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ABSTRACT 

Cyproheptadine is serotonin antagonist and histamine H1 blocker 

used as antipruritic, anti-allergic, appetite stimulant and for post 

gastrectomy dumping syndrome. Push-pull osmotic tablet of 

Cyproheptadine hydrochloride was developed using Sodium chloride 

as a key ingredient which gives osmogent property, which provides 

driving force from push layer (lower layer) inside the core tablet and 

which leads to release of drug from drug layer. Hydroxy propyl 

methyl cellulose was used as a release retardant material in the present 

work. Different formulations were prepared by varying the 

concentrations using 3
2
 factorial design. It was applied to see the 

effect of variables Sodium chloride and HPMC on the response 

percentage drug release as a dependent variable. These formulations 

were evaluated for, Hardness, Flow property, Thickness, Friability, Drug content and In-vitro 

drug release. Tablets were coated with a semipermeable membrane using 10% w/v cellulose 

acetate  in acetone and PEG 400(5%) used as Plasticizer. Coated Push-pull osmotic tablets 

were drilled for delivery orifice using standard micro drill of diameter size 0.6 mm on drug 

layer coated surface. Drug release rate was increased as the increase in the concentration of 

sodium chloride and release rate decreased on increasing the concentration of HPMC. SEM 

Study was carried out for detection of diameter size of delivery orifices. The FTIR studies 

demonstrate that there was no interaction between polymer and drug. The optimized 

formulation was stable for 3 months of accelerated stability study.  
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INTRODUCTION 

Osmotic Drug Delivery System (ODDS) is a novel drug delivery system and it is most 

controlled drug delivery system in human body and could be a device or tablets. Osmosis is 

an elegance bio-phenomenon, which is exploited for the development of delivery systems 

with every desirable property of an ideal controlled drug delivery system. Push-pull osmotic 

drug delivery system is an orally control drug delivery system which is utilized for delivery 

of drug by controlled zero order release manner for long duration of action. Drug release 

from these systems is independent of pH and hydrodynamic conditions of the gastro-

intestinal tract (GIT) to a large extent, and release characteristics can be easily adjusted by 

optimizing the parameters of the delivery system.  

 

Cyproheptadine hydrochloride is H1 receptor antagonist, serotonin antagonist also having 

calcium channel blocking actions, used as the hydrochloride for symptomatic relief of 

allergic conditions including rhinitis, urticaria, angioedema, pruritic skin disorders other uses 

include management of migrane. 

 

The PPOP, which was developed by Alza Corporation, consists of two compartments 

separated by an elastic diaphragm (optional). The upper compartment contains the drug and is 

connected to the outside environment via a small delivery orifice. A polymeric osmotic agent 

is present in the lower compartment and has no delivery orifice. The drug layer accounts for 

60– 80% of the tablet weight, while the osmotic polymer layer accounts for 20–40%. When 

the device comes in contact with the aqueous environment, both the drug layer and the 

osmogent  layer imbibe water. As the lower compartment is devoid of any orifice, it expands 

and pushes the diaphragm into the upper chamber, thereby delivering the drug via the 

delivery orifice. The osmotic agent in the non-drug layer simultaneously attract water into 

that compartment, causing it to expand volumetrically and the expansion of  osmotic layer 

pushes the drug suspension out of the delivery orifice. 

 

The aim of this study was to develop, Push-pull Osmotic Tablet of Cyproheptadine  by using 

3
2 

full factorial design. Sodium chloride is a key ingredient which gives osmogent property 

which provides driving force inside the core tablet which leads to release of drug by pushing 

the drug layer and hydroxyl-propyl-methyl-cellulose used as a release retardant material. 

Core tablet was coated by cellulose acetate (10%) and PEG 400 (5%) used as a plasticizer. 

Tablets were drilled 0.7mm on drug layer side by mechanical driller. 
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MATERIAL AND METHODS 

Cyproheptadine was obtained as a gift sample from Vamsi labs Ltd, Chincholi, Solapur.  

Cellulose acetate, Sodium chloride, HPMC, Lactose, Starch, PEG 400, Acetone was procured 

from Research – Lab Fine chem. Industry, Mumbai. All other chemicals used in study were 

of analytical grade. 

 

Drug-Excipients Interactions  

The physicochemical compatibilities of the drug and excipients were tested by FT-IR 

spectrometry. FT-IR spectra of the drug alone and drug-excipients physical mixtures. 

     

 

                     Figure 1: FT-IR Spectra of Pure Cyproheptadine Hydrochloride 

 

The FTIR spectra of pure Cyproheptadine showed the peaks at wave numbers (cm
-1

) which 

correspond to the functional groups present in the structure of the drug.    

 

Infra-red spectra of drug and polymer mixture showed matching peaks with the drug spectra.  

The characteristic peak of drug was also seen in the spectra of physical Mixture  
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Figure 2: FT-IR Spectra of Physical Mixture 

 

Factorial Design 

The application of mathematical optimization in the pharmaceutical field was first reported 

by Fonner et al (1970), using the Lagrangian method as a constrained optimization technique. 

A factorial design is used to evaluate two or more factors simultaneously. The treatments are 

the combinations of levels of the factors. The advantages of factorial design over one factor at 

a time experiment are that they are more efficient and they allow interactions to be detected. 

