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Eurinamion

Elimination is the process by which o drug is semoved Rom
the  systemic Ciyeulerhon — either unchangea or alter being metubolized:
seuuting in the teymination of Hs pharmaclogical effeds.

ComponeNTs _(OF EUMINATION

@ The two mauyor tomponenfs of Elimination are :
@ Metabolgm ( Biotransformation)
Excretion-

® Metabdism @ I+ ocurs maioly o ler-

® Ao known as  Biotransfoymation-
® Tiis the process by which Achive drug rs
convested into excrefed foym.

@ Excrefion o [+ mainlq ocurs 1N kr'dnqu.
® T is the process by Which drug £ s
metabolites are vemoved Rom +he body.
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MEeTABOLISM

T s aleo known az * Biotransformaion "

Tt &a poes by whih body tansfosms 0 drg into - more  feadiy
excretable  fovms -

The primary site fos melobolism 1 Liver.

® Other sites include kidney , intedines , lunge and plosma

Metabolism usually involves enzymakic feactions. in the lives that
alfer ( changes) the chemicol = Shruckure of clru{c)L.

These feacione  Makes the drug. more woker oluble_and thus
dugs beomes ewsier o be eliminated foom e body via
Urine 0% bile .

e The metabdism of a drug. usually converts

Lipid Soluble —* Water  Soluble
Unionised —  Tonjzed

Metabolism is crucial for drug's durahon and infensity of adion | as
wel as for its ovemll safely poofile.

DrRuUG METABOLISM

Metobolism uaually leade o Conversion of -
Adive Dmng —  Adive Metabolite

o Adive Dug ~— Inacive Metabolte

Inactive Dm& —  Adive Melabolite.
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CytocHrROME  Pu4S0 EnzuMEes

* (ytochiome  Puso enzymes are group of  proteins in he body hof

help  breskdown diugs , foxing and other  aubstanes

® In Gyhchrome Puso , P stands for pigment thal has, - maximum

hgnl absosphon o wavelength 450 nm .

® Several families of CuP enzymes are Involved in melabdlion of

druge -

o These are named as CYP followed by a number. Cdenotes family)

then alphabet  Csubfamily) and qgain a number (speclfc fsofoem

of he enzyme)

Example_ - C\Wp 3 A 4
¢ !

cup 3A4 forms the maximum hepahic cntent (%67) of CYP enzymes
and s Tnvolved in  metabolism of maximum gereentage of drugs (337) .

Fxamete OF C(vp ENZYMES

® o

CYP3AN
CYP2DE
CUP2C19
CYP2ca
CYP1AQ
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Tures OF MeTABOLISM REACTION
There are mainly fwo fypes of Biotransfosmahion fenctions

® Phase I Renchion
® Phase T Reachion

Memeouc Reacnons

Pupce - I Pupse -1
|

(Tnvolve Both Microsomal and

Non- Mictoomal Enzymes) Non- Miceso
- Oxidahon (lucomonide - Acelylation
- Reduchon Conyugation - Methylohon
- Hydrolysis - Sulfate (ogyugakion
- (yclizahon - Gilycine Corwuhbn
- Deqydlizahon - Gilutatnione
Cbr!]uga}bn

(@ _PuRsE- T REeACTIONS
Tese readions lntoduce functional groups in e dug. < includes

e (xidahon
® Reduction

® Hydrolys's
o chlr'zaﬁn
® Dexyclization
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@ _Oxidation _

® Oxidation iz the UGS of addibon of Oxygen b a dru% moleadle
or femowal of hydiogen fom a drug. molewle .

® Oxidalion is pmanly mediated by “enzymes like (YPusOs and
fesolte in the fosmahon of mozme polas  metabolites, which can be
easily exreted foom he body

® Example : Phenytoin, Phencbarbitone , Propranclol

® _Reduction
o Reducion is the pocess of addifon of Hydrogen oz emoval

of Oxygen fiom a dmg molele .
e Ttis less common han ~ Oxiclhon .
o Example : Chloramphenicw| , Wasfarin etc.

© _Hydrolysis

o Breakdown of dug. moecle by addhon of water 2 known s
Hydrolygis -

o Thic is. @mmon among. esters and amides.

o Tt j» mediled by enzymes such as esterase , amidases € pephdlases.

@ _(ydizalion
o Tn this, clmight chain ompound @nverted info g, Anuchue.

