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Abstract: 

The present study was undertaken to design,  fabricate and evaluate the controlled porosity osmotic pump tablet (CPOP) of 

sympathomimetic drug salbutamol sulphate to prolong the drug release, minimize early morning and nocturnal asthamatic 

attacks,  and better patient compliance. The core tablets were prepared by wet granulation method and coated with cellulose 

acetate as semipermeable membrane to control the drug release. The flow properties of designed core formulations were also 

studied. The prepared CPOP tablets were evaluated for weight variation, thickness, hardness and drug release. The estimated 

parameters were found within range. The developed CPOP tablets of salbutamol sulphate exhibited drug release for 12 hrs. 

Moreover, the drug release of optimized batch was compared with marketed formulation and the result indicates similar drug 

release profile. The drug release was found dependant on osmogen concentration and increased with rise in concentration of 

osmogen. Hence, CPOP tablets of salbutamol sulphate, coated with widely employed semipermeable membrane cellulose 

acetate with prolonged drug release for 12 hr and independent of GI conditions were successfully prepared and evaluated. 

Keywords: Osmosis, controlled release, semipermeable membrane, salbutamol sulphate, drug release 

Introduction 

Salbutamol sulphate is one of the extensively used drug for the treatment of bronchial asthma, chronic bronchitis and 
emphysema.The drug undergoes considerable firstpass metabolism and thus requires frequent administrations by oral route. 
Salbutamol sulphate has a site-specific absorption in stomach and in the upper part of small intestine.  It has been reported 
that the oral bioavailability of Salbutamol sulphate is ~ 40 %; due to extensive metabolism through intestinal sulphonation, first 
pass metabolism in the liver & also degradation in the colon . The metabolism is due to immense sulphonation in the gut as 
compared to liver  . The half-life of Salbutamol sulphate is about 4.5 hrs 6 . The corresponding short term acting injectables and 
aerosol dosage forms of Salbutamol sulphate are recommended for instant relief in severe asthmatic attacks. Salbutamol 
sulphate are also available in the form of aerosols. 
 

The recommended dose of salbutamol sulphate in adults and children is 2- 3 inhalations every 4-6 h. More and more frequent 

administration is not recommended . Salbutamol sulphate is given by oral route through in a dose of 2 to 4 mg three to four 

times a day. Salbutamol sulphate requires multiple dailyadministration in order to maintain adequate plasma concentrations. A 

prolonged and controlled drug delivery system may be advantageous over conventional oral dosage forms and inhalers due to 

its ability to maintain prolonged therapeutic concentrations in the systemic circulation. Asthma being a chronic disease, and as 

most of the patients suffer from nocturnal attacks hence there is need for drug dosage form which maintains therapeutic 

concentrations for prolong period of time. 
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Oral route is the easiest and common route for the administration for various drugs because of low cost and patient 

compliance. But conventional drug delivery system cannot control the release of drug and it  provides immediate release of 

drug.1 The rate and extent of drug absorption from conventional formulations changes remarkly and  depends  on factors such 

as physicochemical properties of the drug, presence of excipients, physiological factors such as presence or absence of food, pH 

of gastrointestinal (GI) tract, GI motility and so on.1 To overcome these limitations pharmacist have focused on the 

development of novel drug delivery system (NDDS). Among various formulations of NDDS available in the market the oral 

controlled release system provides improved patient compliance, convenience and reduction in fluctuation and gives a steady 

state plasma level. In Controlled drug delivery system (CDDS) there is a maximum usage of drug and optimizing reduction in 

total amount of dose and delivering short biological half life of drugs. CDDS offers the advantage of reduced dose, targeting of 

site and avoiding GI stability, hepatic  bypass  of  drug  molecule.2  CDDS also provide additional benefits such as with Sustained   

and   consistent   blood   levels within   the therapeutic window, increase bioavailability ,Reduced interpatient 

variability,Customized delivery profiles and reduced side effect. 

The  drug  release  can  be  modulated  by  different  ways  but the most of novel method of  drug delivery systems are 
preparing with  using matrix,  reservoir  or osmotic principle.  In  matrix systems, the  drug  is  inserted  in  a  polymer matrix  
and  then the  release takes place by spliting up of drug into the polymer matrix and the  surrounding  medium.  In  contrast,  
reservoir systems have  a  drug   core   adjoining  by  a rate   controlling membrane.  The  osmotic  systems avasils the  principles  
of osmotic  pressure  for  the  delivery  of  drugs  in  both  the routes  oral as well as parenteral.3 
ADVANTAGES 
 Controlled Osmotic pump based drug delivery is formulated due to its many benefits over conventional dosage forms, some of 
which are as follows  

 The    release    rate    of control osmotic systems is highly predictable and can be designed by modulating the release control 
parameters. 

