Available online at www.derpharmachemica.com

\

Scholars Research

Scholars Research Library E‘%a\f@

Der Pharma Chemica, 2010, 2(2): 129-140 &z)
(http://der phar machemica.comyar chive.html) I'_ W= _'I
ISSN 0975-413X

¥ De,.
** )

In vitro - in vivo correlation and biopharmaceutical classification
system (bc A review

Gaurav Tiwari* ¥, Ruchi Tiwari? ' Saurabh Pandey, Preeti Pandey, Awani K Rai?

1Jaipur National University, Jagatpura, Jaipur, Rajasthan.
Department of Pharmaceutics, Pranveer Singh Institute of Technology, kalpi road, bhauti,
Kanpur-208020, Uttar Pradesh, India.

Abstract

In vitro dissolution has been extensively used as a quality control tool for solid oral dosage
forms. In several cases, however, it is not known whether one can predict the in vivo
performance of these products from in vitro dissolution data. In an effort to minimize
unnecessary human testing, investigations of in vitro / in vivo correlations (1VIVC) between in
vitro dissolution and in vivo bioavailability are increasingly becoming an integral part of
extended release (ER) drug product development. This increased activity in developing IVIVCs
indicates the value of 1VIVCs to the pharmaceutical industry. Because of the scientific interest
and the associated utility of IVIVC as a valuable tool, the US Food and Drug Administration has
published a Guidance in September 1997, entitled Extended Release Oral Dosage Forms:
Development, rapidity in Drug development can be achieved by researchers on finding a
mathematical link between bioavailability and dissolution testing which leads to the concept of
invitro -in vivo correlation (IVIVC). IVIVC is a mathematical model that can be used to estimate
in vivo behavior fromits in vitro performance. Among all the five levels of correlation, Level A
correlation is widely accepted by the regulatory agencies. Biopharmaceutical Classification
System (BCS) explains the suitability of IVIVC. Dissolution method design plays a pivotal role in
the estimation of correlations. Applications of IVIVC ranges from drug and product
development, their scale up and post approval changes. Hence, 1VIVC should be considered as
an important tool in drug devel opment.

Keywords: Fundamentals of IVIVC, Biopharmaceutical Classifion System, Biowaiver,
Dissolution Methodologies, IVIVC of Novel Dosagerfkws, Applications of IVIVC.
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INTRODUCTION

Correlations between in vitro and in vivo data /@) are often used during pharmaceutical
development in order to reduce development time aptimize the formulation. A good
correlation is a tool for predicting in vivo resulbased on in vitro data. IVIVC allows dosage
form optimization with the fewest possible trials man, fixes dissolution acceptance criteria,
and can be used as a surrogate for further bioalguge studies; it is also recommended by
regulatory authorities [1-5]. Many studies repoiitethe late '70s and early '80s established the
basic concept of IVIVC][6].Various definitions of uitro—in vivo correlation have been proposed
by the International Pharmaceutical Federation )Flife USP working group and regulatory
authorities such as the FDA or EMEA. The FDA[7] ide§ IVIVC as “a predictive
mathematical model describing the relationship ketwan in vitro property of an extended
release dosage form (usually the rate or extewlrag dissolution or release) and a relevant in
Vivo response, e.g. plasma drug concentration auamof drug absorbed.” As stressed in this
definition, IVIVC is more an in vitro—in vivo relenship than a strict correlation. It should be
kept in mind that a relationship does not implyaasality link between the in vitro data, in our
case, and the in vivo dat@harmaceutical companies are hungry for the rapid development
and approval, while Regulatory agencies need asseraof the product quality and
performances. During the last 25 years, there heen ba considerable interest within the
pharmaceutical industry, academia, and regulatecyoss inin vivo andin vitro correlationl of
oral dosage form. In 1971, Wagner stated that feutesearch in dissolution rates should be
directed mainly towards establishing correlatiobMgenin vitro andin vivo data. An accurate
correlation betweeim vivo andin vitro data can predict thie vivo performances indicating the
usefulness of the method which can be used as ar eyl for development and production
control. To reach a valid correlation, it is neeegsto have a valid method to yield
measurements boiln vitro andin vivo correlation. The completion of these criteria ledthe
publication3 of “Stimuli” by U.S. pharmacopoeial ra@ntion’s subcommittee on
biopharmaceutics in pharmacopoeial Forum in 1988itro specifications such as physical and
chemical properties, stability, water content, mtisgration, solubility, and rate and extent of
dissolution used as quality and process contraldeage form manufacturing. The merits of
establishing such a relationship are to be measnresims of cost, time and safety. In genenal
vivo - in vitro correlation (IVIVC) is defined [8-11] as a matheimat model which describes the
relationship betweem vitro andin vivo properties of a drug product, so thativo properties
can be predicted from ii® vitro behavior. However, two definitions have been foxear by
USP and FDA. These are as follows: USP defines G/B& the establishment of relationship
between a biological property, or a parameter @erivom a biological property produced by a
dosage form while FDA defines IVIVC as a predictimathematical model[12] which describes
relationship betweem vitro properties of a dosage form and a relevantvo response.

