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ABSTRACT

Bioavailability of drug product can be altered by drug and excipients properties in the
formulation and manufacturing process. Sccessful Pharmaceutical development is the perfect
understanding of the in vivo and in vitro performance of the dosage form. In-vitro dissolution
methods are developed with correlation of In-vivo parameters. In-vitro specifications are set to
maintain the consistency and reproducibility of the in vivo characteristics (bioavailability) of the
dosage forms.

INTRODUCTION

A key goal in development of oral dosage formsi$ld good understanding of the in vivo and in
vitro performance of the dosage form importantllygoorly soluble drugs and controlled release
dosage forms.

This article is intended to explain in detail abdutvivo studies includes bioavailability and
bioequivalence, Physicochemical properties of drlmg,vitro dissolution studies, IVIVC
correlation, Biowaiver and Manufacturing procesgnprove the bioavailability.

Bioavailability:

Bioavailability is defined as the rate and extenivhich the active ingredient or active moiety is
absorbed from a drug product and becomes avaitdltlee site of action [2]. Absorption is the
process of movement of unchanged drug from theo$iseministration to systemic circulation
or site of measurement i.e. plasma. The extenntfsiinal absorption is dependent on drug
stability, aqueous solubility and intestinal perimbty. Any alteration in the drug’s
bioavailability is reflected in its pharmacologicfect. Other processes that play a role in the
therapeutic activity of a drug are distribution aglgmination. The movement of drug between
one compartment and the other (generally bloodthadxtra vascular tissues) is referred to as
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drug distribution. Elimination is defined as theopess that tends to remove the drug from the
body and terminate its action.

Absolute bioavailability is defined as the dosemalized area under the plasma concentration
time curve after oral administration divided bytth&er intravenous administration.

Absolute bioavailability F = ( AUCoral / Doral ) (AUCiv / Div)

M easurement of Bioavailability:

SEIRLT FATI o

Auc

Tl

The two major pharmacokinetic methods used medsoavailability are:

()Plasma level-time studies
(i)Urinary excretion studies

The 3 parameters of plasma level-time studies whrehconsidered important for determining
bioavailability are (i). The peak plasma concemra(Cnay) that gives an indication whether the
drug is sufficiently absorbed systemically to poevia therapeutic response, (ii). The peak time
(tmay that gives an indication of the rate of absomp@md (iii) The area under the plasma level-
time curve (AUC) that gives a measure of the extértbsorption or the amount of drug that
reaches the systemic circulation. The 3 major patara examined in urinary excretion data
obtained with single dose study are: The maximuimany excretion rate, the time for maximum
excretion rate and cumulative amount of drug excrat the urine.

A systematic approach to ensure bioavailability of phar maceutical products:

Bioequivalence:

Bioequivalence is defined as the absence of afgignt difference in the rate and extent to
which the active ingredient or active moiety in phaceutical equivalents or pharmaceutical
alternatives becomes available at the site of dwigon when administered at the same molar
dose under similar conditions in an appropriatagigned study.

The three major pharmacokinetic parameters to dssequivalence are:
 AUC is the principal criterion to characterizeettextent of absorption and to assess

bioequivalence.
* Cmax is the rate and extent of absorption (wabereptance criteria)
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» Tmax is the rate of absorption (considered ortgmclinically relevant)
Relative bioavailability F = AUGs{ Drest

(Bioequivalence) AWL/ Dret
Relative bioavailability F’= Cmaxst/ Drest
(Rate of absorption) Crag Dref

Phar maceutical equivalence implies that two or more drug products are idexttio strength,
quality, purity, content uniformity and disintegaat and dissolution characteristics; they may
however differ in containing different excipien®harmaceutical alternatives if drug products
contain the same active moiety but differ in chexhform of that moiety or in the dosage form
or strength (salt, ester, complex, dosage formgrdpeutic equivalence is the pharmaceutical
equivalents whose bioavailability or dissolutiomfdes, after the same molar doses, are similar
to such an extent that their safety and efficacyg ba assumed to be substantially equal.
Therapeutic equivalents are interchangeable. Hasesitnilar products: if it has the same
gualitative and quantitative composition in ternisaotive substances and the pharmaceutical
form is the same and, where necessary, bioequisalemth the first product has been
demonstrated by appropriate bioavailability studiasied out.

Generic Product [3]:

Generic name product is a copy that is the santwasl name (Innovator) product. A generic
drug is an identical, or bioequivalent to a braade drug in dosage form, safety, strength, route
of administration, quality, performance characterssand intended use. Once innovator patents
and exclusivity periods of the innovator expiresngric company can market their product by
proving equivalence of bioavailability (bioequivate/relative bioavailability) with innovator to
market the product.

The possible difference between generic and inmoyabduct is drug particle size, polymorphic
form, excipients, Manufacturing process equipmesite of manufacturing, batch size etc.
Preformulation studies include drug-excipient cotifpiety, polymorphic studies to be
conducted to ensure that the generic product pessexjuivalent and sometimes even superior
stability characteristic to the innovator bramdssolution specification should be same between
generic and innovator. Generic products must bepgresl in accordance with Goods
Manufacturing Practices, should usually originatanf a batch of at least 1/10 of production
scale or 100,000 units whichever is greater, urddssrwise justified.

Theregulatory requirement of new and generic product:

New drug Genericdrug

1. Chemistry 1. Chemyist
2. Manufacturing 2. Manufachgyi
3. Controls 3. Coiidro

4. Labeling 4. Lalgi

5. Testing 5. Tegti

6. Animal Studies 6. Bioequivate

Clinical Studies
Bioavailability
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Bioequivalence studies are particularly needed for:

Immediate release

i) Documented evidence for bioavailability prabkerelated to the drug, ii) Narrow therapeutic
window, iii) Complicated pharmacokinetics, iv) Lomweater soluble drugs, v) Where a high
ratio of excipients to active ingredients existodified release & Fixed combination

Bioequivalence studies are not needed for a powder for reconstitution as a solution / solution
for oral or parenteral use and an aqueous solutiblphthalmic, nasal spray and topical
application, these products must be similar toregfee product.

Factorsto consider in the design of a study[4]

* Protocol must state priori, the study objectives and methods to be used

» Study formulation should be representative ofrfalation to be marketed

» Subjects: Number, health status, age, weighghteethnicity, gender, special characteristics
e.g. poor metabolizers, smoking, inclusion/exclasiateria specified in protocol.

