significance of high Vd (eg, 1300L) :%x.

: s Significance of low Vd (eg,5L) - - .-

The drug is almost confined to the tissue, ie, it | 1. The drug is almost confined to the blood, ie, it has
has high tissue binding. less tissue binding.
2. It has least plasma protein binding 2. It has high plasma protein binding
3. Its distribution is high 3. Its distribution is low
4. Prolonged half life 4. Short halflife
5. Itsaction is wide S. lts action is restricted
6. It is more lipid soluble 6. Itis more water soluble
7. Itcan be given orally 7. It should be given by injection —
8. It can cross BBB 8. It cannot cross BBB o
9. It has CNS effect 9. It has no CNS effect |
10. Action is rapid 10. Action is delayed
11. Adverse effects are more 11. Adverse effects are less. o
12. In case of poisoning, the drug cannot be easily | 12. In case of poisoning, the drug can be easily
removed by hemodialysis. removed by hemodialysis.
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| from
drugs

HILWU 1IVIC puial 1vadnly CALICLaUIC proaucts,

Nice to know
Why drug metab.ollsm IS necessary: Ronal ovevotinw nleie ~ wivneq] pole in terminating the biologic activity of
some drugs, particularly fhose that a vever, most drugs are relatively lipid soluble
and are not excreted easily. Conseq.......,, ..o wiugs wouwu nuve a prolonged duration of action if termination
of their action depended solely on renal excretion.

An alternatzve process that can lead to the termination or alteration of biologic aazvtty is metabolz.sm In

general IinsA cnlsshln vnmabhdnslon o o r v . vy - 5. The
role that o _ ) _xumple,
linanhilir havhitipntoe ciirb o thinmamtnd cad comeesabomL2ad 131 . " y 1ea. AN o

5)

(about 99% of biotransformation occurs in the liver)
Intermediate degree = Lungs

= Kidneys

= Intestinal mucosa
= Skin

Blood

Brain

Gonad

Eye

Adrenal glands
Placenta

= Spleen

= Leukocytes

= Spleen

= Cardiac muscles

Lower degree

Oroanelles where biotransformation occurs:
smooth endoplasmic reticulum (mainly)
viitochondria

ytoplasm.
(Ref: Misbahuddin-5"/127)

Q. What are the aims & objectives of biotransformation? (DU-06S, CU-15J,07Ju; SU-16J.14J.11}Ju,08J.07))
Q. Discuss the changes in biological activity of drugs caused by blotransformatlon (DU-16Ju,1 1Ja)

Pharmacology-15
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6. Sulfotransferasc o AT

7. Transferases- Acetyl transferase, Methy! transfcrase, Catechol-O-Methy! Transferase (COMT)

7. Glutathion-s-transferase

8. i d
Monoamine oxidase (MAOQ) (Ref- Misbahuddin- 5128 12 )

Q. Short note: Hepatic microsomal enzyme system. (CU-06))

Ans. : : -

- the i :
Hepatic microsomal enzyme system: Many drug-metabolizing enzymes alrle lgg‘:}i‘:ar::s are isof;gg':)‘“
endoplasmic reticulum membranes of the liver and other tissues. When these lamf? ar omes. Microsomes conts Y
homogenization and fractionation of the cell, they re-form into vesicles called micros . ain

the important class of enzymes known as microsomal enzyme system.

Microsomal enzymes: Write from above. (Ref: Katzung-1 3'/'/58)

Q. What do you mean by microsomal biotransformation? (SU-10J)

Vo ' i | i f a drug to make j
Microsomal biotransformation: It is the fundamental process for chemical alteration o g e it
suitable for excretion from the body under the influence of microsomal biotransforming enzymes.

Nice to know o , -
*  Most of the oxidation, reduction, hydrolysis & glucuronidation are catalyzed by microsomal enzymes. Microsomal

enzymes are inducible by drugs. The non-microsomal enzymes are not inducible, but many of them show geneyic
polymorphism (acetyl transferase, Pseudocholinesterase).

*  Microsomal & non-microsomal enzymes are deficit in the newborn, especially premature newborn. So, they are more
susceptible to many drug toxicities (e.g. chloramphenicol, opioids). The deficit is mainly in Glucuronidation & it takes
about 3 months to make up.

*  Oxidation reaction (Phase 1): Oxidations are the most important drug metabolizing reactions. This reaction involyes
addition of oxygen (or negatively charged radical) or removal of hydrogen (or positively charged radical). Various
oxidation reactions are as follows:

1. Hydroxylation
2. Dealkylation
3. Deamination
4. Desulfuration
*  Microsomal oxidations require —

1. P450
2. P450 reductase
3. NADPH

4. Molecular O,

Viva Q. Name some drugs that are metabolized by acetylation.

Ans.
Drug metabolized by acetylation:
1. Isoniazid
2. Sulfonamides
3. Acebutolol
4. Procainamide
5. Hydralazine
6. Phenelzine
7. Nitrazepam

(Ref: Goodman & Gilman's-12th)
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. |
Senetic factors: Genetic deficiency of drug-metabolizing enzymes cause less biotransformation & produce

woxicities. For example, . . '

' ﬁccinylcholine (a muscle relaxant used in anesthesia) causes muscle paral)'/Sls req'ulred durmg surgery.
It is metabolized by the enzyme pseudocholinesterase and then, its action is terminated. If .the enzyme
pseudocholinesterase is genetically absent or deficient or abnormal, then there will be ’less
biotransformation and prolonged action of the drug. This may lead to respiratory muscle paralysis &
leath.
some people genetically possess high level of acetyl transferase referred as rapid acetylator and vice
versa as slow acetylator.

o Rapid acetylator: Isoniazid drug — TAcetylation — 1Biotransformation — Require large dose.
o Slow acetylator: Isoniazid — |Acetylation of isoniazid — |Metabolism & tisoniazid bioavailability
—» 1Pyridoxine excretion — causes peripheral neuropathy — so, low dose of isoniazid is given,

Pathological condition:

* Liver disease

*  Nephrotic syndrome
= Hypothyroidism

* Hypopituitarism

—> | Biotransformation

» Hyperthyroidism — fdrug biotransformation
*  Kidney disease — |insulin biotransformation
*  Pulmonary disease — |isoprenaline biotransformation

Environmental factors:

*» In urban people: 1Hydrocarbon production — induces microsomal enzymes — fdrug biotransformation.
People living in high altitude: — |microsomal enzymes — |drug biotransformation.
Smoking — benzo(a)pyrene of cigarette induces microsomal enzymes — 1drug biotransformation, eg,
theophylline, imipramine.
*  Alcoholism:

o Acute alcohol intake — |drug biotransformation.

o Chronic alcohol intake — tdrug biotransformation.

( ate of absorption: Increased rate of absorption permits higher concentration of a drug at the active centers
of enzymes involved in its metabolism.

Transfer across cell membranes: Most of the drug metabolizing enzymes are located intracellularly. So
more lipid soluble drugs enter the cell faster than water soluble drugs and are metabolized earlier.

Protein binding: Extracellular and intracellular protein binding reduces drug metabolism.

xcretipn: The more rapid the excretion of a foreign compound or its product, the less is the opportunity for
interaction of the compound or product with critical target molecules in the organism,

rcadian rhythms: This variation is thought to be largely due to the result of a variation of levels of the

engyrpeﬁ of the P450 monooxygenase with the variation in the endocrine functions in different times of day
and night. ’

Enzyme induction: Causes increased metabolism of drug,

izyme inhibition: Causes decreased metabolism of drug.

(Ref: Misbahuddin-5"/137+Others)
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I:ll[.)lca LIE CHIICAL SIgniicances oI enzyme inhibition. EI(U-U‘)J)
inical significance of enzyme inhibition. (DU-07M)
inical significance of microsomal enzyme inhibition. (SU-17M)

e izyme inhibition:

1. Enzyme inhibitors reduces metabolism of primary drug and thus effectiveness of primary drug is
increased.

2. Decrease cost of the.rapy by decreasing the dose of the principle drug with the help of enzyme inhibitor.
Example: Cyclosporine (immune-suppressive drug) used in graft operation in 2-3 divided doses for 2'7, -

3 months. But with Ketoconazole (enzyme inhibitor) 1 dose of cyclosporine daily for 2'/, - 3 months
decreases 50% of cost.

3. There is increased chance of toxic effects of primary drug.
(Ref: Katzung-13"/59)

Drug Excretion
g excretion. (RU-07J,05M,04M)

vrug vavsvaont It is the process by which a drug or its metabolites are eliminated from the body.

: processes of drug excretion with examples. (SU-14J,10/09J, CU-11J,06J)
s of drug elimination. (DU-06M; CU-09J, RU-09Ju,07J, SU-04S)
r routes of drug elimination with examples. (SU-15Ju)

icretion:
raagus svaees | 1o Kidney (MW < 300)
. A T e T b b d deiis e fenianenide wathidine.
2. Hepato-........ g pe e s ey,

.=~ Antimicrobials

= Benzodiazepines

= Tetracycline
Chloramphenicol

= Cardiac glycosides

= Rifampicin

= Chlorpromazine

3. Gastro-intestinal

Antacid
= BaSO,
=  Aminoglycoside
4, Li
Inhalation anesthetic (eg, halothane, N,O, ether)
Alcohol
Skin (¢ s T e
!. Saliva
i.  Breast |
k. Vagin
. Tear: ‘
).  Hair/

ieral principles of drug excretion through kidney. (DU-06M, CU-02M)
1 the renal mechanism of drug excretion. (CU-09J, SU-14J,10/09J, DU-06M; RU-071)
<+ =xuw uues muney handle the drug metabolites? (RU-07))
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Ans.
General principles of drug excretion thr

}.~_Glomerular filtration (passive process)
27 Fubular secretion (active process)
3. Tubular reabsorption (active + passive process)

ough kidney: Renal excretion involves following 3 basic mechanisms.

Net renal excretion = (Glomerular filtration + Tubular secretion) — Tubular reabsorption

A lymerular filtration (GF): GF depends on- o -
Molecular weight of the drug: Drugs with MW <10,000 Dalton are easily filtered. Drugs with MW

1 o dein crsrmtnin hAarmAny
>50,000 Dalton are not filtered €.

Plasma protein binding (PPB): Only free drugs ar¢ Tierea urougn the glomerulgr membrane. Plasma
albumin (MW 68000) is almost completely impermeable, but most degSjW‘Fh the exception of
macromolecules such as heparin- cross the barrier freely. If a drug binds E}PPTeClal_’l)’ to PlaSTa albumin,
its concentration in the filtrate will be less than the total plasma concentration. If, like warf.arm, a drug is
approximately 98% bound to albumin, the concentration in the filtrate is only 2% of that in plasma, an(

clearance by filtration is correspondingly reduced.
Concentration of drug in plasma ;{gﬁ‘g::gf g:ﬁ.‘;e
Renal blood flow: In shock — |[renal blood flow — |drug
excretion.
GFR: Congestive cardiac failure, renal failure — |GFR —
ldrug excretion.
Polarity of drug:
* Charged drug — slowly filtered. | N/ o .__
* Neutral drug — rapidly filtered. Active
 secretion Proximai
tubule
B. Active tubular_secretion: Tubular secretion is an active
process. The cells of the proximal convoluted tubule actively | L J ===~
transport drugs from the plasma into the lumen of the tubule.
There are at least two types of transport systems- Loop of
Hente
{cidic/anionic transport protein: Transport acidic drugs
eg, metabolites of glycine, sulfate or glucuronic acsd | — } L ----
conjugates). Unchanged drugs such as penicillin can also be Passive Distal
-~sreted. reabsorption tubule
. .. . . of lipid-soluble,
isic/cationic transport protein: Transport basic drugs (eg, un-lonized
morphine, amiloride, histamine, ethambutol, mgb‘::hh -----
hexamethonium, catecholami ). n
amines etc.) concentrated so Colt:?;:ttlng
that the Intra-
lumlnal concen-
tration is greater
. . L. than that in the
Fig. Urinary eltmu.mtton of drugs and metabolites by glomerular pertvascular space.
Siltration and/or tubular secretion and reabsorption.
) ) lonized, lipid-
C. Tubular reabsorption: The reabsorption of drug from the insoluble drug
lumen of the distal convoluted tubules into the plasma occurs into urine

either bv simnle diffusian or by active transport. Most drugs are reabsorbed by simple diffusion. Passive

tubular icavsurpuoun uciays uiug excretion. Extent of reabsorption depends on




-
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d solubility: Lipid soluble drugs are more reabsorbed. Water soluble drugs are more excreted.
ree of ionization/ pH of drugs:
Acidic drug in acidic urine — Less ionization — More lipid soluble — More reabsorbed.
Alkaline drug in alkaline urine — Less ionization — More lipid soluble — More recabsorbed.
Acidic drug in alkaline urine — More ionization — Less lipid soluble — More excreted.
Alkaline drug in acidic urine — More ionization — Less lipid soluble — More excreted.
(Ref> Misbahuddin-5"/139,140)

—--=~*~ *he factors that can influence drug elimination/excretion. (CU-13Ju, SU-15Ju)
factors modifying renal excretion of drug. (DU-07M, CU-15Ju,11J,09Ju,07J, RU-05M)
‘actors that can modify glomerular filtration and tubular secretion. (CU-06S)
v urinary pH influences / modify drug excretion? (DU-06M; CU-14Ju, SU-12Ju,06S; RU-
u)

role of pH of media in drug excretion with example. (SU-13J)

racwis muauuying renal excretion of drug:

A. Factors related to drug:

B.

1.

Molecular weight of the drug: Drugs with MW <10,000 Dalton are easily filtered. Drugs with MW
>50,000 Dalton are not filtered except heparin, dextran, protein hormone.

2. Plasma protein binding (PPB): Only free drugs are filtered through the glomerular membrane. If a drug
(i.e. warfarin) is approximately 98% bound to plasma albumin, the concentration in the filtrate is only 2%
of that in plasma and clearance by filtration simultaneously reduced.

Concentration of drug in plasma

4. Drug interaction at the level of tubular secretion: The tubular secretion of drug (being an active process)
can be suppressed by a competing substance; e.g.

- o " 77 Probenecid competes with penicillin for secretion into renal tubule and thus
cup s voaws wiv wews v o penicilling As a result, the excretion of penicillin is decreased and the action of
penicillin is prolonged.

5. Polarity of drug:

= Charged drug — slowly filtered.
= Neutral drug — rapidly filtered.

6. Lipid solubility: More lipid soluble drugs are more reabsorbed. More water soluble drugs are more
excreted.

7. Degree of ionization/ pH of drugs:

* Acidic drug in acidic urine — Less ionization — More lipid soluble — More reabsorbed.

* Alkaline drug in alkaline urine — Less ionization — More lipid soluble — More reabsorbed.

* Acidic drug in alkaline urine — More ionization — Less lipid soluble — More excreted.

®  Alkaline drug in acidic urine — More ionization — Less lipid soluble — More excreted.
Factors related to kidney:

1.
2.

Renal blood flow: In shock — |renal blood flow — |drug excretion.
GFR: Congestive cardiac failure, renal failure — |GFR — ldrug excretion.

(Ref: Tripathi-6" 30, 31)

Q. How renal excretion of a drug can be increased? (SU-05J,04S)
- How excretion of an acidic drug can be enhanced? (CU-06))
* 0W urinary excretion of a phenobarbitone can be increased? (SU-00S)

ns.

2- EXplain the Manipulation of urine pH in drug overdose. (DU-16Ju)
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4. By reducin; —1te of metabolism:

Small cnemical modification: Addition of an ethinyl group to estradiol, eg, OCP.
Inhibition of specific enzymes: Allopurinol inhibits the degradation of 6-mercaptopurine.
Inliibition of microsomal enzymes by drugs, eg, cimetidine, metronidazole, disulfirum, isoniazid etc.

5. By reducing renal excretion: The tubular secretion of drug (being an active process) can be suppressed by a
competing substance, resulting in prolongation of drug action.
For example: after simultaneous administration of mrahananid 2 mamisilin hoth drugs compete for the
same active site of the carrier protein for secretion inw wiw 1cuar wouies. put probenecid has more affinity for

the carrier protein. So, probenecid is secreted into the renal tubule, whereas penicillin remains in the plasma.
Thus the action of penicillin is prolonged.

6. Others:

Increase the dose
Increase frequency
By decreasing gut motility.

(Ref: Tripathi-6th/35,36)

Advantages of prolongation of drug action:

1.
2.

3.

4.

Frequency of administration is reduced & it is more convenient & cost effective.

Improved patient compliance: A single morning dose is more likely to be forgotten than a 6 / 8 hourly

regimen; a monthly or quarterly administered contraceptive over one that has to be taken daily.

Large fluctuation in plasma concentration are avoided- side effects related to high peak plasma level

just after a dose (e.g. nifedipine) would be minimized; better round-the-clock control of blood sugar etc.

Drug effect could be maintained overnight without disturbing sleep; e.g. anti-asthmatic, anticonvulsants.
(Ref: Tripathi-5"/35)

Q. Name some drugs excreted in milk. What is its clinical importance? (RU-02J)

Ans.

Drugs excreted through breast milk:

NN AN =

Barbiturates, eg, phenobarbitone
Benzodiazepines

Amphetamine

Anticancer drugs

Ampicillin

Aspirin

Folic acid

Tetracycline

Clinical importance of breast milk elimination of drugs: Drug enters into the infant body & can produce its
adverse effect. For example-

1.

2.

If a lactating mother takes CNS depressant drugs, it will pass to baby via milk and will cause CNS
depression to the baby. .

If a lactating mother takes tetracycline, it will pass to baby via milk, deposit to bone & teeth and will
cause growth retardation.

(Ref: Tripathi-6"/912)







— . Vmax |C]
v = Rate of drug metabolism = ————
Km+[C]

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

. Vmax [C
v = Rate of drug metabolism = —[—]-
Km
wr . 1M
ot rrein e eveee oo o U metabolism is directlv nronarvtinnal ta the drua concentration.

(Ref: Lippincott '5-6"/1 3‘)
of its initial plasma concentration per unit

v,

0 .
50% excreted (ﬁr.\‘t hL 40 mg 50% excreted (2”(1 hr)% 20 mg

30% excreted (4th hr) S me 50% excreted (Sthhr) .

g0 mg administered
50% excreted (3rd hr)

A

> 10 mg
2.5mg =7

Criteria: o
n doses used clinically, most drugs are subject to first-order processes of absorption, dlStl‘Ibutlo:\',

1etabolism and elimination.

:ate of metabolism is proportional to the plasma drug concentration.

.ate of elimination is proportional to the plasma drug concentration.

Jalf life of the drugs is constant.

inzyme in liver is in excess, so metabolism of a drug can increase whenever its plasma concentration

1Creases. A

n this mechanism, there is less chance of toxicity, because increase in dose of drug increases its
~tetabolism and elimination.

at follow 1" order kinetics: 98 — 99% drugs follow first order kinetics.
.ow dose Aspirin (75 mg)

Phenobarbitone

Paracetamol

Carbamazepine

Low dose phenytoin (25 mg)

oS W N

ou mean by zero order kinetics? Give examples. (SU-06M)
: Zero-order kinetics. (DU-13J)
: Zero-order elimination. (DU-10J)

netics / non-linear /saturation kinetics:
hen the rates of metabolism and excretion of a drug do not vary with the drug concentration in
the boay ana a fixed amount of drug is metabolized or excreted per unit time, it is called zero-order kinetics.
(Ref: Bennett & Brown-11" edition+ Lippincott’s-6"/14)

Explanation; Enzyme-mediated metabolic reactions most commonly show zero-order kinetics, because the
amount of enzyme present is finite. As the amount of drug in the body rises, the enzymes become saturated and
the rate of metabolic reactions or processes reaches the maximum amount at which it stays constant. Passive
diffusion does not become saturated.

, (Ref: Bennett & Brown-11" edition)
With a few drugs, such as aspirin, ethanol, and phenytoin, the doses are very wrge. Therefore [C] is much
greater than K, and the velocity equation becomes-

"harmacology-] 7
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Vmax |t}
Km +]C]

V = Rate of drug metabolism =

V = Rate of drug metabolism = Vmaé [C] (When [C] is much greater than K.,)

V = Vmax
mains constant over time

and the rate of metabolism re onst |
o (Ref: Lippincott's-6"/] 9

The enzyme is saturated by a high free-drug concentrati

mg per unit time regardless its initial plasma concentration.

nple: A drug Y is always excreted 10 !
10 mg excreted (2nd hr)A, 60 mg

10 mg excreted (firs ) , g9 g
10 mg excreted (4th hi_) 40 mg

ov ...g administered

_10mg_excreted Grd r)_, 50 g
10 mg excreted (Sth hIL) 30 mg ——

Cv:fnr;‘)‘:
The rate of drug metabolism remains constant over time. ' .
The rate of drug excretion also remains constant and a fixed amount of drug 15 excreted per unit time,

Plasma half life varies with the concentration of the drug. The higher the concentration, the longer the

nalf life. ' )
[ncrease in the dose of the drug does not increase metabolism and elimination. This may markedly

prolong the apparent serum half-life and increase toxicity. o
Zero-order kinetics is also known as rate-limited or dose-dependent or saturation kinetics.

Zero-order absorption processes apply to iron, to depot im. formulations and to drug implants, e.g
antipsychotics and sex hormones.

Drugs that follow zero order kinetics:
1. High dose »enirin (Anti inflammatory effect)

2. Highdose

3, Tt

4.

5. 3
A VWA TATI

fferences between first order & zero order kinetics. (DU-16J,14Ju,10J, RU-10Ju)
ntrast: 1st order kinetics & zero order kinetics. (CU-07J,06M, RU-13Ju)
order kinetics of elimination with zero order kinetics of elimination. (CU-15Ju)

__..7een 1*' order & zero order Kinetics:

v asa s s e

First order kinetics Zero order kinetics
1. Rate of metabolism is proportional to the plasma drug | 1. *Rate of metabolism remains constant over time.
concentration.

2. Rate of elimination is proportional to the plasma drug | 2. Rate of elimination remains constant and

concgntrqtiqn. A constant fraction (percentage) of a fixed amount of drug is excreted per unit time.
drug is eliminated per unit time. |
3. Tt occurs when concentration of drug is low. 3. It occurs when concentration of drug is very
' high and metabolism is saturated.
4. Half life of the drugs is constant. 4. Plasma half life varies with the concentration of

the drug. The higher the concentration, the
longer the half life.
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e m— = =S = t— — - —
5. There 1s less chance of toxicity, because increase 1n | S. Increase in LC QOSC ol e arug may markedly
dose of drug increases its elimination. prolong the apparent scrum half-lifc and
increase toxicity .
6. Example: Most drugs follow 1* order kinetics. Eg, Low | 6. Example: Few drugs follow zero order kinetics.
dose Aspirin, Phenobarbitone, Carbamazepine etc. High dose Aspirin, Phenytoin, Tolbutamide,

Theophylline, Warfarin etc.

m

Q. Why plasma half life varies when drug elimination follows zero-order kinetics? (CU-14Ju)

Ans.

Plasma half life va.ries in zero-order Kinetics: In zero-order kinetics, the rates of metabolism and excretion of a
drug df) not vary with t.he drug concentration in the body and a fixed amount of drug is metabolized or excreted
per unit time. Ingrease in the dose of the drug does not increase metabolism and elimination. As a result, plasma
half life varies with the concentration of the drug. The higher the concentration, the longer the half life.

Q. Short note: Clearance / CL.
Ans.

Clearance (Cl) i
Definition: Clearance is defined as the virtual volume of blood from which drug can be completely removed per
unit of time (eg, 100 mL/minute).

(Ref: Modern Pharmacology With Clinical Applications by Charles & Robert-6"/51)

Definition: The ratio of the rate of elimination of a drug to the concentration of the drug in the plasma or blood is

called the clearance
(Ref: Karzung-13"/42)

Rate of elimentaion of drug
Plasma drug concentration (C)

1ce (Cl) =
Rate of elimination = Cl X C = Rate of administration

Criteria: .
1. Conceptually, clearance is a measure of the capacity of the body to remove a drug.
2. Drugs with “high” clearance are rapidly removed from the body, and drugs with “low” clearance are
removed slowly.
3. For a drug eliminated with first-order kinetics, clearance is a constant.
*  For drugs eliminated with zero-order kinetics, clearance is nof constant.
5. Clearance depends on the drug and the condition of the organs of elimination (eg, kidney) in the patient.

6. The units of clearance are volume/time.
(Ref: Katzung-13"/42-46; BRS Pharmacology-6"/11)

Half life (t2)

Q. Define plasma half life. (DU-10Ju,06J, CU-07J,06M; SU-15J,13J,09Ju; RU-17J,12Ju)
Q. Define & classify half life. (DU-07Ju; RU-06M; SU-06J)
“ "™ 7 bu mean by plasma half life of a drug? (RU-08J)

you calculate plasma half life? (RU-08J)

: Plasma hallf life (¢,;) of a drug. (DU-15J,13Ju,09Ju; CU-06S/J)

: Half life (¢,) of a drug. (RU-15J, SU-17J)

Aia11 111¢e
Definition: Half-life (t12) is the time required to change the amount of drug in the body by onc-hall” during

elimination (or during a constant infusion).
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Half-life is useful because it indicates the time required to attain 50% of stcady state—or to decay 50% from

steady-state conditions—after a change in the rate of drug administration.

(Ref: Katzung-13"/46)

Halflife () = 21XV
. Cl
Here, Vd = Volume of distribution and Cl = Clearance, 0.7 = In 2 = constant.
(Ref: Katzung-13"/4¢,)

Tvpes of half-life: ‘
>lasma half-life: The time by which plasma concentration of a drug becomes 50% of steady state after
he administration of that drug is called plasma half-life. : N
- Elimination half-life: The time by which 50% of the drug is eliminated from steady-state conditions is
--lled elimination half-life. / .
ological half-life: The time by which 50% of the effect of the drug is gained is called the biological
Aflife.

Nice to know

Concept of half-life: The half-life determines the rate at which blood concentration rises during a constant infusion and falls
after administration is stopped. After start of a constant infusion, the plasma concentration rises smoothly with time and
always reaches 50% of steady state after | half-life, 75% after 2 half-lives, 87.5% after 3 half-lives, and so on. The decline in
concentration after stopping drug administration follows the same type of curve: 50% is left after 1 half-life, 25% after 2
half-lives, and so on. The asymptotic approach to steady state on both increasing and decreasing limbs of the curve i
characteristic of drugs that have first-order kinetics.

As for example, during constant infusion, with the passage of each half life period of time, the plasma concentration rises by
half the difference between the current concentration and the ultimate steady state (100%) concentration. Thus,
» Inlxt;y The plasma conc. will reach (100/2) = 50%

* [n2xt,y The plasma conc. will reach {50 + (100-50)/2} = 75%
* In3xt;,: The plasma conc. will reach {75 + (100-75)/2} = 87.5%
* In4x1,, The plasma conc. will reach {87.5 + (100-87.5)/2) = 93.75%
* InSxty The plasma conc. will reach {93.75 + (100-93.75)/2) = 96.875% of the ultimate steady state.
(Ref: Bennett & Brown-11th)
g 100 — . -
> '
£ 15 \ Stop i ]
] \ infusion :j
g @ —
> / Start f
8 25 V Infusion . :
§ W T —
0 2 4 6 8 2 4 6 8 10
Time (number of half-lives)
rondcentralion (plotted as percent of maximum) of a drug given by constant intravenous infusion for 8 half-lives
ved. .
te: Steady state. (NTK)
‘he Relation of plasma half-life with steady state concentration. (DU-16Ju)
~--mwy --—--+ When a drug dose is given repeatedly over a period, a state is eventually reached, at which point the

amount of drug absorbed is in equilibrium with that eliminated from the body. This state is called steady state.







Blueprint™ Pharmacology 114

4.
5.

Addition of 2nd drug that inhibits metabolism of the first drug — |Excretion of first drug — 1t
Addition of 2nd drug that displaces the first drug from albumin — fvolume of distribution — 1t;,

eg. Phenylbutazone + OHA ‘
Phenylbutazone displaces OHA from binding site, thus increases the half of OHA.

nical significance of measurement of plasma drug concentration. (DU-09J)

inical significance / utilities of half life. (DU-10Ju,07Ju; RU-17J,16J, SU-13))
ignificances/importance of plasma half life? (RU-12Ju,06M, SU-13Ju)

rical importance of knowing plasma half life of a drug. (CU-05M; SU-12Ju,08/07Ju)

signinicances / Lnnical importance of half life of a drug

IR
2.
3.

Now s

Half life gives a gross idea about the pharmacokinetic & pharmacodynamic properties of the drug.
To predict the duration of action
To formulate a dosage schedule (amount of drug & frequency of interval)
e Long ty;: Should be given once/twice daily to prevent accumulation.
e Short t;5: Should be given repeatedly.
To handle a case of overdose.
To determine the time to achieve steady state plasma concentration.
Gives idea about near total elimination time of a drug,
It also gives general knowledge-
e Whether the drug is metabolized or eliminated unchanged.
e Whether the drug itself is active or converted into active metabolite or both, eg, diazepam.
e Whether the drug has irreversible action or not, eg, reserpine.
* Presence of disease in the organ of metabolism or excretion.

ation we get from plasma half life? (SU-09Ju,06M)

armacokinetic & pharmacodynamic parameters of 2 drugs having plasma half lives of 3
ours respectively. (DU-04M)

Significance of long and short half life:

Information Significance of long half - | Significance of short half
: s life (t;,=12 hrs) life (t;»=2 hrs)
1. Time required to fall plasma drug 12 hrs 2 hrs
concentration by 50% of the steady state
2. Absorption Slow Rapid
3. Plasma protein binding More Less
4. Metabolism Slow Rapid
5. Excretion Slow Rapid
6. Action Slow & Sustained Rapid
7. Suitable in Chronic case Emergency case
8. Patient compliance Good ‘ Not so good
9. Frequency of administration Less More
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— .. Y - M . »
Q. State the Therapeutic advantages and disadvantages of drugs with long and short half lives.

Ans. - -
/”J - -
Therapeutic advantages Therapeutic disadvantages
Long e Long duration of action. e Cannot be given in emergency by oral routc.
half-life | e Less dose frequency. e More cumulative effect, eg, diazepam causcs
e Better patient compliance. next-day hangover.
e Can be used in prophylaxis, eg, Salmeterol | ® More drug interaction as it is highly protcin
(ti2 12 hours) — used to prevent night bound.
asthma. e Chance of toxicity is more as it is less rapidly
e Tolerance does not develop. metabolized or eliminated.
Short e Can be given in emergency to treat acute e Short duration of action, so cannot be used as
half-life attack, eg, GTN in acute angina. prophylactic measure.
e Rapidly excreted, so less chance of e More dose frequency.
toxicity. . o Less patient compliance.
e No cumu.lanve effect. e Development of tolerance is more if frequently
a Nn drno interaction. used.
Q status is determinant of every aspect of pharmacokinetic properties of drug. (SU-
Ans.

Solubility status of drug influences every aspect of pharmacokinetic properties of drug. Eg,

1. Absorption:
a. Increased lipid solubility — Increased absorption (4bsorption « Lipid solubility)

b. More water solubility — Less absorption
2. Distribution:
a. Lipid soluble drugs — distribute mainly intracellularly.
b. Water soluble drugs — distribute mainly extracellularly.
3. Biotransformation: Most of the drug metabolizing enzymes are located intracellularly. So more lipid
soluble drugs enter the cell faster than water soluble drugs and are metabolized earlier.

4. Excretion:
a. More lipid soluble drugs are more reabsorbed.

b. More water soluble drugs are more excreted.

Vd, loading dose & maintenance dose- Described above.
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Pharmacodynamics

Q. Define pharmacodynamics. (DU-06S: RU-07Ju)

Ans.
Pharmacodynamics:
effect of dmos and their mechanism of action.

This is the branch of pharmacology which deals with the biochemical and phy5i0|0gica1

(Ref: Goodman & Gilman s- | 2y

* yruacodynamics: Pharmacodynamic is the study of biological effects produced by the drug”. Simply
rmacodynamics means “what the drug does to the body.

(Ref: Misbahuddin-5"y 3

o

R " - B Mechanism of drug

Q. Enumerate the process by which drnoe act (RU-16Ju,14Ju)

Ans.
Processes by which drugs act: Drugs may act by 2 ways-
1 Sngcific mechanism: Drugs go to the specific site, bind with receptor & form a drug-receptor complex whicl,

i1ses the desired drug actions. Most of the drugs act by this mechanism.
e eceptor mechanism
¢ :inzyme mechanism
e on channel mechanism
e  Carrier mechanism

2 ™" d-specific mechanism: In non-specific mechanism, the drugs don’t bind to specific receptor. Drugs act i
ays-
e By altering p**~*~ ~k~=ical properties of cells
e By direct chemical interaction

12

° pl ans.

i Non-specific mechanism =

uss the non-specific mechanism of drug action.

echanism of drug action:
_physiochemical properties of cells:
yping the streaming (rolling) movement of cell g, anesthetic drugs enter into the
reticular system of brain — cytoplasmic streaming stop - f the pt.
b. By stabilization of cell membrane, so no ion exchange.
c. By lowering surface tension,
d. By inhibiting energy production / utilization of cell.