Objectives ofin vitro- in vivo correlation

In vitro dissolution is one of the vital tools for charaation of biopharmaceutical quality of a
dosage form at different stages of drug developmienvitro dissolution data helps in the
evaluation and interpretation of possible riskseegly in the modified release dosage form and
the food effects on bioavailability that influenttee gastrointestinal conditions. It also plays a
great role while assessing changes in the manufagtiprocess. However none of these
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purposes will be fulfilled byn vitro dissolution testing without sufficient knowledge its in
vivo relevance. IVIVC have been defined in many ways hAade been a subject to much
controversy. A meaningful correlation must be qitative5 so as to allow interpolation between
data thus making thi@ vitro model predictive. IVIVC also ensures batch to batchsistency in
the physiologic performance of a drug product[13-15

Fundamentals of ivivc[16-20]

USP defined five levels of correlation each of whidenotes the ability to predich vivo
response of a dosage form fromimsvitro property. Higher the level better is the correlati
The level of correlation is categorised as:

Level A correlation

A correlation of this type is generally linear amgbresents a point-to-point relationship between
in vitro dissolution and the in vivo input ratedg.the in vivo dissolution of the drug from the
dosage form). In a linear correlation, the in vithigsolution and in vivo input curves may be
directly super imposable or may be made to be simgosable by the use of a scaling factor.
Among all the level of correlation defined, leveli& of prime importance. It is defined as a
hypothetical model describing the relationship lesw a fraction of drug absorbed and fraction
of drug dissolved. In order to develop a correlati@tween two parameters one variable should
be common between them. The data availabla stro dissolution profile andn vivo plasma
drug concentration profile whose direct comparis®@mot possible. To have a comparison
between these two data, data transformation isinetjur hein vivo properties like percent drug
dissolved or fraction of drug dissolved can be ustde in vivo properties like percent drug
absorbed or fraction of drug absorbed can be usggkctively. It is considered as a predictive
model for relationship between the enfinevitro release time courses. Most commonly a linear
correlation exists but sometimes non-lin&awitro- in vivo correlation may prove appropriate.
However, no formal guidance for non-linear IVIVCshbeen established. Whemvitro curve
andin vivo curve are super imposable, it is said to be 1Aticeiship, while if scaling factor is
required to make the curve super imposable, thenr#hationship is called point-to-point
relationship. Level A correlation is the highestdeof correlation and most preferred to achieve;
since it allows bio waiver for changes in manufaowy site, raw material suppliers, and minor
changes in formulation.

Level B correlation

A Level B IVIVC uses the principles of statisticahoment analysis. The mean in vitro
dissolution time is compared either to the meaideese time or to the mean in vivo dissolution
time. A Level B correlation does not uniquely reflehe actual in vivo plasma level curve,
because a number of different in vivo curves withquce similar mean residence time values.
Here the meann vitro dissolution time (MDT) is compared with either theeanin vivo
residence time (MRT) or mean vivo dissolution time derived by using principle of gttal
moment analysis. Though it utilizes allvitro andin vivo data, it is not considered as point-to-
point correlation since number of vivo curves can produce similar residence time value.
Hence, it becomes least useful for regulatory psepo
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Level C correlation

A level C IVIVC establishes a single point relasbip between a dissolution parameter, for
example, t50%, percent dissolved in 4 hours anchanpacokinetic parameter (e.g., AUC,
Cmax, and Tmax). A Level C correlation does notertfthe complete shape of the plasma
concentration-time curve, which is the critical ttacthat defines the performance of ER
products. In addition to these three levels, a doatlon of various levels C is also described: A
multiple Level C correlation relates one or sev@tairmacokinetic parameters of interest to the
amount of drug dissolved at several time pointthefdissolution profilelt is referred as single
point correlation which is established in betweae dissolution parameter (t50%) and one of
the pharmacokinetic parameter (Tmax, Cmax or AlHDwever, it does not reflect the complete
shape of plasma drug concentration time curve, hwigcthe critical factor that defines the
performance of a drug product. Level C correlati®rhelpful in early stages of development
when pilot formulations are being selected.