Intervention studies with 2 or more categorical explanatory variables leading to a numerical 

outcome variable are called as “Factorial design”. A factor is simply a categorical variable 

with 2 or more values referred to as levels. A study in which there are 2 factors with 3 levels 

is called as 3
2
 Factorial designs. For present work 3

2
 Factorial designs was selected. 

 

In this design, 2s factors were evaluated each at 3 levels and experimental trials were 

performed at all 9 possible combinations as reflected. 

 

Table 1: Composition of Push-pull Osmotic Pump Tablet as per Factorial Design (All 

values are expressed in mg) 

Ingredients Formulation code 

Quantity (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 

Drug Layer          

Drug 5.24 5.24 5.24 5.24 5.24 5.24 5.24 5.24 5.24 
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Nacl 2 2 2 2 2 2 2 2 2 

HPMC 30 40 50 30 40 50 30 40 50 

Talc 2 2 2 2 2 2 2 2 2 

Mg Stearate 2 2 2 2 2 2 2 2 2 

Lactose 103.7 93.7 83.7 103.7 93.7 83.7 103.7 93.7 83.7 

Total Weight (D) 145 145 145 145 145 145 145 145 145 

Push Layer          

Nacl 5 5 5 10 10 10 15 15 15 

Mg.Stearate 2 2 2 2 2 2 2 2 2 

Talc 2 2 2 2 2 2 2 2 2 

HPMC 20 20 20 20 20 20 20 20 20 

Lactose 76 76 76 71 71 71 66 66 66 

Total Weight 

(mg)(P) 
105 105 105 105 105 105 105 105 105 

Total weight of tab 250 250 250 250 250 250 250 250 250 

 

Method of preparation of Core tablet of Cyproheptadine 

Wet granulation is the most famous, complex but reliable method of granulation. Most of the 

drugs can be granulated by this method. It includes the use of a solvent to form a wet mass of 

drug and excipients together followed by the drying and  lubricating process,  in this the drug 

and excipients are mixed together in a geometric progression pattern and the mixture is then 

wet massed with the addition of volatile solvent. This wet mass is then passed through the 

appropriate mesh size to obtain the granules which were evaluated and finally compressed to 

get tablets. Granules of both drug layer and osmotic layer were prepared separately.  

 

All the ingredients except magnesium stearate were weighed and mixed properly for 15 

minutes. Then the powder mixture was passed through sieve 22#. Starch was added into 

Distilled water into a beaker. This mixture of Starch and Distilled water was added into a 

drug mixture. This was kneaded to form a wet mass and the mass was passed through 22# to 

obtain granules. The granules were dried in hot air oven and finally after drying and 

magnesium stearate were added. These granules were punched in tablet compression machine 

using 8 mm punch. 

 

Coating of Osmotic Tablet 

The core tablets of Cyproheptadine were coated with 10% w/v Solution of Cellulose acetate 

in Acetone was used as a semipermeable membrane provider. PEG 400 5% v/v was used as 

plasticizer. The tablets were warmed to 40±2°c before applying coating solution .The 

composition of coating solution used for coating of core tablets is given in (Table 2). Dip 

coating technique was used for the coating of osmotic tablet. Coating was continued until 
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desired weight gain (10%) was obtained and tablets were dried at 50°C for 10 h, before 

further evaluation.   

 

Table 2: Coating composition 

Ingredients Quantity for 100 ml 

Cellulose Acetate 10% 

Polyethylene glycol 400 5% 

Acetone 100  ml 

 

Drilling
 

For the coated tablets, small orifice was drilled through drug layer side of each coated tablet 

by standard mechanical drilling technique using 0.6 mm needle. Orifice size was 0.7 mm. 

 

RESULTS 

1.Evaluation of Powder Bulk 

Many different types of angular properties have been employed to assess flow ability, of 

these; angle of repose is the most relevant. Repose angle of the powder was investigated. The 

value of Angle of repose (°θ) decreased after the addition of lubricant. Angle of repose (°θ) is 

an indicative parameter of powder flow ability from hopper to die cavity. The angles of 

repose of all the formulations were within the range of 40°–52° indicative of excellent and 

good flow ability. Bulk density may influence compressibility, tablet porosity, dissolution 

and other properties and depends on the particle size, shape and tendency of particles to 

adhere together. The bulk density of powder was found to be between 0.36-0.38 gm/cm
3
. The 

value indicates good packing capacity of granules. The tap density of the granules of factorial 

design batches were found in the range of 0.41-0.47gm/cm
3
. The bulk density and tap density 

was used to calculate the percent compressibility of the powder. 

 

The compressibility index of the Powder was observed in range of 11 to 23, indicating good 

compressibility of the granules. The values of the Hausner’s ratio were found to be in the 

range of 1.12 to 1.30 indicating good and fair flow ability. Data is summarized in table 3. 