» Randomization, Blinding, Sampling protocol,

» Adequate Washout period (> 5 time’s drug haklif

* Administration of food and beverages during sfuglgcording of adverse events

Studies should be carried out in accordance withvipions of guidelines on Good Clinical
Practice, Good Manufacturing Practice, and Goodotatory Practice. In general, single dose
two-way crossover, fasted & fed studies will su#fitt but there are situation, steady-state
studies may be required. Alternatives studies oeduSingle-dose, parallel, fasted (Long Half-
Life drugs), Single-dose, replicate design (Higklgriable Drugs ie.CV>30%), Multiple-dose,
two-way crossover, fasted, Chemotherapy Trials @fidical endpoint study (Topical Nasal
Suspensions). The number of subjects require@tsrmined by the error variance (%CV) of
the primary characteristic (AUC or Cmax). Healtlglunteers (male and female) of age 18-55
years old, BMI = 18-30 kg/m2 (Asians = 18-25), slddoe screened for clinical laboratory tests,
medical history prefer non-smokers / without adngbf alcohol or drug abuse.

Statistical | nterpretation of BE Data:
Bioequivalence problem is relatively new area. Rfseutical companies are pretty much
interested and statistical knowledge is demandirtyis field.

- BA parameters used for BE assessment are AW&,a8d tax

- AUC, Gnaxshould be log transformed before statistical asialy

- logAUC or Gnaxof both products will be compared using ANOVA

- Construct a 90% CI for comparison between boblycts

- Tmax, NON-parametric statistics used on untransfornagd d

- Summary statistics such as median, min, max dhmibiven

- Bioequivalence criteria: (i).Two one-sided tgstscedure, (ii).Test (T) is not significantly less
than reference, (iii).Reference (R) is not sigmifily less than test, (iv).Significant differense i
20% (a = 0.05 significance level), (v).If test 3, 8eference is 100 then T/R ratio is 80 and If tes
is 100, reference is 80 then T/R ratio is 125.

Acceptance range for PK parameters of average BEakiated
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. AUC-ratio 90% CI = 80-125%
. Chaxratio 90% CI = 80-125%
90% CI = 75-133%qgfmivariable drugs)
. tnax  90% CI must fall within clinically relevamiterval

Biophar maceutical Classification Of Drugs:

Based on aqueous solubility and intestinal perntigabiopharmaceutical classification system
classifies the drugs as

Class 1: High soluble, highly permeable

Class 2: Low soluble, highly permeable

Class 3: High soluble, low permeable

Class 4: Low soluble, low permeable

High solubility:

A drug substance is considered highly soluble wthenhighest dose strength is soluble in 250
ml or less of aqueous media over the pH range B©61-The pH solubility profile of the drug
substance is determined at 37 + 10°C in aqueousumedith pH in the range of 1-7.5. A
sufficient number of pH conditions should be evtddato accurately define the pH-solubility
profile.

High permeability:

A drug substance is considered to be highly perieaaben the extent of absorption in humans
is determined to be 90% or more of an administdees® based on a mass balance determination
or in comparison to an intravenous reference desg., when the absolute bioavailability is 90%
or more, or when 90% or more of the administerem s recovered in urine). The methods used
for determination of permeability include:

a. Mass balance studies, Absolute bioavailabilitydies and Intestinal perfusion methods in
human

b. In vivo or in situ intestinal perfusion in a &lle animal model

c. In vitro permeability methods using excised stiteal tissues

d. Monolayers of suitable epithelial cells e.g. &&ccells or TC-7 cells

Class | drugs exhibit a high dissolution and absorptiome Tate limiting step is drug dissolution
and if dissolution is very rapid then gastric enpgyrate becomes the rate determining step.

Examples: Metoprolol, Diltiazem, Verapamil, Propranolol, Adzvir, Acetaminophen,
Acyclovir, Amitryptyline, Antipyrine, Atropine, Bugpirone, Caffeine, Captopril, Chloroquine,
Chlorpheniramine, Cyclophosphmide, Desipramine,z8g@am, Dilitiazem, Diphenhydramine,
Disopyramide, Doxepin, Doxycycline, Enlapril, Ephieé, Ergonovine, Ethambutol, fluoxetine,
Glucose, Imipramine, Ketorolac, Ketoprofen, LabettoLevodopa, Levofloxacin, Meperidine,
Metoprolol, Metronidazole, Midazolam, Minocyclin®jisoprostol, Nifedipine, Phenobarbital,
Phenylalamine, Prednisolone, Primaquine, Proma#ttepranolol, Quinidine, Rosiglitazone,
Salicylic acid, Theophylline, Verapamil, ZidovudiriRisperidone.
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Class 2 drugs have a high absorption but a low dissolutioerefore absorption is limited
primarily by drug dissolution in the gastrointestitract®. In vivo drug dissolution is then a rate
limiting step for absorption except at a very hdgise.

Examples: Phenytoin, Danazol, Ketoconazole, Mefenamic a®idfedinpine. Amiodarone,
Atorvastatin, Azithromycine, Carbamazepine, CarddiChlorpromazine, Ciprofloxancin,
Cyclosporine, Danazol, Dapsone, Diclofenac, Digexirythromycin, Flurbiprofen, Glyburide,
Griseofulvin, lbuprofen, Indinavir, Indomethacirtraconazole, Ketoconazole, Lansoprazole,
Lovastatin, Mebendazole, Naproxen, Nelfinavir, Q#8oin, Oxaprozin, Phenazopyridine,
Phenytoin, Piroxicam, Raloxifene, Ritonavir, Sagwin, Sirolimus, Spironolactone, Tacrolimus,
Talmolol, Tamoxifen, Terfenadine, Warfarin

Class 3 drugs, have high dissolution, low absorption. ivovpermeability is rate limiting step
for drug absorption. These drugs exhibit a highiatem in the rate and extent of drug
absorption. Since the dissolution is rapid, theatem is attributable to alteration of physiology
and membrane permeability rather than the dosage ferctors.