® example - (qdo%uan}l from Pmﬂuanil

@ __Deydlization
o Tt fnuolves gpening. up of n‘ng, ghucture of qyclie dﬂlg\ molele .

e Fxampic © Barbilumles .
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@ _Puase X Rencmons

® Phase T Reachons are also known ag Cbruugabbn Reachons

® Thee fendions akach polas groups Ceﬂ luaronic acid , sufake,
aetyl, methyl ) o ‘fhf. dﬁlg_ makan% )t %lﬂhly waler 2olube

@; These readions include
Glucwronide  (Onjugabon

® Acetylahion ’ ‘(}“j’

© Methylahon

@ Sulfate (Onyuganon

© Gilycine @nyu

® Glutatione (brgju?ab‘on

@ Gilucuronide Conm%a}ion
U

o Tt iz the proces of "addibon of Giluawonic Acd -
o T iz medicked by UDP - gucwonosyl ransferacee (U6iTs)

* Examples : Chloampheni@l , aspidn . parcetamol efc.

® _Acetylahion
e Ttis the proces of oddibon of Aetyl Giroup .
o Tt jo medited by N- Acetylfronsferases.

® Example - Sulfonamides Isoniazid .

© _Methylahon

o Tt i Jrht: poocess of addibon of Methy! Cﬁroup
o Tt i» mediated by Methylvansfemses.

e Example : Methyldopa ,  Mefaptopumne .
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@_ Sulfate Coguc(}ahon

® Tt i the pocess of additon of Sulfate Giroup .
o Tt 12 mediated by Sulfotmmferases.

¢ Examplc:  (hloramphenicol, Methyidopa k.

@ G‘lljucine qu}u%ah‘an

e T 2 pwex of addibon of Glycine f the crugs .
¢ Tt ix medigked by Gilycine- N- Aceytromafermses .

® Examplc - Salicylates, Nrcohnic Acid efc.

(@ _Gulutatnione Cog}ugahbn

o T is the pmcec of addihon of Glulothione .

o T iz mediaed by Gilukathione -S- Transferasec .
® FExamplc . Furaetamol
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Factors AfrrFecting DrRUG METABOUSM

There ore vanous factusa aﬁ‘ecﬁnﬂ. oirugr metabolisam as Hollows, :
Age

(enetics

Liver Health

(lender

Diet and Lifestyle

Dru% Interachong

@D Aae
o Newbomn babes ghows Slow metabolism ds their lve & not Rﬂfy

developed .
® Liver funchons dedine with age . hence eldely pepple alzo shows

2low metobolism .

@ _Genelics
o Some people nadurally - brenk down dlugﬂ foster o5 slower due

fo differences in their genes.

@ Lver Health
o T e liver is damoged Cde fo any live disease) , I+ anot

pwocess drugz Pmperll( :

@ Glender
o Some drugs spead Up o Slow down metabolism when Take

Jfoge’rhej :
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© _Diet and lifestyle
* Gapefruit Awte 2lows metabolism of some drugs lemh'n% fo

h| her dru levels -
o Smoh £ Hla)hol increase. Mefabolem rmhng} 20Me rJrurX sk,

less e huelq

® Gender
e Men and women process Some druas differenly du o hosmones .
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!E!(RETIONI

® Excretion 1s the process by whith u dug and its metabolites
are yemoved Fom +the bady primanly through urine , bile/
feces o other biological  fiurds-

® T+ s the final step in the prcess of drug elimination Fom

the body-

Tmprortance OF ExcreTioN

® Excretion fs esential for :
- Texminah'ng drug dction once fis therapeutt purpose is futlRlled -
- Pﬁeueﬂﬁng dlug accumulahon ; which tan lead o w‘ox:th{.
= Help detesmining dusing imevval £ drug  choite in  potient
with organ dysfunction.

Routes OF DruG EXCRETION
There are two major Soutes OF dvug excretion:

(D Renal excretion
@ Non - ¥enal excretion
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RenaL ExcreTron OF DRuGs

Renal excretion k5 the pwcess by which drygs £ their metabolifes
are elimncated fom +the b0dq fhmugh the Kidrey via unne

Steps In_ RenAL EXCRETION

Renal excretion involves 3 main steps :
@ Glomeslar RHration
@ Tubular secretion
@ Tubular veabsosption
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® Guomerutar FrireaTION
® Occurs in glomerulus:
® Only (free) unbound drug i plasma fc fiHered -
® filtration vafe depends On:
= Renal blood How
- Gilomerular Altration vate (GFR)

= Drua size and bt'nding-

® TusuAr SECRETION
® Hoppens in the proximal tubule:
® Active process using Hransposters:
® wo -}qpes
= Organic Pe- Anion  Transpostess (QAT) = for acidic drug (eg penicillin)
- Organic Cation Transposters (Ocr) =For buvc drugs (eg- morphine)
® Not affected by puotein- binding:

@ Tusuar ReRBsoRPTION

® Pugsive process, mosHy in distal tubule:

® Depends on:
~ Lipd solubility of the drug
- Usine pH
~ Ong ionization (non - lonized = More Yeabsorbed)

® (legk auds are seabsosbed more in acdic wine ; weok bases
in alkaline unne-
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Factors PrrecTing RENAL ExcreTion Of Druas

® Renal excretion involves thre mgor processes ¢ Gilomesular
fitration, tubular secretion and fubular  feabsorption .

