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INTRODUCTION 
An ideal drug delivery system should be able to deliver 

an adequate amount of drug preferably for an extended 

period of time for its optimum therapeutic activity. Most 

of the drugs are inherently not long lasting in the body 

and require multiple daily dosing to achieve the desired 

blood concentration to produce therapeutic activity. To 

overcome such problems controlled release delivery 

systems are receiving considerable attention from 

pharmaceutical industries. Oral controlled drug delivery 

dosage forms provide desired drug release pattern for 

longer period of time and so the rate and extent of drug 

absorption from oral controlled drug delivery 

formulations can be predicted.
[1]

 However, drug release 

from oral controlled release dosage forms may be 

affected by pH, GI motility and presence of food in the 

GI tract. But drug release from osmotic drug delivery 

system is not affected by physiological factors. Osmotic 

drug delivery systems are new approach for a controlled 

release dosage form. The osmotic system utilize the 

principles of osmotic pressure for the delivery of drugs in 

both the routes oral as well as parenteral. The controlled 

porosity osmotic pump tablet (CPOP) is a coated tablet 

with a semi permeable membrane (SPM) containing 

leachable pore forming agents. They do not have any 

aperture to release the drug. Drug release is achieved 

through the pores, which are formed in the semi 

permeable wall in situ during the operation. This 

membrane after formation of pores becomes permeable 

for both water and solutes.
[2,3]

 

 

Hydrochlorothiazide belongs to the thiazide class of 

diuretic. It has variable absorption from GI tract with 

oral Bioavailability of about 70% and a plasma 

elimination half life ranging from 5.6 to 14.8 hrs. 

Hydrochlorothiazide is belongs to poorly water soluble 

BCS class II drug and the release rate of 

Hydrochlorothiazide from oral osmotic pumps is usually 
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ABSTRACT 

The Controlled porosity osmotic pump drug delivery system suitable for oral administration typically consists of a 

compressed membrane that is coated with a semi permeable membrane that has pore-forming water-soluble 

additives, which after coming in contact with water, dissolve, resulting in an in situ formation of a micro porous 

structure for drug release. Drug delivery from these systems is not influenced by the different physiological factors 

within the gut lumen. The main objective of this is to formulate CPOP for controlled release of a Diuretic, 

Hydrochlorothiazide, which is expected to improve patient compliance due to reduced frequency, it also 

eliminates the nead for complicated and expensive laser drilling and maintains continuous therapeutic 

concentration. Hydrochlorothiazide belongs to the thiazide class of diuretic. It has variable absorption from GI 

tract with oral Bioavailability of about 70% and a plasma elimination half life ranging from 5.6 to 14.8 hrs. CPOP 

formulation of Hydrochlorothiazide were prepared using different concentrations of solubilizing agent as it is 

belongs to poorly water soluble BCS class II drug and different osmogens at different concentrations by wet 

granulation technique. The tablets were coated by pan coating with cellulose acetate and PEG -400 as pore 

forming agent. Prepared tablets were evaluated for tablet thickness, hardness, weight variation and drug content 

analysis, drug release studies. As the osmogen concentration increases the rate of drug release was found to be 

increased and optimum concentration of osmogen was found to be 1:6. And it follows zero order release kinetics. 
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low. Due to low solubility of Hydrochlorothiazide, it is 

difficult to formulate osmotic tablet. In present study, 

solubility of Hydrochlorothiazide was increased with 

addition of PEG-6000.
[3]

 The aim of the present 

investigation is to develop an oral controlled porosity 

osmotic pump tablets. Different formulation variables 

were studied and optimized to achieve zero-order drug 

release profile. The main objective of this is expected to 

improve patient compliance due to reduced frequency, it 

also eliminates the need for complicated and expensive 

laser drilling and maintain continuous therapeutic 

concentration. 

 

MATERIALS AND METHODS 

Materials 

Hydrochlorothiazide was obtained from NATCO 

Pharmaceuticals Ltd, Hyderabad as a gift sample. 

Sodium chloride, Dextrose and Mannitol was used as 

osmogent, Micro crystalline cellulose was used as 

diluents, PEG-6000 was used as solubilizer. PVP was 

used as binder and magnesium stearate was used as 

lubricant (Finar chemicals).Talc was used as glidant 

(Qualikem reagents). Cellulose acetate (Loba chemicals) 

was used as semipermeable membrane. PEG-400 (Finar 

chemicals) was used as pore former and plasticizer. 

 

Preformulation Studies 

Preformulation studies are primarily done to investigate 

the physicochemical properties of drug and to establish 

its compatibility with other excipients.
[4]

 

 

Drug- Excipient Compatibility study 
Hydrochlorothiazide and Excipients were mixed in equal 

proportions and subjected to Physical observation and 

FTIR studies. 

 

Drug-Excipient compatibility study by physical 

observation 

Hydrochlorothiazide was mixed in different proportions 

with all excipients, which were used in the formulation, 

in different ratios and kept at 40°C/75%RH conditions 

for two months. The physical properties (colour change) 

were monitored regularly. The change in colour of any 

mixture was considered as incompatibility and the 

excipient blend was discarded from study. 