2. By direct chemical interaction:
a. Neutralization, eg,
* Antacids directly interact with the gastric HCI and neutralize the acid.
J Prqtamine sulphate (+ve charged) directly interact with heparin (-ve charged) and neutralize the
action of heparin.
b.  Chelation: Antacids chelate tetracycline.

c. antic;coagulation: Anti-coagulants (Oxalate, EDTA, citrate) trap Ca’' of blood — No coagulation of
ood.
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3. By physical means:
a. By osmosis:

e Purgatives: Milk of magnes’ " apurgative.
MgSO; — Mg®* + SO, (0smuucaity acuve) — These ions attract water from food and intestinal wall
and form water jacket — Larger molecule — Stretch the intestine — TPeristalsis — Defecation.
Osmotic diuretics: M~~~*~! 5 filtered by glomerulus — not absorbed — Retain largec amount of
water in the renal ..ou.vs us it is osmotically active — Excreted with large amount of water —
Diuresis.

By adsorption: Activated charcoal adsorbs alkaloid poisons.

By emollient & demulcent action: Mg trisillicate in PUD

By mass of drug: Bulk laxative.

Radioactivity: Bl

VAN B PN

o 80w

- Specific mechanism -

Receptor mechanism of drug action

Q. Mention the target proteins with which drnoc hind ¢a nenduna anting (DU-10/09Ju, CU-13Ju; RU-
3)
‘he molecular targets of drug action? (DU-13Ju, CU-07J,06M)
targets of dug action in human body. (CU-17M,14]Ju)

s for drug binding / Molecular targets of drug action:

ors
2. Ion channels
3. Enzymes
4. Carrier proteins
5. Structural proteins (such as tubulin)
6. Plasma protein
(Ref: Rang & Dale ’s-8th)
ss. (DU-15J,12Ju,11J,08J; RU-13Ju,09J; SU-17J,10J, CU-16J,11J,08J)
ing to location. (DU-15J,12J)
s on the basis of mechanism of action. (SU-15Ju)
scording to signaling mechanism. (DU-17M)
)f receptors on the basis of mechanism of action. (SU-12Ju)
s. (CU-15J,11J,09Ju,07J; SU-131J)
of receptor super family? (CU-04M)
Q. Clas: ** . . . oo 4. we m _ ean  mwr oemr ame A
Ans,
Receptc
Deﬁmtr

B T T T reeesssasy MY VLo AVGMLIE WU

alterations in biochemical and/or blOphysncal activity of a cell, and consequently, the functlon of an organ.

(Ref: Lippincott 's-6th)
Drug (D) + Receptor (R) — D-R complex — Response

'~ isification of receptors:

According to location: Receptors are of 3 types—
Bbrane / cell surface receptors » a and B-adrenoceptors, Cholinergic receptors, Insulin u;.gvpt;f

2. Cytoplasmic receptors e Steroid hormone receptors
3. Nuclear receptors e Thyroid hormone receptors

Pharmacology-] 8
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B. According to activity:

imary or specific receptor: . ' _ ‘

1. l:n“l‘);,‘yvsi(())logpical / pharmacological / active receptor: [?rugs selectively combn;e with thtls rec;:_ptor ang
produce action. They are only 1-2%. Eg, cholinergic receptors, o and P-adrenoceptors, Istamipq
receptor. '

o Spare receptor/reserve receptor: Anatomically & functionally these recept0r§ are Same g
physiological / pharmacological receptors. But they do not act normally. They come into action only
when pharmacological receptors are exhausted or blocked.

2. Secondary / non-specific / silent / dead receptor: Drugs binds with these receptors without producin,
any response. Eg, plasma proteins are this kind of receptors. .
o Any drugs can combine with these receptors. So these receptors are called non-specific.
o The drug-receptor complex is pharmacologically inactive / inert & does not produce any action, g,
the receptors are called silent or dead.
o The receptors act only as store house of drugs and prolong their pharmacological effects.

-effector linkage:

ich ligands are physiologically or endogenous|y
Nicotinic receptor, GABA, receptor.
yrs): Muscarinic receptor, adrenoceptors.

sytokine receptors.

(Ref: Rang & Dale 's-8ih

Non-classical receptors: Receptors having no physiological / endogenous ligand are called non-classical
receptor.

a. Enzyme as receptor o Dihydrofolate reductase: Receptor for methotrexate.
o Acetyl-transferase: Receptor for acetylcholine.

b. Transport protein as receptor | ¢ Na'-K" ATPase: Receptor for digoxin

_ o H'-K'-ATPase: Receptor for omeprazole.

c. Voltage gated ion channel o Na' channel

o Ca™ channel

o K channel

d. Structural protein as receptor | ¢ Microtubules

¢ Tubulin: Receptor for colchicines.
e. Nucleic acid as receptor ¢ Nucleic acid: Receptor for thyroid hormones

Ll

Q. Diagrammatically discuss the ligand-gated ion channel with example. (CU-06M)
Ans.

Liganq-gated ion channgls (ionotropic receptors): These are membrane proteins which are responsible for
regulation of the ﬂgw of ions across cell membranes. They have a ligand-binding site (receptor), usually in the
extracellular domain. The activity of these channels is regulated by the binding of a ligand to the channel.

Response to th(?se receptors is very rapid, having durations of a few milliseconds. Typically, these are the
receptors on which fast neurotransmitters act.

Exa!_r!gles’:
. Nic'otinic acetylcholine receptor: Stimulation of this receptor results in sodium influx, generation of an
action potential, and activation of contraction in skeletal muscle.

o G.“XBAA receptor: Benzodiazepines enhance the stimulation of the GABA receptor by GABA. resulting
in increased chloride influx and hyperpolarization of the respective cell.
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= o Glutamate receptors of the NMDA, AMPA.

(Ref: Rang & Dale 's-8th+ Lippincort §-6thy

[ - —_
TTT A
Pore ~0.7 nm diameter
\
6 nm
Exterior
---X
Membrane anm
Cytosol
" 2 nm
V
o-Helices forming gate

=~ Cewcture of the nicotinic acetylcholine receptor (a typical ligand-gated ion channel) in side view (left)
ew (right). The five receptor subunits (a2, B, y, ) form a central transmembrane pore. There are two
1e binding sites in the extracellular portion of the recepior.

W
itics of Classical / physiological receptors:
Type I: ligand-gated Type II: G-protein- Type III: receptor Type IV: nuclear
ion channels coupled receptors kimlse§ receptors
Location Membrane Membrane Membrane Intracellular
Effector lon channel Channel or enzyme Protein kinases Gene transcription
Coupling Direct G-protein Direct Via DNA
Responding | Within milliseconds ' ™ithi noonand Withiv Losoe Within hours
time
Structure Oligomeric embrane Monomeric
Examples Nicotinic receptor mMuscarinic recepior tnsuan, grawrh factors, Steroid receptors
GABA receptor Adrenoceptors cytokine receptors Vitamin D
Glutamate receptor | Dopaminergic receptor Retinoic acid
5HT; receptor Opioid receptor Thyroid hormone
Neuropeptide receptor
; SHT; receptor

(Ref: Rang & Dale ’s-8th)

G-protein coupled receptors. (CU-17J)

2D,

G-protein coupled receptors

1. Muscarinic receptor

2. Adrenoceptors

3. Dopaminergic receptor
4.

Opioid receptor
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5. Neuropeptide receptor
6. SHT;receptor

rize G-protein coupled receptor. (CU-12))

—usorseession of G-protein coupled receptor: On the basis of GTP:
1. Gs StimulatoryG protein.

" hibitory G protein.
timulatory but not direct stimulatory as Gs.

nples of some drugs which mediate drug effect by ===~ ~=" -'==*=~ "in channel. (RU-11jy)

__ ....... mediate drug effect by opening and closing ion channel
1. Blocking Na' channel:

a. Local anesthetic: Lidocaine.
b. Anti-epileptic drugs: Phenytoin, carbamezipine, etc.
c. Anti-arrhythmic drugs: Quinidine, procainamide, etc.

2. Blocking K* channel:

a. Anti-arrhythmic drugs, eg, Amiodarone, sotalol.
3. Blocking Ca®* channel:

a. Antihypertensive drugs: Captopril, verapamil, etc.

4. Opening CI' channel:
a.

Sedative & hypnotic drugs, eg, benzodrazeprne & barbiturates.

Q. Short note: Spare receptor.
Ans.

Snare Receptors:

rition: Spare receptors are receptors that exist in excess of those required to produce a full effect

Synonym: Surplus receptor, reserve receptor.

Salient features of spare receptors:

1. Anatomically & functionally these receptors are same as physiological / pharmacological receptors
2. They do not act normally.

3. They come into action only when pharmacological receptors are exhausted or blocked

4. Functions:

a. Spare receptors increases sensitivity to the drug.

b. Spare receptors amplify the signal duration and intensity.

(Ref: Katzung & Trevor 's-11th edition)
Examples of spare receptors:
e Spare receptors are exhibited by receptors that respond to hormones, neurotransmitters, and peptides.
P nn ns ~.

pt~=- are “spare.” This constitutes an immense functional reserve that ensures
aucquate amounts of glucose enter the cell.

* In human heart 5-10% of the total f-adrenoceptors are spare. As a result, little functional reserve exists
the failing heart; most receptors must be occupied to obtain maximum contractility

(Ref- Lippincott’s-6"/29)
lown about rerentar wamslasine (CU.08), SU-12J)

egulations: Receptor number is regulated by two ways-
1. Receptor down regulation

2. Receptor up regulation




(Canaval Pharmacalaas

A

Down regulation / adaptatic= 7_p~==~~1 nged Nph Concentzanon or da;ron g

auses a reduction in the number of receptors avanaoic 1or acuvanon. 1ms is called receptor down regrubation
r'he vanishing receptors are taken into the cell by endocytosis.

(Ref: Bennett & Broswn 11ihy
Example: Repeated use of B-agonist bronchodilator for the treatment of asthma results in down-regulation or
desensitization of B-adrenoceptors. :

Mechanism of down regulation:
1. Decreased synthesis & increased destruction of receptors
2. Internalization of the receptor.

(Ref: Bennett & Brown-11th; Rang & Duaule 's-8th)

:gulauvn; Coanges n receptor occupancy & affinity & p th ¢
s to an increase in the sensitivity & number of receptor. T! on.

Examples: The occasional exacerbation of ischemic heart diseases (IHD) on sudden withdrawal of a f3-
blocker is due to up regulation.

Prolong blocking of B-receptor by the B-blocker drug
l
Receptor up regulation & sensitization.

!

On withdrawal, an “above-normal” number of receptors suddenly become accessible to the normal
neurotransmitters (noradrenaline & adrenaline).

!

Exacerbation of IHD (so B- blocker drugs should not be suddenly stopped, their dose should be gradually
tapered and then stopped if needed).

Mechanism of up regulation:

1. Increased formation of receptor & decreased degradation of receptors.
2. Accentuation of signal amplification by the transducer

3. Increase sensitization of receptor to agonist e.g. development o™ ' ° ' Toae,

(Ref Benucu X BITUYVIET L 2T, Tripathi-6lh/5().52)

™ __.*n

-- ** 11y the concennencec of drug-receptor interaction? (DU-10Ju, SU-17J)

ceptor- ______ _:following drug receptor interaction. (RU-07J; SU-14J,08J)
nsequences of drug receptor interaction? (DU-13Ju,12Ju,09Ju; CU-06J); RU-08J. SU-
1,06])

molecular consequences/mechanism of drug receptor interaction? (CU-13J; RU-08))

"molecular consequences of drug receptor interaction:

I. Post-receptor events of ion channel coupled receptor:
e Opening of ion channel
e Closing of ion channel

2. Post-receptor events of G-protein coupled receptors:

e Formation of 2™ messengers

e Inhibition of 2™ messengers

e Ca® release

e May open / close receptor-operated ion channel
3. Post-receptor events of tyrosine kinase receptors: Phosphorylation of proteins
4,

Post-receptor events of DNA coupled receptors: Gene transcription.

(Ref: Rang & Dale s-Sih
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Nice to know . —

a ey

nd: They are the chemical substances which can combine with receptors. Endogenous ligands dre
stransmitters, hormone, autacoids (cytokines). Exogenous ligands are drug molecules.

messenger: The extracellular ligands are called first messengers. Hormones, neurotransmitters, drug
cules all are examples of first messengers.

(Ref: Ganong 's-24,h}

> the 2" messengers? (DU-07J, SU-06S)
2 second messengers with their functions. (CU-16Ju)
te: 2" messengers. (DU-17J)

ers: The intracellular mediators which are produced as a result of binding of the first messengers (eg

...... ones, neurotransmitter) with the receptors are called second messengers. Second messengers are

responsible for the ultimate physiological / pharmacological effects of the first messengers.

a .
2" messengers Functions

1. Cyclic adenosine | ¢ cAMP activates various protein kinases that control cell function in many differen

monophosphate ways by causing phosphorylation of various enzymes, carriers and other proteins.
(cAMP)
2. Inositol o [P increases free cytosolic Ca®* by releasing Ca®* from intracellular compartments,
triphosphate
(IP3) |
3. Diacyl  glycerol |« DAG activates protein kinase C, which controls many cellular functions by
(DAG) phosphorylating a variety of proteins. j
4. Ca®™ ion e Increased free Ca®" initiates many events, including contraction, secretion, enzymei

activation and membrane hyperpolarisation. |

5. Cyclic guanosine | ¢ c¢GMP is active only a few cell types including intestinal mucosa and vascular smooth
monophosphate muscle. |

(cGMP) o cGMP acts by stimulating a cGMP-dependent protein kinase. i

o Increased cGMP concentration causes relaxation of vascular smooth muscle by a
kinase-mediated mechanism. |

(Ref: Katzung-13"/30-34)

Nice to know
Functions of cAMP: Acting as an intracellular second messenger, cAMP mediates-

I3

N R N

Mobilization of stored energy (the breakdown of carbohydrates in liver or triglycerides in fat cells
stimulated by B-adrenomimetic catecholamines).

Conservation of water by the kidney (mediated by vasopressin)

Ca2+ homeostasis (regulated by parathyroid hormone).

Increased rate and contractile force of heart muscle (f-adrenomimetic catecholamines).

Production of adrenal and sex steroids (in response to ACTH, FSH).

Relaxation of smooth muscle.

Many other endocrine and neural processes.

(Ref: Katzung-13th/31-33)

Examples of ligands acting through Second messenger system:

1

cAMP 2" messenger system: ACTH, FSH, LH, TSH, ADH (V, receptor, epithelial cells), Parathormon

(PTH), Catecholamines (f-receptors), Glucagon, Calcitonin, CRH, HCG, Angiotensin Il (epithelial cells)
Secretin act by the cAMP 2 messenger system.

Cell membrane-phospholipid 2" messenger system: The following hormones act by membrane
phospholipid b messenger system: Catecholamines (a-receptor), GnRH, GHRH, TRH, Oxytocin, ADH
(V) receptor, vascular smooth muscle), Angiotensin II (vascular smooth muscle) act by membrane
phospholipid 2" messenger system.
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COR © Lo

3. Ca’*-Calmodulin system.: Local hormones act by this way. For examnple, calmodulin activates niyosin

3.
kinase, which acts directly on the myosin to cause smooth muscle contraction.
(Ref: Guyton-13th, Harpers-30th)

B about mechanism of drug action. (DU-06S; RU-04S, SU-16Ju)
discuss with diagram & examples the receptor mediated drug action. (SU-091})
describe the receptor mediated drug action. (DU-15J, SU-16J/Ju)
briefly the receptor mechanism of drug action with examples. (DU-14Ju,12],08]; SU-12J)
Describe the signal transduction mechanism that follows drug receptor interaction. (CU-16J)
Mention the ways with examples by which drug can produce its action. (DU-06S)
Discuss the receptor-effector coupling through ligand-gated ion channel coupled receptor. (CU-

11Ju,10Ju)
Discuss with example the modulation of ion channel through ligand-gated ion channel coupled

receptor. (CU-14Ju)
Explain with examples- the ion channel mechanism of drug action. (RU-17J)
Mention 2nd messenger action of drugs with examples. (DU-12Ju, SU-13J,12Ju)
erte down the mechanism of G-protein coupled receptor. (DU-16Ju,07J, CU-11Ju,10Ju, SU-14Ju)
“®  “>r coupling through G-protein coupled receptor. (SU-15Ju)
sduction induced by G-protein coupled receptor. (CU-13Ju)
wotein in the signal transduction mechanism. (CU-17J,15J)
influences second messenger system. (DU-17M)
iction mechanism due to - receptor stimulation. (CU-16Ju)

anism of drug action/ Drug-receptor interaction:

tion vig “~~=a ~otad inp channel coupled receptors (ICCR): Many of the most
uselul urugs 1 vnuvar nledicine 2 1 or blocking the actions of endogenous ligands that regulate
the flow of ions through plasma membrane channels The natural ligands include acetylcholine, serotonin,

GABA, and glutamate.

Drugs/ligands binds with ion channel coupled receptors (ICCR)

l
Conformational change of receptors
l
Opening of a central “transmembrane ion channel”

!

Increases transmembrane conduction of the relevant ion (eg, Na*, CI,, K*)

Alteration of the electrical potential across the membrane.

!

Drug action.
Example: Muscle relaxant, cholinomimetic drugs act by this way.

Pilocarpine (an acetylcholine agonist)

l

Acts on muscarinic (M;) receptor of constrictor papillae muscle

!

Opening of ion channel

Influx of Na* ion

!

Depolarization

!
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Action potential

|

Contraction of constrictor papillac muscle

l

Miosis (constriction of pupil)

i i i rotei : SeC senger action:
B. M-~tanism of drug action via G-protein coupled receptor yus < R) / second messeng n

Extracellular ligands bind with G-protein coupled receptors (R, cg, p-adrenoceptors, glucagon receptors)

l —
Activation of G protein Agonist

: {

G protein regulates the activity of effector enzyme or ion

R -——--b-R’
channel (E) it % GTP
!
e Increase in the intracellular concentrations of second 0P E
messengers  such  as cAMP.  calcium  ion, G-GDP G-GTP |

-pl es.
¢ Opening of ion channels |
!

J
Pharmacologic action P. |
i 1

Fig. Mechanism of drug action via G-protein coupled receproy

For example: Mechanism of drug action by cA™MP 7! messenger pathway:
Drug-Receptor complex ’

Agonist
l {
Activation of G protein
!
G protein stimulates adenylyl cyclase Membrane
!
ATP — 1 cAMP
! o ATP CAMP ———> 5-AMP
cAMP-dependent protein kinases
! . : PDE
Phosphorylation of protein R, + CAMP,
2 .
! R,C,
Drug effect 20
(Ref: Katzung-13"/31-33) ATP ADP

Pase

' Responsé
Fig. The cAMP second messenger pathway. hormone

receplors (Rec), a stimulatory G protein (G,), adenylyl cyclase (AC), phosphodiesterases (PDE), regulato’
(R) and catalytic (C) subunits, protein substrates (S) of the kinases, and phosphatases (P'ase).
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201 Autonomic Pharmacology

Ans.
Adverse effects of atropine as local mydriatics:

1. Prolong duration of action (7-10 days). So, prolong mydriasis — prolong blurring of vision.

2. Increases intraocular pressure. So, it can induce acute glaucoma in persons with a narrow anterior
chamber angle.

3. Difficulty in near vision, due to loss of accommodation reflex
4. Dry or sandy eyes
5. Photophobia

(Ref> Katzung-13"/129)

Q. Explain why atropine is contraindicated in patients suffering from glaucoma. (DU-16Ju)
Ans.

Atropine blocks M receptor — Relaxation of cilliary muscle — Cycloplegia — Obstruction of the “canal of
Schlemn” — | Drainage of aqueous humor — {Intra-ocular pressure (IOP).

Thus, atropine Increases intraocular pressure. So, it can induce acute glaucoma in persons with a narrow anterior
chamber angle.

Q. Why phenylephrine is preferred as mydriatics than anti-muscarinic drugs for fundoscopic examination?
Ans.

Phenylephrine is preferred as mydriatics than anti-muscarinic drugs: Parasympathoplegic drugs should
never be used for mydriasis unless cycloplegia or prolong action is required. a-agonists (e.g. phenylephrine)
produce a short acting mydriasis that is usually sufficient for fundoscopic examination.

(Ref> Katzung-13"/127)
Atropine poisoning

igement of atropine poisoning? (RU-04J)
ecific antidote of atropine poisoning.

S/S) of atropine poisoning:

-

wyv. wauned vision, raised IOP & aggravation of glaucoma, mydriasis, loss of accommodation reflex, dry
eye etc.

CVS: Tachycardia.

GIT: Constipation

Urinary: Urinary retention

Exocrine: | Salivation (dry mouth), |sweating (hot dry skin), hyperthermia (atropine fever) etc.
CNS: Restlessness, agitation, excitement, hallucination, drowsiness, convulsion etc.

o v A

Classic sisns & symptoms of atropine poisoning-
.beet (Skin flushed)
hare (Hyperthermia)
bone (Dry mucous membrane, no sweating)
a bat (Cycloplegia, blurred vision)
1 hatter (Confusion, delirium)

(Ref: Katzung-13"/1008)

fatropine poisoning:
wm-pharmacological approach:
1. Initial ABCD management
2. Ashort & complete history
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59. Urinary | * To relieve blaader spasm after urolog

disease surgery, g, prostatectomy

® To reduce involuntary voiding in childrer.
with neurologic disease

_—

* Urinary incontinence in adult Tolterodin J
| (Ref- Katzung-13"7126-127)
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Anti-nicotinic drugs

( linic receptor antagonists. (RU-04J, SU-06M)

Q. Name some anti-nicotinic drugs. (CU-14Ju)
Ans.
Anti-nicotinic drugs/ nicotinic receptor antagonists: Two types.

1. Ganglion blockers (Not clinically used now, now used for research purpose)
™ ™) blocker

7 ganglion blockers.
he ganglion-blocking drugs. (RU-04))

viassiuvadion of ganglion blockers:
A. Competitive / non-depolarizing blocker: They compete with Ach for nicotinic receptor. So, interfere with the
‘synaptic action of acetylcholine. Example—
Tetraethylammonium (TEA)
Hexamethonium
3. Mecamylamine
4. Pempidine

D Alnze anumenatitinin / danalnwizina hlnrkove: Thev nralano dannlarization.

(Ref: Katzung-13"/130)

ive autonomic blocking agents are

.0 reduce bleeding in the operative

e Road traffic accident

e Spinal cord injury (T4, T5)

Mecamylamine | Use in ..Jucing nicotine craving in patients attempting to quit smoking and for some
other central indications.

} J.  AULUIULIIL 1Y PULIVIIVALG Guv Lo

(Ref: Kalzung—13”’/131)

(The ganglion-blocking drugs competitively block the action of acetylcholine and similar agonists at nicotinic
receptors of both parasympathetic and sympathetic autonomic ganglia. The ganglion-blocking drugs are
important and used in pharmacologic and physiologic research because they can block all autonomic outflow.
However, their lack of selectivity confers such a broad range of undesirable effects that they have limited clinical
use.

(Ref: Katzung-13"/130)
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Rarely used: D-tubocurarine (Ref: Lippincott s-Gh,

A M---~pe the mechanism of action of pancuronium. (RU-07J)
n the muscle action of atracurium. (SU-06M)
are the M/A of non depolarizing NMJ blockers?

:m of action of non-depolarizing NMJ Blockers / Atracurium / Pancuronium:

Non-depolarizing blocker at the NMJ
l

Competes with ACh for nicotinic receptor at post-synaptic membrane

!

Binds with nicotinic receptor and prevents binding of Ach
!
No depolarization by ACh

l .
. lysi
Flaccid type of skeletal muscle paralysis (Ref: Lippincolt s-6th)

(In general, '~veax muccles (eg, abdominal, trunk, paraspinous, diaphragm) 7 ¢~ Mlockode and
Fecover mo. . . g, ...an smaller muscles (eg, facial, foot, hand). The first MIUSCIES 10 T cjouivm i v Xternal
eye muscles (double vision), small muscles of the face, pharynx. The diaphragm. is usually the last muscle to ée
paralyzed. When administration of muscle relaxants is discontinued, recovery of muscles usually occurs in

reverse order, with the diaphragm regaining function first.) : .,
(Ref: Katzung-13"/462)

Q. How the action of atracurium can be reversed? (SU-06M)
~ - --uid you overcome the toxicity of atracurium with explanation? (RU-16J)

Il you manage a case of pancuronium toxicity? (RU-02M)

f action of Atracurium / Pancuronium / non-depolarizing NMJ blocking drugs: The action of
atracurium / pancuronium / non-depolarizing NMJ blocking drugs can be reversed by increasing the concentration
of acetylcholine in the synaptic gap, eg, by administration of cholinesterase inhibitors, such as neostigmine,
pyridostigmine or edrophonium. When concentration of Ach increases, it can displace the drug and bind with

nicotinic receptors.
(Ref: Lippincott’s-6th)

Q. Short note: Pancuronium, (RU-16Ju)
Ans. Write from above discussion.

DEPOLARIZING / NON-COMPETITIVE / IRREVERSIBLE NMJ BLOCKER

Depolarizing: These NMJ blockers bind with nicotinic receptors and produce depolarization in the skeletal
muscle. So they are called depolarizing. They are agonist to nicotinic receplor.

Non-competitive: As these NMJ blockers do not compete with ACh to bind with nicotinic receplor, they are
called non-competitive. '

Irreversible: As their action cannot be overcome by increasing the concentration of acetylcholine in the synaptic
gap, they are called irreversible.

) Ref: Lippincott 's-6th)
Onset of action: Rapid (within | min) (ef Lippine
Duration of action: Short (5-10 min)
Phar-macokmetlcs: The action of succinylcholine is short lived due 10 redistribution & rapid hydrolysis by plasma
cholinesterase (Pseudo-cholinesterase & Butyrylcholinesterase) ‘
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oisoning.

5. Convulsive disorders, e.g. epilepsy, tetanus, eclampsia & convulsive drug p

6. During electro-convulsive shock treatment. | o |
(Ref: .Goodman & Gilman s-12th; Lippincotl's-61h

Q. Name the drugs that can potentiate the effects of muscle relaxants. (DU- 10J)
Ans.

Drugs that can potentiate the effects of muscle relaxants /Drug interactions of NMJ blocking drugs:

I. Cholinesterase inhibitors: Drugs such as neostigmine, physostigmine: can overc.()r}rll.eb.tthe acct;c[)]n cc;f non-
depolarizing NMJ blocking drugs, but with increased dosage'cholmesterase inhibitors use a
depolarizing block as a result of elevated acetylcholine concentration at t

Halothane: Halothane enhances neuromuscular blockade by exerting a stabilizing action at the
neuromuscular junction.

he end-plate membrane.

3. Aminoglycosides: They enhance neuromuscular blockade of competitive blockers.

. Ca* 1 blockers: | omuscular block.
4 a”" channel blockers: Increase neur (Ref: Lippincott's-61h

e important adverse effects of depolarizing blockers. (DU-08J)
e adverse effects of Pancuronium (non-depolarizing agent). (RU-08J,065,04J)
: the adverse effects of succinylcholine / suxamethonium. (DU-99M,CU-02J)

's of NMJ blocker;

J blocker l Adverse effects
Non-depolarizing drugs (e.g. 1. Hypotension: Due to ganglion block & histamine release
pancuronium) 2. Bronchoconstriction: Due to histamine release
3. Tachycardia (Gallamine): Due to muscarinic block
1
2

. Bradycardia: Due to muscarinic agonistic effect
Potassium release: Increased cation permeability in motor end plate
— Loss of K" from muscle — 1Plasma K"

3. Cardiac arrhythmia: Ventricular dysrhythmia, cardiac arrest.

4. Increased intraocular pressure.

5. Malignant hyperthermia: due to increased release of Ca>* from .
sarcoplasmic reticulum. (Rx: rapid cooling of the pt &
administration of Dantrolene).

6. ©—-~=-*“-~ium apnea.

7. Post-operative mprenla nois

(Ref: Rang & Dale's-8th; Lippincott's-6th)

Depolarizing drugs (eg,
suxamethonium/ succinylcholine)

-

'u manage a case of prolonged apnea due to succinylcholine? (DU-02M)
'u treat a case of suxamethonium apnea? (CU-1 SJu)

\. onort note: Suxamethonium apnea.
Ans,

2uxamethonium apnea: The normal duration of action of suxamethonium is less than § minntec because it is

h¥drolyzed by plasma cholinesterase. Suxamethonium apnea occurs ir
p Qoo PN N IO

ant

: Ve deficiency of
> or atypical form of the enzyme, or in administra _n along with

o
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Suxamethonium administration

l

Suxamethonium is not de ; . .
l stroyed immediately due to deficiency or abnormality of plasma cholineste

Proli)ng duration of action of suxamethonjum (It may be prolonged to 2 hours or more)

Long time paralysis of muscle, specially the diaphragm
l

Prolonged apnea (Suxamethonium apnea)

!
Respiratory failure

l
Death

Treatment:

a  Accicted ventilatinn nntil rannvam,

s Ficon vivuu wansiusiun 11 um:uut)-x:hnlinesterase

(Ref: Lippincott's-6th; Rang & Dale 's-8th)

Q. Compare & contrast between tubocurarine & gallamine. (CU-00M, SU-00M)
Ans.
Comparison between tubocurarine & gallamine:

Traits : - D-Tubocurarine : Gallamine
1. Source Natural (Alkaloid) Synthetic (Dicholinester)
2. Route of administration | Enteral Parenteral
3. Onset of action 10-15 min S min
4. Duration of action 30-40 min 40-50 min
5. Potency More potent Less potent
6. Atropine like effect Absent Present
7. M, blocking property |No Strongly blocked. So, it causes tachycardia.
8. Autonomic ganglia Weakly blocked No
9. Histamine release Moderately releases histamine No histamine release
(So can cause bronchospasm &
hypotension |
10. Use in anesthesia Not preferable, because it causes | Preferably used
hypotension, bronchoconstriction
and increased bronchial secretion
11. Excretion . |40% renal excretion. 100% renal excretion. (So, contraindicated
" in pt. with poor renal function)

(Ref: Rang Dale’s-8th, Table: 10-7; Katzung-157403: Table 27-3)

Write down the important differentiating features between non-depolarizing & depolarizing skeletal
muscle relaxants with their clinical uses. (DU-10J,SU-12Ju)

What are the differences between Tubocurarine & Suxamethonium? (CU-05S, SU-05M)

Compare & contrast between gallamine and suxamethonium. (CU-12Ju, SU-01M)

Compare & contrast between atracurium and suxamethonium. (SU-15)J)

Compare atracurium and succinylcholine as skeletal muscle relaxants. (SU-17M)

Compare rocuronium and succinylcholine. (CU-17M)

OO0 O

=
«
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Nice to know '
e AL (444 . . . ium- ndent carricr.
*  Step I: Tyrosine is transported into the noradrenergic ending by a sodium-depe

Step II: Tyrosine is converted to dopa.
Tyrosine
| Tyrosine hydroxylase
Dor4 o : Jase enzyme activity, NE synthesis wi]| j,
This is t"- =+~ M=i«nn wagetion, ie, if we block tyrosine hydroxylase enzy . e

blocked.

Step III: Dopa is converted to dopamine which is transported into the vesicle by the vesnculaimonoamjne

transporter (VMAT).
TOP..
| DOPA decarboxylase
Dopamine
Step IV:
Dopamine

| Dopamine B-hydroxylase
Nor-adrenaline (NA) (in vesicle)
Step V: Occurs in adrenal medulla.
Nor-adrenaline (NA)
| PNMT (Phenylethanolamine N-methyl transferase)
Adrenaline

PNMT is only present in adrenal medulla but absent in the adrenergic nerve ending. So, adrenaline is synthesized
anlv in adrenal medulla but not in adrenergic nerve ending.

adrenaline & nor-adrenaline: In the vesicle of adrenergic nerve ending & adrenal medulla. The
> store dopamine.

- awrenergic nerve endin " 1 7777 " "ne.No adrenaline is synthesized in the

storage vesicle of adreneigiv i ve viuing,. <. -OUrCe o1 sman amount adrenaline in the storage vesicle
ptake from synaptic cleft.
nal medulla: *™” "

1L/ vnia ndwnnnlina

ir-adrenaline:

Arrival of nerve impulse (action potential) at the presynaptic nerve terminal

Opening of voltage-gated Ca®* channel

Entry of Ca®* into the presynaptic nerve terminal from synaptic cleft

Ca® causes fusion of synaptic vesicles with presynaptic membrane

The vesicles burst and release nor-adrenaline & adrenaline into the synaptic cleft by exocytosis.

Adrenaline

ynthesis & release

1.

Only synthesized & released from the adrenal medulla.
Circulates in the whole body via blood.
Comes to synaptic cleft.

Uptaken into adrenergic nerve ending along with nor-adrenaline (uptake 1) by active process.
Stored in vesicle.

So, when.adrenergic nerve is stimulated, both adrenaline & nor-adrenaline are released, although the
nerve ending does not synthesize adrenaline.



















