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ABSTRACT 

Objective: Metoprolol Succinate has a short elimination half- life (3-7 hours) and rapidly absorbed in GIT If it is formulated by conventional tablets 
requires multiple daily administration with resulting inconvenience to the hypertensive patient and the possibility of reduced compliance with 
prescribed therapy.  

Methods: Core tablets were prepared by direct compression technique using fructose and KCl as osmogens and Avicel PH101 as filler. The core 
tablets were coated by spray gun in coating pan and used a coating agent cellulose acetate (2%w/v) with PEG 400 and PEG 6000 as water soluble 
pore former and dibutyl-pthalate as plasticizer. The optimized formulation was evaluated for Compatibility Study by FTIR, InVitro drug release 
study by USP-II dissolution apparatus and, accelerated stability study.  

Results: Optimized batch FaC3 was formulated using ratio 3:2 (Fructose : KCl) of osmogent mixture, (20% w/w) of pore former (PEG 6000) and 4% 
weight gain It gave about 97.59 % drug release for 12 hours. The highest r2 value (0.979) through zero order drug release and n≈0.982 indicates 
case-II transport or typical zero-order. Optimized formulation had no significant effect on pH, agitational intensity and found to be compatible with 
the excipients and stable. Before contact with the dissolution medium, SEM images revealed that no pores were observed before dissolution and 
after dissolution had shown the porous nature of the membrane.  

Conclusion: The present study confirmed that the drug release inversely proportional to membrane weight gain and release increases with mixture 
of osmogens and system provides a controlled release. 
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INTRODUCTION 

Oral controlled release systems continue to be the most popular 
amongst all the drug delivery systems because pharmaceutical 
agents can be delivered in a controlled pattern over a long period by 
osmotic pressure, there has been increasing interest in the 
development of osmotic devices over the past 2 decades. Drug 
delivery from this system is not influenced by the different 
physiological factors within the gut lumen, gastric pH, motility, 
presence or absence of food and hydrodynamic condition. They 
typically give a zero order release profile after an initial lag. 
Deliveries may be delayed or pulsed if desired Osmotic pressure 
created due to imbibitions of fluid from external environment into 
the dosage form regulates the delivery of drug from osmotic device. 
Rate of drug delivery from osmotic pump is directly proportional to 
the osmotic pressure developed due to imbibitions of fluids by 
osmogen. Osmotic pressure is a colligative property of a solution in 
which the magnitude of osmotic pressure of the solution is 
independent on the number of discrete entities of solute present in 
the solution. This route offers the advantage of reduced dose, 
targeting of site and avoiding GI stability, hepatic by-pass of drug 
molecule. The release rate from these types of systems is dependent 
on the coating thickness, level of leachable components in the 
coating, solubility of the drug in the tablet core, and osmotic 
pressure difference across the membrane [1-5]. Metoprolol Succinte 
{2-hydroxy-3-[4-(2-methoxyethyl) phenoxy]propyl} (propan-2-yl) 
amine Metoprolol is a cardioselective β1-adrenergic blocking agent 
used for acute myocardial infarction and mild to moderate 
hypertension. Metoprolol Succinate is a white crystalline solid with a 
molecular weight of 267.363. Metoprolol Succinate is having high 
solubility and high permeability (BCS Class-I). Metoprolol Succinate 
has short elimination half life (3-7 hours) and a potent drug. 

Drugs utilized for long duration of action in hypertension. The 
rationale for this approach is that the presence of water in gastro 
intestinal tract is relatively constant, at least in terms of the amount 
required for activation and controlling osmotically base 
technologies. 

MATERIALS AND METHODS 

Metoprolol Succinate was provided as a gift sample from (Ranbaxy 
Lab Ltd, Gurgaon, India); Potassium chloride and Fructose as a gift 
sample from (SD Fine Chemicals, Mumbai, India); Talc and 
Magnesium stearate as a gift sample from (Elegant Drugs Pvt Ltd) 
Following chemicals were purchased from commercial sources and 
used as such: Poly Ethylene Glycol 400 and Poly Ethylene Glycol 
6000 from (Ranbaxy Lab Ltd, Gurgaon, India); Avicel PH101, 
Cellulose Acetate, Dibutyl Pthalate (Thomas Baker Chemicals Pvt 
Ltd, Mumbai, India) All other reagents and solvents used were of 
analytical grade. 