®  Severul phqsiologl'(aJ, Ph(umacnfog{ca! and Pu’rhﬂmgr‘cal factors
influence how  efficiently drugs are excreted by the kidneys-

@ Puasvn PROTIEN BINDING:

Only free (unbound) drugs in plasma con widengo glomerular

Anration:

® Highly protein bound drugs (eg- warfarin, diazepam) have reduced
fltration-

®  However; protein binding does not prevent -active fubulas secretion,
as the drug associates fom protein: fo maintain  equillibsium-

@ RenaL Buop Fow

e Tncreased yenal blood flow increages glomerular Rhration £
delivery of drug 4o the kidneys-

® Reduced wenal perfugion (eg heart failufe , shock , dehydration)
decreases excretion-

@ Guomerusr_Frramon RATE (GFR)
Drugs are filered ot the glomerular i not- paotern - bound-
GFR detesmines the volume of plasmq filtered per unt Hme
(nosmal » 120 ML/ min)

® Decreased GIFR (e, in kidney drsease, aging) reduce drug
dearance and may lead fo occumulation and foxicty-
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@ Acwe ToguAR SECRETION
® Tn the proximal fubule , drugs are secreted info the tubular lumen

via specific fransporfers

Orgam'c Anion Transporfess (OAT) for weak qids (e_q penicillin).
Olgam‘(. (ation Transporters (0CT) fox weak bases (eg motphine).

This puocess fs Sufurable and Subject fo (ompetekion:
F-g- p’o’cbeneud inhibits secretion oF penicillin increasing its plasrn
level-

® Aging and wsenal impairment Yeduce ctive Secrekion capacty-

® TuuiAR REABSORPTION
® Tpn the distal Hubale, drugs moy be reabsorbed back info the

bloodstream by _passive _ diFfusion-

® Depends on:

- Liprd solubility - Lipaphilic dru\crs are reabsorbed mMore-

~ Tonization - Non -fonized drygs (f0ss membranes earlly:

= Urine pH - Deteymines drug fonization state

® Ueak acids are reabsorbed In aadic wnne (e aspinn)-
(eak buses are feabsorbed (n alkaline unne (e Umphekum'ne}.
Reabsorption seduces renal excretion Gnd  prolongs drug action-
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®

URINE pH
Affects ionization of week adds and bases ; thereby fﬂﬂuencfng

reabsorphon-
Manipulaﬁng wunne pH can enhance o de elimination in ovedose :

Alkanization (eq, with sodium bicarbonate) pvomote excretion of

weak aads-
Acidification (e-g- , with ammonium chloride) promotes excretion of

weak bases.

Aae

Neonates have immature kidneys — low GiFR  tubular secretion , and
reahsorption.
Drug elimination is Slowes 5 dosing must be ad justed to avord

accumulahon- |
Efdeﬂq indivisuals oFfen have teduced venal Funchion even iF

creatine s noymal-
Renal clearante decreases —* mnaea' halF -life and wsk of

'Foxl'cﬁy-

Disense STRATES
Renal diseases (eg- Glomerulonephrrs ; chronic Kidney disease )

reduce GifFR and secretion.

Cardiovoscular (onditins (e heart failure) reduce fenal pestusion
and thus excretion:

Hepatic diseases can impair mefabolism , altesing the quantity of
drug available for excetion-
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@ Drus InTERACTIONS
o (0- administered drugs moy Compete for the same fransposers,

OHEHI'nS excretion :
(] Fmrnple: Probenecid inhibiks  OAT Eeducing renal clearance of

Pem'cﬂlfn-
® Some drugs (an inhibit wemal fransposiers and increase toxicity
of (0- udminigtered druss (63., cimetidine veduces Secrelion of

(featinine)-

Physiochermcal  Propermies OF Drué

Molecular Size : Small molecules are fittered more. eosily.

Lipid solubility * Lipophilic drugs aremare likely to be reabsorbed:

Tonization :  Tonized (chamged) dliugs are less feabsorbed and
more excreted  In  unne:

e o o ®
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Non Renmr Roures For DRue ExcRETiON

Non -renal excretion refers fo the elimination of drugs and
their metubolites from the body via rowes oOther than kidneys.
These include billiary , pulmonary , salivary , sweat , latmal ,
mummary , and skin] guMmfrrlﬂﬁﬂaJ (Gu) mucosa  excretion.

