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GeneraL PrArRMACOLOGY

e The word Pharmamlogy derived fiom fwo greck words
‘Phamakon’ means "Orng' and “Llogy" means, “Study'

¢ In simple wods we con say Tt is the branch of science
that  studies druge, their sources , chemial propefties
biologiaal  effeds  and therapeuhtc uses.

* Tt exploes how drugs Interact with biological systems .
l‘ncludn'ng_ how they are absosbed , dishibuted , metabolizec
and  excreled by the body .

BrancHes OF PHARMACOLOGY

Pharmacology s mainly divided info fwo parts :
@ Pharmakinehics
@ Pharmadynamics

PHARMACOKINETICS

o Tt is simply defined as what the body does fo the drug.
* Tt simply dedlz with : * Absophion

® Dishibulion

® Metabolism

e Excrehion
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PHARMACODYNAMICS

® Pharmacodynamicc is simply clefied as Wwhat o dg does fo
the body -

® Tt bogcally deds with Mechanim of Adion . Therapeutic effect
and side effeds of dn,rgt_

Score OF PuarmAacoLoGy

The swpe of Pharmaclogy covers everything related o drugs
foom how they work in the body o their medicl we and

sofely .
Tt indudes -
* Phamacokinetics : How the body processes drugs
* Pharmacodynamics = bse How drgs work
* Pharmacotherapeutics : Use of medicines in Hrealment
* Side £ff Toximlogy : Side effects and foxic effects
® Clinicl Pharmacology : Study of how drugs work i humans.
* Neuopharmawlogy : Fffect of drugs on brain.
[ ]

Phamacogenomics : How genes affect diug. fesponse.
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_NaTurRe € Sources OF DRruGs

The natwe of dru tefers fo their charadenshcs propetties
like their PhTafal pmperhes such a5 state of dugs i-e.,

sdid drgs like aspiin , higuid drug like nictine” and - gaseous
drgs hke nitrous  oxide ﬁmd chemiwl  propetties  Jike  Wwhether
they are organic or inorganic  n nafwe .

Sources OF DruGs
Druge @n be obtained from vorous ources a8 follows

@D NatrAL Souvrceg

Plant : Vincristine , Atropin. Morphine
Animal *  Heparin, Tnsulin

Mineral . Ferrous Sulphate, (alcium Gubonate
Microbil * Renicillin, Grentamicin

Human - Choriomc Gionadotropin , Human  TInsulin

® & ® @ ®

@ SEMI- SYNTHETIC SOURCES

Amkacin
Cefuronime  Axehl
Hyoscine Butyl Bromide

@ SYNTHETIC SOURCES

® Aspimin , Fasacetnmol , Phenytoin
® Dicofenac  Sodium

@ BIOTEHNOLOGY
o Humon Tnsulin, Recombinant Erythiopoietin
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[EssentiaL_Drue_ConcerT ]

* The Escenlial Drug. Gonept s a global health stradegy Introclucer]
by the IWoild Heahh Organizalon - CWHO) fo enawe that safe,
effedive and Offordable medicines ase  available o all pegple.

® The WHO has defired Esenkial Medicines fdm?gJ as “ those
that sahisfy the pnority healthcare  needs of the populahion ”.

key PrinapLes OF FssenmAL DRuGS

® Esentia] melicinee ghoud be auailable af ol fimes |n suffcient
quanhlies.

® They ghould be (ust- effecive and afosdable

® They must be safe and effechve

® Bosenhal druge must meet high stdards of puslty | gabiity
and  bioayal ihh/_

WHO Moper bist OF EsseNnAL MEDICINES

e The WHO braugnf ow ftc fist Model List of Fssenhal Drugs
a!on% with thelt dosage fooma and stiengih in 19% .

o This has been revised fsom time fo time and the cument
2 the Qnd list of 9021 haufng

- 439 entes f‘ndudm% 41 FOG (fixed Dase (ombinahons) |

NAToNAL LisT OF FEscennAL MEDIGINES
o India released its "National Fssenhal Dryg. List' in 1996 , and revieed it
in 200 and in 2015 with the fitle “ Nahonal List of Escential
Medicnes’ (NLEM)
® The latest list has been brought out in September 203 , which includes
- 384 Medicies Incuding 23 FDCs
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Routes OF DruG AomMinisTRATION

® The Route of drug_ administraion refers, fo the path by which
a drg. is fuken oo the body fo achieve ifs desived effect.

® The choice oF foutes deperd2 oOn fackom like dryg. propenties
destred effect ond pahent cndihon .