Multiple Level C correlation

It refers to the relationship between one or sév@narmacokinetic parameters of interest and
amount of drug dissolved at several time point issalution profile. It should be based on at
least three dissolution time points that includeslye middle and late stage of dissolution
profile[20-21].

Level D correlation
It is a semi quantitative and rank order correlatémd is not considered useful for regulatory
purpose.

Predictability of correlation [22-24]

It can be calculated by Prediction error that s ¢ror in prediction oin vivo property fromin
vitro property of drug product. Based on therapeuticxrfehe drug and application of IVIVC,
evaluation of prediction error internally or extallg may be appropriate. Internal error provides
a basis for acceptability of model while externalidation is superior and affords greater
confidence in model. The % prediction error carcéleulated by the following equation:

% Prediction error (P.E) = (Cmax observed — Cmadijsted) x 100/ Cmax observed

Internal predictability

The bioavailability (Cmax, Tmax/AUC) of formulatidhat is used in development of IVIVC is
predicted from itsn vitro property using IVIVC. Comparison between predidbéaavailability
and observed bioavailability is done and % P.Eaisuwated. According to FDA guidelines, the
average absolute %P.E should be below 10% and %oP.iedividual formulation should be
below 15% for establishment of IVIVC [25-27].

External predictability

The predicted bioavailability is compared with kmowioavailability and % P.E is calculated.
The prediction error for external validation shoddd below 10% whereas prediction error
between 10-20% indicates inconclusive predictabéditd need of further study using additional
data set. Drugs with narrow therapeutic index, reretievalidation is required.

Reasons for poorin vitro-in vivo correlation]28-33]
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Fundamentals —Whenin vivo dissolution is not the rate limiting pharmacokinestage, and
when noin vitro test can simulate the drug dissolution along trstrgantestinal tract.

Study design -With inappropriaten vitro test conditions.

Dosage form —When the drug release is not controlled by the gedarm or is strongly
affected by the stirring of synthetic liquid.

Drug substance— With a non- linear pharmacokinetics, for e.gstfir pass hepatic effect, an
absorption window, a chemical degradation andgelarter or intra subject variability. All these
factors are of vital concern and should be kepmmimd, especially the inter variability of
patients’ response to a drug.

Biopharmaceutics classification system (BCS) [34-B6

Biopharmaceutics classification system is basedsolubility, intestinal permeability and
dissolution rate, all of which governs the rate axtent of oral absorption from immediate
release solid oral dosage form. Based on solulality permeability, there are four classes of
BCS as shown in table 1. Solubility criteria define present regulatory guidance for classifying
an Active Pharmaceutical Ingredients (API) as “hygboluble” requires the highest strength to
be soluble in 250ml of water over the pH range -Gt at 370C, otherwise it is considered as
poorly soluble. The FDA and also EMEA Guidance wefthighly permeable” as having a
fraction dose absorbed of not less than 90%. Ttentsy adopted WHO guidelines set a limit of
not less than 85% of the fraction dose absorbelderaise it is considered to be poorly
permeable.

Biowaiver for BCS Class |

On the basis of FDA guidelines, sponsor can reghbiestaiver for BCS Class | in immediate
release solid oral dosage form, if the drug islstab GIT and having narrow therapeutic index
with no excipient interaction affecting absorptmidrug in the oral cavity. Once a drug enters in
stomach; it gets solubilised in gastric fluid rdpithefore gastric emptying and the rate and
extent of absorption is independent of drug digsmhuas in case of solution. Hence, the goal of
biowaiver is achieved.

Biowaiver Extension Potential for BCS Class Il

The rate and extent of absorption of BCS Classugdlepends om vivo dissolution behavior
of immediate release products.iffvivo dissolution can be predicted froim vitro dissolution
studies,in vivo bioequivalence study can be waivéa.vitro dissolution methodsan mimicin
vivo dissolution behavior of BCS Class Il drug and @peealing but experimental methods can
be difficult to design andalidate because of number of processes involved.

