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ABSTRACT. The objective of the study was to determine in vitro — in vivo
correlations for Gliclazide 60 mg modified release tablets developed by
Ranbaxy Laboratories Limited, now Sun Pharmaceutical Industries Limited,
India, based on the data obtained in two bioequivalence clinical trials and in in
vitro dissolution tests. Each clinical trial was designed as an open-label,
randomized, single-dose, crossover study that consisted of two periods. The
first bioequivalence study was performed under the fasting state of the
subjects, while the second bioequivalence study was carried out under the fed
state of the subjects. During each study period, venous blood samples were
taken pre-dose and post-dose up to 96 hours. Afterwards, individual plasma
profiles were obtained and mathematical deconvolution was applied to obtain
the relative fraction absorbed of gliclazide. These data were correlated with
the in vitro dissolution data obtained after performing dissolution tests in three
different dissolution media, at pH 4.5, 6.8 and 7.2, with Gliclazide 60 mg
modified release tablets (EvoluPharm, France). All calculation were performed
by Phoenix WinNonlin® version 6.3. For each in vivo data set from the
bioequivalence studies (under fasting and fed conditions), three level A in
vitro-in vivo correlations were obtained for Gliclazide 60 mg modified release
tablets, for in vitro tests performed at pH 4.5, 6.8, and 7.2. Good correlation
coefficients were found for each established correlation (R2=0.98-0.99). In
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conclusion, six level A in vitro-in vivo correlations were obtained for Gliclazide
60 mg modified release tablets manufactured by Ranbaxy Laboratories
Limited, now Sun Pharmaceutical Industries Limited, India.

Keywords: gliclazide, in vitro-in vivo correlations, clinical trial, healthy
Caucasian subjects

INTRODUCTION

The oral absorption, and therefore the bioavailability of a drug, is
determined by the extent of drug aqueous solubility and permeability along the
gastro-intestinal tract. The Biopharmaceutical Classification System (BCS) is
the guiding tool used for the prediction of a drug’s in vivo performance and
development of drug delivery system that suits this performance [1]. It consists
of four classes, which categorizes the drug substances based on the previously
mentioned properties as it follows: class | — high solubility and high permeability,
class Il — low solubility and high permeability, class Il — high solubility and low
permeability, class IV — low solubility and low permeability [1]. Because of its
application in early drug development and afterwards in the management of
product post-approval changes, the interest in this BCS is high [2].

Bioequivalent drug products are pharmaceutical equivalents or
pharmaceutical alternatives whose rate and extent of absorption are
comparable, without statistically significant differences, when administered
at the same molar dose of the therapeutic moiety under similar experimental
conditions, either single dose or multiple dose [3]. Bioequivalence clinical
studies conducted on healthy volunteers are requested for pharmaceutically
equivalent drugs (generics), but which may be different in terms of the nature
and quantity of excipients and manufacturing process [4]. In the last years,
different approaches were developed to reduce the need for in vivo
bioequivalence studies, considering that the costs for such trials are high [4,5].
Regulatory authorities adopted several guidelines on biowaivers that could
be accepted by application of the BCS based scheme or by establishing an
in vitro-in vivo correlation (IVIVC) [4,6,7,8]. A biowaiver represents the
permission given by the regulatory authorities to use dissolution test as a
surrogate of pharmacokinetic data obtained in bioequivalence studies, in
cases when scale-up and post-approval (SUPAC) related changes occur.