Examples: Cimetidine, Acyclovir, Neomycin B, Captopril. Rédine, Acyclovir, Amiloride,
Amoxicillin, Atenolol, Atropine, Bisphosphonatesafopril, Cefazolin, Cetrizine, Cimetidine,
Ciprofloxacin, Cloxacillin, Dicloxacillin, Erythrorycin, Famotidine, Fexofenadine, Ganciclovir,
Lisinopril, Metformin, Methotrexate, Nadolol, Prastatin, Penicillins, Tetracyline,
Trimethoprim, Valsartan, Zalcitabinne.

Class 4 drugs exhibit a lot of problems for effective oaglministration. The route of choice for
administering is parenteral with the formulatiomtaoning solubility enhancers.

Examples: Taxol. Amphotericin B, Chlorthalidone, Chlorothide, Colistin, Ciprofloxacin,
Furosemide, Hydrochlorothiazide, Mebandazole, Metxate, Neomycin.

Factors I nfluencing Bioavailability:

A. Phar maceutical factors

1. Physicochemical attributes of Drug substances

« Drug solubility and dissolution rate

- Particle size and effective surface area

- Bulk and tapped density, Powder flow characternzati

« Polymorphism, amorphism and hygroscopicity

« Pseudopolymorphism (hydrates/solvates)

- Salt form of the drug

+ Lipophilicity

- pKa of the drug and pH

« Drug stability (% volatile, LOD, moisture content)

2. Dosage Form Characteristics and Pharmaceutigegdients

- Disintegration time (tablets/capsules)

- Dissolution time

- Manufacturing variables (method of granulation, poaession force, intensity of packing of
capsule contents)

- Pharmaceutical ingredient (excipients/adjuvants)
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« Nature and type of dosage form
« Product age and storage condition

B. Barrier functions of the organism:
« Age
« Gastric emptying time & Intestinal transit time
» Gastrointestinal pH
- Diseases states
- Blood flow through the GIT
« Gastrointestinal contents:
a.Other drugs, b. Food, c. Fluids, d. Other noi@latontents
« Presystemic metabolism by:
a. Lumenal enzymes, b. Gut wall enzymes, c. Badtenzymes, d. Hepatic enzymes.

Physicochemical Attributes and Drug Permeability:

The bioavailability of oral drug administrationasunction of Molecular characteristics, Dosage
form design, and Barrier function of the organi®arrier to oral delivery of a compound can
involve both stability and transport. GIT is chaligng environment for stability and transport of
drug. Permeation depends on molecular size, aguemubility and liphophilicity. Drug of large
molecular size transported through receptor medlisedocytosis (Transcytosis), and low
molecular size (<400-500) through paracellular eo(tassive diffusion across the intestinal
membrane). The Gastro intestinal tract pH from fe&8cts may cause acid or base catalysis
hydrolysis or non-specific hydrolysis by enzymedures pepsin, pancreatic enzyme, cytoplasm
to drug and Gastric transit time. Drug bioavailiypitan be altered by the nature of food present.

Physiological factors[8]

Parameters Stomach Small intestine |Largeintestine Rectum
pH range 1-3 5-7.5 7.9-8.0 7.5-8.0
Length(cms) 20 285 110 20
Diameter (cms) | 0.1-0.2 2.5 5 2.5
Surface area (M[15 200 0.15 0.02
Transit time (hrs)L-5 3-6 6-12 6-12
IAbsorption role [Lipophilic acidic an{All type of drugs [Some drugs water aAll type of drugs
neutral drugs electrolytes
IAbsorptive Passive diffusidAll absorptiofPassive diffusigPassive diffusion convecti
mechanisms  |convective transport jmechanism ’Iconvective transport [transport endocytosis

A drug with poor bioavailability is the one with

« Poor aqueous solubility and/or slow dissolutior fiatthe biologic fluids.

« Inadequate partition coefficient and thus poor gation through the biomembrane
« Poor stability of the dissolved drug at the physgat pH

- Extensive presystemic metabolism

Particlesize[9]:

Dissolution rate is typically influenced by paréickize and wettability. The influence of
wettability on the dissolution rate of pharmaceaitipowder was studied by Lippold and ohm.
Example: wetting agent: Polysorbate 80.
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Polymor phism [10]:

New drug substances exist in different crystalforens which differ in their physical properties.
Polymorphism may also include salvation or hydratigroducts (also know as
pseudopolymorphs) and amorphous forms. Polymorphis® direct impact on solubility.
Particle shape and powder density is depended gmpghism (crystal forms). These two
physical parameters can affect manufacturabilisyteng in poor flowability and compaction.

Example: Ibuprofen, acetaminophen because of ¢riyatat of drug tendency of poor flow and
sticking. Bioequivalent product manufactured witimtrol of the polymorphic form of the drug
substance and the dissolution behaviour of the graduct.

lonization:

An acid in acid solution will not ionize; an acid basic solution will ionize, A base in a basic
solution will not ionize; a base in acid solutionllvionize. The amount of drug that exists in
unionized form is a function of dissociation comstgpK;) of the drug and pH of the fluid at the
absorption site.

The negative log of the acid ionization constaMajpis defined as the ability of an ionizable
group of an organic compound to donate a protol) (i aqueous media normally at 25°C.
Henderson—Hasselbach equations are used to idetiidy percent of drug ionized at
gastrointestinal pH. i.e.,

Acids: pH=pKs+log ionized drug concentration/Unionized drug camtcation

Bases: pH=pktlog unionized drug concentration/ionized drug @nication

When the concentration of ionized and unionizedydrecomes equal, and thus pHzpK

When the concentration of ionized and unionizedysdlrare not equal, the percent of ionization
calculated by following formula:

Percent of lonizatioft = 100 1+18®H"*) Wwhere x = -1 for acid drug, 1 for basic drug.