Biowaiver Extension for BCS Class IlI

If excipient used in two pharmaceutically equivalealid oral immediate release product does
not affect the drug absorption and the productsalires very rapidly (>85% in 15 min.) in all
relevant pH ranges, there is no reason to belleatethese products would not be bioequivalent.
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Approaches for Development of Correlation[36-38]
Basically, two methods are available for the depelent of correlations

1) Two stage deconvolution approachThis involve estimation oin vivo absorption profile
from plasma drug concentration - time profiging Wagner Nelson or Looe-Riegelman method,
subsequently theelationship within vitro data is evaluated.

2) One stage convolution approachilt computes then vivo absorption and simultaneously
models then vitro —in vivo data.

Two stage methods allows for systematic model agreent while one stage obviates the need
for administration of an intravenous, oral solution IV bolus dose. Mostly IVIVC models
developed are simple linear equation betweevitro drug released anish vivo drug absorbed.
But sometimes these data can be better fitted mgusnlinear models like Sigmoid, Weibull,
Higuchi or Hixon-crowell.

Dissolution methodologies, apparatus and classifitan

The principle applied to dissolution has stood th&t of time. Basic understanding of these
principles and their application are essentialter design and development of sound dissolution
methodologies as well as for deriving complemensdagistical and mathematical techniques for
unbiased dissolution profile comparison. USP 2722AFEL1) now recognized seven dissolution
apparatus specifically and describes with allowatnledifications in detail. The choice of
dissolution apparatus should be considered duheglevelopment of the dissolution methods,
since it can affect the results and duration of test. The type of dosage form under
investigation is the primary consideration in agpas selection. The compendial apparatus for
dissolution as per USP are: Apparatus 1 (rotatingkét), Apparatus 2 (paddle assembly),
Apparatus 3 (reciprocating cylinder), Apparatudldw-through cell), Apparatus 5 (paddle over
disk), Apparatus 6 (cylinder), Apparatus 7 (recgating holder). The European Pharmacopoeia
has also adopted some of the apparatus designsibéeisén the USP, with some minor
modifications in the specifications. Small but petent differences between the two have their
origin in the fact that the American metal procegsindustry, unlike the European, uses the
imperial rather than the metric system. In the Baem Pharmacopoeia, official dissolution
testing apparatus for special dosage forms (mesticelhewing gum, transdermal patches) have
also been incorporated. Fig. 2 shows the diffedésgolution

apparatus.

Dissolution medium

The most important parameters which are considiredimulatingin vivo conditions are pH,
buffer composition, buffer capacity, temperaturelume, hydrodynamics etc. Non-compendial
media have shown better IVIVC as compared to comipémedia which is listed in the official
monographs. Hence non-compendial media have bemegto have discriminating power and
are widely used. Basically, pH increases from sinédistine to large intestine (pH 6.7-8) due to
which dissolution testing of extended release dougduct should be carried out throughout
entire physiological pH range (6.7-8). lonic strédngf dissolution media also plays a vital role
in dissolution testing. lons present in the food daod induced secretions in G.I.T causes
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changes in ionic strength of G.I. fluid. Buffer eagly has importance in dissolution testing of
formulation that contains acidic or basic excipge@tudies have shown that buffer capacity
of a medium is an important criterion in desigrdsolution media folVIVC.

Qualification of apparatus

Due to the nature of the test method, “quality lbgign” is an important qualification aspect for
in vitro dissolution test equipment. The suitability of thpparatus for the dissolution/drug-
release testing depends on both the physical ametnichl calibrations which qualify the
equipment for further analysis. Besides the gedoatand dimensional accuracy and precision,
as described in USP 27 and European Pharmacosjajregularities such as vibration or
undesired agitation by mechanical imperfection &rebe avoided. Temperature of the test
medium, rotation speed/flow rate, volume samplingbps and procedures need to be monitored
periodically. Another vital aspect of qualificatiaand validation is the “apparatus suitability
test.” The use of USP calibrator tablets (for appegs 1 and 2 disintegrating as well as non-
disintegrating calibrator tablets) is the only slamlized approach to establish apparatus
suitability for conducting dissolution tests andsHazeen able to identify or operator failures.
Suitability tests have also been developed for Aqjpa 3, using specific calibrators and the aim
is to generate a set of calibrators for each aedyesompendia dissolution test apparatus.