An in vitro-in vivo correlation (IVIVC) was defined by the U.S. Food and
Drug Administration (FDA) as "a predictive mathematical model describing
the relationship between an in-vitro property of a dosage form and an in-vivo
response” [7]. In addition, IVIVCs are also defined in the United States
Pharmacopoeia (USP) [16]. In vitro property refers to dissolution rate,
dissolution profile, mean dissolution time (MDT), and percent dissolved at a
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certain time point (tx%) [3]. In vivo response is the plasma drug profile, the
amount absorbed at a certain time (Qabs), the mean absorption time (MAT), or
other pharmacokinetic (PK) parameters such as peak plasma concentration
(Cmax) or observed area under the plasma concentration versus time curve
(AUCo.1) [3]. Currently, four distinct IVIVC levels were established: level A, level
B, level C and multiple level C. Level A is a point to point correlation between
in vitro dissolution and in vivo absorption rate of a drug from the dosage form
[3,7,16]. Level A IVIVC is of highest regulatory value as its purpose is to define
a direct relationship such that measurement of in vitro dissolution rate is a
surrogate for in vivo performance. Hence, this level of IVIVC is an excellent
quality control procedure since it is predictive of the dosage forms in vivo
performance and can be used to apply for a biowaiver [3]. Usually, biowaiver
is not possible for level B, C and multiple C [3,4,7,9].

Currently, the IVIVC based biowaiver is recommended by regulatory
authorities for modified release dosage forms with extended release and
recently it was suggested that this type of waiver could be also applied to
Class I BCS drugs, as long as the dissolution process is complete during the
gastro-intestinal (Gl) passage [4,6,7,8,10]. In case of BCS class Il drugs, an
IVIVC is expected if in vitro dissolution rate is similar to in vivo dissolution
rate, which is correlated with in vivo absorption rate [1].

Gliclazide (see Figure 1) is an oral hypoglycemic agent for the
treatment of type 2 diabetes mellitus (T2DM), which belongs to BCS Class
Il. 1t presents high permeability and an intermediate solubility, as it is an
ampholyte which solubility is pH-dependent in the GI pH range. After oral
administration, it was reported that gliclazide displays a non-solubility-limited
absorption. The absorption rate and the onset of action is delayed after oral
administration [6,11,12,13]. Gliclazide has a wide therapeutic index and
displays linear profile for doses up to 120 mg [19,20]. Although its pre-
systemic metabolism has not been thoroughly studied, the low plasma
clearance of 13 mL/min (0.78 L/h) suggests this elimination pathway is not
significant [18]. Considering the pharmacological and pharmaceutical profile,
gliclazide is eligible for assessment of level A IVIVC.

Figure 1. Chemical structure of gliclazide (IUPAC name: 1-(3,3a,4,5,6,6a-
hexahydro-1H-cyclopenta[c]pyrrol-2-yl)-3-(4-methylphenyl)sulfonylurea) [22]
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For establishing level A IVIVC, the most common process is to
develop formulations with different release rates (slow, medium and fast) and
then to obtain for these formulation in vitro dissolution profiles and in vivo
plasma concentration profiles [7]. Afterwards, an appropriate deconvolution
method is applied to each formulation in order to estimate the in vivo
absorption [7]. The purpose of developing such an IVIVC is to prove that in
vitro dissolution characteristics are predictable for in vivo performance of a
drug product and are maintained over a range of in vitro dissolution release
rates, used to define the IVIVC relationship and manufacturing changes [7].

The aim of this study was to evaluate the possibility of establishing
level A IVIVC for gliclazide 60 mg modified release tablets from in vitro
studies at different pH (4.5, 6.8 and 7.2) with in vivo bioequivalence studies,
under fasting and fed conditions of subjects. The current research is a
preliminary study whose objective was not to develop an industrial IVIVC, but
to support additional studies to this purpose. Therefore, the in vitro studies
were performed for a single modified release formulation of gliclazide.

RESULTS AND DISCUSSION

In vivo data

The in vivo data that were used for determination of IVIVC for
gliclazide were obtained by mathematical deconvolution. This approach
considers the available output function, the mean plasma concentrations, for
determining the input function, the absorption results of gliclazide. Thus, the
relative fraction absorbed of gliclazide from the site of administration over
time was obtained and is depicted in Figure 2. The data of the bioequivalence
studies were previously reported [11,14,15].
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Figure 2. The relative fraction absorbed of gliclazide (60 mg, p.o.)
in the systemic circulation from the site of administration over time
in subjects under fasting (n=41) or fed conditions (n=23) [11]
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In vitro studies
By using the methodology and sample preparation described in the

experimental section, the percent of dissolved gliclazide from the 60 mg
modified release generic tablets were obtained, in three distinct dissolution
media. The first in vitro test was performed in pH 4.5 sodium acetate buffer,
the second test was carried out in pH 6.8 phosphate buffer and the third in vitro
dissolution test was realized in pH 7.2 phosphate buffer. The results are
summarized in Table 1. The in vitro release profiles over 24 hours of gliclazide
60 mg generic modified release tablets in three different dissolution media are
depicted in Figure 3. Data are shown as mean + standard deviation (n=6).

