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Introduction
Modeling and simulation methods are now commonly used in 

drug product development and regulatory drug review process. These 
applications include, but are not limited to: the development of bio-
relevant specifications, determination of bioequivalence matrixes for 
modified release products with rapid therapeutic onset, design of in 
vitro-in vivo correlations in a mechanistic framework, and prediction 
of food effect [1]. 

Before the year 2000, the modeling and simulation methods had 
limited use of identification of biorelevant media for poorly soluble 
drugs [2,3]. Later, a correlative equation was introduced in the 
simulation, which correctly defined the relationship between in vitro 
and in vivo data. These simulation equations can be generated through 
traditional concepts such as Wagner Nelson and Loo Riegelman or 
advanced techniques like Bayesian analysis [4-8]. 

The simulation calculations are very complex hence software was 
introduced to simplify the modeling. Some commonly used software 
are Kinetica, IVIVC toolkit™, Gastroplus™ and STELLA®, etc. Kinetica 
uses the principal of deconvolution to calculate fraction absorbed [9]. 
The IVIVC toolkit™ uses deconvolution followed by convolution to 
carry out predictions of plasma concentration profiles [10]. It does not 
take into account absorption related factors such as gut metabolism 
and hepatic metabolism. The Gastroplus™ and STELLA® uses 
deconvolution combined with Physiological Based PharmacoKinetic 
(PBPK) modeling [11-14]. These have an inbuilt model to identify 
absorption related factors. Hence for IVIVC Toolkit™, deconvolution 
generated through an IR formulation is required to minimize error 
due to absorption related parameters. Gene expression programming 
(GEP) optimizes a mathematical expression tree with the help of a 
genetic algorithm hence takes into account variability due to genetic 

variation [15]. 

The IVIVC can be used in the development of new pharmaceuticals 
dosage form to reduce the number of human studies during the 
formulation development and for Quality by Design (QbD) based 
development approach [16]. The main objective of an IVIVC is to 
provide an in vitro profile as a surrogate for in vivo bioavailability and 
to support biowaiver. The IVIVC can also be employed to establish 
dissolution specifications and to support and/or validate the use of 
dissolution methods.

U.S. Food and Drug Administration (FDA) defines IVIVC as “a 
predictive mathematical model describing the relationship between an 
in vitro property of an extended release dosage form (usually the rate 
or extent of drug dissolution or release) and a relevant in vivo response, 
e.g., plasma drug concentration or amount of drug absorbed)” [17].

There are three main level of IVIVC, based on different parameters
of relationship.

Level A correlation

Point-to-point relationship between in vitro dissolution rate and in 
vivo input rate of the drug from the dosage form.
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Abstract
The purpose of this study was to utilize IVIVC tool in the development of oral controlled release formulation 

of a BCS class I model drug Trimetazidine dihydrochloride (TMZ). Commercial products of TMZ are taken two to 
three times a day to achieve therapeutic benefit. Hence, development of once daily tablet was initiated with the 
development of “Assumed IVIVC”. The assumed IVIVC was developed by obtaining in vivo data of single dose 
IR formulation (Vastarel® 20 mg) from literature and generating in vitro and in vivo data for Preductal® MR 35 mg 
modified release tablet (Reference) and TMZ extended release tablet 70 mg (Test) in house. In vitro dissolution 
ER tablet was conducted by evaluating effect of pH. The in vitro profile as a surrogate to in vivo absorption was 
generated in 0.1 N HCl medium. The in vivo absorption was calculated using deconvolution approach using the IR 
data for unit impulse response. A linear model with a time-scaling factor clarified the relationship between the in 
vitro and the in vivo data. The predictability of the final model was consistent based on internal validation. Average 
percent prediction errors for pharmacokinetic parameters were within ± 10% and individual values for all formulations 
were within ± 15%. Same model was used as a target to develop OD tablet using software WinNonlin® IVIVC toolkit™ 
that would be bioequivalent to 35 mg modified release reference product. The assumed IVIVC was then utilized 
for “Retrospective IVIVC” development and pharmacokinetic parameters of desired formulations were predicted 
through the IVIVC model. Predicted results for formulation F4 and F5, projected them as the most suitable for once 
daily use. In this work, it was demonstrated that the IVIVC can be used in the development of new dosage forms to 
reduce the number of human studies in product life cycle management. 
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Abdelbary et al. compared bioavailability of gastro retentive and 
immediate release conventional tablet (Vastarel® 20 mg) and found 
that a gastroretentive tablet has better drug bioavailability [27]. This 
study confirmed that TMZ has site specific absorption i.e. narrow 
absorption window. Commercially available MR formulations are 
based on non-gastroretentive technology; hence there is a need for a 
gastro retentive formulation. The present work is an attempt towards 
utilization of the available knowledge for setting quality target product 
profile (QTPP) and justifying the same through mathematical modeling 
and reducing bio study failure. This work comprises development of 
a gastroretentive formulation of TMZ and application of assumed 
IVIVC for identification of prospective bio-equivalent formulation. 