Parameters to be considered while developing ivivc

1. Metabolic factors

A drug must pass sequentially from the gastroimtasiumen, through the gut wall, and the
liver, before entering in the systemic circulatiorhis sequence is an anatomic requirement
because blood perfusion virtually all gastrointestitissues drain into the liver via the hepatic
portal vein. Drug loss may occur in the GIT duehte instability of the drug in the GIT and/or
due to complexation of drug with the componentshef Gl fluids, food, formulation excipients
or other co-administered drugs. In addition, thegdnay undergo destruction within the walls of
the GIT and/or liver.

2. Drug loss in GIT

Any reaction that completes with the absorptioraafrug may reduce oral bioavailability of a
drug. Reaction can be both enzymatic and non-entzyn#scid hydrolysis is a common non-
enzymatic reaction. Enzymes in the intestinal efitim and within the intestinal microflora,
which normally reside in the large bowel, metalmbpme drug. The reaction products are often
inactive or less potent than the large molecule.

3. Stereochemistry

When one enantiomer has higher affinity towardsepears than other, the phenomenon is
termed as stereo selectivity which results in plaoRkinetics or pharmacodynamics. If such
stereoisomers in the form of racemate are admmesterally, one form may have higher
bioavailability than the other. Obviously useiofvitro dissolution data of racemate will not be
useful in the development of IVIVC and
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Biopharmaceutical Classification System

BCS Class Permeability
BCS Class | High

BCS Class Il High

BCS Class Ill Low

BCS Class IV Low

Parameters studied for ivivc

Earlier disintegration was considered as the migtortant pertinentn vitro parameter but
recently, dissolution rate has been used as a metoning process standard and is generally
considered to be thie vitro parameter most likely to correlate with vivo bioavailability. In
vivo bioavailability is described in terms of the ratedaextent of drug absorption. Rate of
absorption is reflected in peak drug concentrationgdasma (Cmax) and the terms at which they
occur (Tmax). Other methods may be used to desaiiserption rate profile, for example,
deconvolution and statistical moment theory. Howeaxse of these approaches does not detract
from the basic relationships between absorptiore, r&&max and Tmax. FDA guidance
recommends these methods as a means of documbmdagilability and bio inequivalence for
topically acting solution formulations, becauseytban be performed reproducibly and are more
discriminating among products.

Applications

The most vital application of IVIVC is to us@a vitro dissolution study in lieu of human
bioequivalence studies which will reduce the numiiichuman bioequivalence studies during
initial approval process as well as certain scaland post approval changes.

1. Manufacturing Control

The extended release products are distinguishedighrtheir input rate to the absorption site.
Therefore, the rate of drug release from theseymtsdis an important feature and should be
carefully controlled and evaluated. Timevitro dissolution/release test is meaningful only when
the test results are correlated to the produntg'vo performances.

2. Process Change Assurance

The manufacturing processes of approved produetsegulated by the regulatory agencies. The
manufacturers are required to demonstrate that lehdchange, even an engineering
improvement, does not cause changes in the finighatlict’sin vivo performance.

3. Dissolution/Release Rate Specifications

Without a correlation, the specifications of ianvitro test can be established only empirically.
This approach is data driven but is valid onlyliftae batches have been extensively evaluated
in clinical trials; furthermore, it probably cantdet only relatively large differences between
different batches. It is therefore more precisedbup the specification using the correlation to
evaluate then vivo consequences of the range. Clearly, the pharmasidkiconsequences alone
are not sufficient to set up the specificationse harmacodynamic knowledge is the key to
make the specification clinically meaningful. Iretabsence of the information, some scientists
may be willing to rely on the empirical bioequivaée range of £20% as the first guidance. In
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case of a one-to-one correlation, this automagiciinslates in a dissolution rate change of
+20%. It is empirically derived dissolution range imuch wider than +20%, and then the

companies invariably believe that the products Heaen punished by the presence of one-to-one
correlation.

4. Early development of Drug Product and Optimizaton
In the early stages of drug product developmeng gproducts are characterized by sameitro
systems and some vivo studies in animal models to find out toxicity arfficacy issues.

5. Biowaiver for Minor Formulation and Process Chamges

After the evaluation of critical manufacturing \ables andin vitro dissolution rate for
controlled release formulation an IVIVC has bestablishedln vitro dissolution data is used to
justify minor formulationand process changes. The changes may include ofinoge irshape,
size, amount and composition of materials, coloflasours, procedure, and coating, source of
inactive and active ingredieneguipment or site of manufacturing[36-42].