 

Drug-Excipient compatibility study by FT-IR 

A Fourier Transform – Infra Red spectrophotometer 

(spectrum BX series, 51658, Perkin Elmer BX, UK) 

equipped with spectrum v2.19 software by KBr pellet 

method was used to study the non-thermal analysis of 

drug-excipient (binary mixture of drug : excipient in 1:1 

ratio) compatibility. The spectrum for each sample was 

recorded over the 400-4000cm
-1

 special region with a 

resolution of 4cm
-1

. 

 

Micromeritic Properties: The drug with excipients was 

evaluated for bulk density, tapped density, 

compressibility index, Hausner’s ratio and angle of 

repose.
[4,5]

 

 

Preparation of Core Tablets 

Core tablets of Hydrochlorothiazide were prepared by 

wet granulation method. Required quantity of 

Hydrochlorothiazide and other excipients (PEG - 6000 & 

MCC) were weighed and passed through #40 no sieve. 

Sodium chloride, Dextrose and mannitol are passed 

through #100 no sieve and the blend was mixed for 10 

min and later the mixture was granulated with PVP K-30 

in isopropyl alcohol (IPA) and resulting wet mass passed 

through #12 no sieve to obtain granules of uniform size. 

The granules were then dried at 50
0
C to get loss on 

drying (LOD) value between 1% and 1.1%. these sized 

granules were then blended with magnesium stearate, 

talc mixed and were compressed into tablets having an 

average weight of 250mg using 8mm deep concave 

punches by rotary compression machine (Cemach)
4,6

. In 

this formulation microcrystalline cellulose used as 

diluent, PEG-6000 used as solubilizing agent, 

magnesium stearate used as lubricant, talc used as 

glidant. Sodium chloride, Dextrose and mannitol both are 

used as osmogens. The release of the drug is directly 

proportional to the osmotic pressure built up in the 

formulation. The Composition of core tablets is listed in 

Table 1. 

 

Table 1: Composition of Core Tablets of Hydrochlorothiazide. 

Ingredients 
FT1 

mg 

FT2 

Mg 

FT3 

Mg 

FT4 

mg 

FT5 

mg 

FT6 

Mg 

FT7 

Mg 

FT8 

mg 

FT9 

mg 

FT10 

Mg 

FT11 

mg 

FT12 

mg 

Hydrochlorothiazide 25 25 25 25 25 25 25 25 25 25 25 25 

PEG-6000 15 20 25 20 20 20 20 20 20 20 20 20 

NaCl - - - 50 100 150 - - - - - - 

Dextrose - - - - - - 50 100 150 - - - 

Mannitol - - - - - - - - - 50 100 150 

MCC pH 101 200 195 190 145 95 45 145 95 45 145 95 45 

Talc 5 5 5 5 5 5 5 5 5 5 5 5 

Magnesium stearate 5 5 5 5 5 5 5 5 5 5 5 5 

Total Weight 250 250 250 250 250 250 250 250 250 250 250 250 

 

Coating of core tablets 

The core tablets of Hydrochlorothiazide were coated in a 

coating pan (VJ instruments, India). The composition of 

coating solution used for coating of Hydrochlorothiazide 

is given in table (Table 15). Various components of the 

coating solution were added to the solvent mixture in a 



Duddu et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

206 

sequential manner. The component added first was 

allowed to dissolve before the next component was 

added. Initially, pan was rotated at low speed(2-5 

rev/min) and heated air was passed and when the pan 

gets heated, core tablets of Hydrochlorothiazide were 

placed in the coating pan along with 200g of filler tablets 

(tablets made using 5mm round deep concave punches 

containing microcrystalline cellulose, magnesium 

stearate and talc. Heated air was passed through the 

tablet bed and pan speed was increased to 23-27 rpm. 

Coating solution was sprayed. Pan coating specifications 

as follows Pan rotational speed: 23-27 rpm, Inlet air 

temperature: 50-55°C, Outlet air temperature: 23-27°C, 

Flow rate: 2 mL/min, Atomization pressure: 1 kg/cm
2
 

and Gun to bed distance: 8cm. Coating was continued 

until desired weight gain was obtained on the active 

tablets. In all the cases, active tablets were dried at room 

temperature for 24 hours before further evaluation
4,5

. The 

composition of coating solution used for coating of 

Hydrochlorothiazide is given in Table 2. 

 

Table 2: Composition of Coating Solution. 

Ingredients A B C 

Cellulose 

acetate (CA) 
2gm 2gm 2gm 

PEG 400 0.5mL 0.6mL 0.7Ml 

Methanol 48.75mL 48.7mL 48.65mL 

Acetone 48.75mL 48.7mL 48.65mL 

Acetone:Methanol (1:1) 

 

Evaluation of Hydrochlorothiazide Osmotic Tablets: 

The osmotic tablets of Hydrochlorothiazide were 

evaluated for uniformity of weight, thickness were 

measured. Hardness was determined by hardness tester 

and friability of osmotic tablets was determined by 

friabilator.
[4,5]

 

 

Determination of drug Content (Assay) 

The drug content of the CPOP tablets was determined 

according to in-house standards and it meets the 

requirements if the amount of the active ingredient in 

each of the 20 tested tablets lies within the range of 90% 

to 110% of the standard amount. 

