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In vitro — in vivo correlation (IVIVC) allows prediction of the in vivo performance of
a drug based on the in vitro drug release profiles. To develop an effective IVIVC, the
physicochemical and biopharmaceutical properties of the drug as well as the
physiological environment in the body must be taken into consideration. Key factors
include drug solubility, pKa, drug permeability, octanol-water partition coefficient and
pH of environment. In general, construction of an IVIVC involves three stages of
mathematical manipulation: construct a functional relationship between input (in vitro
dissolution) and output (in vivo dissolution); establish a structural relationship using
data collected; parameterize the unknowns in the structural model. Some key
mathematical relationships used in IVIVC development are presented. The
establishment of an effective IVIVC has important implications in quality control and

regulatory compliance.

INTRODUCTION

An in vitro — in vivo correlation (IVIVC) is defined
by the U.S Food and Drug Administration (FDA)
as a predictive mathematical model describing the
relationship between the in vitro property of an
oral dosage form and relevant in vivo response.
Generally, the in vitro property is the rate or extent
of drug dissolution or release, while the in vivo
response is the plasma drug concentration or
amount absorbed (FDA, 1997). An important
objective of pharmaceutical product development
is to gain better understanding of the in vitro and

in vivo drug performances. Through the successful
development and application of an IVIVC, in vivo
drug performance can be predicted from its in vitro
behavior. The establishment of a meaningful
IVIVC can provide a surrogate for bioequivalence
studies, improve product quality, and reduce
regulatory burden. Since the pioneering works of
Edwards (Edwards, 1951) and Nelson (Nelson,
1957) in correlating aspirin and theophylline
dissolution rates with their respective in vivo
appearances following oral administration, IVIVC
has gained increasingly more significance in the
pharmaceutical product development field. In
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particular, the emergence of new lipophilic drug
candidates with low aqueous solubility demands
special considerations during IVIVC model
development. The objective of the present review
is to examine the various factors that need to be
considered in the development of an IVIVC,
including physicochemical
biopharmaceutical factors,

factors,
and physiological
factors. We will discuss general approaches to
developing an IVIVC. In particular, the steps
associated with the construction of an IVIVC
including modeling and data analysis will be
addressed in detail. Lastly, the various applications
of a meaningful IVIVC will be briefly described.

Considerations in IVIVC development

While it is widely recognized that correlations
exist between in vitro drug dissolution and in vivo
drug absorption, limited progress has been made
toward the development of a comprehensive
model capable of predicting in vivo drug
absorption based on dissolution. This is due to the
existence of a complex array of factors that
contribute to the process of drug dissolution and
absorption. In general, these factors can be
classified into three groups; physicochemical
factors,  biopharmaceutical  factors, and
physiological factors. In order to develop a model
that can demonstrate good correlation between in
vitro drug dissolution and in vivo drug absorption,
these factors have to be taken into consideration.

Objective:

e To reduce the number of human studies during
the formulation development.

e To serve as a in  vivo

bioavailability

surrogate for

e To support biowaivers.
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e To validates the use of dissolution methods
and specification settings (This is because the
IVIVC includes in vivo

e relevance to in vitro dissolution

specifications).

e To assist quality control for certain scale-up
and post- approval changes (SUPAC).

e Due to all above objective, such IVIVC leads
to:

1. Shortens the drug development period.
2. Economizes the resources and

3. Leads to improved product quality
Need of IVIVC:

1) Theoretically, correlation of in-vivo absorption
rate with clinical response will be the most
worthwhile approach But, clinical approach is a
poor tool for measurement  of
bioavailability.

accurate

2) Determination of drug level at the site of
administration would be next logical approach.
But again, with some exceptions, it's impossible.

3) Urinary excretion analysis of drug is
meaningful for establishing IVIVC but due to
complicated pharmacokinetic considerations, such
as drug metabolism and urine collection problems.
Thus it 1s assumed  that
blood(serum/plasma) level measurements give a
better  assessment
bioequivalence.

generally

of bioavailability and

4) This relationship is an important item of
research in the development of drug delivery
systems.
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5) A good IVIVC model can explore the
relationship between in vitro dissolution or release
and in vivo absorption

profiles.