* These routes an be mainly classified ko two mayor fypes:

@ Loal * Routes

@ Systemic  Routes
locaL RouTes
Topicol Deeper Tissues Intra Artesial
Skin = Inlraarhcular
Mucsal - Intrathecol
- Retrobulbar
-~ Inhopleural
@ TopieaL

o The 4opil mute of dmg administrahion Inuolves applyin meclicahions
diedly to the skir or muaous membranes fo frent localized cnditions,

o This method dllows the drg fo act of the site of applicabion.
muldn% it eflecive for andions aﬁech‘ﬂ% Rpecific areas ,
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® _Deeper Tissues
® The deeper fissue route of dwmg. adminishahon refers fo the
diredt deliue:y of medicalion info tissues beneath the skin
by Uging. a  &yringe and needle
® (erain deeper fissye Include -
@ Inho Aiclar @ Medicahon injected directy it the knee
® Intathea! @ The drug is lnjected inty gpinal fiuid around spinal cor] .
© Retwbulbar : Medicthong, (njected behind the eyeball.
@ Iniapleura) * The drug is injected (nfo the pleural ity .

@) INTRA-  ARTERIAL

o TThe intm - arfera) foute inuolves injecting. medicalion clicechy
into an artery o deliver the' drug. fo 0 gpecfic orgon or
fissues .

o Thiz melod enswes a hl'%h aneenhohon of dug  yeachex
the farget aren Quicly - whie mrhfnu'zh& the on  wes
of the body .
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SysTeMic RouTes

Enteral Parenteral

- Oral — Tnlravenous

= Sublinaluaj — Tnhomuscador

— Rectal — Subculanepus
— Tniademal

[[Sustemc Routes |

Others

— Inhalakional
— Nasal
— Transclermal

The Drug administered +hmu3h guctemic foukes i€ intended fo be

absosbed in the - blood&heam and
fndudm% the slte of the achon .

@ EnteraL Routes

distabuled all over he bady,

o The enteral rule refere fo the adminisirahon of olrug,g {hmugh

the gnsim'm’resﬁnal fod CGIT) for

aystemic - absorption .

o Tt iz the most common and nvenient foule of dru} adminishrahion.

® T includes :
@ Onl

(b) Sublingucd
©) Retal
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@ Oml Route :

o The oral roue s the most mmon and nuenient
method of dmﬂ. adminighahon , where the dry
Tls’rukenby mouth and absorbe +hrough +he
g;ihainreshnal C61) ftad into the bloodsream.

Sdlid € liguid dosage forms. @n be gluen
ara!lq.

Limitakions

Slower Rate of Achon

(amot be used for unamnscious | 'u'omih'nﬂ_ paent.
May cwse nowgea and -uomh‘n&

Fitat Pasc Metaboliam

® Subh'nﬂgoj Route : & The sublingual route inuolves placing. @ dm%

© Redal Route :

undes the  fongue , where it dissolves and'
Is abcosber] diretly into the bloodgheam
Mhiough @ vich nehuowk OF blood  vessels
In bueal mrueasq . Subli'ng.uaf muGs

 In thiz fiost pass mefabolism is auoided.

® Drugs ghowr ropid absorplion € achion .

® Ougs must be lipid- slale

o The redal route Involves the adminishaion of
dmg& into the rectum .

o Use for imitant and unpleasant drugs

Usefl for Uomihhg. and  unonsciows pahents.

However , it Is rother jnconuenient < embamssinﬂ,.

L ]
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@ _ParenTERAL ROUTE

e The paientem]  foute often refers to the admnishohon of crugs
by  Tnjechon , bt;pascing. the gaghoinlvesh'nal tract .

® The word Famentera] made fom two words -

- far - Bajond

- Entera] - Inteshnal

* Some most fmportant  pareneral routes ore -

(@ TIntravenous

(b) Inhumugcular

© Subcutaneous

(d) TInhadermal

© Tnavenous (1v) : @ The intrmuenous fouke fhvolves injeding.
dﬂl& diredly i a vein , alowing. It
_enter the bloodstream  immediately .
o Tntavenoud rouke has {007. Bioavailibility .
® Tt i the fodet way fo deliver medicalion
® The dm% s qluen at 95 Angle

®_Tntamugcular (M) + o The inframugadar foute (nuolues  injech;

a dru% diredly [nfo a muscle, where

It s obsosbed nfo the blood afveam
® Musades haur'ng a good bloodeupply

allcwing, the drugL fo be abwwbed faster

than subwlaneous fpjechons but glower

4han  Intavenous  adminighahon |

VIDEOS : () IMPERFECT PHARMACY



© Subcutaneous * o Tn this drug. is depasited in the loose
Subaduneoug ~ tissue which have fich nesve
aupply .
o This mefhod provides @ amdual and auslaned
drug_ velease |, mahhg it usefi for fﬂng_-
acting. medicahons
® Tn this dmg. I8 given at 4se angle .