Buwary ExcreTion

Drugs are secreted imto bile by liver fransporters hke P-qp MR,
BCRP.

Molecular weigtrt > 300 Da and conjugated (glucoronidte)  compounds
are peeferred-

Exaeted into bile —# Tntestine —= Feces.

Some drugs - undesgo enferohepatic civtulation ~and Qet reabsorbed
prolonging haif -life-

Examples :  Rifumpin, Esythromycn , Estrogen, Digoxin-

PuLmonARy EXRETION

Uolatile gubstances and qases are excrefed uia  lungs thiough
passive diFfusion-

Dependss on drug's vapour presswe lipid solubility and
fespisatosy sate:

Rapid excretion allows fut- ¥ecovewy aher inhaled anesthesia-
Examples :  Halothen ; Tsoflumane , nrrous Oxie , Alwhol-
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©)

....@

SAuvery ExcreTioN

Dm85 enfer saliva by puscive diffusion 0¥ active trancpowt-
Salivany excretion may (ause unplasant tuste or focal ifritation-
Swallowed drug (an be ¥eGbhsorbed (E’rrlem- salvary (qch‘ng).
Examples - Lithium Phenytoin Rifampin, fodide-

SweAT AND SERACEOUS GILANDS

Small, lipophilic drugs diffuse info sueat-

Usually insignificant for drig  elimination:

(an cause skin intation o¥ affed body odor:

Examples : Rifornpin , Heavy metals (eg. ursenic y Jead) , some
untibiotics (Hraces)-

Breast Mtk

Drugs  passively difisevinto. breast milk (slighty aadic—
favors  basic, dgs)-

Lipid - soldble,, low molecular weight, and less  pyotein - bound
drugs fransfer E’LL"':-”L[-

May cause advefse effets 1n infants dur fo immature
liver| kidney function-

E'mmples : Tdfatqclmes, Chlommphenfwl, Lithium opl‘m'ds-
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GiasTrRoINTESTINAL (GiI) TRACT

Drugs may be directy secreted it inteshinal jumen oF excreted
unchanged  via feces-

Also incuded unabsorbed oval dMgs.

Especially relevant foy oval drgs with  poor wbsorphion or bilhasy

excretion-
Examples = Vancomycin (owal) , neomycin , Tetracyclines-
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| Bioavaiasiury

® (Ue know Bivavailability s fracion of administered drug that
reaches +the quremr'c cayculation in unchanged Fovm .

® In Biopharmaceutics (5 discovered in terms of  how dosage Greon
£ woe of administmation affect how much dmg yeuches

qukmk Circulathon.
® S0 here we can define Bioavailabilly ws Rate € extent 1o

which +he above adive !‘nareclfenf (drug) s ubsorbed ffom «
drug  product £ beome available ot site OF  action or

n sqs+emn'c cycuation-

Key PspecTs
T+ measures drug absorption & fist pass metabolism-

T+ is expressed in. pescentqge:

By Tv Roule, Bpavailability is almast 1007

Fos owal 0¥ othes voutec, bioavoulability can be veduced by
incomplete absorption , enaymatic degradation o¥ fisst pass
metabolism-
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Osyecrives  Or BioavarLasiLiTy
To assess how quickly und how much OF the drug is absorbed

into +he bloodstream.

To (ompare diferent  Foxmulations 0¥  woutes OF adrmmstration
(eg- tablet v injection)-

T hdp in +he  developrent and optimization of  effective rjr;g]ge
Hoyms.

To evaluate the fmpadt ofF food, Other drugs of  phyciological
onditions  on drug abgorption.

To generote dato needed R wequlatory appsoval of . new Oy
genevic  drugs-

To ensure consistent  Hherapeutic effects and “minimize side efferts
To study the exent of frst pass mefabolism in osally administersd

drugs-
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[ Assowute BioavaiLagiLiTy]

®  Absolute bioavailability is the measure OF the extent to which g
drug weaches the Systemic cweulation  when given by a non-
intravenous wowte (like oxal oy intramuacular) | compared {0 an
intsavenous (IV) dose oF +the same  drug-

® TV adminstration s used as +he reference standard, because
delivers Yooy- of drug directly info the bloodstream ~no ubsosphion
bumiex-

Sl‘lqnfﬁ“mnce;

® Helps detexmine how effecive an owal Oor < Other non - IV dosage
foms s mpared fo V-

