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Abstract—This study describes the methodology for the 

development of a validated in-vitro in-vivo correlation (IVIVC) for 
metoprolol tartrate modified release dosage forms with distinctive 
release rate characteristics. Modified release dosage forms were 
formulated by microencapsulation of metoprolol tartrate into 
different amounts of ethylcellulose by non-solvent addition 
technique. Then in-vitro and in-vivo studies were conducted to 
develop and validate level A IVIVC for metoprolol tartrate. The 
values of regression co-efficient (R2-values) for IVIVC of T2 and T3 
formulations were not significantly (p<0.05) different from 1 while 
the values of R2 for IVIVC of T1 and Mepressor® were significantly 
(p<0.05) different from 1. Internal prediction errors of IVIVC, 
calculated from observed Area under Curve (AUC) and predicted 
AUC, were less than 10%. This study successfully presents a valid 
level A IVIVC for metoprolol tartrate modified dosage forms. 

 
Keywords—Metoprolol tartrate, Dissolution, Bioavailability, 

Validated in-vitro in-vivo correlation. 

I. INTRODUCTION 
URRENTLY, an increasing role of validated in-vitro in-
vivo correlation (IVIVC) in the development of modified 
release dosage forms is observed. In-vivo performance of 

an alternative formulation of predefined specifications can be 
predicted by using particular dissolution specifications and 
IVIVC function [1]. Thus, the development of a good 
correlation needs a discriminating dissolution test which can 
act as an alternative of gastrointestinal conditions. Food and 
Drug Administration (FDA) propose very descriptive 
guidelines for the development and validation of IVIVC. 
According to FDA, three different release rates of a drug are 
needed for the development of an IVIVC. FDA also suggests 
the internal or external validation of IVIVC [2, 3]. 
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Matrix tablets and microparticles are important classes of 
most commonly used oral sustained release (SR) dosage 
forms. The later class i.e. microparticulate dosage form 
development has currently attracted much attention of 
researchers. It involves the coating of release retardant 
material (polymer) around drug molecules [4]. Ethylcellulose, 
a hydrophobic plastic polymer, is one of the most commonly 
used release retardant materials. Hydrophobic plastic 
polymeric dosage forms, composed of ethylcellulose for 
instance, do not erode and swell. Thus, diffusion as a result of 
liquid penetration is the mode of drug release from 
ethylcellulose microparticles. Many researchers have 
excellently described ethylcellulose, its properties and 
functions. Ethylcellulose is available in various viscosity 
grades on the basis of ethoxyl group substitution. The 
viscosity of ethylcellulose depends upon the ethoxy 
substitution [5]. 

Metoprolol tartrate is classified as BCS (Biopharmaceutics 
Classification System) class I drug as it is highly water soluble 
and permeable drug [6]. The dissolution is the rate limiting 
step in the absorption of metoprolol tartrate, therefore level A 
IVIVC is expected for its modified release dosage forms. FDA 
recommends level A IVIVC as the highest correlation for the 
submission of New Drug Application (NDA) and Abbreviated 
New Drug Application (ANDA) [7]. The literature survey 
shows many studies regarding the development of matrix 
tablets of metoprolol tartrate [4, 6]. Moreover, some studies 
have also been conducted for the development of IVIVC for 
matrix SR tablets metoprolol tartrate [6, 8]. Literature shows 
no study regarding IVIVC development of metoprolol tartrate 
tabletted microparticles. 

This study is focused on the development of sustained 
release tabletted microparticles of metoprolol tartrate of 
different release characteristics by varying ethylcellulose 
concentration. Then in-vitro and in-vivo studies were 
conducted to develop validateed IVIVC for metoprolol 
tartrate. 

II. MATERIALS AND METHODS 

A. Materials 
Pure metoprolol tartrate and ethyl cellulose (22 cp) were 

obtained from Novartis Pharma-Pakistan and Sigma-USA, 
respectively. Metoprolol tartrate tablets (Mepressor®, Novartis 
Pharma-Pakistan) was purchased from market. The chemicals 
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such as dichloromethane, liquid paraffin and n-hexane were of 
analytical grade supplied by Merck (Germany). 

