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INTRODUCTION TO GENERAL
PHARMACOLOGY AND ROUTES OF
DRUG ADMINISTRATION

Introduction 00:00:46

Pharmcoloagj :

word ot greek origin. pharmalson —> drug, logos —> study of.
it is the study of drugs and their

* Structure.

* uses.

* mechanism of action.

* Side effects ete.

Pharmaco’chempeu’dcs :

60c6b3eeaa8dedOede7e5ea7
word of greek origin. pharmakon —> drug, therapio. = in
service of (a disease).
example : enalopril (drug) Smg oD (dsse) given orally (route of
oadministration) to 4reat mild/moderate hypertension (stase ot
disease).

Pharmacognosy : Study of drugs §rom plant source. &g

morphine, quinine, reserpine, digoxin

Pharmacy : Branch dealing with compounding (mixing) and
dispensing (giving away to pafients) of drugs.

Mowadags, compounding is not done as drugs are odreadb pre
mixed in the $orm of tablets/capsules.

Chemotheropy : Deals with use of drugs for treatment ot
infections and cancer.

Active space

Drug: A chemical with a. Known structure that alters the
pothophysiology for therapeutic gain

£g * enalapril alters RARS by blocking it (pathophysiologu) and
results in decrease in &P (therapeutic gain).
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Source of the drugs 00:10:47

a.

3;

Chemicals :

Nodural :

a. Plants : Morphine, quinine, digoxin, insulin

b. Animals : unfractionated heparin $rom porcine intestinal
mucosa. Previously insulin was derived $rom
pork but nowadaﬁs human insulin is used.

¢. miero-organisms : Antibiotics (penicillin ete)

sani53nkhekm * A natrural drug is chemical\5 changed to

get anew drus.

gg : Mmorphine (from papever somniferum) => Apomorphine.

Sgn’cheﬁc :

Derived by the process of rational drug designing,

&0, A disease (HTN) is being studied and a. target receptor

is found where o ligand attaches and increases the ef.

Since B needs to be decreased, o drug is designed which

is complementary to the structure of the receptor, binds

and inhibits the receptor resulting in decrease in 6.

genetic engineering :

A gene is introduced to a. cell line which gives a product G

usefud —> Drug (e.coli can be used as a cell line).

€9 : Human insulin gene was introduced into a. cell line

which gave human insulin (regular insulin), as porcine

insulin was expensive with limited source.

Types of drugs 00:18:49

60c6b3eeaa8dedOede7e5ea7
Preseription/legend drugs :
Drugs that cannot be sold without preseription.
These drugs are present under Schedule H.
Over the counter/OTC drugs :
Drugs that can be sold without preseription
gg : antacids,vitamins.
Any drug which does not belong o Schedule W/&/x.
Orphan drugs :
Drugs used for treatment of rare diseases.
(Orphon receptor : A receptor without o known ligand).

Pharmacology ® v4.0  Marrow 6.0 ¢ 2022



01 Introduction to

* |licit/street druos : The the dr of : il

ugs : These are ugs of abuse (eg - and routes of drug
cocaine, heroin e{,c) X administration

* Spurious drugs : These are counterfeit drugs (mons\naD
g Dextrose powder sold as remdesivir.

* Prototype drugs : Parental/mc used drug in a. closs.

gg: morphine in opioids.

Drug nomenclature 00:27:36

[ Drug nomenclature ]

[ L )
e
| | |

[&sedon s{ruch;.re] Abbreviated } { eg: 6&& cop.

(engthy names) names Ciplar.

[ eg: Propranolol ]

r\bn-proprietarg/ generic names should be used in the
prescription.

Same suffix is usually used for same class. &g lol : for
beta-blockers, pril : for ACE inhibitors, prazole : PRI ete.

Drug compendia 00:32:32

BooKS ha\fms comprehensive ond orsanized dato. about

drugs. .
* Indion Wmmpoeu: made bt‘ pharmams’cs, kumarankitindia1(ngail.com
Includes drug structure, purity, storage ete —> Used by @

drug manufocturers.
Drug manufacturers are checked by drug requloding
outhorities.
* Drug ¥ormular5 * Made by doctors. ,
To get all marrow edition6 notes and other latest notes, click here
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Includes drug uses, dose, side-etfects, contra-indications
ete. = Used by doctors for clinical practice.

Rational use of drugs 00:36:36

use of appropriate/right drug for an appropriate

* Disease

* Patient

* Dose/duration/route

* Dispensation

o on'\’coring

e.g for trichomoniasis, drug of choice is metronidazole in o
potient with no contra-indications.

The appropriate dose would be agm given once orally,
The patient would be warned not to take the drug with aleohol
as it might cause a Disulfiram-like reaction.

Liver function tests would be tonitored.

Price is not o part of rational use of drugs.

genefit :

* T\melg cure:

* Decreased hospitalizations.

* Decreonsed cost of treatment.

* Decreased morbidity and mortality,

* Decreased risk of resistance to drugs.

Important Drug Schedules in India
Dru.ssdwedules

Schedule & List of drugs that requires a mandatory text

on label “Caution : It is dangerous to take this
60c6b3eeaaddpaepArayEsearcept under medical supervision’. £g,
antihistaminics, metformin, insulin, anticancer drugs,
antiepileptics etc.

aoeds 8AlOY
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Schedule H List of drugs that can be sold only when a and routes of drug

preseription is produced. most drugs belong +o this administration

coteqory, The drug label display the next ‘@x” in

black colour and “Schedule  drug, Warning : To be

sold by retail on the preseription of a Registered
medical practitioner onlg”.

Schedule Hi Introduced in 2013 1o deal with unauthorized sale of
antibiotics. Drugs are labelled with ‘@ in red,

Schedule X List of narcotic and psychotropic drugs which need
special license for manufacture and sale. Drugs are
labelled with “NRx” and preseription copy should be
retained by the retailer for minimum of a years.
£q : Amphetamine, Methylphenidote ete. 4
Schedule P i is about drug expiry period i.e. maximum period
till which drug can be used with intact potency,.
Schedule W List of drugs marketed under generic names only,
Schedule Y Guidelines on clinical trials, import and manufacture
of new drugs.

Schedule W/&/HI/X cannot be sold withoud prescription.

Others are called OTC dn;.ss.
Schedule H is added while writing Sehedule &/X in the
prescr'\pﬁon.
Pregnancﬂ Drus Ca&egorm
Coteqories sgni%cance examples
Cok A No risk to fetus in human studies Levothgroxine
po’cassium
m3504
Cot ® Animal studies show no risk. Penicilling
Human studies are lacKins. Cephalosporins
macrolides
eérimonidine
60rehBecaaddedQadeasad show positive Albuterol
’cero&ogenic risk. 2idovudine g
Human studies are not available cce -3
morphine §
A’crop'me

To get all marrow edition6 notes and other latest notes, plic%k here
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Cot © Human and animal studies show Corticosteroids
positive teratogenic risk.. Azathioprine
Moy be used in pregnancy as Carbamazepine
benefits are greater than risk, Valproate
methotrexote
Lithium
Cot X Human and animal studies show Thalidomide
positive ’(emkogenic risk Isotretinoin
Absolutely contraindicated in Fuoroquinolones
pregnancy becouse of greater risk Tetracyclines
than benefits. Chloramphenicol
warfarin
ACe inhibitors

Cotegqory a/e/C are sofe in pregnancy (Cat: A >8> O.

Cotegory /X are teratogenic.
The fetus must be aborted due o high risk of terotogenicity
in CO&esorH X
Routes of drug administration 00:46:49
Route of
adrniniTtrahon
kum itindial@gmail.com
! )
Local routes %stemic
For local efSect Drugs absorbed into the
systemic circulation/! given
dirjcﬂg
The eMect of the drug is
seen.
Local routes :
Route Comments Orugs
Topical For local efSect * Cutaneous : Steroids

steroids.

(psoriasis, lichen planus)
* Ocular : Anti glaucoma. drugs,

* mucosal : Anticancer drugs in
bladder cancer/nasal
decongestion.

Pharmacology * v4.0 ¢ Marrow 6.0 ¢ 2022
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on our*terg. Limited
exposure decreases
’coxici’cg and there

is lesser first pass
metabolism as well

Intrathecal | Preferred if rapid or | * methotrexate in childhood
local efSect in CNIS is leukemia
required or the drug | ¢ Anesthetic agents like
poorl5 crosses blood bupivacaine
brain barrier (e, * Baclofen in muscle spastic
Aminoglycosides) disorders
¢ nmir\oslfjcos\des in CNS
infections
Intraarticular | For local effect * Steroids in rheumatoid
arthritis (-3 _joint
involvement)
Intraarterial | For local efSect * Anticancer drugs in
on a. particular hepatocellular and head and
organ supplied by neck coancer

Intrathecal route : The drug is given in subaraghnoid space

bg lumbar puncture.
Al local routes decreases systemic side etects.

S}jstemic routes :
Routes Beneht Orawback Orugs
Oral (/e route) | Cheapest First poss most drugs
Convenient metabolism,
Safest most variable
absorption due to
various factors like
lipid. solubility, $ood
intake, digestive
enzymes ete.
Sublingual No first pass Tooth Nitroglycerine
metabolism and discoulouration ION
faster effect as and decay, Nifedipine
drug is absorbed | Cardiac gphedrine
directly in to side-efects. grgotamine
SVC. Orug can be Buprenorphine
spitted out after
60c6 b3eeaP&§%ﬁ?§5ea&7
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Rectal SO% lesser first unreliable Diazepam for
pass metabolism absorption febrile siizures in
as from rectum because of fecal children
SO% blood direcﬂ3 matter presence,
drains into ive first pass
bgpass'ns liver, metabolism.
unpleasant and
irritant dmas con
be given

Intravenous 100% biocavailability | Increased chances | IV Drugs of choice
Fastest acting of acute toxicity, Nicardipine :
(Preferred in Orugs in oily Hypertensive
emeraemg) medium cause emergency
Irritants can be hemolgsis and Furosemide :
given. hence are Puhmrg edema.

contraindicated. Adenosine : PSVT
Lorazepam
Status epilepticus

Intramuscular Orugs in oily Drugs in oily Im drug of choice
medium and medium cause pain | Adrenaline :
irritants can be on injection. ﬂmphglachc shock
3‘Nen.

Self administration
possible. NE is
contrainidicated
as it can cause
due to potent
Subcutaneous Prolo‘iiged duration | Irritants cannot be | Insulin
_ofactiondueto | given as pain and W
{Slow absorption | skin necros© OB D3 dOede7e
be seen

Pulmonary Faster effect due | Irritants can Insulin (Afrezz2a)
to rapid absorption | precipitate 20N0Mmivir
by huge capillary | bronchospasm. Tobramygein for
network. No first psudeomonas.
pass metabolism. SABA in bronchial
Local effect asthma.
possible as in &A or Anﬁcholinergics in
COPD COPD

IS

Transdermal Longer duration of Only lipid soluble Nitroglycerine
effect. Slow acting, | drugs can be given | Fentany|
Patch should be Scopalamine
applied 3-4 before. Nicotine

Contraceptives HRT

Intranasal Ropid absorption | Possible only for Desmopressin

and faster effect. | potent drugs (as | &nRH agonists
S BR6. limited dose onlg Coleitonin

tase of can be gjver) Fentany|

administration. Variable

Preferred for absorption.

peptides (cannot

cross 8Be)

Pharmacology ¢ v4.0 * Marrow 6.0 ¢ 2022
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Large size drugs (proteins) > e, drugs ending with
* tide (ocreotide, teriperatide).
* ase (pegloticase, asparaginase, rasburicase).
* mab (rastuzumab).
cannot be given by orol route because of poor absorption.

Sub\inguod route :

The drug is placed under the tonque and patient is asked
not to chew.

Drug passes through sublingual circulation = Absorbed into
SVC > Heart.

Subcutaneous route is not used in poedents with shock as
cutoneous blood supply is minimized (mq;ori’cg of blood is
moved, towards centrol organs).

01

Introduction to 0
general Leave Feedbad
pharmacology

and routes of drug
administration
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PHARMACOKINETICS :

ABSORPTION

Pharmacokinetics and Pharmacodynamics 00:00:46

Dervied from greex words.

Pharmacokinetics Phannacodg,mm'\cs

Pharmakon : Drug, Phormakon : Drug,

Kinesis : Movement. Dynamos : change.
movement of drug in the Drug induced changes in the
bod}j. bodg.

Oral route
dms moves into aIT

Absorption (1)
I &S @

=
saskemic circulodion —g Drug distribution
—>

Qetmunmg drug ——\‘ Redistribution

Tarset me’cabohsm @

) s )
e0%ect Drug is broken down  Wader soluble

l

qp hidne5 & Secreted back into circulotion or plasma.

|®

gxeretion

Qemodnins dmg re\/ers'\blg binds to the ’carset it will be
redistributed to oll the tissues. )
kumarankitindial@gmail.com
To Se’c redistributed :
* Drug must have very hish lipid solubil‘rtg.
* Drug should be very short acting G¢ drug was not

eoeds eAOY
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undergoing redistribution, it would have stoyed bound to the
target and become long acting. '

eg : Thiopentone is purpose%\g combined with sulphur o
moke it lipid soluble. Hence, it produces quick effect and is
also short acting

In the Kidnegs, plasma. + any woder soluble substance are
fittered, Thus, the water soluble drug is fittered along with the
drug in the plasmo.