®  TImportant dunng dryg (new dmug) development and clinial fral

phases-
Fosmula ¢
Fa = ( AUC"“") x{DﬂS&W }x 100
AUCy -
Where ¢

e AUC= Afea (nder the Cuve ( plasma tlrug (oncentration vs time)
® AUC reflects how much dmg Is present In systemic circulghion
over time.
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Example :
A dug fs given orally (oo mg) and v (50 mq)
AUC fyom owal = 200 4q-h| mL
AUC fsom IV = 400 4G h| mL

fa = (900) [5’0} 00 = 25
et 1. ol B
400 100

Lnterpretution : Only 257 of the oral doses vedches the
systemic circulation — rest ¥s. lost due fo

r’ncomplefe absorptign: 0¥ fixst - pass
metabolism.
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[Reative Bioavanasiity

Relative bioauailability compares the  bioavailability of a drug from
one fosmulation oy ¥oute of administration fo another non- 1v
fosmulahion 08 oute of adminigtration (reference) of the same

drug-:
The wefewence fs fypially an established ctandard fosmulation (64
an oral soluton, a different tublet foxmulation, or a different

non - TV route)-
This s ofen uced when an U fowmulation 15 not availabe or

feasible  fov  @mpanison.

Sl'gniﬁcunce:
Used in bfoeq_LdUalmce studies to mpare @ test Fosmulartion (E’g-

genenic) to veference ((eg-» innouatoy drig)-
Required for vegulatosy -appyoval of  genextcs:

Fovmula ¢
Fr :(AUC#SJ’ ) X(DUSEWW(G] x 100
AVC reference) Dose test
Example :

® Test(generic) drg : 100 mg , AUC = 220 4g-h/ ml
® Reference (brund) drug © foomg , AUC = 200 Mgh/ml
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220) (100) _ .
— X 100 = 110
F (200 e

]}r}ﬁpgefmfan : The best @bmulation has o 7. selative bioavailability
Gompared o the seference — 1t detivers  slightly
move drug {0 the bloodstream-
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| Measurement OF BioavaiLABILTY)]

The methods wefil in quantitative evaluation of bioavailability can
be byoadly divided into two  cateqones :

® Pharmacokinetic methods

@ Pharmacdynamic methods

PrARMAOKINETIC METHODS
® Pharmacokinet: methods commonly used to quantify bicavailability
using mensurable bidlogical samples (mostly  blood 0¥ rine).
® T} n be futhex subdevided into fwo fypes :

@ Plasma Dyg  (oncentrcrton Method
® Usinary Dvug  Excredion Studies

@ Piasma DRuG (oncENTRATION METHOD
This is the most reliable and widely used method o meawwe

bioavaslability-

Principle
® When a drug /s absorbed into the systemic Circulation , it appears

in the plasma:
e Hmum'ng drug concentration in plusma over time helps deteymine

both 3ate and extent of absoup’n‘on-
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Proce dure

The drug is administered (oral , 1V route).

Blood samples are colected at vanous fime infervals-
Plasma is separated and analyzed for drug (oncentration.

A plasma onentration vs time qmph Is ploted.

-

£

5 ____ G
P |

oy

5 |

o AuUC |

& :

-

a |

Tmax Time.

Kev PuprmAcoKINETIC PARAMETERS
@ (Cmax - ® T+ is minimum Plasma Dsug (oncentration:
® Tndicates yute of obsorption:
® Higher Cmax = Fuster absorption-

@ Trax - @ Time 4o weach Cmax
® Indicates how quickly drug s absorbed.

© AVC- o T+ s Area Undes Curve

® Refiects the fotal exposure of drug n Prasma-
o DfrecH({ poopostiona) o the extent of absorphon:

VIDEOS : () IMPERFECT PHARMACY



Uses
® To (ompare jwo different Fosmulations (#est vs weference) -

®  To shdy bioequivalunce-
® To optimize dosage form designe:
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® Urinary Drue EXCRETION STUDIES
This method (s based on measusing the amount of unchanged
drug excreled in +the unne over ime:

® Only the absoxbed drug (an entex the bloodstream and be
fikered by +he fkidneys -

® Therefwe , the amount of mehunged dm3 exCreted in ufrine reflecks
the extent of druyg absoyption-

Pyocedure
® Administer the drug:
o (ollect urine samples af wegular infesvals (eg- evesy 2 hours)-
® Analyze each sample foy- unchafiged drug content-
® Dot : Rote of unnawy exgeton (dDufat) s MidPoint Time (M.