 The   delivery   rate   of   zero order   is   obtainable with controlled osmotic systems. 

 In the controlled osmotic pump tablet frequency  of  dosing  is reduced due to drug being released for a longer period of time 
unlike conventional tablets. 

Extended  release  of  a  large  amount  of  highly  water soluble    drug    by    utilizing    counter    polymer    in  polyethylene 
oxides can be done using controlled release osmotic pump tablet 

 This  is  extremely  valuable  for  patients  with  chronic illnesses  which  require  the  plasma  concentrations  of  a drug   to   
be   within   its   therapeutic   range   to   avoid symptoms,    for    example,    overnight  management of pain in terminally ill 
patients 

 No ‘dose dumping and minimal side effects. 
 
 
 
OSMOSIS 
 The process of movement of the solvent from the lower concentration of solution to the higher concentration of   the   solution   
through   the   semipermeable   membrane is known as osmosis. 
Osmosis is the action which controls the rate of   the drug delivery system.  Osmotic  pressure  created  due  to  imbibitions  of 
fluid  from  external  environment  into  the  dosage  form regulates the drug delivery from osmotic tablet or pump. Rate of 
drug  delivery  from  osmotic  pump or tablet  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. Hence 
the release  rate of  drugs  from  osmotic devices  is dependent  on  the three factors such as solubility, molecular weight  and 
activity coefficient of the solute (osmogent) 
 
Principal f Osmosis 
The   first   report   of   an   osmotic   effect was by  Abbenollet in 1748. But scientist called Pfeffer obtained the first quantitative 
measurement in the year 1877. In his experiment a membrane permeable to water but impermeable to sugar was  used to 
separate  a sugar  solution  from pure  water. The flow of water then took  place  into  the  sugar  solution  that cannot  be 
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halted until a pressure π is applied to the sugar solution.  Pfeffer  showed  that  this  pressure is the the  osmotic pressure π of 
the sugar solution which is directly proportional to the  solution concentration and  the  absolute  temperature.  
Within few years,  Vant  Hoff  had  shown  the similarity between these results and ideal gas laws by the expression 
 π = Ф c r t  
Where Ф is the osmotic coefficient of the solution, c is the molar  concentration  of  sugar  in  the  solution,  r  is  the  gas 
constant, t is the absolute temperature.  
Osmotic   pressure   for the concentrated   solution   of  soluble solutes which are   commonly  used  in  controlled osmotic 
release  formulation are   especially   high   ranging   from   30   atm   for   sodium phosphate up to 500 atm for a lactose-
fructose  mixture because their osmotic pressure can produce high water flow across semi   permeable   membrane.   
 The flow of water through a membrane by osmosis is given by the equation  
Dv/dt = A Q Δ π/L  
Where dv\dt is water flow across the membrane of area A, thickness L, and the permeability 
 
Controlled porosity osmotic pump is an osmotic tablet which has membrane containing  water soluble leachable pore forming 
agents. The coating of semi permeable membrane of controlled porosity osmotic  tablet is usually done by a suitable coating 
method. The pump or tablet  can be designed as a single or multicompartment dosage form and the controlled delivery system 
comprises a core with the drug ajoining by a membrane which has an asymmetric structure supported by a porous 
substructure. The membrane is permeable to water but it is impermeable to solute. Water soluble pore forming additives are 
dispersed in the wall of the membrane. CPOP lacks aperture for releasing  the drugs, but drug release is achieved through the 
pores which are carved in the semi permeable wall in situ during the operation. When CPOP  tablet  is exposed to water, the 
low levels of water soluble additives are leached from polymer materials that are permeable to water. Due to which a sponge 
like structure is formed in the controlled porosity walls.In this system the drug after dissolution inside the core is delivered from 
the osmotic pump tablet by hydrostatic pressure and diffusion through the pores which are  incorporated in the microporous 
semi permeable membrane and controlling the release 
of drug. The hydrostatic pressure is generated either by an osmogen or by the drug itself or by a tablet component after water 
is sink the cross the semi permeable membrane.The rate of drug delivery from CPOP depends upon certain factors such as 
water permeability of the semi permeable membrane, osmotic pressure of core CPOP tablet , thickness and the total surface 
area ofcoating. The pharmacist can control all the factors and the dosage form will not change in physiological conditions.  
 