Drug- Excipients compatibility studies [6] 

The technique employed in this study is Fourier transform Infrared 
spectroscopy using FTIR (IR Affinity-1, Shimadzu, Japan). Fourier 
Transform Infrared spectroscopy is one of the most powerful 
analytical techniques which offer the possibility of identifying 
chemical interaction between drug and excipients. The diffusion 
reflectance spectroscopy technique was utilized in the mid-IR (400–
4000 cm-1) spectral region. Powder mixture of drug and excipients in 
the ratio of 1:1 were prepared in KBr discs. The samples were placed 
in the light path and the spectra were obtained Infrared was 
performed in duplicate for each of the samples. 

Preparation of Core tablets 
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The core osmotic tablets were prepared by direct compression 
technique [7] and preparation of osmotically controlled tablets, drug 
was mixed with KCl and Fructose, as an osmotic agent in different 
concentration and Avicel PH 101 were sifted together through 40# 
sieve and blended for 15 minutes. The blend was again passed 
through 40 # sieve and lubricated with Talc and Magnesium stearate 

(previously Sifted through 60 # sieve) for 5 minute. The blend was 
compressed into tablets using multi station rotary tablet punching 
machine (Cadmach, Ahmedabad, India) of keeping round standard 
concave punch of 9.5 mm Formulation composition are shown in 
Table 1. 

 
Table 1: It Shows Formulation of Core Tablets of Metoprolol Succinate and Composition of Coating Solution. 

Ingredients (mg)  FC1 FC2 FC3 FC4 
Metoprolol Succinte 100 100 100 100 
Fructose  50 50 50 50 
Potassium Chloride  75 75 75 75 
Avicel PH 101  170 170 170 170 
Mg Stearate  3 3 3 3 
Talc  2 2 2 2 
                                                                                                                    Composition of Coating Solution 
Cellulose Acetate 2g 2g 2g 2g 
PEG 400  20%(w/w) 20%(w/w) - - 
PEG 6000  - - 20%(w/w) 20%(w/w) 
Di butyl Pthalate  10%(w/w) 10%(w/w) 10%(w/w) 10%(w/w) 
Weight Gain  4% 8% 4% 8% 
                                                                                                   Coating Solvent : (Acetone : Methanol) in ratio 9 : 1 
 

Preparation of Coating Solution 

A coating of Cellulose Acetate as an Semi permeable membrane was 
done around the tablets in which PEG 400 and PEG 6000 are added 
in 20 %(w/w) Concentration of Cellulose Acetate as pore forming 
agent & Dibutyl Pthalate was added at 10%(w/w) concentration of 
cellulose acetate to achieve proper plasticity. Then required 
Quantity of acetone and methanol was gradually mixed with the 
resultant polymeric solution for 80-100 RPM using Remi magnetic 
stirrer Coating was performed by Painter Spray Gun PS-3(Sheffield, 
United kingdom) in a Manesty 354255 Coating pan (Bosch, 
Germany). Coating process was started with rotation speed of 4 to 5 
rpm. The spray rate and atomizing air pressure were 4 to 6 ml/min 
and 17.5 kg/cm2, respectively Inlet and outlet air temperatures were 
60°C±10°C and 45°C, respectively. Coated tablets were dried at 50°C 
for 12 hours and the percentage weight gain of the coating 
membrane was measured The detailed composition is mentioned in 
Coating Solution Composition Table 1. 

Table 2: It Shows Formulation Composition of Core Tablets of 
Optimized Batch. 

Ingredients (mg)  FaC3 FbC3 FcC3 
Metoprolol Succinte  100 100 100 
Fructose  75 100 25 
Potassium Chloride  50 25 100 
Avicel PH 101  170 170 170 
Mg St  3 3 3 
Talc  2 2 2 

The tablets so prepared by different ratio of osmogen mixture of 
fructose and KCl from optimized batch FC3. The detailed 
composition is mentioned in formulation and composition of core 
tablets of optimized batch in Table 2. 

Evaluation of Osmotic Tablets: 

Post- compression parameters: [8-14] 

Hardness 

To perform this test, a tablet was placed between two anvils, force 
was applied to the anvils & the crushing strength that just caused the 
tablet to break was recorded. The hardness was measured using 
Pfizer tester. It is expressed in Kg/cm2. 

Friability Test 

The friability of the tablets was determined using Roche friabilator. 
It is expressed in percentage (%). Approximately 6.5 gm (Wo) of 
dedusted tablets were subjected to rotate at 25 rpm for 4 minutes in 
a rotating drum of 6 inches & are then reweighed (W). The friability 
is given by following formula; F= (1 – Wo/W) × 100. 

 

Weight Variation Test 

Twenty tablets were weighed individually on weighing balance 
(Shimadzu, Japan), average weight was calculated & individual tablet 
weights were compared to the average weight. The tablets met the 
USP test if no more than 2 tablets are outside the percentage limit & 
if no tablet differs by more than two times the percentage limit. 