s dXalat
E——n_—l
& |
|
£ |
5 |
|
5 |
|
2 N\
tu max Time
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Key ParaMeTERS

o dxuldt: - T is the maximum unnaxy extretion sate-
- (livec an idea about rate of absorption:

o Tumax: — Time of maximum unnary excretion sate-
= Simliar o Tmax in plasma studyes-

e Xu: = Tota) amount oF Dwyg Excreted in Unne
= Similiar o AUC of Plasma Daug (on@ntration studies

ConpiTions For UsE

® The drug must be: - Excreted unchanged in  urine-
- Exceted is sufficent quantity for accurate
measurement -

@ HdUUnk]Ses: — Non - invasive compared 10 blood sampiing:
— Useful when plasma Concentration Meoswfement- is
diFficutt-

o limiations :  (annot be used for drygs that :
- Are extensively metabolized:

- Are hot excreted Via unine-
- Hove veyy low Senal exaretion.
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[Prrgmacooynamic MeTnoo)

® When direct plosma 0¥ wrine mecsuements are not possible,
bivavalabilty cn be assessed using the pharmacologu'(ar effects
(re. b&JLrs yegponse 1o the dmg)-

® This method s wsefld when :

= Drugconcentration measurement fs toygh-

= Dwg ads locally (eg- eye Aps skin Greams)

= No vehiuble analytical method 15 available:

® T has two main fypes:

@ Aate phamacdogical Jesponse

@ Therapeutic - vesponse-

(D AcTe PHARMACOLOGICAL RESPONSE METHOD
Pincigle |
Bioavailability s estimated by mewsuﬁna the immediate
phurmacﬂlogfcal effect of the drug, which (owyelates with s
concerdration o the site OF acion.

Examples
® Change in blwd pressure ufter an anfihyperfensive drug-

® Dupil dilation after eye drps like atropine:
® Muscde Contraction / inhibion [0 lab animals.

LimHations

® Responce may oot olways dr’mrﬂv orelate with Conentration-
Supjecﬁue vanghon in  meawswemernt-

® Tolaunce or desensitizahon can affect veuhs.
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(@ Tuerapeunic Response [METHOD
Pn‘nn'gle
Biogvailabilily is evaluated by ompuring the clinical outcome os
therapeutic effet of the drug-

Examples

® Pain velief with anolgesis (eg- paracetamol) -

® Sezues (ontrol With antiepilephic drugs:

® Blood 8tucu§e veduchion in diabetic patients after antidiabetic
treatment-- -
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| In Vitro Drue DissoLuTion f'lem_cﬁj

¢ In vitw drug dissolution +esﬁn9 modals are laboratory methods
used fo mewure how quickly and how much of a dug. dissoves
from its dosage foyrm ( like a tublet or capsule) into 0 liquid
outside the body Ci-e-, in vitro)-

® These fests simulate wndrtions in the human qostrointestinal @)

truet and are mportant For pre.dfcﬁng how +he drug will behave
in the body (im vivo)-

Purpose

o Toensure wnsistent diug elewe from baich o batch-
o To predict bigavailabilily and bioequualence-

To suppost fosmulation development and quality control -

Main In Vitro Dissolution Methods
Usp ‘Apparatus | (Busket Method)

Usp Apparatus 1| (Paddie Method)

Usp Appuratus I (Resiprocrating. (ylin dr)

USP Apparatus IV ( Flow - through cell)

USP Apparatus V- Vi
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UsP APPARATUS T (BAskeT METHOD)

The Hublet ] capsule 15 placed inside a rotating barkel submerged in q

drssolution medium-
Suitable for (apsule and floating. dosage fosms

UsP AeearaTus I (PapoLe MEeTHOD)

q puddle stis the dissolution medium while the dumgﬂ foxms werts

the at botom-
(ommonly used for tablets:

USP AeparaTus I (ReciProcATING: METHOD)

Used for controlled - releare fosmulations:
The drug moves up and down between different compartments

sfmu!aﬁng Gl Condfhons-

Usp ApparaTUs IT (FLow - THROVGH Cew)

Medium  Flows +hr0ug.h q Ccel (oni'ufnr‘ng, the (losage Form.
Surtable for  poosly soluble drugs os modified - release fosms.

USP ArpArATUs V-TIL

Less common, used for special dosage fosms: like frans dermal  patches
0¥ chewables.
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Kev ParameTerRs MMEASURED
/o d rug veleased us Time

Dissolution rafe
T90 (dime 40 velease 907/ OF drug)

WHy Tr's TMPoRTANT

Its o predictive fool for in Wuo perfoxmance:
Soves time and (ost before chinical tnials:
Required by vegulatoxy authosties for appyoval of genentc drugs.
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IIN ViTro - In Vivo CORRELATION (wlvc)|

e Tn Vitro - In Vivo Correlation (o) s predictive mathematical
model +hat desinbes the relationship between a dmugs in uitto
dissolution oy velease and fts in o absasption ( usually
measuwrrd as plasma drug concentration 0 expoau“e).

