Chapter 7 Formulation Evaluation

FORMULATION EVALUATION

7.1 Introduction:

The in-vitro and in-silico evaluation of optimized formulations was performed to study the

desired characteristics using various techniques enlisted below in table 7-1.

Table 7-1 List of evaluation techniques for optimized formulation

Sr. No. Evaluation technique Intended use
1 % Yield calculation Desirability of manufacturing process
2 Fourier transform Infrared Interaction of active pharmaceutical ingredient
(FTIR) spectroscopy with excipients and localization of drug within
formulation matrix.
3 Thermal analysis using Thermotropic behaviour of optimized
differential scanning formulations. Interaction of active
calorimetry (DSC) pharmaceutical ingredient with excipients and
localization of drug within formulation matrix.
4 Particle size analysis by Particle size distribution of formulations
Malvern
5 Morphology by optical External morphology and Particle size
microscopy
6 Morphology by Scanning External morphology, surface characteristics,
electron microscopy particle size
7 Estimation of drug loading Estimation of drug content and loading
and entrapment efficiency capacity
Micromeritics Flow properties of microspheres
In-vitro drug release studies: | Estimation of drug release in quick time for
Accelerated method decision making
10 In-vitro drug release studies: | Estimation of drug release in real time
Real time method mimicking desired in-vivo duration
11 In-vitro drug release studies: | Estimation of drug release in real time
Biorelevant method mimicking desired in-vivo environment and
duration
12 Drug release kinetics Understand mechanism of drug release
13 Stability studies Assessment of storage conditions on CQAs
and determination of shelf life
14 Haemolysis studies Compatibility of formulations post injection
with physiological environment and toxicity of
formulations to blood components
15 In-silico PBPK model Prediction of in-vivo pharmacokinetics
16 Virtual bioequivalence Bioequivalence with reference formulation
studies
17 In-vitro In-vivo correlation Establishment of in-vivo design space
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7.2 In-vitro characterization studies:
7.2.1 Determination of Yield:
The manufacturing yield of Janus microspheres of optimized formulations was calculated by

as per the equation 7-1.

Actual yield
Theoretical yield

% yield =
Percentage yield was found to be 80 + 10 % for the optimized formulations.

7.2.2 FTIR analysis:

Optimized formulation was analyzed using FTIR method described previously and FTIR

spectrum is presented in Figure 7-1.

Figure-. FTIR spectrum of Optimized formulation

Figure 7-1 FTIR spectrum of Optimized formulation
Formulation spectra showed the presence of only polymer (PLGA and PCL) peaks
1749,1455,1382,1270,1179,1129,1088, 866 and 750 cm’ [1,2] suggesting complete

encapsulation of drugs within the polymers at molecular level.

7.2.3 Thermal analysis by DSC:
Optimized formulation was analysed using differential scanning calorimetry (DSC) method

described previously and thermogram is shown in Figure 7-2.
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Figure 7-2 DSC of Optimized formulation
DSC Temp
mW C
0.00- 1 300.00
|
|
1.00- 1
| | [Peak 61.16%10 + 200.00
|| Onset  56.78%10 J
| Endset  64.16%10 \‘
Heat -32 60Ri0
2.00 |
1100.00
3.00-
~.0.00 10.00 20.00
Time [min]
Figure 7-2 DSC of Optimized formulation
Figure 7-3 DSC of Placebo
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Figure 7-3 DSC of placebo
The absence of drug peaks (Amisulpride at 128.8°C and Granisetron at 301.36°C) [3, 4] and
presence of only polymer (PLGA and PCL) peaks [5,6] confirms the complete encapsulation
within the polymer. The formulation thermogram showed the fusion peak of the PCL and
PLGA at 61.16°C [6]. The small shoulder peak corresponds to the PLGA glass transition
temperature. The same phenomenon is also observed in placebo where the fusion peak and

shoulder peak appeared at 65.45°C as shown in figure 7-3.
7.2.4 Particle size analysis:

The particle size analysis was performed using Malvern 3000 (Malvern Instrument,

Worcestershire, United Kingdom). Microspheres were suspended in 0.01% Tween 80 aqueous
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solution and subjected to ultrasonic treatment for 10 seconds and particle size was measured
using laser diffraction [7]. Optimized formulation showed particle size of around 100 + 20
microns which are suitable for intramuscular/subcutaneous injection. The particle size of
optimized formulation is shown in figure 7-4 and table 7-2.

