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ABSTRACT  

Swellable controlled porosity osmotic pump (SEOP) utilizes the 

osmotic pressure and polymer-swelling force to deliver drugs to the GI 

tract in a reliable and reproducible manner. Metoprolol and ramipril 

are one of the combinations indicated in the management of 

hypertension in patients with heart failure and post myocardial 

infarction. This combination was selected to develop SEOP   to release 

the drugs continuously for a period of 24hrs and the release is 

controlled by swellable polymer and the osmogen.SCPOP  tablets of 

Metoprolol and Ramipril were prepared using additives like Mannitol 

MCC, talc, magnesium stearate , aerosol with varying concentrations 

of osmopolymers(PEO,Carbopol and PVAand SCMC) coating of 

cellulose acetate as semi permeable membrane ,Dibutyl phthalate  as  

plasticizer. An orifice was made on one face of the tablet mechanically. Effects of different 

concentrations of PEO (MRSC1-MRSC3) carbopol (MRSC4-MRSC6) PVAand 

SCMC(MRSC7-MRSC9)   on the in vitro release were studied. On comparing in vitro release 

of formulations (MRSC1-MRSC6), the release rate decreased with the increased 

concentrations of polymers The decreased release rate was due to due to solubility-

modulating properties of the polymers. Among the formulations, MRSC7 shown optimum 

drug release rate 99.98%and 92.32% for metoprolol and ramipril respectively at the end of 24 

hours. The optimized formulation was independent of the agitation intensity, pH of the 

medium, stable and delivers Metoprolol and Ramipril at a zero order rate for 24 hrs. 
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INTRODUCTION 

Hypertension is one of the chronic disorders affecting a large number of populations in the 

world and it is an important cardiovascular risk factor1. The seventh Joint National 

Committee on prevention, detection, evaluation and treatment of high blood pressure (JNC 7) 

recommends appropriate treatment of hypertension and the need for combination therapy to 

achieve and maintain the goal blood pressure2. Usage of fixed dose combinations in 

cardiovascular diseases have many advantages such as reduction in cost, adverse effects and 

dose, ease of use by patients, improved patient compliance and medication adherence. They 

also offer the possibility of combining agents with different pharmacological profiles to 

achieve additive effects with enhanced tolerability3 .A number of two-drug fixed 

combinations is available for clinical use. These include Angiotensin converting enzyme 

(ACE) inhibitor /thiazide diuretic, Angiotensin receptor blockers (ARB)/ thiazidediuretic, 

βblocker/thiazidediuretic, ACEinhibitor/(CCB), ARB/ CCB, β-blocker/ ACE inhibitor, β 

blocker/CCB combinations…. etc4 . 

 
ACEIs and β-blockers are indicated in the management of hypertension in patients with heart 

failure and post myocardial infarction. In these patients, treatment with these combination 

shown to improve symptoms and reduce the risk of death and worsening heart failure. 

Metoprolol and Ramipril are one of the combinations showed reduction in morbidity and 

mortality in appropriately selected patients with heart failure5.  

 
Metoprolol6 is a prototype β-1 anti adrenergic drug, which has the potency to decreases the 

force and rate of the heart's contractions, which lowers blood pressure. It is used in the 

treatment of hypertension and angina pectoris. Ramipril is a potent and specific angiotensin-

converting enzyme (ACE) inhibitor that catalyzes the conversion of angiotensin-І to 

vasoconstrictor substances. Angiotensin-ІІ also stimulates the secretion of aldosterone by 

adrenal cortex leading to vasopressor activity. Thus role of the ACE inhibiting is to inhibit 

the last step of the biosynthesis of angiotensin-ІІ and therefore causing a general 

vasodilatation and lowering of blood pressure. It is also used in the treatment of hypertension 

and angina pectoris 7. These combinations are available as film coated uncoated, sustained 

and extended delivery systems. Still these systems offer disadvantages which are overcome 

by the development of oral osmotic drug delivery system. This system utilizes the principle 
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of osmotic pressure for the delivery of drugs.  Drug release from this system is not influenced 

by different physiological environment within the gut lumen (surface tension, viscosity of the 