Pharmacokinetics : It is what the body does to the drug.
nMnemonic : ADMEe

. Absorption

a. Distribution

3. metabolism.

4, gxcretion.

Phammodgnamics * K is what the drug does to the bodg.
* drug
. Targe’c.
* efect (eg: change in HR, RR).
. e?-ﬁicacﬂ is o part of pharmacodynamics.

Pharmacokinetics 00:13:42
Absorp‘don :
Lipid Lipid
Intestinal lumen elood vessel lumen
Drug { —> Filtration
eq: s/C insulin.
Orug ? Passive or simple difSusion.
It requires concentration
Smdient

Active space

Lipid refers 1o biological membranes.

s/C insulin gets fitteredsndarnplivyRa fbnergseanueous
channels.

Passive/simple diftusion happens across a. semi permeable
membrane.

Pharmacology ¢ v4.0 * Marrow 6.0 2022
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Carrier mediated transport :

Receptors or pumps present in the lipid layer are colled
corriers.

Drugs bind to the carriers = takes the drug into the
circulodion.

Focilitated difSusion.

Corrier | 0—54\ ATP not required
\\,\@

Carrier 4 @\D ; /®

Active transport.
RTP required.

d: lesser conc.
D: Hisher cone.

Facilitoted difSusion/] possive diffusion : Happens with
concentrotion Sradien’c.
Active transport t Acks _ __ _ @ _______

eq : P-glycoprotein pump (pgp).

On\5 difference between facilitated difSusion and passive

difSusion is the itvolvement of a carrier.

For absorption of glucose :

GLUT receptors : Facilitoted receptors.
SELT | § A receptors : Active transporters.
whenever glucose is consumed

Leave Feedbac

*  SGLT-l in intestine absorbs 5|ucose agodns’c concentration

Sradien’c.

. -3 in Ki absorbs alucos inst ¢ ntrodi
HeLF Ndneﬂ o 3 ek&si%:'ankit?l?&g‘l@&mugﬂ.com

3radient
*  GLUT-4 in skeletal muscles allows 3\ucose uptake
depending upon the concentration gradient.
m/C mechanism o drug absorption : Passive or simple
difSusion.
Drug given b5 oral route

gnters the intestinal lumen

Pharmacology ¢ v4.0 * Marrow 6.0 ¢ 2022
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Distributed to tissues odons concentration Sradiénk bﬂ
passive ditfusion
P-glycoprotein pump moves the drug out against
concentradion Smdien’c.
This is Drug eMlux

This implies that the drug is eliminated before it reaches the

sijskemic circulodion.

Pgp causes I pass metabolism/Pre systemic eliminaion.
I* pass metabolism is a. misnomer.

Seen in : Liver and intestines.

Intestinal ep‘rtheﬁal cell

(1 concentration)
glood lumen

Drug efflux
l PP PP

Ist pass metabolism

Pathologjical applicafBRUIPERARRE HRSESEAAY

eq: cancer cell or bacterio.

Drugs enter the cancer cell or bacterio onla based on
concentration 3radien’c.

But cancer cells or bacteria. move the drug bock o lumen
using active transporters (against concentration gradiend).
Active transporters in bacteria or cancer cells acts as
mechanism for resistance.

Pharmacology  v4.0 « Marrow 6.0 * 2022
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P-glycoprotein pump 00:27:20
P glycoprotein pump
|
\f \ J
Substrote inducer Inhibitor
(Mied ~ (Cousesdrugfaiure)  (causes drug toxicity)
drug) l l
l Same as enzyme
Digoxin. inducers like mnemonic : VACINE
Rifampicin. Rifampicin v : Verapamil.
¢+ Cyclosporine.
| ¢ 12oniazid
N : Nifedipine
€ Ergﬂwrowsgcm
(Clarithromycin/
Azithromycin )

Inhibitors can cause toxicity o drugs that are substrates of
pop like digoxin.
EAgahdrnaRiycdBrtPreRfgein, azithromycin are the antibiotics
causing digoxin toxieity (decrease digoxin dose).
Passive diffusion :

~ Happens $rom intestinal lumen to blood vessel lumen.

Lipid Lip‘\d
Intestinal lumen

/-—_\
brug >< Proteins >wmbsorbed

(onized)

/___\.

( Proteins >
Orug - > Absorbed
(unionized)

Lipids § proteins refer to those on the biological membranes.
Proteins are ionized (charged molecule).

Drugs can be either charged or uncharged ie. ionized and
unionized,

eoeds 8AldY
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I¥ the drug is ionized, it cannot cross the lipid barrier and is
not absorbed, Called Lipid insoluble/water soluble/Polar.
This eriteria is required for excretion.

Lipid soluble drugs are reabsorbed back and water soluble
drugs are excreted,

¥ the drug is unionized, it crosses the lipid barrier and is
absorbed, Called Lipid soluble/nonpola.

No one drug is 100% ionized/unionized,

To get absorbed, dru.s must be small in size.
Oral absorption is affected bg large size of the dru3

Larger sized drugs :

Protein containing drugs ends with tide’ : eg. Nesiritide,
Octreotide etc.

gnzymes end with ‘ase’ : e.g. Pegloticase, Asparginase ete.
nmonoclonal antibodies end with ‘mab’ £ Omalizumalb,
Abciximab ete.

These drugs cannot be given byoral route due to their large
size.

Ionization and unionization of drug 00:36:04

kumarankitindial @g)mail.com

pH of the medium and pH of the drugs are unequal

majority of the drug is ionized.

£g, acidic drug in basic medium.

pH of the medium and pH of the drugs are equal > Majority
of the drug is unionized.

€0 ocidic dr ug in acidic medium.

* peidic medium in 1T : Stomach.
* Boasic medium in GlT: Small intestine.

Unioinization : pH of the drug and pH of the medium should be
some.

Pharmacology ® v4.0 ¢ Marrow 6.0 * 2022
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Maximum absorption of ony drug occurs in small intestine
(becouse of its large surface areo).

Moxdimum unionizadion of acidic drug occurs in stomach.

60c6b3eeaa8dedOede7e5ea7
For lonization/excretion o happen, pH of the drug and pH of
the medium should be difterent : Acidic drug in a basic
medium or vice verso.
In case of toxieity ot acidic or basic drug : change the urine
pH.
ie. acidic drua 'toxici’(g’ = change urine pH into basic >
increases the urinary excretion.
es :
* Aspirin or Phenobarbital or MTX toxicity = alkalinize the
urine with bicarbonate.
* Amphetamine toxicity —> acid‘é’-g the urine with
ammonium chloride (urine acidifier).
urine acidifiers : Ammonigm chloride, Vitamin ¢ and
cranberrBJmce.

Henderson-Hasselbalch equation 00:45:15

I. Acidic ob'us : log E—L;] = ph, — pH.
|

pH ¢ pH of the medium.
P, : speci%c volue of a drug.

) 0]
a. easmdrug:lost‘El:pha-pH.

phao?-drug is that pH of the medium at which S0% of the
dmg is ionized and SO0% is unionized.

1§ phavdueo¥adru3= pH of the medium.

Cul - -0)—> Cul |
log o 0 — (og(1] (o)) 0

Cu] = O] = SO% unionized and SO% onized.

Pharmacology ® v4.0 * Marrow 6.0 » 2022



eq : acidic drug with ptia. of 4, and stomach with pH of a.
Caleulate how much is ionized and unionized in a. drug?

|08Eu3=4_a_>|035_ul=a_>|05|o‘*=a,

w @]
i%] - '% = 99% unionized and 1% ionized.
Bioavailability -~ 00:50:31

Definition : Fraction of unchanged drug that reaches systemic
circulation.

moxifloxo.cin undersoes 100% ‘adosorption and most of the
dru.ss do not w\derso I00% albsorption.

SO Mg i the s5stemic circulation is the unchanged drug =
S0% = 0S

610&Vai\abilit5 =$=0S

Range ot bicavailability : 0 4o I

Only route with bioavailability of | is Intravenous route ie. I00%
bioomilabil‘rtg.

K depends on a factors : Absorption § I* pass metabolism.
Caoleulotion of b’\oouajhbili’t}j :

Drug is given by both oral and intravenous route ok different
times to a. person and concentration time curve is plotted.

Helps ‘o S‘tud}j the chanse in plasm concentration with time.

Pharmacology © v4.0 ¢ Marrow 6.0 * 2022
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y
:
Plasma.
concentration of
dmss
Timne =
AUC £ = gicavailabili
9= Mc”' X 100 "
v Auc —> Area under curve

Plasma. concentration is maximum ot time 0 with IV route.
Area. under the curve of a dmg denotes biom/ajlabil'rtg ot a

drug.

Bioequivalence 01:00:36

Definition : Two pharmaceutically equivalent compounds with
similar rote (time taken for absorption) and extent of
absorption (amount of drug absorbed).

it is required for drug manufacturing companies.

kumarankitindial@gmail.com

eranded drus : One which is invented, Patented for a0 years.
Generic drus * Legal copy of a drus. Done after potent

expires.

Normal range : 30% more or less of the branded drug,
&eneric drug approval requires a. bioequivalence certificate

of minimum a0%.
g Benefit of generic drugs is that they are cheaper (as they
% don’t need research § development.

Pharmacology ¢ v4.0 * Marrow 6.0 ¢ 2022
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PHARMACOKINETICS : DRUG
DISTRIBUTION

Apparent volume of distribution (AVD) 00:00:15

Volume is measured in litres § distribution of drug in mo,
AVD uses the probable litres of plasma. to caleulate how many
mg of drug is distributed across the body (h5po’che\-‘ucaD.

AVD is o measure oF druo digtribution agross organs 4 tissues.

40r3ans and tissues

prierial

si.js’cenntic circulodion

when a drug is said o have high volume of distribution —> the
dms concentration is more in the organs than in the plasma.
For ey '

Igm of an intravenous drug is administered.

Plasma. concentration is Smg/L.

As the organs and tissues are solid components, same unit as
plasma. (mg/m cannot be used to measure drug in them.

For effective comparison, it is assumed thot all the organs
ond tissues are a. homogenous medium (similar to plasmoy.
This helps in comparing between drug concentration in
plasma. § tissues.

Active space

Suppose that the concentration of drug in adipose tissue is

SO ms/ml.,,

* Concentration of the drus is 10 times that of plasma.

Pharmacology ® v4.0 ¢« Marrow 6.0 2022
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To equate plasma. § tissue concentradion of a drug,

dilute the tissue by adding plamsa.

This implies : more the plasma. needed for dilution, means
more is the amount of drug in the tissue.

Using this, we can caleulate plasma. required for dilution so
that concentration of drug is same in both plasma. § tissues.

AVD is the total plasma. required to accommodate the
administered dru.s in the whole bodg ot plasma. concentradtion.
unit s litres.

: I# AVD > SL, the drug is present more in organs and tissues.
| 60c6b3edAYHGeaetBsediug is present more in plasmo.
‘ For eg : AVD is 100L.

100/s = 30 ie. drug is 0 times more in plasma.

7

) ' Present mostiﬂ in organs and
Drugs um.th bgh 'vo|ume of " - |
distribution ‘ v
) &
. A
Present in 35s’cemic circulation,
ith volume
- uo. ﬁﬁon of ie. intravascular compartment.
dlSh \
1\
Calculation 00:12:58

1h) mQ of drug is administered intravenously and a. plasma.
concentration of C mg/mL is achieved,

AVD is the total plasma. required to accommodate D mq of
drug in C mg/mL concentradion.

For C mg —> ImL is required.

Forlms*cl.’—- i3 oW

aoeds eAlOY

ForDms—*%mL.

AVD for intravenous drugs = D mL, where C_is the initial
plasma concentration. c°

Pharmacology  v4.0 « Marrow 6.0 » 2022
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AVD for any other route = 02_9' mlL, considering the
bioavailability of the drug, ° '

D=AWDXC where C_is the target plasma. concentration.
* C_isspecific for treatment, ie. a constant.
* For a drug with high volume of distribution, as C_is a
constant, the dose is increased.,
* Loading dose = AVD X C_(For iv route).

Load'\ng dose :
Hish dose given 0 maintain the ’cargek plasma concentration
kumarbekidndans @gthanigbnvolume of distribution.

e depends on AVD.
For any other route :
avD = O X ¢
cT
) AVD X C
L,oodmg dose = T T
Factors that determine AVD 00:19:10

. Lipid solubility (pra) @ volume'o$ distribution. Pka. denotes
ionization of the drug,

a. Fot content @ volume of distribution.
Obesity increases volume of distribution.
Athletes have decreased volume of distribution of drugs.
Females > males, as females have more fat content.

I
volume of distribution

3, Plasma. protein bindins a

Hisher plasma. protein bindins, lesser the distribution.

4. Specific tissue binding increases volume of distribution.
eq * Digoxin binds to skeletal tissue Na'~K" ATPase pump
and has high volume ot distribudion.

Active space

Dialysis is not effective for drugs with high volume of
distribution.