Table 7-2 Particle size distribution of Optimized Formulation

Formulation Particle size distribution
Optimized D10: 35.789 +£2.95
formulation

D50:60.181 + 3.97
D90: 92.181 + 3.66

d(0.1): 35.789 um d(0.5): 60.181 ym d(0.9): 92.181 ym
110
2
" 100
18 70 g
16 8 g
14 n s
£12 60
§1o 50 jzj
8 0 =
6 30 %
4 20 .
2 10 |
0 0.01 0.1 1 10 100 1000 0
Particle Size (um)

Figure 7-4 Particle size distribution of Optimized formulation

7.2.5 Morphology by optical microscopy:

The particle size and morphology were studied using optical microscopy. It was observed that,
during preparation, dual drug loaded Janus microspheres have typical handbag like structure
[8]. After drying, the particles appeared in more spherical shape as observed in Figure 7-5 E to
7-5H. When the W/O emulsion was added to external water phase containing 0.5% PVA, the
formation of handbag like structure started appearing (Nascent stage) as can be seen in Figure

7-5 A to 7-5 D.
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Figure 7-5 Optical microscopic images of optimized formulation A to D: Nascent Initial

stage, E to H: After drying (Finished product)
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7.2.6 Morphology by Scanning electron microscopy:

To study the morphology and surface characteristics of the prepared Janus microspheres, the
particles were subjected to scanning electron microscopy (SEM). 1 mg of formulations were
kept on sticky tape sticked on aluminium block. 20 KV AC voltage was used for measurement
[9]. Electrical Research and Development Association (ERDA), Lucknow facility was used to
take the measurements using SEM instrument-JSM-6380LV, JEOL. The SEM images of the

optimized formulation are shown in figure 7-6 (A-C)
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Figure 7- 6 Scanning microscopy images of optimized Formulation (A to C)
SEM images showed the formation of Janus microspheres with uniform particle size and
morphology. The unique shape can be clearly visible in isolated microsphere in Fig 7-6C,

where two compartments can be visibly observed.

7.2.7 Drug loading and Entrapment efficiency (%):

%D loading = (Total drug — Free drug) in mg « 100
prTug foading = Weight of microspheres (mg)

Encapsulated drug (mg)
%EE = x 100
Total amount of drug (mg)

The % drug loading and % entrapment efficiency for optimized formulation are shown in table
7-3.

Table 7-3 Drug loading and Entrapment efficiency results for optimized formulation

% Drug Loading % Entrapment
Drug Average SD Efficiency SD
Ami 14.08 0.38 65.69 1.75
Grani 4.76 0.17 66.67 241

7.2.8 Micromeritics:
The micromeritic studies for optimized formulation were carried out to measure flow properties
[10]. Hausner’s ratio for optimized formulation was found to be 1.03 + 0.2, which indicates

excellent flow properties [10].
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7.2.9 In-vitro Drug release studies:

Drug release studies were carried out on optimized formulations. The drug release methods
were selected based on literature and domain knowledge [11-14] The Accelerated method
(ACC) helps to understand drug release behaviour in short period of time and avoid waiting

for results till real time analysis. Pure API were also tested for drug release in same methods.