Blueprint™ Pharmacology 218 . —_—
*  BP sharply comes back to baseline due to the reuptake of Adrenaline by uptake-l11 mainly & some portion
by uptake-I and metabolism of adrenaline by circulating MAO and COMT enzymes.
e The secondary fall is due to B, effect. Adrenaline also activates B, receptors in the blood vessels supplying
skeletal muscles resulting in vasodilation in skeletal muscles and some decrease in BP.

Adrenaline Adrenaline

Q. Compare the CVS effects of adrenaline, NA & isoprenaline. (DU-04J, CU-06S, SU-04M)
Q. Compare the CVS effect of adrenaline & NA. (DU-06], CU-16J)

Ans.

CVS effects of adrenaline, NA & isoprenaline

Adrenaline Noradrenaline Isoprenaline
(isoproterenol)
"ardiac
=  Heart rate T T T
=  Force of contraction 1 T T
»  Stroke volume 1 ) )
= Cardiac output 1 1/0 1
Peripheral circulation
= TPR ! 11 !
=  Muscle blood flow T 0/] l
= Renal blood flow l l 1
= Cutaneous blood flow l | 0
Blood pressure
= Systolic BP K 1 D
= Diastolic BP l(small dose), 1 1l
T(large dose)
= Mean BP T 1 l
| = Pulse pressure 11 11

(Ref: Katzung-13"/142 (Table 9-4) Isoprenaline; Goodman & Gilman's-12", Ad, NA)
on its metabolic effects of adrenaline. (DU-07Ju)

mewaponc effects of adrenaline

Site of action Receptor Action
Liver B2, a4 * Glycogenolysis
= Gluconeogenesis
Adipose tissue B; = Lipolysis
JG cells of kidney By = Increases rennin release
Endocrine pancreas ay * Inhibits secretion of insulin and glucagon
(a:effect is predominant) | B, = Increases sccretion of insulin and plucagon
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mﬁm the CNS effects of adrenaline. (RU-06))

Autonomic Pharmacology

énNSs effects of adrenaline:
1. Mild restlessness
2. Tremor
3. Insomnia
4. Euphoria

Adrenergic drugs

Q. Classify sympathomimetic/ adrenergic drugs. (DU-16Ju, RU-09J; SU-10J, CU-05J)
Q. Classify sympathomimetics according to receptors on which they act. (SU-09Ju,06M)

0. Classify adrenergic drugs according to receptor sensitivity. (DU-15Ju,14Ju.12J,11Ju,10Ju, RU-
02J, SU-12J,11Ju,10Ju)

directly acting sympathomimetics. (CU-17M)
fferent adrenergic receptor agonists & their pharmacological actions. (CU-11J,08Ju)
fferent adrenergic receptor agonists with their receptor activation. (SU-08J)

..oy dimetic / adrenergic drugs: A drug that mimics stimulation of the sympathetic nervous system is
called sympathomimetic / adrenergic drugs.

A. Direct-acting adrenergic / sympathomimetic drugs: These drugs act directly on one or more adrenergic
receptors. According to receptor selectivity thev are two types-

Non-selective | Drugs which act on mor wdrenaline fante an all ranantare) T
than one receptor lor-adren
soprenali 1
Jopamine
Selective Drugs which acton a a,-selective
single receptor only l
|
a; selective viethyl dopa |
ymetazoline ‘
ynidine \
Biselective butamine !
B, selective butamol (INN) or Albuterol (USAN) )'
.meterol |
rmoterol i
rbutaline 1
buterol l
= renoterol |
= Reproterol ll
= Rimiterol
= [soxsuprine
= Orciprenaline
L = Ritodrine.

B. Indirect-acting adrenergic / sympathomimetic drugs:
1. 1 release of NA from nerve ending (release promoter):
Amphetamine
b. Tyramine
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Adrenaline

| consideration

Synonym: Epinephrine

Source: Animal chromafin tissue.

Nature: Neurohormone.

Class: Catecholamine

Receptor: Interacts with both a and f receptors.
o aathigh dose,
o P atlow dose.

Onset of action: Rapid

Duration of action: Short due to rapid inactivation by COMT & MAO.

Effective route of administration: Injection

nacokinetics

Route: I" lmus mnesrensne) csshantananne tanical (eve). inhalation-

Onset of acuvn: napu
Duration of action: Short due to rapid inactivation by COMT & MAO.
Metabolism: By-

1. COMT: Degrade circulating adrenaline.

2. MAO: Degrade intracellular adrenaline.
Elimination: Through urine as-

1. Adrenaline - 1%

2. Metanephrine - 7.6%

VMA - %%

e indications of adrenaline? (DU-14J,08Ju,07J, RU-17J,16J,13]J; SU-17J)

wnuicauvns vl adrenaline (Ad) / epinephrine:

1.
2.
3.

4,

Ananhvlactic shack: To relieve bronchospasm, increased bronchial secretion, hypotension, angioedema.

18: To relieve bronchospasm, increased bronchial secretion.

pinephrine solution may be used topically to reduce IOP in open-angle glaucoma. It
1cuuves wiv pruuuction of aqueous humor by vasoconstriction of the ciliary body blood vessels.
Cawdinn avwact Epinephrine may be used to restore cardiac rhythm in patients with cardiac arrest
o cause.
A=anthatine: To increases the duration of action of local anesthetic by vasoconstriction and delaying
uusuipuun s the local anesthetic.
Ac nacal decnnosctant,
To vonuus suous winnding (epistaxis) in the form of nasal pack.

(Ref: Lippincott 's-61h)

Q. What are the adverse effects of adrenaline? (CU-02J)

Ans.

Adverse effects of adrenaline:

1.

Cardiovascular:
* Hypertension & fcardiac work — Cardiac ischemia & failure
»  Sinus tachycardia
* Ventricular arrhythmias.

2. CNS adverse effects:

*  Tremor
= Restlessness
* |nsomnia
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N s W

Q.
Ar

Anxiety

Throbbing headache

Rarely, convulsion, cerebral hemorrha
Euphoria (by Amphetamine)
Retention of urine

Constipation

May cause dyslipidaemia (tFFA level)
Wumarglycemia

ge, arrhythmias, or Mi (by cocaine)

(Ref: Katzung-13" edition)
the contraindications of adrenaline? (CU-03J)

<

Contradictions of adrenaline:

1.

No U swN

Q
A

Hypertension (HTN)
Hyperthyroidism

Cardiac arrhythmia

Ischemic heart diseases (IHD)
Diabetes mellitus (DM)

Benign enlargement of prostate (BEP)

Patient taking non-selective B-blocking drugs.
ral hemorrhage.

(Ref: Goodman & Gilman's-12th)
't Epinephrine reversal. (RU-15))

Epinephrine Reversal: Epinephrine reversal is characterized by a drop in blood pressure that is produced by
epinephrine after the administration of alpha-blockers.

epinephrine a-adrenoce_ptor antagonist

l epinephrine
blood
" pressure a-receptor

stimulation

with some

B2-receptor

stimulation pure B2-receptor
stimulation

Mechanism:

1.

Q. How will you manage a case of anaphylactic shock? (CU-14))

If adrenaline is administered alone, it increases BP by stimulating o, receptor causing vasoconstriction
and B, receptor increasing heart rate & force of contraction. .But it also activates B, receptors in the blood
vessels supplying skeletal muscles resulting in vasodilation in skeletal muscles and some decrease in BP.
But the net effect is increased BP. .

When we administer a receptor blockers such as phenoxybenzamine, it irreversibly blocks o receptors
without causing vasoconstriction — | BP.

If we again administer same dose of adrenaline, then there is gradual fall of BP. This is called
epinephrine reversal. This time adrenaline stimulates B,-receptors situated in blood vessels of skeletal
muscles causing vasodilatation that resulted. in fall in PR and BP. This time adrenaline could not bind to a
receptors, because they are already blocked by phenoxybenzamine.

v

Q. Give the management of penicillin induced anaphylactic shock. (RU-15J)
Q. Outline the drug therapy of penicillin induced hypersensitivity reaction, (CU-06M,07J, RU-14J)
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n XXra .

‘e the clinical features of anaphylactic shock? Discuss its management. (RU'O:”’OGM_) )
hylactic shock, a) which drugs are used? b) Justify the combination. ¢) Mention their individygy)
J-15Ju)

ote: Anaphylactic shock. (SU-16J)

. :nt of anaphylactic shock:
Clinical features:

1. Bronchospasm
2. Hypotension
3. Allergic reactions

General measures:

1. Should stop the drug immediately in case of penicillin induced hypersensitivity.
2. Patient should be kept in supine position with leg elevated for 30°

3. Respiratory resuscitation.

4. Monitoring of blood pressure.

Specific measures: ,
1. Inj. Adrenaline: To increase BP & cause bronchodilation. Adrenaline is the drug of choice, because it

activates a, B,, and B, receptors, all of which may be important in reversing the pathophysiologic
processes of anaphylaxis.

Inj. Hydrocortisone: To suppress inflammation.

5. Antihistamine (H; & H,-blocker): Antagonizes the action of histamine.
4. Bronchodilator
5. IV fluid.

Q. Explain the rE)le of adrenaline in the treatment of anaphylactic shock. (DU-16Ju,15Ju, RU-15Ju,09J, CU-
TTT 7T TTI,14]0) :

1e role of adrenaline in the treatment vof allergic shock. (SU-12Ju)
e role of adrenaline in penicillin induced anaphylactic shock. (CU-07J)

aline in 10ck: In anaphylactic shock, there is bronchoconstriction & hypotension.
alineac ., _ orsand causes vasoconstriction and increases BP.
aline activates B; — THeart rate & force of contraction — 1Systolic BP. Thus adrenaline reverses

aline activates fB,-receptors & causes bronchodilatation.
aline stabilizes mast cell and thus inhibits release of histamine and vasoactive amine.

«- mapasn ol role of adrenaline in hypoglycemic shock. (DU-15Ju)
Ans.

In hypoglycemic shock, adrenaline increases blood glucose level by increasing glycogenolysis and
gluconeogenesis.

Dopamine
nsideration
urce; Synthetic
Class o?drug: Catecholamine
Nature: Neurohormone
Receptor: D, — Ds, a4, 03, B
Metabolismn: By MAO & COMT.
Mode of action: Direct
Onset of action: Within 5 minutes.
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Duration of action: Short (10 min), as it is a substrate for both MAO and COMT. So it requires
continuous infusion.

o Effective route: Parenteral, continuous IV infusion due to shorter half life (t;, 2 min).
o Elimination: Urine

Q. Enumerate the receptors of dopamine.
Ans.

“-== ~fdopamine:

«- Effects -
nooth Stlmulatlon of adenylyl cyclase and
increased cAMP
nooth | Inhibition of adenylyl cyclase; increased
5 potassium conductance
Inhibition of adenylyl cyclase
Inhibition of adenylyl cyclase

ne on blood vessels. (CU-16Ju,15Ju)
nine, (CU-07/06],04S)

nine. (SU-07Ju)

tine? (SU-02M)

e e e gy maamm e sempvaseans vanewe JI QOPAMINE:

Dose |Recept0r| : ) : s Effect - R R
Low dose D, * Dopamine activates D; receptor in kidney & viscera — vasodnlatlon -
increased blood flow to kidney and viscera — increased GFR — improved
renal function during shock.

Moderate dose | B, D, * Dopamine activates B; — tHeart rate & force of contraction — 1Systolic BP.
* Dopamine does not increase diastolic BP due to dilation of renal & splanchnic
vessels.

* Dopamine activates D; — improved renal function
High dose D, ay, f; |* Dopamine activates a; — vasoconstriction — 1BP.

(Ref: Goodman & Gilman's-12th)

+ the indications of dopamine? (DU-05S; RU-04M)

of dopamine:
.. varJdiogenic & Septic shock: Before dopamine is administered to patients in shock, hypovolemia should
be corrected by transfusion of whole blood, plasma, or other appropriate fluid.
2. Severe congestive cardiac failure (CCF) particularly in patlents with oliguria & low / normal peripheral
resistance.

(Ref: Goodman & Gilman 's-12th)

he adverse effects of dopamine? (RU-05/04M)

ts of dopamine: Adverse effects due to overdosage generally are attributable to excessive
stic activity.
1. CVS adverse effects:
s Tachycardia
* Precipitation of anginal pain
*  Arrhythmia
= Hypertension
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—
Nice to know ‘ . ‘
o Tolerance of benzodiazepines: I is caused by down-regulation of GABA receplor. 1t is calley
pharmacodynamic tolerance. _ ' . PP .
o Tolerance of barbiturates: It is caused by induction of hepatic drug-metabolizing enzymes. It is calfe,
harmacokinetic rolerance. I _
. [;1(",0 over effect is the drowsiness, dysphoria and mental or motor depression in the following day.
(-] U
Q. Barbiturate + OCP =?
Q. Barbiturate + Warfarin =?
Ans. L
Drug combination - | Mechanism of interaction '
Parbiturate + OCP Barbiturates induce hepatic microsoma
Failure of contraception. T T
Barbiturate + Warfarin | Barbiturates induce hepatic microsomal.enzyme — TMelabo ism ol warlarin
— | Anti-coagulation effect— Tcoagulation (thrombosis).

Nl

[

| enme — Tetabollsm of OCP '

Q. Write about withdrawal syndrome of barbiturates.
Ans.

Withdrawal syndrome of barbiturates: With the long-term use of barbiturates,_ especially if doses are inCI‘eas'ed,
a state of physiologic dependence can occur. Abrupt withdrawal from a barbiturate can have severe and life-
threatening manifestations, leading to death.

4t Arawal symptoms include-
CVS: Palpitation, orthostatic hypotension, cardiac arrest. ‘
CNS excitation: Anxiety, insomnia, tremor, restlessness, altered mental function, hyperactive reflexes,
and convulsion.

Treatment: Phenobarbitone (long-acting barbiturate), tapering dose by 15-25%, later by 5-10% within 2 weeks.
(Ref: Katzung-13 /381, Lippincott's-6th)

Q. What are the s/s of barbiturate poisoning?

Q. How can you treat a case of Phenobarbital poisoning?
Ans.

Barbiturate / Phenobarbital poisoning:

Clinical presentation: The onset of symptoms depends on the drug and the route of administration.
A.  With mild to moderate intoxication-
1. Lethargy
2. Slurred speech
3. Nystagmus
4. Ataxia

B. With higher doses-

Hypotension

Hypothermia

Bradycardia

Coma

Respiratory arrest

Pupils are usually small or midposition

The patient may lose all reflex activity and appear to be dead.

NowvsE L=

Diagnosis

I Diagnosis is usually based on a history of ingestion and should be suspected in any epileptic patient with
stupor or coma.
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/ﬂm & urine levels of phenobarbital
Other tests include electrolytes, glucose, BUN, creatinine
chest x-ray.

LUS I 86

» arterial blood gases or pulse oximetry, and

~— 5. Emergency and supportive measures
"~ |. Protect the airway and assist ventilation if necessary.
2. Treat coma, hypothermia, and hypotension if they occur.

B. Specific antidotes. There is no specific antidote.

C. Decontamination: By activaicu cuareoal and gastric lavage.

p. Frhanced elimination

Alkalinization of the wurine increases the urinary elimination of phenobarbital but not other
barbiturates.

Repeat-dose activated charcoal- decreases the half-life of phenobarbital.
3. Hemodialysis or hemoperfusion- for severely intoxicated patients.
(Ref: Poisoning & Drug Overdose by Olson- 5" edition)

19

Q. Short note: Buspirone.

Ans.
Buspirone

Buspirone has selective anxiolytic effects. Buspirone relieves anxiety without causing marked sedative, hypnotic,

or euphoric effects. Unlike benzodiazepines, the drug has no anticonvulsant or muscle relaxant properties.
Buspirone does not interact directly with GABAergic systems.

Mechanism of action: It may exert its anxiolytic effects by acting as ¢ =~+in! ~onnict ot heain SHT,\ receptors,
but it also has affinity for brain dopamine D, receptors.

Indication:
1. Generalized anxiety states.

Elimination half-life: 2—4 hours
Pregnancy category: B

Adverse effects:
I. Nonspecific chest pain
Tachycardia
Palpitations
Dizziness
Nervousness
Headache
Tinnitus
Gastrointestinal distress
Paresthesias and a dose-dependent pupillary constriction
() Blood pressure may be significantly elevated in patients receiving MAO inhibitors.

S0 1

.._-\ooo\lc:\}/\

Advantages:

I~ No rebound anxiety or withdrawal signs on abrupt discontinuance.

Minimal abuse liability.
Dependence is unlikely.
Causes less psychomotor impairment than benzodiazepines and does not affect driving skills.

Does not potentiate effects of conventional sedative-hypnotic drugs, ethanol, or tricyclic antidepressants.
Elderly patients do not appear to be more sensitive to its actions.

O B

l’hnrmacology-37
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Disadvantages:
1. Slow onset (1-2 weeks) of anxiolytic effects.
2. Unsuitable for management of acute anxiety states.
3. Not effective in acute withdrawal syndrome of benzodiazepines.
4. Less effective in panic disorders.

(Ref Katzung-13"/372 382,

Q. Short note: Ramelteon.
Ans.
Ramelteon: It is a melatonin receptor agonist.

Mechanism of action: It activates MT1 and MT2 melatonin receptors located in the supraclxiasmatic nuclei of the
brain. Melatonin receptors are thought to be involved in maintaining circadian rhythms underlying the sleep-wake
cycle. '

Indication: .
1. Sleep disorders, especially those characterized by difficulty in falling asleep.

Contraindication: Ramelteon should be used with caution in patients with liver dysfunction.

Adverse effects
1. Dizziness
2. Somnolence
3. Fatigue
4. Endocrine changes.
(Ref: Katzung-13"/372,382)

Nice to know

Orexin receptor antagonists: Orexin receptor antagonists are new class of hypnotic drugs. They include-
1. Almorexant
2. Suvorexant

Mechanism of action: Orexin A and B are peptides found in hypothalamic neurons that are involved in the
control of wakefulness; their levels increase in the day and decrease at night. Loss of orexin neurons is associated
with narcolepsy, a disorder characterized by daytime sleepiness and cataplexy. Animal studies show that orexin
receptor antagonists have sleep-enabling effects.

(Ref: Katzung-13"/378)
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Opioid Analgesic

in?
in’
(

pain: pain is an unpleasant sensory & emotional experience associated with actual or potential tissuc damage o1
ain:

Jescribed in terms of such damage.
(Ref: Bennett & Brovwn-111h)
es of pain:

TyP] , Agcording fo nature:
a. Acute pain/ fast pain
b. Chronic pain / slow pain

2. According to involvement of nerve fibers:
' a. Neuropathic pain

b. Non-neuropathic pain

« Acute pain: Acute pain is experienced after trauma or surgery, typically resolves with healing of the injured
tissue, and can usually be managed effectively with the appropriate use of pharmacotherapy. It is transmitted
principally by fast conductin~ * ~~"~ fibers and has major nociceptive input (physical trauma, pleurisy.
myocardial infarct, perforated pepuic uicer).

» Chronic pain: Chronic pain is commonly defined as pain that persists beyond the period expected for healing.
or pain that is associated with progressive or persistent non-malignant disease. e.g. chronic pain due to
rheumatoid arthritis. Chronic pain can persist long after the healing of damaged tissue. It is transmitted
principally by slow conducting typ -~ “* -

» Neuropathic pain: Neuropathic pain is defined as a chronic pain resulting from damage to the nervous system.
Eg, trigeminal neuralgia. o

* Cancer-related pain refers to pain that is the result of primary tumour growth, metastatic disease, or the toxic
effects of chemotherapy and radiation, such as neuropathies due to neurotoxic antineoplastic drugs.

» - -“jres associated with neuropathic pain including:
Allodynia - pain caused by a stimulus that would not normally provoke pain, e.g. light touch.
Hyperalgesia - an increased response to a stimulus that would normally be paintul.
Paraesthesia - abnormal sensation, e.g. 'pins and needles'.
Dysaesthesia - a painful paraesthesia, e.g. burning foot pain in diabetic neuropathy.
(Ref: Bennett & Brovwn-11""280-251)

EE VSR (&)

. Fat pain & slow pain:
w2 Acute pain / Fast pain . |

Chronic pain / Slow pain .- -

I. It is felt within about 0.1 second after the pain | 1. Itis felt 1 (one) second or more after the pain stimulus
stimulus is applied. 7~ is applied. - |
2. 1t is described by the patient as sharp pain, |2. It is described by the patient as burning pain. aching |
|___acute pain, pricking pain and electric pain. pain, throbbing pain, nauseous pain and chronic pain. |
3.1t prgduces bright, sharp localized sensation. 3. It produces dull, intense, ditfuse, and unpleasant |
feeling. x
LAMJC‘Ied to the spinal cord by Ad fibers. |4, It is conducted to the spinal cord by C fibers. J

%&iﬂ: Pain has 4 steps to develop-
I Nociception: Nociception is a consequence of tissue injury (trauma, inflammation) causing the release of
chemical mediators which activate nociceptors (free nerve endings).
Pain perception: It is the appreciation & interpretation of pain.

ain reaction (suffering): Suffering is a consequence of pain and of lack of understanding by paticnts ot
the meaning of the pain; it comprises anxiety and fear (particularly in acute pain) and depression
(particularly in chronic pain).
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Q. What are the pharmacological effects of morphine or opioid analgesic
16Ju,111,08)u)
Q. Mention the central pharmacological effeets of morphine. (DU- 13,121, C1
Q. Mention the central nervons syslbm effeets of morphine. (DU-] 50)
0 Yietahe central and peripheral effects of morphine. (CU-05M, Sl‘J-ISJu)
s in brief the pharmacological action of morphine on CNS. (DU-T11,
hie effects of morphine on respiratory and GIT. (RU-17J)
he central & GIT effects of pethidine. (SU-07Ju)
i pharmacological effects of meperidine on CNS.
the depressor effects of morphine on CNS. (RU-09Ju)

$2 (DU-09Ju,CU-130,1 1,081 g

J-17M, SU-16J.12J, I{U-ljj)

07J; RU-16J.141)

rnarmacological effects of morphine / pethidine / opioid analgesics:

CNS effects i @ nbins L

1. Selective depression of CNS | Analgesia
» Sedation
» Sleep

Respiratory depression
Cough suppression (morphine, not pethidine)

= [nhibition of heat regulatory center (hyperthermia)

2. Selective stimulation of CNS | * Vomiting |
» Miosis / pinpoint pupils. (Pethidine does not cause pinpoint pupils bui,

rather, causes the pupils (o dilate because of an atropine-like action.)
* Hyperactive spinal cord reflexes (some only)
* Convulsions (very rare)
3. Changes in mood = Euphoria
* Dysphoria

T

[ 4. Dependence * Affects other systems too.

(Ref: Bennelt & Brown-1]ih

Peripheral effects - -

Peripheral nervous system * Analeesia some anti-inflammatory effect :
CVS » Braaycardia (except meperidine, pethidine which cause tachycardia due |
fo ils anti-muscarinic action) “}
* Hypotension (due to vasodilation) ‘
Respiratory system * Bronchosecretion ‘
* Bronchospasm (by releasing histamine) ]
[ GIT * |GIT motility & 1GIT tone — Constipation (morphine, not pethidine) |
Biliary tract = Contracts biliary smooth muscle — Biliary colic i
* Constricts sphincter of Oddi — tPlasma amylase & lipase. .

Renal * Urinary retention. (Pethidine produces less urinary retention than does

morphine.) 1
* Decreased renal blood flow — Renal hypoperfusion :
* Anti-diuretic effects (due 1o release of ADH)
Uterus * May prolong labour.
* Morphine may prolong the second stage of labor by transiently decreasing
the strength, duration, and frequency of uterine contractions.
(Ref: Lippincoptt's-6"/193)
* Fentanyl and pethidine inhibit uterine contractility but only at
supraclinical concentrations.
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DNice to know

Due 10 increasing reports of death in young children taking dextromethorphan in formulations of over-the-coupyq,

“cold/cough” medications, its use in children younger than 6 years of age has been banned by the I A
(Ref: Katzung-13"/547 f

——

- . - .. . R At fawntinan (D 16]0. SU-]SJU,]4J)

Kole o1 morpnine In pullliviary CUTwIa Buy so camrm - - o
(ALVF) present with breathlessness. Intravenous morphine reli
Proposed mechanisms include-

1. Reduced anxiety (perception of shortness of breath)

2. Reduced cardiac preload (reduced venous tone) and

3. Reduced afterload (decreased peripheral resistance).

eves breathlessness by reducing pulmonary edema

However, if respiratory depression is a problem, furosemide may be preferred for the treatment of pulmonary

edema. Morphine can be particularly useful when treating painful myocardial ischemia with pulmonary edema.
(Ref: Katzung-13"/54])

~ “Vhat are the adverse effects of opioid analgesics? (DU-04S; CU-04M, SU-04J)
Yrite down the adverse effects of morphine. (CU-13Ju)

AIS.
Adverse effects of opioid analgesics / morphine:

Adverse Effects with Acute Use Adverse Effects with Chronic Use
1. Respiratory depression 1. Hypogonadism
2. Nausea / vomiting 2. Immunosuppression
3. Pruritus 3. Increased feeding
4. Urticaria 4. Increased growth hormone secretion
5. Constipation 5. Withdrawal effects
6. Urinary retention 6. Tolerance, dependence
7. Delirium 7. Abuse, addiction
8. Sedation 8. Hyperalgesia
9. Myoclonus 9. Impairment while driving
10. Seizures

(Ref- Katzung-13"/542)

Other adverse effects of opioid analgesics / morphine:
I. Increased intracranial pressure (ICP): The elevation of ICP, particularly in head injury, can be serious.
(Ref: Lippincott’s-6"/196)
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Drues acting in CNS
ﬁ he contraindications of opioid analgesics / morphine? (DU-07J, SU-16Ju,15J.11J, CU-008) -
Ans.

Contraindications of mo~~*ine / opioid analgesics:
1. Head injury (as morphine increases ICP which deteriorate the condition)
2. Pregnancy (risk of teratogenesis and physical dependence of the fetus)
3. Impaired pulmonary function: In patients with borderline respiratory reserve, the depressant properties

of the opioid analgesics may lead to acute respiratory failure.
Impaired hepatic or renal function.

=

5. Impaired endocrine function: Patients with adrenal insufficiency (Addison’s disease), hypothyroidism
(Myxedema) may have prolonged and exaggerated responses to opioids.

6. Combining a pure agonist (morphine) with a weak partial agonist (pentazocine) should be avoided.
In this combination, there is a risk of diminishing analgesia or even inducing a state of withdrawal.
7. Undiagnosed acute visceral pain (eg, undiagnosed acute abdominal pain)

(Ref: Katzung-1 3"/544)

Q.W hine is contraindicated in undiagnosed acute abdomen / acute visceral pain?

Ans!

MOrE e - -ONtraindicated in undiagnosed acute abdomen / acute visceral pain: Elaboration of pain (e.g.
site, nature, severity, radiation etc.) is one of the important clues for the diagnosis of any acute visceral (e.g.
abdominal) pain. By interpreting or elaborating the pain, an expert physician or surgeon can diagnose the disease
even without any investigation.

If we suppress the pain or reduce the intensity or severity of visceral pain before a proper & complete history and

physical examination, it is very difficult to diagnose the cause of pain properly. So, opioid analgesics should be
given after a proper & complete evaluation of pain.

Q. A 35 years aged lady has admitted in the medicine ward with complaints of abdominal pain suspected

to be biliary stone origin. How you will treat pharmacologically? Explain role of these drug(s). (SU-10J)
Ans.

Pharmacological intervention of abdominal pain due to biliary stone:
1. Analgesic: According to the severity (as it is a visceral pain, there is a little role of NSAIDs)
» Mild-moderate pain: Anti-spasmodic (hyoscine butyl bromide oral or parenteral)
» Severe pain: Opioid analgesic (pethidine or nalbuphine or tramadol) £ An anti-spasmodic
2. Anti-emetic: If there is associated vomiting — Prochlorperazine or ondansetron.

3. Anti-ulcerant: If the patient has history of PUD or patient is kept nothing by mouth (ranitidine or
omeprazole)

4. Antibiotic: Should only be used where indicated. Not necessary to use routinely.

( ' is contraindicated in head injury? (RU-15Ju,12J)
( 1sequence: Morphine given in head injury. (DU-13Ju)
1

-aindicated in head injury: Morphine causes respiratory depression. Carbon dioxide retention
Lausou vy 1espualory depression results in cerebral vasodilation. Morphine also increases intracranial pressure
(ICP). In patients with elevated ICP, cerebral vasodilation may lead to lethal alterations in brain function.

AR,
Pethidine is preferred in obstetric analgesia/ Morphine is potentially more harmful: Opioid analgesics are

often used during obstetric labor for analgesia. Because opioids cross the placental barrier and reach the fetus
care must be taken to minimize neonatal cardio-respiratory depression.
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Pethidine is widely used in obstetrics because-

I. It does not delay labour like morphine.
2. It causes less cardio-respiratory depression in the fetus.

(Ref: Bennell & Brown-11" + Katzung-131hy

tion for its metabolism & excretion. But placenta is lack of
: enta and its concentration & duration of
Moreover. morphine mqy

slanation: Mor=nhine undergoes glucuronida
glucuronvl ramsjer wse enzyme. So, Morphine is not metabolized in plac .
action in ' ~ T j0-respiralor 08STON.
action increases. So there is more chance of fetal cardio-respiralory depression

prolong labor.
On the other hand, |

excretion. So pethiaine 1s mewvvnized e pruce :
morphine. So there is less chance of fetal cardio-respiratory depression.

preferred in obstetric use.) (Ref Rang-Dale- 8" + Katzung-13th edirion)

' gromic' ©: rather it requires alkylation for its metabolism &
wia and its concentration & duration of action 1§ less than

That's why pethidine is safer &

¥hy is morphine contraindicated in pregnancy?

st should be used carefully: In pregnant women who are

M v hine is contraindicated in pregnancy or at lea M o
onically. e ’ hysically dependent in utero and manifest withdrawa]

chronically using opioids, the fetus may become p
symptoms in the early postpartum period.
Opioid analgesics can cross blood-placental barrier & may cause fetal res

ogenesis or intra-uterine fetal death occurs. . i
feratog (Ref: Katzung-13"/544)

piratory depression & ultimately

0. Why morphine should not be used in impaired pulmonary function?

nS‘ . . - .
Morphine should not be used in impaired pulmonary function: In patients with borderline respiratory reserve,

the depressant properties of the opioid analgesics/morphine may lead to acute respiratory failure.

(Ref> Katzung-13"/544)
~ Why morphine should not be used in impaired hepatic function?
. wiS. Morphine is metabolized primarily in the liver. So, should be used cautiously in hepatic impairment (e.g.
hepatitis) or patients with hepatic coma.
(Ref- Katzung-13"/544)
(_. Vhy morphine should not be used in impaired renal function?
Ans. Morphine is excreted through kidney. So in patients with impaired renal function, the half-life of morphine

"snged and morphine & its active glucuronide metabolites may accumulate in the body producing toxicities.
(Ref: Katzung-13"/544)

w does Morphine produce tolerance and withdrawal effects? (CU-16Ju)
Tolerance to morphine: With frequently repeated therapeutic doses of morphine or its surrogates, there is a

gradual loss in effectiveness; this loss of effectiveness is termed tolerance. To reproduce the original response, a
larger dose must be administered.

Withdrawal or abstinence syndrome / Dependence: Along with tolerance, physical dependence develops.
Physical dependence is defined as a characteristic withdrawal or abstinence syndrome when a drug is stopped or
an antagonist is administered.

Mechanism of opioid tolerance and physical dependance: It is poorly understood, but persistent activation of
receptors such as occurs with the treatment of severe chronic pain appears to play a primary role in its induction
and maintenance.

Current concepts havg shifted away from tolerance being driven by a simple up-regulation of cAMP system.
Although this process is associated with tolerance, it is not sufficient to explain it.
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7 Dizziness
~ Dry mouth

Sedation

g, Headache.

9. Anaphylaxis.

(raindication ‘

| Relatively contraindicated in patients with a history of epilepsy and for use with other drugs that lower
the seizure threshold.

Tramadol should also be avoided in patients taking monoamine oxidase inhibitors.

Patients with a history of addiction.

Con

[USTN §Y

(Ref: Katzung-13th & Goodman & Gilman-12" edition)

Q. Mention the advantages of tramadol over morphine. (DU-17M)
Ans.
Advantage of tramadol over morphine:
I. Respiratory depression is less than with equianalgesic doses of morphine.
Less degree of constipation.
In the treatment of mild-to-moderate pain, tramadol is as effective as morphine or meperidine. However,
for the treatment of severe or chronic pain, tramadol is less effective.

4. Tramadol is as effective as meperidine in the treatment of labor pain and may cause less neonatal
respiratory depression.

(WS O )

Tapentadol

Newer analgesic with modest p-opioid receptor affinity and significant norepinephrine reuptake inhibiting
action,

Advantage: Less gastrointestinal complaints such as nausea.
Indications of tapentadol: Mild to moderate pain

Adverse effects of tapentadol: Common side effects include
1. Seizures, especially in patients with seizure disorders
2. Serotonin syndrome

(Ref: Katzung-13th)
Mixed Agonist-Antagonists and Partial Agonists

t stimulate one receptor but block another are termed mixed agonist-antagonists. The effects of these
drugs depend on previous exposure to opioids. In individuals who have not recently received opioids, mixed
agonist-antagonists show agonist activity and are used to relieve pain. In the patient with opioid dependence. the
agonist-antagonist drugs may show primarily blocking effects-that is, produce withdrawal symptoms.