Thumb rulefor estimating % of ionization for acid and basesfor easy to remember[12]:

pH-pK aPer centage of |onization
Acids Bases

> -3 0.1 99.9

-2 t0 -3 [1 99

-1to2 |10 90

0 50 50

> 90 10

2t0o3 |99 1

> 99.9 0.1

Influence of drug pK,and GI pH on Drug Absorption

S.NdDrugs |pK aJpH/Site of absor ption
1.Stronger acid (pk2.5)
Disodium 2.0 |lonized at all pH values; Poorly absorbed from GIT

cromoglycate
2.Moderately weak acids (pR.5to 7.5)
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Cloxacilin 2.7|\Unionized in gastric pH and ionized in intestinadH;pBetter absorbed frg
Aspirin 3.5[stomach
Ibuprofen 4.4
3.Very weak acids (pk8.0)
Pentobarbital 8.[1 Unionized at all pH valuebsérbed along the entire length of GIT
Ethosuximide 9.3
4.Stronger base (pk11.0)
Mecamylamine 11}|2lonized at all pH values; Ppalisorbed from GIT
Guanethidine 117
5.Moderately weak bases (pKto 11.0)
Reserpine 6.@lonized at gastric pH; relatively unionized at Biteal pH. Better absorbed fr
Amitriptyline 9.4 |intestine.
6.Very weak bases (pK5.0)
Theophylline 0.7Unionized at all pH values; absorbed along theremingth of GIT.
Diazepam 3.1

Partition coefficient:

partition coefficient of a drug substance can pievuseful information about its permeability
characteristics. The partition coefficient is tlaio of concentrations of un-ionized compound
between the two solutions. The logarithm of theoraff the concentrations of the un-ionized
solute in the solvents is called log P.

LogP is the octanol-water partition coefficient,i®a measure of the differential solubility of a
neutral substance between these immiscible ligardkthereby, a descriptor of hydrophobicity
(or the lipophilicity) of a neutral substance. dttypically used in its logarithmic form, logP.
Higher the value, more the hydrophilic and fasher dissolution in aqueous fluids. If log p>4
then the drug is very lipophilic, which is practlgaestimated by shake flask method. Usually
intestinal permeability increases with liphophiycbut decreases with molecular weight or H-
bonding properties. The formula to calculate log Biven below.

solutel|
iﬂ_{'_}' r}rrr.'t,.-":rwi‘ — iﬂﬂ'( [qﬂ e rl-:r Feariind )

—ionized
[solute]", "=

Ideally, for optimum absorption, a drug should hauéficient aqueous solubility to dissolve in
the fluids at the absorption site and lipid solipihigh enough to facilitate the partitioning of
the drug in the lipoidal biomembrane and into gsystecirculation. In other words, a perfect
hydrophilic-lipophilic balance (HLB) should be tleein the structure of the drug for optimum
bioavailability. Gastro intestinal tract is a simpipoidal barrier to the transport of drug, Larger
the fraction of unionized drug, faster the absorptand greater the lipophilicity ¢&,) of the
unionized drug, better the absorption.

I mproving Bioavailability by M anufacturing Process:

The three major approaches in overcoming the bilzditity problem are:

- The Pharmaceutical approach, which involves maalifien of formulation, manufacturing
process or the physicochemical properties of theg dwithout changing the chemical
structure.
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« The chemical approach in which the pharmacokinetidhe drug is altered by modifying its
chemical structure. This approach includes safh&tion or incorporating polar or ionizable
groups in the main drug structure resulting infdrenation of prodrug.

- The Biologic approach whereby the route of drug iagstration may be changed such as
changing from oral to parentral route.

The attempts, whether optimizing the formulatiorgnufacturing process or physicochemical
properties of the drug, are mainly aimed at enhayece of dissolution rate, as it is the major
rate-limiting step in the absorption of most druggreasing the effective surface are of the
drugs will be discussed briefly.

/ Solid Dispersions \

= J

Gystalline carriers(Sugar, urem @ymeric carriers (PVP,PEG, \ f *  Mixture of surfactantm

Polymethylacrylate, and polymers.

HPMC,HPC,EC,Starch derivative *  Surfactants(Gelucine,
Poloxamer 407.

e Mixture of poly mers

like cyclodextrin.)

= AN AN J

Manufacturing Process used to produce solid dispersions: [14]
Manufacturing process!

Melting Method Solvent evoporation method.

Traditional methods Optimized Methods Coprecipitation, Spray drying

Selution Hot stage extrusion Freeze-drying, Nitorgen stream
Suspension Metrex™! & Melt agglomeration Super critical fluids
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Solid Dispersions[13]:

Solid dispersion is drug dispersed in a biologicatlert matrix. Drug in soluble hydrophilic
carrier improves the dissolution rate by reduciragtiple size, higher porosity, drug is in
amorphous state, improving wettability and hencessfiy bioavailability for poorly water
soluble drugsPolymers used are Polyethylene glycol, polyvinytgliidone of low molecular
weight material such as sugars. The mechanismmfovmmng dissolution was not yet understood.
Recently surfactants have been included to stabittee formulations, this avoiding drug
recrystallisation and potentiating their solubility

Co-precipitation method:

Solute and solid carrier solvent are dissolvingairommon volatile liquid solvent such as
alcohol. The liquid solvent is removed by evapamatunder reduced pressure or by freeze-
drying which result in amorphous precipitation aflige in a crystalline carrier. Example:

amorphous sulfathiazole in crystalline urea.

Such dispersions are often called as co-evapooates-precipitates. The method is suitable for
thermolabile substances but has a number of disgalyes like higher cost of processing, use of
large quantities of solvent, difficulty in completmoval of solvent, etc

Thekey problem areasin solid dispersions are:

1. The solid state structure

2. The mechanism by which dissolution enhancemerurs
3. The stability of the dispersions on storage

4. Poor understanding of IVIVC.

The methods of preparation of solid dispersion: (i) Melting (fusion) (ii) Solvent or melting
solvent method*

Nanosizing[15]:

Reducing drug particle size to below submicron lieee, 100-200nm. This reduction of particle
size leads to significant increase in the dissotutate of drug. Elans nanomilling technology is
utilized, which works on two approaches ‘Top doywWet milling technology) and ‘bottom up’
(Precipitation, crystallization). Stabilizers arged to stabilize the nanosupension against inter-
particle forces between particles due to dispersioVander walls forces. The inter-particle
forces are needed to overcome by repulsive foleesimer stabilizers (Examples:. Hydroxy
propyl cellulose, Hydroxy propyl methyl cellulos®VP K30,) and Surfactant stabilizers
(Examples: Tween 80, Sodiumlauryl sulphate, Do@&isatlium) are used. There are two modes
of imparting repulsive forces or energetic barrigyscolloidal system. Steric stabilization and
electrostatic stabilization. Steric stablisationashieved by adsorbing polymers in to particle
surface, Electrostatic stablization is obtaineddolgorbing changed molecules, which can be
ionic surfactants or charged polymers, on to theigla surface. Nanosupension are typically
converted to a solid dosage form by spray dryiragess.