The study concerns with the preparation and evaluation of Controlled Porosity Osmotic Pump of Salbutamol sulphate for 
prolong drug release to minimization of incidences of nocturnal and early morning asthmatic attacks, better patient 
convenience and a pharmacoeconomic novel drug delivery system, for effective treatment of Chronic Obstructive Pulmonary 
Diseases. 
 
Materials 
 Salbutamol Sulphate was gift sample provided by Indoco Pharmaceuticals, Aurangabad, Maharashtra, Cellulose acetate and 
PEG4000 was provided as gift sample from Lupin R&D MIDC, Aurangbad, Maharashtra. 
 

EXPERIMENTAL WORK 

Physical and Chemical Characterization of Drug:  

 Drug: Salbutamol Sulphate  

Identification Test: Identification test for salbutamol sulphate was carried out using Melting point & UV absorbance spectra.  

 Melting point determination: Melting point of Salbutamol Suplhate was determined by taking a small amount of sample in 

capillary tube closed at one end and placed in Thiele’s melting point apparatus (capillary method).  

UV spectroscopy analysis: The ultraviolet absorption spectrum of Salbutamol Sulphate in Water, 0.1N HCL and 6.8 Phosphate 

buffer was obtained using Shimadzu UV-1800 UV visible spectrophotometer with 1 cm quartz cells and run over wavelength 

range between 200 to 400 nm. For UV identification of Salbutamol Sulphate the concentration of 140µg/ml was prepared in 

water, 0.1 N HCL as well as 6.8 phosphate buffer and a spectrum were recorded for absorption maxima at 276 nm. 
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Partition coefficient determination: Partition coefficient in octanol water was determined by equilibrating preweighed amount 

of drug for 24 hours in the mixture of octanol water system 1:1. After attaining the equilibrium, the two phases were separated 

using separating funnel and the partitioned amount of drug in each phase was determined . The separated phases were 

analysed after appropriate dilution on UV spectrophotometer at 276nm.  

Solubility determination: The excess amount of drug was dissolved in 2 ml of solvent. The solution was then exposed to 

ultrasonication for around 30 minutes. It was then allowed to stand for 24 hours on room temp in tightly closed vials to attain 

saturation equilibrium. After completing 24 hours the solution was filtered using whatman filter paper. It was then diluted 

appropriately with the solvent and was analyzed at 276 nm by UV Spectrophotometry. 

Infared spectroscopic (IR) analysis: The identification of Salbutamol Sulphate was done by FTIR spectroscopy. The IR 

absorbance spectrum of Salbutamol Sulphate was recorded using SHIMADZU. spectrometer over a range of 400 to 4000cm-1 at 

a resolution of 2cm-1. KBr powder was dried at 60˚C for one hour. The dried KBr powder was uniformly mixed with drug and IR 

spectra was taken for this mixture. 

Differential scanning calorimetry (DSC): The thermal behavior of Salbutamol Sulphate was examined by DSC, using a 

SHIMADZU DSC-60 differential scanning calorimeter. The instrument was calibrated with a pure sample of Indium. Salbutamol 

Sulphate was scanned at the heating rate of 10°C/min over a temperature range of 80 to 300°C under static air using aluminium 

pans. The peak transitions of  and enthalpy of fusion of salbutamol were determined using TA60 integration software. 

Analytical Method Development & Validation:  

Development of Analytical Methods:  

 Preparation of standard stock solution : Standard drug solution of Salbutamol Sulphate was prepared by dissolving 100 mg of 

Salbutamol Sulphate in water, phosphate buffer pH-6.8 and 0.1N HCl individually and the volume was made upto 100ml to 

obtain stock solution of 1000µg/ml concentration.  

Determination of analytical wavelength: From the standard stock solution, 14 ml was pipetted out from standard and 

transfered into 100 ml volumetric flask. The volume was made up to 100 ml with water, phosphate buffer solution of pH 6.8 

and 0.1N HCl. The resulting solution containing 140µg/ml was scanned between 200 and 400 nm.  

