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GenerAL PHARMACOLOGY

e The word Pharmalogy derived from two greek words °
"Phamakon’ means "Drug’ and “Logy" means, Study’

® In simple words we cn zay Tt is the branch of science

that  studies druge, el zources , chemial properties .

bl‘o|08|‘ml effets and therapeuht uses.

Tt explores how drugs Interact with biological systems .

\‘nduolin% how they are absosbed , dishibuted , metabolized

and excreted by the body .

BrancHes OF PHARMACOLOGY

Phalmacologl/ is mainly divided info fwo parts -
@ Pharmawkinehcs
® Pharmadynamics

PHARMAOKINETICS

o Tt is simply defined a8 whal the body does to the drug.
* T simply dedlz with :© * Absorphion

® Dishibulion

e Metobolism

o Fxerehion




PHARMACODYNAMICS
® Pharmacodynamics is simply defired as Wwhat o drug does fo

the  body .
Tt bogically dedls with Mechanism of Achon . Therapeuhic effect

and side effeds of dm}.

Score OF PHARMACOLOGY

The swpe of Pharmaclogy Covers everything relaked o clrugs
foom how they work in the body fo their medical ue and

safeh( .
It incudes -
o Phamacokinetics : How the body processes dmg,s
® Phamacodynamics = Use How drugs work
® Pharmacotherapeutics : Use of medicines in treciment
* Side £ Toximlogy : Side effects and foxic effects
® Clinical Pbarmacologyi Study of how drugs work n humans.
® Newopharmaalogy * Fffect of drugs on brain .
* Phamawgenomics : How genes affect drg response



NATURE € Sources OF DRrues

The natwe of druz},s refers fo their characterishcs | propetties
like their Physical* properbies such as state of dgs ie.,

salid dmgs tke aspirin , liguid druge like nicotine” ond - goseous
dugs like nitous oxde and chemiol propeties Jike whether
they are organic or inorganic - in natwe .

Sources OF DRuGs
Druge @n be obtoined fom vanious fources a3 fllows

@ NAWRAL Sources

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

Mineral . Ferrous  Sulphate, (blcium CGubonate
Microbiol : Fenicillin, Grentamicin

Humon . Chorionic  Gonadotropin , Human Tnsulin

@ _SEMI- SYNTHETIC SOURCES

Amkacin
Cefuroxime  Axelil
Hyoscine Butyl Bromide

® SYNTHETC SOURCES

® Aspisin , Paracetamol , Phenytoin
® Diclofenac  Sodium

@ BioTEHNOLOGY
o Human Tnsulin, Recombinant Erythropoietin




[EssentiaL_Drue_Concerr ]

* The Eccenliol Drug. Gneept s a global heath Shodeqy  ntfocluced
by the WWorld Health Omanizalion  CWHO) to enswe that sofe,
effective .ond affordable  medicines are  availoble fo all people.

® The WHO has defined FEssenlial Melicines (druc}g) as " those
that - sotishy the  priority healthaare  needs of fhe  population ”.

Key PriNaPLEs OF FEssenmAL DRUGS

® Esentil medicine ghould be available af all fimes |n suffcient
quantities.

® They hould be ust- effecive ond affosdable .

® They must be safe and effechve

® BEcenhal druuge must meet hr‘gh stondards of  puity , Labitty
and  bioavaif illh/.

WHO Moper Lst OF EsseENTAL  MEDICINES

e The WHO brougnf ow fts fist Model List of Fscenhal Drugs
aloncz]. with thelr dosage foome and sfiength in |9% .

o This has been revised fsom time fo fime and the cument
2 the 2nd list of 2921 havin

- 429 entes I'ndudn‘n% L1 FOGs (fixed Dase (ombinahong)

NAToNAL lisT OF FsceNTIAL MEDIGINES
o India released its ‘Nahonal Essenhad Drugh Lst' in 1996 , and revieed I
in 201 and in 2015 with the ke  Nohonal List of Essentiol
Medicnes’ (NLEM)
 The lafest list has been brought out in September 20% , which includes:
- 384 Medicines !‘nduding 93 FDCs




Routes OF DRrRuGc AoMINISTRATION

® The Roue of drug, administrahon refers fo the path by which
a drg Is foken oo the body fo achieve its desived effect.

* The choice of foutes deperds on factows like drug. propesties |
destred effect and  pahent condihon .