Micronization:
The process involves reducing the size of the sblig) particles to 1 to10 microns commonly by
spray drying or by use of air attrition methodsuigfl energy mill). Examples of drugs whose
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bioavailability have been increased by micronizatioclude griseofulvin and several steroidal
and sulfa drugs. Greater the surface area, faster dissolution, can be increased by
micronization of drug

Cogrinding of drug with Excipientg16]:

Particle size reduction is performed by milling jet miller for poorly soluble compound to
increase the bioavailability after micronisation dfugs. In cogrinding method the large
quantities of water soluble polymers are used asxaipient. Markus Vogt et describes the
rate of dissolution of poorly soluble drugs alberula, felodipine was improved by cogrinding
them with various excipients like lactose monohyglracornstarch, polyvinylpyrolidone,
hydroxypropyl methyl cellulose and sodiumlaurylshdte .

L yophilization:

The material to be dried is first frozen and thehjected under a high vacuum to heat (supplied
by conduction or radiation or by both), so that filezen liquid sublimed leaving only the solid,
dried components of the original liquid. The fowngponents of freeze driers are vacum
chamber for drying, vacum source, heat source ambrvremoval system. Gole etahnd
Lawrence et &f describes the inventive preparation of lyophilizadtrix with gelatin, pectin,
soy fibre protein and mannitol. The low soluble #iiter actives like risperidone and ibuprofen
are coated by particulate coating with natural ymtlsetic polymer and organic solvents and
dried by vapor removal system. The Matrix dispenrsgsdly with in 10 seconds in water and
thus improves dissolution.

Use of Surfactants:

The surface-active agents enhance dissolution patmarily by promoting wetting and
penetration of dissolution fluid into the solid drwparticles. They are generally used in
concentration below their critical micelle concatitn (CMC) values since above CMC, the
drug entrapped in the micelle structure fails tatipan in the dissolution fluid. Nonionic
surfactants like polysorbates are widely used. Eptamof drugs whose bioavailability have
been increased by use of surfactants in the fotoualanclude steroids like spironolactone.

Use of Salt forms:

Salts have improved solubility and dissolution ee#ristics in comparison to the original drug.
Alkali metals salts of acidic drug like penicillsvand strong acid salts of basic drugs like
atropine are more water-soluble than the parerg.dru

Alteration of pH of the Drug Microenvironment: Buffered aspirin tablets
Use of more soluble metastable polymorphs. the B form of chlorampheical palmitate is more
water-soluble than the A and the C forms.

Solute-solvent complexation: solvates of drugs with organic solvents (also echllas
pseudopolymorphs) generally have higher aqueoubitity than their respective hydrates or the
original drug. Much higher solubility can be
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Solvent deposition:

In this method, the poorly aqueous soluble drudghsag nifedipine is dissolved in an organic
solvent like alcohol and deposited on an inert, rbgtilic, solid matrix such as starch or
microcrystalline cellulose by evaporation of soliven

Selective adsor ption on insoluble carriers:

The weak physical bonding between the adsorbatéhenddsorbent, and hydration and swelling
of the clay in the aqueous media. Bentonite caramcd the dissolution rate of poorly water-
soluble drugs such as griseofulvin, indomethacird grednisolone by maintaining the
concentration gradient at its maximum.

Solid solutions:

A solid solution is a binary system comprising aadid solute molecularly dispersed in a solid
solvent by fusion method whereby physical mixtufesalute and solvent are melted together
followed by rapid solidification. Griseofulvin-suicic acid

Eutetic Mixtures:

Eutetic melts differ from solid solution in thatetiused melt of solute-solvent show complete
miscibility but negligible solid-solid solubility.¢. such systems are basically intimately blended
physical mixture of two crystalline components. &@a&tamol-urea, grisefulvin-urea. The
methods cannot be applied for drugs which failrgstallize from the mixed melt, thermolabile
drugs and carriers such as succininc acid thatrdpose at their melting point. The eutectic
product is often tacky, intractable or irregulaystal.

Molecular encapsulation and cyclodextrins:

The beta and gamma cyclodextrins and several of tiegivatives are unique in having the
ability to form molecular inclusions complexes witlydrophobic drug having poor aqueous
solubility. These cyclodextrin molecules are véhsan having a hydrophobic cavity of size
suitable enough to accommodate the lipophilic dasgguest; the outside of the host molecule is
relatively hydrophilic. Thiazide diuretics, barhistties, benzodiazepines

Invitro Dissolution Studies:

In the pharmaceutical industry, dissolutin is defiras the amount of drug substance that goes
into solution per unit time under standardized é¢omas of liquid/solid interface, temperature
and solvent composition. ie. mass transfer fromsiiéd surface to the liquid phase. Intrinsic
dissolution rate can be defined as rate of disswlyiure pharmaceutical active when conditions
such a pH, surface area, temperature, agitatite,arad ionic strength of dissolution media kept
constant.

Dissolution as a Process
Dissolution as a Process

Tablets orDEDTEGERATICY  Gramules aggregates DISAGCREGATION . Fine Particies

Dissolution
v
Drug in solution
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I mportant dissolution factors can be identified by Noyes Whitney equation®*:
dC =D.A X (Cs-Cb)
dt h
Where dC/dt is a rate of drug dissolution at time't
A = surface area of the particle, h=thickness efgtagnant film layer
Cs=Saturated solubility of compound at the partictia interface
Cb= Concentration of compound in the bulk mediunx&Cs dependency is only on Cs
D=1/N X (VA); D=diffusion coefficient of compoundhithe medium
Where N= solvent viscosity; VA = Solute mal&r volume;

In vivo tests are extremely costly, tedious andetioonsuming moreover exposing the healthy
subjects to hazards of drugs. So need to reduceebance on in vivo studies. Dissolution is a
prerequisite for bioequivalence since the drug rfitstdissolve before it can be absorbed by the
gastrointestinal tratt Dissolution tests are now designed to mimic tle@egal conditions
encountered in the physiological environment of &i&. The dissolution of drugs from orally
administered solid dosage forms in vivo and inovi influenced by variations in the natural or
simulated gastrointestinal fluid (and physical &bles such as hydrodynamic flow, and
mechanical stress. The physiological conditionst tta@n affect drug release include the
following: Intestinaltransittime, gastricemptyingandvariable pH.