GIT and intestinal fluids, GIT and intestinal motility) and showed improved safety profile, 

stable drug concentration, reduced dosing frequency which enhance patient compliance and 

convenience8, 9, 10 

 
Among the system, SCPOP is selected in which drug is released through a delivery through 

the pores formed on the surface of the membrane due to dissolution of the pore formers 

present on them. When the pump is in operation, both drug and osmogent imbibe water 

across the membrane, swelling the osmogent simultaneously forming a suspension in the 

drug layer. The swelling of the osmotic layer “pushes” against the drug solution or 

suspension to flow out of the orifice at a controlled rate. This mechanism of operations 

suitable for the delivery of slightly/insoluble drugs 11,12,13. In this study, swellable controlled 

porosity osmotic pump (SCPOP) of Metoprolol and Ramipril were formulated with an 

objective to investigate and explore the   effect of formulation variables and release kinetics 

in the drugs release profile of swellable controlled porosity osmotic pump of Metoprolol and 

Ramipril tablets. 

 
MATERIALS AND METHODS 

Materials 

Metoprolol succinate and Ramipil , a kind gift sample from Kniss Pharmaceuticals private 

Limited, Chennai, India. Cellulose acetate, PEO, Carbopol and DBP were obtained from 

Loba Chemie, Mumbai, India. Mannitol, MCC, Talc, Magnesium stearate and Aerosil were 

obtained from Otto Chemicals & Reagents. Pvt. Ltd, India. All other solvents and chemicals 

used were of the analytical grade. 

 
Methods 

Drug-excipients compatibility study14,15 

Assessment of possible incompatibilities between an active drug substance and different 

excipients forms an important part of the preformulation stage during the development of 

dosage form. Infra red spectrum and Differential Scanning Calorimeter allow the evaluation 

of possible incompatibilities between the drug and excipients. The IR spectrum and DSC 

thermo grams of pure drugs Metoprolol and Ramipril, osmotic agent (mannitol,), plasticizer 

(Dibutylpthalate) , osmopolymers (Polyethylene Oxide, Carbopol,) and other excipients  

alone and in  a mixture with  drugs used in formulation were recorded. 
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Analysis of API16 

 UV determination was carried out for drugs content uniformity and measure quantity of 

Metoprolol and Ramipril during dissolution test. The response of the sample solution was 

measured at 209.5 and 222nm. The amount of Metoprolol and Ramipril present in the sample 

solution were determined by fitting the responses into the regression equation. 

 
Preparation of swellable controlled porosity osmotic pump17 

The swellable controlled porosity osmotic pump tablets contained Metoprolol, Ramipril, 

mannitol (osmotic agent) PEO ,carbopol  and PVAand SCMS (swellable polymer) 

surrounded by a semi permeable membrane CA with Dibutylpthalate as plasticizer. The drug 

was mixed with all the excipients and passed through sieve of aperture size 250 µm. The 

blend was mixed for 5-10min in a polythene bag to get a uniform mix. Magnesium stearate, 

talc and aerosil were added and blended for 2 min and were compressed in a rotary tablet-

punching machine (Cadmac, India) fitted with 14/32 inch deep concave punches. Core tablets 

were coated in a conventional laboratory coating pan (Cipweka, India). Coating solution was 

prepared by dissolving cellulose acetate and dibutylpthalate in a binary solvent mixture of 

acetone and water. The components of coating solution were added to solvent mixture in 

sequential manner. The component added first was allowed to dissolve before next 

component was added. Before starting coating, tablets were warmed at 40° ± 5°c for 10 

minutes and then coating solution was applied at a constant spray rate of 4-5 ml/min.Coating 

process was done on a batch of 100 tablets. Pan speed was maintained at 20 rpm and hot air 

inlet temperature was kept at 40° ± 5°c. Coating was continued until desired percentage of 

coat weight (2%) was obtained on the core tablets.  