@ TInhadermal * o The drug. fs 1'r\|jec+ed into the skin m:'sr'n?r a
bleb of the epide;mlls
e T this dfug_ 12 giuven ab 10- 1s° angle .
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@ _OTHer Routes

Some Olher routes Incude
@ TInhalakional
® Nasal
© Tranzdemmal
@ Transmucosal

@ Tnholohonal © o The inholahonal foule involues administestn
drgs In the foom OF goses, vapours of
Gerosols info the Tespiratosy frack primaaily
absowhs %hmugh lungé info. the . bloodatream |

® pNasal ¢ o The nasal pute of ’g;z?_ adminishahon  fnuolves deh'uezing
medicalions -|hmu8h cwily , typiclly via 2proys

drops ot  inhalers, .

® This Mehod dlows the dg b be absorbed fhr.:ru&h

e Muwus Mevbranes in the nose , diredly info he
bloodgtream

© Tianedemal * @ The Hrngdemal route of clrugn admini ghahion
inuolves deﬁueﬂng dfug,s 'fhmugh the skin |

fypially via , clems or gels .

o These medicaions are: (bsosbed o the  bloodsteam
fhiough the skins layems and pwovide o
ontolled ., sustained release over fime .
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@ Trangmuasal The Honsmucesal rouke of drug‘ administrahon
fnuolves deh‘uem‘ng. medicahons, through e
Mucous Membsnes , which are found [n
dreas  sudh as mouth | Nose , eyes ek .
e Dﬂ-lgb are absosbed ‘H?mugh the muwsa diredty
Info the bloodatream .
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SoME IMPORTANT TERMS

@ _AGonisT

® An Agonist s a drug. or substane that adivates a rfeceplos
in the body and produces a biological ~responce .

* Tt works by mfmfch‘n% natwal chemicals fo shmulate specific
finchione .In* Fhe  body

@ _AntAgoNiST

® An Hn%agnm’s% s @ dru3 of Substance that blocks a  receplor
in the body and pevenk a feponce

® Tt woks by shpping, nalwal chemicle o ofher dnugs foom
achivaling. the recephos.

® Tt is of two fypes -

@ @mpehitive Hniagani;'i-

@ Non- @mpetihive Anfqgom'&f'

(®) _SPARE_ RECEPTORS

* Spare Rewplss are extma feephss n a @ that are not
needed fo produce the moximum effed of a dg .

® This meons thal even if only gome of the raﬁ;v, afe
achvated , the full egonse shll  hoppens.

@ _AooicTioN

e Addicon s a sl‘rang, and unconhollable desire fo use g drug,
even when it cwses ham

o Ti happen bfmm the dmg, changes the bmih , mcakmg th
person cawe It and  feel unable o @nhwl their use.
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©® DepenpENCE

® Dependene menz fhe bedy gets used fo a drug, and a peron

feels unwel ov has wihdmwl aymploms if Jhey ghp fukmg\
it |

o It an ke physical o pg,chclogicaj

® ToLERANCE

® Tolerance means over the fime , 0 person Needs, a  higher
doe of a dug to get the zame effect

¢ This happens beauce body gets used fo_the dmg.,
mah'ng it les effechie ol the usual clase

@ TacnypuyLAxis

o Tachyphylaxis 1& when ‘@ drug, shps wosking, as well _yust
after bem%usedﬁra Zhoot " time , even | the close sfays
the same.

® Tt hoppens Dbecause he body rapidly adapts fo the dm&.

® _T010sYNCRASY
e Idlosqncmaf l2 when o peron hos an unugual of wnexpeded
readion o Nﬁt that  most  perple  don't expesience .
® Thiz reﬂchon 2 not  felated 1o 1‘hc dm%odase or an dllegy ;

it happens beausse of a peronis unigue body chemisiry
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® AuErey

® An dllergy is when the badys (mmune Yetem reacs  badly
o a dmg, : Jrhinkmca. t is  hamfu .

® This an wuse mphms like fash, ikchin ,&nelh'ng ov
€Uen Senous feachons ke difficulty in b ing..
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PHARMACOKINETICS

® Phamacokinelics is the branch of Pharmacology that  studies how
drug& Move -}hmugtmul the body over time .

o Tt dexvibe the proeess of ADME

@ Absorption

@ Distibuhon

® Metabdism

@ Excelion

® Now ol the Pharmacokinelic processes involves franspost of dru%
QCr0ss bioloﬂr‘col membranes .