Preparation of Calibration curve of Salbutamol Sulphate: From the stock solution 2, 10 ml of solution was withdrawn and 

transferred into 100 ml volumetric flask and volume was made up to 100 ml, from this solution 2, 4, 6, 8 & 10 ml was 

withdrawn and transferred into a serious of 10 ml volumetric flask. The volume was made up to 10 ml with water, 0.1N HCL and 

phosphate buffer 6.8 individually. The dilution were made in the range of 20, 40, 60, 80, and 100 ug/ml. From the stock solution 

1, 12 ml & 14 ml of solution was withdrawn and transferred into 100 ml volumetric flask. The volume was made upto 100 ml 

with water, 0.1N HCL and phosphate buffer 6.8.The dilution were made in the range of 120 and 140 ug/ml was prepared. The 

absorbance was measured at max 276nm. 

UV Method Validation  

 Linearity and range: The linearity of the response of the drug was verified at 20 to 140 µg/ml concentrations. The graphs of 

calibration were obtained by plotting the absorbance versus the concentration data and followed by applying  linear regression 

analysis. The equation of the calibration curve for Salbutamol Sulphate was obtained. The linearity range of calibration curve 

and correlation coefficient r2 was obtained.  

 Precision: The precision of the method was demonstrated by intra-day and inter-day variation studies. In the intra-day studies,  

the three repeated measurements of standard and sample solutions were made in a day and percentage RSD were calculated. 

In theinter-day studies, the three repeated measurements of standard and sample solutions were made on three consecutive 

days and percentage RSD was calculated.  
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Limit of detection (LOD) and Limit of quantification (LOQ): LOD and LOQ were calculated by the equations; LOD = 3.3σ / S and 

LOQ = 10σ / S Where, S is the slope of the calibration curve and σ is residual standard deviation.  

 Accuracy: In order to ensure the suitability and reliability of proposed method, recovery studies were carried out.. To an 

equivalent quantity of formulation powder, a known quantity of standard Salbutamol Sulphate was added at 80, 100 and 120% 

level. For each recovery level samples were prepared.. The solutions were then re-analyzed by the proposed method and the 

percentage recoveries were calculated from the calibration curve. 

Selections of Excipients The excipients were selected on the basis of their use and osmotic property and solubility analysis 

interference with drug solubility. The coating material were selected on the basis of biocompatible and their use.  

 Drug-Excipients Compatibility Study : It is very important to perform physicochemical evaluation of all excipients which are 

probably used in the formulations. While most excipients have no direct pharmacological action, they do perform either useful 

tasks or damaging actions (such as speeding up degradation of the drug). Interactions in the solid state between the active 

ingredient and excipients in pharmaceutical dosage forms can give rise to changes in the stability, solubility, dissolution rate 

and bioavailability of drugs. DSC and IR are the very quick and accurate method to test and select the best candidates for stable 

dosage forms. In the present study the drug and excipient mixtures were prepared and were analyzed by IR and DSC. 

Formulation of controlled porosity osmotic tablet : The development of the formulation in the present study was mainly based 

on the system chosen and the drug selected. The controlled porosity osmotic pump was selected for study. The solubility of the 

drug was considered  important in the development of formulations. The salbutamol sulphate is highly soluble in water and 

osmotic pressure created by osmogen solution was assumed to be sufficient for its release through semipermeable coating 

membrane under osmotic pumping, so gives the better release profile. 

Preparation of Tablet core: Drug and excipients were weighed accurately and mixed thoroughly in motar and pestle. Accurately 

weighed quantity of PVPK30 was dissolved in IPA and the resulting solution was added gradually to form damp mass. The damp 

mass was passed through sieve no 24. The granules were dried for 10-15 minutes in hot air over at 40˚C. After drying, 

magnesium stearate were added to the granules blend prior to compression.  

Compression of Granules blend: The blend was prepared as per formula mentioned in table 8 The blend was lubricated with 

the magnesium stearate prior to the compression. From the blend accurately weighed 200 mg of granules were taken and were 

compressed on 8.5 mm punch using Gansons compression machine. While maintaining the hardness 6 kg and the thickness 

upto 4mm.The batch size was 180 tablets per batch.  