® These rfoues an be mainly classified into fwo mayor fypes:

@ Lol Routes

@ Systemic  Routes
locaL RouTes
Topical Deeper Tissues Intra Artenal
Skin = Intraarhcular
Mucsal - Intratheca
- Retrobulbar
- Inhaplewro)
@ TopreaL

o The topial route of drug_ administrahion Involves applying, medicalions
diedly to the skh or Muous membranes fo treot loclized conditions

o Thix method allows the dmg fo adt at the site of applicahon.,
mala‘ng. it efledive for @nditions aPFech‘n% Rpecific creds ,



©) Deeper Tiesues

* The deeper tissue roule of dmug. adminishahon refers o the
direct deJu‘uen/ of malicalion info fissues beneath the skin
by using. @ &yringe and needle
® (etain deeper hssye Include -
@ Inho Ariclar @ Medichon injected directly info the knee
® Intathew! : The drug is fnjeded into gpinal fiuid aroundl spinal o] .
© Retobulbar @ Medichons [njected behind the eyeball.
@ Tnaplevol * The drug. is injectec o the plewral ity .

@ _INTRA-  ARTERIAL

o The intm - arteria) foute involves injecing, medihion  dlirechy
Nt an artery 4o deliver the olru% fo o gpedfic orgon O
fissues -

o Thiz methad enswes g hlgh ancentohon of duig. weaches
the target  ore qm'daly while ml'm'mfzfng_ the e%ﬁ on  west
of the body .




SyYsTEMIC RouTES

Enteral Parenteral Others

~ Oral — Intravenous — Tnhalational

- Subh‘nﬂual — Tnamusaulor — Nasal

— Rectol — Subculaneous — Transdermal
— Tntrademal

E'gs-remc ROUTESJ

The Drug administered Jrhlrougln Rystemic  foukes IS Intended h be
absosbed into the - bloodgteam and  distibuled all over the  bedy,
fncludin% the slke of the achon .

@ EnternL  Routes

o The enteradl roule refere fo the adminshahon of drugzs anu&h
the gashoin’resﬁnal trad  CGIT) for systemic absorption.

® Tt i 4he most common and @nuenient foute of dru} adminishiahon

* T includes :

@ Onl

() Sublinguod

©) Rectal




@ Onml Roue :

e The oral route s the most wmmon and @nuenient

method -of drug. adminighahon , where fhe dry
Is foken by mouth and absorbed through the
ashointeshnal  CGT) tradt into the bloodaiream .

Sdid € liqud dosage forms @n be given
orallq.

Limitahons

Slower Rate of Achon

Cannat be used for unanscious / vomilifg. pahent.
May cwse nouges and 'vomih'ng,

Fitet Pass Melaboliam

® Subh'nggal Route : o The subh‘ngual route involves placm% a dw

© Retl Route :

under the fongue , where it dissolvec and
Is obcosbed directly info the blood&leam
through a Weh nelwosk OF blood Vessels
N buesl Pauessq . Subh'ngud Muas .

 In thiz fisst pass metaboliom is avoided .

® Drgs hows ropid absorplion € achion

o Dru?a mugt be lipid- soluble

The redo) route inuolves the adminighaton of
dm% inbo the rectum .

Use' for fmitant and unplensant clru

Usefil for vomiing. and - unconsciouws pabents.
However , it Is rather jnconuenient < embarasxfn&.



@ _ParenTeRAL RouTE

o The potenter ue offen referr fo the adminighohon of chrugs
by  Tnjecion bypascing\ the Sazhvintesh'nal fract .

o The word Farentera] made from two words !

- far - Beyond

- Enfera] - Inteshnal

® Some most impottant  parerteral foukes are -

(@ Tntravenous

(b) Intomuscular

© Subcutaneous

(d) TIntadermal

© Tnhavenous (V) © o The intmuenous foute  fhwolues injeding. d
| dw% diredly it 0 vein , allowing. i+
o enter the bloodstream  immediotely
® Tntravenoug rouke has 1007. Broavailibility .
® Tt i the factect way fo deliver medicabion
e The dru% ls qiven at 9s° Angle,

® Tntumugcular (M) © o The inbamugcdar oute  involves  injech
a drug. diredy o mdsde, where
it I2 absosbed Inko the blood 2lream
® Musdes ham‘ng a good bloodeupply
a“owin} the dmg. fo be absosbed fagter
than  subwlaneour  fpjechons  but slower
than  Intavenous  adminighahon



© _Subcutaneous * o Tn thiz drug, is deposited in Hhe loose
Subatfaneour ~ tissue which have Hch nesve
zupply .
o Thix method provides @ gradual and auskuned
dru% velease mah‘ng I usefid for IongL-
aching. medicahons
* Tn fhis dmg. 2 given at 4s° angle.