(Ref: Lippincott's-6th)
Examnles

Drugs such as nalbunhine and hutornhannl are competitive p-receptor antagonists but exert their
analgesic actions vy wu-+w- <o+ comeie v~ an norenPLOTS.

Pentazocine qualitativery iescinuics wese drugs, but it may be a weaker p-receptor antagonist or partial
agonist while retaining its k-agonist activity.
Buprenorphine, on the other hand, is a partial agonist at p-receptors.

(Ref: Goodman & Gilman-1 2" edition)










Blueprint™ Pharmacology 294

* Nalmefene, the newest of these agents, is a derivative of naltrexone but is available only forTv
administration. Like naloxone, nalmefene is used for opioid overdose but has a longer half-life (8-10
hours).

Clinical uses:
* Naloxone: Treatment of acute opioid/morphine overdose.
* Naltrexone: ‘
1. Treatment of opioid addiction. A single dose given on alternate days blocks virtually all of the
effects of a dose of heroin.
2. Treatment of chronic alcoholism

*  Nalmefene is used for acute opioid overdose but has a longer half-life (8-10 hours).
(Ref: Katzung-| 3th)

ethadone, not naloxone, is used in initial treatment of opioid dependence? (SU-14Ju)

savemauvu€ N0t Naloxone, is used in initial treatment of opioid dependence ‘ ‘
1. Administration of naloxone or another antagonist results in a transient, explosive abstinence syndrome—

antagonist-precipitated withdrawal in a subject physically dependent on opioids.

2. Methadone is a synthetic opioid with long duration of action, due to high protein binding and slow liver
metabolism. The elimination t% is 7 h after a single IM dose, 15 h after an oral dose, but 25 h after

repeated dosing,
3. The long duration of action favours its use for the treatment of opioid withdrawal in addicted. pﬁatients.
a. Methadone occupies opioid receptors, thus reducing the desire to take other opioids and the

intensity of euphoria.
b. The slow offset also diminishes the severity of the withdrawal.
¢. Methadone reduces craving and less 'kick/buzz/rush' from IV heroin -or morphine, because their

opioid receptors are already occupied by methadone.

(Ref Bennet & Brown-11" edition)

Nice to know .
For patients receiving long-term opioid therapy, naloxone should be used only to reverse respiratory depression,

with care taken to avoid precipitating withdrawal or severe pain.
(Ref- Bennet & Brown-11" edition)

Q. Short note: Co-analgesic. (RU-17J,15J,13Ju,12Ju)
0 Short note: Analgesic adjuvant. (RU-16Ju)

ilgesic / Adjuvant drugs

Coanalgesic, or adjuvant drugs, are medications whose primary indication is for a purpose other than pain relief,
but that demonstrate some analgesic effects. They are not themselves analgesics but are used alongside analgesics
in the management of pain.

Examples of co-analgesics:

1. Corticosteroids: Most widely used adjuvant analgesics in palliativé care..
2. Neuroleptics: Levomepromazing is very useful in bedridden patients with advanced cancer who
experience pain associated with anxiety, restlessness or nausea.
3. Benzodiazepines: Used as a short-term treatment for painful muscle spasm.
4. Adjuvant analgesics used for neuropathic pain
a. Local anaesthetics
b. Antidepressants
¢. Anticonvulsants
d. Capsaicin
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Drugs acting in CNS
~ ¢. Clonidine

f: Cannabinoids
g Ziconotide
h. Ketamine

g, Adjuvants used for bone pain
a. Bisphosphonates.

{ndications of co-analges.ics
|, Cancer-related pain
7. Chronic non-malignant pain
3. Neuropathig pain associated with many cancers.

Pharmacological role:

1. They may modify the perception or the concomitants of pain that make it worse (anxiety, fear,
depression), e.g. psychotropic drugs.

9. They may modify underlying causes, e.g. spasm of smooth or voluntary muscle.
3. Most coanalgesics have a slower onset of analgesic action.

4. Most experience with coanalgesics has been in the treatment of chronic pain.

(Ref- Bennett & Brown-11"/290; Websites)
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Anti-depressant drugs

ion i i ’ i ! ht or cognition
ion: De orders of mood rather than disturbances of thought or ,
Depression: Depression is defined as dis P AP

Q. Classify depression. (CU-15Ju,14J)

Ans.

Classification of depression: Ther

1. Unipolar depression, in which the mood chapges are a _ '
2. Bipolar affective disorder, in which depression alternates with mania.

e are two distinct types of depressive syndrome:
Iways in the same direction.

(Ref: Rang & Dale's-g",

Nice to know . ) . _

Mania: Mania is in most respects exactly the opposite, with excessive exube.r}c]zf?ce: Zn[tlhusii:lm; ,,'and. self.

confidence, accompanied by impulsive actions, these signs often bem.g lc.orzbmed with irritabilily, impdlience qng
' etimes with grandiose delusions o = =" T

aggression, and som S With gr )j (Ref: Rang & Dule '.9-8”')

Q. What are the characteristics of unipolar depression? (CU-15Ju)

Ans.
Characteristics of unipolar depression: Unipolar depression js characterized by-

1. Feelings of intense sadness & despair (loss of hope)

2. Mental slowing & loss of concentration

3. Pessimistic worry (always expect bad things to happen)
4. Lack of pleasure
5
6
7

Self deprecation
Variable agitation & hostility.
Some physical changes in severe or melancholic depression

* Insomnia or hypersomnia.
»  Altered eating pattern with anorexia & wt. loss or sometimes overeating.

*  Decreased energy & libido.
* Disruption of the normal circadian & ultradian rhythms of activity, body temperature & many

endocrine functions.
(Ref: Goodman & Gilman's-12th)

Nice to know
Symptoms of depressive disorders

Psychological Somatic
1. Depressed mood 1. Reduced appetite
2. Reduced self-esteem 2. Weight change
3. Pessimism 3. Disturbed sleep
4. Guilt 4. Fatigue
5. Loss of interest 5. Loss of libido
6. Loss of enjoyment (anhedonia) 6. Bowel disturbance
7. Suicidal thinking 7. _Motor retardation (slowing of activity)

(Ref- Davidson's-22"/235)

~ 7" tdo you know about mono-amine theory of depression? (RU-10)
tis the basis of pharmacological intervention of depressive illness? (CU-17M,11J,09J)
ine the biological basis of depression. (SU-17M,16J,15Ju,13J,12J.1 1Ju)
t do you know about amine hypothesis? (DU-09])
e down the chemical basis of depression. (DU-07Ju)
Ans.
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6. Monoamine oxidase (MAO) inhibitors

ves

Hydrazine derivati
= Phenelzine
socarboxazid

! Non-hydrazines
ranylcypromine

~clegiline
* Moclobemide ‘J
(Ref: Katzung-13"/514.577,

[NB: Vortioxetine: It is antagonist of 5-HT:, 5-HT 5-HT)), partial agonist of 5-HT,; and agonist of 5-HT,,
receplor.]

Tricyclic antidepressants

Pharmacokinetic properties of TCAs: ‘ _
[. Most TCAs are incompletely absorbed & undergoes significant 1" pass metabolism.

2. Large volume of distribution: This is due to -
» High tissue protein binding.
= Relatively high lipid solubility.
3. TCAs are metabolized by two major routes:
* Transformation of the tricyelic nucleus.
»  Alteration of the aliphatic side chain.

4. ‘Ring-hydroxy’ metabolites are relatively cardio-toxic.
(Ref: Katzung-13"/519, Goodman & Gilman 's-12th

AllS,
Mechanisms of actions of TCAs/ Amitriptyline/ Imipramine:

Mechanisms of actions of TCAs
k reuptake of ‘amine NT, eg, serotonin, nor-adrenaline’ into the pre-
-, -ptic nerve terminal.

l

Increased conc. of ‘amine NT’ into the sy

!

long duration of action amine NT.
ck muscarinic receptors (atropine like action)

Effects
» Relief of depression

Tachycardia

Ilrina rateantinn
bOﬂSllpauun

Dry mouth & ski
Rlurred vision

* Posturai hypotension
» Reflex tachycardia

» Ejaculatory failure

ick a adrenergic receptors.

Block pre-synaptic a, receptors " lachycaraia
! = Tremor

No auto-inhibitory effect of NA * [nsomnia etc.

l

Increased NA release from pre-synaptic nerve endings (i.e. TCAs has
cvmpathomimetic effects)
ock central H,-receptors
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( he ind.ic'ations of a.mitriptyline. (RU-104,06J)
| the clinical uses / indications of TCAs or SSRIs? (DU-17J, CU-12J. RU-1 3])

Drugs acting in CNS

f anti-depressants / Amitriptyline:
_, 3ssion.
2. Anxiety disorders: (e.g. SSRIs, venlafaxine, duloxetine)
*  Panic disorder
= Generalized anxiety
»  Social phobia.
Obsessive-compulsive disorders.

Bipolar. depression (e.g. fluoxetine in conjunction with olanzepine)
Enuresis

Insomnia
Chronic pain (elevated mood causes increased pain tolerability)

Neuropathic pain (e.g. amytriptyline, nortryptyline)
Other uses:

* Bulimia (eating disorder)
®* Pre-menstrual dysphoric disorder.

Fibromyalgia (e.g. duloxetine, venlafaxine, SSRIs, TCAs)
= Obesity (e.g. sibutramine)

* Smoking cessation (e.g. buproprion)
Attention-deficit hyperactivity disorder (e.g. atomoxetine).
(Ref: Katzung-13"/521-523; Rang & Dale 's-8th)

SR RO

/ ow
Current status of TCA: At the present time, the TCAs are used primarily in depression that is unresponsive lo
more commonly used antidepressants such as the SSRIs or SNRIs. Their loss of popularity stems in large part
from relatively poorer tolerability compared with newer agents, difficulty of use, and lethality in overdose.

(Ref: Katzung-13"/515)

Q. Why there is delay in producing therapeutic effect after administration of TCA? (CU-13Ju)

Ans.

Delay in producing therapeutic effect after administration of TCA: Following administration of TCA, amine
levels increase immediately, but maximum beneficial effects of antidepressants are not seen for many weeks. The
time required to synthesize neurotrophic factors has been proposed as an explanation for this delay of
antidepressant effects. Appreciable protein synthesis of products such as BDNF typically takes 2 weeks or longer
and coincides with the clinical course of antidepressant treatment.

(Ref: Katzung-12th/525)

Urine retention
Constipation

Dry mouth & skin
Blurred vision

Postural hypotension

Reflex tachycardia

Cardiac arrhythmias

Ejaculatory failure, ]

like action)

2. Due to g, receptor blocking property

S
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ﬁ

3. Due to pre-synaptic a,-adrenoceptors » Tachycardia
blocking property (i.e. sympathomimetic) | ® Tremor
4. Due to central H;-blocking property. » Sedation ]
5. Neurologic adverse effects = Seizures .
6. Psychiatric adverse effects » Aggravation of psychosis
7. Metabolic-endocrine adverse effects » Withdrawal syndrome.
» Sexual disturbances
» Weight gain.

(Ref: Katzung-13"/525)

Q. Write short note on: Imipramine. (DU-12Ju,10J)
Ans. Write M/A, indication, adverse effects from above.

Selective serotonin reuptake inhibitors (SSRI)

Pharmacokinetic properties of SSRI:
* Oral bioavailability is equal or relatively higher than that of TCAs.
= Fluoxetine is notable for the long half life for its active metabolite norfluoxetine (7-9 days at steady state),
This long t1/2 has allowed the introduction of a formulation for once weekly dosing.
(Ref* Katzung-13"/517)
Q. Short note: Selective serotonin reuptake inhibitors. (CU-14Ju)
rom below.

the mechanism of action of citalopram. (RU-15Ju)
s fluoxetine produce anti-depressant effects? (RU-09J)
< te: Sertraline. (DU-09Ju)
Ans.
Anti-depressant effects of SSRI / fluoxetine:
Fluoxetine / Paroxetine / SSRIs

l

Selectively block the reuptake of serotonin

l

Increased concentration of the serotonin in the synaptic cleft

l

Greater post-synaptic neuronal activity

l

Anti-depressant effect
(Ref: Lippincott's-6"/133)

Q. What are the indications of SSRIs / Fluoxetine?
Ans.
Indications of SSRI:
1. Major depression.
2. Anxiety disorders:
* Panic disorder
* Generalized anxiety disorder (GAD)
3. Obsessive-compulsive disorders (OCD) (the only approved indication for fluvoxamine)
4. Other uses:
*  Bulimia (eating disorder, only fluoxetine is approved for this indication).
*  Pre-menstrual dysphoric disorder (PMDD)
" posttraumatic stress disorder (PTSD)

(Ref: Katzung-13"/521-522; Lippincott's-6"/136)
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o Esmolol is used for management of intraoperative and postoperative hypertension, and sometimes fo;

hypertensive emergencies. (Ref: Katzung-13"/15,

Prazosin and other a-blockers

he role of prazosin in hypertension. (SU-05J)
. the pharmacological actions of a-blockers? (SU-04M)

of action/ role of Prazosin, Terazosin, and Doxazosin in hy.pertension: . .

azosin, and doxazosin produce most of their antihypertensive effects _by .selectlvely b.lockmg al
tvwvprune e arterioles and venules. Alpha blockers reduce arterial pressure by dilating both resistance and
capacitance vessels.

Prazosin / a-blockers

l

Blocks @ receptor on arteriole, pre-capillary sphincter, so noradrenaline cannot bind with that receptor

|
|Phospholipase-C (PLC)

|
IDAG & |IP; & |Ca™" influx
!
Vasodilatation
}
|PR
|
|BP
(Ref: Katzung-13"/180)

Nice to know: Information on a-blockers
o As expected, blood pressure is reduced more in the upright than in the supine posilion.
Retention of salt and water occurs when these drugs are administered without a diuretic.

The drugs are more effective when used in combination with other agents, such as a B blocker and a
diuretic, than when used alone.

(Ref: Katzung-13"/180)
These drugs cause only minimal changes in cardiac output, renal blood flow, and glomerular filtration
rate. Therefore, long-term tachycardia does not occur.
Reflex tachycardia and postural hypotension ofien occur at the onset of treatment and with dose
increases, requiring slow titration of the drug in divided doses.
Due to weaker outcome data and their side effect profile, a-blockers are no longer recommended as
initial treatment for hypertension, but may be used for refractory cases.

(Ref: Lippincott 's-6"/235)

ire the adverse effects of a receptor blockers? (CU-04J; RU-14Ju, SU-09Ju,06S)
n the adverse effects of prazosin. (DU-13Ju)

ffects of a-receptor blockers / Prazosin:

1. Cardiac: Postural hypotension, reflex tachycardia (they are less marked in prazosin)
2. Eye: Miosis

3. GIT: Diarrhea, vomiting.
4. Others: Ejaculatory failure, nasal decongestion, flushing, headache, dizziness.

(Ref: Goodman & Gilman 's-121h)
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—’ifva Q. What is first-dose effect?
ans. First-dose effect: The first dose of the a; blocker drugs produces an exaggerated orthostatic lypotensive
response that can resull in syncope (fainting). This action, termed a first-dose effect, may be minimized by
adjusting the first dose 10 one-third or one-fourth of the normal dose and by giving the drug at bedtime. 7

' (Ref: Lippincott '5-6"/89)

a-methyl ¢

yl dopa. (DU-17J,15Ju,11Ju)
‘educes blood pressure? Mention its adverse effect. (SU-07))
ensive action of a-methyl dopa. (SU-17J)

a-methyl dopa: Methyldopa is an o2 agonist that is converted to methylnorepinephrine centrally to dimin?sh
adrenergic outflow from the CNS. a-methyl dopa ia an analogue of L-dopa (dopa is the precursor of dopamine
/NA /adrenaline).

Pharmacokinetics:
1. Less than 1/3 of oral dose is absorbed.
2. Onset: Within 4-6 hours.
3. Duration: 12-24 hours.

sm of action of a-methyl dopa: a-methyl dopa converts 1nto g-metny1 INA 1IN UIE Drai, U-incuLyt iNn 1
o [ & a potent a,-agonist. a-methyl NA then binds with the nre-cvnantin . racantar & causes decreased
adrenergic outflow from brain. Ultimately this leads to decreased for-. .. decreased BP. (NA:
Nor Adrenaline; NT: Neurotransmitter)

Ve Xl nndlnm: Hurmnwbnmmnlime S e e e
1t mental lassituc
Z. LSS COMMOUN: INIZMUNATES, UEPIESSION, VEITIZO, vaviw pyiwiriivis uysmapevii, swvmsvevss (vame oo o iale &
female), hypersensitivity. .

3. Positive Coombs test.
4. Rare: Hemolytic anemia, hepatitis and drug fever.

Advantage of using:
1. It can be used in HTN with renal insufficiency, because cardiac output is not decreased & blood flow to
the vital organ (e.g. kidney) is not diminished.
2. No Postural hypotension.
(Ref: Katzung-13"/175-176; Rang-Dale-5th/178,181; Tripathi-6"/547; Lippincott's-6"/236)

Clonidine

Clonidine: It is a partial a,-agonist.

Mechanism of action: Clonidine inhibits sympathetic vasomotor center — Decrease adrenergic outflow from
brain. Ultimately this leads to decreased total peripheral resistance & decreased BP.

Indications:
1 Occasionally used in combination with diuretics in mild to moderate HTN.
Past-menanansal wamen: To reduce vasomotor symptoms.

Armepys smeanwe

Advantage of using: Clonidine does not decrease renal blood flow or glomerular filtration. So. it can be used in
HTN complicated with renal insufficiency.

(Ref: Lippincott 's-6th)
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Adverse effects:

Retention of Na' & H,O — May causes edema (So, administered along with diuretics).
Rebound HTN after abrupt withdrawal (So, should be withdrawn slowly).

Postural hypotension

Bradycardia

Dryness of mouth, eyes & nasal mucosa (Duc to [central action).

Constipation (Due to |intestinal secretion)

qunEeds

(Ref: Rung Dale-5"/179; Tripathi-6"/546, Lippincott 's-6th)

g Vasodilators

Q. Name the vasodilators used to treat hypertension. (RU-09Ju)
Q. Classify vasodilators.

Ans. .

Classification of vasodilators:

A.

According to route of administration:

Parenteral vasodilators

[ S R [

Oral vasodilators

Accord in to site of action:

Arterial

= Diazoxide

J Both arterial & venous

(Ref: Katzung-13th/180-181)

C. According to nature of action:

Direct vasodilators » Na-nitroprusside, Diazoxide, Hydralazine

Indirect vasodilators = Ca channel blockers

= ACE inhibitors

= Angiotensin-II receptor blockers

= Renin release inhibitors: B-blockers

D. According to mechanism of action:

| Mechanism Vasodilators
zlease of nitric oxide from drug or endothelium Nitmnmmennids o den o=t e nitrates,
LG, GuLLy UV ]
Reduction of calcium influx Verapamil, diltiazem, nifedipine
lemnmm mdnd it 20 B ibrane through Minnavidil qjazoxide
[ £3“HVALIVIL Ul UUPAITTITIS TEUEPLOLS Fenoldopam

(Ref: Karzung-13th/181)
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Direct vasodilators

Na-nitroprusside

N s a complex of iron, cyanide groups, and a nitroso moiety. It is rapidly metabolized by uptake into
. Is with liberation of cyanide.

)\ of action of Na-nitroprusside:
russide
l
Nitric oxide (NO) release
l

Vascular smooth muscle relaxation

l

Dilatation of arterial and venous vessels

!

Reduced peripheral vascular resistance and venous return
l
Reduction of blood pressure.
(Ref: Katzung-13th/182)
Route of administration: [V

]

L s S LVE A AV IUlluUI.UIJ Hnwvaltc luilllre
3. For controlled hypotension during surgery to reduce bleeding.
4. Aortic dissection (along with B blocker).

Adverse effects:
¥ Profound hypotension
2. Due to accumulation of cyanide:
Severe lactic acidosis
by Arrhythmia
c¢) Excessive hypotension
d) Death
3~ Thidcyanate toxicity is manifested as —
a) Weakness
b) Disorientation
c) Psychosis
d) Muscle spasm
e) Convulsion
4. Hypothyroidism (Rare)
5. Methemoglobinemia
(Ref: Katzung-13th/182)

Limitations of Na-nitroprusside in emergency hypertension:
Short duration of action. Only 3 minutes. Average 1-10 minutes. (Duration of action of diazoxide 4-12
hours).
«. ltrequires continuous IV infusion due to its short half-life.
Due to its thiocyanate toxicity, it requires close monitoring.
Cannot be used in patients with hepatic and renal disease.
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Diazoxide

Diazoxide is an effective and relatively long-acting parenterally administered arteriolar dilator.

Mechanism of action: Opening of K" channel in smooth muscle membranes of arterioles — Hyperpolarizatig,
— stabilization of the membrane potential at the resting level — No depolarization — No vascular smogyy,
muscle contraction — Vasodilation — |BP.

Indication: Hypertensive emergency

Adverse effects:
I. Excessive hypotension leading to stroke and myocardial infarction _ o '
2. The reflex sympathetic response can provoke angina, cardiac failure in patients with ischemic hear
disease. So, should be avoided in such situation.

3. Hyperglycemia by inhibiting insulin release from the pancreas.
(Ref: Katzung-13th/152-183,

Q. Why diazoxide not Na-nitroprusside is the drug of choice in the management of emergency
hypertension?
Ans.
Advantages of diazoxide over Na-nitroprusside:
1. Long duration of action (4 — 12 hours)
2. Can be given orally in emergency hypertension.
3. No chance of thiocyanate toxicity.
4. Does not require monitoring.

Disadvantages / limitations of diazoxide
1. Excessive hypotension (that’s why dc=~ <=~ ko etoved with 50-150 mg rather than 300 mg) — leads to
stroke, MI.
2. Causes salt and water retention.

cammm—an- dil

Mechanism of action: Same as Diazoxide

Indication:
. Qevera tn malionant hunertencion which don’t respond to other drugs. (Minoxidil must be used in
divratic)
2. :d as a stimulant to hair growth for correction of baldness.
Adverse effects:
1. Headache.

2. Sweating.
3. Hircnticom in wnman
4.

‘aviyvaiuis, paipndtions, angina, and edema are observed when doses of B-blockers and diuretics are
inadequate.
(Ref: Katzung-13th/181 + Lippincott's-6"/236)

Hydralazine

Mechanism of action: Dilate arterioles. But the mechanism of vasorelaxation is unclear.

Pharmacokinetics:
Vell absorbed after oral administration
* pass hepatic metabolism
{ighly tissue binding
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4 Metahnliem hu nnaedaer

Indication sion.
Adverse €..eves.

1. Headache

2. Nausea

3. Anorexia

-4. Palpitation

"< - Sweating

o.- Flushing

7. In pat1ent§ with _ischemic heart disease, reflex tachycardia and sympathetic stimulation may provoke
angina or ischemic arrhythmias.

8. SLE like syndrome
9. Peripheral neuropathy in slow acetylators.

(Ref: Katzung-13th/181 + Lippincolt '5-6"/236)

Q. Why the duration of action of hydralazine is 12 hours, though its half-life is 1 hour?
Ans. Due to its active metabolites.

Q. How hydralazine causes tachycardia / tachyphylaxis?

Ans.

Hydralazine
l

Vasodilation
!

|BP — Reflex tachycardia

l

JGFR
l

TRenin secretion
!

1 Angiotensin Il and aldosterone
!

1Salt & water retention
!

Tachyphylaxis

Treatment of tachycardia:
Hydralazine + p blocker
Hydralazine causes tachycardia, while § blocker decreases tachycardia.

Treatment of tachyphylaxis:
Hydralazine + Diuretics
Hydralazine causes salt & water retention.
Diuretics increases salt & water excretion — Tachyphylaxis overcome.

Q. As a vasodilator, hydralazine does not produce hypotension. Why?
Ans.
Hydralazine does not produce hypotension

1. Due to venous resistance.

2. Reflex tachycardia

3. Hydralazine stimulates epinephrine release.

Pharmacology-50
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Fenoldopam

Fenoldopam is a peripheral arteriolar dilator. It acts primarily as an agonist of dopamine D, receptors, resulting i,
dilation of peripheral arteries and natriuresis.

—

Indications:
1. Hypertensive emergency
2. Postoperative hypertension

Adverse effects:
1. Reflex tachycardia
2. Headache
3. Flushing
4

Increased intraocular pressure
(Ref: Katzung-131h/1§3)

Q. Justify combination of direct acting vasodilators and diuretics with § blockers?
Ans.
Combination of direct vasodilators & diuretics with B-blockers: Vasodilatation and diuresis will stimulate the
rennin-angiotensin system, and turn non-renin dependent hypertension into renin-dependent hypertension.
Addition of beta blockers in these conditions can antagonize the release of rennin, and thus blood pressure will be
controlled properly.

(Ref: Bennelt, Brown-11th)
Nice to know
Vasodilators work best in combination with other antihypertensive drugs that oppose the compensaiory

cardiovascular responses.
(Ref: Katzung-13"/180)

Q. “Vasodilator therapy does not cause orthostatic hypotension or sexual dysfunction .”- Explain.

Ans.

Vasodilator therapy does not cause orthostatic hypotension or sexual dysfunction: All the vasodilators that
are useful in hypertension relax smooth muscle of arterioles, thereby decreasing systemic vascular resistance.
Sodium nitroprusside and the nitrates also relax veins. Decreased arterial resistance and decreased mean arterial
blood pressure elicit compensatory responses, mediated by baroreceptors and the sympathetic nervous system,
as well as renin, angiotensin, and aldosterone. Because sympathetic reflexes are intact, vasodilator therapy does

not cause orthostatic hypotension or sexual dysfunction,
(Ref: Katzung-13"/180)
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Q. Mention the indications of calcium channel blockers. (DU-07Ju, CU-08J: RU-11J, SU-07Ju)
Q. Mention the indications of

» Amlodipine. (DU-14J,10/07Ju)
= Nifedipine. (DU-07J, CU-08J, SU-09Ju)

= Diltiazem. (CU-08J, SU-09J)

Ans.

Indications of Ca®* channel blockers:

P o . . . . “ . . .. .
e Hypertension: Amlodipine, isradipine, nicardipine, nifedipine, verapamil
Angina: Amlodipine, diltiazem, nicardipine, nifedipine, verapamil

3" Migraine

4. Prevention of ischemic neurological damage following subarachnoid hemorrhage: Nimodipine (60
mg every 4 hours).

- _Hemorrhagic stroke with ventricular extension: Nimodipine
.. Cardiac arrhythmia: Verapamil

"Raynai
Post-V

P

~ nomenon: Nifedipine

Verapamil, Diltiazem.
Hypert. vpuue cardiomyopathy

channel blockers | :

(Kef: Bennett & Brown-11th)

Indication

odipine * Hypertensien
* Angina
* Migraine
= Cardiomyopathy
* Raynaud’s phenomenon
edipine * Angina due to coronary arterial spasm
* Hypertension
= Raynaud's phenomenon
Nimodipine * Subarachnoid hemorrhage
* Hemorrhagic stroke with ventricular extension
Felodipine » Hypertension
* Raynaud’s phenomenon
Isradipine = Hypertension
Nicardipine * Angina
* Hypertension W
Nisoldipine = Hypertension 5
Nitrendipine * Investigational ]
Verapamil * Angina
» Hypertension
= Arrhythmias
* Migraine
1zem * Angina

Hypertension
Raynaud's phenomenon

Q. Mention the adverse effects of Ca** channel blockers. (DU-00M,RU-02J.SU-05])
Q. Mention the adverse effects of-
*  Amlodipine. (DU-10/07Ju; RU-09J,03J)
* Nifedipine. (RU-03J,CU-02M,SU-07Ju)
* Diltiazem. (CU-02J)

Ans.

(Ref: Katzung- 13" 200)
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Adverse effeets of Ca®' channel blockers/ Amlodipine/ Nifedipine/ Diltiazem:
~~=inps ~~=liac depression, including cardiac arenst

1. Excessive inhibition of calcium influx can cause - elinical
bradycardia. atrioventricular block. and heart failure. nese eniects are rare in clinical use.

[§9]

M -~ . A . ace 1 inine incre ., " m T
Short-acting calcium channel blockers such as prompt-release nifedipine increase the‘nqk of YOCardlal
infarction in patients with hypertension and should be avoided.

wvumor toxicity (troublesome but not usually requiring discontinuance of therapy)-
. . Flushing
. Dizziness
" Nausea
Constipation (common with verapamil)
Peripheral edema (eg, ankle edema).

'

(Ref: Katzung-13"/202 +Bennet & Brown

Viva Q. Why ankle edema occurs in use of calcium channel blockers? ‘
Ans. Ankle edema due to CCB is probably due to a rise in intracapillary pressure as a result.of the sel?ctzve
dilatation by calcium blockers of the precapillary arterioles. Thus the edema is not a sign of sodium retention. [t
is not relieved by a diuretic but disappears afier lying flat, e.g. overnight.

(Ref: Bennett & Brown-[Ith)
Viva Q. What is the limitation of dihydropyridine derivatives?
Ans.
Dihydropyridine derivatives — Vasodilation — Reflex tachycardia — THR — TMyocar.dial Qz demand —
Precipitates angina. So these drugs cannot be used in stable angina. But they can be used in variant angina as
they can reduce coronary arterial spasm.

Viva Q. Name the drugs used for Raynaud's phenomenon.
Ans.
Drugs used for Raynaud's phenomenon
1. Nifedipine
2. Reserpine
3. ablocker (sub-hypotensive dose)
' astonol

1e contraindications of calcium channel blockers?

tions or cautions of Ca’*-channel blockers / Amlodipine / Nifedipine:
ic depression
Cardiac arrest
* Bradycardia
= Herat failure.
= 2" & 3" degree heart block.
= Sick sinus syndrome
=  Wolf-Parkinson-white (WPW) syndrome
2. During labor of a pregnant mother
3. Constipation
(Ref: Karzung-13th edition)

Q. Mention advantages and disadvantages of amlodipine as antihypertensive drug. (CU-05M)
Ans.

Advantages of amlodipine:

1. Do not compromise hemodynamic status; no impairment of physical activity.
2. No sedation or other CNS effects.
3. Cerebral perfusion is maintained.
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N he functions of Angiotensin-II. (CU-| 6J, SU-06Ju)
An . .
- giotensin-II:

| Increases peripheral resistance.
> Release of aldosterone from adrenal cortex.

3. Reabsorption of Na" from proximal convoluted tubule.
4. Renal vasoconstriction.

5. Hypertrophy and remodeling of vessels and heart.

(Ref: Goodman & Gilman-10"/798)

Q. Enumerate the factors that influence rennin release. (CU-15Ju)
Ans.
Factors that influence rennin release

I. Increased sympathetic activity via renal nerves

2. Increased circulating catecholamines

3. Prostaglandins

Ny JuUnvng=Le  cuiniury

Q. Name the antihypertensive drugs which act through Rennin-Angiotensin-Aldosterone System. (DU-
13Ju,10/08J,06M; CU-08],05S,04S; RU-15Ju,13Ju,11Ju,07J,06M,05M; SU-16J,.014Ju,12Ju/J,10J)

Q "7 ’nhibitors of RAAS. (CU-14J, RU-08J)

Q. % inhibitors. (DU-17M,15Ju,11Ju,09J, SU-09Ju; RU-13J,12J)

Q. important ACE inhibitors. (DU-14J)

Q. iotensin-II receptor blockers. (DU-12Ju, CU-11J)

Ar

R¢ dosterone system (RAAS) inhibitors:

A. Angiotensin converting enzyme inhibitors (ACEi) ~aptopril
‘nalapril
Jsinopril
tamipril

Benazepril

Fosinopril

Moexipril

Perindopril

Quinapril

Trandolapril

Fosinopril

B. Angiotensin-II receptor blockers (ARB) Losartan

Valsartan

Candesartan

Eprosartan

Irbesartan

Telmisartan
)imesartan

C. Direct renin inhibitor Jiskiren

D. Drugs that block renin secretion Propranolol

Atenolol

i

Metoprolol
Clonidine

Pharmacology-51












393 Drugs acting on CVS

" 4. Bilateral renal artery stenosis.

(Ref: Harrison's medicine-17th edition)

0. Why ACE inhibitors are contraindicated in pregnancy?

ire contraindicated in 2™ and 3™ trimesters of pregnancy, because it causes-
arial hypoplasia

2. Fetal pulmonary hypoplasia
3. Fetal growth retardation

4. Anuria

5. Fetal death

Q. Why ACE inhibitors are contraindicated in bilateral renal artery stenosis?

Ans.

Angiotensin 1L, by constricting the efferent arteriole, helps to maintain adequate glomerular filtration when renal
perfusion pressure is low. Inhibition of ACE by ACE inhibitors can induce acute renal insufficiency in patients
with bilateral renal artery stenosis, stenosis of the artery to a single remaining kidney.

(Ref: Goodman & Gilman-12 2" edition)
Q. Why ACEi is indicated before meal?