A) Accelerated Method:

Method used Liu Z et.al was modified and used. Briefly, formulation was placed in Eppendorf
tubes containing pH 7.4 phosphate buffer saline. The tubes were kept in metabolic shaker
operated at 100 rpm at temperature of 50°C. At each point of sampling, sample was centrifuged
and analyzed for drug release [12]. Sampling was done on 1 hr, 4hr, 12hr and 24hr. Drug release
was determined using HPLC. The results are shown in table 7-4, table 7-5 and figure 7-7. %
RSD has been mentioned in bracket. The % RSD was higher at initial points due to lower

release and subsequently improved as release increased.

Table 7-4 Drug release as per ACC IVRT method (Pure Drug)

Accelerated in-vitro release testing method
Time (hours) Ami Pure Drug Grani Pure Drug

0 0 0
0.25 10.1 (14.94) 34.7 (6.79)
0.5 25.8(9.10) 50.3 (4.28)

1 35.1(5.77) 75.5 (2.87)

2 50.7 (5.16) 87.7 (1.23)

4 60.7 (3.90) 96.2 (0.91)
24 70.6 (3.59) 97.1 (0.43)

Note: % RSD values provided for mean values in bracket
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Table 7-5 Drug release as per ACC IVRT method (Formulation)

Accelerated in-vitro release testing method
Time (hours) Ami Grani
0 0 0
1 24.9 (14.24) 21.4 (14.29)
4 47.8 (12.50) 42.9 (11.63)
12 63.9 (9.38) 65.9 (9.09)
24 98.4 (2.04) 98.3(2.04)

Note: % RSD values provided for mean values in bracket

ACC IVRT Method

—&— Ami Formulation
Grani Formulation

—&— Amisulpride Pure Drug

% Drug Release

®— Granisetron Pure Drug

10 15 20 25 30
Time (hours)

Figure 7-7 IVRT data from Accelerated in-vitro release testing method
The drug release using ACC method showed that, around 40-50% drug was released at 4-hour

and almost complete release was observed at 24-hour.

B) Real time method:

Method used Liu Z et.al was modified and used. Briefly, formulation was placed in Eppendorf
tubes containing pH 7.4 phosphate buffer saline. The tubes were kept in metabolic shaker
operated at 100 rpm at temperature of 37°C. At each point of sampling, sample was centrifuged
and analyzed for drug release [12]. Sampling was done on 1 hr, 4hr, 12hr, 24hr, 48hr, 72hr,
96hr, 120hr, 144hr and 168 hr. Drug release was determined using HPLC. The results are
shown in table 7-6, table 7-7 and figure 7-8. % RSD has been mentioned in bracket.
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Table 7-6 Drug release as per real time IVRT method (Pure Drug)

Real time in-vitro release testing method
Time (hours) Ami Pure Drug Grani Pure Drug
0 0 0
0.25 5.4 (18.44) 10.7 (14.14)
0.5 8.4 (14.92) 15.0 (6.70)
1 10.0 (14.06) 25.4 (4.84)
2 11.5 (10.05) 45.0 (4.02)
4 24.6 (7.93) 60.0 (3.77)
24 50.7 (4.41) 78.7 (1.80)

Note: % RSD values provided for mean values in bracket

Table 7-7 Drug release as per real time IVRT method (Formulation)

Real time in-vitro release testing method
Time (hours) Ami Grani

0 0 0

1 15.6 (16.06) 1.9 (50.21)
4 19.1 (10.51) 7.9 (12.69)
12 26.6 (9.42) 22.9 (8.74)
24 43.9 (9.23) 41.1(7.67)
48 62.9 (7.95) 65.9 (6.22)
72 84.3 (4.16) 81.1(3.95)
96 92.9 (2.16) 89.1(3.48)
120 92.9 (1.08) 94.1 (1.23)
144 96.9 (1.04) 95.9 (1.05)
168 98.6 (0.52) 97.9 (1.04)

Note: % RSD values provided for mean values in bracket
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Real time IVRT Method
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Figure 7-8 IVRT data from Real time in-vitro release testing method
The drug release using RT method showed that, around 40-50% drug was released at 24-hour
and almost complete release was observed at 168-hour. This showed that, the drug release at 4
hour and 24 hours in ACC method is correlating with drug release at 24 hour and 168 hours in
real time method. This was helpful in the way that, the formulation behaviour can be

understood from ACC release method without need to wait for 168 hours for complete release.