@ Inhadermal * o The drg s |'Q,'eded info the Skin rais:‘n? a
bleb of the epidem‘s
o Tpn this dfug. £ Qien o 10- 1s° angle .




@ OTHer Routes

Some other mutes Indude :
@ Tnhalakionol
® Nasol
© Tranademal
@ Transmucosal

@ Tnhalohonal © o The inhalakional owe involues admn’m‘skﬂn%
drugs fn the foom oF goses, vapowr of
Gerosols  Info the Tespiralosy fract | primaily
obsowbs fhrough lungzs ik the  bloodatream

® Nosal : o The nasol pule of drug adminishation fnuolves delives
medlicalions Jrth3h nayj cwily , typiclly via Sprays
drops or inhalers, .
® This mehed alows the drug fo be absovbed fhmugh
the mucus Membranes in the' nose , direcly into he
bloodsiream

© Transdemol * @ The trongdemal route of drua  odminishation
(hvolves  delivenin drug& %rough the skin |,
Typiclly via palches | cleams or gels .
® These. medicaions are- absosbed nto the  bloodstream
fhiough the <king layem and provide a
ontolled ., gustaned release over fime




@ _Tranamuasal - o The Arangmucosal fouke of dru& administrahon
fnuolves deh’uezﬁng, medicahon’ through the
Mmucous  Membsunes , which are found [n
dreas  Suh as mouth | Nose , eyes eft .

® Drgs ore abwsbed though fhe muwsa dirediy
Info the  bloodatredm



SoME IMPORTANT TERMS

@ _AGonisT

® An Agonist s a drg, or substance that achuates a  feceplos
in the ~ body and produces a biological  responce .

* Tt works by miml‘ch‘n% natwal chemicale fo shmulate specific
funchong. In” the.  bedy .

@ _AnagoNiST

® An Anfacanm's‘r is a drug or substane that blocks a  receptoy
~Inthe body and psevenis a fegonce
* Tt wonks by S}Oppin% Natual - chemicls or other diugs foom
achivahing. the reeptos .
o Pt'so%ﬁuo types -
@ @mpehtive Anfagom‘d
@ Non- ompettive ~ Antagonist

@ _SPARE RECEPTORS

® Spure Regphox Ore extm feephss in a @l that are not
needed to produce the maximum effad of g dru%}.

® This meons that even if only some of the reephre are
achvated , the ful veapnse shll happens. .

@ _AooicTion
e Addichon Is a 'Siron% and unconhollable desire fo use g dm},
even Wwhen it cwses hum

o T happen because the olru% changes the  bmin | Makrn% thu
person cawe It and  feel unable fo -@nhwl their e




©® DePenDENCE

® Dependene meang the body Qels ued o a drg, and a peron

feels unwel 0v has wihdlmwl aymploma if dhey ghp faking
It

® It @n be physicl or paychological

® _ToLERANCE

® Tolerane meons over he fime , @ Person needs a  higher
de of 0 diug fo qget the 2ame effect.

® This happens bewuse fhe body gels tsed fo he dmg,.
makl'n?} it les effechie of the usual dase .

@ Tacyphyiaxis
o Tachyphylaxis iz when a dmg 2ps wosking, as  well _yust
after beiO&M for o zhost time , even if fhe dase stays

the same.
® It hapens Dewse the body fapidly adapis fo the drua.

T010SUNCRASY
o Idiogyncrasy 12 when a person hos an unugual of unexpeded
feadion fo a dm& thot most  pesple  don't experience
e Thiz rfeadion (s “not related 1o Jrhc dm@o dose or an dlegy ;
t happens becuse of a peron's unigue body chemisiny




@ Aierey

® An adllergy in when the bodys jmmune syslem reads badly
o a dng. Jhinkm% it is  hamfl) .

® Ths an ause ymphms fke fash, ifchin  Suelling. OF
€uen Senous feachons like difficulty in breaﬁin%.




PHARMACOKINETICS

® Phamacokinetics is the branch of Phaxmacoiogy that  studies  how
drugg Move ihroughou} the body over time .

o Tt dexvibe the proeess of ADME

@ Absorption

@ Distibuhon

® Metabdism

@ Excelion

* Now all the Pharmacokinelic processes fnuolves franspost of drug,
acioss - Didogical membranes .