Coating of Tablet core  

Preparation of coating solution: The coating solution containing cellulose acetate and PEG4000 (pore forming agent) was 

prepared as per the formula given in the Table no. Accurately weighed quantity of cellulose acetate was added to acetone 

(80%). The mixture was stirred until the formation of clear solution. The weighed quantity of PEG4000 was dissolved in 20% of 

distilled water, then this solution was added in acetone (80%) of the solution was added slowly to the cellulose acetate 

solution. The mixture was stirred continuously for 30 min. 

Table 1:Formulation CPOP tablet core 

Excipient ( in mg) S1 S2 S3 S4 

Salbutamol sulphate 8 8 8 8 

Sodium chloride 4 8 16 20 

Microcrystalline 
cellulose 

168 164 156 152 

Polyvinyl providone K 
30 

10 10 10 10 

talc 6 6 6 6 
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Magnesium Stearte 4 4 4 4 

total 200 200 200 200 

 

Table 2: Formulation of CPOP coating 

Excipient (%) Code 1 Code 2 Code 3 

Cellulose acetate 4% 4% 4% 

PEG4000 20% 30% 40% 

Acetone:Water 80:20 80:20 80:20 

 

Coating process parameter optimization: The coating solution as per Formula was used to achieve a weight gain of 

approximately 8-10% per tablet. The core tablets were film coated in a conventional pharma R & D Gansonscoater, 4 inches 

with 3 baffled stainless steel pan by spray coating process. The coating parameters were optimized on placebo tablets made by 

microcrystalline cellulose and 0.5% magnesium stearate. Initially the tablets were kept at 40°C for 10 min while the pan rotated 

at 15 rpm. The rotating speed was then increased to 15-30 rpm and the coating solution was sprayed at a rate of approximately 

1-2 ml/min. The atomizing pressure was adjusted to 1-2 kg/cm2, and the inlet and outlet temperatures were varied from 35-

55°C. The process was continued until the whole solution was sprayed onto the tablets. The coated tablets were rotated for a 

further 15 min under blower. The coating process parameters were optimized with respect to coating pan speed, coating pan 

inlet air temperature, atomizing air pressure and spray rate. Table no 10 represents all the coating optimized parameters. 

Table 3: Coating parameters 

Sr.no Parameters Values 

1. Pan Load  10 - 20 gm 

2. Pan RPM  15 – 30 RPM 

3. Inlet Temperature  30 -50°C 

4. Pump RPM  1 – 3 RPM 

5. Inlet air pressure  0.5 -1.2 kg/cm2 

6. Air gun distant from tablet bed  8 cm 

7. Spray nozzle diameter  1 mm 

8. Spray pattern  Non-continues 

9. Solvent system Acetone:Water (80:20) 

 

 

 

 Evaluation 

 Evaluation of granules: 

 Angle of repose: Fixed funnel method: The material is poured through a funnel to form a cone. The tip of the funnel 

should be close to the growing cone and slowly held up as the pile grows, to minimize the impact of falling particles. 

Stop pouring the material when the pile reaches near the tip and has achieved predetermined height. Measure the 

height and radius of circle of cone formed and calculate the angle of repose. 

 

Bulk density: Pass a quantity of 5 grams powder sufficient to complete the test through a sieve to break up 

agglomerates, Into a dry graduated cylinder of 50ml gently introduce, without compacting, Carefully level the powder 

without compacting. Calculate the bulk density. 

 

Tapped density: Tapped density is determined by placing a graduated cylinder containing a know mass of blend in 

cylinder and mechanically tap the cylinder containing the sample by raising the cylinder and dropping it down. Measure 

the tapped volume and untapped volume.  
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Tapped density= weight of blend/ Tapped volume of the blend  

             Carr’s index= Tapped density- Bulk density/Tapped density *100  

Hausner’s ratio = Tapped density/ Bulk density 

 

Evaluation of uncoated osmotic tablets:  

 Weight variation: 20 tablets were weighed individually using an electronic balance and their average weight was 

calculated from the total weight of 20 tablets. The individual weights were compared with the average weight. Since the 

average weight of tablet is 200 mg, the percentage difference in the weight variation should be within the permissible 

limits (±7. 5 %).  

Thickness: The uniformity of the thickness was measured using vernier caliper. The average thickness of the tablet was 

calculated. The test passed if none of the individual diameter and thickness value deviated by ± 5% of the average. 