Diolysis can only clear the drugs in plasma. § not those
distributed in the tissues.
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mMnemonic for dialgsis inefective dmgs : BAD DOC

Drugs not cleared by dialysis Antidote of choice

Benzodiazepines Flumazenil

Beta blockers Glucagon

Amphetamines Ammonium chloride

Digoxin Digibind

Opioids Naloxone

Organophosphates Atropine

Calcium channel blockers Calcium gluconate
Plasma protein binding 00:25:33

Drugs bind to two kgpes of plasma. proteins.

6006b‘3eeaa8ded0e:1eﬁe‘§gé9m  8inds to acidic d‘“*S&
: * @, acid gycoprotein : Binds to basic drugs.

Albumin bindins dmss a, acid slgcopro’cein binding drues

Al CNS dmss except opioids and | Opioids.

’crlcﬂdic antidepressants. Tricﬂclic antidepressants.

Antibiotics : Sulfonamides Antiarrhythmics :

(kernicterus in newborm. * peta blockers.

warfarin. *  Amiodarone.

Asp'rin’. * Lidocaine.

In conditions with decreased In conditions with increased &,

albumin like nephrotic 55ndrome, acid 3I5copro&ein like rheumadtoid

CHD and liver cirrhosis arthritis, in%anm’corg bowel

Risk for drug toxicity is high disease, myocardial infarction :

(more $ree drug). effect of drug is decreased due
to high plasma. protein b'md\ns.

warfarin and Aspirin are contraindicated with each other.
* wil displace each other $rom albumin.
* Increases the chances of bleeding

eoeds eAlOY
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PHARMACOKINETICS :
METABOLISM
Metabolism 00:00:20
[ metabolism of a drug)
J J
(rose)
Drug is broken down | ((conjugate]
[\nac’dvaked dms] Drug + Functional
group + conjugate
[Fumﬁonal Sroup]
[)mg + Functional
group
Phase | :
Primary function —> Inactivation of the drug as structurol
h’cesri'qj is lost.

Here prodrugs are activated (as prodrugs are inactive
drugs). This is an exception to phase | reaction.
" * Levodopo.
. clopidogrel.
* Proguanil.
* Al ACe! except Captopril and Lisinopril.
A functional group is added to the inactivated drug. This can
also make the drug water soluble.

Purpose of phase | reaction : Drug inactivodion > dru5
oactivation > increasmg water solubilihij.

Pharmacology ® v4.0 « Marrow 6.0 « 2022
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Phase I\ (Conjugation) :

(Drug + Functional group) moiety becomes negatively charged
/ionized by the addition of a. conjugate to the functional
group. Makes the drug water soluble (primary purpose).

Reactions of metabolism 00:04:47
Phase | reactions Phase I\ reactions
mMnemonic : ORCHAD. | Depends on the conjugate.
Oxidation. Mnemonic : §AMS.
Reduction. abmnmnkbﬁonqywuwmyy
Cyclization. transterase).
Hﬂdrolgsis. Gdgcination.
N;hahchgdnwﬂmﬁon Glutathionodion.
Aromatic hydroxylation. Acetylation (o.cetgl/acgl
Deamination. transferase).
mek’nglaﬁon
Sulfation.
most common : Oxidadion ‘ most common : Glucuronidation
Are enobled b}j CYPASO enzymies Al are enobled b5 non-
(microsomal enzymes in microsomal enzymes except
endoplasmic reticulum glucuronidadion, which is enabled
bﬂ o. microsomal en%me.
CYP450 enzymes 00:08:53

* CY:Cytochrome (Heme protein thot binds ox%en).
* PASO: enzymes were first discovered in a plant pigment
that absorbed l'\sh’v of 4SOnm wawelens’ch.

Types of CYP4SO enzymes.
£q ¢ CYPIAA.
| = Denotes the ?—aunilg.
A —> Denotes the sub%mil}j.

a —> Denotes the gene isoform number.
60c6b3ecaa8dedOede7e5ea?7

aoeds eAndy
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04 Metabo
Drugs metabolized in phase | b5 Drugs metabolized in phase I\
CYP4ASO '
CYPIRA : Paracetamol, Tacrine, Glucuronidation :
ﬂweophﬂl\ine Atazonavir, irinotecan
&s’«osen

CYP3BL * Cﬂdophosphamide,
methadone

Acetylation (Mnemonic : HIPS)
Hydralazine, INH, Procainamide,
Sulfonamides, Dapsone,

CYPACA : Phenytoin, warfarin

me'<h5\odrion * b Mmercapto Purine,
methyldopa.

CYPaCI9 : Omeprazole

Activotes _nggigiogrel q
1 1

Sulfation : Steroids

om

CYPAD * 955chmric dmss,
Opioids, &eta. blockers

cYPagl : enflurane, ethanol

CYP3A4 : metabolizes > SO% of
drugs.

Rifampicin, Digoxin, Mitepristone,
&stmgen, a'athromﬂan

Omeprazole and clopidogrel, i giventtogether, competitively
inhibit each other (3 substrates %1 enzyme). Omeprazole,thus,
decreases the eftect of clopidogrel.

mMost common enzyme required for drug metabolism : CYP3A4.

Atazanavir and Irinotecan are contraindicated. in Crigler Nojjor
syndrome (&lucuronidation is affected in the condition.
Atazanavir can cause steven-johnson syndrome % Irinotecan
can cause toxicity as it is an anti-cancer drug,

estrogen (important component of OCF) is metabolized by :

* CYP3A4 in phase \

*  glucwronidation in phase I\
The waoter-soluble form ofter conjugadion is secreted into

the intestine.

Normal £, of estrogen is increased bg enterohepatic

circulotion.

Pharmacology ¢ v4.0 * Marrow 6.0 ¢ 2022
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estrogen

l

—> In liver

Phase | : CYP3A4

Phase |\ : gucuronidation
€ + 6A [H.O soluble]

* estrogen is reabsorbed from the colon, after the intestinal
bocteria breoks glucuronic acid. gstrogen becomes lipid
soluble and is token up.

In a. female on OCPs, it antibiotics are given, they Kill the gut

bacteria. (qut sterilization) —>.Decreases normal £, of OCPs

—> OCP failure.

Drug interaction 00:18:40

Seen due to-microsomal enzyme induction or inhibition.

enzyme inducers enzyme inhibitors
Increase in enzymes cause dru5 Decrease in enzyme causes drug
failure. toxicity,
eq: OCP failure because of eg* Theophylline toxicity with
Rifampicin. erg&\romﬂcin/ clar'rt\-\romgc'\n/
azithromycin (contraindicated).
ariseofulvin. Quinidine.
Rifampicin. Isoniazid,
Alcohol. Cimetidine.
enzopyrene Ctoxiry. CiproSloxacin.
Phengkoin. retoconazole.
5 Phenobarbital. Volproote.
§ Carbamazepine. erythromycin > Clarithromycin >
g St. John's wog (plephetaundedoeqdratanycin
is boiled and consumed to treat | Grapefruit juice.
depression). Diethylearbamazine.

Pharmacology ¢ v4.0 « Marrow 6.0 2022



04 Pharmacgkinetics :
Metabo Leave Feedba

enzyme induction : Increase in number of enzymes
increases metabolism and decreases plasm
concentration.

eneyme inhibition : Decrease in number of enzymes
decreases metabolism and increases p\asma
concentraion.

Theophg\\‘me con couse cardioc arrhgthm'\as. when

erythromycin is given, there is high risk of ventricular
tachycardia, ventricular fbrillation, cardioc arrest § death.

60c6b3eeaa8dedOede7e5ea7
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PHARMACOKINETICS : DRUG

EXCRETION
6006b3eeg‘98§mmgg§’/wer
soluble/polar drug excretion
|
b b
Hidnegs Liver
(most common route)
I
{ d
Tubular secretion Fitrotion
(80% excretion) (a0% excretion)

| l

Removes both free  Rempves only free
and plasma. protein drugs
bound drugs.
Fittration removes only limited amount of drug becouse it is
dependent on GFR
Filtrodion cannot remove protein bound clmss as both proteins
1 gomerulus are charged.

Rate of drug elimination (RDE) 00:02:53

Amount of drug that is eliminated per unit time (mg/hour).
As RDE can not be direcﬂg caleuloded, it is done with the help
of two parameters.

* drug clearance (m/houn) :
Amount of plasma. that is cleared of the drug per unit
time/per hour.
That is, i¥ D mg of drug is uniformly distributed in
the plasma, it is the volume (in mL) of plasma. that is
completely drug free per unit time.

* Plasma. concentraion (mg/m.
Concentrotion of drug present in each ml of plasma.
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Excretio

Therefore, RDE can be calculoted by:
RDE = Drug clearance (CD x Plasma. concentration (PC).
ml mg mq
—_— _

hour ml hour

mS/ hour = Amount of drug eliminated/hour.

Clinical application :
I Used to caleulate infusion rate/dosing rate, whenever a.
drug is given b5 continuous IV infusion.

N
p|asma
concentration
S{'ead5 st Mo
- gn’&e'& sggeeaanedOe4e7e5ea7
a™/plotean
Phase 3"‘phase
P‘phase
Time
For an oral dru5 :

Phase | : Concentrodion of the drug progressively rises.
Thewmunto?dmgabsorbedin’co’chebodgismore

than its elimination (as plasma. concentrodion is increasing
exponen’dal\5). |

Phase & : concentration of the drug is constant.

*  Called steady state plasma. concentration (SSPC).

* The amount of drug absorbed and eliminated are same.
Phase 3 : concentration of the drug is progressively declining,
The amount of drug eliminated is more than what is
absorbed,

To maintain steady stote plasma. concentration, infusion rote
should be equal to rate of drug elimination.

mnemonic ¢ IPC.

Infusion rate = RDE = PCX Cl.

Infusion rate depends on the clearance.

Active space

s’cead3 state plasma. concentration is achieved b5 4- S halt
lives (S half lives > 4 half lives).
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a. Intermittent dosing :
mMaintenance dose (MD).

Amount of drug to be given to the patient after a time
interval, %l\ow‘mg the loading dose, to maintain the drug

level ok SSPC.

Amount of drus eliminated should be the amount of drug

siven o maintain SSPC.
MD = RDE X time.
mMD = PC X ¢l X time.

mMD is dependent on dmg clearance.

Kinetics of drug elimination

00:15:15

Depends on the order of plasma concentration : 2ero order or

first order.
When the dose of a. drug is constant, clearance is constant.
ROe = (PC] x ¢
2.ero order Kinetics First order Kinetics
RDE = PC x Cl. RDE = PC X C\
For 2ero order Kinetics: For first order Kinetics :
ROE = [PCI*X Cl. Rroe = [(PC]'X Cl
ROE = | x (constant). RDE = PC x (constand).
ROE is constant. RDE & PC.

Amount of drug eliminated

per unit fime is a. constant.

Constant amount of drug is
eliminated per unit time.

Amount of drus eliminated
per unit time & to p!asma
concentration.

Constant proportion of drug

is eliminated per unit time.

whad happens when the dosage of drug is not constant ?
Half life of a drug depends on two parameters.

KURAERE L@ AR WD

* Clearance (€D

vd

vd L
. G b, = 0L93 X ——

el
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2.ero order Kinetics First order Kinetics
Eg=drusnismhen ﬁg‘drugeismhen
ROE is 30mg/hour. ROE is 30%/hour.
Dose is 100mg, Dose is 100mg,
IOOWE‘*')‘) 80"‘\3 ) —> ONE (as) IOOmS —> 80m3 > b4ms > "’SO\'\"g
- lhr e .
t,, = &S hours. %, = 3 hours.
Dose increased to aOOrnS. Dose increased 1o aOOn'\s.

300 -> | - 13 -> V00
a00mg™=> 180 * > Ko 40 > i |hrwm5 ahr B 3. -
140 2 => 130 *” = 100mg, %/, = 3 hours.
¥, =S hours. t,, ond clearance are constant
Increase in dose, increases &, despite change in dose.

and decreases clearance.

Zero order and first order dem&wﬁﬂéﬁ

2ero order Kinetics First order Kinetics
Followed b}j drugs with early Followed b5 drugs with late
saturation of elimination. saturation of eliminadion.
g9 : Drug with maximum rote of £g : Brug with maximum rate of
elimination ot Smg/min. elimination is S00Mg/min.
Dose : SOmS ose : a50m3.
Therefore, until the maximum Here, the rate of elimination
rate of elimination is reached, the | is proportional o the plasma
rate of elimination is proportional | concentration.
to the concentration. 1§ taken ot high doses, the drug
Plasma. concentration : rate of follows zero order Kinetics.
elimination | Dose : TS0mg  1000Ma,
Ing Imng Drug eliminated : SOOMQ SOOmMg,
am3 amg
3mg 3mg, Followed by most drugs.
amg : 4mg
0 T
erg : smg
bt <
lOms Sms

Pharmacology ® v4.0 « Marrow 6.0 = 2022
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until maximum rade of elimination
is reached, the drug follows first
order Kinetics.

These are called Pseudo 2ero
order dmss.

mnemonic (2 ero ATP Has Made
weok) :

Alcohol.

Theophyliine, Tolbutamide.
Phengtoin.

Hepaurin.

methanol.

Warfarin.

Onlg dms that follows true zero order kinetics is aleohol.