MEMBRANE TRANSPORT

* Membiane Trangport is defined as ranspost of drgs actoss - biologiaa)
Membranes , Such as el membrane , inteshnal h'm‘n% , blood - brain -
bamer and renal fubules .

o It (an be of Followl'ma, fypes *

@ Possive Diffusion

@ Facilitated  Diffussion

@ Adive Trangpost

@ fore Trangpost | Fillrahion

® Ton Par 'ﬁangpoﬂ

® Endocyhosis



@ _Passive _DifFusion

® Pussive Diffusion Is the process by which dmg& moves qaciose O
membiane  fiom an wen of high onentolion 1o the area of low
ncentrahon .

® The movement 12 driven Concentohon - Giradient

® This is the most impotant Mechanism for majonty of olru?»s.

® The movement @nhnyez unhl equillibrium  reached .

® Tt depends on fachis lie dru%é lipophilicity and - molecular  size .

Hfg her M | Lower
(oncentrahon - Concentrahon
"

@ _Pore_TRANSPORT

e Tt is also known as Filtmhon ,

* fore fonspost s a mechanism of diug. movement wher diug. Molerules
trangpost  thiough aqueous pores or channels in the cell membrane .

o mrouﬂh Filhahon, Lipid Inaoluble dm% @n olso Qo biolagicad membranes
but their 2ize showd be 2mal|




® Facautatep DiFFusioN

o Tt is similar fo Possive Diffuson but requles some specific  cassier
pooteins .

® T is dso knoun as (amer Mediated Tranzpost.

® Tz process does ot feguire  enegy and reies on the concenhrahon
gradient of the dru%.

® This mechanism & Cruciol for larger or less lipophilic molecules .

'. — (amer Potein
: v
|
Notec?dc - '

Biological Membrane

@ AcTve  TRANSPORT

® In Adive Tronspost drug moves against the concenlralion gradlient
(ie.. fiom low @ncenhohon fo hl‘gh onentration ) |
e In ihis energy s fequitedl in the” foom of AP and It aleo

neads  comer po'o}ec‘ng .

(® Jon PAIR TRANSPORT

e Ton pair transpost is a mechanism of g rangpost in - which chugs
are tanaposted  across el membmne as part of @ pited  complex
with an ter endogenous fon.

o It patialaly felevant for drugs that ale pooy <luble and  have
low membrane pemneabilty .




\

G 2 @ 2

Calionic Endogenous Free Dmg

Orug 1 Anion T

Ton- Pair @mplex

® _Envocutosis

o Tt iz also known ag Uesciclor Trangpost'
* Endocyhsis is O proess where 0 el enquf  substances fom it
suroundingg by - widpping. them in it cell membrane and fém‘ncgﬂ
0 Veside
o Tt i2 of two ypes .
@ Phagogyfusis  ( Engufment of Solid Postices) |
® Pinocyhsis  ( En%wrmen! of Ligwd Prticles)

Oru% |
t |
Q~Q@%*‘

Exocyfosts

Endocytosis



ABSORPTION

® Absoption s defined as movement of crugs from its ste of administaion

to the systemic cisalation  C Bloodstream)
* Thig process IS essential for the drug fo exett its thepeuhic eftects
(Cexeept in the @se of diect administiahon fnfo the bloodgiveam  &uch

as intravenous (1v) Injection ) .
® for o belter absorption, the dnugs should be lipid soluble in nabure
beauce only lipid soluble druge can  cross the biological membranes-
® Ifa dmg 2 administered flom  Oral route | # hos fo clos he
Membranes of git and blood  vessel fo reach the blood . Therefore,
it ghoud be in ./ Lipid Solubie Form .

Nature OF Druais
® Most of the druge auailable in the markel are either -

@ Wesk Acids
@ Wedk Bages

o Thiz is beause they are generally in  unionize! form , henee more
lipid 20luble in nalwe -
® But to mantain their unionized natwe, they must be dbasbed Fom

theit fespective medium
® |leak Acidic Dru?g aboibed fom Acidic Medium (e, Stomach)

® Wedk RBuosic Dmg,s ghould abswoobed fiom Basic Medium (iie. Tnteshie)




[ BioAvaiLiBiLITY]

® Bioavalibility i8 defined as frachon of administerec] olrug that feaches

the gystemic circulation 1 the wnchanged foom.

® It is exprexed in percentage

for Example © IF 100 mg. of a dug. i faken orally and 50 mg
reaches  circulalion , the bioawaulibiliby 1% 507..

By Iv mute , bicavalibility i dluays  1007.