B. Formulations 
Three tabletted microparticulate formulations (T1- fast, T2-

moderate and T3- slow release) of metoprolol tartrate with 
different release rates were prepared by its microencapsulation 
(Non-solvent addition coacervation) into different amounts of 
ethyl cellulose i.e. 1:1, 1:2 and 1:3 drug : polymer ratios, 
respectively [9]. Each formulation contained 200 mg 
metoprolol tartrate. Fourth formulation was Mepressor® 200 
mg, Novartis Pharma-Pakistan. 

C. In-vitro dissolution data and its analysis 
In-vitro dissolution tests of all formulations were conducted 

in phosphate buffer pH 6.8 stirred at 50 rpm and 37±0.5 ºC 
using USP Apparatus II to get drug dissolved (%) versus time 
(h) profiles (Figure 1). The samples (5 ml) were collected by 
automatic sampler at pre-defined time points for 12 hours and 
then analyzed at 275 nm using UV-Vis spectrophotometer-
Shimadzu 1601, Japan. To compare the obtained dissolution 
profiles of all formulations by similarity factor (f2), following 
equation was used [5]. 

ƒ2= 50 log {[1+ (1/P) ∑
=

P

i 1
(Rt-Tt) 2]-1/2 *100}   (1) 

Where “Rt” and “Tt” are the cumulative percentage dissolved 
at time point “t” for reference and test formulations, 
respectively, and “n” is the number of sample points. The two 
dissolution profiles are considered similar if average 
difference between all compared dissolution samples is less 
than 15% and f2 value is greater than 50%. 

D. Statistical analysis 
One way analysis of variance for various statistical 

calculations was conducted using SPSS, version 12.0. The 
level of significance was set at p<0.05. 

E. Bioavailability data and its analysis 
Drug Plasma concentration versus time profiles of all 

formulations were obtained by an in-vivo study involving 20 
non-smoking healthy young male human subjects (confirmed 
by physical and biochemical examination) approved by the 
Board of Advance Studies and Research, the Islamia 
University of Bahawalpur, Pakistan. Four periods, four 
treatments, single dose and randomized cross over study 
design with a wash out period of seven days was adopted. 
Blood samples (5 ml) were collected at pre-defined time 
points for 24 hours, centrifuged to separate plasma for 
analysis using High Performance Liquid Chromatography 
(HPLC)-UV, Perkin-Elmer, Japan [11]. The study subjects 
were continually monitored for blood pressure and pulse rate. 
The Software, Kinetica 4.0 was used to calculate 
pharmacokinetic parameters from the obtained data following 
one-compartment model. Percent drug absorbed at all time 
point were calculated by Wagner-Nelson equation as given 
below [3]. 

Percent Absorbed = {(C (t) / Ke + AUC (0-t) / AUC (0-∞)) × 
100                 (2) 

Where C (t) = plasma drug concentration at time t, K = 
elimination rate constant. Its value used in this equation was 
obtained from Mepressor. AUC (0-t) = area under the 
concentration time curve from time “0” to time “t”, AUC (0-
∞) = area under the concentration time curve from time “0” to 
infinity. 

F. Development of IVIVC and its internal validation 
The data obtained from in-vitro dissolution tests and 

bioavailability studies was used to develop IVIVC. A graph 
was plotted between percent drug absorbed and dissolved for 
all formulation and regression analysis was performed (Figure 
2). IVIVC was considered good if the value of regression co-
efficient was not different from 1. The predictability of 
developed IVIVC was assessed by its internal prediction error 
(%) of Cmax (maximum plasma drug concentration) or AUC, 
calculated by following formula [3]. 
Percent Prediction Error = [(AUCobserved – AUCpredicted) / 

AUCobserved] × 100        (3)  
According to FDA guidelines, an IVIVC is predictive if the 
internal prediction error for a formulation is not more than 
15% for AUC and Cmax and the internal prediction error 
across formulations is not more than 10% for AUC and Cmax. 

