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ABSTRACT: The aim of the present study was the formulation, development, 

and optimization of controlled porosity osmotic pump tablets of Tramadol 

hydrochloride. Cellulose acetate was used as the semi-permeable membrane. 

The porous osmotic pump contains pore-forming water-soluble additive (PEG-

8000) in the coating membrane, which after coming in contact with water, 

dissolves, resulting in an in-situ formation of microporous structure. The dosage 

regimen of Tramadol hydrochloride is a 50-mg tablet at every 6 h. The plasma 

half-life ranges from 5.5 to 6 h. Hence, Tramadol hydrochloride was chosen as a 

model drug with an aim to develop a controlled release system for 24 h. The 

effect of different formulation variables, namely ratio of drug to osmogent, 

membrane weight gain, and concentration of pore former on the in-vitro release, 

was studied using 2
3
 factorial design. The effect of pH and agitation on drug 

release was also studied. Drug-excipients compatibility was studied by 

Differential Scanning Calorimetry (DSC). The microporous structure of the 

coating membrane of optimized formulation was determined by Scanning 

Electron Microscope (SEM). The optimized formulation was subjected to 

stability study for one month period. It was found that drug release rate increased 

with the amount of osmogent because of increased water uptake and hence 

increased driving force for drug release. Drug release was inversely proportional 

to membrane weight gain: however, it is directly related to the concentration of 

pore former in the membrane. Optimized formulation was found to deliver above 

98% of drug (Tramadol hydrochloride) at a zero-order rate for 24 h. 

INTRODUCTION: Aim of the present research 

work is to develop controlled porosity osmotic 

tablets of Tramadol hydrochloride that deliver a 

drug at zero-order for 20-24 h and to be taken once-

a-day. Tramadol hydrochloride is a µ-opoid 

receptor agonist and serotonin-norepinephrine 

reuptake inhibitor (SNRI) used in the clinical 

treatment of moderate to moderately severe pain 
1
.  
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Tramadol hydrochloride is a “Class-I” drug 

according to Biopharmaceutics Classification 

System (BCS), possessing both high solubility and 

high permeability absorption characteristics. 

Tramadol hydrochloride is rapidly and completely 

absorbed from the gastrointestinal tract. Peak 

plasma concentrations are reached 2 hours after 

oral dosing, and its elimination half-life range from 

5.5 to 6 h 
2
. 

Tramadol hydrochloride has a short elimination 

half-life and rapidly absorbed in the gastrointestinal 

tract. If it is formulated by conventional tablets, it 

will require multiple daily administrations (3-4 

times daily), which ultimately results into 

inconveniency to the patients and the possibility of 
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reduced compliance with prescribed therapy. Also 

fluctuation in plasma drug concentration leads to 

exaggerated side effects, these limitations can be 

minimized by adopting extended-release 

formulation. The majority of the system is matrix-

based, and their drug-release mechanism is based 

on drug diffusion through the matrix system. The 

diffusion is altered by pH of medium, the presence 

of food, and the body’s physiological factors, all 

these factors can cause difficulty in controlling the 

drug release rate. Unlike matrix systems, osmotic 

systems use principle of osmosis as a driving force 

to release the drug from the system, and the drug 

release rate is unaffected by the body’s pH and 

other physiological factors 
3
.
 
Recently, Osmotic 

tablets have been developed in which the pores are 

formed by the incorporation of a leachable 

component in the coating. Once the tablet comes in 

contact with the aqueous environment, the water-

soluble component dissolves, and pore formation 

occurs. Subsequently, water diffuses into the core 

through the microporous membrane, setting up an 

osmotic gradient and thereby controlling the release 

of a drug. The release rate from CPOP systems 

depends on the coating thickness, level of leachable 

components in the coating, the solubility of the 

drug in the tablet core, and the osmotic pressure 

difference across the membrane but is independent 

of the pH and agitation of the release media means 

the body’s physiological factors 
4
. Controlled 

porosity osmotic pump tablets of Tramadol 

hydrochloride will be developed, and it will be 

evaluated for in-vitro drug release characteristics, 

the effect of pH, the effect of agitation on in-vitro 

drug release and a short- term stability study will 

be carried out on optimized formulation. 

 Tramadol hydrochloride has shorter half-life so 

it is required to take 3-4 times a day so it is 

advantageous to administer Tramadol 

hydrochloride in modified release dosage form 

that releases drug for prolonged period of time. 