Bioavailibility of Oral dugs n be clolated by @mpazing. the
Area under cuve C(AUC) “of oral € v rouke

Boavaiugiimy = :: cclzrd
S
Toxc Leve
£ LeveL [» Maximum Eredie
S F—————————— = (oncenirahon
: |
c
S F--------
TuerapeunC
=5 Winoow
e
° .
S [v Minimum Effechive
5 """""""" ==%=  (oncentration
s
Q.
Tmox
TiMg —»

Here , Cmax = feok Plasma Goneentraion  Tmax = Time fo reach (nax



_FirsT Pass METABOLISM

Firt Pass Melabolign i3 the process in which a drug. (5 partially
melabaizad before (euching, A\stemic  circulohon  when ~administerec]
orally .

"How Tt Works

® When you foke a drug. Corally) by moukth , it firet goas fo the
gomach and amall infestine , where It is absosbed.

® fom fhere, fhe absosber drug enters the  liver %rough the postal vein .

® The Nlver mefobolizec (breakdown) 0 postion of drug* befose # @n
teach the bloodsteam .

® Beguse of this breskdown , only q smaller amount of d"‘ﬁ‘ enter
the  Dloodstream ond  reaches e farget orans..




Factors ArrecTinG DRuG ABSORPTION

Drug  Absorption *is infivencecl by uanous fackms a» follows :
@ Physicochemical - Fachoss
@ Phyeiological Facloss
® Phamaceuhicl Foctrs

@) _Pnrusicocuemicar  FacTors
These relafe o drug's PhyziCal € chemical properes. Tt includes *
® Solubility
o Drwa. Tonizahon < pH
® Parthde Size
¢ Dm% Sfabilih{

@ _Solubility *e Dg muat dissolve in- biologicol fiwdls before absosphon
® Lipophilic clrugs Cft soluble) cross cell membranes exuily
® Hydiophilic dirugs (waler goluble) fequies specific camsler

pooteins .

@ DNSLIO'"'Z“HO"'@ pH = o Mot duge are werk aads o wenk bases
® Non - jonized dugs aie more lpid  Loluble
and ensily absovbec! .
® Tonized dluq& are waker soluble € less absosbe .

@ _Putide Size - * Smaller putiles dlissolve faster and obwsber! more quickly.



@ Druq, Stability * e Some i degrade In acidic envionments .
® Entenc mahng,s help pwofect acd- sensitive cgs .

(@ _Pnusioo6icAL  FacTors

These ate biolog:‘cal focss, that influence dmg absosphon .
® (ashic Emplyin,
® Sufae Areq
o fitst  Pace Melabolism

@ Glasiic Empfqmgb * fast gashc emph;mg leads fo  faster absorphon .
® Slow Qostric emph/ma lewds. 1o delayed ab@msphon.

® _Surfae_Areq * © The small Inteshine has o far?c Aurfae Oeq
making. it dhe poimary  aite for drug. abaowphion

© First Pass Metabolism - @ Some dru?a ale meloboliced In the liver

before feaching. .eyskemic crsulabon ,reducin;
Bioavailivility.



(@ _PHarMAcEuUTICAL FACTORS
These factsz depend on drug, fosulohion and rouke of adminisfrahion .

o Docoge fomn
® Roule of Adminigrahon
’ Dm% Interachons .

@ Dosage form : o qu'd {osms, abcosoed  faster than <olid  fosms,

® Route of Adminiztmhion - ® Ol : Most common bult fnulves  fisst - Pass
Metaboliem
® Suplingual * Auoids firg pasc mefabolicm
® (wenteral - Bypasses Absophon bamers
® Topicat - Depends on Skin fermeability

© _Drg Interachion : ¢ Presence of other dng, an & alo affect
absowphon  efficiency .



DisTRIBUTION

® Distibuhon refers, b the prees by which a dwg , affer bein
obsosbed it the bloodatream , tansposted fo vanous Hsues and
orgons in the  body.

® Tt detesmines Where he drug goes how much reaches the fwge#
site and how lon% it S’rmjx in the body .

FActors AFFECTING DRUG DisTRIBUTION

There are vamous fackws that affect Dru? distsbubion ax follows :
® Blood Flow To Tissues
® Plasma footein Bindin
¢ Lipid Solubllity of Drug.
® [isue Penneabih'h/
® \olume of Diskabuhon

(@) Blood Flow To Tissues

* Organg with h:‘gh blood flow Ce'g-, liver, kidneys , Brain) reeie dm%
foster ompare to thase with low blood flow Ceq., fat, skin, mucle)

@ Plasma Pootein Bindin

* Drugs in the blood bindz t plosma  profein.
* Now only the fiee diug I auallable fos dibbubion 1o wanous hisues

® Highty pootein bound clruge have. limited  distaibuhion .