 
Evaluation of swellable controlled porosity osmotic pump 

Pre and post compression characteristics18, 19 

The blends were evaluated for precompression parameters like angle of repose, bulk density, 

tap density, carr’s index and hausner’s ratio and the core tablets were evaluated for the post 

compression parameters like appearance, shape, thickness, hardness, friability weight 

variation,  

 
Drugs content uniformity20 

Accurately weighed 20 tablets (of all batches) were dissolvedin 500 ml of distilled water 

[19]. The samples were sonicated for 30 min. and filtered through membrane filter. The 
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filtered samples, after appropriate dilution ,the samples were analyzed spectrophotometrically 

at 209.5 and 222nm. 

 
In vitro release study 

The formulations (MRSE1-MRSE6) were subjected to release studies using USP-II 

dissolution apparatus (Electrolab, India) at 50 rpm. Dissolution medium used was distilled 

water (pH 7.4, 900 ml) maintained at 370 ± 0.50C. The samples (5ml) were withdrawn at 1, 2, 

4, 6, 8, 10, 12, 16, 20, 24 hrs intervals and replaced with an equivalent amount of fresh 

medium. The dissolution sample after filtration through 0.45 µm cellulose acetate filters was 

analyzed using a validated UV spectrophotometric method at 209.5 and 222nm for 

Metoprolol and Ramipril respectively and a plot of cumulative percentage of drugs release 

versus time was made.   

 
Effect of type and level swellable polymers21 

To study the effect of different concentrations of swellable polymer in the release profile, six 

formulations (MRSE1-MRSE6) were prepared with varying concentration of PEO and 

carbopol and the in vitro drugs release was studied. 

 
Determination of swelling index22 

To study the effect of swellable polymer on drug release, swelling index of developed 

formulations (MRSE1-MRSE6) was determined in 900 ml of distilled water (pH 7.4) at 37 

°C. At every hour upto 6hrs, tablets were withdrawn from dissolution fluid and weight of 

swollen tablets were calculated.. The swelling index (SI) was determined from the following 

equation. 

SI= (Wt - Wo)  ×100 

         Wt 

Where, Wt is the weight of the swollen tablet at each time interval t, 

Wo is the initial weight of the tablet 

 
Performance evaluations of optimized formulations24 

Effect of pH 

To study the effect of pH and to assure a reliable performance of the optimized formulations,  

in vitro release studies was conducted in media of different pH. The release media was pH 

1.2,  pH  6.8, and pH 7.4 The percentage of drugs released were determined for a period of 24 

hrs. 
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Effect of agitation intensity 

In order to study the effect of agitation intensity , release studies was performed for optimized 

formulations in  dissolution apparatus at various rotational speeds of 50, 100 and 150 rpm and 

the in vitro release studies of the tablets were conducted. The percentages of drugs released 

were conducted. 

 
Release kinetic studies25  

Drug-release data from the optimized formulation was fitted to various kinetic models like 

zero-order, first-order and higuchi models to elucidate the mechanism and kinetics of drug 

release. Best goodness of fit test (R2) was taken as criteria for selecting the most appropriate 

model. The model with the highest correlation coefficient was considered to be the best 

fitting one.        

 
Stability study of optimized formulations as per ICH guidelines25 

The optimized formulation was subjected to stability studies as per ICH guidelines, 

25ºC/60%RH, 30ºC/60%RH and 40ºC/75%RH. Samples were withdrawn at time intervals of 

0, 1, 2 and 3 months. The samples were evaluated for appearance, drug content and in vitro 

release profile. 