The dissolution test methods are also now desigmedmic the general conditions encountered
in the physiological environment of the GIT andytlae desirable alternate for in vivo tests as
well as quality control tests.

Dissolution M ethod Devel opment:

There are several factors that must be consideréukidesign of a dissolution test. Selection of
apparatus, Nature of agitation, Speed of agitg®@®475/100 rpm), Performance precision of the
apparatus, media composition, Viscosity, Volume0(800/1000/2000ml), Temperature and
‘sink conditions’ to be maintainedsince in vivo ‘sink condition’ created due to irieal
permeability and in vivo dissolution is a complexgess, method of introduction of the dosage
form, location of dosage unit, sampling techniqugsanging the dissolution fluid, pH of the
media and Time points to get discrimination etc.

Systematic Approach involves:
« Literature information: Reference listed drugs, swary basis of approval, Physicians desk
reference, Pharmacokinetic data, BCS class, fotettaf particle size, crystal form, bulk
density of API.

+ Sink condition: Maintenance of large volumes of solution definedsank conditions’ (drug
concentration in solution maintained constant kivalevel) 3 times the unit dose to be taken
for studies, NLT 1.5 times the unit dose is theeatance criteria; at 25°C using drug, at
37+0.5°C using drug; At 25°C using drug + procdssgbo; at 37+0.5°C using drug + process
placebo.

» Dissolution media selection based on physiologaaiditions, pH solubility profile, pH
stability profile, pKa of the drug substance, gani coefficient.
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+ Medias:0.1N HCI, 0.01N HCI, pH 4.5 Acetate/Phosphdituffer, pH 6.8 Phosphate
buffer, pH 7.2 /7.4 Phosphate buffer.

- Biorelevant dissolution medias[20].: Medias used for studying fast and fed effects on
release from dosage forms.

FaSSIF Fasted state simulated intedfiunall pH6.5

FeSSIF Fed state simulated intestimngdi fl pH 5.0

SGF Simulated Gastric fluid pH 1.2

FaSSGF Fasted state simulated Gastrit flui pH1.8

Composition of FeSSIF (pH 6.5) Composition of FaSSIF (pH 5.0)
Sodium taurocholate 3m/M Sodium taurocholate Bim/
Lecithin 0.75m/M Lecithin 0.75m/M
NaH,POy, 3.438g Acetic acid 8.65¢
NacCl 6.186¢g NacCl 11.8749g
NaOH pellets gs to adjust pBl 6 NaOH pellets 4.04g
Deionized water gs to adjust Irlite Deionized water gguadto 1liter

« Temperatures. Body temperature 37+0.5°C

« Sinkersfor low weight formulations

« If the drug is highly hydrophobic and insoluble ffess with added surfactants can be used.
Surfactant of 1% is preferable, beyond 2% shajubgfied.

« If the Tmax is less than 2 hours- acidic media refgred for the release testing.
Discrimination pH should be determined

« If food affects bio-availability, then simulatededia study is very important and pure grade
of reagents should be used for simulated mediaapaépn.

« Selection of apparatus[21-22].

United Sates of Phar macopiea:

-Apparatus 1 Rotatingkes Tablets/Capsules
-Apparatus 2 Paddle agdgm Tablets/Capsules
-Apparatus 3 Reciprocatoylinder Escalating pH media
-Apparatus 4 Flow-througgl Low soluble drugs
-Apparatus 5 Paddle alisk Semisolids and transdermal
-Apparatus 6 Cylinder Transdermal patches
-Apparatus 7 Reciprocatimolder Transdermal patches
European Phar macopiea:
-For solid dosage forms Pafidieket/flow through cell
-For transdermal patches Diskeanbly method/cell method/rotating cylinder
-For special dosage forms Chevaipparatus/Flow through apparatus.

 Crescent shaped spindle can be used to improve Ipalvodynamics of paddle apparatus
and thus improved and bio-relevant dissolution atizristics' .
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« Physical observation: Disintegration pattern, floating particle of drug excipients, Heap
formation, Cone effect.
« Investigation during analysis: If drug is degrading during dissolution, inject gbiution
sample in RS method and find out the possible dizgra
« Influencing Parameters of dissolution

Wetting speed - Surface tensiQontact angle

Addition of surfactant — Air bubblepping

Hydrophobic lubricant like talc, magnen stearate in formulations

For capsule gelation is hydrophilic

Wetability of powder bed inside cagsul

Disaggregatrion — Compactibility

Tablets — pore volume is mall — adudiitof disintegrates — strain and rupture

Limitations of dissolution testing:

Invitro dissolution testing can be non—-discrimindigample; Mebandazole polymers A, B, and
C dissolution profiles met the specification of 75%ssolved in 120 minutes although they
exhibited different therapeutic effects.

Invitro dissolution testing can be over —discrimenaExample; FDA sponsored studies with
manufactured fast, medium and slow dissolving tabtd metoprolol and propranolol. Slow
dissolving tablets of metoprolol failed in USP disgion test. However the in vivo
pharmacokinetic a study demonstrates the bioeaneal of fast, medium and slow dissolving
tablets with their corresponding formulations. TRé&/C suggests that in vivo dissolutions are
not rate limiting step for this formulation so tithtference in dissolution rate does not make any
difference.

Formulation specific IVIVC: IVIVC is only valid forone particular type of dosage form
containing certain rate controlling excipients witre same release mechanism. If a drug is
formulated in the same type of a solid dosage fauch as tablets, formulations with different
drug release mechanisms would require the developofeseparate IVIVC with differenin
vitro dissolution methodology.

Setting of Dissolution Specifications[24]:

A specificatio” is defined as a list of tests, references to aicalyprocedures, and appropriate
acceptance criteria which are numerical limits,ges) or other criteria for the tests described.
When a specification is first proposed, justifioatishould be presented for each procedure and
each acceptance criterion included.