(® _Lipid Solubility OF Drugg
e Lipophilic drugs eusily cross cell membranes ond acumulate in hsaues.
® Hyduophiic drugs stay mostly in e blood ond  extracellular

fiuid .

© Tisue Pemeability
* Highly pemenble fisues (eg, liver, kidney) allow drugs o poss ey
® Baosiers like  Blood- Brain Bamer (BBB) o placental bamsier limit

dma entry .

@& _Volume OF Distribuhion (V)
® Vd is a pharmacokinefic paramele: that desmmibes  how widely
dig s diduibued in body filuds and fissues .
® High Va : Orug s widely dishoibuted In fissues .
o low V4 Drug Aoys mainly in the blood .




PLasMA PRroTEIN BINDING

Plasma  Protein bfndr‘ng feferz fo the reversible Interacion between a
drug. and proteing In the blood , primasily albumin , o - acid
glycoprotein and - lipopyoteins .

This bl‘ndl'ng, affecls the dru%'S diskiubion, metabolizm , eliminahon
and pharmacologicu! pmpedfes.

Key AspecTts

Bounp Vs FRee DRuG

"o@

« @

Bound Dmg. : Inachve , @mnot cross membranes .
Fee Dug - Adive fosm thal @n interact with receplDrs .
Only free drug. exetts phamacologicol  efect .

Tupes Of Plagma Protein Inwolved

Albumin : Binds addic drug& e Warfasin , Phenytoin -
o~ Acid Gilyopsotein * Bind2  basic drug,g like propoanclol . lidacaine.
Lipopeoteins < Bind ipophilic chuga, ke * cydlosposine

Extent Of Binding

Hl'ghll/ Protein - boound dru?& : Longer Durakion

® Wewly Protein- bound drags - Sharten action



I VoWME OF DisTRIBUTION I

o The apparent volume of Clistabubion (Va) Js a heorelicd phammackinehc
pasomeef thet descibes the  extent o which a dm? dighsbutes
throughout the body relative fo its concentiahon in  plasma .

o Tt does not repreent a feal phyziokgical uolume but rather an
indicahon oF how widely @ drug spreads I bady tissues.

Nose Administered CTU)
Plasma (ncentrakion

Vq =




MeTABOLISM

o Tt fs ol known as ” Biotransformation "

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

® The primary site for metabolism K Liver.

® Other sites Indude kidney , intedines , lungs and ploama

® Metabolism usually nuolves enzymalic feacions in the liver that
alter ( changee) the chemicol Shructure of dmgh.

® These feachont Makes the dmug more waker 2oluble and thys
diugs bewmes exsier fo be eliminafed foom the body i

Unne 0% bile.
e The metabalism of a drug. usually converts :
- Lipid Souple — Water Soluble
= Unionised —  TJonjzed

o Metabolism is cruciol for drug's clurahon and - infenity of adion , a3
wel as for its ovemll safely poofile.

Drué METABOLISM

Metabolism ugually leade o Conversion of
o Adive Dmg. —  Adive Metabolite
e Adive Dmg‘ —  Tnadive Metabolite
e Thactive Dru& —  Adive Melabolite.




CutocHROME  PL4S0 EnzuMES

® Cytchiome Puso enzymes are group of proteins in the body hod
help breskdown drugs , foxing and other - Aibstanees

® In Gyhchrome Puso , P stands for Pl‘%ma)l thal  has maximum
ignt absosphon ot wavelength 40 nm |

o Several families of CuP enzymes are Inuolved in melabdliom of
dru%@.- -

o These are named as CYP followed by a number (denotes family) ,
then alphabel  Csubfamily) and again a pumber (spedfic fsofosm

of he enzyme)

Example - Cyp 3 A 4

¢ ¥
(Gpedific Isoform)

o (Cup 3A4 forms the maximum hepahc ntent (%1) of CUP enzymes
and s involved in metabolism of maximum perentage  of dru%»s (33/.)