C) Development of In-vitro Gel Diffusion Model:

After intramuscular or subcutaneous injection, the formulation comes in vicinity of
extracellular matrix made up of a fibrous polymer framework of collagen and hyaluronic acid.
This matrix simulates a gel like scenario instead of bulk fluid, due to which mass transport and
diffusion of the drug are significantly affected thereby changing overall absorption profile of
the drug. The bio performance of a formulation administered using subcutaneous/intramuscular
route can be understood by simulating these conditions. Agarose in water form a three-
dimensional structure similar to in-vivo environment. Hence, the drug movement through this
system may provide more biorelevant conditions for formulations. 1% Agarose gel was
prepared by the method mentioned by Leung et al. [15] Briefly, 100 mg agarose was suspended
in 10 ml of phosphate buffer pH 7.4 and heated to 80°C till clear solution obtained. Then it was
cooled to 60°C. 1-2 mg of formulation was introduced at the bottom of cuvette and filled with
agarose solution. Gently mixing of sample and gel was performed to achieve uniformity. Then
the cuvette was kept at 5°C for 5 min to settle the gel. Another layer of agarose gel was added
and further cooled at 5°C for 5 min. Lastly, 3 ml of PBS was added. The graphical presentation

is shown in figure 7-9.
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A A

Phosphate buffer saline

Agarose Layer 2

Agarose Layer 1

/ Embedded formulation

Figure 7-9 In-vitro gel diffusion system setup

Drug released in the PBS was measured periodically up to 24 hours by UV-visible
spectrophotometer at respective drug wavelengths. This method simulates in-vivo drug release
mechanism and conditions after intramuscular/subcutaneous administration.

The results are shown in figure 7-10, table 7-8 and table 7-9. % RSD has been mentioned in
bracket.

Table 7-8 Gel diffusion in-vitro release testing method (Pure drug)

Gel diffusion in-vitro release testing method
Time (hours) Ami Pure Drug Grani Pure Drug
0 0 0
0.25 5.3(22.01) 10.1 (14.94)
0.5 7.3 (14.43) 20.4 (9.82)
1 9.9 (13.96) 27.8 (8.72)
2 12.0 (10.58) 42.2 (7.94)
4 15.3 (10.51) 55.1 (4.65)
24 18.3 (10.12) 64.7 (3.40)

Note: % RSD values provided for mean values in bracket
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Table 7-9 Drug release as per Gel Diffusion IVRT method (Formulation)

Gel diffusion in-vitro release testing method
Time (hours) Ami Grani
0 0 0
1 4.3 (18.51) 2.6 (30.04)
4 13.0 (10.97) 8.9 (17.66)
12 22.7(9.71) 18.7 (8.61)
24 38.4 (4.99) 32.9 (5.02)

Note: % RSD values provided for mean values in bracket
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Figure 7-10 IVRT data from Gel diffusion in-vitro release testing method

Drug release in the gel diffusion method was slow compared to ACC and real time method

due to the presence of gel mimicking muscle or subcutaneous tissues.

7.2.10 In-vitro Drug release Kinetics:

In-vitro drug release kinetics from Janus microspheres was determined using methods

mentioned in table 7-10. The drug release kinetics data for optimized formulations is shown in

table 7-11 and 7-12.
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Table 7-10 Drug release kinetics

Sr. No. | Drug release | Model equation and details Reference
model No.