Materials and Methods
Materials

Trimetazidine dihydrochloride (Innogent Lab Pvt. Ltd. 
Hyderabad), Sodium Hydrogen Carbonate (Merck KGaA, Germany), 
Anhydrous Citric acid (Jungbunzlauer AG, Austria), Ethyl cellulose 
(Dow, Germany), Xanthan gum (XANTURAL® 75; CP Kelco USA), 
Polyvinyl pyrrolidone (PVP K30; ISP, USA), Microcrystalline cellulose 
(AVICEL PH112; FMC Biopolymers, Ireland), Magnesium Stearate 
(COVIDIEN; Mallinckrodt, USA) and Silicon dioxide (AEROSIL 
200; Evonik Industries AG, Germany) and Isopropyl alcohol (RFCL 
Limited; Gujarat, India) were used in the formulation development. 
Preductal® MR 35 mg (Servier Lab, France) was used for in vivo and in 
vitro study. WinNonlin® IVIVC ToolkitTM version 5.3 (Pharsight, CA, 
USA) software was used for IVIVC modeling. Dissolution apparatus 
model 2100 (Distek, New Jersey, USA) and UV-spectrophotometer 
(UV-2405 PC, Shimadzu Scientific Instruments, Japan) for in vitro 
evaluation. Nylon syringe filter (MILLIPORE™, USA) was used for 
filtration.

Methods

IVIVC modeling requires in vitro as well as in vivo data. Once both 
data are available, model fitting is carried out. A step wise approach 
was used, as described in the flow chart (Figure 1) and explained below:

In vivo data collection for IR tablet: In-vivo data of an IR tablet 
is required to generate unit impulse response. The in vivo data of 
Vastarel® 20 mg tablet was reviewed from various sources and one data 
set was selected [27].

Level B correlation

In this level of correlation, the mean in vitro dissolution time 
(MDTvitro) of the product is compared to either mean in vivo residence 
time (MRT) or the mean in vivo dissolution time (MDTvivo).

Level C correlation

 It represents a single point correlation (one dissolution time point 
(t50%, t90%, etc.) is compared to one mean pharmacokinetic (PK) 
parameter such as AUC, tmax or Cmax) and does not reflect the entire 
shape of the plasma drug concentration curve, which is a crucial 
factor that is a good indicative of the performance of modified-release 
products.

The IVIVC development for product life cycle management 
is applied at the start of the project. It is started with establishing a 
target profile at initial stage of formulation development. Information 
from various sources is collected and an IVIVC model is developed. 
This is termed as assumed IVIVC. The information from an assumed 
IVIVC is used to generate an in vitro target profile. Formulations are 
developed to meet the desired in vitro profile. Then, pharmacokinetic 
study is conducted using the formulation with target in vitro profile 
and a correlation is developed. This is termed as retrospective IVIVC. 
If a bio-in equivalence is observed, reformulation is carried out, while 
a bio equivalent study moves to a prospective IVIVC. A prospective 
IVIVC is establishment of well-defined relationship between the 
in vitro and the in vivo profiles [18,19]. A successful use of assumed 
IVIVC and retrospective IVIVC is very challenging process. A correct 
interpretation of this would avoid failed pharmacokinetic studies [20].

In this study, Trimetazidine dihydrochloride (TMZ) was selected 
as a model drug. The TMZ is an effective, well-tolerated drug mainly 
used in angina pectoris. It is the first known 3-ketoacyl coenzyme A 
thiolase inhibitor [21]. It is a metabolic agent with anti-ischemic and 
anti-anginal properties. It inhibits long chain fatty acid oxidation, 
shifting cardiac metabolism towards glucose oxidation. This results in 
an improved coupling of glycolysis with glucose oxidation, which has 
been shown to protect the ischemic heart [22]. Trimetazidine base is 
neutral and lipophilic in nature with pKa1=4.45 ± 0.02 and pKa2=9.14 
± 0.02 [23,24]. The solubility of Trimetazidine base is very low in 
aqueous solution compared to single-protonated or double protonated 
form in acidic solution. Its dihydrochloride salt is freely soluble in 
water and sparingly soluble in alcohol. In its protonated form, TMZ is 
slightly hygroscopic, white or almost white crystalline powder. It has an 
absorption window from stomach to small intestine.