Hardness: Monsanto hardness tester was used for evaluation of the hardness of the tablet. The tablet was placed 

vertically between the jaws of the hardness tester. The two jaws under tension by spring. By losing the screw, the load 

was increased and at releasing the applied pressure from the spring was measured in kg/cm2  

Friability: Twenty core tablets were selected and weighed and placed in a Roche friabilator (Electrolab, India). Twenty 

tablets were rotated at 25 rpm for 4 min. The tablets were removed and then dedusted and weighed again and then 

percentage of weight loss was calculated. The percentage friability of the tablets were measured as per the following 

formula, %friability= initial weight-final weighed/ initial weight *100  

Drug content uniformity: Ten tablets were weighed individually and powdered. Equivalent to one tablet of theortical 

drug content was weighed and dissolved in 100 ml of phosphate buffer 6.8. The UV absorbance was measured at 276 

nm against blank. 

 

Evaluation of coated tablets:  

 

 Weight variation, thickness, hardness same as that of core tablets 

Dissolution studies: The release rate of Salbutamol Sulphate from CPOP was determined. Batches were evaluated by 

studying the release study for 12 hr using USP type II (Paddle) dissolution apparatus with 50 rpm at 37˚C ± 0.5˚C. Initially 

the drug release was determined in 0.1N HCL for first two hours and then followed by phosphate buffer 6.8 for ten 

hours. The samples (5 ml) were withdrawn at an interval of 1 hr for 12hr. The samples which were withdrawn were 

replaced with fresh dissolution medium. The samples were filtered through whatman filter paper and analyzed 

spectrophotometrically at 276 nm.  

 

Comparsion of optimized batch with market preparation: From the % drug release it was found that C-3 S4 gave the 

best results among the others, since in market sustain release tablet of Salbutamol sulphate is available, thus CPOP 

tablet of Salbutamol sulphate was compared with ASthalin 8 mg. 

 

             RESULTS AND DISCUSSION 

             Physical and Chemical characterization of Drug: 

            Melting Point: The melting range of Salbutamol Sulphate was found to be 182˚ to 197°C,     by capillary method. 

This is nearer to the reported 158-163°C. 

            UV spectrophotometric analysis: The spectra of Salbutamol Sulphate solution in Water,0.1N HCl and Phosphate 

buffer pH-6.8 was taken by UV spectrophotometer (UV-1800). The spectrum shows absorption maxima (λ max) at 276nm 

in figure no 7, 8 and 9 . 
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Figure 3: UV Spectra of Salbutamol Sulphate in phosphate buffer 6.8 

 

Partition coefficient: The partition coefficient of Salbutamol Sulphate was found 0.63±0.03. The reported value is 

0.66. 

Solubility: Solubility of Salbutamol Sulphate was determined in water and was found 187.781 mg/ml. 

Infared Spectroscopic Study (IR): 

The IR spectrum of Salbutamol Sulphate was taken on SHIMADZU FTIR. The spectra shows characteristic peaks of 

Salbutamol Sulphate similar to the standard spectra. These peaks were found to be similar to those that have been 

reported for the characteristic functional groups.  

 

 

 

                                                    

Figure 1: UV Spectra of Salbutamol Sulphate 
in water 

Figure 2: Uv spectra of salbutamol 
sulphate in 0.1NHCL 
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                                     Figure 4: IR Spectra of Salbutamol Sulphate 

 

           Table 4: Intrepration of IR spectra of Salbutamol Sluphate 

Functional group Characteristic peak Standard values 

CH3 bending 1446.35  1450-1375 

Aromatic stretching 3151.11  3150-3050 

NH-stretching 3532.95 3500-3100 

OH free 3644.8 3650-3600 

              Differential Scanning Calorimetry (DSC): 

The thermal behaviour of Salbutamol Sulphate was examined by DSC, using a SHIMADZU DSC-60 differential 

scanning calorimeter. The DSC thermogram of Salbutamol Sulphate was typical of a crystalline substance, 

exhibiting a sharp exothermic peak at 206˚C corresponding to its melting and decomposition caused by the supply 

of thermal energy during the DSC scan process. Onset and endset temperatures were 194˚C and 213.55˚C. It is 

matching with the literature value. Thermogram is shown in the figure 11 for Salbutamol Sulphate 

 

  

   

Method Analysis 

 
  Development of Analytical Methods (UV Spectrophotometric) 