1 Zero order F=k0Oxt 16

2 First order F=100x[1— e~k 17,18

3 Higuchi F = kH x t%° 19, 20

4 Korsmeyer - | F = kKp x t", 21-23
Peppas n = 0.5is fickian dif fusion

0.5 <n < 1.0isno — fickian transport
n = 1.0 is zero order kinetics
n > 1.0 is super case Il tranpsort

5 Hixon F=100x[1—-(1—KHC xt)?] 24,25
Crowell
6 Weibull F=100x[1- e(—tﬁ)/a] 26

Three different methods were developed with different objectives.

The accelerated method was developed for quality control purpose, as long duration of real
time and gel diffusion methods was not practically feasible for optimizing the formulations.
Real time method mimics the drug release for the designated treatment duration that is 7 days.
Gel diffusion method was developed with the objective of establishing bio relevancy to the
muscle tissue environment.

Good correlation was observed between accelerated and real time methods, hence accelerated
method was used for optimizing the formulation which provided the formulation behaviour in
relatively shorter time period.

Out of these three methods, we have developed IVIVC with real time method as it did not

required time scaling to match in-vivo time points.
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ACC Ami Formulation

Model R2 K AIC n o B
Zero order 0.4616 4.528 31.3
First order 0.8418 0.125 26.41
Higuchi 0.9587 20.068 21.04
Korsmeyer-Peppas 0.9759 24.528 20.88 0.425
Hixson-Crowell 0.7835 0.032 27.66
Weibull 0.929 25.2 4.003 0.674
ACC Grani Formulation
Model R2 K AIC n o B
Zero order 0.6495 4.528 30.16
First order 0.9274 0.118 23.86
Higuchi 0.9938 19.896 14.048
Korsmeyer-Peppas 0.9947 21.007 15.35 0.48
Hixson-Crowell 0.8795 0.31 25.24
Weibull 0.958 23.67 5.211 0.776
Table 7-12 Mathematical model details for RT IVRT method
RT Ami Formulation
Model R2 K AIC n o B
Zero order 0.5794 0.758 85.92
First order 0.9686 0.024 59.96
Higuchi 0.955 8.548 63.578
Korsmeyer-Peppas 0.9687 12.251 61.96 0.422
Hixson-Crowell 0.9578 0.007 62.919
Weibull 0.9735 60.273 24.269 0.864
RT Grani Formulation
Model R2 K AIC n o B
Zero order 0.7223 0.748 83.92
First order 0.9998 0.023 12.58
Higuchi 0.9615 8.37 64.16
Korsmeyer-Peppas 0.9617 8.763 66.11 0.49
Hixson-Crowell 0.9945 0.006 44,78
Weibull 1 9.832 49.771 1.03
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7.2.11 Results and Discussion of IVRT data:

Three types of in-vitro drug release methods were developed to gain understanding of
mechanism of drug release under different conditions. The sustained drug release from
polymeric microspheres have been attributed to delayed degradation of the polymer matrix
[14]. The accelerated method employs elevated temperatures which resulted in increased rate
of matrix degradation and drug diffusion across the matrix [27]. The results from all three
methods were suggestive of drug releasing slowly through matrix and thus providing sustained
action over a specified period of time. The drug release of Amisulpride was best fitted with
Korsmeyer-Peppas equation with R? close to 0.9. The release of Granisetron followed first
order kinetics with R? close to 0.9 in real time drug release method.

Weibull model fitting was performed for optimized formulations for in-vivo simulations.
7.2.12 Stability of Formulations:

The optimized formulations were tested for stability at 2-8°C for 6 months and 25°C/60% RH
for 3 months in stoppered and sealed 10 ml USP-type I glass vials. The stability study was
performed to evaluate the impact of storage conditions on assay and particle size of
formulations. The results in Table 7-13 indicate that formulations were stable up to 6 months
at 2-8°C and 3 months at 25°C/60% RH. No significant changes were observed for the tested

parameters.