I¥ & patient consumes high dose of a. zero order drug

(eg : phenytoin) and first order drug (eq : carbamazepine),

the one with zero order will have more ’coxici’c&

60c6b3eeaa8dedOede7e5ea7
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PHARMACODYNAMICS : POTENCY,
EFFICACY AND DRC

Affinity, Efficacy & Potency 00:00:18

Pharmacodgnom‘\cs :
Drugs ————>Targets —— eflect

oy ]| ey |

n?-ﬁ'\ni’cﬂ :
. Tendencfj ot a drug to bind to o target.
* Dose required to bind to receptors.
'E,?—Qicacg :
* mMaximum clinical efect produced under controlled
conditions.
* effect produced,
Po’cer\c}j :
* Relative dose of a drug required to-produce o particular
eflect.
* ai/dose
€9 10 mg, Drug A : decreasesBP by 10 mmHg,.
30 mg, Drug & * decreases BP b5 10 MMHg,

Drug A is more po&en’c.
Dose Response Curve (DRC) 00:08:02
|
A J
aroded Quantal
* DRC in an individual. * In a population.
b f T 60c6b3eeaa.8%%ciggege7le:g%?r5 (\/%/ kb)
Pregnc\nc:j.
Quantal DRC ¢ Response
(sedotion) :
A
oo |
% oge of g
population <5 [ ____
|
(0]

>
>

median €D - Log Dose
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* median eD_ (efSective dose) :
Dose required to produce eftect in SO% population.
60c6b3eeaa8dem9gé§%flru8 P°+em}j
* median TD_ (Toxic dose) :
Dose required to produce toxicity in S0% population.
* median LD_ (Lethal dose) :
Dose required to Kill SO% animals.
Desceribes ’coxncrtg
* Therapeutic index (Drug safety index):
= o, — Toxici’c}j
&>, — > Potency (dose)
measure of drug safety range.
* Therapeutic window :
A concentration—time curve :

A
---------------- mTC
o Thempeu’cic
asma. window
Concentradion |~ T -—-MeL
Time

meC (Minimum efective concentration) : effect is seen only
it plasma. concentration is above this.

MTC (Minimum toxic concentration) : Toxicity begins +o
precipitate begond mTC.

The aim is to maintain the plasma. concentration between

mec § mTC.

Graded DRC 00:20:26

Qesponse
(sL &P {

A %)
C
LW . RN e /
E : | > Log dose

eﬂicacfj :BYAYC (Heigh’c Or slope of DRC : Taller graph—
ther &?-Qicacg.

oords eAIY
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Potency : A > & > C (Position of DRC on dose axis * less
distance $rom the ¥ axis, more potent).

ARinity : A > & (nﬂmg can be compared only it the drugs
act on the same karse{“@afii@iapgm?gﬁ°m

23 :
A : enalapril (ACe inhibitor).
& : Captopril (ACe inhibitor).
C : Nifedipine (Co™* channel blocker).

Response : Same for all 3 drugs (Decrease in &F).

Potency e?-‘éica% * Can be compared, even it targets are
difterent.

Ainity : Cannot be caleulated (difSerent targets).

Pharmacology ¢ v4.0 ® Marrow 6.0 ¢ 2022
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PHARMACODYNAMICS : DRUG
RECEPTOR INTERACTION

60c6b3eeaa8dedOede7e5ea7

Types of Interactions 00:01:37

For £, We have f receptor § four drugs (8, 8, ¢, and D)
B, maintains the heart rate ot 70/min. (drug
induced max HR : 300/min, min HR : 40/min]J
* Drug A increases HR to 300/min —> Full agonist
* Drug ®: increases HR +o IS0/min — Partial agonist
* Drug C: HR remains 70/min —> Antagonist
* Drug D decreases HR o SO/min —> Inverse agonist

Full agonist : A drug thot on binding produces the maximal
effect. 1g: +.
Partial agon‘\st ‘A clms thot on bind'\ns produces the
sub-phaximal effect. 12 : 0 4o +l.
Antagonist (MC) : A'drug that on binding produces no eftect
(net ef%ect by preventing agonist actior.
e : 0. most drugs are antagonist.
Inverse agonist : A drug that on binding produces an opposite
efect. 1e: 0to -

Intrinsic efSicacy (1) : mathematical representation of
efect.
max effect : +.
No efSect : 0.
min effect : -1,
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Drug Recept0
Interaction
Types of Antagonism 00:08:54
Pharmacokinetic Chemical Phgsiological
Anfasonize b5 ac’dns F\n’msonize b5 nn&asonize b}j
on pharmacokinetics. | binding § producing an
neutrolizing the | opposite efect on
&g, Charcool — Aleohol. efect. ditferent
Q‘\?—ampicm - OCP. &9 Protamine receptors.
sulfote (+ve) :
Heparin (-ve). 2.0, Histamine (H) :
chelaﬁng agen’t ¢ | Bronchoconstriction.
Iron/Copper. adrenaline on (Ba) :
eronchodilotion.
B, agonists are DOC in bronchial asthmo. but not in COPD (no
role of histamine).
Competitive & Non-Competitive antagonism  00:14:25
COrrpet‘rﬁve antasonism : also Known as pmrmamlosical
ankason'\sm. ,
60c6b3eecaa8dedOede7e5ea7
Reversible (M) Irreversible .
&3 £g
l0omg drug A — causes an effect on 100 Organophosphate.
enzymatic sites (efSect : 100%). Proton pump inhibitors
loomg drug & (Competitive antagonisD—> | (PPD.
tokes enz5nnhc SO sites. clopidosret
J Aspirin.
Orug A left with SO enzgmatic sites
(e$Sect down by SO ).
¥
| Orug A dose increased to a00mg in
presence of drug @.
J
aOOmsorusnnowoperatesatloo
enzymatic sites (effect : 100%).
d
Right shit of the dose-response curve. g
e.?—&‘icacg : nocho.nge. menocl'wxse 2
Potency : decreases. Km increases. §
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Dose response curve

Non-Competitive antagonism : Similar o irreversible com-
petitive antagonism but acts ok different sites.
&g
100mQ drug C —> causes an effect on 100 enzymes ok
the enzymatic site (efSect : 100%).
l00omg drug D (Non-Competitive an’cagonis‘f) — tokes 30
enzymes (allosteric sites).
J
Conformational change in the enzymadic sites of these
30 eneymes.
Drug C left with fo enzymes (efSect down by 20 %).

Drug C-dose increased to 200mg in presence of drug O.
)
No effect was seen.
* Decrease in the height/slope of the dose-response
curve (no shit.

kumarankitindial@gmadl.ceffticacy ¢ decreases, vV, decreases.

eoeds ey

* Potency: no chamge, K, no change.

N
(b
C+D
No change
. >

IOOIT\S

Dose response curve
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Michaelis Menten Equation 00:23:26

v= Vmox x[(D]
rm+(D]

V: v'eloci’cg/ speed of reaction.
Vmox : Moximum speed of reaction.
(o]l Drug concentradtion.
60c6b3eeaa8dedOede7e5ea7

Km : Menten’s constant.
To find out Km, suppose Km = (D],

ThenV=Vvmox X[DJ=vmax X (D] =1/a0f vmoax.

(OD] alo]

menten’s constant (4 ) is drug concentration ot which the
speed of reaction (V) is half of the max speed V).

* K s inverse|5 pmporﬁona\ ‘o po’cencg.
* Vv _is direcﬂg proportional o e?%icacg.

Pharmacology ® v4.0 « Marrow 6.0 ¢ 2022
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PHARMACODYNAMICS : RECEPTORS

Ligand gated ion channel receptors 00:00:30

examples
&ReR, (GPeA, : & protein
coupled receptor). binding
Glutamode receptors : :
NMDA, AMPA, Kainate.
Only | receptor o¥
Sero’conersic
53s’cem IS SHT,
(Others ePCR)

Nicotinic receptors :

60c6b3ecaaddedOedeTmBendeeptor is a pentameric structure.

aoeds APy

K is an ace’(5| choline So&ed Na. ion channel recep’cor.
usand Sodced ion channel receptors are the fostest acting
reoep’cors.

muscarinic reoeptors are GPCR.

Enzymatic receptors and nuclear receptors 00:05:45

&n25wnﬁc receptors : ugomd binds to recep’cor — Aetivates
enzyme inside the cell.

Tyrosine Kinase | Vaseuloendotheliol growth factor receptor
receptors (vesFR),

gpithelial growth factor receptor (E&FR),
Her—a receptor; Insulin receptor;, IGF-I receptor.
A1 Qanus Kinase) | Growth hormone receptor, prolactin receptor,

receptor ca'coKine Y S.
Guanylote cyclase | Atrial natriuretic peptide (AP,
receptors @rain natriuretic peptide BNP).

Serine/threonine | Transforming &rowth Factor Receptor (TeFR).
Kinase recep&or

Pharmacology ® v4.0 « Marrow 6.0 ¢ 2022
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cell Qecep’mr
®
Nuclear receptors :
Slowest achns Y4 S,
Located in Nucleus Locoded in Cﬁ’top\asm
T3/T4 receptors. Vitamin D receptors.
Vitamin A receptors : androsen receptors.
RAR : Retinoic acid recep’cor. mineralocorticoid r Ys.

RXR : Retinoid X receptor. | ¢\, nheorticoid receptors.
PPAR : Peroxisome Proliferator
Activated Receptor.

Estrogen receptor.
Prosaeterone receptor.

G protein coupled receptors (GPCR) 00:13:01

it is the most common target for drugs.
ak.a T iransmembrane receptor, heptahelical receptor,

serpentine receptor or metabotropic receptor.

Receptor stimulated (in inactive state: GDP binds O subunit)
&OP phosphorylated to &TF.

@ subunit carrying TP dissociates from B andy

gTPase ac’d\ﬁkg of O subunit

QTP = gD

v
o subunit ond &DP return 4o B and Y
subunits. 60c6b3eeaa8dedOede7e5ea7

Hence, O is the most important subunit.
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Receptor (R)

1

~ Passes 7 times

N0
N o
Po‘)aop

memeroane

T

gTPase

Classification of G protein coupled receptors  00:19:16
Based on O subunit :
s &S a9,
To,-are T dc= atp q: Leamp 4
N ‘ Open K’
Stimulotes Stimulotes chamnels |o oo xation|
Adenylate cyclase. Phospholipase C. ‘
J N/ & : J Co?"
T camp Teipa : ereas Open K’
J down channels ¢
Stimulates protein into 1P,
Kinase : andDR&. | &/ & subtype in heart —
J reloxation of
In smooth muscles P, : A muscle (M,
*® mLce (o), o receptors).
JC) w]?.elaxo&\on O, receptor
6 sublype)
N2
Contraction

ku.éwrankitindia1@gmail.com
(]
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In cardiac and skeletal | DAG : Mero gTP
muscles: @ membrane J

®ca® channels : Protein Kinase. | stimulates Rho Kinase

1\00?innx$des \

J Smooth muscle
Contraction ageuxﬁmﬂn contraction.
blood vessels :
Salbutamol acking on Vasoconstriction. Rho Kinase inhibitors :
Ba receptors : Fasudil :
Lung : eronchodilation. Oxgkocin Couses
Cardiac and skeletal causes smooth vosodilotodion.
muscles : Palpitations muscle contraction used in stable
and tremors. of uterus. angina, cerebrol
vasospasm §
ﬂwwpﬁﬂmebbd$ pwnwmng
phoqijfﬂeﬁennua hgpa*engon
Increases cAmMPe. Netarsudil :
J usaihnskuuwnux

eronchodilation.

Cyclic AMP is metabolized by Phosphodiesterase 3/4.
rnLCP=rn5osk\hshkchak\phospho&ase.

MLCK : Myosin light chain Kinase:

PIP, : Phosphoinositol bisphosphionates.

1P, * Inositol triphosphote.

DRG : D'nc3| SlgceroL

60c6b3eeaa8dedOede7e5ea7
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DRUG DEVELOPMENT

Pre-clinical trials 00:00:33

A protocol is made.

Submitted to animal ethical committee,

Permission has to be given to conduct pre-clinical trials under
CPCSEA Guidelines (Committee for Purpose of Control and
Supervision of experiments on Animals).

Clinical trials 00:03:11

Done on humans.

A protocol is made.

Submitted 1o human ethical committee.

The permission has to be given to conduct clinical trials
under &CP guidelines (Good Clinical Practice).

To conduct 4rial in Indioc:
* Human ethical committee’s permission.
* Regjstration of trial with ICMR.

. 60c6b3ecaisdRETRIETEEY be taken $rom Drug controller &eneral of

eoeds eAnoY

Indio. (OC&D.

Phase 1 clinical trials 00:06:13

Following aspects of the drug are ossessed :
Toxicig.
mMoximum tolerable dose is determined.
Pharmacokinetics

namics} nlwoujs phase |

Phase | is a.k.o. human pharmaco‘ogfj omd’coxici’cg studg.

Open label triols.

Control - placebo.

Duration : I-3 years.

Participants : Normal healthy volunteers (30-100).

exception ¢ Patients in anticancer drugs, anti HIV drugs trials.
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Phase II of clinical trials 00:14:08

Following aspects of the de are assessed :
Dose range is determined,

E?—Q\cacﬂ l OPe“/bhnded randomised %M%%Hﬂ%eaek%w

Sa¥e’<5 and e¥-\‘nca;:5 are determined in comparison to
standard drug or placebo (Standard drug > placebo).
Potients : 100-S00.