Ans.

Orally taken captopril gives 70% bioavailability after fasting, but bioavailability is reduced by 30-40% when drug
is stter to take the drug 1-2 hours before meal.

N,

Iy !

AULLI Causes uypcmalemia.
Frusemide causes hypokalemia.

So, one drug compensates the adverse effects of the other.
2. ACEi + Spironolactone (K" sparing diuretic) — Hyperkalemia develops.

3. ACTi + NRATD- Agpirin blocks bradykinin mediated vasodilation, so hypotensive action of ACEi is

uupauuu.

Advantages of captopril / ramipril / ACE inhibitors:

They have no postural hypotension, electrolyte disturbances, feeling of weakness & CNS effects.
Safe in patients with DM & PVD.

Prevention of secondary hyperaldosteronism & K loss.

Improves renal perfusion.

They reverse LVH & decrease the wall-to-lumen ratio of blood vessels that occurs in HTN,

No effects on uric acid level & plasma lipid profile.

Minimum worsening of quality of life; e.g. work performance, sleep, sexual performance, general well-
being.

8. Recent evidence shows that long term use of ACEi potentially decreases the incidence of type-II DM in
high risk subjects.

N R e N~

(Ref: Tripathi-6"/486)

Advantages of ACE inhibitors over f§ blocker, Ca** channel blocker, diuretic: ACE inhibitors-
1. Do not cause hyperglycemia like diuretics.
2. Do not aggravate asthma and heart block like beta blocker.

3. Do not inhibit VMC like Ca** channel blocker and can be used in CCF where Ca®' channel blocker
cannot be used.
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Angiotensin-II Receptor Blockers (ARB)

1ecchanism of action of losartan. (SU-09J,06S)
mntagonize the action of angiotensin-I1?7 (SU-06J)

:tion of ARB / Losartan / Valsartan:
an / Valsartan
1
Blocks angiotensin-II receptor
l .
Angiotensin-II cannot bind with the receptor
i
lAngiotensin-lI-mediated effects
l
Vasodilatation — | Peripheral resistance
}Output of sympathetic nervous system — | Adrenaline / Noradrenaline
{ Aldnctarnna nroduction — |Retention of Na* & H,O
'vel — Vasodilatation

(Ref: Lippincott's-5"/235,236)

dications of angiotensin-II receptor blockers (ARB). (DU-13Ju, CU-11J)
dications of losartan.

iotensin-II receptor blockers/ losartan:
Hypertension.
Hypertensive patient with bronchial asthma or dry cough.
Chronic heart failure (valsartan)
MI (valsartan) due to absence of reflex tachycardia may be due to downward resetting of the baroreceptor
or due to enhanced parasympathetic activity.
Diabetic nephropathy (losartan)
Prophylaxis of stroke (losartan).

WD -

o »n

Tention the adverse effects of angiotensin-II receptor blockers (ARB). (DU-13Ju, CU-11J)

erse effects of angiotensin-II Receptor Blockers:
1. Hypotension

2. Hyperkalemia

3. Acute renal failure (ARF)

4. Teratogenic

Q. What are the contraindications of angiotensin-II receptor blockers?
Ans.
Contraindications or cautions of angiotensin-II receptor blockers / Losartan:
1. Renal failure.
2. Hyperkalemia.
3. Pregnancy.
4. Bilateral renal artery stenosis.
(Ref: Hurrison's medicine-17th edition)
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(/g‘.]i\'lentlon ¢ rationale of drug combination of losartan & hydrochlorothiazide. (RU-14Ju,13Ju,10J)

Rationale of drug combination of losartan & hydrochlorothiazide: Losartan is :
causes hyperkalemia. On the other hand hydrochlorothiazide is e;n‘ inypertensive d
So when these two drugs are used in combination, K' homeost
antihypertensive drug combination & used commonly if they ar

antihypertensive drug which
antihypertensive drug and causcs hypokalemia.
asis remains unaltered. That’s why it is a popular
¢ indicated.

Q. What are the advantages of ARBs / losartan over ACE inhibitors?
Ans.
A2-~~¢~ges of ARBs / losartan over ACE inhibitors:

lo dry cough.

.ower incidence of angioedema.

.ower incidence of rashes.

Direct renin inhibitors: Aliskiren

iren directly inhibits the renin.

:anism of action: Directly inhibits enzyme activity of rennin and thus acts earlier in the rennin-angiotensin-
avsterone system then do ACE inhibitors or ARBs..
Effects: Reduces angiotensin I and II and aldosterone.

... Jication: Hypertension

/}}ve_rse effects:

Hyperkalemia

—

2. Renal impairment

3. Potential teratogen.

4. Cough

5. Angioedema

6. Diarrhea at higher dose
~ " traindication

1. Pregnancy

* *vantage over ACE inhibitors or ARBs: ACE inhibitors, ARBs and diuretics increase plasma renin activity.

skiren not only decreases baseline plasma renin activity in hypertensive subjects but also eliminates the rise
produced by ACE inhibitors, ARBs, and diuretics and thereby results in a greater antihypertensive effect. Renin
inhibition has thus proved to be an important new approach to the treatment of hypertension.

(Ref: Katzung-13th, Lippincott 's-6th)
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d. GTN sustained release capsule (in inflammatory bowel disease)
2. Parenteral

a. Slow release transdermal patch

b. IV
3. Inhalation: Sublingual spray
4. GTN suppository (in anal fissure)

5. GTN ointment (in anal fissure)

Q. Mention various routes of GTN administration. (RU-12J)
" as.
arious routes of GTN administration
1. Sublingual

2. Inhalant
3. Oral
4. Transdermal
5. Rectal (in case of GTN suppository and ointment in anal fissure)
Q. Enumerate the indications of GTN.
Ans.
Indication of GTN:
I. Stable angina
2. Unstable angina.
3. Prinzmetal’s angina.
4. Mi
F
lown the beneficial and deleterious effects of nitrates in the treatment of angina. (CU-13Ju)
n the beneficial and adverse effects of GTN. (DU-14Ju)
n the beneficial effects of nitroglycerin. (CU-13Ju, RU-05S)
eficial effects of nitroglycerin
1. Decreased ventricular volume Decreased myocardial oxygen requirement
2. Decreased arterial pressure :
3. Decreased gjection time
4. Vasodilation of epicardial coronary arteries | Relief of coronary artery spasm
5. Increased collateral flow Improved perfusion to ischemic myocardium
6. Decreased left ventricular diastolic pressure | Improved subendocardial perfusion
(Ref: Katzung-12th/200)
Potential *~1~é¢~winne ~ffects of nitroglycerin Result
1. Refle Increased myocardial oxygen requirement
2. Refle.. ..c.cvee ... contractility
) ased diastolic perfusion time due to tachycardia | Decreased coronary perfusion ]

(Ref: Karzung-12th/200)

n the adverse effects of nitroglycerin / GTN. (DU-17J,11J,09Ju,08J; RU-11J, SU-06S; CU-12Ju)

own the side effects of nitroglycerine. (DU-07J,06S;CU-06M/J;04S)
n 2 adverse effects of nitroglycerin / GTN. (DU-15Ju)

Adverse effects of nitroglycerine / GTN:
1. Throbbing type of headache
2. Postural hypotension
3. Tachycardia.
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4. Nitrate tolerance:
= True tolerance: This is due to functional deficiency of ' #~thinne <@ vennefomnge (s mitigated by
taking nitroglycerine at night in case of classical angina.
* Pseudo tolerance: This is due to reflex tachycardia. It is overcome by taking B-blockers and Ca’
channel blockers.
5. Carcinogenic (there is a strong epidemiologic correlation between the incidence of esophageal & gastric
carcinoma & the nitrate contents of the food)

t

(Ref: Katzung-12th/198-200)
Q. Short note: Nitroglycerine. (DU-14J)
Ans. Write in short from above discussion.

Q. State and explain throbbing headache after sublingual administration of glyceryl trinitrate? (CU-15J)
Ans. :
Throbbing headache after GTN administration: Throbbing headache is probably due to the stretching of pain-
sensitive tissues around the meningeal arteries resulting from the increased pulsation that avvuinpaiivs 1€ local
vasodilatation.

(Ref: Bennett & Brown-11th)

~ Explain the term nitrate tolerance. (CU-17J)

5.
Nitrate tolerance: During long-term treatment continuons administration of organic nitrate results in complete /
partial loss of its beneficial effects. It is call

Cause of tolerance: It is due to-
1. |cGMP activation
2. Tvolume expansion
3. Neurohormonal activation
4. Depletion of —SH group.

Prevention of nitrate tolerance: Toleranct
vessels become desensitized to vasodilati
interval” to restore sensitivity to the drug
demand on the heart is decreased at that time. Nitroglycerin patches are worn for 12 hours then removed for 12
hours.

(Rej: Lippincott's-3"/222)
Nice to know
Procedure of taking GTN: To avoid postural hypotension, GTN should be taken in lying position. Legs should be
raised above head to restore venous return.

Advice to the patient: Patient should be warned of the sign of overdose like headache. So that an excess dose can
R 772

ease: It is the headache and transient dizziness that occurs to the workers in the factory of nitrates on each
Monday. Continuous exposure (o high levels of nitrates can occur in the chemical industry, especially where explosives are
manufactured. When contamination of the workplace with volatile organic nitrate compounds is severe, workers find that
upon starting their work week (Monday), they suffer headache and transient dizziness ("Monday disease”). After a day or so,
these symptoms disappear owing to the development of tolerance. Over the weekend, when exposure to the chemicals is

reduced, tolerance disappears, so symptoms recur each Monday.
(Ref: Katzung-12"/200)

tion the contraindications of nitroglycerin/ GTN.
Ans.
Contraindications of nitroglycerin / GTN
1. Angina due to severe anemia
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2. Glaucoma

3. Intracranial pressure

4. Migraine headache

5. A known case of methemoglobinemia / tolerance

'merate clinical importance of sublingual administration of nitroglycerin in angina pectoris.

seerin is given sublingually, (not orally), because-

Rapid onset of action (within 4 min)

Directly go to systemic circulation.

Avoid 1* pass metabolism

Dose requirement is minimum.

Short duration of action (20 min)

Highly lipid soluble and rapidly absorbed.

Less chance of adverse effect due to short duration of action

- NV A W )

Q. Mention the metabolism of GTN.

Ans. .
Metabolism of GTN: In liver- Glyceryl dinitrate is converted into Glyceryl mononitrate — Converted into G.M
glucuronide which is excreted through kidney.

/hat is nitrovasodilator?

yvasodilator: The organic nitrate and nitrite and several other compounds are capable of denitration to
release NO (nitric oxide). They are collectively called nitrovasodilators.

Types:
1. Organic nitrate: GTN
2. Nitroprusside

Q. Why organic nitrate is given rather than inorganic nitrate?

Ans.
Inorganic nitrate Organic nitrate
Less lipid soluble More lipid soluble
’ ’ zlective More tissue selective
yceryl trinitrate not propranolol is the drug of choice in the treatment of stable angina / acute
ain. (DU-09J; RU-10J)
GTN
1. has rapid onset of action (within 4 mins) after giving sublingually and relieves anginal pain effectively.
2. Decreases coronary artery spasm and thus increases myocardial O, supply.
3. Redistribution of blood to ischemic region, thus preserve the viable tissue and decreases size of infarct.
4. |Cardiac load (]preload +] afterload) — |myocardial O, demand.
Propranolol

1. |Cardiac load.

2. Butit has no effect on coronary artery dilation. Rather it causes coronary arterial spasm.
5. Causes bronchoconstriction which decreases ventilation.

This is why, glyceryl trinitrate, not propranolol, is the drug of choice in the treatment of stable angina / acute
anginal pain,
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l

Reduction of pulmonary edema.

l

Relief from respiratory distress.

Cardiac glycosides

rdiac glycosides. (RU-50S,03S/J)
ardiac glycosides according to source. (RU-05S,03S/J;SU-06)J)

Cardiac glycosides: Cardiac glycosides are those glycosides which have the specific action on the failing heart,
ie, increase force of contraction and decrease heart rate in a failing heart.

Classification: 3 types of cardiac glycosides-

1. Plant origin: from the leaves or seeds of plant. * Digoxin

» Digitoxin

* Quabain

= Gitoxin
2. Animal origin: Skin glands of toad. » Bufotoxin
3. Synthetic = Digoxygenin

Nice to know
Chemical structure of cardiac glycoside: Cardiac glycosides consist of —
1. Sugar part (Glycone portion): Connected to carbon 3 of the steroid nucleus.
2. Non-sugar part (Aglycone portion):
o A steroid nucleus
o A lactone ring at the 17 position of steroid nucleus.

Aglycone
{genin} nt=0

Staroid

Fig. Structure of cardiac glycoside

Q. Write down pharmacological properties of digoxin. What factors potentiate its action? (SU-02J)
Ans.
Pharmacological properties of digoxin:
A. Sugar/ glycone part: This portion is responsible for pharmacokinetic properties.
1. Lipid soluble
Helps in absorption
Increase potency and duration of action of cardiac glycosides
Facilitates the attachment of drug to the cardiac muscles
Protects the other part from enzymatic destruction

B. Non sugar / aglycone part: This portion is responsible for pharmacodynamic properties.
1. Steroid nucleus: Mineralocorticoid effects (hypokalemia & gynecomastia).
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3. Interaction of digoxin with Mg™": The effects of magnesium ion appear to be opposite to those of calcium.
These

interactions mandate careful evaluation of serum electrolytes in patients with digitalis-induced

a,]‘l'I 3.
(Ref: Katzung-13th)

Q. factors may precipitate digoxin toxicity? (SU-14Ju)
An
Factors that may precipitate digoxin toxicity

1. Hypokalemia

2. Hypomagnesemia

"7 ercalcemia

iuretic can be used in the combination with digoxin? (CU-(
i he role of digoxin & frusemide in the management of CCF. (SU-12Ju)

Ans.

Digoxin + Diuretic:

e K' loosing diuretics (eg, frusemide, hydrochlorothiazide) will cause hypokalemia which will lead to
digoxin toxicity.

e But K" sparing diuretic, eg, spironolactone will cause hyperkalemia which will reduce toxic effects of
digoxin. So spironolactone can be used in the combination with digoxin.

Q. Justify the combination- Hydrochlorothiazide & triamterene in a CCF case treated with digoxin
Ans.

When hydrochlorothiazide and triamterene are used together, there is no hypokalemia, because triamterene is a
notacsinm sparing drug. So, there is no digitalis toxicity.

ify the combination of using Digoxin & Lisinopril in the Rx of congestive cardiac failure (CCF).
14J,09J,07J,06M)

ilemia reduces the toxic effects of digoxin. Both drugs help to improve heart failure.
uss the role of Digoxin & Losartan in the management of CCF. (SU-12Ju,08))

nuic v digoxin & losartan in the management of CCF: Losartan cause hyperkalaemia & hyperkalaemia
reduces the toxic effects of digoxin. Both drugs help to improve heart failure.

Q. Mention the consequences when digoxin is used along with propranolol. (RU-16J)
Ans. Digitalis + B-blocker / propranolol — More bradycardia — Heart block.

Nice to know
Other drug interaction:
1. Digitalis + Steroids: Steroids cause hypokalemia which potentiates digoxin toxicity.
2. Digitalis + Thiazide diuretics: Thiazide diuretics cause hypokalemia which potentiates digoxin toxicity.
3. Digitalis + f-blocker — More bradycardia — Heart block.
4. Digitalis + Ca** channel blocker — Verapamil & nifedipine increases free digitulis in the blood by
compeling for the same binding site of plasma protein — Digitalis toxicity.
Digitalis + IV infusion of Ca’": Death of pt. immediately.

Digitalis + Quinidine — tconc. of free digitalis in the blood due to replacement from tissue binding and
impairment in renal excretion of digitalis — Digitalis toxicity.

ol

Q. What are the indications of Digoxin? (SU-11J,06J, RU-15J,13J,06))
Ans.
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C /thmia: Arrhythmia means abnormalities in impulse generation or conduction or both in the
cC...... o ueofheart,

Mechanism of arrhythmias: Most cardiac arrhythmias are probably due either to:

I. Impaired conduction in part of the system leading to the formation of re-entry circuits (> 90% of
tachycardia) or

2. Altered rate of spontaneous discharge in conducting tissue. Some ectopic pacemakers appear to depend
on adrenergic drive.

(Ref: Bennett & Brown-11th)

Types of arrhythmia:
1. Sinus arrhythmia: Sinus bradycardia, Sinus tachycardia

2. Atrial fibrillation: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. Atria beat
rapidly, but in an uncoordinated and ineffective manner. The ventricles are activated irregularly at a rate
determined by conduction through the AV node. This produces the characteristic 'irregularly irregular’
pulse. The ECG shows normal but irregular QRS complexes; there are no P waves but the baseline may
show irregular fibrillation waves.

3. Atrial flutter: The atrial rate is approximately 300/min. It is usually associated with 2:1, 3:1, or 4:1

atrioventricular block (with corresponding heart rates of 150, 100, 75).

Supraventricular tachycardia (SVT): Tachycardia with narrow QRS complex.

Ventricular ectopic beats

Ventricular tachycardia (VT): Tachycardia with very broad QRS complexes.
Ventricular fibrillation '

Torsades De pointes: This form of polymorphic ventricular tachycardia occurs due to prolonged QT
interval.

el A

(Ref: Davidson 's-22nd edition)

( rrhythmic drugs. (CU-08J,06S, RU-08J, SU-13Ju,11J)
¢
( unti-arrhythmic drugs:
I. Ciaso-x urugs: They are voltage sensitive Na'-channel blockers.
Class IA 8 Pralono the artinn natential duratinn fA\PD) by Slowing nhase 0 Quinidine
vpu e, ® Procainamide

* Increase ventricular effective refractory period.

. v ) o e Disopyramide
= Dissociate from the channel with intermediate kinetics

Class IB | » Shorten tha APD in some tissues of the heart by JAdocaine
svpuianicanuil, Aexiletine
» Dissociate from the channel with rapid kinetics.
Class IC | = Markedly slnur nhace N dannlarizating, e Flecainide
® Cause Marhvu vunuuviivn oiv g, 1cainide
» Have minimal effects on the APD and ventricular effective e Moricizine

refractory period.

. o e Propafenone
» Dissociate from the channél with slow kinetics.

2. Class-II drugs: They are B-adrenoceptor blocker. They suppress phase 4 depolarization, thus depressing
automaticity, prolonging AV conduction, and decreasing heart rate and contractility.
1. Esmolol

Metoprolol

Propranolol

Pindolol

Sotalol

Atenolol

oL W

3. Class-III drugs: They are voltage sensitive K* channel blocker and thus diminish efflux of K' during
repolarization of cardiac cells. They prolong phase-3 repolarization in ventricular muscle fiber.

Pharmacology-55
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i

~

4.
5.

4. Class-IV drugs: They are voltage sensit
decreased rate of ==~~~ 4 ennntaneous depuiaricuivan s ey —oe
calcium currents, <, «. - .-,

Amiodarone
ronedarone
sotalo!
Dofetilide
Ibutilide

2+ .
~ 2+ » . _.vui.tap They decrease Ca influx, resulting in
_onduction in tissues that are dependent on

"node.

Verapamil
Diltiazem

5. Miscellaneous Antiarrhythmic Agents:

Digoxin
Adenosine
Magnesium

Potassium
(Ref: Lippincott’s-5"/207-217, Katzung-12th edition)

he use of atenolol as anti-arrhythmic. (SU-15J)

10lol as anti-arrhythmic: Atenolol suppress phase 4 depolarization, thus depressing automaticity,

prolonging AV conduction, and decreasing heart rate and contractility.

Q. Name the commonly used anti-arrhythmic drugs. (RU-08J)

Ans.

Commonly used anti-arrhythmic drugs:

® N LA WN

Amiodarone
Adenosine
Metoprolol
Lidocaine
Propafenone
Carvedilol
Diltiazem
Verapamil

Quinidine
mechanism of action of quinidine. (CU-08J)

action of quinidine:
Quinidine — Voltage sensitive Na" channel blocker — Block rapid inflow of Na', thus slowing the rapid

upstroke during phase-0 depolarization — Prolong the action potential duration (APD) and increase
ventricular effective refractory period — Antiarrhythmic effect.

Quinidine — Membrane stabilizing activity — 1Threshold level — Limits the responsiveness 10
excitation of cardiac cells — Antiarrhythmic effect.

Quinidine also decreases the slope of phase 4 spontaneous depolarization.
(Ref: Lippincott's-5"/211)

Q. Discuss the adverse effects of quinidine. (CU-08J)

Ans.

Adverse effects of quinidine:

A. Cardiac Effects

1.

Exacerbation of arrhythmia
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SRR

Ventricular tachycardia

SA or AV block or asystole

Excessive QT interval prolongation
Induction of Torsades de pointes arrhythmia.

B. Extracardiac Effects

1.
2.

(U8 ]

GIT side eftects of diarrhea, nausea, and vomiting are observed commonly.

A syndrome of headache, dizziness, disorientation, psychosis, and tinnitus (cinchonism) is observed at
toxic drug concentrations.

Idiosyncratic or immunologic reactions, including thrombocytopenia, hepatitis, angioneurotic edema, and
fever, are observed rarely.

(Ref: Lippincott's-5"/212; Katzung-12"/238-239)
Lidocaine

iplain the anti-arrhythmic action of lidocaine. (SU-02J)

a1mic action of lidocaine:

caine shortens the duration of action potential in some tissues of the heart by shortening phase 3
repolarization.

Lidocaine suppresses arrhythmias caused by abnormal automaticity.
It abolishes ventricular re-entry.

Lidocaine blocks activated and inactivated sodium channels with rapid kinetics which result in the
selective depression of conduction in depolarized cells.

(Ref: Lippincott’s-5"/213, Katzung-12"/240)

Q. Write down the adverse effects of lidocaine. (RU-08])
Ans.

Adverse effects of lidocaine:

A.

Cardiac: Lidocaine is one of the least cardiotoxic of the currently used sodium channel blockers.
L.

2.

Proarrhythmic effects and ventricular arrhythmias are uncommon with lidocaine use.
In large doses, it may cause hypotension.

Extracardiac: Lidocaine's most common adverse effects—Ilike those of other local anesthetics—are

neurologic:

1. Paresthesias

2. Tremor

3. Nausea of central origin
4. Lightheadedness

5. Hearing disturbances
6. Slurred speech, and

7. Convulsions.

These occur most commonly in elderly or otherwise vulnerable patients or when a bolus of the drug is given too rapidly. The

effects are dose-related and usually short-lived; seizures respond to intravenous diazepam. In general, if plasma levels ubove
9 mcg/mL are avoided, lidocaine is well tolerated.

(Ref: Katzung-1 2M240)

Q. Write down mechanism of action of propranolol. (CU-06S)
Ans.
Mechanism of action of propranolol as an anti-arrhythmic drug: Propranolol is a non-selective p-blocker. It

suppresses phase 4 depolarization, thus depressing automaticity, prolonging AV conduction, and decreasing heart
rate and contractility.
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10. Tremor

11. Ataxia

12. Neuropathy

13. Muscle weakness.

(Ref: Lippincott's-6th; Katzung-13th)

Verapamil

echanism of action and adverse effects of verapamil.

m of verapamil:

B e

!

Blocks voltage sensitive L-type Ca®* channel

24+ .
Decrease Ca”" influx

l

Decreased rate of phase 4 enantaneous depolarization

l

Prolongs conduction and refractoriness particularly in the SA and AV nodes

Antiarrhythmic effect.
(Ref: Lippincott 's-6th; Katzung-13th)
Adverse effects of verapamil:

Cardiac: Verapamil’s cardiotoxic effects are dose-related and usually avoidable.
1. Hypotension

2. Bradycardia

3. Ventricular fibrillation

4. AV block- in large doses or in patients with AV nodal disease.

5. Sinus arrest, in patients with sinus node disease.
Extracardiac:

1. Constipation

2. Lassitude

3. Nervousness, and
4. Peripheral edema.

(Ref: Katzung-13th)

Adenosine
Adenosine is a nucleoside that occurs naturally throughout the body.

Mechanism of action:
Activation of an inward rectifier K* current and inhibition of calcium current.

|

Marked hyperpolarization and suppression of Ca®*-dependent action potentials.

l

Inhibits AV nodal conduction and increases the AV nodal refractory period.

Indication: Paroxysmal supraventricular tachycardia.

Toxicity:

Flushing ( 20% of patients)

Shortness of breath or chest burning (perhaps related to bronchospasm) in over 10%.
Induction of high-grade AV block

Atrial fibrillation

Less common toxicities : Headache, hypotension, nausea, and paresthesias.

Al b

(Ref- Katzung-12"/243)
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| Criteria / antibacterial spectrum

1* Oral: * Resistant o p-lactamase enzyme. PR
generation | €ephradinc = Very active against Gram +ve coccl: Pncumococci, streptococci,
_Celadroxil staphylococci (except eftefococei & MRSA) W .
Cephalexin * Moderately active against Gram -—ve_lrods. eg, FLicik. froleu.
“Parenteral: mirabilis, E. coil, Klebsiella pneumoniae. |
Carﬁnle;g : « Anaerobic cocci (eg, peptococeus, peptostreptococcus) are usually
ephalothin <
: sensitive. ,
* Cephrad.lnc\ » Activity against P aeruginosa, enterobacter, citrobacter, and
Celazolin IVIYIEEATS e o -
Conbanimn acinetobacter is poor. -
2 Oral: * More resistant to [}-lactamase enzyme.
generation |-Cefaclor « More active against Gram -ve rods and less active against Gram +ve
| Cefuroxime axetil b
Cefprozil —_— .
Loracarbef * They have extended gram-negative coverage.
* Spectrum of Gram —ve bacteria: PEcK + HEN anae,
/g:;s:lot:;ma:; Enterobacter aerogenes, and some Neisseria.
| Cetamandote— = As with first-generation agents, none is active against enterococci or P
. _—_"——‘__—"-——--——-_.._______
L Cefoxitin
Cefmetazole
Cefonicid
3o Oral: * Less active against Gram +ve bacteria
generation /C_"'_ﬁ’f_m__‘e____ * They have expanded gram-negative coverage.
/gel;g'é"tr * Spectrum of Gram -ve bacteria: HENPEcK+ PSC — Providencia,
eftibuten . — . s ~-
/Céfpo doxime proxetil Serratia marcescens, citrobacter.
] * Ceftazidime and cefoperazone are the only two drugs active against P
Parenteral: aeruginosa.
//Qﬁr R * Ceftizoxime and moxalactam are active against B fragilis.
Ezg)apzés;;:)ie * Cefixime and ceftibuten are much less active against pneumococci and
Cefotaxime S aureus.
Moxalactam
Ceftizoxime S
4" Only parenteral: * More resistant to f-lactamases.
generation 4Vgefeplme « Cefepime has good activity against P aeruginosa, Enterobacteriaceae, S
clpirome aureus, and S pneumoniae.
» Unlike ceftazidime, cefepime has good activity against most penicillin-
resistant strains of streptococci.
= [tis highly active against hacmophilus and neisseria.
= It penetrates well into CSF.

(Ref: Katzung-?f'%ﬁ-gbm@i%ott 's-5th/387)

Nice to know
5" generation cephalosporin
. Ceftobiprole has been described as "fifth-generation” cephalosporin, though acceptance for this terminology is not
universal. It has powerful antipseudomonal activity and is less susceptible to development of resistance.
> @ gj_?—_aro_li—ne has also been described as "fifth-generation"” cephalosporin, but does not have the anti-pseudomonal
coverage.

(Ref: Internet)
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~ Tications/ Clinical uses of 1*' generation cephalosporins/cenhradine:

Cellulitis

Soft tissue infection.

Any skin infection.

Sinusitis.

Urinary tract infection o
Cefazolin is an alternative to anti-staphylococcal penicillin in case of penicilitin nypersensiuvity.
Surgical chemoprophylaxis of lower abdominal use.

Can be used in the place where ampicillin & amoxicillin are used.

—

NN RN

(Ref- Katzung-13h )

Q. List the indications of 2"’ generation cephalosporins.
ons/ Clinical uses of 2"
Sinusitis

Ntitin wnndin

generation cephalosporins:

2

3. i s s aiary tract infactinn

4. “efoxitin, Cefmetazole & Cefotetan).

S, e prmeaen e \werenvrmne, -used by B lactamase producing H. influenza or
Klebsiella pneumoniae.

6. Pyelonephritis (Cefuroxime)

7. Septicemia (Cefuroxime)

8. Urinary tract infection.

9. Cellulitis, Soft tissue infection.

[0, Crmminnl absnencbeddoniie ~£ oo L 4o g6 (egpecially in gynecological & obstetrical use).
11, Ch v v i e e rovas wapasn w waoXicillin are used.
(Ref- Katzung-13th)
< 77 eindications ¢f ~afeinvams ML 14]y,12]u,07], RU-10Ju,06M)
e clinical uses ration cephalosporins. (RU-06],055,04M)

ses of 3™ /4™ generation cephalosporins / ceftriaxone/ceftazidime/cefepime:
1teric fever
L, meningitis
Jsteomyelitis

Respiratory tract infections (pneumonia, lung abscess, secondary infection in COPD patients etc.)

5. Septicemia
6. Aspiration pneumonia
-

Pyelonephritis (ceftriaxone)

Urinary tract infection (UTI)

-. Complicated acute suppurative otitis media (ASOM) & chronic suppurative otitis media (CSOM).
10. Biliary tract infection

11. Intra-abdominal infections

12, Pelvic infections (especially in pregnancy & postpartum period)

13. Surgical chemoprophylaxis during intra-abdominal & pelvic surgeries.
11 Drostatitis

Synovitis
Jonorrhoea
1. an pregnancy, childhood infections it is safe & well tolerated.

18. Ceftazidime is effective against hospital acquired infections usually caused by Pseudomonas ueruginosa.

19. Cefepime has good activity against most penicillin resistant strains of streptococci and in the treatment of
enterobacter infections.

(Ref- Katzung-13th)
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Q. Will the 3rd generation cephalosporins be useful in infections caused by B-lactamase producing S.
aureus? (CU-06M,05S)
Ans.

3rd generation cephalosporins in $-lactamase producing S. aureus: Effective.

Q. What are the toxic / adverse effects of cephalosporins? (CU-03M, SU-14J)
Q. Mention the adverse effects of ceftriaxone. (DU-14Ju,10/06J, RU-09J)
Q. Mention the adverse effects of 3rd & 4th generation cephalosporins? (RU-05S)

Q. Write down the 2 important adverse effects of cephalosporins? (DU-161)
Anc

ts of cephalosporins:

ry: Cephalosporins may cause hypersensitivity reactions that are identical to those of penicillins,
ing anaphylaxis, fever, skin rashes, nephritis, granulocytopenia, and hemolytic anemia. Patients

with a history of anaphylaxis to penicillins should not receive cephalosporins due to the presence of
cross-allergenicity.

Renal toxicity: Interstitial nephritis and tubular necrosis.
5. Bleeding: Cefamandole, cefmetazole, cefotetan, cefoperazone frequently cause hypoprothrombinemia
and bleeding disorders. Administration of vitamin K, 10 mg twice weekly, can prevent this.
4. Hemolytic anemia.
5. Granulocytopenia.
Super infection: With methicillin resistant staphylococci & Enterococci
. GIT upset: Nausea, vomiting, diarrhea, abdominal pain.
8. Thrombo-phlebitis: In case of IV injection.
9. Local pain: In case of IM injection
10. Disulfiram like action: When cefamandole, cefotetan or cefoperazone is ingested with alcohol or
alcohol-containing medications, a disulfiram-like effect is seen.
(Ref- Katzung-13th + Bennett & Brown-11" ed + Lippincott 's-6th)

Q. Short note: Ceftriaxone. (DU-12J)
Ans. Write M/A, indication, adverse effects from above.

Nice to know:

® Meningitis caused by pneumococci, meningococci, H. influenzae should treat with 3 generation
cephalosporins.

®  Meningitis caused by P. aeruginosa should be treated with ceftazidime.

®  Meningitis caused by highly penicillin-resistant strains of pneumococci should be treated with 3
generation cephalosporins (ceftriaxone or cefotaxime) + Aminoglycosides + Vancomycin.

o Gonorrhoea should be treated with ceftriaxone or cefixime.

e Biliary tract infection should be treated with ceftriaxone or cefoperazone.

(Ref- Katzung-13th)

the advantages of 3~ —-—-— 4in= mopholaanasiee aoa. 15¢ 0. and 7enaratian conhalgenarine
J-06M)

rd generation cephalosporins over 1* & 2" generation cephalosporins:
¢ activity is more than 1% & 2" generation cephalosporins.
iuce therapeutic concentration in pharmacological sanctuar
sistant to B-lactamase enzyme.
4. Cetoperazone & Ceftazidime are effective against P. aeruginosa.
T "7 7 " ne are effective against Neisseria gonorrhoea.

highly prmi~ittis =nmictnee ~=eie- £ pneymococci should be treated with 3rd
e S I YOV N e e n.
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ion the advantages of cephalosporins over natural penicillin. (DU-00M)

iges of cephalosporins over natural penicillin:

Broad spectrum of activity

Much stable to p-lactamase enzyme than natural penicillin.