Why VIVC s ImPORTANT

® It helps in predicting how a drug wil behave in the humon body
using - laboratowy (in vitro) est-

® Tt can redue the need for expensive and fime- (onsuming clinical
studies-

® Supposts fosmulation development- , bivequivalence +esﬁn3, and
vequlatoxy appvoval, especially For modified - welease Foymulations.

Key (oncepTs

@ In Vitro Data: Usually omes fiom dissolution testing (eq. 7 drug
dissolved over time).

@ In Vivo Data: (omes from pharmacokinetic studies (eig., plasma
conentration Us time cuoves).

@ (omrelation: A mothematica) link that allows prediction of In vivo
behoviour from in vitro resulis-
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levels Or Ivive (Accoroing To FOR)

@  Level A ( Point -1o- Point (orrelation) *

® Strongest and most prefferred #ype:
e There is a direct relationship between in vitro dissolution fime points

and ™ vivo ubsmphbn time  points-
® [Example - 30 dissolved = 307 Absorbed .
® Allows Ffll prediction of plasma drug concentration - fime profiles.

@ level B (Stastiscal Moment Analyss)®
(ompares mean fn Uro dissolution fime fo mean residence|absorphon

time (n UIVO-
o Usec skatistical moments, not point ~to- point cOrtelation-
® |less informative than [evel A.

® _Level C (Single Point Correlation) :
®  (omelates one dissolution point (eqg., 60 min) with one phamacokinetic

parametey (eﬂ. Cmax or AUC)-
® Simple but limied peedictive  value:

@ Muttiple Level C:

®  Tmproves on level C by using multiple In vty time points and
(Orrelo’rma them with mulhple Pk parameters:

® Shi not s powestul s level A but better than single point-
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ExampLE

® Suppuse a sustuined - feleare fablet feleres S0 OfF s drug in 2
hours (in vitro) and in a pharmackinetic study, the same amount™
of drug s absorbed in 2 hours (in uivo)-

® If s Pﬂ‘Hﬂ’ﬂ holds across othex time pm‘n’rs, o level R VIVC exds.

(oNCLUSION
® |UVUC 15 Q pDuJGI'ﬁlf 100l in phurmaceuhtal deUeloprmn’r that connects

lab wesuis wrth real - wovld drug. behaviour:
® A stong WIVC helps save fime veduce (osls, and Suppoxts faster

vequlatory  approval-
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I:B_lomuwamme STuies]

Bibeqw'uulmce means +hat +wo medicines ( ueually a brand- name
drug and its genesic version) wosk same in the body.

They releaxe the <ome amount of acive dmug b sume speed
and have +he sume effed-

Bl'oeqw'uaran(e refers 10 the similiamy befween two drug producks in
terms of :

Rate of absosption ( how fust the drug gets into  bloodstream).
Extent of absorption Chow much of drug. gets finto blopdstream)-

When two drugs products are auiaent, t+ means -
They have Comperable bioavailability (ie- they veach ~similiar drug levels

in the blood).
'ﬂleq produce similiar -therapeutic effects and seFetq pmﬁles-

They are usually fested i healthy volunteers sing pharmacakineti

studies , which Compare paramefers Iike :
% (max (maximum (oncentration 0f drug in the blood)

% Tmax (Time fo weach (Cinox)
% AUC (Area undar the Cwve, which shows Jotal drugs exposure)

Regulatosy - agendies like the FOA ov EMA acept two drugs &¥ as

bioequivolent if their Cmax and AUC values fall wrthin §0°/ 10
125 ¢ of euch other:
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ExAMPLE
TIF you take a SO0 mg. foblet of Brand A and a 00 mg tabet

of Grenevic, B and both:

Reuch the same peak level in youx blood-
Take +he same +ime fo veach that level:
Stay in your system for the same dime-

The Brand A and B (Genenc) are nsidered bisequivalent-

Neeo O BioequivaLent STUDIES
These studies are essential for vegulatowy ~appwoval of genesic drugs,
ensuring. they are just a3 afe ond effective 08 the oviginal

produ ct-
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ECS CinssiFicamon_OF Drvas]

® The erm BcS stands for Biopharmaceuhal  classification system,

® Tt (s a scuentfc framework fox (rua‘.siﬁ{m;} dl‘uﬂs based on their
solubility € pesmeability.