Table 1. In vitro dissolution profiles of 60 mg generic gliclazide modified release
tablets in three different dissolution media (pH 4.5, 6.8 and 7.2)

% Drug release
Time
(hr) pH 4.5 pH 6.8 pH7.2
Mean' | SD? | CV%® | Mean' | SD? | CV%3 | Mean' | SD? | CV%?

0.5 0.8 1.3 [ 1732 | 1.8 02 | 129 |26 0.5 | 18.1
1 3.9 05 | 139 |48 14 | 294 5.3 0.1 |26
1.5 6.7 3.1 |46.3 5.6 02 |32 8.2 09 | 111
2 9.5 3.3 | 342 8.6 16 | 184 11.2 1.5 | 13.6
25 14.6 09 |63 10.9 1.8 | 17.0 13.5 0.7 |53
3 18.2 12 |64 13.8 12 |87 16.8 0.8 |4.8
3.5 19.7 2.0 |10.3 15.4 1.6 | 10.2 19.2 05 |25
4 22.7 28 | 122 18.1 1.7 |93 21.8 17 | 7.8
5 26.3 46 (175 | 228 29 | 127 |27.2 3.3 | 122
6 30.5 25 |82 28.6 22 |76 33.6 1.3 |37
7 35.5 15 | 4.3 33.7 26 |77 37.8 28 |73
8 41.9 1.3 | 3.2 38.3 3.0 |79 42.8 2.6 |6.1
9 45.9 06 |1.4 43.9 24 |54 50.2 3.8 |75
10 49.7 21 | 4.2 49.6 48 | 9.6 54.3 34 | 6.2
12 55.7 14 |26 59.2 44 |73 64.7 51 |79
14 60.4 20 |33 67.4 40 |59 73.7 58 7.9
16 63.4 03 |04 76.2 3.1 | 4.0 80.5 58 | 7.2
24 69.3 3.7 |53 94.2 25 |26 94.1 32 |34

'Data are shown as mean of n=6; 2SD — standard deviation; 3CV% - coefficient of variation
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Figure 3. The 24 hours in vitro release profiles of Gliclazide 60 mg
generic modified release tablets in various dissolution media with different pH
(data are shown as mean + SD, n=6)

In vitro — in vivo correlation

The in vitro—in vivo correlations (IVIVCs) were evaluated for level A
correlation. Hence, the absorption profiles of Gliclazide 60 mg modified
release tablets manufactured by Ranbaxy Laboratories Limited, now Sun
Pharmaceutical Industries Limited, India, were obtained from the individual
plasma drug concentration versus time profiles from the bioequivalence trials
[11,14,15]. The absorption profiles were determined for both clinical trials
performed under fasting or fed conditions. Therefore, the percent of in vivo
absorbed gliclazide was correlated with the in vitro dissolved percent.
Figures 4 and 5 illustrate the IVIVCs without time scaling, while figures 6 and
7 depict the IVIVCs that took into consideration a time scaling factor, which
was the observed lag time in the in vivo data, in order to obtain a meaningful
IVIVC. The obtained slopes, intercepts, and correlation coefficients of the
regression lines for IVIVCs are shown in Table 2.