Exampie OF Cvp ENzYMES

CYP3AY
CYP2DE
CuP2C1g
CyPaca
CYP1A9




Tures OF MetAsousM REACTION

There are mainly two types of Biotransfoomahon feachons

® Phase I Reaclion
® Phase T Reachon

MemBouc Reacnons

Pupce - I

(Tnvolve Both Microsomal and
Non- Microomal Enzymes)

Oxidahon
Reduchon

Hydrolysis
Cyclizahon
Deqyclizahon

(@ _PuRse- I REACTONS

Puase -I

Glucoronide

Conpugahon

Non- Micesomal>

- Acelylahon
- Methylakon
- Sulfote Gugakon
- Glycine Ciju%ah'on
- Gllukathione

Comugahbn

These feadions Inhoduce funchional groups in the O'N?.—G Includes .

e (xidahon
® Reduction

® Hydrolyx's
¢ ch\izaﬁ‘n
® Deqyclizahon



@ _Oxidation

® Oxidahion is the puocess of addilion of oxygen oo a dug, molecule
or femowal of hydiogen from a dug. moleate .

® Oxidokion is poimasly medidted by “enzymes like C(YPusos and
fesults In the fommation of more polas  metabolites, which can be
easlly - excieted faom e body .

® Example © Phenylvin, Phencbarbitone | Prprandlol

® Reduchon

® Keduchon is the pwocess of addibon of Hydmgen or  emoval
of Orygen fiom a dmg molecullc .

® Itis les common than ~ Oxidoton .

® Example @ Chloramphenico| , Waskarin ek

© Hydrolysis

® Breakdown of dug. molecule by addihon of waker & known as,
Hydrolygis -

® This is @mmon among, esters and  amides.

Tt = mediated by enzymes such as esterase , amidases € pephdlases.

@ _(ydizalion
o Tn thig, shm‘ﬂh} chain @mpound  @rverled info m‘ng Khnucture .
* example : (ycloguan fzom Pmauanil

G) Da:lllclfzah'on
* T fnvolves opening. up of n‘r? &lruchre of qyclic ofﬂl& Moleaule .
® Examplc  Barbitualbes .



@ _Puase_II RencmoNS

® Phase T Reachons are al&o known ag  (onugation Reachions

o Thee f(enchon2 cdfach groups Ce luearonic add , sufate,
aeltyl, metyl ) b fhc drug makm% i %9”7 waler 2oluble .

® These readions include :

@ Gilucuronide (onyugakon

® Acelylarion 9"}’

© Methylahon

@ sulfate Gy

@ Gilycine Gy

® Gluraione (bmu?,ahon

@ _(ilucuronide ComucLabon

e It ix the proes of 'addiion of  Glucwonic Acid
® Tt 8 medioted by UDP - glucwonosyl Hransfermees  (U6iTs)

® Examples *  Chloramphenia| , aspin , pamcetamol efc.

® Acetylation

® Ttis dhe proess of addibon of Aelyl Group .
® Tt s medited by N- Acetyltransferaces.

* Example - Sulfonamides | fsoniazid .

© Mdhylah‘on

o Tt is the poocess of addihon of Methy! Gwoup.
o Tt 15 mediated by Methylhansfemses .

e Fxamplc 1 Methyldopa, Meraplopumine.




@_Sulfate Cor\)}u%gh'on

* T i the poocess of addon of Sulfate Giroup .
e Tt iz mediated by Sulfotransferces .
® Example:  (hlorampheni@!, Methyidopa €k

@) Gih,:cfne Coryu%ah‘on
e Tt ik pooes OF addihon of Gllycine b the drug,s.
® It iz mediked by Gilycine- N- Actyhronafernse .
® Example - Salicylates, Nrcohnic Acid efc.

@) _Gilukathione @Q}u@on

e T is the pences of addibon of Gilulathione .
® Tt s melided by Glukathione - S- Tranaferasec |
® FExample . Puaetamol ‘



Factors AFFeEcTING DRUG METABOUSM

There ore vanous factss aﬂech‘nﬂ dng. metabolism as follows :
Age

(renetics

Liver Heolth

Grender

Diet and Lifestyle

Orug, Interachong,

@ Ace
® Newbom babes ghows Llow melaboliam ds heir v 2 not ley

developed .
® Liver funchong dedine with 0 . hence e!dely peop!e dlzo  ghows

Llow metabolism

Q@ _Genelics
® Some people nohualh{ break cown dmgx foster ov slower due
fo differences in their genes.