I.
2. .
3. 3" & 4™ generation cephalosporins can reach to pharmacological sanctuary
4. Less hypersensitivity reaction.
5. Relatively stable to temperature and pH changes.
»are Cephalexin and Ceftriaxone. (SU-13Ju)
ison between Cephalexin and Ceftriaxone
Traits Cephalexin Ceftriaxone ﬁ
1. Generation First Third 1
2. Route of administration Oral Parentera
3. Resistance to f-lactamase enzyme. | Present More '
4. Activity against Gram +ve bacteria. | Very active Less active '
5. Spectrum of Gram —ve bacteria Moderately active against | They have expanded gram-negative

Gram —ve rods.

coverage.

PEcK: Proteus mirabilis,
E. coil, Klebsiella

= PEcK
= HEN— H. influenzae, Enterobacter

S

Drug: -

Group: vionooactams are drugs with a monoc

Mechanism of action: Same as penicillin

Antibacterial activity:

1. Aztreonam is active against gram-negative ro
No activity against Gram +ve bacteria or anaerobes,
It resembles aminoglycosides in its s

It penetrates well into CSF.

SNk we

Indications: Penicillin hypersensitive patients with serious Gram

meningitis, septicemia etc.

Adverse effects:
1. Skin rashes

preumoniae aerogenes, and some Neisseria,
= PSC — Providencia, Serratia
marcescens, citrobacter.
Monobactams

pectrum of activity.

Penicillin allergic patient tolerate aztreonam without reaction.

2. Elevation of serum aminotransferase.

s the only currently available monobactam & structurally similar to ceftazidime.
yclic B-lactam ring. They are relatively resistant to B-lactamases.

ds (including pseudomonas and Serratia).

-ve bacterial infections; such as pneumonia,

(Ref- Katzung-13th)
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Carbapenems

Group: p-lactam antibiotics

Drugs of the carbapenem group:
I.  Meropenem
2. Tomnicanemnen
3. L]
4. Ertapenem
Mechanism of action of carbapenems: Same as penicillin

Antibacterial activities of individual carbapenems:
Imipenem:

I. Susceptible microorganisms: Imipenem has a wide spectrum with good activity against many gram-
negative rods, including P aeruginosa, gram-positive organisms, and anaerobes. It is resistant to most
B-lactamases but not metallo-p-lactamases. MRSA, Clostridium difficile are resistant.

2. Inactivation of imipenem: Imipenem is inactivated by dehydropeptidases in renal tubules, resulting in
low urinary concentrations. Consequently, it is administered together with an inhibitor of renal
dehydropeptidase, cilastatin, for clinical use.

Meropenem:
1. Meropenem is not destroyed by dehydropeptidase & thus does not require an inhibitor. .
2. It is similar to imipenem but has slightly greater activity against Gram -ve aerobes & slightly less activity

against Gram +ve organisms.

Ertapenem:
1. Ertapenem is less active than imipenem or meropenem in P. aeruginosa & acinetobacter species.

2. It is not degraded by renal dehydropeptidase.
3. It has the longest half-life (4 hours) & is administered as a once-daily dose. Intramuscular Ertapenem is

irritating so formulated with 1% Lidocaine

Indications of carbapenems:
1. Pseudomonas infection.
Mixed aerobic & anaerobic infection (septicemia)
Penicillin resistant pneumococcal infection (pneumonia).
Enterobacter infections which are resistant to other -lactam antibiotics due to production of f-lactamase.
In febrile neutropenic patient carbapenems are used along with aminoglycosides.

hoB

Adverse effects:
1. GIT upset: Nausea, vomiting, diarrhea (most common adverse effects)
Skin rashes
Reactions at the infusion sites
Allergic reactions.
In case of renal failure high dose carbapenem can cause seizures.

Vs W

(Ref- Katzung-13th)
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Non B-lactam cell wall synthesis inhibitors

Non f-lactam bacterial cell wall synthesis inhibitors:

Glycopeptide Antibiotics ncomycin
»vicoplanin
Dalbavancin
™ Javancin
Other cell wall or membrane active agents ;ptomycin
wacitracin
Cycloserine
Fosfomycin

(Ref- Katzung-13th)

hort note on: Vancomycin.

in
Mechanism of action: Vancomycin inhibits cell wall synthesis by-
1. Binding firmly ¢~ #=~ ™ A1~ ™ At~ nida ahain of nascent peptidoglycan pentapeptide.
2. Inhibiting the 1g further elongation of peptidoglycan and cross-linking.
3. Cell membran. .. .o weicgeny o nneen. —-...ributes to the antibacterial effect.
(Ref- Katzung-13th)
Clinical uses:
Parenteral vancomycin:
Sepsis or endocarditis caused bv MRSA
Tmtomnnnnn al endocarditis in a paucue wi serious penicillin allergy (in combination with gentamicin).
caused by a highly penicillin-resistant pneumococcus (in combination with cefotaxime,

, OF rifampin).

—

Oral vancomycin: .
1. Antibiotic-associated enterocolitis caused by C difficile. (metronidazole is preferred as initial therapy.)

Adverse effects: Adverse reactions are encountered in about 10% of cases. Most reactions are minor.
1. Phlebitis at the site of injection.

2. Chills and fever
3. Ototoxicity and nephrotoxicity are uncommon with current preparations. (However, administration with

another ototoxic or nephrotoxic drug, such as an aminoglycoside, increases the risk of these toxicities.)
4, "Red man" or "red neck" syndrome: This infusion-related flushing is caused by release of histamine.

It can be largely prevented by prolonging the infusion period to 1-2 hours.
(Ref- Katzung-13th)
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Q. Name the Aminoglycosides devived from micromonospora, (CU-171)

Ans.

Aminoglycosides derived from wicromonospora;  Various  species ol micromonosporaare sources f
aminogly coside antibiotics, which spellings often ends with - micin. They include-

I

+
4

1

Gentamicin
Sisomicin
Mutamicin
Netilmicin

Q. What are the common properties / characteristics of aminoglycosides? (DU-17M/140u,130,12)) L.
141,071,061, RU-17J.m10Ju,07Ju, SU-16J,15Ju,15J,13Ju,08]u)
Q. Wr**- down the pharmacokinetic properties of aminoglycosides. (RU-15J)

down six common properties of aminoglycosides. (RU-13J)

ort note: Pharmacokinetic properties of gentamicin. (RU-16J)

Common properties of aminoglycosides:

A. Physical and Chemical Properties

.

o

They have a hexose ring, to which various amino sugars are attached by glycosidic linkages.
They are water-soluble, and more active at alkaline pH.

B. Mechanism of Action: Irreversible inhibitinn nf nratein svnthesic

C. Pharmacokinetics:

.

EER VS B 8 )

wh

Nat ahenrhagd fram the gut due to the highly poiar, polycationic structure. They must be given
pdlCllLCldlly. :

A single daily dose is effective.

Excretion: By kidney.

They can crees hland nlanantal hawvior (cn taratnoenic) hut cannot pass blood-brain barrier (except
inflamed mer -

They’do not ‘ostate, testes, joint cavity, and ovary.
Dosage adju_ ... ... __ . n of drug and toxicity in patients with renal
insufficiency.

D. Pharmacodynamics:

l.
2.
3.

Adverse effects from aminoglycoside are both time- and concentration-dependent.
All show common toxicities (nephrotoxicity, ototoxicity).
Narrow therapeutic index.
(Ref- Katzung-13th; Lippincott s-6th)

Q. Justify- once-daily dosing of gentamicin. (DU-17M)
Q. Justify- once-daily dosing of aminoglycoside.
™ ™ ““ne the advantage & disadvantage of single dose daily gentamicin administration compared to

iple dose daily administration. (CU-10Ju)

ly dosing of aminoglycoside / gentamicin: Traditionally, aminoglycosides have been administered in

two or three equally divided daily doses for patients with normal renal function. However, once-daily
aminoglycoside dosing may be preferred in certain clinical situations.

1.

3.
4.

More efficacy: Aminoglycosides have concentration-dependent killing and significant postantibiotic
effect. Because of these properties, a given total amount of aminoglycoside may have better efficacy
when administered as a single large dose than when administered as multiple smaller doses.

Less adverse effects: Numerous clinical studies demonstrate that a single daily dose of aminoglycoside is
just as effective—and no more (and often less) toxic—than multiple smaller doses.

Once-daily dosing is less expensive to administer.
Less nursing time is required.
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5. Once-a-day dosing lends itself to outpatient therapy.

6. Repeated determinations of serum concentrations are probably unnecessary unless aminoglycoside is
given for more than 3 days.

The exceptions of once-daily dosing are pregnancy, neonatal infections, and bacterial endocarditis, in which these
agents are administered in divided doses every 8 hours.
(Ref- Katzung-13th, Lippincott s-6h)

10w aminoglycosides produce antimicrobial/bactericidal effect. (RU-09Ju, SU-17M)
amicin acts as antibacterial agents? (DU-16Ju, CU-07J,06M; SU-08J; RU-07)

vn the anti-tubercular action of kanamycin. (SU-12Ju)

of action of aminoglycosides / gentamicin: Aminoglycosides are irreversible inhibitors of protein

synthesis.
Steps:
1. Passive diffusion of the dmg via norin channels across the outer membrane.
2. Ciup o wiun uvnvery wanopOITEA across the cell membrane into the cytoplasm by an oxygen-dependent
process. o ‘
3. E oteine (Q17 in the rage of streptomycin).
4, Piowwn DY HLUIVIID 1D LIULCU Uy auuuusnyuua‘iucs 111 dL 1edst ulee ways:

AT &

Prevents binding ¢ © with 308 ribosomal subunit.
Aisreading of mRINA, resuiting in formation of nonfunctional or toxic protein.
sreakup of polysomes into nonfunctional monosomes.

These activities occur more or less simultaneously, and the overall effect is irreversible and lethal for the cell
(hactoricidal

(Ref- Katzung-13th)

Q. Name the factors that inhibit transport of aminoglycosides into bacterial cell.
Ans.

Low extracellular pH

Anaerobic conditions.

2 the factors that inhibit transport of aminoglycosides into bacterial cell.

1 rauspurt of aminoglycosides into bacterial cell may be enhanced by cell wall-active drugs such as penicillin
or vancomycin; this enhancement may be the basis of the synergism of these antibiotics with aminoglycosides.

~. How aminoglycosides develop resistance?
A )
Mechanism_of resistance against aminoglycosides / gentamicin: Three principal mechanisms have been
established:
1. Production of a transferase enzyme which inactivates the aminoglycoside by adenylylation, acetylation,
or phosphorylation.
2. Impaired entry of aminoglycoside into the cell. This may be-
a. genotypic, ie, mutation or deletion of a porin protein.
b. phenotypic, eg, where oxygen-dependent transport process is not functional.
3. Receptor protein on the 30S ribosomal subunit may be deleted or altered as a result of a mutation.
(Ref- Katzung-13th)

Q. What are the indications of aminoglycosides? (SU-08Ju)

Q. Mention the clinical uses of gentamicin. (DU-07Ju; RU-03S)

Q. What are the indications of gentamicin? (DU-14Ju,13J,12J, CU-03S; RU-17J,15J,13J)
Q. Mention the specific uses of aminoglycosides. (SU-15Ju)
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2. Shonld avnid in nregnancy, because there is risk of fetal ototoxicity. o
3. onuuw avoid concurrent use of other nephrotoxic drugs (e.g. NSAIDs, vancomycin, ACE inhibitors,

C) splatus eic.)
4. Shuw avow 1 nee cantinncly in natiant with compromised renal function or chronic kidney diseases.
5. Ca lien. ...th aminoglycoside therapy.

6. Shouiu nut nnx aminogiveosiaes wirn anv drug in the same syringe / infusion set.
(Ref: Tripathi-6"/722)

2‘ Write down the limitations of aminoglycosides. (CU-17J)
ns.
Limitations of aminoglycosides:
I. Always parenteral administration.
2. Toxic effect on both kidney and 8th cranial nerve (ototoxicity & nephrotoxicity)
3. Selective activity against aerobic microorganisms as they are transported by O,-dependent active
transport process.
4. Poorly penetrate spinal fluid so must be given intrathecally in meningitis.
5. Reduced activity at acid pH & hyperosmolar urine.

Q. Explain drug interaction with aminoglycosides—
* Anminaslvcosides with loop diuretics
'cosides with cephalosporins
'cosides with neuromuscular blockade.

Drug interaction with aminoglycosides

* Aminoglycosides + Loop diuretics:

Result: Pharmacological potentiatior /*ntntaviritn
Explanation: Aminoglycosides causc urcversioic ototoxicity. Loop diuretics (frusemide) also cause
reversible ototoxicity. So both drugs are ototoxic leading to pharmacological potentiation.

*« Aminoglycosides + Cephalosporins:

Results: Pharmacological potentiation (*nenhrotoxicity)
Explanation: Aminoglycosides cuuse .oversible nephrotoxicity. Cephalosporins cause reversible

nephrotoxicity. So, both drugs are nephrotoxic leading to pharmacological potentiation.

=  Aminoglycosides + Neuromuscular blocker:

Results: Pharmacological potentiation
Explanation: Aminoglycosides cause neuromuscular blockade, so simultaneous administration of

neuromuscular blocker will enhance paralysis.

Q. Justify combination of penicillin & gentamicin. What are the advantages of it?
Ans.
Combination of penicillin & gentamicin: Combination provides chemotherapeutic potentiation.
1. To increase anti-bacterial spectrum:
»  Penicillin: Extend antibacterial coverage against Gram +ve pathogens.
* Gentamicin: Gram -ve coverage by gentamicin.
In combination their spectrum of activity increase & microbial coverage is excellent.
2. To increase uptake of gentamicin: Penicillin inhibits cell wall synthesis which enhances uptake of
gentamicin into the cell.
To achieve bactericidal activity.
4. To reduce duration of therapy.

w

(NB: Combination of penicillin & gentamicin is very effective & safe & thus widely used in pediatric including neonates.)
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va Q. Why aminoglycosides are responsible for organ foxicity? o
<. Aminoglycosides are polv-cationic substances. So they bind with anionic m

embrane phospholipid leading 1, Organ

foxicity.

Q. Why aminoglycosides are ineffective against anaerobic bacteria? (CU-O7:I)

“ Explain selective activity of aminoglycosides against acrobic microorganisms.
.

Selective activity of aminoglycosides / gentamicin again

transported across the cell membrane into the cytoplasm

anaerobic microorganisms, aminoglycosides cannot enter into .

aminoglycosides are ineffective against anaerobic bacteria / selective

st aerobic bacteria: Aminoglycosides are dctively
by an oxygen-dependent process. So In case of
bacteria due to deficiency of Oa. For this reasop
ly active against aerobic microorganisms,

Nice to know

Gentamicin
Gentamicin is an aminoglycoside isolated from Micromonospora purpurea.

Antimicrobial Activity: It is effective against both aerobic gram-positive and gram-negative organisms.

Resistance: Streptococci and enterococci are refatively resistant to gentamicin owing to failure of the drug 1o
penetrate into the cell.

Tobramycin .
1. 2-4times more active against P. aeruginosa & profeus than gentamicin.

2. More expensive than gentamicin

3. Less ototoxicity & nephrotoxicity than gentamicin,

4. Almost always used in combination with B lactam antibiotics to extend coverage and to take advantage of
synergism , ' ’

5. Clinical use: Reserve alternative to gentamicin for serious pseudomonal & proteus infection.

Streptomycin
1. Mainly used as a second-line agent for treatment of tuberculosis.
2. It is used to treat brucellosis in combination with an oral tetracycline.
3. Active against enterococcal infections as enterococcal enzyme doesn’t modify streptomycin,
4. Contraindication: Pregnant women because of deafness in the newborn

Amikacin

1. Amikacin is a semisynthetic derivative of kanamycin; it is less toxic than the parent molecule.

2. Resistant to many enzymes that inactivate gentamicin and tobramycin.

3. Active against many gram-negative enteric bacteria, including proteus, pseudomonas, enterobacter, and
serratia.

4. Multidrug-resistant Mycobacterium tuberculosis (MDR TB) including streptomycin-resistant strains, are
usually susceptible to amikacin.

5. Kanamycin-resistant strains may be cross-resistant to amikacin.

6. Itis nephrotoxic and ototoxic. Serum concentrations should be monitored.

Netilmicin
I Netilmicin may not be inactivated by many gentamicin and tobramycin resistant bacteria.
2. Completely therapeutically interchangeable with gentamicin or tobramycin and has similar toxicities.
(Ref- Katzung-13th)
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Nice to know:
wcological properties of tetracyclines:
Absorption: Absorption is impaired by - -
*  Food (Except Doxyeycline & Minocycline)
o Divalent cations (Ca’', Mg™", Fe'')or Al
*  Dairy products
o Antacids which contains multivalent cations.
o Alkaline pH.
Bioavailability: Low, intermediate & high bioavailability.
Plasma protein binding: 40 - 80% bound to plasma proteins. _ .
Distribution: Distributed widely to tissues & body fluids except CSF. Minocycline

|89

remains high conc. in

Ey

tears & saliva. o .
5. Excretion: Mainly through bile & urine. There is entero-hepatic circulation.

Q. Compare & contrast oxytetracycline & doxycycline. (CU—IZ'J, RU-12J,08J)
~ **-ution the difference between oxytetracycline & doxycycline. (RU-06M) .
npare & contrast tetracycline with doxycycline. (RU-10J, SU-17J,16Ju,15Ju,15J,14Ju/),13Ju/J,12]u)

wrison between oxytetracycline / totreoveline & d

Doxycycline/Minocycline

| Oxytetracycline/Tetracycline |

Traits )
yurce Natural Semi-synthetic
2. Potency Low High
3. Bioavailability Moderate (60-70%) High (95-100%)
4. Tip 6-8 hours 16-18 hours
5. Plasma protein binding Low High
6. Excretion Rapid renal excretion Primarily excreted in faeces as
conjugate
7. Enterohepatic recycling No Yes
8. Alteration of intestinal flora | Marked Less
9. Incidence of diarrhea High Low
10. Phototoxicity Low High
11. Doses 250-500 mg tds / qds 100-200 mg daily

(Ref: Tripathi-6"/713)

Q. Compare azithromycin with tetracycline. (RU-10J)

Q. Compare azithromycin, doxycycline and gentamycin. (CU-12J)
Ans.

Comparison between azithromycin & tetracycline:

Tetracycline
Tetracyclines

Azithromycin
Macrolides

1. Group

2. Mechanism of action

Inhibit protein synthesis by binding
with 508 ribosomal subunit

Inhibit protein synthesis by binding
with 308 ribosomal subunit

3. Absorption

Good & not impaired by food

Less & impaired by food, divalent
cations, dairy products, antacid etc.

4. Volume of distribution | More Less
5. Tissue penetration More Less
6. Dosing interval Once daily 3 times /4 times daily
7. Use in community Excellent Not a good choice
acquired pneumonia
8. Usein STDs Good choice It is a good alternative choice
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s ——

’ 9. In case of penicillin Good alternative & used commonly | Not used.

|___hypersensitivity cases | in penicillin hypersensitive cases

\10. M. pneumoniae Not a good choice 1¥ choice

infortign

|11 viee 1 rickettsial fever | Not used 1" choice

12. Use in pregnancy Unsafe Contraindicated (deposits in fetal teeth &
bone)

13. GIT adverse effects Less marked Intense nausea & vomiting

\14. Superinfection Not occur Occurs

Q. What are the precautions of tetracycline therapy?
Ans.

Precautions of tetracycline therapy:

1. Contraindication in: Pregnancy, lactation & children (< 10 years)
Should be avoided in patients with diuretic therapy (chance of raised blood urea).
Should be used cautiously in patient with renal & hepatic insufficiency.

Should not mix tetracycline & penicillin in same syringe (inactivation occurs).
Should not inject intrathecally.

N SEN

(Ref: Tripathi-6"/714)

Chloramphenicol

(Chlaramnhenienl ic a hasterinstatic hroad-spectrum antibiotic that is active against both aerobic and anaerobic
{ lisms. It ic ~ntivn ~lon ~esingt rickettsiae

i s of bacteroiges are nignly susceptible, and fc. w.v..
r

L Ry ST TR S

(Ref: Katzung-13th)

‘hanism of action of chloramphenicol.

Mechanism of action of chloramphenicol: Chloramphenicol is a potent inhibitor of microbial protein synthesis.
It binds reversibly to the 50S subunit of the bacterial ribosome and inhibits the peptidy! transferase step of protein
synthesis.

(Ref: Katzung-13th)

Q. Mention the indications/clinical uses of chloramphenicol. (SU-16Ju)
Ans.

Indications of chloramphenicol: Because of potential toxicity. bacterial resistance. and the availability of many
other effective alternatives, chloramph;

Topical use: Used topically ir
tissues and the aqueous humor

Ll no P\«ll\tll(-lll\.}ll Vi vvuial

Rickettsial infections: Typhue . ____

Bacterial meningitis: It is an alternative to a p-lactam antibiotic for-
* Meningococcal meningitis in patients with penicillin-hypersensitivity.
* Bacterial meningitis caused by penicillin-resistant pneumococci.
(Ref: Katzung-13th)

Q. Write down the adverse effects of chloramphenicol. (DU-09J, SU-16Ju)

Q. Which drug can produce gray baby syndrome? (CU-03S)
Ans,
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Macrolides

The macrolides are a group of closely related compounds characterized by a macrocvclic lactone ring (usually containing 14
or 16 atoms) to which deoxy sugars are attached.

(Ref> Katzung-131h)

macrolides. (DU-15J,13Ju,11Ju,09J,08J; CU-15J, RU-15J, SU-16Ju)

Macrolides:
Erythromycin
Clarithromycin
Azithromycin
4. Roxithromycin
Ketolides (Telithromycin)
(Ref: Katzung-13th)

Q. Explain the antibacterial mechanism of macrolides. (DU-13Ju, RU-15J,11J)
N Ywis- - —echanism of action of erythromycin. (DU-10Ju, RU-16Ju, SU-09Ju)
echanism of action of azithromycin. (RU-07Ju,05M,04M)

action of macrolides / azithromycin / clarithromycin / erythromycin:
Macrolides / Azithromycin / Clarithromycin / Erythromycin

!

Bind with the 50S-ribosomal subunit

!

Block aminoacy! translocation reaction & formation of initiation complex

{

Inhibition of protein synthesis

The antibacterial action of erythromycin may b~ ="~ -~ Lr~esi~id~l particularly at higher concentrations,
for susceptible organisms. Activity isenhanced «.. ... __.

(Ref: Katzung-13th)
le the antimicrobial spectrum of erythromyein.
Antimicrobial spectrum of activity of erythromycin:

. Gram +ve organisms: Erythromycin is effective against gram-positive organisms, especially
reptococci, staphylococci, and corynebacteria.

i

2. Gram -ve organisms: Gram-negative organisms such as Neisseria, Bordetella pertussis, Bartonellu
nensciue, and B quintana (etiologic agents of cat-scratch disease and bacillary angiomatosis), some
Pictosiq species, Treponema pallidum, and Campylobacter species are susceptible. Haemophilus
influenzae is somewhat less susceptible.

Pallhl

3. Mycoplasma, legionella, “achomatis, C psittaci, C pneumoniae, helicobacter, listeria, and
Cuinvanl mycobacteria (Mycovucicr s nansasii, M scrofulaceum) are also susceptible.

(Ref: Katzung-13th)

Q. Write down the clinical uses of macrolides. (DU-13Ju,09))
Q. Give the indications of erythromycin. (DU-15J,11Ju, RU-11J,05M,04M)
Q. Give the indications azithromycin. (DU-15J,11Ju, RU-07J, SU-16Ju)

Q. Write down the clinical uses of erythromycin. (DU-08J; CU-07))
Ans,

Pharmacology-64



In triple therapy to eradicate H. pylori infection in PUD.

As an alternative to penicillins in rheumatic fever & SABE.

Penicillin allergic individuals as penicillin substitute.

Acne

9. Cholera (1 gm single dose as per guideline of ICDDRB)

10. Chlamydial & rickettsial infections.

11, Pelvic inflammatory diseases.

12. Skin & soft tissue infections

13. Diphtheria.

14. Whooping cough. . '
15. Clarithromycin and Azithromycin are highly active against STDs/ STIs (syphilis, chancroid)
(Ref: Katzung-131h)

%~ oW

down the adverse effects of azithromycin? (RU-16Ju, SU-00M)
down the adverse effects of erythromycin? (RU-16Ju, SU-00M)

auve s effects of erythromycin / azithromycin:
1. GIT upset: Anorexia, nausea, vomiting, and diarrhea. _
2. Liver toxicity: Acute cholestatic hepatitis (fever, jaundice, impaired liver function), probably as a
hypersensitivity reaction. Most patients recover from this.
3. Allergic reactions include fever, eosinophilia, an’ _
4. Drug interactions: Erythromycin metabolites ca thus increase
the serum concentrations of numerous drugs, inciuumyg wcopiy IS, Vial anuvvaguians, cyclosporine,

and methylprednisolone. Erythromycin increases serum concentrations of oral digoxin by increasing its
bioavailability.

(Ref: Katzung-13th)

umerate the mechanisms of developing resistance to macrolides / erythromycin.

mecuanisms of resistance to erythromycin / macrolides: Resistance to erythromycin is usually plasmid-
encoded. Three mechanisms have been identified:

1. Reduced permeability of the cell membrane or active efflux;
2. Production (by Enterobacteriaceae) of esterases that hydrolyze macrolides;

3. Modification of the ribosomal binding site (so-called ribosomal protection) by chromosomal mutation or
by a macrolide-inducible or constitutive methylase.

Efflux and methylase production are by far the most important resistance mechanisms in gram-positive
organisms. Cross-resistance is complete between erythromycin and the other macrolides.

(Ref: Katzung-13th)
Q. Short note: Azithromycin. (RU-17))

Ans. Write from above discussion.

at are the advantages of azithromycin over erythromycin? (CU-07J/Ju,06J, RU-15J)

Advantaggs of azithromycin over erythromycin:
1. Amthromycin is rapidly absorbed and well-tolerated orally.
2. Aluminum and magnesium antacids do not alter bioavailability.

3. Azithromycin penetrates into most tissues (except CSF) & phagocytic cells extremely well.
4. Prolong duration of action.
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Azithromycin has once daily dosing rather 4 times/day dose of erythromycin.
Short duration of therapy.

Because azithromycin has a 15-member (not 14-member) lactone ring, azithromycin does not inactivate
cytochrome P450 enzymes and therefore is free of the drug interactions that occur with erythromycin
and clarithromycin.

8. Slightly more active against H. influenza and highly active against Chlamydia.

~J O\ W

(Ref: Katzung-13th)

Justify once-daily dosing of azithromycin.

Once-daily dosing of azithromycin: A 500-mg dose of azithromycin produces relatively low serum
concentrations of approximately 0.4 mcg/mL. However, azithromycin penelrates into most tissues (excepl CSF)
and phagocytic cells extremely well, with tissue concentrations exceeding serum concentrations by 10- to I 0@'—
fold. The drug is slowly released from tissues (tissue half-life of 2-4 days) to produce an elimination half-life
approaching 3 days. These unique properties permit once-daily dosing and shortening of the duration of
treatment in many cases. For example, a single I-g dose of azithromycin is as effective as a 7-day course of
doxycycline for chlamydial cervicitis and urethritis. Community-acquired pneumonia can be treated with

azithromycin given as a 500-mg loading dose, followed by a 250-mg single daily dose for the next 4 days.
(Ref: Katzung-13th)

~ 7 e among macrolides. (DU-16Ju)
»wn the differences between erythromycin and azithromycin. (DU-12Ju, SU-12Ju)
e and contrast between erythromycin and azithromycin. (DU-15J,11Ju,10Ju,09J,08], CU-
- wey---, RU-08Ju; SU-17J,15Ju,14Ju/J,13Ju/],12]u)
Ans.

Comparison between erythromycin and azithromycin:

Traits | Erythromycin | Clarithromycin | Azithromycin
1. Volume of Low Large Larger
distribution
2. Tissue penetration | Less More More
3. Acid stability Acid labile Acid stable Acid stable
4. Duration of action | Short Prolonged More prolonged
5. Half life 1.5 hours 6 hours 3 days
6. Absorption Delayed Rapid ' Rapid
7. Food interferes Yes No, rather increases absorption. | Yes
with the
absorption
8. Excretion Bile Kidney & bile Bile
9. Dose interval 6 hourly 12 hourly Once daily
10. Duration of Longer Long Short
therapy ‘
11. Tolerability Less tolerated Well tolerated Well tolerated
12. Antibacterial Gram +ve & -ve Virtually identical to that of Virtually identical to that of
spectrum erythromycin except that clarithromycin. More active
clarithromycin is more active against H influenzae. Highly
against Mycobacterium avium active against chlamydia.
complex.
Active against M leprae and
Toxoplasma gondlii.
13. Drug interactions | Inhibit metabolism | Inhibit metabolism of a number of | No drug interactions
of a number of drugs| drugs '
14. Resistance Common Show cross-resistance with Show cross-resistance with
erythromycin erythromycin
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‘1_5. Contraindication |Hepatic failure Renal failure w failure ]
16. Cost Cheap Costly | Costly J

(Ref: Lippincott's-6th; KELIng: 13thy

Q. Compare azithromycin, doxycycline, and gentamicin with respect to their spectrum of activity. (CU-12J)
Ans.
Comparison among azithromycin, doxycycline, and gentamicin with respect to their spectrum of activity

Drug Spectrum of activity

Azithromycin Both Gram positive & Gram negative _

Doxycycline Good Gram negative activity but much less Gram positive activity . _

Gentamicin Broad spectrum- active against many Gram positive and Gram negative bacte‘na,
including anaerobes, rickettsiae, chlamydiae, mycoplasmas, and L forms and against
some protozoa (eg, amebas).

Group: Protein synthesis inhibitor

Mechanism of action: Clindamycin binds with the 50S ribosomal subunit (like macrolides) & inhibits protein
synthesis by—

1. Interfering with the formation of initiation complexes

2. Interfering with aminoacy! translocation reactions

Pharmacokinetics
1. Route: Oral and IV.
2. PPB: The drug is about 90% protein-bound.
3. Clindamycin penetrates well into most tissues, except brain and CSF. It penetrates well into abscesses and
is actively taken tip and concentrated by phagocytic cells.
Metabolism: Liver
Excretion: Bile and urine.
Half-life is 2.5 hours in normal individuals, increasing to 6 hours in patients with anuria.
No dosage adjustment is required for renal failure. '

Nown bk

Antibacterial activity:
1. Active against Gram ‘+ve’ cocci including streptococci, staphylococci, and pneumococci.
2. Enterococci and gram-negative aerobes are resistant (in contrast to their susceptibility to erythromycin).
3. Anaerobic infections including bacteroides.

Resistance to clindamycin, which generally confers cross-resistance to macrolides, is due to
1. mutation of the ribosomal receptor site;
2. modification of the receptor by a constitutively expressed methylase; and
3. Enzymatic inactivation of clindamycin.
Gram-negative aerobic species are intrinsically resistant because of poor permeability of the outer membrane.

Clinical Uses
I. Anaerobic infection caused by bacteroides and other anaerobes.
2. Penetrating wounds of the abdomen and the gut; infections originating in the female genital tract. eg.
septic abortion and pelvic abscesses; and aspiration pneumonia.
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Prophylaxis of endocarditis in patients with valvular heart discase who are undergoing certain dental
procedures.

Preumocystis jiroveci pneumonia in AIDS patients (Clindamycin plus primaquine).

AIDS-related toxoplasmosis of the brain (in combination with pyrimethamine).

Staphylococcal infections of bones and joints.

Staphylococcal conjunctivitis as eye drops.

~ oV

Adverse Effects
1. Common: Diarrhea, nausea, and skin rashes.

2. Impaired liver function (with or without jaundice)
3. Neutropenia (sometimes)

4. Severe diarrhea and enterocolitis.

(Ref: Katzung-13th)

Nucleic acid synthe:

“microbials that affect microbial nucleic acid. (SU-11J,09J)
erial nucleic acid synthesis inhibitors. (CU-09))

f nucleic acid synthesis inhibitors:

Class of drug
A. Direct DNA synthesis inhibitor uinolones

etronidazole
RNA synthesis inhibitor ifampicin
| = Rifamycin
B. Indirect Anti-folate drugs fonamide
methoprim
imethamine

Antifolate drugs

Sulf~»~mides: They are-
Anti-microbial agents: Broad spectrum & Bacteriostatic
~. Diuretics
Oral hypoglycemic agents
Anti-leprosy agents (Dapsone)

Struetyre of sulfonamides:

Sulfonamides have structural similarity to p-
aminobenzoic acid (PABA). SOzNH, COOH
NH, group is responsible for pharmacodynamic
property of drug.

3. SO,-NH, group is responsible for
pharmacokinetic property of drug.

NH, NH,

Sulfanilamide p-Aminobenzoic acid (PABA)
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Q. Classify sulfonamides.

Ans.