Drug Content 

10 tablets were randomly selected and average weight was 
calculated and powdered in a glass mortar Powder equivalent to 100 
mg of drug was weighed and dissolved in 100 ml of 6.8 pH 
phosphate buffer using magnetic stirrer (Ricon, Hyderabad, India) 
then filtered using Whatman filter paper no.1 and diluted suitably 
and drug content analyzed spectrophotometrically at 274 nm 
wavelength. 

Thickness 

Thickness of the coated tablets is measured by using digital vernier 
caliper (Absolute Digimatic, Mitutoyo Corp, Japan). Ten tablets from 
each formulation selected randomly and used to measure in the 
screw gauze. Thickness of the tablet was measured by screw guaze 
in millimeters. Thickness of each tablet was deviated from ±5% of 
mean value. 

InVitro Drug release studies [15-16] 

Dissolution test was performed using a USP type-2 paddle apparatus 
(Veego, Mumbai, India) at 37 ± 0.5° C in 900 ml of 1.2 pH buffer with 
a speed of 100 rpm. After 2 hrs of release buffer medium changed to 
6.8 phosphate buffer for next 10 hrs through maintaining sink 
condition. Samples (5ml) were withdrawn at 1 hour time intervals 
over a period of 12 hour and medium was replenished with fresh 
dissolution fluid and samples were measured using a UV 
spectrophotometer at a 274nm wavelength.  

Drug Release Kinetics [17-19] 

To study the release kinetics, data obtained from in vitro drug 
release studies were plotted in various kinetic models: zero order as 
cumulative amount of drug released vs. time, first order as log 
cumulative percentage of drug remaining vs. time, and Higuchi’s 
model a drug released vs. square root of time, Krosmeyer equation 
as log cumulative percentage of drug released vs. log time, and the 
exponent n was calculated through the slope of the straight line. 

Effect of pH of media on drug release [20-21] 

In order to study the effect of pH and to assure a reliable 
performance of the developed formulations independent of pH, 
release studies of the Standard (changed pH) formulations were 
carried out at pH 1.2 in simulated gastric fluid (SGF) and pH 6.8 in 
simulated intestinal fluid (SIF). 
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Effect of agitational intensity of media on drug release [22-23] 

To study the effect of agitation intensity (rpm) of the dissolution 
medium, the release study was carried out using USP-type II 
dissolution apparatus (paddle type) at rotational speeds of 50, 100, 
and 150 using the dissolution medium (900 ml) of SGF of pH 1.2 for 
the first 2 hours and SIF of pH 6.8 thereafter. 

Statistical Data Analysis [24-25] 

Release profiles of optimized batch were compared using a model 
independent pairwise approach, which includes calculation of the 
'difference factor' f1 and 'similarity factor' f2. The two release 
profiles were considered to be similar if f1 value was lower than 15 
(between 0 and 15) and f2 value was more than 50 (between 50 and 
100).  

 

Surface morphology study [26-27] 

Scanning electron microscope 

Scanning electron microscopy (SEM) micrographs of the coating 
membrane are taken, before and after conducting the dissolution 
studies, in order to examine the effect of optimized batch FaC3 
containing PEG 6000 as pore forming agent. Briefly, a piece of the 

coating membrane would be removed from the tablet core, fixed on 
an sample holder with double sided adhesive tape, and coated with 
layer of gold and 24nm palladium coating at 40C using a sputter 
coater. The sample was examined using a scanning electron 
microscope (Zeiss EVO MA10, Germany). 

Accelerated Stability Study [28] 

The optimized formulation was charged for the accelerated stability 
studies according to ICH guidelines (40 ± 2ºC and 75 ± 5% RH). The 
tablets were packed in high density polyethylene (HDPE) container 
and were stored in ICH certified stability chamber for 3 months 
(zone III conditions as per ICH Q1guidelines). The samples were 
withdrawn at the end of 3 months and evaluated for in vitro drug 
release. 

RESULTS 

FTIR Compatability Study 

The possible interaction between the pure drug Metoprolol 
Succinate and the polymer such as KCl, Fructose, Avicel PH101 and 
PEG 6000 and pure drug physical mixture was studied by IR 
spectroscopy. The IR spectra for Metoprolol Succinate and its 
physical mixtures are shown in Figure 1 & 2. 

Post compression parameters evaluation of Metoprolol 
Succinate tablets 

All prepared tablets were evaluated for weight variation and drug 
content, Thickness, Hardness and Friability as shown in Table 3. 