MeMBRANE TRANSPORT

® Membrane Trangport is define] ox frongpont of drgs  across  biolegie)
membranes , Such os cell membrane |, inteshnal h*nr'ng, , blood- brain -
barmer and renal fubules .

e It can be of EJHewinta, Types :

@ Passive Diffusion

@ Facilitated  Diffussion

@ Adive Trangpost

@ fore Trangpost | Fillrathion

® Ton Par Trangpost

® Endocyhosis
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@ _Passive_DirrusioN

® Passive Diffusion Is the proess by which dmgg moves (ciose O
membiane  from an wer of hl’ﬂh onentabion fo the area of low
(oncentrahon .

The movement 12 driven by Concenhahon  Giradient .

® This is the most important mechaniam for majonty of olru?;.
The movement @nhnues unhl eqm!ﬁbdum reached .

* Tt depends on fockrs lice diugs lipophilichy and molecdar size .

Higher M Lower
(oncentrahon a Concentrahon
® o
:::"a:.lg " ” R
ee?® ® 4 L |R . » °
®o 0o 00 ,o0 A
® o o0 o ._'N'_’ o ® o
E
-

@ _Pore_TRANSPORT

® Tt is also known as Filtmhon

* fore tanspost i o mechanism of Ang. movement wher dig. Moleales
trangpost  Hiough aquéous pores or channels in the cell membrane .

® Through Filtahon, Lipid Inapluble dmt}s @n qlso (roe b|'aloﬂfcal membranes
but their 2ize showd be 2mall
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® Facautatep DiIFFusioN

o Tt is similar fo Passive Diffuson but requies some specific camser
puoteins .

® I is alo known as (omer Mediaked Tanzgost.

® Tha process does nof fequie ~ eneigy and relies on the (oneentrahon
gradient of the drurﬂ,.

® This mechanism & Crucial for lorger or less ljpophilic molecules .

. T (amer Protern
+

0

”Hc - '

Bidugiml Membrane

@ Active  TRANSPORT

* In Acive Tronspost drug moves against Hhe concentralion gradient
(ie., fom low neentmion o hl'gh anentration ) .
e In this energy s fequied i the fom of AP and I alo

needs  comes poofeins .

© Jon PAIR TRANSPORT

o Ton pair tranpost is a mechanism of dug  frangpost in - which g
ate fonsposted across ell membrane 0s pat of @ poited  complex
with an ten endogenous fon.

* Tt parthaularly relevant for duge that ale pooty luble and have
low membrane pemenbilty .

VIDEOS : () IMPERFECT PHARMACY



& 2 G

Calionic Endogemug Free Dms

Drug l Anion T
@

Ton- Pai Gmplex

® _Enpocutosis

o Tt iz also known a8 ' Uessiadow Trangpost'

® Endocyhsis is 0 proecs whete 0 @l engulf - substances fom its
suroundings by Wiapping. them in fis cell membiane and %m‘n%
a Ueside

e Tt i2 of fwo ypes

@ Phﬂgoa;h)sis fEnngmenl of Solid Porhicles)

® Pinocyhsis &?ﬂfmen} of Ligud Futicles)

Dmr} |
f
Endocytosis Exocglosis
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ABSORPTION

® Absorption Vs defined as movement of clugs from its ste of administalin

fo the aystemic civanlabion  C Bloodstream)
® Thig process IS essential for the dng fo exet its therpeuhic effects

Cexept in the cuse of ditect administiahon inbo the bloodgiteam auch
as intavenous (V) Injection ) .

® for o belter absorphion, the drgs should be lipid soluble in natwe
beawse only lipid soluble druge o Coss the biological - membranes

* If o dug ix administered fiom Oral foute , ¥ hog fo o the
membrunes of it and blood vescels fo rfeach the bleod . Therefore.
it zhowd be in .~ lipid Soiuble Form |

Nature OF Drucs
® Most of the drugs available in the markel are either -
® Weak Acids
@ Wedk Bages

o This is beause they are Generally in  unignizec! form , hene more
lipid 2oluble in nalwe :

® But to maintain their unionzed nahwe, they must be dbawbed foom
theit respective medium

o ek Acdic Drug@. dbootbed from Acidic Medium  (ie. Stomach)

o ledk Rasic Dru?g ghould abaobed fiom Basic Medium (ie. Tnteshine)
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[ BioAvaiLiBiLITY]

® Bioavalibility i3 defined as frachon of administerec] drua thal reaches
the systemic ciraulalion in the unchanged fosm.

* It is expread In pefcentage

for Example : IF {00 mg of a drt:%L is foken orahy and 50 mg

reaches circlalion |, the bioavailibiliky 1% 507..