Table 2. Results of the in vitro-in vivo correlation (IVIVC) of Gliclazide 60 mg
modified release tablets and the statistical evaluation of the obtained IVIVC for the
fasting and fed clinical trials (deconvolution approach)

Clinical trial type

Dissolution Fasting Fed
media pH | Slope | Intercept | Correlation | Slope | Intercept | Correlation
4.5 0.855 4.781 0.990 0.826 1.327 0.994
6.8 0.927 1.720 0.993 0.884 -1.614 0.984
7.2 1.002 3.329 0.993 0.959 -0.401 0.988
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Figure 4. In vitro — in vivo correlation plot for Gliclazide 60 mg modified release
tablets (deconvolution approach) at various pH of the dissolution media of in vitro
tests (no time scaling factor), under the fasting state of the in vivo clinical trial
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Figure 5. In vitro — in vivo correlation plot for Gliclazide 60 mg modified release
tablets (deconvolution approach) at various pH of the dissolution media of in vitro
tests (no time scaling factor), under the fed state of the in vivo clinical trial
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Figure 6. /n vitro — in vivo correlation plot for Gliclazide 60 mg modified release
tablets (deconvolution approach) at various pH of the dissolution media
of in vitro tests (with time scaling factor), for the fasting state
of the subjects of the in vivo clinical trial
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Figure 7. In vitro — in vivo correlation plot for Gliclazide 60 mg modified release
tablets (deconvolution approach) at various pH of the dissolution media
of in vitro tests (with time scaling factor), for the fed state of the
subjects of the in vivo clinical trial
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In order to establish an IVIVC, the factor controlling the appearance
of the active pharmaceutical ingredient (API) in the blood stream should be
linked with the formulation or characteristics of the API. In this case, any
physiological factor should not be a limiting factor for drug absorption. Thus,
IVIVC are probable in practice for APl belonging to BCS class Il (low
solubility, high permeability) in drug dosage forms with slow release [18]. The
newly developed generic tablet of gliclazide 60 mg was designed as a
modified release (MR) formulation for which the tablet’'s hydration leads to
formation of a gel layer through which the API is slowly released in time
[11,14,15]. Hence, the drug dosage type controls the absorption of gliclazide
and its low solubility is not a rate-limiting step for absorption. Gliclazide MR
was shown to have predictable and reproducible release of the API and
effective plasma concentrations over a 24 hours’ period taken as a single
daily dose (30 -120 mg), thus assuring a hypoglycemic effect for a longer
time-period [14,15,19,20].

In order to produce a meaningful IVIVC for gliclazide, it was assumed
that the in vivo profile and the in vitro profile should not be different in their
morphology (shape). In the case of MR tablets, the in vitro dissolution profiles
of gliclazide ran ahead the in vivo profiles, which were obtained by using the
mathematical deconvolution approach. This was probably due to slow release
of the API, additionally to the biphasic gastric emptying. Another possible
explanation would be the absorption of gliclazide from two distinct sites within
the upper gastrointestinal tract [11]. The time-lapse between the administration
of the drug and the start of the absorption process is highlighted by the lag
time, which is approximately 3 hours and can be observed in figures 3 and 4.
Thus, the rescaling of the time by considering a time scaling factor of 3 hrs
was necessary, this being the latency time observed for in vivo absorption in
both clinical trials [14,15,17]. Afterwards, the IVIVCs were established by
taking into account the in vitro data that corresponded to the in vivo data after
rescaling the time axis (time-adjustment), for the dissolution tests performed
under different pH conditions.

The in vitro dissolution profile for the test performed at pH 4.5 revealed
a lower release of the drug from the pharmaceutical formulation or instability
of gliclazide at acidic pH. [21]. However, for this in vitro profile the IVIVC, a
good correlation coefficient was observed, as illustrated by the statistical
parameters in Table 2. For the in vitro dissolution profiles obtained by working
at pH of 4.5, 6.8 and 7.2, a linear correlation was found with the absorption
in vivo data. Hence, six level A IVIVCs were established for these conditions
and they are given in figures 5 and 6. Three level A IVIVCs were established
for the in vivo clinical trial performed under fasting condition, while 3 level A
IVIVCs were determined for the in vivo clinical trial carried out under the fed
condition.
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Even though the established correlations were not meant to be scaled-
up at industrial level, the preliminary results of this study are promising and
could be a good predictor of a possible IVIVC to be further developed in order
to apply for a biowaiver. Thus, the costs of the manufacturing company for
additional studies consecutive to post-approval changes would be lower as the
drug product could benefit from a biowaiver given by the regulatory authorities
on the basis of a level A IVIVC.