Classification of sulfonamides based on pharmacokinctics: Sulfon
groups: (1) oral, absorbable; (2) oral, nonabsorbable; and (3) topical.

amides can be divided into three major

Type Drugs
1. Oral, absorbable: Short acting = Sulfisoxazole (ty, = 6 hours)
(Classified on the basis ~ulfamethizole (t;» = 9 hours)
of their half-lives t, 5) ulfacytine —

ulfadiazine (t;, = 10-17 hours)
ulfamethoxazole (ti2 = 10-12 hours)
ulfapys e (i = 17 hours)

Wlapyiwe 2 7 70 22 =/
Long acting ulfadoxine (ty, = 7-9 days

ulfasalazine
ilver sulfadiazine (less toxic)
odium sulfacetamide

| = wafenide acetate

Intermediate acting

2. Oral, nonabsorbable
3. Topical (not absorbed
in systemic circulation)

(Ref: Katzung-13th)

DU-14J,12J,10Ju,09J, CU-07]; RU-06M, SU-

Q. Write down mechanism of action of co-trimoxazole. (
17J,07Ju)
Explain antimicrobial action of co-trimoxazole. (SU-08Ju)
Wikotig the pharmacological basis of combination of sulfonamide wit
1e mechanism of action of sulfonamides. (DU-98J)
alize combination of Sulfamethoxazole and Trimethoprim. (RU-1 1])

h trimethoprim?

>0

1 of action of cotrimoxazole/ sulfonamide: Sulfonamide-susceptible organisms, unlike mammals,
cannot use exogenous folate but must synthesize it from PABA. This pathway is thus essential for production of

purines and nucleic acid synthesis.

Para-aminobenzoic acid (PABA) + Pteridine
Dihydropteroate synthase (-) Sulfonamides (compete with PABA)
Dihydrofolic acid (folate)

Dihydrofolate reductase l (-) Trimethoprim

Tetrahydrofolate
!
Synthesis of purines (adenine, guanine)
!
DNA synthesis

l

Protein synthesis

l
Growth & multiplication of bacteria

Mechanism of action of Sulfonamide:
=  Sulfonamides are structural analogue of Para-aminobenzoic acid (PABA). PABA is a precursor of folic acid.

. Sulfongmides compete with PABA for the enzyme dihydropteroate synthase and inhibit folate synthesis.
Folate is necessary for synthesis of bacterial DNA or RNA. Thereby sulfonamide inhibits bacterial growth.
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salmeterol (T)
prednisolone (F)
crom ite (F)
~ atropium (T)
inophy ne (T)

pv .
dilators- (DU-10J)
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Adverse effec
1. Black
7. Darkening of the tongue.
3. Prolong use may cause “encephalopathy” due to bismuth toxicity.

a. Ataxia

b. I dache
¢. Confusion
d. Seizure

4. High dose may cause salic' ite toxicity.

5 Should be avoir | in patients withr 1l insufficiency.
(Ref: Katzung-13th)
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Q. Name the anti-motility drugs. Justify the use of the named drugs in different diarrheal disease. (C(J.
08J)

Q. Briefly discuss the role of Loperamide in the treatment of acute diarrhea. (SU-15Ju,09Ju,06J,05S)
Ans.

Anti-motility drugs /Opioid agonists used in diarrhea:
1. Loperamide
2. Diphenoxylate
3. Codeine

)pioid agonists / Loperamide / Diphenoxylate in diarrhea:
nhibition of pre-synaptic cholinergic nerves in the submucosal & myenteric piexuscs

Increase colonic phasic segmentation activity

Increase colonic transit time and fecal water absorption.

2. They also decrease mass colonic movement & the gastro-colic reflex.
(Ref: Katzung-13th

Q. What are the advantages of Loperamide than other opioid agonists?
Ans.
Advantages of Loperamide: Although all opioids have anti-diarrheal effects, loperamide is an ideal drug for
diarrhea due to its following special properties-
1. It does not cross BBB.
2. It has no analgesic effect
3. It is not potential for addiction.
4. Tolerance to long term use has not been reported.

(Ref: Katzung-13th)

he role of antimicrobials in the management of acute watery diarrhea. (CU-06S)
indiscriminate uses of antimicrobials in acute diarrhea. (SU-17M,11Ju)

swuie va anwicrobials in the treatment of acute diarrhea: The main cause of acute watery diarrhea (especially
in children) is Rota virus & 2™ most common cause is V. cholerae. Diarrhea is also caused by toxins and drugs
such as antibiotics, cytotoxic drugs. Diarrhea caused by virus, toxins or drugs must not need any antibiotics. So
routine use of antibiotics in acute watery diarrhea should be avoided & discouraged. Antibiotics should be used
only where bacteria are responsible for diarrhea.

otic therapy in diarrhea:
For viral diarrhea: No antibiotic
e Antibiotic is indicated in-
1. Diagnosed case of cholera
2. Dysentery
3. Systemic manifestation of endotoxic shock
4. Presence of fecal leukocytes (pus cells) for more than 10/HPF.

Q. What is the treatment of infective diarrhea?
Ans.
Treatment of infective diarrhea:

e Correction of dehydration

e Correction of electrolyte imbalance

o Use of appropriate antibiotics
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/_-_-\__—_——_—__—
Drugs Used to Treat Inflammatory Bowel _

[pflammatory bowel dlsegse (lBD) comprises two distinct disorders: uleerative colitis and Crohn's discase. The
etiology and pathoger}esm of th‘ese‘dlsorders remains unknown. For this reason, pharmacologic treatment of
inflammatory bowel disorders often involves drugs that belong to different therapeutic classes and have different

but nonspecific mechanisms of anti-inflammatory action. Drugs used in inflammatory bowel discasc are chosen
on the basis of disease severity, responsiveness, and drug toxicity.

Drugs used in IBD:
1. Aminosalicylates: e Sulfasalazine ]
e Olsalazine
¢ Balsalazide
e Mesalamine
2. Glucocorticoids e Prednisone

¢ Prednisolone
* Hydrocortisone (enemas, foam, or suppositories)
¢ Budesonide
3. Purine Analogs: ¢ Azathioprine

s 6-Mercaptopurine

4. Methntrevate
5. Anti-YN¥ Therapy o Infliximab

e Adalimumab
Ln Certolizimah

(Ref: Katzung-13th)

_______IliDrugsU

Po 1l hypertension most commonly occurs as a consequence of chronic liver disease. In portal hypertension
esophageal varices can rupture, leading to massive upper gastrointestinal bleeding. Several drugs are available
that reduce portal pressures.

I. Somatostatin & Octreotide

2. Vasopressin & Terlipressin

3. Beta-blocker: Propranolol and nadolol.

(Ref: Katzung-13th)

























091 Drugs used in Bronchial Asthma

3. Inhaled Steroids, cg, Fluticasone

4. Leukotriene receptor antagonists, eg, Montelukast
5. Methylxanthines, cg, Doxophylline

6. Oral steroid, cg, prednisolone.

B;-agonist

chial asthma? DU-16J, CU-17M, RU-(

J)
SU-17J)

tamol / salmeterol): Bronchial asthma is

LHALAVIVIIZVU UY ULUNIVIIUVULID LIV LIVIL VAU LU DUVLIL LOdpILatuLy uistress.

B, agonist drugs (salbutamol / salmeterol) bind with B, receptor of bronchial smooth muscle

!

Relaxation of bronchial smooth muscle (bronchodilatation)

!

Quick relief of acute bronchoconstriction and asthma.
(Ref: Katzung-13th)

Q. What : :the advantages of inhaled pB,-selective agonists?
Ans.
Advantages of inhaled p,-selective agonists/ salbutamol:
1. Selective action on B,-receptor of bronchial smooth muscle.
Rapid onset of action (within 1-5 minutes).
Very low systemic absorption and so less / no CVS & CNS (tremor) adverse effects.
Easy to use; even if can be used in office or during walking.
Topical delivery (anatomical selectivity).

(Ref: Goodman & Gilman 's-12th

: role of salmeterol in bronchial asthma? (SU-08Ju,08J)
role of salmeterol in« ronic bronchial asthma. (SU-17M,14))

terol in bronchial asthma: Salmeterol is a potent selective B, agonists that plays important role in
long-term control of bronchial as  ma. It is due to the fact that-
I. It has a long duration of action (12 hours or more) as a result of high lipid solubility.
2. It interacts with inhaled corticosteroids to improve asthma control.

However, it is not recommended as the sole therapy for asthma.
(Ref: Karzung-13th)

Q. What is the advantage of salmeterol over salbutamol?
Ans. Salbutamol has short duration of action (only 4 hours) whereas Salmeterol has long duration ot action (12

icities of inhaled B,-selective agonists?

B,-selective agonists / sulbutamol: Chronic use of fa-selective agonists / sulbutamol by

rway
Hrway
al candidiasis.
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692
e adverse cffects of systemic B,-sclective agonists / salbutamol? (DU-16J, RU-06J, SU-16J)

ects of systemic P,-selcctive agonists / salbutamol
Tremor

Tachycardia
Arrhythmia
Palpitation
Hypokalaemia
Hyperglycemia

oW W

Q. Ephedrine is no longer used in bronchial asthma- explain. (DU-03S)
Q.

Briefly assign reasons why Salbutamol but not ephedrine is preferred as bronchodilator. (DU-05M)
Ans.

Ephedrine is no longer used in bronchial asthma, because-
Availability of new efficacious & B,-selective drugs such as sulbutamol, salmeterol.
It has more duration of action than adrenaline.
It has more cardiovascular effect.
It is less potent.

—

2
3.
4

Q. Compare the consequences between oral and inhalational salbutamol. (CU-16J)
Ans.

Comparison between oral and inhalational salbutamol

Traits Oral salbutamol Inhalational salbutamol |
1. Onset of action Slow Rapid (within 1-5 minutes)
2. Selective action on B,-receptor of bronchial smooth | No Yes

| _muscle

3. Systemic absorption High Low B
4. CVS & CNS (tremor) adverse effects Present Less or absent |
S. Dryness of airway No | Yes l
6. Oropharyngeal candidiasis No LYes W

Q. Discuss briefly the differences between salbutamol & aminophylline. (DU-09Ju)

Q. Compare salbutamol & theophylline as bronchodilator/anti asthmatic drug. (CU-15J,09Ju,05S)
Ans.

Differences between salbutamol & aminophylline

|, enans

Mechanism

mnioits phosphodiesterase enzyme

~viy wuuIGWd P2 l\;UCPlUlS
on bronchial tree

during administration

2. Onset of action Slow ‘ Rapid (due to 1V route)
_* Duration of action Relatively longer | Shorter
4. Route Inhaled, Oral IV, Oral
5. In acute asthma Nebulized / inhaled form IV ronte
6. Adverse effects * Tremor * Arrnythmia (Tachycaraia)
» Tachycardia * Palpitation
« Hypotension * Insomnia
7. Therapeutic index High INArrow B
8. Close observation Not needed Needed

T Cardiotoxic effect

Absent, because sulbutamol has
no Bl effect

Present (Tachy-arrhythmia, tachycardia,
hypertension, palpitation)

10. CNS toxicitv

Less

LMore (insomnia, tremor, restlessness
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Q. Name the drugs used for nebulization. What are its advantages over inhalation? Mention the
mechanism of action of any drug. (RU-14Ju)
Ans.
Drugs used for nebulization
1. Salbutamol
2. Terbutaline
3. lpratropium

Advantages over inhalation
1. Rapid onset of action.
2. Suitable for acute severe asthma.

-

3. Less chance of dryness of airway.

Anti-muscarinic drugs in asthma

Q Explam the action & role of Ipratropium bromide in bronchial asthma. (DU-16J, SU-09J)
"™ " e use of Ipratropium bromide in obstructive airway disease. (CU-15J)

iropium bromide in bronchial asthma: Antimuscarinic agents are effective bronchodilators.

<p-weop-um bromide blocks Ms-receptors on bronchial smooth muscles & glands

|
|IP3 & DAG

!

Repolarization of muscles

!

Relaxation of bronchial smooth muscles & decreased bronchial secretion

!

Relief of bronchial asthma
(Ref: Katzung-13th)

Anticholinergic agents are generally less effective than P,-adrenergic agonists. Inhaled ipratropium is useful in
patients who are unable to tolerate adrenergic agonists. Ipratropium is slow in onset and nearly free of side eftects.
These agents are not traditionally effective for patients with asthma unless COPD is also present.

Clinical use of inhaled muscarinic receptor antagonists (e.g. ipratropium)
[. Asthma, as an adjunct to §,- agonists and steroids.
2. COPD, especially long-acting drugs (e.g. tiotropium).

3. For bronchospasm precipitated by po-blockers.

(Ref: Rang & Dule 's-8th)

Methylxanthine drugs

Sources:
v Theophylline — tea
v Theobromine — cocoa
v Caffeine — coffee.

(Ref: Katzung-13th)

Q. Explain the mechanism of action & role of aminophylline in brounchial asthma. (DU-16J, RU-15J. SU-
09))

Pharmacology-89



BlueprintTM Pharmacology 694

the mechanism of action of theophylline. (CU-16J, RU-14J)
the role of theophylline in bronchial asthma. (RU-04J;SU-07J;06M)
short note on aminophylline. (SU-06S)

savemamsin Of action of Theophylline in bronchial asthma: Several mechanisms have been proposed for the
actions of methylxanthines, but none has been firmly established.

1.

Theophylline inhibits “phosphodiesterase (PDE)” enzyme — 1 cAMP — Relaxation of bronchial smooth
muscle — Bronchodilation.

Theophylline inhibits ‘phosphodiesterase enzyme 4’ (PDE4) — T cAMP - Re.duces the‘relgasc of
cytokines and chemokines from inflammatory cells — Decrease immune cell migration and activation.

Competitive inhibition of adenosine receptors — Prevents bronchoconstriction by adenosine and
histamine release from airway mast cells.

(Ref: Katzung-13th,
; the pharmacological action of theophylline on respiratory system, CVS, CNS & kidney. (SU-

logical actions of theophvlline

A. CVS: Directly stimulates the heart & dilates systemic blood vessels including coronary vessels & reduces
peripheral resistance.

Increase heart rate (tachycardia /tachyarrhythmia)
Increase force of contraction
Increase cardiac output

Usually a rise in SBP & fall in DBP is observed with aminophylline.

B. CNS: Stimulatory effects including-

Insomnia (most common adverse effects)
Nervousness

Restlessness
Excitement
Agitation
Tremor

Very high doses, from accidental or suicidal overdose, cause medullary stimulation and convulsions and
may lead to death.

C. Kidney: Inhibits tubular reabsorption of Na" & water & thus causes mild diuresis.

(Ref: Katzung-13th)

Q. Mention the indications of aminophylline. (RU-04S/J)

Ans.

Indications of aminophylline:

1.

N W

Severe acute bronchial asthma
Chronic asthma
COPD

Apnea in preterm baby

Ordinary headache (caffeine + aspirin)
Migraine

Emergency treatment of left ventricular failure.

(Ref: Katzung-13th)

Q. Mention the adverse effects of aminophylline. (DU-16J, RU-14))
Q. Mention the adverse effects of theophylline. (RU-14))
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ects of theophylline / aminophylline:

Cardio-vascular: Tachycardia, palpitation, hypotension, precordial pain

CNS (stimulatory): Insomnia, headache, dizziness, server restlessness, agitation,
Overdose may causc scizures or potentially fatal arrhythmias.

Others: Nausea, vomiting,

da L2 D —

(Ref: Katzung-13th, Goodman & Gilman 's-12th; Lippincott's-hihy

Q. Mention the advantage and disadvantages of theophylline
Ans.
Advantage of theophylline

1. Theophylline is an effective bronchodilator, and it has been shown repeatedly both to relieve airflow
obstruction in acute asthma and to reduce the severity of symptoms and time lost from work or school in
patients with chronic asthma.

2. Theophylline improves long-term control of asthma when taken as the sole maintenance treatment or
when added to inhaled corticosteroids.

3. ltis inexpensive.

4. Itcan be taken orally, by IV infusion and per-rectally.

(Ref: Katzung-13th)

Disadvantages of theophylline: Previously the mainstay of asthma therapy, theophylline has becn largely
replaced with B, agonists and corticosteroids due to-
1. Narrow therapeutic window.
2. High side-effect profile.
3. Potential for drug interactions.
(Ref: Katzung-13thy

Q. Why theophylline should be used with caution in V form?
Ans.
Theophylline should be used with caution in I/V form: Aminophylline/ theophylline has positive chronotropic
& inotropic effect. Rapid IV administration of aminophylline/ theophylline sometimes causes sudden death due
to cardiac arrhythmia. So, the drug should be injected slowly over 20-40 minutes or with infusion drip slowly to
avoid severe toxic symptoms.

(Ref: Goodman & Gilman-12th)

]

Q. Name the glucocorticoids used in bronchial asthma. (DU-13Ju)

Q. Categorize glucocorticoids used in bronchial asthma with  lication and routes in special situati
(SU-15Ju)
o T-¥-+‘nhalation Glucocorticoids. (CU-17J)

coids used in bronchial asthma

a. Hydrocortisone

2. Oral
a. Prednisolone

3. Inhalation Glucocorticoids
a. Fluticasone
b. Budesonide
¢. Beclomethasone
d. Ciclesonide
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e. Flunisolide
f.  Mometasone
g. Triamcinolone

a7
ec
e
16.
e
e
er
le
ol
Ans.
Role of glucocortice
e Airway inflz
e Airway hypt
e Acute bronc

Glucocorticoids do 1
On the other hand tr

e Inhibition o
[ ]

imawUry LA LW LIS 1UNE ATTET allergen eXposure;
Inhibition of the release of medlators from macrophages and eosinophils and rednetian af o
microvascular leakage which these mediators cause.

The glucocorticoids are effective in improving all indices of asunua conuuvi—severity o1 symptoms, tests of
airway caliber and bronchial reactivity, frequency of exacerbations, and quality of life.

Inhaled corticosteroids (ICS) are the drugs of first choice in patients with any degree of persistent asthma (mild
moderate, or severe). No other medications are as effective as ICS in the long-term control of asthma.
Severe persistent asthma may require the addition of a short course of oral glucocorticoid treatment

(Ref: Katzung-13th + Bennett & Brown-11th; Lippincott's-6th)

Q. Mention the role of glucocorticoids in acute bronchial asthma. (DU-07J,06S; CU-04M; RU-05S)
Ans.

Role of glucocorticoids in acute bronchial asthma: Glucocorticoids do not relax airway smooth muscle directly
& thus have little effect on acute bronchoconstriction.

But, Glucocorticoids potentiate the action of acute bronchodilators by their antiinflammatory action & thus used
in acute asthma with the bronchodilator agents.
Urgent treatment is often begun with an oral prednisone (30-60 mg/day) or IV methylprednisolone (1 mg/kg 6

hourly); the daily dose is decreased after airway obstruction has improved. In most patients, systemic
corticosteroid therapy can be discontinued after 7- 10 days.

(Ref: Goodman & Gilman's-12th; Katzung-13th)

Q. Discuss the role of fluticasone in bronchial asthma. (SU-17)J)
Q. Discuss the role of fluticasone in chronic bronchial asthma. (SU-17M,14))

Q. Mention the role of fluticasone in acute bronchial asthma. (SU-09Ju)
Ans.

Role of fluticasone in chronic bronchial asthma: Fluticasone is effective in long-term control of chronic
bronchial asthma. [t is usually given in inhalation route along with a long-acting B,-agonist, eg, salmeterol

(write the actions of glucocorticoid in asthma from above.)

Q. Why inhalational steroids are better than that of oral ones? (DU-12Ju)
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]

Clinical use of Cromolyn & Nedocromil _ o y
1. For prevention of bronchial asthma: To prevent bronchial asthma, cromolyn is taken shortly before
excreise or before unavoidable exposure to an allergen.
Allergic rhinoconjunctivitis.
= : (Ref: Katzung-131h)

Q. Why cromolyn sodium is used prophylacticallv?

Ans. .

Cromolyn sodium is used prophylactically: Cromolyn sodium (disodium cromoglycate). and nedocromil
sodium have no effect on airway smooth muscle tone and are ineffective in reversing asth.matlc bronchospasm:
they are only of value when taken prophylactically. When used as aerosols (by nebulizer or metered-dose

inhaler), they effectively inhibit both antigen- and exercise-induced asthma, and chronic use (four times daily)
slightly reduces the overall level of bronchial reactivity.

(Ref: Katzung-13th)
Q. Mention the adverse effects of mast cell stabilizers.

Ans.

Adverse effects of mast cell stabilizers: Because the drugs are so poorly absorbed, adverse effects of cromolyn
and nedocromil are minor and are localized to the sites of deposition.
1. Bronchospasm

2. Cough or wheezing
3. Laryngeal edema
4. Joint pain & swelling
5. Angioedema
6. Headache
7. Nausea
8. Rash

gl it

Leukotriene (LT) By and the rvetainul lanbateianag | TC, LTDy, and LTE,, are products of the 5-lipoxygenase
pathway of arachidonic acid mewaoonsm ana part of the inflammatory cascade. 5-Lipoxygenase is found in cells
of myeloid origin, such as mast cells, basophils, eosinophils, and neutrophilr * ™™ ° C ractant for
nentronhite and encinanhils, whereas the cveteinvl laykotrienes constrict _....c...o. @ wmuuw muaui, INCrease
Enuuwivnar pencaviity, and promote mucous secreuon. h

ou know about the status of leukotriene inhibitor in asthma? (RU-13Ju,12Ju,11Ju)
: Montelukast. (SU-17J,15J,14Ju)

svunuusenereceptor antagonists: These drugs also competitively prevent bronchoconstriction caused by
leukotrienes (C4, D4 and E4)

o Zafirlukast

* Montelukast: Of these two, montelukast is the most prescribed, probably because it can be taken without

regard to meals and because of the convenience of once-daily treatment.

Leukotri~== synthesis inhibitor
e Zileuton




699 Drugs used in Bronchial Asthma

;lvantages:

I. Can be given to children | year of age and older

2. Available in chewable tablets and granule formulations,

ication: All three drugs are e C
Indl . - 124 . apPFOVCd for the nranhvlavic af acthma hot arc not effective in situations where
immediate bronchodilation is required,
Adverse effects:

1.

2

Liver toxicity (zileuton, so zileuton is the least prescribed of these agents)

Cl1urg—$traus§ 'syndrome (a systemic vasculitis accompanied by worsening asthma, pulmonary infiltrates.
and eosinophilia)

(OS]

Zafirlukast may interact with warfarin & increase prothrombin times.

(Ref: Goodman & Gilman's-12th)
‘e role of montelukast in the management of bronchial asthma. (DU-17J,14Ju, CU-13Ju, SU-

1e pharmacological basis of using montelukast in bronchial asthma. (CU-14Ju)

¢+ wasvuso o€ role of Leukotriene inhibitor/ montelucast in chronic bronchial asthma. (DU-16Ju, SU-
17M,14])

Q. Justify the use of Leukotriene receptor blockers in bronchial asthma. (CU-16J)
Ans.
Role of montelukast / Leukotriene receptor blockers in the management of bronchial asthma

I. Montelukast is indicated for the prophylaxis of asthma but are not effective in situations where
immediate bronchodilation is required.

2. It can be taken without regard to meals and because of the convenience of once-daily treatment,

3. It reduces the fr <acerbation,

4. Verymucheffec.... .. __ 3w &ounnd whether it is mild, moderate or severe.

5. It reduces inflammatory process and lacks of wide range of adverse effects compared to oral
corticosteroids.

6. Itis a steroid sparing agent.

7. Provides additional control of symptoms during exercise.

8. Available as tablet form; children and elderly people can easily take it for whom inhaler is not suitable.
(Ref: Goodman & Gillman-12th)

Omalizufhab

Omalizumab is a recombinant DNA-derived monoclonal antibody that selectively binds to human
immuno; bulin E (IgE). It is the 1* biological drug approved for the Rx of asthma. Due to the high cost of the

drug (approximately $600 for a 150-mg vial), limitations on dosage, and available clinical trial data, it is not
presently used as first-line therapy.

Mechanism of action of omalizumab:
I. Omalizumab binds with IgE.
l
IgE can’t bind with IgE receptor on mast cell & basophil.
l
No degranulation of mast cells and basophils and no release of mediators of allergic reaction.

l

Prevention of asthma
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2. Omalizumab may also inhibit IgE synthesis by B lymphocytes. -

(Ref: Katzung-13y,
Route: Parenteral route (intravenous or subcutaneous)

Clinical uses: As it is not a bronchodilator, it is used prophylactically. Omalizumab may be particularly usefy| for
treatment of moderate to severe allergic asthma in patients who are poorly controlled with conventional therapy.

Importance of Omalizumab:
1. Omalizumab lessens asthma severity and reduces the corticosteroid requirement in patients with moderae
1o severe disease, especially those with a clear environmental antigen precipitating factor
2. It improves nasal and conjunctival symptoms in patients with perennial or seasonal allergic rhinitis,
3. Omalizumab's most important effect is reduction of the frequency and severity of asthma exacerbations,
even while enabling a reduction in corticosteroid requirements.

Adverse effects of omalizumab:
1. Hypersensitivity reaction
2. Injection site reactions: Redness, stinging, bruising, induration.

(Ref: Goodman & Gilman 's-12h)

Cough: Cough is a protective reflex that removes foreign material and secretions from the bronchi and

bronchioles. Cough is the most frequent symptom of respiratory disease. It is caused by stimulation of sensory
nerves in the mucosa of the pharynx, larynx, trachea and bronchi.

(Ref* Rang & Dale 's-8th)

Causes of cough:

Origin Lommon causes
Pharynx e Post-nasal drip
Larynx e Laryngitis, tumour, whooping cough, croup
Trachea o Tracheitis
Bronchi e Bronchitis (acute) and COPD
* Asthma

e Eosinophilic bronchitis

¢ Bronchial carcinoma

Lung parenchyma |s Tuberculosis

¢ Pneumonia

» Bronchiectasis

* Pulmonary oedema

e Interstitial fibrosis —]
Drug side-effect * ACE inhibitors

(Ref: Davidson -22nd)
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p—

Exogenous insulin
e Kidney- 60%
e Liver- 30 40%,

Half-life of insulin: The half-life of circulating insulin is 3—5 minutes,
(Ref: Katzung-13th)

mechanism of action of insulin. (CU-16J,10Ju,09))

of action of insulin:
Insulin binds to the a-subunit of its receptor
3

Autophosphorylation of the B-subunit of the insulin receptor

Activation of tyrosine kinase activity of the intracellular portion of the f-subunit

2

Phosphorylation of some cytoplasmic enzymes & dephosphorylation of others
3

Activation of some of these enzymes & inactivation of others
)

Effects of insulin including:
e Translocation of glucose transporters (especially GLUT 4) to the cell membrane with a resultant increase in

glucose uptake;
e Increased glycogen synthase activity and increased glycogen formation;

e Multiple effects on protein synthesis, lipolysis, and lipogenesis;

o Activation of transcription factors that enhance DNA synthesis and cell growth and division.
(Ref: Katzung-13th; Guyton-12th; Ganong-24th)

—

Insulin

Insulin
o [SSH o receptor

S5 5-S

Cell membrane

Tyrosine
kinase

H

1
Lo insulin receptor substrates (IRS) :
i 1 Phospharylation of enzymes X

)

\
[}
]

Glucose Fat Growth
\ transport synthesis and gene
\ expression

A}
N \O Protein Glucose
synthesis synthesis

Figure: Mechanism of insulin action (Ref: Guyton)
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ucose stimulate insulin release? (CU-15Ju)

‘harmacology

imulates insulin release:
......... glucose in the gut

Secretion of gut hormones, or incretins, eg, glucagon-like peptide (GLP-1)

Incretins stimulate insulin secretion in a glucose-dependent manner: thus hypoglycemia does not oceur,
(Ref: Katzung-13,,

‘e the pharmacological actions of insulin? (RU-07Ju)

offects of insulin / Actions of insulin:

- m | Skeletal muscl | Adipose T
| T Glucose uptake T Glucose uptake

¢ Carbohydrate T Glycogenesis

| metabolism T Glycolysis T Glycolysis T Lipogenesis from glucose
i I Glycogenolysis | T Glycogenesis
[  Gluconeogenesis | Glycogenolysis
* Protein 1 Protein synthesis | T Amino acid uptake
metabolism T Amino acid uptake | T Protein synthesis
1 Protein catabolism
| Release of

gluconeogenic amino acids
T Ketone uptake

T Fatty acid synthesis

T Glycerol phosphate synthesis
T Triglyceride deposition

@ Lipoprotein lipase

[ (-) Hormone sensitive lipase

I ) T |

|1 Cell growth

T Lipogenesis
I Ketogenesis

¢ Fat metabolism

h K" uptake
r- General

(Ref: Ganong-24th; Guyton-12th)

Q. Mention how insulin lowers blood glucose level. (DU-13J,11J, CU-15J, RU-17J,15J,12Ju,11), SU-
17J,16Ju/J,13J,12]u)
Q. Explain antidiabetic effects of insulin. (SU-13Ju,08Ju)
Q. Elaborate antidiabetic role of insulin glargine. (SU-14J)
0. Fxnlain hypoglycemic role of insulin. (SU-07Ju,06S)
in the mechanism of action of insulin. (CU-14J,12J,10Ju)
in blood glucose controlling action of insulin. (SU-12Ju)
'0 the insulin preparations lower elevated glucose level? (RU-14))

stic effects of insulin / insulin glargine: Insulin lowers blood glucose level by the following

mechanisms-
TGlycogenesis
TGlucose uptake
TGlycolysis
iGlycogenolysis
VGluconeogenesis

Decreases blood glucose
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Daily insulin requirement:
e Intype 1 DM patients, the averg e of insulin is us e . :
units'kg per day. ge dose of insulin is usually 0.6 to 0.7 units/kg per day, with u range of 0.2 to |

o Obese patients generally require

Dose of insulin

1. Split dose of intermediate-acting insulin

o 23"uftotul daily dose: Before breakfast
o 1/3"of total duily dose: Before dinner

Morning dose is adjusted according to the afternoon glucose le

more (2 units/kg per day) because of resistunce of peripheral tissues to insulin.

k vel, and the evening dose is adjusted according 1o the
fasting glucose level. '

COI’.'W”.”O’}‘.’[ therapy presently consists of split-dose injections of mixture of rapid or short-acting and intermediate-
acting insulins. ’

Mu(uple daily inje;tion (MDI) therapy: Use long-acting or intermediate-acting insulins with multiple boluses of rapid-
acting or short-acting insulin. |

Dose: 0.5 unit/kg/day (subcutaneously in 3 divided doses).
Time: Just before meal (B- BLD)

* B - B: Before breakfast

o B-L: Before lunch

e B-D: Before dinner

Current regimen generally uses intermediate- or long-acting insulins with rapid-acting or short-acting insulin.
* Intermediate- or long-acting insulins provide basal or back-ground coverage.
apid-acting or short-acting insulin meet the meal-time requirement.

-1 routes of administration of insulin? (CU-08J)

e —e—w .. ... ministration of *~sulin
1.

Subcutaneous injection: The standard mode of insulin therapy is subcutaneous (S/C) injection using
conventional disposable needles & syringes.

Siter AA~ne b T anterior thigh, dorsal arm.

Ab5ui e 1> e 1apid from the abdominal wall, followed by the arm, buttock and thigh. Rotation of
insulin uyection sites has traditionally been advocated to avoid lipohypertrophy and lipoatrophy.

2. Intramuscular ori ravenous: In emergency situation (eg, diabetic ketoacidosis).

Inhaled insulin: This is finely powered & aerosolized human insulin & is readily absorbed into the

bloodstream through alveolar wi s. It has rapid onset & peak insulin levels (by 30 min) & peak effect (2-
2.5 hrs) & 1ration of action (6 - 8 hours).

t are the indications of inst n? (DU-14J,11Ju, CU-12J,1C 1,09/07/06J,05M; RU17J; SU-07J)
e down the absolute the indications of insulin. (CU-15JU)
e down the absoli :indic: ons of soluble Insulin. (CU-17J)

Indications of insulin:

. Type-1 DM (IDDM)

2. Uncontrolled type [I DM

3. All diabetic complications:

o Diabetic ketoacidosis

Diabetic nephropathy
Diabetic neuropathy
Diabetic retinopathy
Hyperglycemic hyperosmolar state |
4. DM in pregnancy (because =« li i not tovatnoonjc but OHA are teratogenic)
5. Per-operative & post-Operé... - —.—--.--
6. Diabetes with severe infection

: Pharmacology-91
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7. Diabetic patient after RTA.
8. Hyperkalemia (as insulin increases K influx and thus decreases plasma K- level).

Q. Short note: Insulin. (DU-17J)
Ans. Write in short from above.

Q. Write the pharmacological basis of using Insulin for type II diabetic patient in perioperative Period.
(CU-13Ju)
s.
Surgery and diabetes
Surgery. whether performed electively or in an emergency, causes catabolic stress and secretion of counter.
regulatory hormones both in normal and in diabetic subjects. This results in increased glycogenolysis
gluconeogenesis, lipolysis, proteolysis and insulin resistance. In untreated or poorly controlled diabetes the uptake
of metabolic substrate is significantly reduced, catabolism is increased and ultimately metabolic decompensation
in the form of diabetic ketoacidosis may develop in both types of diabetes.
Thus surgery must be carefully planned and managed in the diabetic patient, with particular emphasis on good
metabolic control . d avoidance of hypoglycaemia, which is especially dangerous in the unconscious or

semiconscious patient. To achieve this, insulin is used for type Il diabetic patient in perioperative period.
(Ref: Davidson's-21"/816-8] 7)

Q. A boy of 20 years has come to you wi  diabetes mellitus. What -ug is suitable »r him? (DU-09/08):
RU-10J)

Ans. .