® By Iv mute , biouailibity & dlways 1007

® Bioavailibility of Oral driga n be calloted by Omparing the
Area under cwve CAUC) “of oml # v ouke

__AUC ond

Boavaigiumy = e

5
To
-g Qi I Maximum ERechve
& I' <R mmm——————— - Gnentmtion
- (max l
S = T
o HERAPELTIC
2 Winpow
o
- ; [r Minimum Effechue
5 ==%= (oncentration
s
Q.
Tmax
TiME —»

Here, Cmax= feok Plasma Goncentrakion  Tmax = Time fo reach Ghax
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First Pass METABOLISM

Firat Pass Melabolian s the puocess in which a drug. 48 partially
melabolizad before reuching. Aystemic  cireulahon  when  ~ administerec]
orally .

"How Tt WoRrks

* When you foke a dug. Corally) by moukh, it fist goes fo he
glomach and amall infestine , where t is absosbed.

® fom there, the obsosher dmg enters the  liver %mugh the postal Vein .

® The liver metobolizes Cbreokdown) o poshon of drug. befwe # @n
feach the bloodsteam .

® Bemuse of this breakdown , only q smaller amount of dm% enfers
the bloodstieam ond reaches he erge.f Orans.

VIDEOS : () IMPERFECT PHARMACY



Factors ArrecTing DRuG ABSORPTION

Drug Absoption i infiuenced by vanous fachs as follows :
@ Ph?afcccham'cal Factss,
@ Phg.gl'olngiml Faclss,
® Phamaeutical Foctors,

@ _Prusicocnemicay  Factors
These relafe o drig's physical € chemicol propethes. Tt includes -
® Solubility
o Dru% Tonizahon < pH
® Parthde Size
s Dm% Sf'u.bilih{

@ Solubing_ ‘o Drue mugt_dissolue. in biological flwcls  before absosphon -
* Lipophilic clrugs  Cfot solubie) cross cell membrnes exsily
®Hyciophilic clruga (woter goluble) fequites sperific casgler

pooteinsd.

@ _Drg Tonrzation £ pH © e Mot drugz are wesk acds of ek bases
® Non - jonized dm%s ale More lipid  Roluble
and esily  absoubed .
® Tonized dlU?A are waler soluble € less absosbed .

® Patide Size - ® Smdller pathicles dissolve faster and absosberl more quicky
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@ [)ruq_ Stability * e Some diu degrade In acidic envionments .
® Enferic cnahn?)s help pwtect add- sensihive cug.

(@ _PhusioLo6icAL FAcTorS

These ate biological focss, that influence drug. absowphon .
® (nashic Emplying
® Sufae Areq
" first  Pacc Melabolism

@ Giashic Empiumgn e fast gasfnc emph;mﬂ leads fo Fasker absorphon .
® Slow Gostric emph;ma leads. fo delayed atbgmphon .

® _Surhie Area ¢ » The small Tnteshne has o !argr. Aurfae areg |
making. it the poimary aite for drug. abeosphion)

© First fasc Metabolism : @ Some dmﬂz ale melaboliced In the liver
before rmchrnﬂ, aysemic  Clsulohon .reduc#?
Bl‘cauaﬂibilfly.
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(@ _PHarMACEUTICAL FACTORS
These  factvse depend 00 drug. fosmulabion and route of administrahon .
* Dosage fomn
® Route of Adminigtahon
. Dma, Interachions. .

@ Dosage form © @ ligud foma abeobed fter Hhan <olid foma,

® Rose of Admivigthon : ® Ol : Most common bub rnualves fissh - Poss
Metabolicm
® Suplingual * Ruoidz firgt pass metabolism
® fuenteral © Bypases FAbsaphon bamers
® Topical - Depends on Skin Peimeabfll'ry

© Drug Interachon : @ Presence of other dng, cn & oo affect
absosphion  efficiency .
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DisTRIBUTION

® Dishibuhon refers o the pwes by which a dng , afler bein
absosbed info the bloodalream , ftansposted fo vanour Hsues and
omgons in the  body .

® Tt detesmines Where he c:lmgr goes , how much feaches the +a.rge}
site and how fong. it 31‘01}2 in the body .

Factors AFFeCTING DruG DisTrRiBuTION

There are vaour foctss that affect Dru& distsibubion a8 ollows,
® Blood Flow To Tisues
® Plasma Pwtein Bindin
® lipid Solublity of Dru
® Tisue Permeabilih{
® \olume of Disksibuhon

@ Blood Flow To Tissues

* (Organz with hn‘ah blood flow Ceﬂ-* liver, kidneys. Brain) rerejue dm%
foster wmpare fo thase with low blood flow (eq.. fob, skin, muscle)

@ _Plasma_Protein Bl'ndrn?r

* Drugs in the biood binds o ploama  proteins.