The justification should refer to relevant devel@mindata, pharmacopoeial standards, test data
for drug substances and drug products used indlmgyg and clinical studies, and results from
accelerated and long term stability studies, asogp@ate. Additionally, a reasonable range of
expected analytical and manufacturing variabilityodd be considered. It is important to
consider all of this information.

Immediaterelease : 3 categories of dissolution test specificatiom @escribed
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(i) For BCS class 1 and 3 drugs of rapidly dissajvproducts single point dissolution in 0.1N
HCI, 85% released at 15 mints. If dissolution ipidathen multi point and multimedia
dissolution profile to be studied.

(i) For BCS class 2 drugs; Multi point (38,45 and 60 mints) and multimedia dissolution
profile to be studied.

(i)  Dissolution profile Comparison[11]:

Moore and Flanner proposed a model independent emattical approach to compare the
dissolution profiles using two factors;(difference factors) and,(similarity factors). The
formula used to calculate &nd § are

f=iE_ 7| R-TIVIE,_ "R ]1+100
fy=50+log T+{1/MZ,_ n(R -T,)2}05+100}

Where log = logarithm base 10, n= number of sarggiime points)=summation over all time
points, R= dissolution time point t of the reference (predtehe batch), Fdissolution at time
point t of the test(post change)

The f, value should be between 0-15 to indicate diffeedmetween two dissolution profiles. The
f2 value should be between 50-100 to indicate sintyl between two dissolution profiles. When
the two profiles are identical=100. If an average of 10% difference at all meaduime points
results thenf= 50. When both test and reference products dies@b% or more of the label
amount of the drug ik15 minutes using all three dissolution media recemsed above, the
profile comparison with anfest is unnecessary.

Conditionsfor a Dissolution profile comparison:
+ At least 12 units should be used for each proftenination. Mean dissolution values can
be used to estimate the similarity factor, f2. Be mean data, the % coefficient of variation at
the earlier point should not be more than 20% aratheer time points should not be more than
10%.
+ For circumstances where wide variability is obsdra a statistical evaluation of f2 metric
is desired, a bootstrap approach to calculate fdsorce interval can be performed.
+ The dissolution measurements of the two produdast (and reference, pre- and post-
change, two strengths) should be made under the sash conditions. The dissolution time
points for both the profiles should be the samg, éor immediate release products 15, 30, 45
and 60 minutes, for extended release products3,,2and 8 hours.
« Because f2 values are sensitive to the number sdollition time points, only one
measurement should be considered after 85% digzolot the product.
« For products which are rapidly dissolving, i.e.,rendhan 85% in 15 minutes or less, a
profile comparison is not necessary.
« A f2 value of 50 or greater (50-100) ensures sas®n@ equivalence of the two
curves and, thus, the performance of the two prisduc
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Delayed release::
A modified release product in which the releas@adafve substance is delayed for a finite “lag
time”, after which release is unhindered [e.g. Bateoated or “Gastro resistant” (Ph.Eur.) oral
tablets or capsules which remain intact in the sithmand only disintegrate in the higher pH of
the small intestine]. Delayed release resultslonger Tmax but with Tmax and elimination half
life unchanged.

In delayed release component, the drug may notulfecisntly protected for residence time
greater than 2 hours in the gastric pH of 1.2. lgptvmay also alter the performance by causing
chemical reactions of the materials used in theag®sfor modifying the release of drug.
Therefore, while the final dissolution test mayyorgquire a 1-2 hour presoak at gastric pH, the
dosage form should be thoroughly evaluated at igaskt if there is potential for long gastric
residence times. If the goal of the dosage forto i®lease the drug in the duodenum, e.g., target
transport through tight junctions, then the disBolutest should reflect the possibility of a short
residence time. This is especially true if the nagiém for targeting the release is enteric
coating. Further hampering of drug release can roifcilne enteric coating erodes at pH 6.5,
since the pH at the proximal duodenum is closeb.to than 6.5. Therefore, an appropriate
dissolution test for pH sensitive release mecharssoh as enteric-coated dosage forms may
require several pHs simultaneously taking into aersition the potential in vivo residence time
at each pH.

Coated particles/beads currently used in both extended release and delagkase dosage

forms offer advantages over larger, non-disintéggatelivery systems. Depending on the
design of the delivery system, dissolution testsfead formulations may consist of 2-3 hours in
simulated gastric fluid at pH 1.2, followed by 16-Binutes in simulated intestinal fluid at pH
5.5, and then simulated intestinal fluid at pH é:$H 8.0.

Extended Release:

The FIP -Guideline and European Pharmacopeia defaalegst 3 specification points, the first

after 1-2 hours (around 20-30% drug release) twig@eoassurance against premature drug
release. The second specification point has torbend 50 % drug release to define the
dissolution pattern. At the last point, the dissiolu limit should be at least 80 % drug release to
ensure almost quantitative release. Alternativalgissolution of <80% has to be justified and
should be supported by a test duration of at I8dshouré®. As can be seen, there are slight
differences with regard to the United States Phaopeia, where only > 2 test points are

demanded considering the individual monograph.

In-vitro-In-vivo Correlation:

Invitro-invivo correlation is the demonstration of the directatiehship ofin vitro dissolution
rate of drugs and their in vivo bioavailability. @=ally, the in vitro property is the rate or exten
of drug dissolution or release while the in vivepense is the plasma drug concentration or
amount of drug absorb&d Correlation is used to ensure batch-to-batch isterey in the
physiologic performance of a drug product by useuwh in vitro values and to serve as a tool in
the development of a new dosage form with desmedvio performance.
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There are two basic approaches by which a comelabetween dissolution testing and
bioavailability can be developed.

1. By establishing a relationship, between theitio dissolution and the in vivo bioavailability
parameters. If this relationship becomes lineahaislope of 1, then curves are super imposable,
and there is a 1:1 relationship which is defineg@st-to-point or level A correlation.

2. By using the data from previous bioavailabistydies to modify the dissolution methodology
in order to arrive at meaningful in vitro-invivorcelation.

Levelsof IVIVC :

Five correlation levels have been defined in IVI¥DA guidance.

Level A: Represents a point to point iielahip between in vitro dissolution rate and in
vivo input rate of the drug from the dosage fortdsually estimated by a two stage procedure
(Example: deconvolution followed by comparison bk tfraction absorbed to the fraction

dissolved). Generally linear, but non-linear asoalcceptable.