CONCLUSIONS

Six level A IVIVCs were established for gliclazide 60 mg modified
release tablets. The in vivo studies were two bioequivalence studies for newly
developed gliclazide 60 mg modified release tablet, under fasting and fed
conditions. The in vitro studies were carried out in three different dissolution
media, at pH 4.5, 6.8 and 7.2. The calculated point-to-point IVIVCs (R?>0.98)
could be further used for developing IVIVCs at industrial level which are useful
from a regulatory point of view. The knowledge of the BCS class of a drug
substance is essential for biowaivers, thus reducing the costs in terms of both
time and money. Gliclazide belongs to class Il of the BCS, characterized by
low solubility and high permeability, thus level A IVIVCs were possible to
establish with the in vivo data from the clinical trial of the new generic Gliclazide
60 mg modified release formulation, developed by Ranbaxy Laboratories
Limited, now Sun Pharmaceutical Industries Limited, India.

EXPERIMENTAL SECTION

In vivo data

The clinical study data (plasma concentration versus time profile)
were obtained from two bioequivalence ftrials that took place at the Clinical
Unit of Clinical Pharmacology and Pharmacokinetics Department of Terapia
S.A. The study protocols were approved by the Ethics Committee of the
University of Medicine and Pharmacy “luliu Hatieganu”, from Cluj-Napoca
(Romania) and by the National Agency for Medicines and Medical Devices,
Romania. The first study took place under the fasting state and the second
clinical trial was carried out under the fed state [14,15]. The clinical trials were
conducted in accordance with all applicable regulatory requirements. These
data were further used for in vitro-in vivo correlation purpose.
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In vitro studies

Dissolution studies were performed on 60 mg generic gliclazide
modified release tablets (EvoluPharm, France). The dissolution test was
carried out in a rotating paddle apparatus (USP apparatus Il) (Pharma Test,
type PT WS100S, serial number 20208, D-63512 Hainburg, Germany) at
3710.5°C and rotational speed of 50 rpm, using 900 ml of various dissolution
media (media pH 4.5, 6.8 and 7.2).

The dissolution media were prepared as it follows:

* pH 4.5 sodium acetate buffer — 2.99 g of sodium acetate
(NaCzH30,*3H,0) were weighted and transferred in a volumetric flask of
1000 ml, 14 ml of 2N acetic acid (CH3COOH) were added and then distilled
water was used to made up to volume.

* pH 6.8 phosphate buffer — 250 ml of 0.2M monobasic potassium
phosphate solution were transferred in a volumetric flask of 1000 ml, along
with 112 ml of 0.2M NaOH and then distilled water was added to the volume.

* pH 7.4 phosphate buffer — 250 ml of 0.2M monobasic potassium
phosphate solution were transferred in a 1000 ml volumetric flask, then 195.5
ml of 0.2M NaOH were added and made up to specified volume with distilled
water.

All the reagents used for the preparation of the dissolution media
buffer were of United States Pharmacopoeia (USP) reagents grade.

The samples (100 pl each) were taken before the release of the
tablets in the dissolution media (time 0) and after, at the following times: 1,
2,3,4,5,6,7,8,9,10, 12, 14, 16, 24 hours. Withdrawn samples were filtered
and assayed for gliclazide content by means of a validated HPLC UV
bioanalytical method with detection at 225 nm.

In vitro — in vivo correlation

In order to analyze the level of correlation, the numerical deconvolution
method was used. In this approach, the absorption profile was obtained, based
on the in vivo data from the clinical trials conducted under fasting and fed state
of the subjects. Afterwards, the percent of drug absorbed in vivo was plotted
against the dissolved percent in in vitro test [11]. Taking into account the time
discrepancies between the in vivo absorption profiles and the in vitro release
profiles for Gliclazide 60 mg modified release tablets, a time scaling factor was
considered for the determination of an IVIVC.
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