 Fluctuation in plasma drug concentration leads 

to exaggerated side effects; it is minimized by 

adopting a zero-order osmotically controlled 

release system. 

 Drug release is independent of gastric pH and 

hydrodynamic condition, and other 

physiological factors. 

 Minimize patient to patient variability in drug 

action 
4
. 

MATERIALS AND METHODS: Tramadol 

hydrochloride Nirlife Pharmaceuticals Ltd, 

Microcrystalline cellulose (Avicel PH 102) USP, 

FMC Asia – Pacific, Inc. Mumbai, Mannitol IP S. 

D. Fine Chem. Pvt. Ltd., Boisar, Talc IP Apex 

chemicals, Ahmedabad, Magnesium stearate IP 

Central Drug House (P) Ltd., New Delhi, Cellulose 

acetate with 39.8% acetylene content Eastman 

Chemical Inc, Kingsport, TN, PEG 8000 IP Astron 

Research Ltd., Ahmedabad, Triethyl Citrate Zydus 

Cadila Healthcare Ltd., Ferric oxide Red ALPHA 

CHEMIKA (India Acetone IP RANKEM, 

Methanol IP RANKEM, Hydrochloric acid IP S. D. 

Fine Chem. Ltd., Mumbai, Potassium dihydrogen 

orthophosphate purified IP (KH2PO4) Central 

Drug House (P) Ltd., New Delhi. Sodium 

Hydroxide Pellets IP Fine Star Industry. 

Preparation of Tablet Core: The batches were 

prepared by direct compression technique. The 

ingredients were individually passed through 40# 

mesh sieve and mixed for 15 min in mortar and 

pestle as per the formula. The blend was again 

passed through 40# mesh sieve and lubricated with 

Magnesium stearate and Talc in a glass bottle for 2 

min. The blend was compressed into tablets using a 

tablet punching machine. 

Phase-I: Estimation of Tramadol 

Hydrochloride: First, the spectroscopic estimation 

of Tramadol hydrochloride is to be carried out in 

pH 0.1 N hydrochloric acid, pH 6.8 phosphate 

buffer, pH 7.4 phosphate buffer using UV -Visible 

spectroscopy. 

Phase-II: Preformulation Study: 

Physical Characterization of Drug: 
5
 

 Organoleptic evaluation  

 Solubility 

Pre-compression Parameters: 

Angle of Repose: The angle of repose of tablet 

blends was determined by the funnel method  

Tan θ = h/r 

Where h and r are the height and radius of the 

powder cone, respectively.  
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Bulk and Tapped Density: An accurately weighed 

quantity of the blend (W), was carefully poured 

into the graduated cylinder, and the volume (V0) 

was measured. The cylinder was tapped for about 

100, and bulk density and tapped density were 

calculated.  

Carr’s Index: The Compressibility Index of the 

powder blend was determined by Carr’s 

compressibility index. It is a simple test to evaluate 

the Bulk Density and Tapped Density of a powder 

and the rate at which it packed down. The formula 

for Carr’s Index is as below  

Carr,s Index = [(Dt - Db) × 100] / Dt 

Where Dt is the tapped density of the powder. Db is 

the bulk density of the powder.  

Hausner’s Ratio: It is a number that is correlated 

to the flowability of a powder or granular material.  

Hausner’s ratio = Dt / Db 

Where Dt is the tapped density of the powder. Db is 

the bulk density of the powder.  

Phase-III: Formulation and Development: 
6, 7

 

 Optimization of Drug: Osmogen ratio and 

formulation and evaluation of core tablet. 

 Optimization of coating polymer concen-

tration and film thickness (% weight gain). 

 Optimization of pore forming polymer’s 

concentration. 

 Effect of pH & rate of agitation on drug 

release from optimized formulation. 

Evaluation Parameter: 

In-Process Quality Control Tests & Tabletting 

Properties of Formulation: 

Hardness: Hardness was evaluated through Tablet 

dimension (diameter and thickness), and the 

crushing strength of 10 randomly selected tablets 

were determined using Dr. Schleuniger tablet 

hardness tester. 

Friability: Friability was evaluated as the 

percentage weight loss of 20 tablets tumbled in a 

friabilator (Electrolab, Model EF2, India) for 4 min 

at 25 rpm. The tablets were then de-dusted, and the 

loss in weight caused by fracture or abrasion was 

recorded as the percentage friability. 