The TMZ is marketed in a number of countries as a safe cellular anti 
ischemic agent devoid of hemodynamic effects [25]. TMZ is available 
in market as immediate release (IR) Tablet (Vastarel® IR, 20 mg and 
Preductal® IR, 20 mg) and modified release (MR) tablet (Vastarel® 
MR, 35 mg and Preductal® MR, 35 mg). Recommended dosing for IR 
tablet is two to three times a day and for MR tablet twice a day. The IR 
formulation of TMZ and other drugs with narrow absorption window 
has the limitations such as poor patient compliance, fluctuations 
in plasma level, adverse effects due to great difference in peak and 
trough level at steady state. Once a day formulation is desirable for 
better patient compliance, lesser adverse effects and lesser fluctuation 
in plasma level. A once a day TMZ tablet offers increased minimum 
plasma concentration (+31%), which is of particular interest in the early 
morning hours (when patients are at a greater risk of cardiovascular 
events), reduced plasma level fluctuations, and a prolonged plateau of 
desired drug concentrations [26]. 

Figure 1: A flow chart depicting the sequence followed for IVIVC model genera-
tion by obtaining QTPP for model drug (TMZ) and selection of desired formula-
tion based on in vitro characteristics.
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In vivo and in vitro data generation for commercial MR tablet 
and in house ER tablet: 

•	 In vivo study: An open-label, single-dose, randomized, 
two period, two treatment, two sequence, cross-over 
study was conducted in healthy volunteers to evaluate the 
pharmacokinetics and bioavailability of TMZ from two 
products. The commercially available Preductal® MR 35 
mg tablet was used as a reference for calculating the relative 
bioavailability of ER tablet (Test) 70 mg. The ER tablet was a 
non gastroretentive tablet. The study was consisted of two 
treatment periods separated by a wash-out period of 3 days 
between the clinic days. All volunteers were randomly assigned 
to the treatment. A total number of 24 healthy volunteers were 
enrolled into this study. 

The Cmax and Tmax values were directly determined from the mean 
plasma concentaration versus time profile. The apparent terminal 
elimination rate constant (λz) was estimated from a regression of In 
(plasma concentration) versus time over the terminal log-linear drug 
disposition portion of the plasma concentration-time profiles. The 
area under curve (AUC) was calculated using the linear up/log down 
algorithm using software WinNonlin®.

•	 In vitro study: Dissolution study was performed using USP 
apparatus type I (Basket) at 100 rpm speed. Four dissolution 
media were evaluated to identify a bio relevant media: (i) 0.1 
N hydrochloric acid with pH 1.2, (ii) pH 4.5 acetate buffer, (iii) 
pH 6.8 phosphate buffer and (iv) purified water at 37 ± 0.5°C 
(Table 1). Dissolution was performed on six units to obtain 
a statistically significant data. A sample aliquot (5 mL) was 
withdrawn at predetermined time interval and immediately 
replaced with equal volume of fresh media to maintain the total 

volume constant throughout the experiment. All samples were 
filtered through 0.45 µm membrane nylon filter and analyzed 
spectrophotometrically at λmax=270 nm. Dissolution media 
at different pH condition was selected to check the relevance 
towards mimicking the in vivo conditions.

IVIVC modeling

In vitro data fitting: Different dissolution models were evaluated 
to fit the in vitro dissolution data in different media (Table 2). Various 
parameters like R2, Akaike Information Criteria (AIC) and Schwarz’s 
Bayesian Criterion (SBC) were used for model selection criteria (Table 
3).

Deconvolution: Deconvolution is a calculation of cumulative 
in vivo absorption rate from plasma concentration-time data. The in 
vivo data obtained from the in vivo study was deconvoluted. Plots for 
input rate for test formulation and reference formulation are shown in 
(Figure 2).