Comments

Products were bioequivalent despite differencenimiiro dissolution. Dissolution test modified
to agree with in vivo data. In vitro dissolutiorteanot predictive of overall bioavailability. No
IVIVC correlation slower absorption and reduced teysc bioavailability from slower
dissolving SR capsule. All preparations were bidesjant despite different dissolution rate of
one preparation. Correlations obtained betweeritio &nd in vivo data No discrimination. No
significant differences among products in in vitoo in vivo data Good in vitro-in vivo
correlation using specific sink condition dissabutimethod. Rank order correlation between
dissolution rates and absorption rate constants, nou statistical significant difference in
bioavailability of the three capsules products Neitdisintegration nor dissolution accurately
reflected absorption Two dissolution tests yieldbfferent rank orders of dissolution rates.
Neither test correlated with in vivo data Produetye bioequivalent despite different in vitro
release rates Close correlation between dissolutienand bioavailability reflected in Cmax and
also the area under the plasma drug curve (AUC).

Attempts to establishin vitro —in vivo correlation

Many attempts have been made to establish ifavca variety of drugs. Some of these are
summarized in the Table 3 which describes studies wvariety of dosage forms for a broad
spectrum of therapeutic indications, and providbsef comment on the results obtained.

IVIVC OF NOVEL DOSAGE FORMS

1. Enteric coated multiple unit dosage form

Individual unit is emptied gradually and separatieym the stomach to duodenum. Simulation
of these conditionsn vitro is troublesome and may be impossible. Takashi efeaéloped a
method to predict dissolution in GIT from vitro data in consideration of gastric emptying
process. Direct prediction of vivo absorption profile fromn vitro dissolution data in multiple
unit system was difficult but convolution methodeovame this problem. Good correlation (level
A) was obtained for multiple unit enteric coatedrgrles by using convolution method.
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2. Parenteral controlled or sustained release drudelivery system

Three methods forin vitro drug release study of microparticles system forepiaral
administration have been established by far. Thedade sample and separate, flow through
cell and dialysis technique.

3. Buccal tablets

Spiegeleer et al have developed a useful correlabietweenin vivo residence time of
mucoadhesive tablets in mouth anditro bendingpoint of the same. Linear regression models
permits optimizatiorof buccal tablets to enhance the adhesion timegusixitro bendingpoint

as selection criteria.

4. Transdermal drug delivery system
USP 29 gives methods fom vitro drug release testing of transdermal patches likkllpaover
disk, cylinder method and reciprocating disk metHat Franz diffusion cell are highly used.

5. Suppositories

Modified basket or paddle methods are recommendrd lipophilic suppositories while
conventional basket, paddle or flow-through cell® aecommended to be suitable for
hydrophilic suppositories.

6. Nasal drug delivery system

Variety of methods om vitro testing of nasal drug delivery system like emittiede, droplet or
particle size distribution, spray pattern bioeqglemae study. With the availability of an vitro

test with one-to-one correlation to the produdtisvivo performance, a bioequivalence study
should no longer be necessary. In such casescit@ists and regulatory agencies may consider
a pilot pharmacokinetic study as an assurancehbkatew excipient does not inadvertently affect
the absorption.

CONCLUSION

Level A IVIVCs define the relationship between anvitro dissolution curve and an in vivo
input (absorption) profile. A Level A correlatiohauld always be tried a priori in order to have
a tool that allows a complete in vivo predictiomrfr an in vitro dissolution curve and thus
accelerates the development and assists in soméatety aspects (SUPAC). The correlation
guality depends solely on the quality of the dat.in vivo data are now well standardized, the
main effort must be directed to the in vitro dafarious apparatus and media should be tested
and t is clear that a complex relationship exists betwe vitro dissolution andin vivo
bioavailability. While it is desirable to use pradwissolution to predidin vivo behavior, many
years of investigation have shown that this goaho& be achieved with our current knowledge.
Indeed, the assumption of such a relationship cbalgotentially dangerous. Dissolution testing
is essential as a quality control to ensure proesskbatch consistency in the manufacturing
process. It has failed, however to predict diffeesnamong products that are poorly available
invivo or those that are super bioavailable relative tetig standards.
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