Weight Variation: Weight variation was evaluated 

on 20 tablets was weighed individually. The 

average weight was calculated from the total 

weight of all tablets. The individual weights were 

compared with the average weight. The percentage 

difference in the weight variation should be within 

the permissible limits. 

Phase-IV: Compatibility Study: Drug-Excipient 

compatibility will be check by comparing DSC 

thermogram of pure drug and the DSC thermogram 

of a physical mixture of drug and excipients. 

Phase-V: In-vitro Drug release study: 
8
 In-vitro 

dissolution study as specified in the official 

monograph of IP or USP. 

Phase-VI: Stability Study: Accelerated stability 

testing of developed formulation as per ICH 

guideline. 

RESULTS AND DISCUSSION: 

Evaluation of Tramadol Hydrochloride Core 

Tablets: As per result, it was found that batches S1 

to S3 have Angle of repose (28 ± 0.5 to 30 ± 0.3), 

Hausner’s ratio (1.23 ± 0.2 to 1.25 ± 0.3) and carr’s 

index (13 ± 0.5 to 16 ± 0.1) which shows good flow 

property and compressibility of the core material. 

TABLE 1: EVALUATION OF TRAMADOL HYDRO-

CHLORIDE CORE MATERIAL AND CORE TABLETS 

Core material evaluation 

Test S1 S2 S3 

Angle of repose 28±0.5 29±0.6 29±0.6 

Hausner’s ratio 1.25±0.3 1.23±0.2 1.23±0.2 

Carr’s index 13±0.5 15±0.6 16±0.1 

Tablets evaluation 

Diameter (mm) 9.73 ± 0.05 9.75 ± 0.05 9.75 ± 0.05 

Thickness (mm) 4.69 ± 0.05 4.70 ± 0.05 4.70 ± 0.05 

Weight (mg) 300±5 300±5 300±5 

Hardness (kg/cm
2
) 5.33± 0. 7 5.50± 0.4 5.38± 0.3 

In-vitro Dissolution Profile of Tramadol 

Hydrochloride Core Tablets: The Tramadol 

hydrochloride release study was conducted using 

USP Type-I (Basket apparatus) at 37 °C ± 0.5 °C in 

900 ml of dissolution medium with a speed of 50 

rpm. 10 ml sample was withdrawn after 

predetermined time intervals and replaced by an 

equal volume of dissolution media. The samples 

were filtered through a 0.45 µm membrane filter. 

Tramadol hydrochloride content was measured 

using a spectrophotometer at a wavelength of 271 

nm. 
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FIG. 1: COMPARATIVE DISSOLUTION PROFILES 

OF S1-S3 

Batches S1 to S3 having appropriate flowability, 

compressibility, hardness, and friability. From S1 

to S3, with an increasing amount of osmogent, the 

release rate was accelerated. All three batches have 

acceptable in-vitro dissolution requirements. So, 

Batches S1 to S3 was selected for further studies. 

Because it showed acceptable parameters in terms 

of flowability, compressibility, friability, and in 

vitro dissolution requirement. 

In-vitro Dissolution Profile of Tramadol 

Hydrochloride Tablets: The Tramadol hydro-

chloride release study was conducted using USP 

Type-I (Basket apparatus) at 37 °C ± 0.5 °C in 900 

ml of dissolution medium with a speed of 50 rpm. 

10 ml sample was withdrawn after predetermined 

time intervals and replaced by an equal volume of 

dissolution media. The samples were filtered 

through a 0.45 µm membrane filter. Tramadol 

hydrochloride content was measured using a 

spectrophotometer at a wavelength of 271 nm. 

From dissolution profile of different batches SD1 

to SD6, with increasing in % wt gain, t90% was 

decreased. So, the release rate is controlled by 

adjusting the thickness of the coating membrane. 

While with increase in concentration of osmogent 

in core tablet and concentration of pore former in 

coating solution, t90% was increased. So, release 

rate was accelerated, because generation of osmotic 

pressure in core tablet and formation of porous 

channels in the surface of the coating membrane, 

so, water could be imbibed into the membrane very 

quickly, accelerating drug release rate.  

In batch SD1 (4%), % wt gain was very less, so, 

release rate was very higher. In batch SD3 (8%), % 

wt gain was high, so, retard release of a drug more 

than 12 h. From batches, SD3 to SD5 with increase 

in the concentration of osmogent, increases osmotic 

pressure which increased the release rate.  