 

Table 3: Evaluation of Powder 

Code 

Angle of 

repose(θ) 

Mean ± S.D 

Bulk density 

(gm/cm
3
) Mean± 

S.D 

Tapped density 

(gm/cm
3
) 

Mean± S.D 

Compressibili

ty index (% )   

Mean± S.D 

Hausner’s 

ratio Mean± 

S.D 

F1 42.03 ± 0.04 0.3809±0.0040 0.47± 0.0068 19.25±2.224 1.23±0.033 

F2 40.55 ± 0.52 0.3766±0.0034 0.42± 0.0043 11.72±1.502 1.12±0.019 

F3 45.37 ± 0.88 0.3786±0.0034 0.44± 0.0274 14.58 ±1.214 1.17±0.084 
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F4 48.90 ± 0.71 0.3650±0.0032 0.41± 0.0040 11.26±0.836 1.12±0.010 

F5 47.68 ± 1.06 0.3669±0.0032 0.42± 0.0043 13.87 ±1.443 1.16±0.019 

F6 52.74 ± 0.37 0.3640±0.0081 0.44± 0.0046 17.58 ±2.415 1.21±0.359 

F7 48.55 ± 0.69 0.3612±0.0031 0.47±0.0084 23.16 ±1.971 1.30±0.033 

F8 46.39 ± 1.39 0.3726±0.0033 0.45± 0.0049 17.20± 1.433 1.20±0.020 

F9 46.77 ± 1.17 0.3786±0.0034 0.44± 0.0046 15.82± 1.380 1.18±0.019 

 

2.Evaluation of Tablets: 

A) Pre coating evaluation 

All formulated coated osmotic tablet batches were evaluated for weight variation, hardness, 

thickness, friability and drug content. Weight variation, hardness, thickness, friability and 

drug content of uncoated tablet were found within the range.  

 

All formulated osmotic core tablet batches were shiny white with smooth surface, with good 

texture. The Average weight of the tablets was found to be 250 mg. Thickness of the tablet 

was found to be 3.4 mm, Hardness of the tablet was found 4.18-4.29 kg/cm
2
, Friability of the 

tablets was found to be 0.11-0.68% and Drug content of the tablet was found to be 97-99%. 

Due to constant tablet press setting across all batches irrespective of weight variation. This 

ensured good mechanical strength (Table 4).  

 

Table 4: Pre coating evaluation parameters of osmotic tablet 

Formulation 

Code 

Average  

Weight(mg) 

Mean ± S.D 

Hardness 

(kg/cm
2)

 

Mean± S.D 

Thickness 

(mm) Mean± 

S.D 

Friability 

(%) 

Mean±S.D 

Drug 

content (%) 

Mean± S.D 

F1 250.2±2.5298 4.19±0.21082 3.425±0.0085 0.24±0.003 98.08 

F2 250.1±1.6633 4.25±0.24152 3.433±0.00919 0.11±0.002 97.66 

F3 250.1±2.3309 4.18±0.24152 3.432±0.00994 0.30±0.002 97.90 

F4 250.5±1.90029 4.22±0.21082 3.436±0.00843 0.68±0.001 98.29 

F5 251.9±2.3309 4.25±0.24152 3.442±0.00919 0.23±0.004 97.47 

F6 251.3±2.2632 4.22±0.31623 3.444±0.00994 0.28±0.002 97.38 

F7 249.4±3.0983 4.26±0.3496 3.440±0.01792 0.22±0.003 98.43 

F8 248.4±3.06232 4.29±0.39441 3.441±0.00422 0.20±0.002 97.80 

F9 251.3±1.82878 4.23±0.2582 3.437±0.00919 0.60±0.001 98.18 

 

B) Post coating evaluation 

All formulated coated osmotic tablet batches were evaluated for Weight variation, thickness 

and Film thickness. After coating of the tablets average weight of tablets was found to be 

256.2 mg, thickness of coated tablet was found to be 3.78-3.80 mm and thickness of film was 

found to be 0.36 mm. Due to uniform coating weight variation and thickness of coated tablet 

was found within the range. Evaluated data is shown in (Table 5). 
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Table 5: Post coating evaluation parameters of osmotic tablet 

Formulation 

code. 

Average Weight 

(mg) Mean 

Thickness of coated 

tablet Mean 

Thickness of 

film(mm) Mean 

F1 254.4 3.805 0.358 

F2 255.4 3.803 0.365 

F3 256.1 3.796 0.356 

F4 255.2 3.788 0.352 

F5 253.7 3.799 0.357 

F6 256.4 3.801 0.362 

F7 255.8 3.789 0.355 

F8 256.6 3.785 0.344 

F9 256.7 3.785 0.350 

 

From above evaluated data of coated osmotic tablet it was confirmed that weight variation 

and thickness of film was found within the range. 

 

C) Diameter of delivery orifice 

Evaluation of diameter size of delivery orifice  were measured by Scanning Electron 

Microscope and was found to be 700um data give in fig 3. 

 

 

Figure 3:  Scanning Electron Microscopy (SEM) of delivery orifice 

 

3.In Vitro Dissolution study of Formulations (F1-F9) 

Osmotic tablets were subjected to In-vitro drug release studies in simulated gastric and 

intestinal fluid. Dissolution study was performed in 0.1 N Hcl for 2 hrs and for remaining 22 

hrs. In Phosphate buffer pH 6.8, obtained result summarized in (Table No. 6). 