Duration: & - 3 yrs.

Moximum drug failure : 1%

Phase I\ is aka therapeutic exploratory trial.

Phase III of clinical trials 00:20:13

Replica. of phase I\ with an increased number of patients.

It leads to decreased errors.

Following aspects of drug are assessed

Safety open/blinded randomised coftrolled/

&S!-‘}icacg uncontrolled trails.

Safety and efficacy are confirmed &s compared to control.
Patients : SO0 - 3000. (Standard drug > placebo)
Duration: 3 - S Years.

Phase Il is aka. therapeutic confirmatory trial.

er phase I\l, new drug applicadion is submitted by
company to Food and Drug Administration (FOA in USA, COSCO
in IndioD.
Headquarters of COSCO : New Delhi.
COSCO : Central Drug Standard Control Organisation.
FDA or COSCO gjives permission for marketing,

Phase IV of clinical trials 00:29:14

AK.o posf mrKe’cing sunveillance.
Open label trials on many thousand potients.
Hos no spec'\“c duradion.

Active space

To find out adverse drug reactions (both rare and long term).
Drug - drug interaction can be found,
Can find new aspects of drugs : €9, Use of sidenafl in
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erectile dysfunction (it was I used for treatment of
pulmonary hypertensior. '

New routes of administration.

New dose range.

New age group.
effectiveness of the drug.
Compoany needs to submit PSUR (Periodic Sofety Update
Report) to COSCO once a. year.

kumarankitindial@gmail.com

Recent advances in clinical trials 00:34:35

Mon-—mando&orﬂ trials.

Phose 0:
Also Known as m'\crodosmg.
Before phase-|.

100 meg,
Dose of the drugs <
100" of normal dose.

Drugs are attached to.d-radioligond : helps to %Sure out the
pharmacodgmm'\cs and Kinetics of the drug.

Drugs ore S'Nen to normal heal’ch5 volunteers.

$amp|in3
$ J
Pharmacokinetics Phanmcod\njnmn'\cs

1§ ony aberradion is found, it helps to abort the clinical trial
even before beginning it.

Phose v :

Also known as Pharmcoep\demiolo&tj.

Involves case control and cohort studies.

Done in case of inconclusive reports in phase Iv.
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PHARMACOGENETICS AND
PHARMACOGENOMICS

Pharmacogenetics and pharmacogenomics 00:00:24

Pharmacogenetics Pharmacogenomics
effect of genes on drugs. Individualizotion of drug
Genescodeﬁbrenqgnesand therapy in a patient based on
recephxs=1b;3ek¥ordng¥; pharmacogenetics.
\$senesorernonepou£r%n=
Dngagamuetu&hrnnnoldmua Tbayadckqg¥amue=1\SXﬁe.
\¥Senesorelesspnuxxmn=
Drug toxicity with normal dose. | To avoid drug toxicity : J dose.

Variable effect of drug based on genes is a/w/a idiosyneradic

reaction.

Examples of pharmacogenetic conditions 00:05:52

Target polymorphism:

l. VIKORC | gene polymorphism (Vtamin t Oxide reductase).
NOTTT\GI\\lj,

warfarin
/\nhibi’cs

Vitamin K ——> Active vitamin K — Y—carboxg\ase

J
Activakes 1\, VI\, 1X, X
coasulo&ion foctors

60c6b3eeaa8ded0¢4e7e5ea7
Protein C § S (anticoagulonts)

I¥ VIORC | gene more or less powerful : T or 4 vror -
more or less activation of cuoagulo&ion foctors and
warfarin will have varioble efSects (monitor PT/INRD.

Active space

a. YR gene polgmrphism
Halothane/ ugnocadne/ Succinylcholine Tewr >
Co* efflux — reuptoke b5 Co?* ATPase with the use of
ATP
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¥ RYR gene is more powerful = T ¥R on
sarcoplasmic reticuum.

\g
Holothane/lignocaine/succinylcholine acts on all
receptors.

60c6b3eeaa8dedOede7e5eh7
TMea reuptake by Ca* ATPase

utilization ot ATP produces heat
J

mod'gmn{' hgper'chermia

3. Angjotensin converting enzyme (rce) polymorphism :
Decreased effect of ACE inhibitors.

4. B, receptor polymorphism :
Decreased effect of B agonist.

S. HM&- CoA reductose polgmorphism :
Decreased effect of statins.

Enzyme polymorphism 00:14:20

1. CYPADL polgmorphism :
CYPADL metabolises psBchiodcrg drugs like
antipsychotics § anti depressants.
maypo clinic guidelines before preseribing : mandatory
CYPaDb 3er\o’<591n3.
d cyPan
& Al
Imetabolism UActivation of tamoxifen
N N%

T’roxuci’(B of drugs Jdendoxiten
J

Unhibition of estrogen receptor
in breast.
J

Tamoxifen failure

ooeds aAOY
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a. CyPaco polgmorph'\sm :
CYPACQ gene : Metabolises warfarin.

\$ cYPaco gene more or less power ful,
metabolism of warfarin : variable efSect.

CYPACQ polgmorphism and VKORC | gene pol5mrphism
are responsible for variant effect in atleast as% of
poplnaﬁon.

3. CYPACI9 polgmorphism :
cYyPac9 enzyme octivotes c\opidosrel.
Gene less powerful = CYPACI9 enzyme — Jactivotion
o¥ clopidogrel
N%
T Risk of myocardial infarction.

4, 6u’c3qjl cholinesterase polgmorph&m :
Butyryl cholinesterase (in plasmad Metabolises
Succmﬂlchohne.

4 metabolism of suecifyleholine — TefSect § prolonged
apnoea.

S. §bPD polgmorphism :
&PD deficigney couses TEgrafisahinury to
ergﬂwrocg’res : Hemolgsis.

menadione

Anti molariols (primaguine, tafenoquine > chioroquine)
Nalidixic acid, Nitrofurantoin.

Isoniozid

Sulfonamide, Dapsone g
- | transfer | hism : 2
b. N ace’cg ansrerase polymorphism :
4 Y
NAT | gene NAT a gene
®ast acetylators) (slow acetylators)

Fost ace’rgla&ors couses drug failure.

Pharmacology  v4.0 * Marrow 6.0 « 2022



50 General 10
Pramcson

Slow ar,e'cglodrors couses dmg toxic‘ﬂg.

eq: Isoniozid’s parent compound is responsible for peripheral
neuropathlj. s metabolites couse hepako’coxic‘:’nj.

Fast acetylotors : Hepatotoxicity (ncreased metabolites).

Slow acetylators : Peripheral neuropathy (H‘Sh level of parent
compounds).

kumarankitindial@gmail.com

eoeds oAy
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THERAPEUTIC DRUG MONITORING

TDM 00:00:12

Principle : The plasma. concentration of o drus should have a.
3ood correlation with either efects or side-efects of the

dmg.
Timing : TOM is done ofter 4-S T ;ie. abter achieving the
stead5 stote concentration.

Indications :

* £ the clinical ef<ect of a drug cannot be easily measured,
e, antiepileptic eftect.

* Low therapeutic index, €., theophyliine, lithium, digoxin,
antiepileptics, \anﬂps&cho’dcs, amim3|5wsides,
Methotrexate, cyclosporine/tacrolimus, antidepressants.

* To check compliance, e.g. antipsychoties.

* To prevent organ/fetal damage, e aminoglycosides are
nephrotoxic, but are used in case of renal failure.

* Female on Valproote,

Pregnant — Continue Valproate and do TOM.

Planning for pregnancy —> drug free interval = Seizure —
DOC in pregnancy Levetiracetam (Aternative is
Lamotrigine/Clonazepan.

* For drugs with variable effect, e.g. drugs metabolised by
ace’cglodc'\on.

TDmisno’cneededindmsss,uchas,

Beta blockers : 8P can be monitored,

Orol hﬂposlgcaem'\c agents: Blood glucose level monitored.

Warfarin: PT/INR monitored.

60c6b3eeaa8dedOede7e5ea7

Active space
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ADR AND
PHARMACOVIGILANCE

Adverse drug reactions (ADR) 00:00:16

It is o potentially harmful/ unpleasant reaction associated
with the use of a drug, which warrants :

* Avoidoance of future use of a drug,

* Decrease the dose/stop the drug,

* Treot the ADR.

Types o} ADR :
.. Type A (nusmeMed) s
* example : CCBs > Headache.
@, blocker > Postural hypotension.
* Dose-dependent:
3. Type & (Bizarre):
* Not relofed to MOA of the drug;
* example : B-loctam —> Hypersensitivity,
60c6b3eeansdedtziegcEenent
3. Type C (Chronie) ¢
* example : HPA suppression with steroids.
* Dose § time-dependent.
4. Type D (Delayed) :
* &xomple Temtosen'\ci'c\:j.
Carcinosenicih:).
Tardive dgsKinesia.
S. Type & (end of use) :
* exomple : Opioid = withdrawal s5mptoms.
Clonidine = withdrawal HTNL
6. Type F (Failure) :
* example : Rifampicin causing OCP failure.

eoeds eARdY
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Pharmacovigilance 00:10:18

* Done to detect ADR.
* Pharmacovigilance program of India. (PVPD.
* National co-ordinating center (NCC) *
Indian Pharmacopoeia. commission (IPC) —> ghaziabad

LP).
Procedure :
The poeden’c presenks with ADR
N
Hospitals § medical colleges (Government 5 private)
N

Treat § report ADR through sottware Vigitiow
J

NCC
%

Conclusive ADR repor&
NS

60c6b3ecaasded0ede7EBERA A€ to COSCO
(Central Drug Standard Contrel Organizokion)
J

. Inform company —> Drug’is banned —> drug withdrawn.

a. Inform Doctors.

3. Inform patients.

4. Inform Intemational Pharmacovigilance Centre in
Sweden : Uppsala. monitoring centre = Inform other
countries o continue pharmacovigilance.

Sweden has the largest ADR dotabase : Vigibase.
mMCC for banning a. drug ¢ hepatotoxicity,
Aim of pharmacovigilance : To maintain drug so&e{-}j in the
soc'\e’cg.

ADR is o two woy process.

Active space
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INTRODUCTION TO AUTONOMIC
NERVOUS SYSTEM

Autonomic nervous system 00:01:33

The term autonomous means on its own (involuntary).
Autonomic nervous system (ANIS) can broadly be classified into :
* Parasympathetic nervous system (PNS) :
Cranial part : 1Wl, V), IX and X cranial nerve nuclei
Sacral part : $3 — $4 segments of the spinal cord,
PNS is of craniosacral origin.
* Sympathetic nervous system (SNS) : It derives its origin
$rom T — L3 segments of the spinal cord, SNS is
thoracolumbar in origin.

kumarankitindial@gmail.com
For example,
W eranial nerve nuclei.sipplies the pupils. Pupils contract
when stimuloted,
The action potential (AP) propagoted from the nuclei is
intercepted by gangion (collection of neuronal bodies) which
then transmits it to the pupils causing it to contract.

The neurotransmitter (Acetylcholine) in the presynaptic
neurons stimulodes the receptors (Nicotinic) present in the
posksgnap’dc neuronal membrane.

Nicotinic receptors are sodium ion channel receptors.

The AP depolarizes the presynaptic membrane causing the
voltage goted Ca®" channels to open which will pump caleium
into the neuron.

The Ca®" ions will lead 1o the fusion of vesical and neuronal
membrane thus releasing the neurotransmitter.

The neurotransmitter released into the synaptic cle®t
stimulates the nicotinic receptors which causes the sodium
channels to open.

The sodium influx leads o depolarization of the postsynaptic
neuron and the AP is resenerocted.
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The AP originotes from the thoracolumbar segments in the
SNIS which is received by the ganglions (pre paravertebroD.
The ganglion regenerates the AP and propagates it towards
the organ of interest.

The receptors in the ganglion are alwaﬁs nicotinic neuronal
(N subtype.
The receptors in the postganglionic segment is either
muscarinic or nicotinic in PNIS.
Acetycholine is the neurotransmitter of postganglionic
segments of PNS,
The postganglionic receptors in SNS are either & or 3.
Norepinephrine is the neurotransmitter of the postganglionic
segments of SNS.
60c6b3eeaa8dedOede7e5ea7
exceptions in SNIS
* Acetylcholine (Ach) : Adrenal and sweot glands.
Sweating is a feature of sympathetic-overdrive
mediated by Ach and thus cannot be controlled with
B blockers. |
* Dopamine : In renal blood Nessels, dopamine causes
vasodilatadion § more plasma. moves into the
Kidney raising (6FR) causing diuresis.

Parasympathetic nervous system 00:18:56

Acetyleholine is the universal neurotransmitter of PNS.

* Itis synthesized $rom Acetyl CoR (from mitochondria of
neurons) and choline (from systemic circulation) by
Choline acetyl transterose. Ach enters the vesicle and is
stored there.

* AP opens the Ca®* channels leading to calcium influx. Th
Co® ions couse the vesicles 1o contract until it fuses with
the presynaptic membrane.

* fchis released into the synaptic clett § binds to the
muscarinic or nicotinic receptors.