* Now only the fiee diug i auailable for dishibubon o various hisues.
® Hignly pootein  bound  clruge hawe. limited  distabuhion .
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@ _Lipid Solubility OF Drugg
® Lipophilic drugs eusily cross cell membranes and acumulake in fissues.
® Hydrophilic dmg«s Sfa;; MCGHI; in the blood and extracellular
fiuid .

@ _Tisue Pemeability

® Highly pemeable tisaes Ce-g*, liver, kidney) allow dmge. fo poss ensly

® Baovers like Bloed- Brain Bamier CBBB) or placental bamsier limit
de)L enty .

@& _Volume OF Distibuhion (Va)

® Vd is a phamacokinefic pammeler that descibes how widely g
dng. is didmibued in oy fioids and tissues .

® High Va ¢ Oruq is widely distoibuted in fissues .

* low Va * Dug &oys malnly in the blood .
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IPLHSMH ProTEIN BINDING |

o Plasma Protein bfndi'ng referz fo the revesible Interacion behween a
drug. and proteins In the blood |, puimasily - albumin , 0 - acicl

glycoprotein and  lipoproteins .
® This br'mh'nﬂ. Qffecls the drug,'s dishibubion, metabolism , eliminahon

and pharma miogfmj pmpeﬁh'es.

Key AspecTs

@ _Bovno Vs FRee DRuG:

Bound Dmg. ¢ Inachve , amnol cross membranes .
Fee Dmg ! Adive fom thal @n _inferact with reeplors .
Only free diug. exetls phamacological - effect .

Types OF Plasma Protein Tnuolved

Albumin < Binds acidic druga fike Wartain , Phenyhin .

ol - Acid Gilyopwotein * Binds basic drugs like propsanolol. lidocaine.
UFUPQerjnS' * Bind lpophilic dmg; like ~ cyclasporine.

"-@

Extent Of Bfndl'ng
Hfghlq Protein- bound dmg& -‘ bnger Durakion
® Way Protein- bound dru?z. . Shorten achon

« @

VIDEOS : () IMPERFECT PHARMACY



lVoumE 0] 2 Dlsmraunoﬂl

o The appasent volume of listaibubon (Va) fs a heorehicd phammackinehc
posametef thal decabes the extent o which a dmg_ distsibules
+hrou3ha.t} the body relahive fo its conentfahon in plasmg .

o Tt does not repreent a real phyziobgl‘cal vlume but rather an
indicakion oF how widlely O dnug. spreads in bady issues.

Dose Administered C1v)
Plasma (oncentrahon

Va =
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MeTABOLISM

o Tt (s ol known as " Biotransformation

® Tt s a poess by which body frangfooms o dru% info  more  feadily
excietable  fosms -

® The primary site fos melabolism (& Liver.

® Other sites include kidney , intetines , lunge and plasma

® Melabolism usudlly involves enzymalic feactions in the liver that
alter ( changes) the chemical structure o dm%.

® These feachons Mokes the drg more waker goluble and thus
diugs beomes eusier o De eliminated foom he. body Uic
Unne 0% bile.

® The metabolism of a diug. usudly converts

- Lipid Sobble — Udker Soluble

- Unionised —  Tonjzed

o Metabolism is crucial for-dlrug's clurahon and infengity of acton |, a3
well a8 for fts ovemll aaij poofile.

DruG METABOLISM _

Metabolism ugually lead2 o conversion of :
® Adive Um3 —  Adive Metabolite
® Acive Drugﬂ —  Thadive Mefabolite
Tnactive Dmg —*  Adive Metabolite.
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CutocHrROME  P4S0 EnzuMES

® Cytchiome Puso emymes are group of proteins in the body that
help  breakdown dmgs , Toxing and other  Aubstanes

® In C(yhchrome P4sO , P stands for Pr‘gmenl thal has maximum
lignt absosphon o} wavelength 450 nm |

® Several families of CUP enzymes are involved in melabdiom of
drugs - -

o These are named as CYP Pllowed by a number (denotes family)
then alphabel  Csubfamily) and again @ number ('specfic isofosm

of the enzyme)

Example - Cyp 3 A 4
b ¥

Cup 34 forms the maximum hepahc content (%1 of CUP enzymes
and 1s Involved in  metabolism of maximum pereentage  of dru?s (337.)