 
Desired drug release profile 

The purpose of this study was to develop a SCPOP for Metoprolol and Ramipril  which can 

deliver the drug in a controlled manner for 24 hrs. The dose, the delivery time and the dosing 

interval are the key features for any temporal controlled release system. Taking different 

pharmacokinetic parameters of both drugs into consideration, a zero-order based delivery 

strategy was designed to produce the desired plasma levels. The dosage form developed 

consists of a tablet core of Metoprolol and Ramipril along with other excipients. The core 

compartment is surrounded by a membrane consisting of a semi permeable membrane-

forming polymer, with  one plasticizer capable of improving film forming properties of the 

polymers and a pore forming sgents for the release of the drugs.The semi permeable 

membrane-forming polymer is permeable to aqueous fluids but substantially impermeable to 

the components of the core. In operation, the core compartment swells and imbibes aqueous 

fluids from the surrounding environment across the membrane and dissolves the drug. the 

dissolved drugs are released continuously through the pores formed on the surface of the spm 

due to dissolution of the pore forming agents.  
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Drug-excipients compatibility study  

IR study was performed on the physical mixture of Metoprolol, Ramipril and different tablet 

excipients In IR study, the characteristics spectral bands of Metoprolol and Ramipril were not 

significantly affected in the physical mixture of drugs and excipients. All the characteristics 

bands of the drugs were retained at their respective positions in the IR spectra of drugs-

excipients physical mixtures showed no interaction between Metoprolol and Ramipril and 

excipients in the physical mixtures showed that the selected tablet excipients used in final 

formulations were compatible. 

 
Analysis of API 

A linear correlation was obtained between peak areas versus concentration of metoprolol and 

ramipril in the range of 4-120 µg/ml and 4-20 µg/ml respectively. The slope of regression 

equation and correlation coefficient for metoprolol and ramipril were within the limits. 

 
Formulation and evaluation of controlled porosity osmotic pump 

Preparation of controlled porosity osmotic pump  

Three formulations (MRSC1-MRSC9) were prepared with different concentrations of 

swellable polymers(PEO ,carbopol and PVA and SCMC ) and coated with the CA (3%) 

solvent mixture containing dibutyl pthalate  sorbitol and evaluated for precompression, post 

compression and in vitro drugs release study. 

 
Evaluation of controlled porosity osmotic pump  

Pre and post compression characteristics 

The bulk density of powder blend of CPOP of MPT and excipients were found between 

0.581±0.020 gm/cc to 0.628±0.025 gm/cc and tapped density was found between 

0.712±0.015 gm/cc to 0.738±0.035 gm/cc and these values were found to be within the limits.  

The angle of repose of all, formulations was less than 30o which indicates that material had 

excellent flow property. The measurement of free flowing powder can also be done by carr’s 

index. The Carr’s index for formulations MRSC1-MRSC9  was found to be between 12.34% 

± 0.048 to 14.89% ± 0.064. which indicates that the blends had good flow property. 

Hausner’s ratio was also found to be well within the limits. All these results indicate that the 

blends possess satisfactory flow properties and compressibility. Tablet thickness, hardness, 

friability, weight variation and drug content of different formulations were found to be 

satisfactory. (Table 3) 
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Invitro drug release study 

Osmotic pumps per se are suitable for delivery of drugs having intermediate water solubility. 

In order to get the desired release from the developed systems, swellable polymer 

PEO/carbopol /PVA and SCMC  was added in core   formulation to modulate the solubility  

and release characteristics  of Metoprolol and Ramipril within the core. Inclusion of PEO is 

expected to control the release of Metoprolol and Ramipril from the osmotic system. In-vitro 

release profiles of SIX batches (MRSCI-MRSC9) in comparison are clearly indicated that the 

concentration of swellable polymers has indirect effect on drug release. With increase in 

concentration of polymers within the core there was decrease drug release and increase in 

swelling index of the formulations due to higher internal pressure generated by the polymers. 

The lag time was correlated with parameters like osmogents, swellable polymers and 

membrane thickness. The membrane permeability, swelling nature and the osmotic pressure 

of the core composition are mainly controlling the tablet hydration kinetics27.28. 