 

Table 6: Cumulative Drug Release of Formulations (F1-F9) 

Time 

(hr) 

Cumulative Drug Release (%) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

0 0 0 0 0 0 0 0 0 0 

1 2.12 1.62 1.57 1.06 2.47 1.77 2.22 2.07 1.16 
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2 4.57 4.12 5.07 4.72 4.47 4.17 4.72 4.37 5.32 

3 7.07 9.53 9.78 9.98 9.68 9.08 9.93 8.68 10.83 

4 11.48 11.53 11.18 14.48 13.08 12.08 13.23 13.93 14.99 

5 14.53 14.89 14.58 19.54 18.19 18.69 18.79 18.09 20.09 

6 19.34 17.19 16.54 24.30 22.70 22.20 23.15 24.50 24.75 

7 23.90 22.00 20.99 31.01 25.60 25.35 28.81 30.21 32.11 

8 26.95 24.90 24.60 34.42 29.51 28.41 33.91 34.62 35.52 

10 37.62 30.61 29.51 44.08 39.37 38.32 46.53 45.73 44.98 

12 47.08 39.22 37.07 59.85 49.49 48.04 58.10 59.45 60.96 

16 56.40 50.29 48.34 68.17 58.15 57.60 72.52 71.97 70.52 

24 75.63 72.17 70.42 86.85 83.99 80.49 93.66 90.95 88.20 

 

 

Figure 4: Dissolution Profile of Formulation Batches (F1-F9) (Time Vs %CDR) 

 

4.Optimization 

Statistics are apply to the results obtained from General Factorial Design in which Two 

independent Variables varied namely Sodium chloride (Nacl) (X1) and  HPMC (X2) and 

their effect is recorded on dependent Variable namely %  drug release (Y1). 

 

Evaluation and interpretation of research findings are almost important and the p-value serves 

a valuable purpose in these findings. Drug release was directly proportional to the level of 

osmotic agent. The values of X1 and X2 were found to be significant at p < 0.05, hence 

confirmed the significant effect of both the variables on the selected responses. Decreasing 

the concentration of the Sodium chloride (Nacl) resulted in the decrease in the release. 

Variable caused significant change in the responses. From this data optimum concentration of 

Nacl and HPMC was found. 
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A) Drug release    

Table 7: ANOVA for % drug release (Y1) 

Source 
Sum of 

Squares 

Degree of 

Freedom 

Mean 

Square 
F value P-value Inference 

Model 552.60 5 110.52 391.38 0.0002 Significant 

A-Nacl 496.68 1 496.68 1758.87 <0.0001  

B-HPMC 48.34 1 48.34 171.17 0.0010  

Standard deviation = 0.53   

R-Squared = 0.9985 

 

The Model F-value of 391.81 implies the model is significant.  There is only a 0.02% chance 

that a "Model F-Value" this large could occur due to noise. Values of "Prob > P" less than 

0.0500 indicate model terms are significant. In this case A, B are significant model terms.  

 

The Variance Inflation Factor (VIF) measured how much the variance of that model 

coefficient was inflated by the lack of orthogonality in the design and was calculated for % 

drug release. It was found to be near one indicating good estimation of the coefficient. 

Similarly R1-squared was near to zero which led to good model. The values of Prob > F were 

less than 0.05, which indicated model terms were significant.  

 

The quadratic model obtained from the regression analysis used to build a 3-D graph’s in 

which the responses were represented by curvature surface as a function of independent 

variables. The relationship between the response and independent variables can be directly 

visualized from the response surface plots. 

 

The response surface plot was generated using Design Expert 8.0.4 software presented in 

(Figure 5). To observe the effects of independent variables on the response studied % drug 

release. From response surface 3 level factorial design was chosen using quadratic design 

mode.  

 
Figure 5: Surface Response plot showing effect of Sodium chloride and HPMC on 

release 
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B) Contour plot 

The contour plot showing effect of Sodium chloride and HPMC on release is shown in 

(Figure 6). 

 

 

Figure 6: Contour plot showing effect of Sodium chloride and HPMC on drug release. 

 

C) Design summary and Response summary 

Design summary is shown in (Table 8)                    

 

Table 8: Design Summary 

Factor Name Unit Type Minimum Maximum -1 Actual +1 Actual Mean 

A Nacl Mg Numeric 5.00 15.00 05 15 10 

B HPMC Mg Numeric 30 50 30 50 40 

 

D) Perturbation plot 

The perturbation plot is shown in (Figure 7) 

 

 

Figure 7: Perturbation 
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5.Dissolution Kinetics 

In present study dissolution was analyzed by PCP Disso Version 3software to study the 

dissolution kinetics is given in (table 9). 

 

Table 9: Kinetic treatment of prepared Cyproheptadine Hydrochloride osmotic tablet 

formulations 

Formulation 

code 

Coefficient of determination  (R
2
) 

Zero 

order 

First 

order 

Higuchi 

square root 

Hixon 

crowell 

Korsemeyer 

plot 

F1 0.9888 0.9763 0.8932 0.9882 0.9949 

F2 0.9982 0.9706 0.8931 0.9872 0.9927 

F3 0.9988 0.9711 0.8936 0.9872 0.9914 

F4 0.9820 0.9666 0.9045 0.9868 0.9799 

F5 0.9943 0.9549 0.8996 0.9824 0.9941 

F6 0.9933 0.9671 0.9004 0.9873 0.9916 

F7 0.9884 0.9245 0.8908 0.9708 0.9941 

F8 0.9855 0.9467 0.8949 0.9793 0.9919 

F9 0.9817 0.9641 0.9065 0.9864 0.9797 

 

Different kinetic treatments (zero order, first order, Higuchi’s square root equation and 

Korsmeyer treatment) were applied to interpret the release of Cyproheptadine hydrochloride 

from different matrices The best formulation i.e. Optimized formulation F7 follow Zero order 

kinetics r
2 

= 0.9884 and n < 0.5 for all batches. So the drug release is of fickian release. 