Fxampe OF (vp EnNzYMES

* (CYP3AY
® CYP2DE
® CypP2cig
®* Cypaca
® (ypiAQ
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Tures OF MetAsouisM REACTION
There are mainly two types of Biotransfmahion feachons,

® Phase T Reaction
® Phase Il Reachon

MemBouc REAcTONS

Pupce - I Pupse -I
|

(Tnvolve Both Microsomal and

Non- Microsomal Enzymes) Non- Micow
- Oxidation (rlucoonide - Acelylation
- Reduchon Congalion - Methylahion

- Hydrolys's - Sulfate Gugation

- (yclizahion | - Gilycine Gpyugahon
- Decyclizahon - Gilutathione
Cbrgjugah‘on

(@ _PuAse- T REACMONS
These readions Intoduce funchionol groups in the dm&-ﬁ Includes .
e (xidahon
® Reduction
® Hydrolysis
[ ]
[

Cyclizalion
Decyclizahion
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@ _Oxidation_
® Oxidation is the poocess of addifion of oxygen b a drug, molecule
of femoval of hydrogen fom a dru& molecle .
® Oxidalion is poimasly mediaded by “enaymes like CYPusOs and
fesvlts In the {osmation of mome polas  mefabolites, which can be
easily excreted fm the body .
® Example - Phenytoin, Phencbasbifone , Proprancol

® Reduchon

® Keduchon iz the poocess of addihon of Hydrogen o cemoval
of Oxygen fiom a drug Mol .

® Ttis les common han ° Oxidlohon .

® Example :© Chloramphenico| , Wasfarin eke.

© Hydrolysis

® Breakdown of dg. moecule by addibon of water & known as
Hydrolygis -

® This is. @mmon among. esters and amides.

® Tt is medaled by enzymes such as esterase , amidases pephdlases.

@ (ydization
o Tn this, Shm‘ghf chain @mpound  @mverted info m'ng. Aructure .
® example (qc!aﬂuanil from Proﬂuanfl

@ Dea!cll'zahbn
* Tt Involves Opening. up Of n‘na_ Rhuchre of (yelic dm& Moleaule

® Examplc - Babihuales .
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@ _Prase I ReACTONS

® Phase T Reachons are also known ag (auu on Reachons

® Thee fendions akach polar groups Ce fummn.-c acid , sulfate,
aetyl, melhyl D +Hhc. drug mohr? i Eirghry waler 2olube .

é These reachons Include
(ilucuronide  (onyugahon

® Acelylation ) ﬁ}“}’

© Methylahon

@ sulfate (onugahon

@ Gilycine  (onyu

® Gilurathione (_bmu?ah‘on

@ Gilucuronide Comuaahon

o Tt iz the procecs OF addmhun of Gilucwronic Acid .
® T 3 medioked by UDP - gucwonosyl troneferases  (UGiTs)

® Examples :  Chloramphenia| , aspirin , paracetamol ek .

® _Acetylation
® Tis the process of additon of Aelyl Group .
® Tt o mediated Dy N- Acelylfronsferases.

® Exomple - Sulfonamides , Isoniazid .

© _Metnylahion

¢ Tt is the pwces of addibon of Methyl Giroup .
o Tt 15 mediated by Methylhunsferses .

e [xampe : Methyldopa, Meramplopunine.
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@_ Sulfate Cogug’ghon

o Tt i the process of addibon of Sulfate Gfraup.
o Tt 2 medidked by Sulfotmnafersses.
® Example: (hlorampheniol, Methyldopa ek.

© _Gilycine G)ﬂu%ghon

o T i pwes of addibon of Glycine b he dmg,s.
® It = medidked by Glyaine- N- Acetyhtronafomses .

* Example - Salicylates, Nicohnic Acid efc.

®_Gilukathione Cogggpﬂoﬂ

e T is the puocese of addihon of Gilulodhone .

® Tt is mediated by Grlukathione - S- Transferasec
® FExample . Fuaetamol "
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Factors AfrFecting DRuG METABOUSH

Thete ore vanous fachss ﬂﬁecﬁnﬂ drug. metabolism as ollows
Age

(enetics

Liver Health

(rtendler

Diet and Lifestyle

Dmta_ Interachong,

@ _Asce
o Newbom babes ghows 2low metabolism ds Hheir divar & not Rury

developed .
® Lver funchons. dedine with age , Nence. eldely people dlso hows

Llow metabolism

@ _Genehics
® Some people nohuallq break down dmg}l foster o slower due

fo differences in their genes.

@ Lver Heglth
o T te liver s damaged Cdue o any liver disease) , it canot

pRcess drugz Propeﬂt{ .