Table 7-13 Stability studies of Optimized Formulation

Storage Interval % Assay of % Assay of Particle size Sterility
conditions M) Amisulpride Granisetron | (D90) in (um) | testing as
per USP
Initial 0 99.90+0.56 | 100.03 +0.68 | 91.753 £4.02 Pass
2-8°C 3 98.27+£0.95 | 98.67+0.57 | 92.601 +4.19 Pass
6 98.17+0.76 | 98.63 +£0.45 | 93.509 +7.01 Pass
25°C/60% 1 98.20£1.00 | 98.07+1.21 | 92.706 +6.68 | Not done
RH 2 97.80+1.57 | 98.00+0.72 | 92.108 +£3.32 | Not done
3 97.50£1.76 | 96.87+0.58 | 92.362 +5.18 Pass
Note: = SD values provided for mean values
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Stability Data Summary
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Figure 7-11 Stability data Trend at studied stations
From trend analysis, it was concluded that optimized formulations are stable and showed

consistent results throughout the stability studies.

7.2.13 Bio-interactions of prepared formulations:

Haemolysis study

Haemolysis study was performed by slight modification of method mentioned by Ritu K et.al
[28]. Briefly, for this study, 1.0 ml blood was taken from the Sprague Dawley rat by retro-
orbital puncture in an Eppendorf tube containing Ethylene diamine tetracetic acid (EDTA)
solution (30 pl). Centrifugation of sample done in 5 °C at 6000 rpm for 10 min for separation
of erythrocytes. Plasma components were removed by repetitive washing of residue after
centrifugation with normal saline. Amisulpride + granisetron suspension and formulation along
with prepared RBC with saline was used for measurement. 1 ml of 2.0% Triton-X100 was used
as positive control and 0.5% dimethyl sulfoxide (DMSO) was used as negative control. After
treatment, the dispersions were stored at 37°C for 20 min in incubator. After incubation, all the
samples were separated from mass of RBCs by centrifugation as earlier and then analyzed at
Amax of 540 nm against normal saline as a reference solution [29,30] Haemolysis % was
estimated using following equation 7-2:

% Haemolysis = A540 of sample — A540 of negative control/A5400f positive control —

A540 of negative control X 100 ---------- equation 7-2

The absorbance for positive control (Triton X- 100) and negative control (DMSO) was found
to be 0.70 and 0.150 respectively. The % haemolysis for optimized formulation was found to
be 1.3 % + 0.05 %. The results demonstrated no significant haemolysis potential of optimized

formulation as the % haemolysis was found to be less than 2 [28].
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7.3 In-silico evaluation
The in-silico evaluation of optimized formulation was performed using developed PBPK

model (Refer Chapter 3 section 3.2 In-silico model development).

7.3.1 Prediction of In-vivo pharmacokinetics:

Developed PBPK model using intravenous data and verified with single and multiple dose oral
formulations data was used to predict the in-vivo performance of sustained release once weekly
formulations.

Initially, the drug release data from calculated dissolution models was used to build preliminary
PBPK model for sustained release formulations after intramuscular administrations. This was
required to set physiological parameters which account for behaviour of drug after
intramuscular administration. After initial model refinement, actual drug release data was used
to predict the in-vivo pharmacokinetics of sustained release formulations. The optimized once
a weekly formulation showed comparable in-vivo profile to that of multiple dose (MDD) profile
(Figure 7-12 and 7-13)

The pharmacokinetics of antiemetic drugs (both amisulpride and granisetron) is directly

predictive of their pharmacodynamics. The details are presented in figure 7-12 and 7-13.

Amisulpride SR Formulation

ER
N 10mg Multiple dose oral
% 6 Formulation
z —@—Target Css (1 ng/ml)
é 4
<
~ —@&— Amisulpride SR
Formulation
2
—o — —
0
0 50 100 150

Time (hours)

Figure 7-12 Prediction of in-vivo PK for once a weekly formulation of Amisulpride
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Granisetron SR Formulation
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Figure 7-13 Prediction of in-vivo PK for once a weekly formulation of Granisetron

7.3.2 Virtual bioequivalence studies:

Virtual bioequivalence (VBE) studies were conducted in healthy subjects between optimized
test formulation and reference multiple dose formulation to assess the in-vivo pharmacokinetic
bioequivalence. These trials were designed taking account the regulatory requirements of in-
vivo pharmacokinetic bioequivalence studies as such study design, treatments, dosing, number
of subjects to attain sufficient power and statistical analysis methodology. The summary of

results is shown in Figure 7-14 and Figure 7-15.