In batch SD4 (15%w/w), the concentration of pore 

former was less, so, the release rate was slower. In 

batch SD6 (30%w/w), the concentration of pore 

former was high, so, the release rate was higher. 

From Batches SD1 to SD6 select range for % wt 

gain- 4-8%, concentration of osmogent- 1:0.5-1:1.5 

and concentration of pore former- 15%-30% w/w 

for further studies as an optimization. 

 
FIG. 2: COMPARATIVE DISSOLUTION PROFILES 

OF SD1-SD6 

Kinetic Modeling of Dissolution Data: Table 2 
Shows that zero order model shows best fit for 

release of Tramadol hydrochloride from dosage 

form because it shows R-square value 0.9993, 

minimum F value (0.5080) and minimum SSR 

value (7.5717). 

TABLE 2: MODEL FITTING FOR KINETICS OF DRUG RELEASE OF TRAMADOL HYDROCHLORIDE FROM 

DOSAGE FORM 

Model SSR F-Value R-square Slope Intercept 

Zero order 4.5717 0.5080 0.9993 0.0539 22.7793 

First order 3219.1400 357.6823 0.7795 -0.0022 4.7687 

Higuchi 302.3938 33.5993 0.9522 2.2856 4.1991 

Hixon-Crowell 593.7982 65.9776 0.9096 0.0020 0.1374 

Korsmeyer 381.6457 47.7057 0.9376 0.4267 -1.4145 

Weibull 708.7936 88.5992 0.8049 0.7289 -1.9991 
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TABLE 3: SIMILARITY FACTOR (F2) FOR SP1 TO SP8 

Batch Similarity factor(f2) 

SP1 58.59 

SP2 36.03 

SP3 76.63 

SP4 86.87 

SP5 31.10 

SP6 47.11 

SP7 20.94 

SP8 27.64 

Comparison of Dissolution Profiles for Selection 

of Optimum Batch: The values of similarity factor 

(f2) for the batch SP4 showed a maximum f2 value 

of 86.87, as shown in Table 3. Hence, formulation 

batch SP4 was considered as the optimum batch. 

Differential Scanning Calorimetry (DSC) 

Results of the Optimized Formulation (SP4): The 

DSC thermograms of Tramadol hydrochloride, core 

formulation, and coated formulation of optimized 

batch (SP4) are shown in Figures, and results are 

discussed. 

 
FIG. 3: DSC THERMOGRAM OF TRAMADOL HYDROCHLORIDE 

  

 

 

Fig. 3, 4, and 5 showed DSC thermograms of 

Tramadol hydrochloride, core formulation, and 

coated formulation of optimized batch (SP4). No 

changes in the endotherms were observed as the 

drug exhibited a sharp melting endotherm in the 

core and coated formulation. Fig. 3, 4, and 5 

showed that from the DSC thermograms, it was 

clear that no specific interaction between the drug 

and excipients used in the present formulation. 

Scanning Electron Microscopy (SEM) Results of 

the Optimized Formulation (SP4): Fig. 6 and 7 

showed SEM of cellulose acetate membranes of 

optimized formulation (SP4), obtained before and 

after dissolution, respectively. Membranes obtained 

before dissolution showed nonporous region. After 

24-h dissolution, the membrane clearly showed 

pores in the range of 1-50 µ m owing to dissolution 

of PEG-8000. The leaching of PEG-8000 from the 

membrane leads to the formation of pores. 

 
FIG. 6: SEM OF MEMBRANE STRUCTURE OF OPTIMIZED 

FORMULATION BEFORE DISSOLUTION STUDIES 

FIG. 4: DSC THERMOGRAM OF OPTIMIZED BATCH 

(SP4) OF TRAMADOL HYDROCHLORIDE (CORE 

FORMULATION) 

 

FIG. 5: DSC THERMOGRAM OF OPTIMIZED BATCH 

(SP4) OF TRAMADOL HYDROCHLORIDE (COATED 

FORMULATION) 
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FIG. 7: SEM OF MEMBRANE STRUCTURE OF OPTIMIZED 

FORMULATION AFTER DISSOLUTION STUDIES (AFTER 

24 HOURS) 

Results of Accelerated Stability Study: In order 

to determine the change in in-vitro release profile 

on storage, a stability study of formulation SP4 was 

carried out at 40 °C in a humidity jar having 75% 

RH. Samples evaluated after one month showed no 

change in in-vitro drug release pattern, as shown in 

Table 4. The value of similarity factor was 87.04 in 

Table 5, indicating good similarity of dissolution 

profiles before and after stability studies. 