 

6.Stability Studies 

Table 10:  Characteristics of optimized formulation F7 after 3 months storage 

Parameter 

Initial sample of 

optimized formulation 

After storage at 

25±2
o
c / 60% RH, 

For 3 month 

F7 F7 

Hardness 4.26 kg/cm
2 

4.21 kg/cm
2 

Drug content 97.85 % 97.45 % 

% Drug Released (After 3 mth) 93.66 % 93.04 % 

 

Table 11: In vitro drug release study of formulation F7 stored at 25ºc / 60% RH for 3 

months 

Time 

(Hrs.) 

Cumulative Drug Release (%) 

F7 Batch 

Cumulative Drug Release (%) 

F7 Batch 

Before 3 month After 3 month 

0 0.00 0.00 

1 2.22 2.01 

2 4.72 4.02 

3 9.93 9.12 
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4 13.23 12.54 

5 18.79 17.08 

6 23.15 22.65 

7 28.81 27.02 

8 33.91 31.55 

9 39.67 38.22 

10 46.53 45.45 

11 52.34 51.89 

12 58.1 57.31 

16 72.52 71.02 

24 93.66 93.04 

 

 

Figure 8: Dissolution profile of optimize F7 formulation before and after 3 months 

 

The selected formulation were wrapped in aluminum foil and stored at 25±2ºc temperature 

for 3 months. After 3 months the formulation F7 were evaluated for the hardness, drug 

content and in vitro % drug release.  It was observed that there was no significant variation in 

the physical appearance, average weight, hardness and loss of drying after placing the tablets 

at various temperature and humidity conditions for a period of 3 months. Also the cumulative 

% drug release data showed that each of the formulation released a drug amount, within the 

limits laid down as per the ICH guidelines for stability studies. 

 

CONCLUSION 

The results of experimental studies of Cyproheptadine osmotic tablets proved that the 

granules of Cyproheptadine showed good flow properties, tablet evaluation tests are within 

the acceptable limits, IR spectral analysis proved that there was no drug-excipients 

interaction, the kinetic studies revealed that optimized formulation followed zero order drug 

release kinetics and stability studies revealed that all the formulations were found to be stable 

after storing at temperature of 45
o
 ± 2

o
, 75% ± 5% relative humidity for 3 months. Thus the 
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results of the above study clearly indicated that Developed osmotically controlled release 

tablet of Cyproheptadine provide release of drug at a predetermined rate and for a 

predetermined time. 

 

REFERENCES 

1. Lachman. L, Libermann Ha, Kaing J. The Theory And Practice Of Industrial Pharmacy; 

CBS Publisher; Indian Edition, 2009; 430. 

2. Yie Wc. Novel Drug Delivery System. 2nd Ed. Madison Avenue: Marcel Dekker, Inc, 

1992; 1-2. 

3. Jain Nk. Advance In Novel And Controlled Delivery. 1st Edition, CBS Publication Delhi, 

2005; 19-35. 

4. Chien Yw. Novel Drug Delivery System. Informa Healthcare. Special Edition; Second 

Edition; Revised And Expanded; 50: 213. 

5. Parmar N, Vyas S, Vaya N.  Advances In Controlled And Novel Drug Delivery. 1
st
 

Edition CBS Publishers And Distributors, 2005; 18-39. 

6. Gupta R, Gupta P. Osmotically Controlled Drug Delivery System-A Review. 

International Journal Pharmaceutical Science, 2009; 1(2): 269-275. 

7. Singal D, Kumar H. Osmotic Pump Delivery Novel Approach. International Journal Of 

Research In Pharmacy And Chemistry, 2012; 2: 661-663. 

8. Theeuwes F. Elementary Osmotic Pump. Journal of Pharmaceutical Science, 1975; 64: 

1887-1891. 

9. Patha S, Dara P, Yamsani Sk, Thadakapally R, Aukunural J. Development And 

Evaluation Of Oral Elementary Osmotic Pump Tablet For Ropinirole Hydrochloride. 

Indian Drugs, 2012; 49(06): 23-30.  

10. Pramod K, Sanjaysingh M B. Development And Evaluation Of Elementary Osmotic Of 

Highly Water Soluble Drug Tramadol Hydrochloride. Current Drug Delivery, 2009; 

35(12): 130-139. 

11. Prabakaran D, Singh P, Kanaujia P, Vyas S. Modified Push–Pull Osmotic System For 

Simultaneous Delivery Of Theophylline And Salbutamol: Development And In Vitro 

Characterization. International Journal of Pharmaceutics, 2004; 284: 95-108. 

12. Lachman L, Libermann H. The Theory And Practice Of Industrial Pharmacy. CBS 

Publisher, Indian Edition, 2009; 455.  