* Achis ‘mmed\akelﬂ metabolized b5 nce’cﬂldwolhe esterose
(true choline esterase) present in the synapse.

Active space
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Plasma. choline esterase is present in the blood. It is also known
oS Pseudocholine esterase or 6u+5r5Ic\'\o|ir»e esterase.

Acety| choline esterase (ACHE) has two sites :
I. esteradic : Has enzamo&ic ac’dv‘n’cg thot breaks down

ester bond,
a. Anionic : Mega’c‘\velﬂ charged
Choline is positively charged, and it immediately binds to the
anionic site. The esteratic site breaks the ester bond
releasins oacetate and choline.
The choline is taken back into the presanap’dc neuron and is
called choline reuptake. It is the rote limiting step in the
synthesis of Ach.

Drugs acting on synthesis of acetylcholine 00:28:43

* Hemicholinum : Choline reuptake inhibitor.

* Vesamicol : Prevents entry of Ach into the vesicle.

* Aminoglycosides #Blocks the voltage gates Ca®* channels
on the pr655mpﬁc neuron preventing Ach release.
K causes-neuromusculor toxicity and worsen diseases
like myaisthenia. gravis (antibodies against N receptor
leading to fatigue). Ca™ can be used as treatment.

60c61 3687 2HRREADEBAHA Botulinum toxin : Directly blocks the

release of Ach.
gotulinum toxin coauses botulism. Blockade of Ach
release prevents stimulation of N receptor blocking
muscle contraction. The cause of death in
botulism is respiratory parolysis. Infant botulism or
Sloppy infant occurs due to the parolysis of muscles.

Classification of PNS drugs 00:36:39
§ ;
F (PN )
g
Cholinergic el (Anticholiner gjc)

( pirect indirect ) ( Direct }L( Indirect )
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Direct cholinergie dmss bind directly to the receptors and are
agonists of Nl or N receptors,

ndirect chohners‘\c drugs act bg \r\h\b\ﬂns ACHE,

Direct anticholinergic drugs dlmcﬂg block the N or N
receptors.

Indirect anticholinergies decreases the level of Ach,

example : Aminoglycosides, B-Bungarotoxin § Botulinum toxin,

Botulinum toxin/botox 00:40:34

eo*oxcm;sesrelaxo.ﬂono?*hemscleuhenmecfed,\kwn
be used in treatment of :

* Dgs*on'\o..
» D5$Kines‘n.
* Migraine propl15laxs It decreases the caleitonin aene

related tide (CeRP) rel . kumarankitindia1@gmail com
* Achalasia cardia. QQ\'QJ
. )

Cosmetology \\OQ

S
<
Receptors in PNS : @

* muscarinic (M) : These Qc@&—pmfem coupled receptors.
* Nicotinic (\) : These o.r@sodum ion channel receptors.

[ Nicotinic ]

[ museular ) ewronal () |

-\

Neuwromuscular * CNS
Junction . Qo.nslion
' * Adrenals

J :
When the N receptors in the CNS are stimulaed, it couses a §
sodium influx leading to depolarization (excitation.

Seizure is o presentation of nicotinic poisoning as there is

excessive excitation.
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N, receptors in the ganglion is involved in the regeneration of
AP propagated along the neuronal axis.

Stimulotion of N receptors by Ach in the adrenal medulla leads
to synthesis of norepinephrine.

i is then converted into epinephrine by cortisol. gpinephrine is
then released into the plasmo.

Stimulodion of N receptors leads to contraction of muscles.
In myasthenia. gravis, antibodies are produced against the

N receptor. Blockage of N_ receptor leads to decreased
muscle contraction cousing ?—oddgue.

Muscarinic receptors 00:49:36

m, M, and M_ subtypes are aqSub’cﬂpeo?-aPCQS.Their
stimulotion cause an increase in Co levels.

m, and M, are &, subtype 0% &GPCRs. Their stimulation
causes relaxation by decréasing Ca™, Cyclic AMP and by
opening K" channels.

m_ond M, are mong present in CNIS and has no clinical
significance.

m, recep’cors ore presen’c in CNIS and its stimulation couses

increased cosni’don.

Retrograde amnesia. in Alzheimer’s disease is due 1o death of
) ) GOCSL?geea 8dedOede7e5ea7

chohners\c neurons or t0 decrease in

Taclifensin is a. new m, receptor agonist which can be used in

the treatment of Alzheimer’s disease.

m receptors in GIT are responsible for increased secretion of

HCL

m, receptors :
* T : Contraction.
. Sadivar5 glands : Salivation
* @ronchi : Bronchoconstriction.
* gladder: Detrusor Contraction.
* Circular muscle of iris : Contraction and miosis.
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* Blood vessels : Present in the endothelium and
smooth muscles.

Increased Ca™ stimulates Ca** dependent endothelial
nitric oxide synthase (ENOS) to produce NO leading to

vasodilotation.

Inereased Coa®' in smooth muscele leads 1o contraction.
The msodilod:org eXect is more prominent than
vasocon&ﬂc’corg efect. The net effect is vasodilation.

M, receptors

13

00:57:34

It is present in the heart. PNS primarily supplies the nodes
(Sinoatrial and Atrioventricular).
Stimulation of M_ receptor leads tompfigtisingip tpamriecom
Iead'\ns to decreased heart rote and AV node leading to

conduction block.
Locadion Cholinergjc | _cAnticholinergjc
CAS (cogni’dor\) Inc Dec
alT secretion In¢ Dec
&IT contraction Inc Dec
Gland secretion Inc Dec
&ronchi Inc Dec
(Bronchoconstriction)
Blodder nc Dec
(contraction)
Detrusor Inc Dec
Circular muscle of iris | Inc (miosis) | Dec (mgdmsis)
Heart (rote § Dec Inc
conduction)
Ine : Increase.

Dec : Decrease.

uses o anticholinergjes :

* Peptic ulcer disease.

* Anti-spasmodic.

* Pre—anesthetic medication to decrease secretion.

Pharmacology * v4.0 * Marrow 6.0 « 2022
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* gronchial asthma and COPD.
* Qveractive bladder.
* mudriod

ero.dgcard‘uandcond;.cimbbch

meso?chormrs'm=
* &astroparesis.
s Po.rnlgkic‘\leu.s
* Xerostomia.

. elo.ddero&on&

* miotic.

%Mmo?cholinersicpoisonkg=
* Diarrhea.
* excessive salivation and lacrimation.

*  urination. (’)\'QJ

* Pinpoint pupil ‘Ogo*\

. ero.dgco.rdnoa\&g&mdmhon block.
Symptoms of g@?&\oli\ersic poisoning :

* %RﬁgaanedOedehSeﬂ

* Constipation.

* Oy mouth.

* Urinary retention.

* mydriasis

. Tadwaco.rdia.
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CHOLINERGIC DRUGS

Cholinergic drugs 00:00:18

Stimulates the parasympathetic nervous system PND.
Cholinergic drugs can be broadly classified into :
* Direct acting : Direcﬂg binds 1o the nicotinic or
muscarinic receptor.
* Indirect acting : Blocks Acetyicholine esterase (AChE)
increasing the level of acetyleholine (Ach).

( Cholinergic drussj

[ Muscarinic agonists )____.[ Niicotinic ‘aaon'\s&s J
Amines/ Cﬁ'}ea N

Alkoloids Choline esters

(.Nicotine
a. Varenicline

3. %ﬁs’ne
I. Pilocarpine : Ace’c5lchohne
4. Cevimeline a. methacholine
3, Bethanechol
4. Carbachol

Nicotinic agonists are used 1o treat smoking dependance.
Amides can eross Blood Brain Barrier (B28) as they are lipid
soluble. Hence, they can be used in CNIS diseases.

Central side efSects are common.

Choline esters cannot cross 626 as ’cheg are lipid insoluble.
No central side effects and are used to treat peripheral
diseases.

Amides

* Pilocarpine :

Used in the treatment o xerostomia. (dry mouth) seen in
sieco. or sjogren’s syndrome.

Drug of choice ®oC) in closed angle glaucoma. as it is a miotic

ogent:
i increases trabecular outfiow b}j mMIoSis.

Pharmacology * v4.0 « Marrow 6.0 » 2022
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Other miotic asen’cs include :
. Phgsoshgmmé |
* echothiophote ACHE inhibitors
* Fluoshgmine

Cataract is the common side efSect of ACHE inhibitors. Hence
’che3 are not pre?erred over pilocarpine.

Common side effects of miotic agents 00:10:06

Accommodation spasm : M, receptors are present in the
muscles involved in accommodation as well as the circular
muscle of the iris.

erow ache (headache ot the level of brow) can be seen due
o accommodation spasms.

Retinal detachment may occur due to the muscle spasm as
well.

R0 cihS esdaticedRed efieBeqym, receptor induced calicum
increase in the muscles ot accomodation.

* Cevimeline is‘an amide usedonlg in the treatment of
xerostomialand is more efective compared to
pilocarpine.

In an acute attack of closed angle glaucoma/acute
congestive glaucoma, IV mannitol is the first line drug as it
normalizes |0F.

Pilocarpine is used on|5 to maintain normal 0P because iris
muscles would not be able to relox because of increased
pressure.

Choline esters 00:14:55

This class of drugs include acetylcholine and its derivadives.
when used as a drug, ace’qjlcholine is metabolized b3
pseudocholine esterase in the plasmo.

Drugs metabolized in the plasma. are very short acting and
do not have any systemic use.

aoeds eAoY
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Hence, acetﬂlcholhe is used as o topical miotic asent n
ocular surgery,

Other drugs metabolized b5 pseudocholine esterase are
* gsmolol : Shortest acting beta blocker.

* Clevidipine : Shortest acting CC8.

. Succ‘ngl choline : Shortest ac’ms muscle reloxant.

* Remitentanil : Shortest acting opioid.

ot B lon of Ach i rlﬁjsr'r‘?;ran i’g?nﬁla%@gmali.g?wen
esterase.&iscal\edme’chacho\ineandislonser acting than
Ach.

methacholine : M_> m/m, and has Moderate nicotinic efSect.

Ach derivatives resistant to both true and pseudocholine
esterase :
* Bethanechol : m/m > m_,
No nicotinic efect. \Q?
* Carbachol: m/m>m,. Wm@'&(*“)
Maximum nicotinic effect. 6\\\
&
Carbachol has maximum nicotinie side effect. Hence, does not
have any sgstemic use. it is @ed’copical\a 0s:
* miotic agent for ocular surgery,
* Closed angle glaucoma.

methacholine i used in bronchial challenge test to diagnose
bronchial asthma. as it is shor’cac’dns.
it acts on M, receptor in the bronchi (M. is present in the
heard.
Peripherol eftects of cholinergic drugs are seen in

* muscle.

* qlT.

* pladder.
Bethanechol increases contraction of the bladder and can be
used in bladder odony.
It can also be used in gastroparesis and postoperative
pamlahc ileus.
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Indirect acting cholinergics 00:33:42

They are inhibitors of ACHE and are broadly classified os
* irreversible : Orsanophospha’ces.
* Reversible : Carbamates.

Organophosphate Compounds (OPC) :

ACHE has esteratic and anionic sites.

OPC binds 1o the esterotic site with PO, bond.

PO, ~enzyme bond is extremely stable. One of the bonds
between phospohorus and oxygen in PO, breaks with time.
This process is called ageing

Now, OPC binding becomes irreversible. Also, they competitvely
inhibit ACh.

Oximes are posi’dve|5 charged molecules which binds to the
anionic site.

Theg break PO,-enzyme bond and liberates OPC.

They are called ACHE reactivators. They are eftective only i&
the anionic site is free.and in the absence of ageing,

oPC druss :

* warfare agents : Nerve gos. &9, sarin, cyclosarin,
tabun,Vx and soman.

* Clinical use : gchothiophote (can cause cataract and iris
%Sts) and qugatéggggeeéanedOe4e7e5ea7

* Insecticides and pesticides : gasily available and
commonly used in cholinergic poisoning,

Symptoms of cholinergjic poisoning *
. F\g'rto&ion.
* Increased salivation and lacrimadion.
* eronchospasm.
* Increased urination.
* Pinpoint pupil (micsis). Also seen in opicid poisoning.
. eradgcard'\a.
DOC is adropine (ifesaving drugy.
monitoring o. patient for adequate atropinization :
* Commonly monitored is pupil size (dilatiory.
* most specific : Respiratory secretion.

eords Aoy
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Atropine has onlB anti-muscarinic action. Oximes are given to
reverse nicotinic symptoms and are the most specific drugs in
OPC poisoning,
examples of oximes include

* Pralidoxime : most commonl5 used in Indio.

* Obidoxime.

* Diacekg\ MOoNo oxXime.

Carbamates 00:52:26

Carbamates bind o both sites of ACHE. Hence, oximes cannot
be used to reverse carbomate poisoning,
gut the bindins can be broken after some time. So, 60c6b3eeaa8dedOede7e5ea7
carbamates are called pseudo irreversible inhibitors.
They can be broadly classified into :
* Tertiary amines : Can cross 86, examples include
b Phﬂsoshgm'\ne.
a. Q‘\\/ashsm'me.
3. golontamine.
4, Toerine. Non-carbasmotes
S. Donepez\l.
3 Quodremarg oamines : Cannot cross 628,
Physostigmine is derived from calabar beans of the plant
(natural source) called Physostigma. venenosum.
K is used in the treatment of closed angle glaucoma. and is
the DOC for anticholinergic poisoning like *
* Atropine ’coxici’cg.
* @elladonna. poisoning,
* Dokura poisoning : The thorny $ruit contains atropine
like compounds.