IVIVC development: Level-A IVIVC, point to point relationship 
between the in vitro dissolution and the in vivo input rate, was studied. 
The relationship (also referred as internal validation) between the in 
vivo absorption rate and the in vitro dissolution rates was developed 
between ER tablets (Test) 70 mg and Preductal® MR 35 mg (Reference), 
using in vivo data of Vastarel® 20 mg (IR formulation) for unit impulse 
response (UIR). The in vitro data generated in different media were 
used for the development of an IVIVC model. The IVIVC modeling 
was done using different models as given below:

Model 1: Fabs=AbsScale*Diss(Tscale*Tvivo)

Model 2: Fabs=AbsScale*Diss(Tscale*Tvivo-Tshift)

Model 3: Fabs=AbsScale*[Diss(Tscale*Tvivo-Tshift) – AbsBase]

Time (Hours) 0.1 N HCl pH 4.5 AB pH 6.8 PB Water
R T R T R T R T

1 17 19 39 22 39 20 39 20
2 38 30 56 32 67 31 57 30
3 55 46 70 41 69 39 71 38
4 75 54 78 48 79 46 81 46
6 90 70 92 58 90 57 93 56
8 98 79 98 66 95 66 96 65

12 100 90 100 78 99 78 97 76
16 - 95 - 86 - 86 - 84
20 - 98 - 92 - 92 - 89

R-Reference formulation, T- Test formulation 
Table 1: In vitro dissolution profile of Preductal® MR tablet 35 mg (Reference) and Extended Release tablet 70 mg (Test).
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MBk , n, and k are empirical parameters in Makoid–Banakar model (
MBk , n, k>0)

Where Finf is the amount release at time infinity; MDT is mean dissolution time; int is the y-intercept; b is slope factor.
Table 2: Different dissolution models for model fit analysis of the in vitro data.
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The predictability of the IVIVC model was evaluated by internal 
validation. For this purpose, pharmacokinetic parameters (Cmax and 
AUC0-t) were predicted using the in vitro dissolution data based on 
the correlation model (Table 4). The predicted pharmacokinetic 
parameters were compared with the observed values and prediction 
error was estimated using the following formula:

%PF=[(predicted value-observed value)/observed value]*100

The values of estimated parameters of mathematical correlation 
model are presented in table 5 and target in vitro profile in table 6.

Formulation development and in vitro data generation

Formulation development: Gastro retentive tablets were prepared 
by wet granulation technique. Mixing and granulation of powder was 
carried out in a 2 Liter Rapid Mixture Granulator followed by drying 
in Fluidized Bed Drier. Dried granules were mixed with Magnesium 
stearate and Colloidal silicon dioxide and further blended for 5 min. 
Final lubricated blend was compressed at 16 station single rotary 
compression machine using suitable punch tool at optimum hardness. 
Various polymers and ratio of Citric acid and Sodium hydrogen 
carbonates were evaluated to obtain a formulation with extended 
release and a shorter floating lag time (Table 7).

In-vitro evaluation: The in vitro floating behavior of tablets was 
studied by placing the tablet in 500 ml container filled with 300 ml 0.1 
N HCl (pH 1.2) and the time taken by tablet to float on the surface was 
recorded as ‘floating lag time’ and the total duration for which tablet 
was floating in the medium as ‘total floating time’. This was recorded 
by visual observation. Various parameters like dissolution profile, 
hardness, floating lag time and total buoyancy time for all formulation 
F1-F5 are presented in (Table 8).

Release kinetics

Data obtained from in vitro drug release study was modeled to 
various kinetics equations to find out mechanism of drug release from 
matrix formulation of reference formulation (R), test formulation (T) 
using DDSolver software [28].

Prediction of in vivo parameters of formulated batches

Using the developed IVIVC model, in vitro profiles of formulation 
F1-F5 were convoluted (Figure 4) and in vivo parameters (AUC, Cmax) 
were predicted for all fabricated formulations (Table 9). A suitable 
formulation was selected by applying a constrain ratio of 0.95 -1.05 
from the target profile for pharmacokinetic parameter Cmax and AUC0-t.

Results and Discussion
In vitro and in vivo parameters act as an input function for carrying 

out IVIVC modeling and a careful consideration should be given to 
the reliability of the data used in assumed IVIVC. In this study, in vivo 
data from two formulations has been taken from the same study, which 
may not be possible, if there is variability in the data. In such cases, 
genetic variability of molecule should be taken into consideration and 

A)

B)

Figure 2: Plot for input rate for test formulation (2a) and reference formulation 
(2b).