 
Effect of type and level swellable polymers 

The in-vitro release of the formulations (MRSC1-MRSC9) studied did not show any 

significant time lag before the start of the drugs-release phase. An increased drug: 

osmopolymer ratio delayed the release rate of both the drugs in terms both time and 

cumulative percentage. This could be due to the fact that release of drug was dependent upon 

the viscosity of hydrophilic polymers. Increment in the viscosity impedes the movement of 

drug molecules within the system as well as lesser permeation power of water generates weak 

osmotic pressure. As increase in the osmo polymer concentration increases the viscosity of 

the gel as well as the formation of gel layer with longer diffusional path. This could cause a 

decrease in the effective diffusion co-efficient of drug and therefore reduction in drug release 

rate from MRSC1 to MRCS9. 

 
On comparing the rate amount of the of drugs release from the swellable controlled porosity 

osmotic pump tablets Metoprolol succinate and Ramipril formulations containing PEO 

(MRSC1- MRSC3)and carbopol(MRSC4-MRSC6 ) ,it was clearly showed that the release 

was more with PEO  and delayed with the carbopol  due to hydrophobic nature of the 

polymer whereas combinations of PVAand SCMC produced  steady slow and controlled 

release for a period of 24 hrs. 

 
The optimal release was further suggested by due to higher swelling of CMC in higher 

concentration in the dissolution medium  results in more suspension of the drug in the  
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dissolution media which led to removal of gel layer on the tablet surfaces. Further the aim of 

controlling the drug release was not achieved  both with high  concentration of 

PEO(MRSC3) and also with lower concentration of carbopol  (MRSC4) ,showed more than 

24 hrs drug release for Ramipril due to increased swelling ,hydration and diffusion of the 

drugs from the matrix and  polymer characteristics .Hence in the formulations (MRCS7-

MRCS9), the release was controlled for a period of 24 hrs with a lag time of 1 hrs due to 

swelling of PVA in lower pH followed by SCMC swelling results in complete release of the 

drugs(MRSC7). 

 
Thus MRSC7 (99.98%and 92.32% for metoprolol and ramipril respectively) was considered 

as a suitable formulation for further study. Thus in an osmotic system (SCPOP) a 

combination of hydrophilic and hydrophobis nature of polymer results in producing a 

controlled drug delivery  OF DRUGS with the osmotic ,swelling  and erosion mechanisms  

Thus among the formulations (MRSC7- MRSC9), MRSC7 (t90% at 19hrs, t90%at 24 hrs) 

formulation contains 2%weight of coated tablets with3%CA ,10%DBP and 40% 

sorbitol was optimized with a suitable 1:0.5  drug: osmopolymer  ratio for controlling the 

release rate of the drugs for a period of 24 hrs.  

 
Determination of swelling index 

In all the formulations swelling index was increased with increase in the concentration of the 

swellable polymers. Thus on comparing swelling index of all the formulations, it was 

concluded that swelling was increased both with the time and concentration as the polymer 

gradually absorbed water and swollen and had an indirect effect on the drug release profile of 

formulations MRSC1-MRSC9 .The order of swelling was PVAand SCMC>> Carbopol >> 

PEO.The order of release was found to be PVAand SCMC<< Carbopol << PEO. The finding 

was supported by Parakh et al, who explained that water absorption rate increases as the 

viscosity of the polymer increases and at the end of experiment, polymer of the higher 

viscosity showed the maximumabsorption with decreased drug release. (Table6) 

 
Performance evaluations of optimized formulation 

Effect of pH 

The optimized formulations were subjected to in vitro release studies in buffers with different 

pH  showed no significant difference in the release profile, demonstrating that the developed 

formulations showed pH-independent release. 
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Table 1: FORMULATION OF SWELLABLE CONTROLLED POROSITY OSMOTIC PUMPTABLETS  

METOPROLOL AND RAMIPRIL 

 

 

MRSC1, MRSC2, MRSC3 corresponds to formulations containing Drugs: PEO ratio of 1:0.5,1:1,1:1.5 

MRSC4, MRSC5, MRSC6corresponds to formulations containing Drugs: Carbopol ratio of 1:0.5,1:1,1:1.5 

MRSC7, MRSC8, MRSC9 corresponds to formulations containing Drugs : PVA AND SCMC   ratio of 1:0.5,1:1,1:1.5 