Active space
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Phgsoshgm venenosum Datura.
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Symptoms of anticholinergic poisoning :
* Delirium.
* Dilated pupils (mydriasis).
* Dy mouth.
* Decreased urine output or urinary retention.
* Constipation.
. Tachgcardia.

Ter-l'iarg amines like rivastigmine, galantamine, tacrine and
donepezil are used to reat Alzheimer’s disease.
Donepez%l is the DOC.

Quaternary amines g 01:03:09

AR
asthenio. Gravis (?né r-\n’nbodtes compehhve\g inhibit Ach
in Jc\r\e Nm receptor decreasms muscle contraction.
Quatermary amines block ACHE: Increases Ach and helps in
dr'wing out the antibodies.
* &drophonium (no=carbamodte) : Binds only to the
anionic site and is very short acting, It is the DOC
in the diagnosis of m& (Tension tesp.
It is also'the DOC to differentiote m& from myasthenic
Crisis. A
mgasthenic erisis is coused b5 ACHE inhibitors.
gdrophonium worsens it.
gdrophonium is also used in paroxysmal supraventricular
tachycardia. (PSVT) as it blocks the AV node.
o Meoshsmine :
used in the diagnosis and treatment of Me when
p5ridost'\5mhe is not available.
Premedication with atropine before using edrophonium
or neostigmine is mandatory to block the muscarinic
side efects.
used in non-depolarizing muscle relaxant (NDMR)
reversal seen with odracurium, pancuronium.
Used in cobra. bites as Cobra. toxin damages the
neuromuseular junction (N leading to respiratory
parodgsis

eoeds eAloy
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Other uses include :
Bladder atony,
* Post-operative urine retention.
¥ Paralgﬁc leus.
* Gastroparesis.
. Pgridoshgm'\ne :
It is a longer acting oral drug and is the DOC For
treatment ot generalised M&,
Steroids are given in pgrdnt@ammm
Immunosuppressants like
* mycophenolate motetil

. &:}cbsporme

* Rituximab.

* Azathioprine.
are used in both pgr'\dosﬁsmine and steroids resistant
patients. 9

The DOC for treatment of mgosthenm(&&s S
Intravenous immunoglobulin (VIeD, QQ

Plasmapheresis is an a}l‘ematgz@eatmen’t modality.
cholnersuc Summarg

S

A R
( oirectﬂckhg(m/upgon’sis)J [mrec«mms(lncuembw)

¥ v
( magonsts | Nn?onusts) (wewrsvle ) veversile )

f;;::*:; J (Lopprogram )(_cubomsms )

AR Lo
ll.vamrp‘ne I I Reetyl choline . I Physostigmine 1. &drophonium
3. Cevimeline a. Carbachol a. Donepezil 3. Neostigmine
3. methacholine - S =
N QKENGS*S 3. Pyridostigmine
S. Tacrine.
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ANTICHOLINERGIC DRUGS

60c6b3eecaa8dedOede7e5ea7
Direct oucﬁns anhcho\inersics :
nMuscarinic receptor blockers.
Nicotinic recep'cor blockers.

* N, 8lockers (muscle relaxants)
NDMRS ¢ Atrocurium, mMivocurium,
* N Blockers (Scmglionic blockers).

Leave Feedba

Ganglionic blockers : 00:02:43

mechanism of action :
aanslionic block
!

{ Ne (norepinephring) release in post gangionic

segment
!
8P (used in treatment 0f HTND.

oupsF - {
L. mecamylamine (oral route)
used in mild 4o moderate HTN (3™ line).
used to treat Tourette Syndrome.
Adjunct to nicotine in smoking dependance
(| peripheral side efSects of nicotine).
a. Trimethaphon :
used in hﬁper’censi\/e emergency intravenously,
3. Hexomethonium : Clinically not used.
4. Tetraethylammonium : used only in experiments as
a potassium channel blocker.

Side efect :

Postural H}jpo’cension : Advise the patient to rise slouo|5 from

sitting/lying position after taking the drug,
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Muscarinic receptor blockers/
anti-muscarinic drugs 00:09:08

e CAS:

effect : Decreases cognition.

use : Mo\rcoanodgsis.

Drug : Seopolamine (hyoscine) ak.a truth Serum.
DOC for Nareoanalysis : Thiopentone (ess toxic).

o Pupils :

MOA : Blocks M, receptors in muscles of iris §
accommodadion.

eects uses

mMydriasis | Ocular fundus examination.
Prevent synechiae formadion in uveitis,
comeal ulecers.

Cycloplegio Refractive error tests in chddrng?s they
have power%d muscles of ac@&nmododnon

{ Pain in iridocyglitis. é\,\\OQ
$®
Ne)
> ‘
Drugs * @6\ 60c6b3eeaa8dedOede7e5ea7
* Tropicamide (shortest acting) : Preferred cycloplegic

in adults.

* atropine (most potent cycloplegic) : Preferred cycloplegic
in children. As an add. on drug in fungal comeal ulcer (o
prevent synechiae).

J cﬁclopen’colake.

. Homodcropir\e.

Effect on oropharyngeal secretions
& lungs : 00:17:48

. Oropho.rgngeal secretions :
Reduce secretions and used as preanesthetic medication
(anesthesia. inhibits cough refiex).
Druss :
Atropine.

Active space
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System
Glycopyrrolate : Preferred as it is quaternary amine and
does not cross B8,

* Lungs :
gfect : Bronchodilation.
used as add. on drugs in bronchial asthma.
DOC in COPD (only reversible component of
bronchoconstriction in COPD is the

parasympathomimetic efSect).
Class Drugs Dosing
$requency
kKumarankitindiaT@gmail.com |
SAMA (Short acting Ipradropium QID
Muscarinic an’mgon'\s{s)
IAMA (iIntermediate Oxitropium eD
ac’cins muscarinic Aclidinium
antason'\s’cs) &lyespyrrolate
LAMA (Lons acting umeclidinium oD
MUSCArinic an’cagonisks) Revefenacin
'ﬁo&ropium
PMDI

All drugs inholed using PMDI (Pressurized
metered Dose Inhaler).

Nebulization with ipradropium is given

in acute exacerbation of bronchial
asthma. /COPD.

DOC for COPD * LAMA (Tiotropiurm.

Side effects : Dry mouth (most common). R
Abnormal taste. Nebulizer
Lesser sastemic efects like urine retention

(to be avoided in patients of BPH).

Effect on heart & GIT 00:29:31
Heart :

Stimulotes SA Node @ Increases heart rote.

AV Node : Increases conduction.

aoeds 8AnOY
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uses ot Atropine
* Treatment of conduction blocks. eqg ¢ Digoxin toxicity,
* DOC for bmdﬂcard'\a. Dose : 0.5 — | mg IV.
At low doses (< 0.5ma) atropine blocks presynaptic
(&) receptors = Increases Ach which stimulates m_
receptor causing further bradycardia.
* eradyarrhythmia due to inferior wall Ml (vogol
irritaiory.
qlT:
. Reduces HO Secretion : Used in peptic ulcer disease.
Drugs are m blockers :
* Pirenzepine.
* Telenzepine.

a. Reduces contraction : used as an’cispasmodic dru.ss

* Dicuclomine.

3 S

* &lycopyrrolote. O’@
. Scopolamine : DOC in motion sicKnQ%Q.COQ

Used as a. ransdermal pokch (applied 4-5 hrs before
travel/night before travel a\{@?}eapp\ied every a-3

2, &

doye) &
Effect on bladder 00:42:23
Reduces detrusor contraction.
use : Overactive bladder or detrusor instability,
Non selective drugs :
Flowoxote
Oxgbu’cgnin.
Fesoterodine.

Trospium : Quaternary amine, does not cross BRe.
Selective m, Blockers :

Darifenacin.

Solifenacin,

Tolterodine.
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SYMPATHETIC NERVOUS
SYSTEM - NEUROTRANSMITTERS
AND RECEPTORS
Neurotransmitters 00:00:31

Norepinephrine (Ne) :

s sg*hes‘\s in the pre-synaptic neuron begins with the
precursor tyrosine -> DOPA > Dopamine.
Dopamine enters the vesicle 'chrOugh vesicular monoamine
transporter (VAT ). ’
it gets converted into NE within the vesicle.
NE is released when the depolarizing action potential reaches
the neuron. The released Ne binds and reacts with the oL and
P receptors.
Abter its effect NE can either return to the pre-synaptic
neuron b5 reuptake or.con get metabolized b5 enzymes
such as :

* mono aming oxidase (MAO).

* CarboxyrO-methyl transterase (ComT).

Different regions have ditferent neurotransmitters. in brain
i’cisDopaminehsomereSionsi'cisM&
enzymes involved in the synthesis of Dopamine and NE
include

* Tyrosine hydroxylase (rote limiting enzame) ;

T}jrgg&eb;e‘abgg&dowek%a?

* DOPA decarboxylase : DOPA —> Dopamine.

* Dopamine f} hydroxylase : Dopamine —> NE.
Conversion of tyrosine to DOPA catalyzed by tyrosine
hydroxylase is the rate limiting step in the synthesis of NEe.

eoeds eAloY

Drugs acting on synthesis of NE and
dopamine 00:04:53

rosine (methulated turosine) is a itive inhibitor
mety Yloted ty
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(similar structure) of tyrosine hydroxylase thereby
decreas‘ms the conversion of ’rﬂros'me to DOPA.
Thus decreasins the production ot both NE and Dopamine.

VIMATA receptor blockers : Prevents the entry of dopamine
into the vesicle.
The drugs included are :

* Reserpine.

* Tetrabenazine.

. ]
Deu’ce’tmbenaz\ne] Derivatives of tetrobenazine

* valbenozine and longer acting.

mMetyrosine is used in pheochromocg’coma to decrease the Ne
levels in conditions like :

* Pre-operative hypertension. It is used i O blocker
followed by f blocker theropy is contraindicated
(heart Sailure).

* Malignant pheochromocg’coma where surgery is
contraindicoted e.g : malignant cases.

Reserpine decreases NE and dopamine levels. It is used in :
* mild to moderate hypefiension (decrease NE).
* Agitated psychotic stote (decrease dopamine).
60c6b3eeaa8dedOede7e5ea7
Tetrabenazine and its derivatives decrease the Dopamine
levels.
Tetrobenozine and Deutetrabenazine are the DOC for
Huntington's choreo.
Also used in treatment of tics associated with Tourette
sgndrome.
Deutetrabenazine and Valbenazine are DOC for treatment of
tardive dﬂsKineSia.

Drugs blocking the reuptoke of NE and Dopamine :
* Trieyclic antidepressants : Primarily block reuptake of
NE.
* SNRIs : Seretonin Norepinephrine reuptake inhibitors.
* Cocaine : Substance of abuse

Pharmacology ¢ v4.0 * Marrow 6.0 ¢ 2022
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Cocaine dependence 00:12:37

Cocaine increases both Dopamine and Ne.

Increase in NE : Causes side effects such as HTN and m.
Increase in Dopamine : i stimulates O, receptors and gives
the user Kick/high. Causes dependence.

The DOC Yor dependence is Bromocriptine.

it also causes D, receptor stimulation ®, agonist) and

kumarankitipgiad@ameib§fmet of cocaine.

aoeds eAlOY

The potient is started on the drus ond the dose is 3mdual\5
fapered down.

Common side effects of dru.ss Aecreasing NE and dopamine
levels :

’ Y IR Decreased Ne levels.
® Depression
* Parkinsonism due to decreased dopamine levels.

( | Drugs in SNS )

( 53mpa{homimehcs) ( sﬂmpaﬂ?olghcs ]

( Direck)—( indirect }—{" mixed ) (oirect }—L " indirect

Direct sympothomimetics directly stimulote the  and 8
receptors.

Indirect sympathomimetics increase release of Ne which
leads to stimulation of 0t and 3 receptors.

mixed acting sympathomimetics have both direct and indirect
sympathomimetic action.

Direct sympatholytics directly block the o and B receptors.
Indirect sympadholytics decrease the Ne levels.
examples of indirect acting sympotholytics : metyrosine,

Qeserp'me.
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Receptors 00:19:15 and Receptors

Receptors in sympathetic nervous system (SNS) are either
a or . They are &-protein coupled receptors (6PCRD. At the
synapse O, O, and P, receptors are prsent.

QL receptors : NE > epinephrine (potency of stimulatior.
i can be broadly sub-classified into :

@, (&q type of GPCR) : Located ot the center of
post—srjnap&ic membrane. its stimulation b3 NE results in
increased Coa™ levels. It is present in

¢ Blood vessels : Vasoconstriction.

* Prostatic urethra. : Contraction.

* Bladder sphincter : Contraction.

* Radial muscles of iris : Contraction leading to
mﬂdr'\asis.

* @IT: The increase in Co® stimulates the caleium
iei:\;fpn:‘;‘mm;mﬁ; C’hom%:i‘ets:b“gg‘t‘:{esaa8ded0e4.e7e5ea7
potassium moves out. This catases muscle relaxadion.