Media
Makoid-Banakar

Formulation

ER tablet 70 mg (T) Preductal® MR 35 mg (R)

weighing Function R2 Weighted R2 AIC SBC R2 Weighted R2 AIC SBC

0.1 N HCl
uniform 0.9991 0.9991 -58.601 -57.995 0.9993 0.9993 -53.219 -52.825

1/yhat*yhat 0.9986 0.9983 -38.026 -37.633 0.9988 0.9995 -41.812 -41.653

pH 4.5 AB
uniform 0.9971 0.9971 -49.874 -49.269 0.9998 0.9998 -66.768 -66.374

1/yhat*yhat 0.9951 0.9978 -39.277 -38.883 0.9994 0.9996 -53.864 -53.705

pH 6.8 PB
uniform 0.9971 0.9971 -49.527 -48.922 0.9957 0.9957 -39.955 -39.56

1/yhat*yhat 0.9952 0.9981 -39.482 -39.088 0.9875 0.9865 -26.239 -26.08

Water
uniform 0.9963 0.9963 -47.77 -47.165 0.9991 0.9991 -50.307 -49.913

1/yhat*yhat 0.9941 0.9979 -38.574 -38.18 0.9981 0.9991 -43.715 -43.556

Table 3: Summary of model parameters and selection of mean in vitro dissolution profile of Trimetazidine dihydrochloride extended release tablet.
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Media Formulation Parameters Predicted Observed PE ratio

0.1 N HCl

Test Formulation 70 mg Internal
AUClast 1605.582 1656.903 -3.1 0.97

Cmax 93.48553 85.443 9.4 1.09

Preductal® MR 35 mg Internal
AUClast 570.8056 592.5588 -3.7 0.96

Cmax 65.57775 69.366 -5.5 0.95

Avg Internal
AUClast 1088.194 1124.731 3.4 0.97

Cmax 79.53164 77.4045 7.4 1.03

pH 4.5 AB

Test Formulation 70 mg Internal
AUClast 1639.706 1656.903 -1 0.99

Cmax 71.47473 85.443 -16.3 0.84

Preductal® MR 35 mg Internal
AUClast 597.2477 592.5588 0.8 1.01

Cmax 60.22211 69.366 -13.2 0.87

Avg Internal
AUClast 1118.477 1124.731 0.9 0.99

Cmax 65.84842 77.4045 14.8 0.85

pH 6.8 PB

Test Formulation 70 mg Internal
AUClast 1638.416 1656.903 -1.1 0.99

Cmax 68.84238 85.443 -19.4 0.81

Preductal® MR 35 mg Internal
AUClast 601.4235 592.5588 1.5 1.01

Cmax 60.89449 69.366 -12.2 0.88

Avg Internal
AUClast 1119.92 1124.731 1.3 1

Cmax 64.86843 77.4045 15.8 0.84

Water

Test Formulation 70 mg Internal
AUClast 1624.774 1656.903 -1.9 0.98

Cmax 68.50113 85.443 -19.8 0.8

Preductal® MR 35 mg Internal
AUClast 607.2892 592.5588 2.5 1.02

Cmax 61.58081 69.366 -11.2 0.89

Avg Internal
AUClast 1116.032 1124.731 2.2 0.99

Cmax 65.04097 77.4045 15.5 0.84

AB- acetate buffer, PB-phosphate buffer
Table 4: Summary of internal validation parameters in different media.

closeness of drug dependent pharmacokinetic parameters i.e., AUC, 
elimination half-life (t1/2) should be compared from different studies.

Development of in vitro in vivo correlation

An IVIVC modeling requires fitting of in vivo data for which 
pharmacokinetic behavior of drug product is needed. Pharmacokinetic 

Parameter Estimate Standard_Error CV%

AbsScale 1.249189 0.007385 0.59

Tscale 0.882209 0.016226 1.84

Table 5: Values of estimated parameters of mathematical correlation model.

Time Target profile

1 15-20
2 29-33
3 40-45
4 50-55
6 65-70
8 75-80
12 87-93
16 94-98
20 97-100

Table 6: Targeted in vitro dissolution profile in 0.1 N HCl/500 mL, USP-1/RPM-100.

properties of TMZ from various IR tablets sand MR tablets are 
compiled in table 10. The IR tablets showed Tmax of 2 hours while 
the MR tablets showed 3-6 hours. The data showed significant inter-
individual variability as observed from difference in Cmax and AUC 
values from different studies, on dosing the same formulation. While 
developing assumed IVIVC, the selected data should be consistent in 
many studies. This will reduce probability of model failure due to inter-
individual variability. On this view, in vivo data of IR formulation for 
UIR was taken from study conducted by Abdelbary et al. [27].

The plasma concentration profile for immediate release tablet, 
modified release tablet (Reference), and ER tablet (Test) of TMZ are 
presented in (Figure 5). The PK profile clearly demonstrated that the 
absorption of TMZ was prolonged, when ER tablet was administered. 
The average time to reach peak plasma concentration (Tmax) was ≥ 6 
hours with the ER tablet compared with 2-3 hours and 1 hour for the 
MR tablet and the IR tablet respectively.