 

 

 

S.No 

 

Ingredients 

MRSC1 MRSC2 MRSC3 MRSC4 MRSC5 MRSC6 MRSC7 MRSC8 MRSC9 

 Metoprolol Succinate 95 95 95 95 95 95 95 95 95 

 Ramipril 10 10 10 10 10 10 10 10 10 

 Mannitol 105 105 105 105 105 105 105 105 105 

 Polethylene oxide 

(PEO) 

52.5 105 157.5 -- -- --- ---- ---- ---- 

 Carbopol 

 

---- ---- ----- 52.5 105 157.5 ----- ----- ---- 

 PVA and SCMC (1:1) 

 

-- ----- ----- ---- ---- ----- 52.5 105 157.5 

 Microcrystalline 

Cellulose 

227.5 175 122.5 227.5 175 122.5 227.5 175 122.5 

 Magnesium Stearate 

 

4 4 4 4 4 4 4 4 4 

 Talc 4 4 4 4 4 4 4 4 4 

10. Aerosil 2 2 2 2 2 2 2 2 2 

Coating solutions 
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TABLE 2 : PRE COMPRESSION PARAMETERS OF GRANULES OF SWELLABLE CONTROLLED OSMOTIC PUMP 

OF METOPROLOL AND RAMIPRIL 

S.No Formulations Angle of repose ( ° ) Bulk Density 

(g/mL) 

Tapped 

Density 

(g/mL) 

Carr’s 

Index (%) 

Hausner’s ratio 

  MRSC1 29°.06±0.231 0.60 ±0.032 0.73 ± 0.025 14.80 ±0.371 1.26 ±0.112 

  MRSC2 29°.49±0.226 0.60 ±0.014 0.73 ±0.037 14.64 ±0.024 1.20±0.077 

  MRSC3 29°.08±0.474 0.62 ± 0.025 0.72 ± 0.032 14.89 ±0.064 1.16 ±0.070 

  MRSC4 27°.03±0.206 
0.60 ±0.034 0.73 ± 0.027 13.21 ±0.370 1.26 ±0.110 

  MRSC5 27°.37±0.06 

 
0.62 ±0.018 0.73 ±0.035 13.06 ±0.042 1.17 ±0.142 

  MRSC6 27°.26±0.105 

 
0.61 ± 0.025 0.74 ± 0.036 13.56 ±0.045 1.21±0.140 

  MRSC7 27° .33±0.103 

 
0.58 ±0.017 0.72 ± 0.035 12.34 ±0.048 1.24 ±0.145 

  MRSC8 27° .26±0.107 

 
0.58 ± 0.020 0.72 ±0.015 12.45 ±0.396 1.24 ±0.055 

  MRSC9 26°.38±0.242 

 
0.60 ± 0.020 0.71 ±0.015 12.55 ±0.396 1.04 ±0.018 
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TABLE 3 : POST COMPRESSION PARAMETERS OF SWELLABLE CONTROLLED OSMOTIC PUMP TABLETS 

 OF  METOPROLOL AND RAMIPRIL 

          

 

 

S.No Formulations 
Thickness 

(mm) 

Hardness 

(kg/cm2) 

Friability (%) 

 

Weight 

Variation 

(mg) 

Drug content 

(%) 