® Tt helps in puediching the  drug absorption € bioavailubiltty , and
it s widey used fn drug development and  segulation-

Ciass | Sowsiry | Permeasiuity | Assoremon | ExArPLE
L High High Giood Metaprolol
I Low High Vangble Nifedipine
m High Low Uariable Cimetidine
LA Low Lot Poor Furpsemide
Cinss I

Drug in this class are highly soluble i nature & (an ewily
permeate  infestinal membrane-

They rapidly absorbed ofer ol administration:

Exhibit good biouailability-

Drugs in Hhis (ateqory are oRen cnsidered ideal for oval delivewy-
Examples : Metaprolol, Propanalol -
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Ciass T

These dugs have poor solubility but can eanly permedte the
intestinal membrane-

The bioavailability of these dmgs can be impsoved by formalotions

that enhance solubilry-
Theee drugs are also  suitable for contnlled release developments:

Examples Ketaconazole , Ibupmﬂen, Phenytoin-

CLass 1T

Dmg in these class have good olubility but haw‘ng diﬁ?curﬁ( (n
permeating infestinal  membrane-

Changeg in the r‘n+e3rﬂq of gmwin’res.h'na.' membrane, such as
from disease o5 dug interactions , may affect  bioavailabildy-
Presence of Food can atter obsorption. process.

Example : (imetidine, fitenolal, Acyclours:

(lass T

Drugs in these class have poor solubility & pevmeability-

They have poov ubsorption < bioauailability.

These drug.s may vequire Novel drut} delivery - cystem.

Dmg development 1n this cateaqary s @ challenging - process-
Exomple :  Furosemide.-
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MetHoDs For EnnAncemMEnT OF Buommmmuwl

Enhancing. the dissolution fate and  bioavaulability of poosly soluble
drugs Is a criial challenge in pharmaceutical development-

Poorly  solubility can- limit dmg absorption (n the qustrintestinal tract,
leading fo subtherapeutic effeds.

Severa] fovmuktion and techmological  approaches are used o
improve these propertres :

Partice Size Reduction CMicronization | Nanonization)
Prinaple : Reducing. partide size fncreases the surface area available
for dissolution-
Techniques: o Micronization using get mills ~or ball mills:
* Nanonization _using high- pressure h{xmgm{zdh'on
oy wet milling-
Admn’ruger Simple, effective for Bcs Class 1l drugs:
Limiiation 2 May lead fo aggregation, poor flow propesties:

Solid Dispersions

Pafna'plc :, D|‘5pensen'ng the dmg in a water - soluble (@rrier (MPYOVES
wettabily and reduces (xqs’rﬂllinﬂq-

Types ¢ * Eutectic Mixtures
¢ Salid solutions
* (lass SDlutions o Amowphous  soluhions.

(amiers: PEG , PP, HPMC ek

Advantages : Inciease solubility , dvssolution rate:

Chﬂllengesz S’rubill'ﬂf und sculo,bﬂmf-
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@ Use of Surfuctants
Prinaple : Swifactants reduce surface Jemsion and imprve wetting
and  solubilization:
Examples: Sodium Lauryl  Sulphate (s18), Poloxamers , Tween 80
Advartages : Enhanced dissolution and  bioavailability-
(onsideration: Surfactant concentfation must be optimized 4o auoid
Gl irritation.

@ Sait Frmation
Principle : (onverting o poorly soluble drug info a saft fom can

improve  solubility-
Criteria : Dﬂlﬂ. must have fonizable Runctional groups:
Example&‘: Aspirin - (C Acetylsaliqychic acid) into Jfs sodium sah-
Limitations : Not all drugs are suifable for sutt fomation | stubilrty
|SSUes-

® Soid Lipid Nanopartides (SNS) £ Nonoshudured Lipid Cariers (NLCS)
Principle: Drugs are incosporated info lipid matnices at +he nanoscale:
Benefits : (ontrolled release, enhanced bicavalability | biocampatibility.

Applications : Suftable for lipophilic dmf}s.
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©  Gomplexation

(yclodextrin Complexes : * Cyclodextins (e-q- B- cylodextnin) form
inclusion omplexes wifh hy drophobic dngs-
* Tmprove solubility, stability and aste:

Ton Exrhangc Resins: ¢ Used for faste muHﬁ“ng and controlled
release-

pH ModiRcaton

Principle : Using buffers or adjusting pH locally fo increase solubility-

Examples: Adding (Citric acd or sodium biocarbonate 4o modify
micr environment  pH-

Application : ORen used in ofal suspensians or Fusk - dissoluing
tablets:

Amorphous Fosmulation
Amorphous  Drugs  have  higher solubility +han  their  Crystaliine

counterparts:
Techniques :  Spray drying , et quenching.:
Challenge ¢ Stubility fssues due to tendency fo vecwystulize:
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