(@ _Lver Health
o T the liver is damageol (due fo any liver clisease) , I annot

pcess drugz Propem{ :

(@ _Glender
o Some druss speed Up or Slow down metabolism  when tfoke

k)ge’rher :




© _Diet and Lifestyle
o Gapefrut duice 2lows metabolism of some drug»s, leadm% fo

hiaher drug  levels .
o Smok:‘rg £ Aloho| (ncrease Metabolem | rmlq'ng, 20me dru%s wosk

less  effechvely .

©® _Gender
® Men and women process  Some drugs diﬂ‘eren"y du fo hosmones .




I EnzyME TNOUCTION |

o Tt 12 the procec by which @ dru% increases the  poduchion (expression)
or achvity of metabolic enzymes .
e Thiz leads to foser melabolism of drugs -
* As a fesult, diug. levels in the bloodseam mMay decrease
potentilly  reducing. therapeuhc effect .
e Example © Rifampin induces CYP3RAY leading. to Increased  metabolicm
of oral contmeeptives , reducing their - effectiveness.

| ENzZYME Inmamoﬂ

® T iz the proces by whih a dug, derreases the acliuity of
metabolic ~ enzymes.

o This leads o Slower melaboligm |, cau&'ng lncreased drug leveks In
the  bloodstream , which may lead do foxiciky .
® Example: Ketanazole inhibits  Cup3Aly -, lecling fo Increased  levels
of dngs like stahins mcreazx‘n? the mk of sde effed



EXCRETION

® Exciefion is the pwoess by which druge and their mefobolies are

eliminated from fhe body , primazly  thiough The kl‘dnqy& Crenal]
exeton) but also via other routes suchdas liver, lungs - awed! ,

soliva and Dreast milk .
o Tt is a ky fuchs in o!ermnmm% drug's haf life , clewance

and oveall durahon of achon.

Routes OF Druc ExcrRETON

@ RenaL ExremoN © MadoR Route
Renal excrehon 18 the major foule of dm% exdehon -and  Inwlves
following, steps
® Glomerdar Filtahon : Drug. molecles ( gpectally unbound / free dru%)
are filtered through the glomendug o the
renal fubwle

o Tupular Setvehon : © Tt 2 achive hangpost of digs foom  blood]
in the renal ubule .

* Example - Fenicllin (s achvely Secreted in Unine |

o Tubar Renbsowphon : e Some drugs may be Rabawbed back info
the  bloodghream reducn‘n% excrehon
o Example : Wak qdda like aspiin are rabsoshed
In acidic urne.



@ _HepAnc ExcrETON

e TIn this Oruge and dheir metabolites are exaeled Inh bile and
eliminaded In  feces .
* Example Digoxl'n and stemids are excreter uia bile .

@ _PuMonARY  EXcRETION

o Uahle gases and dgs are eliminated Fhrough - exhalahon .
® Example ©  Anechelic gases are excreed via the lungs -

@ SweAT AND ShAuva ExcRETION

o Some drugs an be exeed In awedt gy salvg, but thiz
& vaidlly @ minos foute .
® Exomple : Hewy melals and dlwhol may be excreted i sweat .

(©) BrEAST Mik ExcRETON

o Some dn ecreted via  breast milk In lactabng. mothers -
o Lxample: ﬁemfﬂ& € Opoidly,, ¢




[ kiNETIcS OF EummaTion |

(@ _CLEARANCE

The clearane of a drug 18 the theorebc volume of plasma fsom
which the drug. is mpldely removed n unit fime .
Tt an be @lwjoted as

Rate of Elimincthon
Plasma Dmg, Qneentothon

Cleafance CC1) =

@ _Oroer _OF KINEMCS

The rofe ab whih a drug. is  eliminalec! folows pecific  kinehc
puinciples , puimary fiset order oy zemw- order kinefics

@ PRt Order kinehics

e In iz rate of eliminabon ix direcy propostional o e dm%
ancentrahion .

* A ongant fracion of the drug s elimndted per unit time

® As dng. conentrdhon decrepses , eliminahon rate alzo  decreases |

* Most druge follou fest order  inehics .

® Zefo Order kinehics
o The mte of eliminahon & cngant and does not clepend on dug
concentrahon -

e A ongdont amount of dru% 1% eliminated pes unt time .
e Very few dm%;s follow zro order  kinehis




@) _Pasma_Har LiFe

The half life C4i) of a dru 12 the fime reqwred ‘FO?)' itc
plasma  conentmhion fo reduce” by 507

by, = —QCBK VY
’2 - Cl

Here, b1jo= Half life
0633 = (ongtant  ( loganthm of 2)

Vd = Uolume of Dpshnbuhon
C! = Clewrance.
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