TABLE 4: IN-VITRO DISSOLUTION DATA OF BATCH 

SP4 AFTER ACCELERATED STABILITY STUDY 

Time 

(h) 

CPR 

(initial) 

CPR 

(After storage at 40 °C for 1month) 

0 0 0 

0.5 23.59±0.62 24.12±0.01 

1 26.15±0.32 25.07±0.03 

2 30.31±0.56 29.68±0.6 

4 34.89±0.32 34.01±0.62 

6 42.17±0.52 41.25±0.15 

8 48.64±0.85 49.66±0.66 

10 54.92±0.45 57.56±0.52 

12 62.39±0.62 60.26±0.25 

16 73.61±0.55 72.56±0.62 

20 87.52±0.69 88.65±0.45 

24 98.14±0.11 98.03±0.01 

TABLE 5: TABLET PARAMETERS OF BATCH SP4 

AFTER ACCELERATED STABILITY 

Parameters Zero time After 1month 

Assay (%) 99.21±0.12 98.81±0.08 

Friability (%) 0.051 0.043 

Hardness (kg/cm2) 5.5 5.4 

Similarity Factor (f2) - 87.04 

CONCLUSION: The present study was aimed to 

formulate a controlled porosity osmotic pump 

tablet of Tramadol hydrochloride and to developed 

an extended-release formulation that delivered a 

drug for 24 h. In this developed formulation, pores 

were formed by the incorporation of a leachable 

component in the coating. Once the tablet comes in 

contact with the aqueous environment, the water-

soluble component dissolves, and pore formation 

occurs. Subsequently, water diffuses into the core 

through the microporous membrane, setting up an 

osmotic gradient and thereby controlling the release 

of a drug. The release rate from these types of 

systems was dependent on the concentration of 

osmogent in the tablet core, which generates 

osmotic pressure difference across the membrane, 

level of leachable components in the coating (conc. 

of pore former), and coating thickness (% wt gain). 

Tramadol hydrochloride having high solubility and 

relatively short half-life (5.5-6 h) suggested its 

suitability for an extended formulation. Core tablets 

were prepared by direct compression technique 

using mannitol as osmogent and MCC as filler 

showed excellent flowability and good 

compressibility. Directly compressible core tablets 

showed acceptable friability and were evaluated for 

in vitro dissolution. The core tablets were coated by 

coating agent cellulose acetate (1% w/v) with PEG 

8000 as water-soluble pore former and Triethyl 

citrate as a plasticizer. 2
3
 factorial design was 

employed to optimize the controlled porosity 

osmotic tablets of Tramadol hydrochloride by 

selecting the ratio of drug to osmogent, amount of 

pore former, and membrane weight gain. An 

optimized batch (Batch SP4) was formulated using 

1:0.5 drug to osmogent ratio, 30% w/w of pore 

former, and 8% weight gain. It gave desired results 

in terms of above 98% drug release in 24 h.  

Kinetics of drug release of the optimized batch was 

studied, and it showed that the zero-order model 

was best fit for release of Tramadol hydrochloride 

from the prepared dosage form. The drug release 

rate from dosage form was independent of the pH 

of dissolution media and agitation speed. The 

optimized batch was studied at different dissolution 

media (pH 1.2 HCl and 6.8 phosphate buffer 

solution and 7.4 phosphate buffer) and different 

agitation speeds (50, 100, and 150 RPM).The 

compatibility of drug with excipients was studied 

by DSC. It shows that there was no chemical 

interaction between the drug and the excipients.  

Results of Scanning Electron Microscopy (SEM) 

confirmed the formation of pores in the membrane 

after coming in contact with the aqueous 

environment. A stability study of the optimized 

batch was carried out at 40 °C in a humidity jar 
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having 75% RH for one month. Samples evaluated 

after one month showed no change in the in-vitro 

drug release pattern. The value of the similarity 

factor indicating a good similarity of dissolution 

profiles before and after stability study. No fracture 

of coat from any tablet of the optimized batch was 

noticed during and after the stability study. 
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