A level-A IVIVC was conducted using WinNonlin® IVIVC 
ToolkitTM. The procedure for developing an IVIVC consisted of the 
following steps: (i) calculation of cumulative in vitro dissolution rate, (ii) 
calculation of cumulative in vivo absorption rate from concentration-
time data by deconvolution, and (iii) modeling the relationship between 
in vivo absorption rate and in vitro dissolution rates. Initially IVIVC 
was developed between the ER tablet 70 mg (Test) and Preductal® MR 
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Figure 3: In vitro dissolution profile of formulation F1-F5. 
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Figure 3: Dissolution Profile: Formulation F1-F5 Dissolution Media: 0.1 N HCl.

35 mg (Reference), using UIR from Vastarel® IR 20 mg. As absorption 
related parameters were constant for oral formulation, hence IR tablet 
(Vastarel® IR 20 mg) was used as UIR.

The in vivo plasma concentration time data of the ER tablet (Test) 
and Preductal® MR 35 mg (Reference) was analyzed using various 
models to identify the best fit model using UIR. Drug input rate of 
in vivo study was calculated by numerical deconvolution (Figure 2). 
For Test and Reference products, input rate function was maximum 
at 2 hours followed by a decline indicating initial burst release in first 
2 hours. The difference in decline pattern in input function indicated 

difference in the formulations; the ER tablet showed a slow decline 
and maintained input function after 12 hours of dosing, while input 
function for Preductal® MR 35 mg showed abrupt decline behavior 
and insignificant drug absorption observed at 8 hours. These two 
formulations showed different in vivo profiles thus fulfilling the 
requirement for IVIVC modeling. A correlation was evaluated using 
linear and nonlinear models to establish a relationship between the 
in vitro drug release and in vivo drug absorption. The predictability 
of pharmacokinetic parameters (Cmax and AUC0-t) was checked using 
convoluted plots (Figure 6). 

In vitro dissolution study

The dissolution data of the reference (Preductal® MR 35 mg) and 
the test product (ER tablet, 70 mg) (Table 1) was fitted using Hill, 
Weibull, and Makoid-Banakar function with uniform weighting 
function (Table 3). Based on the statistical parameters, i.e., r2, weighted 
r2, AIC and SBC criteria, Makoid-Banakar appeared to best fitted in 
all dissolution media. Makoid-Banakar function was further evaluated 
other weighing function. Weighing function 1/yhat*yhat appeared best. 
It is a model independent approach to define the dissolution behavior 
from controlled release dosage form. The mathematical expression 
of Makoid-Banakar function is shown in (Table 2). The ‘n’ function 
governs the shape of dissolution curve [29].

Release kinetics

The curvilinear nature of the cumulative percent drug released 

Ingredients F1 F2 F3 F4 F5

Intra granular Ingredients
Trimetazidine Dihydrochloride 70 70 70 70 70
Ethyl Cellulose-7cps (Ethocel) - 120 - - -
Xanthan gum (Xantural 75) 120 120 100 100 120
Microcrystalline cellulose (Avicel PH 112) 100 100 40 40 50
Lactose (DCL-21) 25 25 25 25 25
Sod. Bicarbonate 60 60 30 30 60
Citric acid anhydrous 30 30 15 15 30
Polyvinyl pyrrolidone (PVP-K30) - - 15 30 30
Isopropyl alcohol qs qs qs qs qs
Extra granular Ingredients  
Colloidal silicon di oxide (Aerosil 200) 5 5 5 5 5
Magnesium Stearate 5 5 5 5 5
Tablet weight 415 535 305 320 395

Table 7: Composition for trial Formulations F1 to F5.

Time F1 F2 F3 F4 F5

1 38 43 39 22 20
2 46 49 50 36 30
3 53 59 62 47 40
4 60 64 72 56 49
6 75 77 85 70 64
8 86 82 92 79 75
12 93 98 99 88 89
16 100 97 98 91 96
20 100 100 100 93 100

Hardness (Kp) 13-15 13-14 13-14 8-9 12-13
Floating Lag time 1 hr 30 min <30 sec <30 sec <30 sec

Total Buoyancy time 8 h 4 hr 20 hr 20 hr 20 hr

Table 8: Hardness and in vitro parameters in 0.1 N HCl/500 mL, USP-1/RPM-100, of formulations F1 to F5.
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Formulation Parameter Predicted Observed PE ratio

F1 External AUClast 1435.102 1525.523 -5.9 0.94
Cmax 98.1932 92.01778 6.7 1.07

F2 External AUClast 1519.28 1525.523 -0.4 1
Cmax 139.226 92.01778 51.3 1.51

F3 External AUClast 1490.922 1525.523 -2.3 0.98
Cmax 110.8681 92.01778 20.5 1.2

F4 External AUClast 1445.135 1525.523 -5.3 0.95
Cmax 91.371 92.01778 -0.7 0.99

F5 External AUClast 1410.559 1525.523 -7.5 0.92
Cmax 85.0059 92.01778 -7.6 0.92

Table 9: Predicted Pharmacokinetics parameters of Formulation F1-F5.