 
A. Preparation of standard stock solution: The UV absorption spectrum of Salbutamol Sulphate showed peak at 

276 nm against reagent blank and is same as literature value. The standard calibration curve of Salbutamol 

Sulphate was obtained by plotting the absorbance of the standard solution against its concentration measured at 

276 nm. The relationship between absorbance and concentration showed linear curve with correlation 

coefficient of 0.999 

FIG 5:DSC curve of Salbutamol Sulphate 
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    Table 6: Calibration of SS in 0.1HCL 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Calibration of SS in phosphate buffer 6.8 

 

 

UV Spectrophotometry Method Validation 
UV Spectrophotometry method was developed and validated as per the ICH guidelines Q2 (R1) for estimation of 

Salbutamol Sulphate from solid dosage form. 

 

 

 

Table 5 Calibration of SS in water 

Concentration (mg/ml) Absorbance 

20 0.113 

40 0.211 

60 0.315 

80 0.432 

100 0.513 

120 0.615 

Concentration(mg/ml) Absorbance 

20 0.119 

40 0.234 

60 0.346 

80 0.446 

100 0.563 

120 0.665 

Concentration (mg/ml) Absorbance 

 20 0.113 

40 0.219 

60 0.341 

80 0.446 

100 0.57 

120 0.672 

Fig 6: Calibration curve of SS in water 

FIG 7 :Calibration curve of SS in 0.1HCL 

Fig 8: Calibration Curve of SS in phosphate buffer 6.8 
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Table 8: Validation Parameters 

Sr.no Parameters Water 0.1NHCL Phosphate buffer 6.8 

1 Absorption maxima (nm)  276 276 276 

2 Linearity range (ug/ml) 2-120 2-120 2-120 

3 Standard regression y=0.005x+0.013 y=0.005x+0.015 
y=0.005x-0.001 

4 Correlation coefficient 

(r2) 

0.999 0.998 0.999 

5 Accuracy (% recovery) 99.33% 101.11% 101.23% 

6 Precision (%RSD) Interday 

 

 

1.523% 
 

1.861% 
 

1.874% 

 Intraday 1.421%  

1.785% 

 

1.787% 

7. LOD (ug/ml)  

7.231 

 

7.105 

 

7.105 

8. LOQ9ug/ml) 21.63 21.43 21.43 

 

Drug- Excipient Compatibility Study: 

 

IR Study of drug with excipients 

To check the interaction between drug and polymers, used in the formulations, IR studies were performed. In 

IR study it was found that all the prominent peaks which were present in individual graphs of Salbutamol 

Sulphate and polymers were also present in the IR of physical mixture of drug and polymers. These peaks were 

not affected and prominently observed in FT-IR spectra The slight change in I.R spectra may be because of 

weak physical interaction and bonding. 

 

Table 9: Interpretation of SS-Excipient 

Functional group Characteristic peak Standard values 

CH3-stretching 1434 1450-1375 

Aromatic stretching 3154 3150-3050 

NH –stretching 3540 3500-3100 

OH free 3617.8 3650-3600 

 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302262 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c534 

 

 
 

 

 

 

 

                DSC study of Drug and Excipient: 
 

The DSC of drug and excipients shows slight change in melting point of drug(209˚C) in 

comparison to pure drug(206˚C) . this is attributed weak physical interaction and 

bonding.hence drug and excipient are compatible 

 

 

 

 

                 Evaluation of Granules 

Different types of angular properties have been employed to assess flowability, of 

these; angle of  repose is  the most relevant. Angle repose of  the granules  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 flowability from hopper to die 

cavity. The angles of repose of all the formulations were within the range of 30°–40°, 

Fig 10: IR spectra of SS with Excipients 

Figure 2: DSC curve of SS with excipients 
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indicative of fair flowability. 

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 granules was found to be between 0.25-0.38 gm/cm3.The 

values indicates good packing capacity of granule. The tap densities of the granules of 

batches were found in the range of 0.23-0.38 gm/cm3. The bulk density and tap density 

was used to calculate the percent compressibility of the granules. 