13. Shoaeb Mohammad Syed, Farooqui Z., Osmotic Drug Delivery System An Overview; 

International Journal of Pharmaceutical Research And Allied Sciences, 2015; 4(3): 10-20. 



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1824 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

14. Xua L, Sanming L, Hisakaz S. Preparation And Evaluation In Vitro And In Vivo Of 

Captropril Elementary Osmotic Pump Tablets. Asian Journal of Pharmaceutical Sciences, 

2006; 1: 236-245. 

15. Vincent M, Nicoletta. L, Robert G. Approach To Design Push–Pull Osmotic Pumps. 

International Journal of Pharmaceutics, 2009; 376: 56–62. 

16. Prabakaran D, Singh P, Kanaujia P, Vyas S. Modified Push–Pull Osmotic System For 

Simultaneous Delivery Of Theophylline And Salbutamol: Development And In Vitro 

Characterization. International Journal of Pharmaceutics, 2004; 284: 95-108. 

17. Harnish Patel, Upendra Patel, A Review On Osmotic Drug Delivery System, International 

Research Journal Of Pharmacy, Issn 2230-8407, 2012; 3(4). 

18. Zentner N, Gerald S, Kenneth J. The Controlled Porosity Osmotic Pump. Journal Of 

Controlled Release, 1985; 1: 269-282. 

19. Hui L, Xing-Gang Y, Shu-Fang N, Lan-Lan W, Wei-San P. Chitosan-Based Controlled 

Porosity Osmotic Pump For Colon-Specific Delivery System: Screening Of Formulation 

Variables And In Vitro Investigation. International Journal of Pharmaceutics, 2007; 332: 

115-124. 

20. H.P Rang, M.M. Dale, Rang And Dales, Sixth Edition, 2007; 193,196,237,238.  

21. Philip A, Pathak K, Shakya P. Asymmetric Membrane In Membrane Capsules A Means 

For Achieving Delayed And Osmotic Flow of Cefadroxil. European Journal of 

Pharmaceutics And Biopharmaceutics, 2008; 69: 658-666. 

22. Philip A, Pathak K. Wet Process-Induced Phase-Transited Drug Delivery System: A 

Means For Achieving Osmotic, Controlled, And Level An Ivivc For Poorly Water-

Soluble Drug. Drug Development and Industrial Pharmacy, 2008; 34: 735-743. 

23. Xiao-Dong L, Wei-San P, Shu-Fang N. Studies on Controlled Release Effervescent 

Osmotic Pump Tablets From Traditional Chinese Medicine Compound Recipe.   Journal 

Of Controlled Release, 2004; 96: 359-367. 

24. Tang B, Gang C, Jian-Chun G, Cai-Hong X. Development Of Solid Self-Emulsifying 

Drug Delivery Systems: Preparation Techniques And Dosage Forms. Drug Discovery 

Today, 2008; 13: 6-612. 

25. Lanlan W, Jie L, Liangran G, Shufang N, Weisan P. Investigations Of A Novel Self-

Emulsifying Osmotic Pump Tablet Containing Carvedilol. Drug Development And 

Industrial Pharmacy, 2007; 33: 990–998. 

26. Sutthilug S, Haslam P, Rao V, Valentino S. Release Mechanisms Of A Sparingly Water-

Soluble Drug From Controlled Porosity-Osmotic Pump Pellets Using Sulfobutylether-B-



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1825 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

Cyclodextrin As Both A Solubilizing And Osmotic Agent.  Journal of Pharmaceutical 

Sciences, 2009; 98: 1992-2000. 

27. Guthmann. C, Lipp R, Wagner T, Kranz H. Development of A Novel Osmotically Driven 

Drug Delivery System For Weakly Basic Drugs. European Journal of Pharmaceutics And 

Biopharmaceutics, 2008; 69: 667-674. 

28. Aulton, M. E. Eds. Pharmaceutics: The Science of Dosage Form Design, Churchill 

Livingstone: Edinburgh, 2005; 133. 

29. Rabiu Y, Kok Kp, Yvanne Tf. Design Of A 24 Hours Controlled Porosity Osmotic Pump 

System Containing Pvp Formulation Variables. Drug Development And Industrial 

Pharmacy; 2009; 35(12): 1430-1438. 

30. Paulo C, Jose Ms. Modeling and Comparison Of Dissolution Profiles. European Journal 

Of Pharmaceutical Sciences, 2001; 13: 123-133. 

31. Dash S, Murthy Pn, Nath L, Choudhary P. Kinetic Modeling On Drug Release From 

Controlled Drug Delivery Systems. Acto Poloniae Pharmaceutica-Drug Research, 2010; 

67(3): 217-223. 

32. Jerzewski Rl, Chien Yw. Osmotic Drug Delivery. In: A. Kydonieus (Ed.), Treatise On 

Controlled Drug Delivery: Fundamentals, Optimization, Application, Marcel Dekker, 

New York, 1992; 225–253.  

33. Cortese R, Theeuwes F. Osmotic Device With Hydrogel Driving Member. Us Patent 

4,327,725, May 4, 1982.  