Formulation

Pharmacokinetic parameters

ReferenceTmax Cmax Cmax/Dose AUC0-t AUC0-t /Dose AUC0-∞ AUC0-∞/Dose T1/2

(Hours) (ng/mL) (ng/mg ml) (ng.hr/m) (ng.hr/ mg. 
mL) (ng.hr/mL) (ng.hr/mg. mL) (Hours)

Vastarel 20 mg 
(SD) 2.7 ± 1 47 ± 9 2.35 369.8 ± 76 18.49 789.6 ± 165 39.48 4.6 ± 1.3 27

IR 20 mg 2.0 ± 0.008 35.0 ± 5.2 1.75 - - 623.8 ± 100.8 31.19 7.39 ± 1.1 30
IR 20 mg 1.8 53.6 2.68 - - 508.9 25.445 6

31
IR 40 mg 2.73 127.5 3.1875 - - - - -

Test 20 mg 2.312 ± 0.66 74.85 ± 12.13 3.7425 673.1 ± 117.6 33.655 717.1 ± 120.9 35.855 4.78 ± 0.92
32

Reference 20 mg 2.211 ± 0.61 71.93 ± 14.32 3.5965 652.3 ± 121.9 32.615 692 ± 128.6 34.6 4.74 ± 0.82
Reference 35 mg 

MR 3.54 98.57 2.82 410.01
(t-12) 462.78 13.22 3.45

33
Test 35 mg MR 

(Metacard) 4 104.78 2.99 423.81 12.11 472.51 13.50 3.69

Test 35 mg MR 
(Matenol) (Fasting 

Study)
5 142 4.06 1320 37.71 1430 40.86 5.62

34
Vastarel 35 mg MR 

(Fasting Study) 4.5 135 3.86 1270 36.29 1360 38.86 5.32

Test 35 mg MR 
(Matenol) 

(Fed Study)
4.5 183 5.23 1440 41.14 1530 43.71 4.97

Vastarel 35 mg MR 
(Fed Study) 5 169 4.83 1450 41.43 1580 45.14 5.29

Three layer matrix 
tablet 50 mg 6.1 ± 0.6 61.5 ± 3.3 1.23 - 1327.9 ± 304.5 26.56 20.84 ± 3.0 30

Test 70 mg (OD) 6 85.443 1.22 1656.903 23.66 - - 7.29
In-House StudyPreductal 35 mg 

MR 4.5 69.366 1.98 592.56 16.93 - - 5.25

Table 10: Pharmacokinetic properties of TMZ from literature and in-house study.

versus time plots (Figure 3) suggests that drug release from the matrix 
tablet does not follow zero-order kinetics. The data modeling results 
are summarized in table 11, and this observation is supported by 
the low values of correlation coefficients obtained in all cases where 
the dissolution data were fitted to a zero-order model. The in vitro 
dissolution studies confirmed that drug release was governed by first 
order model which means rate of drug release depend upon amount 
of unreleased drug. The Korsmeyer–Peppas release exponent, n, is less 
than 0.5, confirming that diffusion is the controlling factor for drug 
release [30,31]. 

IVIVC interpretation

IVIVC modeling was evaluated in all four available media using 
all models. Model 1 adequately fit the reference formulation data. 
The values of estimated parameters of mathematical correlation 
model are presented in (Table 5). The prediction error was low with 
correlation obtained using 0.1 N HCl as dissolution media. The low 

prediction error indicates the reliability of model towards carrying 
out predictions; hence it was selected as a bio relevant tool to screen 
the best formulation. A reliable correlation (r2=0.988) was observed 
between fraction dissolved in vitro and fraction absorbed in vivo 
(Figure 7a) and levy plot showing a relationship between Tin vitro and Tin vivo 
(time for drug dissolved and drug absorbed) is presented in (Figure 
7b). Convoluted predicted profile for reference (Preductal® MR 35 mg) 
and test formulation (ER tablet, 70 mg) matches with observed profile 
confirming a level-A correlation was obtained (Figures 6a and 6b).