6) The IVIVC model relationship facilities the
rational development and evaluation of immediate
or extended release

dosage form as a tool for formulation screening, in
setting dissolution specifications
surrogate for bioequivalence testing

and as a

Fundamentals Of IVIVC:
Level A correlation

Among all the level of correlation defined, level A
is of prime importance. It is defined as a
hypothetical model describing the relationship
between a fraction of drug absorbed and fraction
of drug dissolved. In order to develop a correlation
between two parameters one variable should be
common between them. The data available is in
vitro dissolution profile and in vivo plasma drug
concentration profile whose direct comparison is
not possible. To have a comparison between these
two data, data transformation is required. The in
vivo properties like percent drug dissolved or
fraction of drug dissolved can be used while in
vivo properties like percent drug absorbed or
fraction of drug absorbed can be used respectively.
It is considered as a predictive model for
relationship between the entire in vitro release
time courses. Most commonly a linear correlation
exists but sometimes non-linear In vitro- in vivo
correlation may prove appropriate. However, no
formal guidance for non-linear IVIVC has been
established. When in vitro curve and in vivo curve
are super imposable, it is said to be 1:1
relationship, while if scaling factor is required to
make the curve super imposable, then the
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relationship is called point-to-point relationship.
Level A correlation is the highest level of
correlation and most preferred to achieve; since it
allows bio waiver for changes in manufacturing
site, raw material suppliers, and minor changes in
formulation.

Level B correlation

e Here the mean in vitro dissolution time (MDT)
is compared with either the mean in vivo
residence time (MRT) or mean in

e vivo dissolution time derived by using
principle of statistical moment analysis.
Though it utilizes all in vitro and in vivo data,

e it is not considered as point-to-point
correlation since number of in vivo curves can
produce similar residence time value.

e Hence, it becomes least useful for regulatory

purposes.
Level C correlation

e It is referred as single point correlation which
is established in between one dissolution
parameter (t50%) and one of the

e pharmacokinetic parameter (tmax, Cmax or
AUC). However, it does not reflect the
complete shape of plasma drug

e concentration time curve, which is the critical
factor that defines the performance of a drug
product. Level C correlation is

e helpful in early stages of development when
pilot formulations are being selected

Multiple Level C correlation

e [t refers to the relationship between one or
several pharmacokinetic parameters of interest
and amount of drug dissolved
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e at several time point of dissolution profile. It
should be based on at least three dissolution
time points that includes early,

¢ middle and late stage of dissolution Profile.
Level D correlation

It is a semi quantitative and rank order correlation
and is not considered useful for regulatory purpose

FDA Guidelines For IVIVC

The FDA Guidance, “Extended Release oral
Dosage Forms: Development, Evaluation, and
Application of In Vitro/In Vivo Correlations,” is
more than 20 years old but remains the definitive
source of regulatory thinking on IVIVC. At the
time of its release, the ability to accurately and
precisely predict expected BA characteristics for
an extended release product from its dissolution
profile had been a long sought-after goal. The
recommendations within the guidance cover
IVIVC for oral, extended release drug products
that are being developed for regulatory review as
part of an NDA, ANDA, or AADA. The

Guidance outlines:
e how to develop an IVIVC model
e how to evaluate predictability

e how to use IVIVC to establish specifications
for dissolution

e how to apply IVIVC as a surrogate for in vivo
BE studies.

IVIVC Of Novel Dosage Form:

Individual unit is emptied gradually and separately
from the stomach to duodenum. Simulation of
these conditions in vitro is troublesome and may
be impossible. Takashi et al developed a method
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to predict dissolution in GIT from in vitro data in
consideration of gastric emp- tying process. Direct
prediction of in vivo absorption profile from in
vitro dissolution data in multiple unit system was
difficult but convolution method overcame this
problem. Good correlation (level A) was obtained
for multiple unit enteric coated granules by using
convolution method.

Application:

a) IVIVC for transdermal estradiol systems (novel
pharmaceuticals)

b) Why IVIVC fail for immediate release dosage
form

¢) Dissolution simulators:

1. Gronings model

i1. Sartorius dissolution simulator

iii. Sartorius membrane filter solubility simulator
1v. Sartorius membrane filter absorption simulator.
Approaches:

There are mainly of two approaches:

1.By establishing a relationship between the in-
vitro dissolution and the in-sive bioavailability
parameters.

2.By using the data obtained from previous
bioavailability studies to modify the dissolution
methodology in order to arrive at meaningful in-
vitro in vivo correlation.

CONCLUSIONS

The establishment of in vitro / in vivo correlation
(IVIVC) offers several significant advantages in
pharmaceutical development. IVIVC enhances our

1904 |Page



Akash Avhad, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 1901-1907 | Review

comprehension of dosage forms and serves as a
predictive tool capable of reducing the necessity
for specific clinical bioequivalence studies.
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