34. Wong Psl, Bardy B, Deters Jc, Theeuwes F. Osmotic Device With Dual Thermodynatic 

Activity. U.S. Patent, 4,612,008.16:1986 

35. Durgesh A Pavale, Kailash N Takase, Pitam A Pokhaana, Formulation Development, 

Optimization And Evaluation Of Bilayer Push Pull Osmotic Pump Tablet Of Metoprolol 

Succinate Using 3
2
 Factorial Design, Inventi Impact Pharmaceutical Process 

Development, july, 2015; 3: 141-151. 

36. Theeuwes F, Swanson Dr, Guittard G. Osmotic Delivery System For The Beta-

Adrenoceptor Antagonists Metoprolol And Oxprenolol: Design And Evaluation Of 

Systems For Once-Daily Administration.  Brithish Journal Clinic Pharmacy, 1985; (19): 

696-768. 

37. Theeuwes F, Swanson D, Wong P, Bonsen P. Elementary Osmotic Pump For 

Indomethacin. Journal Of Pharmaceutical Sciences, 1983; 72(3): 253-258. 



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1826 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

38. Makhija Sn, Vavia Pr. Controlled Porosity Osmotic Pump-Based Controlled Released 

System Of Pseudoephedrine I. Cellulose Acetate As A Semipermeable Membrane.  

Journal Of Controlled Release, 2003; 89: 5-18. 

39. Sayanna, Determination Of Cyproheptadine Hcl In Pure & Pharmaceutical Forms : A 

Spectrophotometric Study, Oriental Journal Of Chemistry 

40. Madhu M. Chanti Naik M. Development And Validation Of Spectroscopic Method For 

The Estimation Of Cyproheptadine Hcl In Tablet Dosage Form, An Elsevier Indexed 

Journal, J Global Trends Pharm Sci., 2016; 7(1): 2982-2986. Issn: 2230-7346. 

41. Nurten O, Sahin J. Designed Of Controlled Release Osmotic Pump System Of Ibuprofen. 

International Journal Of Pharmacuetics, 1997; 158: 91-97. 

42. Ramakrishna N, Mishra B. Plasticizer Effect And Comparative Evaluation Of Cellulose 

Acetate And Ethylcellulose–Hpmc Combination Coatings As Semipermeable Membranes 

For Oral Osmotic Pumps Of Naproxen Sodium. Drug Development And Industrial 

Pharmacy, 2002; 28(4): 403–412.  

43. Mohammadi S. An Approach To Controlled-Release Dosage Form Of Propranolol 

Hydrochloride. Drug Development And Industrial Pharmacy, 2000; 26(1): 91–94.  

44. Yong G, Weisan P, Mingchun W, Ruhua Z. Cyclodextrin Complex Osmotic Tablet For 

Glipizide Delivery. Drug Development And Industrial Pharmacy, 2002; 28(8): 1015–

1021. 

45. Amir M, Razaghi. Release Of Cyclobenzaprine Hydrochloride From Osmotically 

Rupturable Tablets. Drug Development And  Industrial Pharmacy, 2002; 28(6): 695–701. 

46. Longxiao L, Jeong K, Gilson K, Bong L, John M. Nifedipine Controlled Delivery By 

Sandwiched Osmotic Tablet System. Journal of Controlled Release, 2000; 68: 145-156. 

47. K.D. Tripathi, Essentials of Medical Pharmacology, Sixth Edition, 2008; 151-16. 

48. Remington. The Science and Practice of Pharmacy 21
st
 Ed. Volume Ii; Lippincott 

Williams And Wilkins, 1547. 

49. Prabhakaran D. Effect of Hydrophilic Polymers On The Release Of Diltiazem 

Hydrochloride From Elementary Osmotic Pumps. International Journal Of 

Pharmaceutics, 2003; 259: 173-179. 

50. Dandagi Pm, Koradia Nv, Gadad Ap. Fabrication And In Vitro Evaluation Of Porous 

Osmotic Pump Based Controlled Drug Delivery Of Metoprolol Succinate. International 

Journal of Pharmacy And Pharmaceutical Science, 2012; 4(3): 697-704. 



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1827 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

51. Hirohisa Okuma, Kazuyuki Lijima, Takashi Yasuda, Kentaro Touoka, Preventive Effect 

Of Cyproheptadine Hydrochloride In Refractory Patients With Frequent Migraine, A 

Springer Open Journal, 2013; 2: 573. 

52. The Indian Pharmacopoeia, Seventh Edition, Government of India, Ministry Of Health 

And Family Welfare. Publication- The Indian Pharmacopoeia Commission, Ghaziabad, 

2014; I: 405. 

53. Wagh Yogesh B, Development And Validation Of UV-Spectrophotometric Method For 

Estimation Of Cyproheptadine Hydrochloride In Bulk And Tablet Dosage Formulation 

By Co-Solvency Approach. Charulatha R. Design And Evaluation Of Simultaneous 

Delivery Of Anti-Hypertensive Drug By Swellable Elementary Osmotic Pump (Seop). 

Journal Of Pharmacy Research; 2012; 5(4): 2041-2145. 

54. Jagtap Pc, Awargaonkar Av. Formulation and Evaluation of Controlled Porosity Osmotic 

Pump Tablet Of Ranitidine Hydrochloride. Research Journal Pharm. And Tech, 2010; 

3(4): 1205-1208. 