The Carr’s index of the granules was observed in range of 10 to 18.5, indicating good 

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

range of 1.12to 1.19 indicating good flowability 

 

 

               Table 10: Physical parameters of granules 

Batch Bulk Density Tapped 

Density 

Carr’s Index Hausner’s 

ratio 

Angle of 

repose 

S1  
0.2 

 
0.25 

 
17 

 
1.25 

 
36.12 

S2 0.25 0.28 10.71 1.12 34.99 

S3 0.2 0.25 18 1.25 34.6 

S4 0.31 0.38 18.42 1.22 1.22 

 

             Evaluation of Core Osmotic Pump Tablet 
 

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

circular curved faced with good texture. The thickness of the tablet was found to be 

3.49 to 4.12mm, due to constant tablet press setting across all batches irrespective of 

weight variation. Thickness depends on punch size (8.5mm) and tablet weight (200mg); 

coefficient of variation (based on 20 tablets/ batch) for each batch was less than ± 5 %, 

which indicates good thickness uniformity. The hardness of the tablet was found to be in the 

range of 6.4 to 6.5 kg/cm2. This ensured good mechanical strength. 

 

 

             Table 11: Evaluation parameters of CPOP core tablets 

Batch  Weight variation Hardness Thickness Friability 

S1 200.7 3.73mm 6.6kg 0.2% 

S2 201.5 4.06mm 6.5 kg 0.1% 

S3 198.8 3.73mm 6 kg 0.4% 
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S4 201.6 3.45mm 6 kg 0.1% 

 

             Evaluation of controlled posority osmotic tablets. 

             Percentage weight gain: 

The percentage weight gain was maintained constant i.e.8 % 

 

Drug content 

Batch S1 S2 S3 S4 

C1 102.75% 97.88% 102.5% 102.5% 

C2 
101.25% 97.6% 102% 98.3% 

C3 
102.5% 98.7% 101.4% 99.3% 

 

 

 Dissolution Studies: CPOP tablets were subjected to in vitro drug release. It was clear that 

the drug release was dependent upon two factors osmogen and the pore former. The drug 

release was enhanced with increasing concentration of osmogen. The maximum drug 

release was obtained in batch S4 (C3) and the minimum drug release was seen in batch S1 

(C1). 

 

 Effect of Pore Forming Level: 

To study the effect of pore forming agent, core formulations of Salbutamol Sulphate were 

coated with varying coating compositions of PEG 4000 as a pore former. PEG 4000 was 

added 20%, 30%, and 40% wt/wt of coating polymer. It is evident that the level of PEG 

4000 had a direct effect on drug release. As the level of pore former increases, the 

membrane becomes more porous after coming into contact with the aqueous 

environment, resulting in faster drug release. The level of pore former also affects the 

burst strength of exhausted shells. The burst strength was inversely related to the initial 

level of pore former in the membrane. With the increase in the level of 

PEG 4000 the membrane became more porous after exposure to water, leading to a 

decrease in its strength. 

 

 

             

Percent drug release graph of C-1 

batch 

 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302262 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c537 

 

             

     

          

 

                                   

          CONCLUSION: 

The present study was undertaken to formulate and evaluate controlled porosity osmotic 

tablet of salbutamol sulphate. This drug was selected on the basis of water solubility and 

to prolong its action because of its dosing frequency. The selected drug was identified and 

characterized by melting point, UV spectroscopy, IR spectroscopy, DSC, partition 

coefficient and aqueous solubility. The UV analytical method was developed and 

validated according ICH guidelines (Q2 R1). To formulate core tablets formula was 

developed from literature survey by varying the concentration of osmogen and pore 

forming agent. Sodium chloride and PEG 4000 were used as osmogen and pore forming 

agent in this study. The core tablets tablets were prepared by wet granulation method. 

The second part involved in the present investigation was coating of core tablet. The 

coating polymer used in this study was cellulose acetate. The coating formula was 

developed containing acetone:water (80:20) and varying concentration of pore forming 

agent (PEG 4000). The different batches were formulated and evaluated for various 

parameters. The results indicated that drug release was increased with increasing 

concentration of pore forming agent and osmogen. On the basis of various evaluation 

parameters S4 (C3) batch was selected as optimized. 

From the above investigation it can be concluded that, controlled porosity osmotic tablet 

of salbuatmol sulphate was successfully developed and evaluated. The drug can be released 

for 12 hrs prolonging its action independent of GI conditions and thereby reducing the 

dosing frequency. 

 

          FUTURE PROSPECTIVE 

Percent drug release graph of C-2 
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Further in vivo studies will be required to ensure the potential of developed controlled 

porosity osmotic tablet of salbutamol sulphate. Moreover stability studies are needed to 

check the stability of developed formulation. 
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