Drug of choice in a 20 years old diabetic boy: This is a case of type or juvenile or insulin dependent diabetes

mellitus. In this case there is absolute deficiency of insulin. That’s why my drug of choice is insulin.

Q. How will yo manage a pregnant lady with postprandial blood glucose level of 13 mmol/L? Just - yol
choice of drug. What may be the risk of therapy? (DU-08/07Ju)

Ans.

Drug of choice in a pregnant lady with DM: Oral hypoglycemic agents (e.g. sulfonylureas) are teratogenic.
That’s why oral antidiabetic drugs are absolutely contraindicated in pregnancy. So diabetes in pregnancy is
managed by sulin, not by oral hypoglycemic drugs.

Q. V atare the adverse e cts of insulin? (DU-14J,13J,12J, CU-14J,12J,10Ju,09/07J,06S; SU-07J)
O Mantian the complications of insulin therapy. (DU-05M, SU-03M)

the long-term com| cations of insu 1 therapy. (SU-13J)

the cautions « soluble sulin. (CU-05M)

ects / complications of insulin:
0y ‘cemia (most common)
wsulin hypersensitivity
Insulin resistance
Lipodystrophy: Lipoatrophy & lipohypertrophy
Insulin edema
Obesity
Hypokalemia
Alopecia
Increased Cancer Risk

Al s Bl ARl ol

(Ref* Goodman & Gilman''s-12": Katzung-13")

Q. What is the management of insulin induced hypoglycemia? (DU-14Ju, CU-06M, RU-10Ju)
Q. Write the management of insulin induced hypoglycemic shock. (DU-15J)

Q. How will you manage a case of hypoglycemic shock? (DU-13J,12/11J, CU-04J; RU-13J)

Q. How will you manage a case of drug induced hypoglycemia? (CU-17J)
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Arc

T1,u.n induced hypoglvcemia / hypoglycemic shock:

Mechanisms of hypoglycemia in a diabetic patient taking insulin: Hypoglycemic reactions are the most
common complication of insulin therapy. They may result from-

A delay in taking a meal

Inadequate carbohydrate consumed

Unusual physical exertion

A dose of insulin that is too large for immediate needs.

—

F SN U N

Clinical features of hypoglycemia: Rapid development of hypoglycemia in individuals with intact hypoglycemic
awareness causes signs of autonomic hyperactivity.
. Signs of sympathetic hyperactivity: Tachycardia, palpitations, severe sweating, tremulousness
Signs of parasympathetic hyperactivity: Nausea, hunger.
Sudden unconsciousness
If untreated, convulsion & coma & ultimately death.

Treatment of Hypoglycemia: All the manifestations of hypoglycemia are relieved by glucose administration.
1. Mild hypoglycemia in a patient who is conscious and able to swallow:
Simple sugar or glucose in a liquid form.
Dextrose tablets, glucose gel, honey, sweet or any sugar containing beverage or food may be

given.
2. In case of unconscious patient:
o 20-50 mL &N% alnenca calution b TV infacing gver 2-3 minutes.
o IfIVthere,, . .ot wrsorcs suge wruvaron 1 mg) S/C or IM restores consciousness within 15
minutes.

o If glucagon is not available, small amounts of honey or syrup is given inta the buccal pouch.
~ (Ref: Katzung-13th)

~ 77" insulin resistance? (RU-04M)
about insulin resistance and its management. (DU-15Ju,07M)
iulin resistance develops? (RU-04M)
ste: Insulin resistance. (RU-15Ju)

wusuun resistance: Insulin resistance may be due to a decline in number and/or affinity of receptors or to defects
in post-receptor mechanisms. A diabetic patient requiring more than 200 units/day is rare and regarded as insulin
resistant,

Types of insulin resistance:
I. Immunogenic insulin resistance
2. Non-immunogenic insulin resistance

A. Immunogenic insulin resistance: In most cases, it is I[gE mediated hypersensitivity reaction & Ab is formed

against insulin. So, patient develops insulin resistance.
Diagnosis: Measuring the insulin specific 1gG & IgE antibodies. Skin test is also useful.

Treatment:
o By changing the brand. If the patient has allergic reaction to porcine insulin, human insulin should be
used.

e Antihistamine.
¢  Glucocorticoid.
B. Non-immunogenic insulin resistance: This is due to a decline in number &/or affinity of receptors or defects
in post-receptor mechanisms.
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Causes: o N
I Inappropriate following of the prescription
2. Obesity.
3. Hyperinsulinemia.
Treatment:
e  Good dieting.
o llea afQ@ulfanulurang oo with insulin (as sulfonvlureas increase insulin recentor synthesis)

* rnysieanexercise e.g. walking (it increases insulin sensitivity).
(Ref: Goodman & Gilinan's-12th; Bennett & Browy,. L,

Q. What are the advantages and disadvantages of Insulin over the oral antidiabetic agents? (CU-I()J,MJ)
Ans.
Advantages of Insulin over the oral antidiabetic agents

I. Rapid onset of action

2. Can be used in pregnancy

3. Can be given in hepatic and renal insufficiency

4. Can be given in diabetic ketoacidosis.

Disadvantages of Insulin over the oral antidiabetic agents
Regular monitoring of blood glucose is necessary.
Risk of hypoglycemia is more.

Risk of hypersensitivity is more.

Needs regular injection.

Expensive

Sll:bb)[\_)._.













Blucprint"™ Pharmacology 716

——

e Explain the action of drugs used. (SU-10Ju)
Ans,
I elderly patient especially with cardiac impairment, Glipizide (sulfonylureas) is contraindicated. So, we shoylg
stop the drug immediately and should chose another, eg, insulin or metformin,

Me linide

Mechanism of action of meglitinides: Same as sulfonylureas.

Indication of meglitinides: To reduce postprandial glycemic elevations in type [[ DM.

Adverse effect: Hypoglycemia

Do g . T
rautions of using meglitinides:

I. As repaglinide & nateglinide are metabolized mainty (90%) by the liver, they should be used Cautious|,
in hepatic insufficiency. -

2. A small proportion is also metabolized by kidney & excreted through it, so they should also be g
cautiously in renal insufficiency.

Biguanides: Metformin

Metformin ic taken with ar aftar meale Tte rhiaf nea ic in tha nhaca natient with Type 2 diabetes either alone or in

(Ref: Goodman & Gilman ’s-12/h,

y reduce weight in the obese.
(Ref: Bennelt & Brown-11th/6|5 )

U-07J,RU-08Ju,06J,SU-06J)

15Ju,14],13Ju)
G e e 3 -lowering action d~ee A
frmatinning now e 1tic B cells. Patients with type 2 diabetes have considerably less fasting hy; el

wv svien puspeandit L pagycemia after biguanides; however, hypoglycemia during biguanide therapy is
essentially unknown. These agents are therefore more appropriately termed "euglycemic” agents.

Currently proposed mechanisms of action include-
reduced hepatic and renal gluconeogenesis;
slowing of glucose absorption from the gastrointestinal tract, with increased glucose to lactate conversion
hy enterocytes;
lirect stimulation of glycolysis in tissues, with increased glucose removal from blood; and
= aeduction of nlasma olucagon levels.

(Ref: Katzung-13th)
1e indications of metformin / biguanides. (DU-06S: RU-16Ju.06J,05M. SU-07))

biguanides / metformin:
i. amouu resistance syndrome: As Metformin is an insulin sparing agent & does not increase weight /

L~ _,oglycemia, it is used in patients whose hyperglycemia is due to ineffective insulin action i.e.
insulin resistance syndrome.
2. Intype-Il 777 " vinsulin secretagogues or thiazolidinediones in whom oral monotherapy is inadequate.
3. NIDDM i persons.
4. Metformii aciols in preventing the new onset of type Il DM in middle aged, obese person with

impaired glucose tolerance & fasting hyperglycemia.
(Ref: Katzung-13th)
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3. Monotherapy (along with diet & exercise) in mild degree DM.
3. Incombination with biguanides & sulfonylureas in type [1 DM.
4+ In glucose intolerance patients.

5.

Prevention of recurrence of DM in high risk Hispanic women with a history of gestational DM.

(Ref: Katzung-13th & 7)'1'/)u/lu'~()”'/270)

" erse effects of pioglitazone
I. Dose related weight gain (average 1 - 3 kg)

2. Fluid retention (which presents as a mild anemia & peripheral cdema) especially when useq in
combination with insulin & sulfonylureas.

3. Hepatotoxicity (especially with rosiglitazone)

4. Teratogenicity

ntraindications of pioglitazone
. Obesity

Liver disease (CLD)

Heart failure

Pre existing edema

Pregnancy.

(U R VS I (O]

(Ref: Kalzzmg-ljr/u

(Ref: Katzung-13p,

Miglitol / o-g

Mechanism of action of acarbose:
Acarbose / miglitol
!
Competitive inhibition of “intestinal a-glucosidase’
l
Reduce postprandial digestion & absorption of starch & disaccharides

l

Reduce blood glucose level

Adverse effects of acarbose / miglitol:
I. GIT adverse effects: Flatulence, diarrhea, abdominal pain.

2. Reversible hepatic enzyme elevation

Contraindications of acarbose:

I. Patients with inflammatory bowel disease (IBS)
Any intestinal condition that could be worsened by gas & distension
Should be used with cautions in patients with hepatic & renal impairment.

{ @

Q. How does glucose stimulate Insulin release? (CU-16Ju)
Ans.
How glucose stimulates Insulin release:

Presence of glucose in the gut

!

Glucose stimulates secretion of gut hormones, or incretins

!

2
-
3.

(Ref: Katzung-13th)

(Ref: Katzung-131h)

(Ref: Katzung-131h)

Incretins (eg. glucaoon-like nentide (T P-1)) stimulates insulin secretion in a glucose-dependent manner.
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Nice to know
Incretin:

P - 1 . . . . . . . . .
Incretins are gut hormones. which potentiate glucose-induced insulin scerction,

Glucagon-like peptide (GLP-1) is an incretin hormone which stimulates insulin seeretion in a giuco -
dependent manner; thus hypoglycemia does not occur.

[n-addition. GLP-1 suppresses glucagon secretion. delays gastric emptying, reduces appetite and
encourages weight loss.

Drugs used in lpcretm-based therapy: Incretin-based therapies are most useful in obese patients and can be
used in combination with other oral anti-diabetic agents.

1. Incretin mimetics / Synthetic analog of glucagon-like-polypeptide 1 (GLP-1):
e Exenatide
e Liraglutide
2. Direntidyl Peptidase-IV (DPP-1V) Inhibitors:
Sitagliptin,
Vildagliptir
Saxagliptin

Exenatide
It is a synthetic analog of glucagon-like-polypeptide 1 (GLP-1).

Indication: Adjunctive therapy in persons with type 2 diabetes treated with metformin or mettformin plus
sulfonylureas who still have suboptimal glycemic control.

Mechanism of action:

1. Potentiation of glucose-mediated insulin secretion. The increased insulin secretion is speculated to be due
in part to an increase in beta-cell mass.

2. Suppression of postprandial glucagon release

3. Slowed gastric emptying, and

4. Central loss of appetite.

Route of administration: Exenatide is injected subcutaneously within 60 minutes before a meal.

Adverse effects:

Nauseca (about 44% of users)

Vomiting

Diarrhea )

Weight loss (in some users, presumably because of the nausea and anorectic effects.)
Necrotizing and hemorrhagic pancreatitis.

(Ref: Katzung-13th)

Sitagli] din
N Weite how sitagliptin reduces blood sugar level. (RU-15Ju)
the anti-diabetic action of sitaglip . (SU-15Ju.13Ju)

sm of action of sitagliptin: Sitagliptin is an inhibitor of dipeptidy! peptidase-4 (DPP-4). the enzy me that
incretin and other GLP-1-like molecules. Its | iction is to increase circulating levels of G P21 and

uir. 1 ms ultimately decreases postprandial glucose excursions by increasing glucose-mediated ...

ceeeeedOn
and decreasing glucagon levels.

(Ret: Katzung-13th)

Route of administration: Oral.
Dose: 100 mg orally once daily.
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‘Clinical use: Sitagliptin can be given as monotherapy or combined with metformin or Tzds.

Adverse effects
1. Nasopharyngitis
2. Upper respiratory infections

3. Headaches
4. Rarely, severe allergic reactions )
y g 10 (Ref: Kutzung-13th)
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Ans.
Mechanism of action of glucocorticoids / steroids / prednisolone:
Glucocorticoids enter into the cell & binds with the receptor in the cytoplasm.
'
Conformational change oceurs in the receptor
l

The glucocorticoid-receptor complex is then actively transported into the nucleus & it interacts with DNA &
nuclear proteins.

l
The complex binds with the glucocorticoid response element (GRE) on the gene.
l . o _—
After binding, it regulates the transcription by RNA polymerase-II & associated transcription factors.
l
mRNA synthesis
' l
Protein synthesis
-

New proteins are responsible for glucocorticoid action.

. - (Ref: Katzung-13th)
Effects of glucocorticoids:

1. Physiological effects
2. Pharmacological effects

Q. Describe the effects of glucocorticoids on metabolism. (CU-11Ju, RU-06))
Q. Enlist the in  ortant pharmacological effects of glucocorticoids. (DU-15J)

C = 77 7 lefly the important pharmacological effects of glucocorticoids. (DU-13J.10J. CU-12Ju)
!
I rocorticoids on metabolism

_. - ..rbohydrate * 1Gluconeogenesis

metabolism e 1Glycogenesis

o | Glucose utilization

¢ 1Blood glucose.

2. On protein metabolism In extrahepatic tissue-

e |Amino acid uptake

e |Protein synthesis

o TProtein catabolism

e TAmino acid mobilization form extrahepatic tissue into blood.

In liver- l
e TAmino acid uptake \
e 1Protein synthesis “
In plasma- o s
e tPlasma protein
e TPlasma amino acid. \
3. On fat metabolism e TFatty acid mobilization from adipose tissue

o (Fatty acid utilization for energy
¢ tKetone body formation
e TPlasma fatty acid.

(Ref: Guyton-12th: Ganong-24th)

Q. Describe the anti inflammatory effects of glucocorticoids. (DU-14Ju.12), CU-15J,07), RU-17J.09u: SU-
16Ju, 15Ju,13Ju)
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* Gonadal hormones &

Q. Name the estrogens.

Ans.

Estrooens:

i

|

e Chlorotrianisene

.

‘{Nutural o Lstradiol |
e [strone J
o FEstriol o J
J
|
I

Steroidal

Synthetic | o Ethinyl estradiol
¢ Mestranol
o Quinestrol
Non-steroidal Synthetic | e Dienestrol
e Diethylstilbestrol
* Benzestrol
e Hexestrol
o Methestrol
e Methallenestril

L

(Ref: Katzung-13ih,

Q. Write the clinical uses of estrogen,

Ans.

Clinical uses of estrogens:

A. Replacement therapy

I3

2.

Primary Hypogonadism: Estrogens have been used extensively for replacement therapy in estrogen-
deficient patients. (Treatment of primary hvpogonadism is usually begun ar 1113 yeurs of uge and
continued until the uge of menopuuse)

Postmenopausal hormone replacement therapy (HRT)

B. Pharmacotherapy:

.

o 1

> O

AA YA B

In combined OCP along with progesterone
In dysfunctional uterine bleeding (DUB) in combination with progesterone.
Intractable dysmenorrhea: Estrogens combined with progestins can be used to suppress ovulation in
patients with intractable dysmenorrhea.
Hirsutism and amenorrhea due to excessive secretion of androgens by the ovary: Estrogens combined
with progestins is used to suppress ovarian function,

(Ref: Katzung-13th: Bennett & Brown-10th 6435.647)

Define  RT? (CU-06M)

“tis hormone replacement therapy? Name the hormone preparation used. Mention the indications
iks. (DU-08Ju)
ribe the HRT in postmenopausal syndrome. (CU-06M)
t note: HRT. (DU-13Ju.12J, SU-06M: RU-15J.13Ju)

nor~+sal F~-~10ne replacement th~=~ny (HRT): HRT refers to the use of estrogen treatment in order

o reverse or prevent problems due to the loss of ovarian hormone secretion after the menopause. whether

physiological or induced. The tissues sensitive to estrogen include brain, bone. skin. cardiovascular and
genitourinary,
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Selective estrogen-receptor modulators (SERMs) are a new class of estrogen-related compounds. [n )0

Past_,
. N sd
. . L. N sen ¥ e 1S SO o - .

number of these agents had been categorized as antiestrogens, and conscquently, there is sonie conlusiop. [he

term SERM is now reserved for compounds that interact at estrogen receptors but h'zl‘vlc dl!lfcrcnl cftec
difterent tissues: that is, they display selective agonism or antagonism according ‘0.”10 tissue E)PC- For LX ‘
tamoxtfen is an estrogen an'tag(misl in breast cancer tissue but can cause endometrial hyperplasia by acting o, ,
partial agonist in the uterus,

ls OR
damp,

(Ref Lippinc oy '.x-()/}/,

Q. Name the selective estrogen-receptor modulators (SERMs).
Ans.

Selective estrogen-receptor modulators (SERMs)
1. Tamoxifen

Toremifene

Raloxifene

Clomiphene is also sometimes designated as a SERM.

ROV 6]

(Ref: Lippincoy S-6ith,
Tamoxifen

Tamoxifen, a competitive partial agonist inhibitor of estradiol at the estrogen receptor in breast tissue, Was the
first selective estrogen receptor modulator (SERM) to be introduced.

Route of administration: Oral

(Ref: Katzung- | 3th
Q. Enumerate the clinical use of Tamoxifen. (CU-16Ju)
Ans.

Indications / clinical use of Tamoxifen
L. Palliative treatment of metastatic breast cancer in postmenopausal women.

2. Used as adjuvant therapy following mastectomy or radiation and to reduce the risk of breast cancer in
high-risk patients.

Adverse effects:

I Hot flashes and nausea (most frequent)
2. Menstrual irregularities

3. Vaginal bleeding

4. Hyperplasia and malignancies of endometrium.

(Ref: Lippincon s-6th

Clomiphene

Clomiphene is a partial estrogen agonist. It is an ovulation-inducing agent.

Route of administration: Oral

Mechanisms of Action

Clomiphene is a partial agonist at estrogen receptors. It interferes w
the hypothalamus.

!
Increases the secretion of gonadotropin-rele

!

Increases the secretion of gonadotropins (FSH & LH) from anterior pituitary

ith the negative feedback of estrogens on

asing hormone from hypothalamus.

Stimulation of ovulation,
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i il i ith : -ycles.
Clinical Use: The drug has been used successfully to treat infertility associated with anovulatory ¢
Clomiphene is used in the treatment of disorders of ovulation in patients who wish to become pregnant

Adverse Effects
I. Hot flushes (most common)
2. Headache
3. Constipation

4. Allergic skin reactions

5. Reversible hair loss

6. Visual disturbances

7. Ovarian enlargement

Contraindica ins & Cautions: Special precautions should be observed in patients with-

/. Enlarged ovaries. (These women are thought to be more sensitive 10 this drug and should receive small doses.)
2. Visual symptoms associated with clomiphene therapy.

(Ref- Katzung-13th)

Pharmacology-94
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4. Both estrogen & progesterone
expetled out.

Q. What are the mechanisms of wction of progesterone only contracepliv

Ans.

1 Futers, Sothe e
cause abnormal motitity of fallopian tube and utertins sothe emgy

ives / mini pill?

Mecchanisms of action of progesterone only contraceptives / mini pill:
. Progesterone makes the endometrium unfavorable for implantation.
2. Progesterone makes ceryical mucus thick & unfavorable to sperm migration.

Q. atare the indications of OCPs?

(DU-17J. CU-111, SU-15T)

<, . aatare the non-contraceptive uses of OCPs? (CU-13Ju)

ns.
Indications of OCPs:
1. Contraception,
2. Non-contraceptive uses
a.  Endometriosis
b. Irregular menstruation

¢. In holy Hajj festival™ to prevent menstruation.
d. Abnormal menstrual bleeding

e.  Dysfunctional uterine bleeding (DUB)

f.  Functional ovarian cyst

Q. What are the indications of mini pill? (CU-05J; RU-04M/S)

Ans.

Indications of progesterone only pill (POP) / mini Pill / micro Pill:

I, Contraception in In~tating

[ I NS I

Women for whoun wmumed OCPs are contraindicated because of cardiovascular risks.
Young women with risk factors for neoplasia.

Q. Which oral pill could be prescribed to a lactating mother and why? Mention its mechanism of action

and adverse effects. (RU-14})
Ans.
Progesterone only pill (POP) / mini Pi
lactation.

0. Comnpare estrogen-progesterone

Il could be prescribed to a lactating mother, because it does not suppress

combined pill & progesterone only pill as contraceptives. (CU-

nbined oral contraceptives differ from mini pill? (SU-12Ju)

estrogen-progesterone combined pill & progesterone only pill as contraceptives:

1. Composit

| I

1 2. Effect on follicular development

Has negative effect. No effect.

. 3. Efficacy
' 4. Reliability

Proecsterone + bstrogen., l Unly progesterone.

100% effective Not 100% L[ fective

5. Causes thromboembolism

ﬁ. Effect on lactation
i

More__les S
. TN T
ppmssc 1t does not 5up7pkxcss lactation. So )

) _7‘7___77_‘_“! lactating mother should prefer it. o
| INOLuSCd.  1Used. N

rationale of using combination of estrogen & progesterone? (SU-1-4Ju)

rationale of combination
Ans.

of Ethinyl estradiol and norgesterol as contraceptive. (SU-17M)
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Q. Give 3 important causes of contraceptive therapy failure. (DU-07))
Ans.
Causcs of contraceptive failure:

[ Concomitant use of enzyme inducing drugs (c.g. Rifampicin, Phenytoin) — Increased concentration of
OCP metabolizing enzymes — Increased Metabolism of OCP — Contraceptive failure.
Concomitant use of broad spectrum antibiotic — Decreased normal intestinal flora — Decreased
enterohepatic circulation — | Bioavailability of OCP — Contraception failure.
Irregular using of the pills (e.g. missing of pill in one or two consecutive days)

[

o

Q. Write short note on: Injectable contraceptives. (CU-06J)

Ans.

friactakla aontraceptives:
t medroxyprogesterone acetate (DMPA): IM 150 mo in everv 3 months.
thisterone enanthate (NET-EN): IM 200 mg 11 vvery - monms.

Depot medroxyprogesterone acetate (DMPA): It is a 3-month depot injection of intramuscular progestogen. It
is equal in efficacy to the combined pill and is an alternative.

M/A: It works by inhibiting ovulation, and also renders cervical mucus impenetrable to sperm. After a 150 mg
dose, ovulation is inhibited for at least 14 weeks.

Side effects:

I. Unpredictable spotting and bleeding, particularly during the first year of use. Spotting and bleeding
decrease with time. '

2. Amenorrhea

3. Not desirable for women planning a pregnancy soon after cessation of therapy because ovulation
suppression can sometimes persist for as long as 18 months after the last injection.

4. Reversible reduction in bone density.

5. Changes in plasma lipids with increased risk of atherosclerosis.

Advantage:
1. Long-term DMPA use reduces menstrual blood loss.
2. Decreased risk of endometrial cancer.

(Ref: Katzung-13th)

Q. Short note: Postcoital Contraceptives.

Ans,

Postcoital Contraceptives: Pregnancy can be prevented following unprotected coitus by the administration of
estrogens alone or in combination with progestins (""morning after" contraception). When treatment is begun
within 72 hours, it is effective 99% of the time.

Postcoital Contraceptives

e Conjugated estrogens: 10 mg three times daily for 5 days

e Ethinyl estradiol: 2.5 mg twice daily for 5 days

e Diethylstilbestrol: 50 mg daily for 5 days

e Mifepristone: 600 mg once with misoprostol, 400 mcg once

o L-Norgestrel: 0.75 mg twice daily for 1 day

¢ Combined pill: Norgestrel, 0.5 mg, with ethinyl estradiol, 0.05 mg (eg, Emcon): 2 tabs as early as
n possible within 72 hours & then 2 tabs 12 hours after the first dose.

U S

Adverse effects ' .
1. Nausea or vomiting (relieved by antiemetics)

l’harmacology-‘)s
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Hirsutism
Acne
Amenorrhea
Clitoral enlargement
Deepening of the voice.
Endometrial bleeding upon discontinuation
g. Atherosclerotic disease in women.
In older males, prostatic hyperplasia, causing urinary retention.

3. Replacement therapy in men may cause acne, sleep apnea, erythrocytosis, gynecomastia, and

™o a6 o

azoospermia.
Hepatic dysfunction.
5. Alkylated androgens in high doses can produce peliosis hepatica, cholestasis, and hepatic failure. They
lower plasma HDL; and may increase LDL.
6. Hepatic adenomas and carcinomas.
7. Behavioral effects include psychologic dependence, increased aggressiveness, and psychotic symptoms.
(Ref: Katzung-131h)

Contraindications & Cautions
1. Pregnant women or women who may become pregnant during the course of therapy.
2. They should be avoided in infants and young children.
3. Carcinoma of the prostate or breast.
4. Patients wi renal or cardiac disease predisposed to edema.
' (Ref: Katzung-] 3th)

Q. Short note: Gynaecomastia.

Ans.
Gynaecoma: a: Gynaecomastia is the presence of glandular breast tissue in males. Normal breast . velopment
in women is estrogen-dependent, while androgens oppose this effect. Gynaecomastia results from an i1 Halance

between androgen and estrogen activity, which may reflect androgen deficiency or estrogen excess.

Causes of gynaec( 1astia
1. Idiopathic
2. Physiological
3. Drug-induced
a. Cimetidine
b. Digoxin
c. Anti-androgens (cyproterone acetate, spironolactone)
d. Some exogenous anabolic steroids (diethylstilbestrol)
4. Hypogonadism
Androgen resistance syndromes
6. Estrogen excess
a. Liver failure (impaired steroid metabolism)
b. Estrogen-secreting tumour (for example, of testis)
¢. hCG-secreting tumour (for example, of testis or lung)

w

(Ref: Davidson's-21"/759)
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Antiandrogens: Antiandro

! : gens counter male hormonal action by interfering with the synthesis of androgens or
by blocking their receptors.

i Steroid Synthesis Inhibitors

Inhibitor of Conversion of Steroid Precursors to
Androgens

e Ketoconazole

e Abiraterone

¢ Finasteride

o Dutasteride

e Cyproterone

e Cyproterone acetate
e Flutamide

¢ Bicalutamide

L * Nilutamide
e Spironolactone

Indication:

1. Benign prostatic hypertrophy (Finasteride and dutasteride)
Prostatic carcinoma (Flutamide)

Metastatic carcinoma of the prostate (Bicalutamide and nilutamide)

Hirsutism in women (Cyproterone, spironolactone, finasteride, flutamide)
To decrease excessive sexual drive in men (Cyproterone)

Androgenic Receptor Inhibitors

(Ref: Katzung-13th)

VR NS

(Ref: Katzung-13th)

( Enum ite leclinicaluseofFinasteride.(CU-I6Ju)

Ans.
Clinical use of Finz le
1. Benign pros iyperplasia

2. Hirsutism in women
3. Early male pattern baldness in men

(Ref: Katzung-13th)

Chemical Contraception in Men

Gossypol: Extensive trials of this cottonseed derivative have been conducted in China. This compound destroys
elements of the seminiferous epith:  1m but does not significantly alter the endocrine function of the testis.
In Chinese studies, large numbers of men w : treated with 20 mg/d of gossypol for 2 months, followed by a
maintenance dosage of 60 mg/wk. On this regimen, 99% of men developed sperm counts below 4 million/ml..
Hypokalemia is the major adverse effect and may lead to transient paralysis. Because of low efficacy and
significant toxicity, gossypol has been abandoned as a candidate male contraceptive.

(Ref: Katzung-13th)
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MCQ

Q. Long acting glucocorticoids are- (DU-17M)

a) prednisolone
b) fludrocortisone
¢) betamethasone
d) dexamethasone
e) triamcinolone
aF b FcTdTelF

. Euglycaemic antidiabetic drugs are- (DU-17))
a. tolbutamide

b. glipizide

¢. metformin
d. pioglitzone
e. insulin

aFbFcTdTelF

- Ovulation is induced by- (DU-15Ju)

a. clomifene

b. mifepristone
¢. tamoxifen

d. cylofenil

€. gestrinone

aT,bFcFdFecF

Insulin- (DU-15Ju)

a. isa polypeptide

may cause antibody production

causes reduction of protein synthesis
decreases glucose transport into the cell

is preferred in gestational diabetes mellitus
albFcFdFeT

oo o

. Euglycaemic anti-diabetic drugs include- (DU-

14Ju)

a. chlorpropamide
b. glyburide

¢. metformin

d. rosiglitazone

e. insulin

a Fb FcTdTelF

. Oral contraceptive preparations: (CU-14Ju)

a) Containing estrogen and progesterone are the
most effective

b) Containing progesterone only may be
advantageous after child birth.

c) May lead to iron-deficiency anemia.

d) May lead to hypertension

. Drug used yothyr

e) May be used to treat excessive menstryg
bleeding.
aT bTckFdTeT

. Following classes of antidiabetic agents haye

the ability to reduce Insulin resistance: (C(.
14Ju)
a) Alpha-Glucosidase inhibitors
b) Dipeptidyl peptidase- 4 inhibitors.
c) Meglitinides
d) Biguanides
e) Thiazolidinediones
aFbFcFdFeT

. Absolute indications of insulin are- (DU-13Ju)

a. type [ diabetes mellitus.

gestational diabetes mellitus.

first line therapy in type Il diabetic mellitys,
diabetic ketoacidosis.

hypoglyce c sho«

aTl bTcFdTeF

o oo o

m are- (DU-13Ju)
a. levothyroxine.

b. propylthiouracil.
¢. propranolol.

d. liothyronine.

e.

radioactive iodine,.
al bFcFdTeF

. Insu 1enhances- ( J-

a. glycogenolysis.

glycogenesis.

glycolysis.

gluconeogenesis.

potassium transit into the cell.
aFbTcTdFeT

o a0 o

. Anti-diabetic action of drug involve: (SU-13))

a. Glipizide release insulin

I Hglitazone increases insulin sensitivity
Metformin promotes glycogenesis
Insulin increases glucose 1 take
Repaglinide inhibits glucose transporters
aTl bTcFdTeF

o oo o

. Following drugs can cause gynaecomastia-

(SU-13))
a. Cimetidine
b. Chlorpromazine
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Rational use of drugs

What do you mean by rational use of drugs (RUD)? (DU-16Ju,11/10J,09J, RU-15Ju,13/09], SU-09/07Ju)
Define rational use of medicine (RUM). What are the criteria to fulfill the rational use of medicine?
. ztat are the objectives and uses of it? (DU-14Ju, RU-07/06J, SU-08Ju,CU-06M)
~* ~=- the selection criteria of rational use of drugs? (RU-07J,04J,06S, SU-08Ju)
ors should be considered to ensure rational use of drugs? (RU-13J)
e principles that govern rational use of drugs. (CU-09J, SU-14Ju)
*: Rational use of drugs. (RU-16Ju)
» RUD. (SU-13Ju,12))

of medicine (RUM) / Rational use of drug (RUD): Appropriate drug in approbriate indicatiqy,
Wit broner Aneaca ragimen is called rational use of medicine.
Agcplu1.ng 10 WHU, rational use of medicines requires that "patients receive medications appropriate to their
clinical needs, in doses that meet their own individual requirements, for an adequate period of time, and at the
lowest cost to them and their community".

Selection criteria of RUM / RUD:
1. Safety profile.

2. Efficacy

3. Suitability/individualization
4. Affordability

5. Need

6. Cost

(Rule of right: Right drug, given 10 the right patient, al the right time, at right doses at a right interval for
a right duration of time.)

Objectives of RUM / RUD:
To identify the magnitude and nature of inappropriate medicine utilization.
2. To describe factors which influence the decision making processes.
To identify the factors which influence the behaviour of the prescribers.
4. To relate issues to specific medicine use problem.
5. To assess which prescribers and patients factors might be addressed in a program to reduce irrational use
of medicine.
(Ref- Misbahuddinth-5"/17)
Uses of RUM /RU
1. Prescription
2. Purchase / availability
3. Intake

(Note: Rational use of drug has been replaced by rational use of medicine based on the fuct that the prescriber when
prescribes a medicine must know the adverse effects of the active components of the medicine as well as the adverse effects of

the excipient.)

Q. Outline the principles that govern rational use of drugs. (CU-09J)
Q. Outlines the guidelines for rational use of drugs (RUD). (SU-07J)
‘1S.
widelines for RUD / Educat:~~al intervention:
To fix tI - * fthe drug:
| Target may e the cure of the disease / infection
2. Target may be tl | of the disease (controlling HTN, DM)
3. Prevention of disease (prophylactic drugs for TB, malaria)
4. iagnosis of the disease
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