METO RAM 

1 MRSC1 4.32 ± 0.110 5.53 ±0.114 1.31 ±  0.104 499.00 ± 1.002 100.19 ± 0.970 100.49 ± 2.400 

2 MRSC2 4.47 ± 0.132 5.50 ± 0.175 1.34 ± 0.152 499.33 ± 2.08 99.19 ± 0.512 98.53 ± 1.917 

3 MRSC3 4.35 ± 0.170 5.47 ± 0.302 1.35 ± 0.077 499.00 ± 2.045 98.42 ± 1.015 101.23 ± 0.090 

4 MRSC4 4.15 ± 0.054 5.40 ± 0.178 1.25 ±0.052 500.33 ±2.510 97.77 ± 1.267 99.60 ± 0.045 

5 MRSC5 4.48 ± 0.050 5.20 ± 0.260 1.24 ± 0.023 500.33 ± 2.300 97.53 ± 1.826 100.44 ± 0.940 

6 MRSC6 4.53 ± 0.285 5.37 ± 0.205 1.28 ± 0.068 499.33 ± 1.522 99.82 ± 0.330 99.91 ±1.443 

7 MRSC7 4.54 ± 0.185 5.13 ± 0.056 1.10 ± 0.121 501.67 ± 1.150 100.55 ± 0.581 98.63 ± 1.442 

8 MRSC8 4.50 ± 0.124 5.17 ± 0.204 1.12 ± 0.103 499.33 ± 1.522 100.25 ± 2.943 98.40 ±1.790 

9 MRSC9 4.41 ± 0.250 5.33 ± 0.050 1.12 ± 0.100 500.67 ± 1.150 99.40 ± 0.940 98.86 ±1.965 
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TABLE 4: INVITRO DISSOLUTION PROFILE OF SWELLABLE CONTROLLED  POROSITY OSMOTIC PUMP 

TABLETS Of METOPROLOL AND RAMIPRIL EFFECT OF TYPE AND LEVEL OF SWELLABLE POLYMER (PEO) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No Time 

(hrs) 

MRSC1 MRSC2 MRSC3 

METO RAM METO RAM METO RAM 

1 0 0.00 0.00 0.00 0.00 0.00 0.00 

2 2 29.12±0.145 22.11±0.025 26.24±0.015 18.48±0.015 24.22±0.147 15.02±0.001 

3 4 47.51±0.012 35.20±0.014 41.60±0.012 33.57±1.025 36.33±0.013 26.01±0.003 

4 6 58.10±0.045 47.64±0.235 54.25±0.045 43.59±0.025 49.40±0.012 39.04±0.015 

5 8 66.12±0.315 56.89±0.155 62.40±1.024 50.24±1.021 56.78±0.025 48.05±0.048 

6 10 83.13±0.125 67.78±0.123 74.98±0.036 62.26±0.025 66.46±0.046 57.58±0.087 

7 12 90.12±0.245 79.01±0.145 83.60±0.085 74.15±0.245 78.49±0.078 71.45±0.058 

8 16 98.13±0.341 90.45±0.168 92.33±0.240 83.35±0.123 86.78±0.089 80.65±0.094 

9 20 101.21±0.211 92.46±0.014 98.47±0.360  90.44±0.456 92.69±0.047 88.25±0.125 

10 24 103.54±0.011 96.58±0.169 101.68±0.135 94.28±0.025 100.54±0.022 92.60±0.268 
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TABLE 5:IN VITRO DISSOLUTION PROFILE OF SWELLABLE  CONTROLLED  POROSITY OSMOTIC 

PUMPTABLETS Of METOPROLOL AND RAMIPRIL EFFECT OF TYPE AND LEVEL OF SWELLABLE POLYMER 

(CARBOPOL) 

 

 

 

S.No 
Time 

(hrs) 