(@ Gender
o Some dmgs speed Up or slow down mefabolism  when toke

Jroqe’fhe: ;
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© _Diet and Lifectyle
¢ (Guapefruit uice 2lows metakdism of some drugg, Ie:da'ng, fo

hr‘cdher drua  |evels .
o Srnokfrg £ Aloho| incrense. Mefabolem rmlqhﬂ, 20me dmg& work

less  effechvely .

©® Giender
® Men and women poocess  Some drugs dr‘ﬂierenfly duw fo hosmones .
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| Enzyme  Inouction |

o Tt is the proces by which a dru(‘.}_ increases the poodudion (expression)
or achvity of melabolic enzymes .
e Thiz leads fo fosler melabolism of drugs -
o Ac g Tlesult, drug levels in the bloodstream may decrease
potentadly  feducing. therapeuht effedt .
o Example : Rifampin induces CYPZAY feadr‘r;g to increaced  mefabolicm
of ol contmeeptives , feducing heir effechiveness.

i ENZYME INHIBITION |

® T iz the poxes by whih a duig, deteases the acltuity of
metabolic ~ enzymes.

o Ths leads o slower metabolism , {Ilual'ng_ increased dry [eveks in
the.  bloodstream -, which may leod o foxicity .
® Example’ ketaconazole inhibits Cup3Ay | Ia:rda'ng fo Incresse] levels
of drugs like stalins increaging the ek of side effed
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EXCRETION

® Exciefion is the proess by which druge ond their mefobolies are

eliminated from fhe body, pamanly  Hhough the kidnaj& (renal
exaebon) but also via other routes Such as liver, lungs . awed ,

salivo and Dresst milk .
e Tt is aky facks in defea'm:hl"ng_ drug*s haf life , clearance

and oveall durahon oF achon.

Rovtes OF DRruG ExcrETION

@ RenAL ExremoN :© Mador Route
Renal excreion 18 the mayor rouke of Alrug. €xcrehon -andl - inuolves
Fa!lawing_ Afeps .
® Glomertlar Filtrahon . Dma. molecwles ( specially unbound /free dru%J
are fitered through the glomendug nfo fhe
renal fubule

o Tupular Servehon : * Tt & acive hanspost of drugs foom  blaod]
inh the  renal fubule .
* Example - Fenicillin s achvely secreted in ymine .

o Toblos Resbsomphon : e Some drugs may be feabswbed back it
the  blogdglream ﬂ?ducr'm} excrehon
* Example : Wak odde ke aspinn are rabsoshed
in acidic urne.
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@ _HepAnc ExcReToN

o Inhis, Druge and Hheir melobolites are exaeled Ink bile and
elimincded in  feres .
° El'ﬂmplﬂ : Digﬂm'n and slemids are excreted uia bile.

(@ _PuronAry _ Excremon

o \plahle Gases and olrugf, are eliminated fbmuﬁth exhalahon .
* Bxample :  Arechelic gases are excreted via the lungs -

@ SweAT AND SAuuA ExcRETION

o Some dmga an be exreed In wedt or salivg, but thiz
& vawly a Moy foute .
® Exomple : Heawy mefals and alohol may be  excrefed In awent.

(©) BreasT Muk ExcRETON

® Some drug,& etreled Via  breast milk in lackahing. mothers .
e Example: Tehr;:vlﬁm - Opoid, "3-
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[ kinemics OF EumMvaTiON

(@ _CLEARANCE

The clawane of a drug 18 the theorebcal volume of plasma foom
which he drug. is cmpely removed M unit fime .
Tt an be @ldaled as

Rate of Elmincthon
Plasma Dn? ncentethon

Cleafance (C1) =

@ _Oroer_OF KINETCS

The rale ab whih a drug. is eliminaled folows specifc kinehic
poinciples , puimary fiset order o zer- order kinehis :

@ Rt Order kinehics

o In thia rale of eliminahon 1 direcy propostional fo +he dmg_
ncentwhion .

* A ongant fradion of the drugﬂ is  elimindtedl per unit time

® As dmg oonenirdhon decrenses , elimnahon ke alko decrecses .

®  Most drug& follow fmst order |inehis .

® 7Zeo Order kinetics

® The wle of eliminahon i conglant and does not clepend on dnig
concentrahon -

e A ongant amount of dm% i eliminaked pes unit fime. .

. Uerq Few dlli%)& %llow 210 order kinehes
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3)_PasmA_HAar LiFe

The half life C+1) of a dmﬂ‘ 2 -H)c hme requfE’d {b.‘}_ its
plasna  nentmhon fo redue by 907. .

0-633 X Vd
b, = e

Heﬂc_gr hhz Half ife
0633 = (ongtant  ( logasthm of 2)

Vd = Uolume of D:sh]bnd}an
Cl = Clearance
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