Table 3: It Shows Evaluation of Post Compression Parameters. 

Formulation Code Weight Variation 
n=20(±SD) 

% Friability Hardness (kg/cm2) 
n=3(±SD) 

Thickness (mm) 
n=10(±SD) 

Drug Content (%) 
n=10(±SD) 

FC1 400±0.12 0.14 6.8±0.13 4.62±0024 98.10±0.12 
FC2 400±0.16 0.23 7.0±0.16 4.73±0023 97.89±0.19 
FC3 399±1.21 0.17 6.6±0.11 4.69±0041 99.12±0.33 
FC4 398±1.09 0.12 6.5±0.16 4.66±0011 98.45±0.67 
FaC3 400±1.04 0.15 7.0±0.18 4.52±0042 99.23±0.58 
FbC3 399±1.31 0.16 6.8±0.22 4.74±0014 99.37±0.97 
FcC3 400±0.73 0.12 6.8±0.17 4.81±0024 98.56±0.35 
 

 

Fig. 1: It Shows FTIR spectra of Metoprolol Succinate. 

 

Fig. 2: It Shows FTIR spectra of Metoprolol Succinate + Mixture. 

 

In Vitro Drug release study of Metoprolol Succinate Tablets  

FC1, FC2, FC3 and FC4 formulations exhibited 81.38%, 75.12%, 

92.65% and 85.00% drug release, FaC3 and FcC3 formulations 

exhibited 97.59%, 84.19% drug release at 12 hours while FbC3 

formulation exhibited 87.69% in 10 hours respectively (Figure 3-4). 

In Vitro dissolution studies revealed that drug release rate increases 

as equal amount ratio of osmogent mixture increases because of 

increased water uptake due to osmosis mechanism, and hence 

increased driving force for drug release Drug release was inversely 

proportional to membrane weight gain. 

 

Fig. 3: It Shows % InVitro Drug release of Formulation FC1-FC4 
in 12 hours. 
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Fig. 4: It Shows % InVitro Drug release of Formulation FaC3-
FcC3 in 12 hours. 

Kinetics and mechanism of drug release 

In vitro dissolution data of the optimized formulation was fitted into 

various mathematical models (zero order, first order, and Higuchi) 

in order to describe the kinetics of drug release. Drug release from 

FC3 and FaC3 formulations fitted well into zero order kinetics as 

shown in Table 4, After applying different mathematical models to 

the release profile of FC3 and FaC3 regression co-efficient (R2) for 

different models were estimated, and n is an exponent that 

characterizes the mechanism of release n≈0.982 indicates case-II 

transport (zero-order release) or typical zero-order for FaC3. From 

the regression co-efficient values of FaC3 showed best controlled 

release manner. 

Table 4: It Shows Drug release kinetics of Osmotic Tablets. 

Batch 
No. 

Zero 
order 

First 
order 

Higuchi  Krosmeyer 
peppas 

R2 R2 R2 N R2 

FC3 0.977 0.918 0.911 0.959 0.938 
FaC3 0.979 0.916 0.901 0.982 0.930 

Effect of pH of media on drug release  

By performing the dissolution profile of optimize batch (FaC3) using 
a USP type-2 paddle apparatus were conducted through three 
method such as pH change method, media 1.2 pH HCl buffer and pH 
6.8 phosphate buffer at 37 ± 0.5° C in 900 ml with a speed of 100 
rpm, drug release rate was found to be independent of pH of media 
as shown in Figure 5. Drug release pattern from the optimize batch 
(FaC3) was found to be similar in all above three different pH 
medium. The similarity factor (F2) value for 1.2 pH was 62.16 and 
for 6.8 pH was 68.43 So there is no such significant difference in the 
release studies after effect of pH studies. 

 

Fig. 5: It Shows Dissolution Profile Comparison through Change 
in pH of Media of FaC3. 

Effect of agitation intensity in media on drug release 

By performing the dissolution profile of optimize batch (FaC3) using 
a USP type-2 paddle apparatus at a speed of 50 rpm, 100 rpm and 
150 rpm, drug release rate was found to be independent of agitation 
intensity as shown in Figure 6. Drug release pattern from the 
optimize batch (FaC3) was found to be similar in all three different 
agitational speed. The similarity factor (F2) value for 50 rpm was 
72.14 and for 150 rpm were 92.98. So there is no such significant 

difference in the release studies after effect of change in agitation 
intensity studies. 

 

 

Fig. 6: It Shows Dissolution Profile Comparison through Change 
in Agitation Intensity of Media of FaC3. 