Level B: Correlation based on statisticelment analysis. Example: in vitro MDT vs. in
vivo MRT or MAT
Level C: In this level of correlation, omkssolution time point (t50%, t90%, etc.) is

compared to one mean pharmacokinetic parameter @sICAUC, fax Or Crax Therefore, it
represents a single point correlation. Example&itim T50% vs. in vivo Tmax

Multiple C :  Relationship between one or sevprarmacokinetic parameters and amount of
drug dissolved at several time points

Level D: It is a rank order and qualitatianalysis and is not considered useful for
regulatory purposes.

Establishment of Invitro and Invivo data

L evelll nvitro I nvivo

A |Dissolution curve Input (absorption) curves

B Statistical moments (MDT) Statistical moment§MRT, MAT, etc.)

C  |Disintegration time, time to have 10, 50, 90% diesg ifCmax — Tmax —Ka time to have 10, 50, 9(
dissolution rate, dissolution efficiency absorbed AUC (total or cumulative)

Systematic Development:

Assumed IVIVR: Is assume model, developed for prototype formaratthis assumed model
can be the subject of as prototype formulationdakeloped and characterized in vivo, with the
results often leading to a further cycle of propatyormulation and in vivo characterization.

Retrospective IVIVR. With a defined formulation that meets the in vsecification, Stage 2
commences. At this stage based on a greater uaddinsy and appreciation of defined
formulation and its characteristics,

Prospective 1VIVR is established through a well defined prospecti®/R study. Once the
IVIVR is established and defined it can be thenduseguide the final cycle of formulation and
process optimization.

236
Pelagia Research Library



Chandrasekaran Arcot Ravindran Der Pharmacia Sinica, 2011, 2(4):218-240

IVIVC in the product development process for extended-release products:
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IVIVC expectations for immediate release products based on BCS :

Class| Absorption rate control [VIVC expectation for immediate release product

1 |Gastnc emptying IVIVC expected, 1f dissolution rate 15 slower than gastric

empiving rate, otherwise limited or no correlations

2 |Dhsselution IVIVC expected. If in vitro dissolufion rate 15 simaisr to

vivo dissolution rate, unless very high dose

3 |Permeability Absorption (permeability) is rate determining and limitad

of no IVIVC with dissolution

4 |Casebv case Limited or no IVIVC is expected

IVIVC expectationsfor extended release products based on BCS:

For Controlled/Modified Release formulations (indedent drug release) at least 1 batch has to
be tested. All other cases need at least 3 batichég tested with the following conditions:
Profiles of at least 12 individual dosage unitsrfreach lot with a coefficient of variation of not
more than 10 % are required by the PFRAThe number of volunteers to be included in the
bioavailability study should be at least 12 acoogdio the FIP guidelines, whereas 6 to 36 are
accepted by the FDA

Solubility Permeability IVIVC
1 [High & Site independent] High & Site Independent VIMC Level A expected
1 [High & Site IndependentDepend.ent on site and Narrow IVIVC Level C expected
absorption window
2 |Low & Site Independent| High & Site Independent IMZ Level A expected
2 |Low & Site Independent Depenqent on site and Narrow [Little or no IVIVC
absorption window
AcidicVariable Variable Little or no IVIVC
BasicVariable Variable IVIVC Level A expected
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Application of An IVIVC

Biowaivers: Recent research has lead to the use of in-vists t® waive additional in vivo
bioequivalency studies for some pharmaceuticalywotsd The use of in vitro testing to achieve a
waiver of in vivo studies is commonly referred abiowaiver.

The FDA guidance outlines five categories of bioxgas: 1) biowaivers without an IVIVC, 2)
biowaivers using an IVIVC: non-narrow therapeutidex drugs, 3) biowaivers using an IVIVC:
narrow therapeutic index drugs, 4) biowaivers wihernvitro dissolution is independent of
dissolution test conditions and 5) situations fdnick an IVIVC is not recommended for
biowaivers.

Biowaiversfor new drug:

Biowaivers of a higher strength will be determirtecbe appropriate based on (i) clinical safety
and/or efficacy studies including data on the darse the desirability of the higher strength, (ii)
linear elimination kinetics over the therapeuticseélorange, (iii) the higher strength being
proportionally similar to the lower strength, amg) the same dissolution procedures being used
for both strengths and similar dissolution resutstained. A dissolution profile should be
generated for all strengths.

Biowaiver of Generic drug:

()Waiver of in vivo BE studies based on BCS: Recommended for a solid oral test product that
exhibit rapid (85% in 30 mints) and similar in aitdissolution under specified conditions to an
approved reference product when the following coods are satisfied:

- Products are pharmaceutical equivalent

- Drug substance is highly soluble and highly pedoie and is not considered have a narrow
therapeutic range

- Excipients used are not likely to effect drugaapson;

Examples: Excipient Effect for a BCS Class-3 dragifidine) in bioavailability (Hussain et al.
AAPS , 2000).

—— FUOro 5
—w»— Eorbliol

Plasma Cone. (ngam L]

Time (hours )
Ranitidine 150mg
Sose 59
Sibob5g.
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(if). Waiver of invivo BE for IR oral dosage form: bioequivalence studies may be waived for

compositionally similar strengths when one strengtla range has been studied, under these
conditions the following conditions are satisfied

- product are manufactured by the same naatwer and process

- linear pharmacokinetics

- the qualitative composition of the diffierestrengths is the same; except in the case of
flavours/colours

- the ratio between amounts of drug andpgsuts is the same or in case of preparations
containing a low concentration of the drug (lesantb%), the ratio between the amounts of

excipients is similar

- the dissolution profile should be simifar additional strengths and the strength of the

batch used in BE study

Waivers for Scaleup and Post approval changes: Biowaivers may be granted for
manufacturing site changes, equipment changes, fanorng process changes, and
formulation composition changes according to aiptee and reliable IVIVC.

Summary:

Bioavailability of drug product can be altered byug and excipients properties in the
formulation and manufacturing process. Sccessf@rihceutical development is the perfect
understanding of the in vivo and in vitro performarof the dosage form. In-vitro dissolution
methods are developed with correlation of In-vivargmeters. In-vitro specifications are set to
maintain the consistency and reproducibility of ih&ivo characteristics (bioavailability) of the

dosage forms.
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