* Liver and skeletal muscle*Induces Slgcogeno\5sis
and gluconeogenesis leading o h5per3|5cemia. The
increased colcium acts as a cotactor for the
enzyme involved in these processes.

0. (&i type of GPCR) : Locoted ok the periphery of
pre—sijnap’dc membrane.
B, receptor (&s type of &PCR) : Present in the

per‘\pher}j of pre-55napﬁc membrane.

Selectivity of catecholamines to @, O, and B, depends on
the concentration :

* At low concentration : Stimulates the B receptors.

* Athigh concentrodion : Stimulotes the O receptors.
n’c’ches&mpse, 0S Soon as Ne isreleasedeven’cho-.xgh’che
concentration is low it binds with O receptor weakly and
produces some effects.

Since the concentration of NE is low, the afSinity towards B is
high. Thus, B, receptors get stimulated which leads to
further increase in NE levels.

Active space
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when the NE level is high enough to breoch the

60c6b3eecaag8dedoetiaRadd it stimulates the O receptor which leads to

eords MOy

inhibition of release of Ne.
Q. are called auto receptors (&i subtype of &PCR) os they
au’comahcal\g control the release of NE, Other examples of
auto receptors include
. ml/ m, receptors in parasympathetic nervous system.
* OLin SNS.
* Hin h‘\stwninersic sgstem.
® SHT in sero’coners'\c 53stem

Q. receptor decreases release of N

exceptions include

Post-synaptic @ in blood vessels (&, subtype) :

* Stimulation causes vasoconstriction.

* Clonidine is an O._agonist which is given as slow or fast
intravenous infusions.

* Slow infusion acts on the presynaptic O causing o
decrease in NE levels and thus decrease blood pressure.

* Fast infusion acts on the postsynaptic 0., causing
vasoconstriction and thus worsening the haperkension

Post-synaptic @, receptors (&i SUub't!jPe> :
* Present in the 3, islet cells of pancreas.
¢ stimulation decreases insulin release caus'\ng

hﬂperglacemia.

ef%ect of B, receptor on glucose levels :

* B, receptor (&s subtype) has a similar e¥Sect as @,

* Its stimulation increases the 9lycogenolysis and
gluconeogenesis leading to hyperglycemia.

* P, receptors are also present on the Pislet cells in the
pancreas. Here unlike 0., they are &s Sub’cape.

* 1ts stimulation increases the insulin release and decrease
the glucose levels (hypoglycemio).

The hyperglycemic effect predominates over the

hypoglycemic effect.

Catecholamines act on the B, and B, receptors on the heart
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causing palpitations and B, receptors on the skeletal muscles
causing tremors and sweading. This is known as hypoglycemic
awareness, kumarankitindial@gmail.com

B receptors 00:37:23

They are &s subtype of 6PCR and its stimulation increases
the level of cyclic AMP (CAMP). There are three subtypes of 3
receptors :
* B receptors: Potency - epinephrine > Ne
In heart : Increased cAMP increases the Ca® levels
leading to increased contraction, heart rote §
conduction.
In Kidney (uxtaglomerular cells) * its stimulation
increases the release of renin which activotes the
renin-angjotensin system (RAS) thus increasing
blood pressure.
* P, receptors : Potency - gpinephrine > Ne
In smooth muscle @ Increases cAMP levels blocks the
myosin light chain Kinase (MLLK), stimulotes myosin
light chain phosphorylase (MLCP) and opens the K’
channels.
There is resultant relaxation of smooth muscles in :
. Bronchi : Bronchodilation. 3, agonists like
salbutomol can be used in bronchial asthma.
a. Blood vessels : vasodilation.
3. Uterus : Ritodrine is used as a uterine reloxant.
In cardiac and skeletal muscle : Increase Ca®* levels
leading to increased contraction.
use of B, agonists like Salbutamol and Ritodrine can
lead to side effects like palpitations and tremor.
* B, receptor : Potency - NE > gpinephrine
In detrusor (bladder) : causes muscle relaxation.
In adipocytes : Activotes hormone sensitive lipase
which leads 1o increased lipolysis.
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SYMPATHOMIMETICS : PART - 1

Classification 00:00:20

3 *5pes
Direct achng Drugs that stimulote alpha or beta

recep’cors.

° \ndirec’mcﬁngmrugs&ut increase release of
norepinephrine which in fum stimulote odpha or beta
recep&ors

4 7 7
o m\xedo.c’ms emi\aaa 5 Oe ¢ esg?xd indirect
actions.
Direct ac’c‘ms SHmpo&homimeﬁcs :

Subclassified into catecholamings and non-catecholamines.

.. Cotecholamines are further subclassified into endogenous
and exogenous catechiolomines.

3. Non-cotecholamines are an’chehc chemicals that
stimulate alphacor beto. receptors.

gndogenous cotecholamines :
Dopamine, norepinephrine and epinephrine
* gpinephrine usanasomsto&olpknl, beto. | andbetaa
receptors.
* Norepinephrine is an asonisk at alpha. | and beta. |
receptors.

Norepinephrine :
It is a.more potent vasoconstrictor.
* Drug of choice in cardiogenic and vasodilatory
shoek (sepsis).
* given in’cravenuOuslg as Im injection causes muscle
nNecrosis .

eoeds eAlOY

gpinephrine :

i is a. more po’cen& cardioc stimulator.
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* Drug of choice in cardiac arrest. Iv epinephrine in
110,000 dilution.

* Drug of choice in anaphylactic shock. 0.2-05 ml Im
epinephrine in | : 1000 dilution.

In case of no response despite multiple doses, 0.3S ml IV
in | : 10,000 dilution is given.

* Used as a local vasoconstrictor o decrease bleeding,
Combined with a. local anaesthetic to increase the
duration ot acBonthidedesreddedete dericity of local
anaesthetic,

* gpinephrine or its prodrug dipivefrine can be used in
open angle glaucoma. as ’ch35 decrease agueous humor
production (similar o apracionidine and beta. blockers).
They also increase uveoscleral outSlow.

Dilutions of epinephrine 00:15:00

. 131000 : Im or subcutaneous or endotracheal route.

a. 1:10,000 : \V or intfraosseous or intracardioc route.

3. 1:1,00,000 : Local vasoconstrictor to decrease bleeding.
|+ 1,00,000/3,00,000 * Along With local anaesthetic.

Dale’s phenomenon :

Whenever given to o living 53stem, epinephrine ot hisher
concentration increases Bf (alpha. I stimulation) and ot

lower concentration decreases BP (beta & stimulation). This is

known as biphasic pattern of blood pressure.

Vasomotor reversal of Dale 00:20:52

I¥ epinephrine is given with an alpha. blocker in a. living
system, there will be a. decrease in &P due to unopposed
beta a action.

Active space

vasomotor re-reversal of Dale :

I¥ epinephrine is given with a. beta blocker in a living

system, there will be a significant rise in 8F due to unopposed
alpha. | action.
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Dopamine 7 00:24:30

Has dose dependent action § is given as continuous IV infusion

Dose 0-a meg/kg/min : D, receptor stimulation leads to
diuresis because of renal blood vessel dilatation.

used in oliguria.

Dose »a-10 meg/kg/min : Beta | receptor stimulation.
Increases cardiac contraction. used in acute congestive heart
failure (CHP).

Dose 210 meg/kg/min : Alpha | receptor stimulation. Produces
vasoconstriction. used in cardnosemc shock.

\nm&econaesﬁveheor*%‘iurew&hol'suﬁa,dopamheisno
Ia\ger’thedruso?choice.oow{'amhe with a diuretic such as

furosemide is used.
&
Exogenous catecholamines 00:29:48
O
>

Dobutamine : o\&

- mechan?\@%‘? action : Ason's\' ot beta | receptor >>>>
beta. &(receptor. Net efSect on alpha receptors is 2ero.

* Increases cardiac contmctilita b3 acting on beta |
receptor on maocard‘nl cells.
No efSect on heart rate/conduction.
There is no significant increase in myocardial oxygen
demand. Hence it is the inotrope of choice in acute

kumarankiﬂa@m Sailure.

* &iven as continuous IV infusion. Dose is 3-8 meg/kg/min

* Used in stress echocardiography in patients who are
unable to exercise.

Isoprenaline (Isoproterenol) 00:34:15

ooeds eAlOY

Agonist ot beta. | and beta a receptors.

Beta | agonism causes increase in contraction, heart rate and
AV conduction. Can be used in acute CHF, cardiogenic shock,
bradgcardia, torsades § conduction block.
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Beto a agonism causes bronchodilation.
Can be used for bronchospasm dur‘mg anoesthesio.

Droxidopa :
Prodrug of norepi rine. .

us epmeph ‘ 60c6b3eeaa8dedOedeZe5ea7
used to treat neurosenic hgpokens'\on in Diabetic neuropodcht:,. i
Fenoldopam and dopemm’me :
Both are D receptor ogonis’cs : Couse diuresis and decreases
&P

Fenoldopam is also an alpha. & agonist : Decreases BF. Used in
hypertensive emergency intravenously,
Dopexamine i a. beta & agonist : Decreases BF Used in acute

congestive heart failure.

Differences between epinephrine,

norepinephrine and isoprenaline 00:40:22
gpinephrine Norepinephr Nrine Isoprenaline
Receptor Aipha. |, beta. |, Aipha |, beta. | Beta |, beta. 3
selectivity beta &
Systolic blood Increase in S&PY | Increase in S8P normal/
pressure (58F) (more cardiac <8P (more decreased
contractility) vasoconstriction)
Diastolic blood Increase in sgnmcmt Decrease in DBP
pressure (D8P) DBP is ot very | increase in DBP
significant
mean blood Increase in MeP sasnmcan’c Decrease in MBP
pressure (MaF) increase in MBP
Heart rate (HR) | Direct effect : Direct effect : S'\sni%can{'
Sisni%cant Increase in HR increase in HR
increase in HR Reflex efect :
Reflex eMect : Sisni\\cm’c
Decrease in HR. | decrease in HR.
Net effect is Net effect is
increase in HR. decreoase in HR

Norepinephrine increases heart rote if given with atropine or
inpo&ienkswwh’crmplmﬁedheaﬁme’coabsenoeo‘lv%al

rellex.
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Tracing 00:50:28
kbrwnlirackxs=
ANNNN_N\ N\
/ \/ V VV V VvV X ™
———> D8P
leeo:t
gpinephrine: low dose o—
/\/\/\/\/\va\ et
T oeP
0 THe
epinephrine
Norepinephrine (also seen with high dose epinephrine)
T 8P
MR VHR 1 Mep
(Direcd (‘z:%e") N D8P
T Norepinephrie
. S
opEarer M1 e
\ NORMAL S&P
N L mep
©
T soprenatine ¥ oo
Non-catecholamines 00:56:08

Chemicals that stimulate either alpha. or beta receptors.
eroadlgdassi%edinkoalpknmdbemrecep’corasonists.

Nphareeep’cor agonis{s=
Subclassified into alpha. | § aphaaason'sis

Alp\'nlasonisﬁareusedhhgpo{ensm

60c6b3e§aa8ded0ew ne :
. ngo?choice#orpﬂapism,spmlames&mia‘ndmed
hypotension (without associated bradycardio).
In presence of bradycardia, use ephedrine.
*  used as a mydriatic § nasal decongestant.
Side eftect is bradycardio.

eoeds o
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x5|ome{'azoline :
used only as nasal decongestant (topicaD.

midodrine *

Drug of choice for postural hgpo’cension.

mephentermine, metaraminol, methoxamine : used to treat
hgpo’censmn.

Alpha 2 agonists 01:01:30

Stimulates alpha. a receptor, causes central sympatholysis §
decreases norepinephrine and 6F.
Alpha a recep’cor stimuladion in brain couses sedodion.

Clonidine :
kumarankitindial@gmaijl.co
* used in mi —rgno erogé hﬂper’cension.

* Drug of choice in hypertensive urgency,

* Con be used to treat ADHD, postrenopausal hot Slashes,
diarrheo. in diabetes mellitus; Bpioids/smoking/aleohol
dependonce and as o pre<anaesthetic medicodion.

Side efSect : Withdrawal hypertension due to olpha.
receptor down reguladion.

Dexmedetomidine 01:07:25

Potent central alpha. & agonis’c.

used as a pre-anaesthetic medication § causes sedadion,
analgesio. and decrease secretions.

Not used for induction of anaesthesia. due o requirement of
high dose (High risk of hypotension).

Tizonidine *
used as a. muscle relaxant.

Active space

Lofexidine :
Approved for treatment of opioid dependance.
Aipha. me’dng\ dopo. :

Pharmacology * v4.0 « Marrow 6.0 » 2022



84 Autonomic
Nervous
System

aoeds aAOY

17

Leave Feedba

it is pro drus which is converted to alpha me'chﬂl
norepinephrine.

Stimulotes alpha 3 but depletes norepinephrine in vesicles.
used in the treatment of pregnancy induced hypertension
(current drug of choice is oral labetaloD.

Side eMect is haemolysis.

Guanaben?, quanfacine : Used o treat ADHD.

* Guanfacine and clonidine are drugs of choice for mild
tics associated with Tourette syndrome. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>