Surface morphology study through Scanning electron 
microscope 

Figures (7A-7B) compares SEM micrographs of the coating 
membrane of the formula (FaC3) before and after the dissolution 
studies. Before contact with the dissolution medium, SEM 
micrographs (417 X) revealed that the no pores were observed in 
membrane has a roughly spherical dispersion on surface (Figure 
7A). 

 

Fig. 7A: It Shows SEM Image of Membrane Containing PEG 6000 
of Osmotic Tablet Before Dissolution Study of FaC3. 

At the end of the dissolution studies, SEM micrographs (1.18 KX) 
revealed that the membrane became porous (Figure 7B), possibly, 
due to the dissolution of PEG 6000, a pore-forming agent, upon 
contact of the tablet with the dissolution medium. 

 

Fig. 7B: It Shows SEM Image of Membrane Containing PEG 6000 
of Osmotic Tablet After Dissolution Study of FaC3. 

Based on these observations, it could be suggested that release of 
the drug from controlled release osmotic pump tablets passes 
through the following steps: (a) dissolution of PEG 6000 upon 
contact with the dissolution medium, (b) penetration of the tablet by 
the dissolution medium through the formed pores, (c) dissolution of 
the drug particles within the tablet, and (d) release of the drug 
through the pores. Examination of the coating membrane after 
dissolution studies was necessary to investigate the porous nature of 
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the membrane. The pores are characterized by inter-connecting 
channels that are formed from open surface pores that continued 
into the deeper layers. 

 

Accelerated Stability Study 

Accelerated stability study was carried out at 40±2°C/75±5% RH for 
3 months on optimized formula (FaC3) and it was found that there 
was no statistically significant difference in in-vitro drug release 
before and after stability study. No fracture of coat from any tablet of 
optimized batch was noticed during and after stability study. The 
similarity factor (F2) value after 3 months was 84.95. So there is no 
significant difference in the release studies after stability studies 
which indicated that the formulation was stable. The formulation 
FaC3 was found to be stable in terms of in vitro release as shown in 
Figure 8. 

Fig. 8: It Shows InVitro Drug Release of FaC3 After Accelerated 
Stability Study. 

 

DISCUSSION 

The core tablets were coated by coating agent cellulose acetate 

(2%w/v) with PEG 400 and PEG 6000 as water soluble pore former 

and dibutyl-pthalate as plasticizer. Optimized batch (Batch FC3) was 

further formulated batch (FaC3) using osmogent ratio 3:2 of mixture 

(fructose : KCl), 20% w/w of pore former (PEG 6000) and 4% weight 

gain FaC3 gave about 97.59 % drug release for 12 hours. From 

dissolution profile of different batches, we can say that increasing in 

% Wt gain % drug release was decreased. Hence we can select of % 

Wt gain like 4 % and 8 % and for Pore-former Concentration like 20 

% of CA. The optimized batch (FaC3) the drug release was found to 

follow zero order kinetics with regression co-efficient of 0.979 and n 

value in Krosmeyer peppas release model was 0.982 indicates case-

II transport (zero-order release) or typical zero-order. The similarity 

factor value for 1.2 pH was 62.16 and for 6.8 pH were 68.43. The 

similarity factor value for 50 rpm was 72.14 and for 150 rpm were 

92.98. So, dosage form was independent of pH and agitational 

intensity. The accelerated stability study revealed that the optimized 

batch the similarity factor value after 3 months was 84.95 which 

indicated that the formulation was stable. 

CONCLUSION 

Formulation FaC3 shows highest amount of drug release (97.59%) 

in dissolution profile and releases the drug for longer period of time 

up to 12 hour. The evaluation study of coating solution, batch FC3 

containing PEG 6000 had film lighter in weight than PEG 400 and 

also showed a better drug release in 12 hours than any other 

batches. Hence the batch FC3 was selected for further study. The 

obtained dissolution profile of different batches through which, we 

can say that increasing in % Wt gain, the % drug release was 

decreased. The drug release rate from dosage form was found no 

significant changes at different pH of dissolution media and 

agitational intensity Kinetics of drug release of optimized batch was 

studied and it showed that zero order was best fit for release of 

Metoprolol Succinate from dosage form. SEM micrographs of the 

coating membrane of the batch (FaC3) before and after the 

dissolution studies. Before contact with the dissolution medium no 

pores were observed in membrane, examination of the coating 

membrane after dissolution studies was necessary to investigate the 

porous nature of the membrane. The inter-connecting channels that 

are formed from open surface pores that continued into the deeper 

layers The accelerated stability study shows no significant changes 

and confirms the stability of formulations. 
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