Formulation development for a target in vitro profile

The IVIVC model suggested 0.1 N HCl medium as a bio relevant 
medium. The in vivo release from a gastro retentive system is expected 
in upper part of GIT at acidic pH, which also supports the identified 
IVIVC media. Hence, the in vitro evaluation of formulated batches 
was carried out in the same media. The other parameters like floating 
lag time and total buoyancy time were evaluated and it showed the 
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Figure 4: Plots of convolution output for formulation F1-F5.

Motdel Parameters R T F1 F2 F3 F4 F5

Zero-order
R2 0.6955 0.532 0.1544 -0.0501 -0.1599 0.3686 0.6506

R2-adj 0.6955 0.532 0.1544 -0.0501 -0.1599 0.3686 0.6506

First-order
R2 0.9742 0.9989 0.9668 0.9466 0.9873 0.9903 0.9967

R2-adj 0.9742 0.9989 0.9668 0.9466 0.9873 0.9903 0.9967

Higuchi
R2 0.9389 0.9566 0.9019 0.8462 0.7975 0.9338 0.9809

R2-adj 0.9389 0.9566 0.9019 0.8462 0.7975 0.9338 0.9809

Korsmeyer-Peppas

R2 0.9392 0.9634 0.9833 0.9861 0.963 0.9635 0.9813

R2-adj 0.9305 0.9589 0.9812 0.9844 0.9584 0.959 0.9789

n 0.5130 0.445 0.337 0.298 0.285 0.393 0.487

Hixson-Crowell
R2 0.9921 0.9896 0.937 0.8937 0.9224 0.9645 0.9919

R2-adj 0.9921 0.9896 0.937 0.8937 0.9224 0.9645 0.9919

Table 11: Results of model fitting of drug release of Reference (R), Test (T) and fabricated formulations (F1-F5) in 0.1 N HCl.

maximum buoyancy up to 20 hours indicating the formulation to be 
gastro retentive for sufficient time. 

The IVIVC model suggested a target in vitro release profile in 
0.1 N HCl (Table 6). A gastro retentive matrix tablet technology was 
evaluated. Two types of polymers in combination, hydrophobic (ethyl 
cellulose) and hydrophilic polymers (Polyvinyl pyrrolidone), were 

evaluated to control the drug release. Xanthan gum was chosen as a 
main release controlling polymer. Three formulation strategies were 
employed (i) Xanthan gum alone in the formulation (F1), (ii) with a 
hydrophobic polymer (ethyl cellulose) (F2) and (iii) with a hydrophilic 
polymer (Polyvinyl pyrrolidone) (F3). Amongst the three formulations, 
drug release was faster in all the formulations in comparison with the 
target profile. However, formulation with polyvinyl pyrrolidone (F3) 
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showed less floating lag time (<30 seconds) and higher buoyancy time 
(20 hours). Polyvinyl pyrrolidone (PVP) was selected for further study 
and its concentration was evaluated (F4 and F5). On increasing the 
concentration of PVP, desired drug release profile was achieved and 
buoyancy parameters were achieved [32-34].

Prediction of in vivo parameters of formulated batches

The in vitro data for studied formulations obtained was fed into 
the IVIVC model and in vivo profiles were predicted. The predicted 
pharmacokinetic parameters are provided in table 9 and convoluted 
profiles are provided in figure 4. Predicted profiles suggested that: (i) 
formulations F2 and F3 would show faster in vivo parameters, (ii) 
formulations F1 would have desired Cmax value but required tmax will not 
be achieved and (iii) formulations F4 and F5 would have desired Cmax 
and tmax suggesting these are suitable candidates for pharmacokinetic 
study. Predicted pharmacokinetic parameters (predicted vs.observed 
ratios for Cmax and AUC) suggested that formulations F1, F4 and F5 
passed the criteria of bioequivalence for AUC but formulation F1 
failed in the Cmax ratio (1.07) and did not have floating property, hence 

it was excluded from further investigation. Formulation F4 and F5 
are meeting the criteria for target profile for generating a once daily 
formulation. These two formulations are recommended for a bio-
equivalence.

Conclusion
Assumed IVIVC model for Trimetazidine dihydrochloride 

extended release tablet was generated using literature information 
and in house bio study. A target in vitro profile was generated from 
the IVIVC model. Assumed IVIVC was developed and a target profile 
in biorelevant media was selected for the formulation development. 
The prediction errors obtained were within the limits. Based on the 
target profile, a pharmacokinetic profile was predicted for formulation 
(F1-F5). It was identified that formulation F4 and F5 are the best 
formulations to develop once daily gastro retentive formulation of 
Trimetazidine dihydrochloride. Assumed IVIVC was successfully 
utilized in product development.
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