III. RESULTS AND DISCUSSION 
The purpose of this study was to develop formulations with 

different release rates and to evaluate for in-vitro and in-vivo 
studies to establish an IVIVC. The formulations with different 
release rates were prepared by using different amounts of 
polymer for the microencapsulation of metoprolol tartrate 
followed by direct compression in to tablets. The drug release 
versus time data for all prepared tabletted microparticles is 
plotted in Figure 1. Increase in polymer concentration as 1:1, 
1:2 and 1:3 (drug: polymer ratios) drastically reduced the 
release rate of metoprolol tartrate. As the release of drug from 
ethyl cellulose matrix takes place by diffusion mechanism [5], 
thus with the increase in ethyl cellulose concentration, the 
surface pores of formulations may reduce in number resulting 
in the retardation of drug release. 
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Fig. 1 Percentage of drug release versus time profiles of metoprolol 
tartrate tabletted microparticulate formulations 
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Fig. 2 Plasma drug concentration versus time profile of metoprolol 
tartrate tabletted microparticulate formulations 

 
Figure 1 illustrates cumulative dissolution profiles from T1, 

T2 and T3 formulations in phosphate buffer pH 6.8 stirred at 
50 rpm using USP Apparatus II. Table 1 shows f2-values for 
T1 versus T2, T2 versus T3 and T1 versus T3 comparison and 
elaborated that the two dissolution profiles in above 
mentioned pairs are dissimilar to each other. The f2-values of 
each dissolution profile comparison were below 50. 

 
TABLE  I 

F2-VALUES OBTAINED FROM THE COMPARISON OF METOPROLOL TARTRATE 
TABLETTED MICROPARTICULATE FORMULATIONS 

 f2-values 
T1 versus T2 46.31 
T2 versus T3 44.02 
T1 versus T3 31.77 

 
 
Table 2 illustrates the average values of various 

pharmacokinetic parameters for tabletted microparticles of 
metoprolol tartrate. 
 
 

TABLE II 
AVERAGE VALUES OF VARIOUS PHARMACOKINETIC PARAMETERS 

METOPROLOL TARTRATE TABLETTED MICROPARTICULATE FORMULATIONS 
 

 T1 T2 T3 Mepressor® 
AUC 
(μg.hr/ml) 1658.74 1846.66 2497.42 1891.02 

Cmax 
(μg/ml) 184 174 170 190 

Tmax 
(Hrs) 4 4 4 4 

 
Figure 2 shows percent drug dissolved from T1, T2 and T3 

formulations versus time. While Figure 3 illustrates a plot 
between percent drug dissolved and percent drug absorbed.  
 

 
 
 

TABLE  III 
REGRESSION CO-EFFICIENT OF IVIVC FOR METOPROLOL TARTRATE 

TABLETTED MICROPARTICULATE FORMULATIONS 
 T1 T2 T3 Mepressor® 
R2-values 0.8727 0.9669 0.9553 0.7628 
Prediction 
error 

9.1% 7.3% 7.7% 8.9% 

 
Table 3 shows the values of regression co-efficient of IVIVC 
(percent drug dissolved versus percent drug absorbed) for 
metoprolol tartrate formulations and internal prediction error. 
The R2-values for IVIVC of T2 and T3 formulations were not 
significantly (p<0.05) different from 1 while the values of R2 
for IVIVC of T1 and Mepressor® were significantly (p<0.05) 
different from 1. 

 
Fig. 3 Plots between percent absorbed and dissolved of metoprolol 
tartrate from its tabletted microparticulate formulations 
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Fig. 4 Percent drug dissolved and absorbed from metoprolol tartrate 
tabletted microparticulate formulations versus time 
 

A valid IVIVC is helpful for the use of in-vitro dissolution 
data instead of bioavailability studies, formulation 
optimization and post-approval changes [7]. Thus the present 
study was also designed to develop to develop a high quality 
IVIVC and its internal validation by assessing percent 
prediction error of Cmax or AUC. Therefore, present study is 
a predictable analysis for T2 and T3 type formulations 
because regression co-efficient of IVIVC was not significantly 
(p<0.05) different from 1. 

IV. CONCLUSION 
This validated IVIVC allows the use of associated 

dissolution data for biowaiver study. This study can also be 
used as a guideline for the development of valid IVIVC for 
other BCS class I drugs. 
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