Population Simulation: Parent

I 2 Wean Cp-Venous Return-Parent 4
Mean Cp-Venous Return-Parent

0.01{ |
0.009

TEST(T): Amis ER 30 mg PBPK-50SUbjects

\ad\Ami. .
10 'mg FEFK MuTTid-50Subjects,
ad\Ami. . \)

90% CI_(WeanT-Meark)
§9.556-->108,44  88.749-->105.71  B87.486-->104,42

(GeomieanT /Geomeank ) =100
107.1

112.7 105.7

0% CI (GeomhieanT/Geomeark)
101.84-->124.82  57.075-->118.1 95.854-->116.62

Cp-Venous Return-Parent

10 20 30 40 5 60 70 80 90 100 110 120 130 140 150 160
Time (h)

Figure 7-14 Virtual bioequivalence of once a weekly formulation of Amisulpride (30 mg)

against oral 10 mg multiple dosing
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Figure 7-15 Virtual bioequivalence of once a weekly formulation of Granisetron (10 mg)
against oral 1 mg multiple dosing

Gastroplus population bioequivalence feature allows user to incorporate all these factors while
running the virtual bioequivalence studies. The inherent variabilities between the subjects such
as body weight, age, male to female ratio, physiological variations were all integrated while
running these simulations. The VBE results confirmed that the developed once a weekly
formulation achieved similar rate (Cmax) and extent (AUC) as that of immediate release
multiple dose formulations and both developed SR formulation and multiple dose IR
formulations are bioequivalent to each other (Refer caption in Figure 7-14 and 7-15). Thus, the
same efficacy was achieved by the developed sustained release formulation as that of multiple
dose immediate release formulation by reducing frequent fluctuations that arise due to repeated

dosing. This formulation also provided patient compliance due to once weekly administration.

7.3.3 Predictive IVIVC to establish design space:

In-vitro in-vivo correlation was developed for slow, medium and fast release formulations.
Formulations with different drug: polymer ratio resulted in different release rates, which were
used in developing the IVIVC. The details are provided in Table 7-14 and figure 7-16A and 7-
16B. Advanced compartmental and transit (ACAT) model was used to mechanistically predict
the in-vivo drug release profiles of three different release rate formulations (Table 7-14). The
interpolation function was used to build the correlation. Power correlation function was found
best suitable with highest R2 value. The convolution results of all three formulations showed,
both individual and mean Absolute Percent Prediction Errors well within the limits of NMT
15% and 10% respectively. The details are presented in Table 7-15 & 7-16 and Figure 7-17 &
7-18 for amisulpride and granisetron respectively. Real time method did not require time
scaling to match in-vivo time points and also successfully showed excellent rank order for

different release rate formulations, which resulted in best IVIVC.
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Table 7-14 Drug release of formulations used in building IVIVC

Time in Amisulpride Granisetron
(hours) Slow Medium Fast Slow Medium Fast
(D:P=0.1) (D:P=0.4) (D:P=0.6) | (D:P=0.1) | (D:P=04) | (D:P=0.6)
0 0 0 0 0 0 0
1 3.1(17.1) 10.2(12.8) | 20.1(9.9) | 1.3(23.1) | 2.1(16.5) | 6.2(17.4)
4 7.2 (6.9) 12.9 (8.2) 23.2(8.0) | 4.4(159) | 79(13.4) | 16.4(7.6)
24 35.8(4.9) 40.5 (4.1) 46.8 (2.4) |29.8(3.9) | 40.9 (5.0) | 52.2(4.9)
168 99.1 (1.0) 99.0 (0.4) 99.1(0.8) | 98.8(0.6) | 99.0(0.8) | 98.7(1.3)