55. Padama Ps, Ravichandran V. Development And Evaluation of Swellable Controlled 

Porosity Osmotic Pump Tablets Of Metoprolol Succinate And Ramipril. World Journal of 

Pharmaceutical Research, 2013; 2(4): 1122-1140. 

56. Clarke’s Analysis Of Drugs And Poisons, Vol Ii, Published By The Pharmaceutical Press, 

2011; 866. 

57. The Indian Pharmacopoeia, Seventh Edition, Government of India, Ministry Of Health 

And Family Welfare. Publication- The Indian Pharmacopoeia Commision, Ghaziabad, 

2014, Ii: 1489,1490,1491. 

58. Wagh V. S., Tarkase K. N., Albhar K. G., Borkar R. S., Pakhare M.V. And Gore A. S. 

Monolithic Osmotic Tablets For Controlled And Enhanced Delivery Of Cefixime 

Scholars Research Library Der Pharmacia Lettre, 2014; 6(1): 16-29. 

59. Surendra Sardar, Kunal Pagar, Mayur Sangwai, Pradeep Vavia. Monolithic Osmotic 

System Of Lornoxicam Using Amorphous Ternary Cyclodextrin Complex As A Core, 

International Journal Of Pharmtech Research; Coden (Usa): Ijprif Issn: 0974-4304, April-

June, 2013; 5(2): 730-745,  

60. Jyothshna Devi. K, Pavankumar,Venkateswara Reddy, Manubolu Sindhuri, Pichika 

Madhavi. Formulation And Development Of Multilayer And Monolithic Extended 

Release Matrix Tablet Of Alfuzosin Hcl. Asian Journal Of  Pharmaceutical And Clinical 

Research, 2013; 7(1): 0974-2441. 



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1828 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

61. British Pharmacopoeia, 2011, Volume I, Incorporating. The Requirements Of The 6
th

 

Edition Of The European Pharmacopoeia As Amended By Supplement 6.1: 6.8-618. 

62. Sweetman C. S.Martindale, The Complete Drug Reference Published By Pharmaceutical 

Press, 35
th
 Edition 2009; I: 506-521. 

63. The  Merck Index, An Encyclopedia Of Chemicals, Drugs And Biologicals 14
th
  Edition, 

Copyright 2006 By Merck And Co. Inc. Whitehouse Station, Nj, 2006; 465,466. 

64. Rowe R.C,Sheskey P.J,Owen C.S, Handbook Of Pharmaceutical Excipients,                  

5
th 

Edition PhP Publishers, Royal Pharmaceutical Society Of Britian, 2006: 

142,346,430,671,385,389,725. 

65. Davidson Ag. Ultraviolet-Visible Absorption Spectroscopy. In: Beckett Ah, Stenlake Jb. 

“Practical Pharmaceutical Chemistry”, Published By CBS Publishers & Distributors. 4
th
 

Edition, Part-Ii, Reprint, 2007: 275-337. 

66. Pavia Dl, Lampman Gm, Kriz Gs, James R Vyan. “Spectroscopy”, 9
th

 Indian Ed. 

Cennage Learning Pvt. Ltd,. 2007; 26-93. 

67. Robert M Silverstein. Francis X Webster. “Spectrometric Identification Of Organic 

Compound”, Published By John Wiley & Sons, New York. 6
th

 Edition. 2005. P. 71-109. 

68. Gilbert S.Banker, Modern Pharmaceutics, Drugs And Pharmaceutical Sciences 4
th
 Edition 

Marcel Dekker,Inc.New York, 607. 

69. Aulton M.E.Aulton’s Pharmaceutics:The Design And Manufacture Of Medicines ,3
rd

 

Ed.Churchill Livingstone, 336-360. 

70. Marcel K. Compression And Consolidation Of Powdered Solids. In:Liberman Ha, 

Lachman L,Kaing Jl Ed.The Theory And Practice Of Industrial Pharmacy. 3
rd 

Ed.New 

York ,Marcel Dekker, Inc: 1981. 

71. United States Pharmacopoeia 38, National Formulary, 2015; 33(Ii): 2986,2987,2988. 

72. Leon Lachman And Herbert Libermann, The Theory And Practice Of Industrial 

Pharmacy, CBS Publisher, Indian Edition, 2009; 372, 

73. Andhale S, Gondkar S B, Darekar A B, Saudagar R B. Development Of Osmotically 

Controlled Release Tablet Of Quetiapine Fumarate. Invent Rapid; Pharm Tech, 2014; 3: 

1-12. 

74. Costa P, Lobo J.Modeling And Comparison Of Dissolution Profile. European Journal of 

Pharmaceutical Science, 2001; 13: 123-133. 

75. George, M.G., Robinson, J.R., In., Modern Pharmaceutics, (Banker, G.S., Rhodes H. 

Eds.), 2
nd 

Ed., , Marcel Dekker Inc., New York, 1990; 770. 



www.wjpr.net                                    Vol 5, Issue 7, 2016.                                            

            
1829 

Bhairav et al.                                                         World Journal of Pharmaceutical Research 

76. ICH, Harmonised Tripartite Guideline, International Conference on Harmonisation, 

Stability Testing Of New Drug Substance And Product QA (R2) And Evaluation of 

Stability Data Q1e Current Step Version, 2013; 1-18. 

 

 

 

 