MRSC4 MRSC5 MRSC6 

METO RAM METO RAM METO RAM 

1 0 0.00 0.00 0.00 0.00 0.00 0.00 

2 2 21.25±0.014 15.13±1.023 18.77±0.014 12.21±1.006 15.25±0.001 10.02±0.048 

3 4 34.36±0.056 24.45±0.025 29.150.025± 20.31.0046± 25.48±0.003 18.31±0.098 

4 6 40.14±0.035 36.85±0.014 38.24±1.026 28.25±0.005 36.69±0.005 23.05±0.074 

5 8 52.27±0.314 41.79±0.036 49.22±0.002 38.14±0.007 46.66±0.001 33.14±0.064 

6 10 64.87±0.140 54.46±0.019 61.33±0.003 48.40±0.002 59.55±0.016 42.06±0.035 

7 12 72.94±0.015 63.24±0.025 68.86±0.0478 59.84±0.004 64.77±0.014 54.14±0.034 

8 16 80.58±0.016 70.39±0.018 79.90±0.003 67.96±0.006 76.44±0.025 62.01±0.012 

9 20 92.68±0.014 83.58±0.036 88.68±0.221 76.58±1.001 85.32±0.035 71.77±0.078 

10 24 99.49±0.045 90.66±0.017 95.22±0.019 88.47±1.002 92.80±0.049 84.88±0.005 
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TABLE 6 :IN VITRO DISSOLUTION PROFILE OF SWELLABLE CONTROLLED POROSITY OSMOTIC 

PUMPTABLETS Of METOPROLOL AND RAMIPRIL EFFECT OF TYPE AND LEVEL OF SWELLABLE POLYMER 

 (PVA AND SCMC) 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No 
Time 

(hrs) 

  MRSC7 MRSC8 MRSC9 

METO RAM METO RAM METO RAM 

1 0 0.00 0.00 0.00 0.00 0.00 0.00 

2 2 24.25±0.054 18.25±0.003 22.45±0.045 16.78±0.004 20.25±0.003 14.27±0.047 

3 4 31.36±0.049 26.46±1.003 29.69±1.023 24.96±0.008 27.39±1.004 22.48±0.058 

4 6 40.48±0.036 34.97±1.045 38.58±0.354 32.35±0.001 36.47±0.005 30.69±0.694 

5 8 52.97±0.014 46.24±0.004 50.46±0.025 44.48±0.021 48.58±0.064 42.33±0.046 

6 10 63.56±0.025 59.36±0.006 61.35±0.368 57.97±0.014 59.69±0.045 55.44±0.358 

7 12 76.94±0.004 70.12±0.254 74.78±0.047 68.64±0.057 72.45±0.047 66.57±0.347 

8 16 84.79±0.058 81.36±0.147 82.47±0.058 78.31±0.047 80.62.±0.069 76.69±0.358 

9 20 92.02±0.040 87.38±0.058 90.22±0.690 84.33±0.360 88.32±0.014 82.18±0.481 

10 24 99.98±1.024 92.32±0.369 96.45±1.002 90.71±0.088 94.11±0.004 88.22±0.252 
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TABLE 7: DETERMINATION OF SWELLING INDEXAND RELEASE KINETICS 

OF OPTIMISED FORMULATION 

 

Effect of agitation intensity 

The optimized formulation was subjected to in-vitro release studies in different speeds and 

can be seen that there is no significant difference in the release profile, demonstrating that the 

optimized formulation showed a release profile, fairly independent of the hydrodynamic 

conditions of the body.  

 
Release kinetic studies  

Based on the results of the release kinetic study, the data of optimized formulations fit well 

into the zero order kinetics. The compatible fit of the zero order kinetics indicated that the 

drugs release is controlled by a concentration independent release mechanism. (Table6) 

 
Stability studies of optimized formulation 

The results showed that there was no change in the physicochemical parameters of the 

formulations during three months of stability study. (Table6) 

 
CONCLUSIONS 

In the present study, SCPOP of Metoprolol and Ramipril was developed and evaluated. Drug 

release from the developed ormulations was independent of pH and agitation intensity of the 

release media, assuring the release to be fairly independent of pH and hydrodynamic 

conditions of the absorption site. Metoprolol and Ramipril release from developed SCPOP 

was inversely proportional to the level of swellable polymer .Drug release data from MRSC7 

formulation fitted well into zero-order kinetics. Developed formulations were found to be 

stable during six months of storage at acceleratedstability condition. 

 

 

S.No Optimised 
formulation 

Mean of 
Swelling 
Index(%)at 24 
th hour  

Release kinetics 
(Zero order-r2) 

Stability study (3months) 

Drug 
content(%) 

Invitro release 
of Metoprolol 
and Ramipril  

1 MRSC7 98.64.34±.0.020 0.991 98.25±0.015 
98.88±0.010& 

91.27±0.021 
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