Note: % RSD values provided for mean values in bracket

DR Profiles of Amisulpride Formulations used in
IVIVC
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Figure 7-16A In-vitro drug release profiles of Amisulpride formulations with different release
rates in real time method
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Figure 7-16B In-vitro drug release profiles of Granisetron formulations with different release
rates in real time method
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Table 7-15 IVIVC Details for Amisulpride

Validation Statistics for Amisulpride IVIVC

Cmax (ng/mL) AUCt (ng/mL*h)
0 0

Drug Record Obs. | Pred. % Pred. Obs. Pred. % Pred.

Error Error
Amisulpride 30 mg CR Slow 9.11 | 9.127 -0.187 620.1 | 632.8 -2.05
Amisulpride 30 mg CR Medium | 10.32 | 10.41 -0.883 626.8 | 632.3 -0.876
Amisulpride 30 mg CR Fast 13.97 | 14.37 -2.887 618.5 | 621.1 -0.411
Meap Absolute Percent 1.319 1112
Prediction Error

y = 0.997 * (x)"0.992

where x=Fraction released in-vitro and y=Fraction released in-vivo

Correlation = Power Function

Statistics for Reconstructed Plasma Concentration-Time Profile from Convolution Tab

Drug Record R*2 | SEP MAE AIC

Amisulpride 30 mg CR Slow 1 0.038 |0.02 -43.32
Amisulpride 30 mg CR Medium | 1 0.049 10.026 -37.93
Amisulpride 30 mg CR Fast 1 0.078 10.039 -27.83

v ¥  Amisulpride 30 mg CR Slow-PC Exp v Amisulpride 30 mg CR Slow-PC Con

v ¥  Amisulpride 30 mg CR Medium-PC Exp [V Amisulpride 30 mg CR Medium-PC Cfnv
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Figure 7-17 IVIVC predictions for Amisulpride
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Table 7-16 IVIVC Details for Granisetron

Validation Statistics for Granisetron

Cmax (ng/mL) AUCt (ng/mL*h)
0 0

Drug Record Obs. | Pred. 7o Pred. Obs. | Pred. 7o Pred.

Error Error
Granisetron CR 10 mg Slow 5962 | 5.41 9.25 416.5 | 4104 1.468
Granisetron CR 10 mg medium | 6.598 | 6.579 0.286 4229 | 416.5 1.519
Granisetron CR 10 mg fast 8.684 | 8.726 -0.484 423.8 | 407.8 3.772
Mean Absolute Percent
Prediction Error 3.34 2.233

y = 0.999x"1.033

where x=Fraction released in-vitro and y=Fraction released in-vivo

Correlation = Power Function

Statistics for Reconstructed Plasma Concentration-Time Profile from Convolution Tab

Drug Record R"2 SEP MAE AlIC

Granisetron CR 10 mg Slow 0.986 |0.241 |0.174 -2.934
Granisetron CR 10 mg medium | 0.997 | 0.116 | 0.081 -18.95
Granisetron CR 10 mg fast 0.993 |0.247 |0.167 -2.381

v ¥  Granisetron CR 10 mg Slow-PC Exp

v Granigetron CR 10 mg Slow-PC Conv
[w ¥ Granisetron CR 10 mg medium-PC Exp
v Granisetron CR 10 mg medium-PC Conv
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Figure 7-18 IVIVC predictions for Granisetron
Table 7-15 and Table 7-16 show the IVIVC details. The % prediction error less than 15%
suggests that IVIVC meets the USFDA regulatory acceptance criteria. The standard error of
prediction (SEP), mean absolute error (MAE) and Akaike information criteria (AIC) are the
statistical parameters that show the capability of IVIVC model.
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