 

Twenty tablets were weighed and taken into a mortar and 

crushed into fine powder. An accurately weighed portion 

of the powder equivalent to average weight of 20 tablets 

of Hydrochlorothiazide was transferred to a 100 mL 

volumetric flask containing distilled water and the 

volume was made up to the mark. The solution was 

suitably diluted and the absorption was determined by 

UV-Visible spectrophotometer at λmax 273nm. The drug 

concentration was calculated from the standard curve.
[5,7] 

 

Characterization of coated tablets 

Percentage increase in weight of the coated tablet 

Twenty coated tablets were taken and their weight was 

determined individually and collectively on a digital 

weighing balance. The average weight of 1 coated tablet 

was determined from the collective weight of the batch. 

Percentage increase in weight (wt) from that of the 

weight of uncoated tablet was determined is in the 

following equation
[4,7]

 

 
 

Tablet hardness 

The coated tablet must be enough hard to maintain tablet 

integrity during the dissolution process. From each 

formulation, the hardness of 6 tablets was determined 

using Pfizer hardness tester and the average was 

calculated and presented with standard deviation.
[4,5]

  

 

Tablet Thickness 

20 coated tablets were taken and their thickness was 

recorded using screw-gauge. The average thickness for 

coated tablets was calculated and presented with standard 

deviation.
[4,5]

 

  

In vitro drug release studies 

Dissolution conditions 

 Apparatus : USP II apparatus 

 Dissolution medium : 900 mL of 0.1N Hcl and 6.8 

pH phosphate buffer 

 Temperature : 37+0.5 °C 

 Rotating speed of the paddle : 50 and 100 rpm 

 Sample time intervals : 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11, 12 and 24 hours 

 Detection: UV-Visible spectrophotometer at λmax 

273 nm
[5,7]

 

 

Effect of solubilizer concentration 

Due to low solubility of Hydrochlorothiazide, it is 

difficult to formulate osmotic tablets. However, it is 

possible to modulate the solubility of drugs within the 

core and thus extend this technology for delivery of 

drugs, which otherwise may be poor candidates for 

osmotic delivery. Controlled porosity osmotic pump 

tablets of Hydrochlorothiazide were prepared using 

different concentrations of solubilizing. PEG-6000 was 

used as solubilizing agent in the ratios of 1:06, 1:08 and 

1:1.
[8]

 

 

Effect of nature and type of semi – permeable 

membrane forming polymer 

The choice of a rate controlling membrane is an 

important aspect in the formulation development of oral 

osmotic systems. The delivery of agent from oral 

osmotic systems is controlled by the influx of solvent 

across the SPM, which in turn carries the agent to the 

outside environment. To study the effect of nature of 

semi-permeable membrane forming polymer on in-vitro 

drug release, the core tablets were coated with cellulose 

acetate.
[9,10]

 

 

Effect of porosity of coating membrane 

As porosity of coating membrane get increases the rate 

of drug release is increases. The porosity of coating 

membrane is depends on the type and concentration of 
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pore former or channeling agent.
[11]

 PEG-400 was used 

as pore former and plasticizer. 

 

Effect of percentage increase in weight of coating 

Increasing the weight gain, increases semi permeable 

membrane thickness resulting in the enhanced resistance 

of the membrane to dissolution medium diffusion 

followed by a reduction in the liquefaction rate of the 

tablet core which ultimately leads to the reduced and 

controlled drug release rate from osmotic device. To 

study the effect of % increase in weight upon coating on 

in-vitro drug release was studied by carrying out 

dissolution of optimized core formulation with various 

percentage increase in weights on coating.
[12]

 
 

Effect of type and concentration of osmotic agent 

The type and amount of osmotically active agent in the 

core formulation dramatically affected the drug release 

from osmotic devices. The choice of osmotic agent 

depends upon the solubility of the drug and the osmotic 

pressure of the osmogen.
[6,8,13]

 Three different osmotic 

agents, NaCl, Dextrose and mannitol with varying 

concentrations and osmotic pressures were included in 

the core formulations and their effect on in-vitro drug 

dissolution was determined. 

 

Effect of pH 

This is because of selectively water permeable 

membrane and effective isolation of dissolution process 

from the gut environment. In-vitro drug dissolution of 

the optimized formulations were performed in 

dissolution media with varying pH, i.e., 900 mL 0.1N 

Hcl (pH=1.2) for first 2 hours followed by 900 mL 

phosphate buffer (pH 6.8)to stimulate the gastrointestinal 

conditions. The dissolution was compared for any 

significant difference in drug release.
[6,7,11]

  

 

RESULTS AND DISCUSSION 

Preformulation Studies 

Drug – Excipient compatibility studies by physical 

observation 

Hydrochlorothiazide was mixed with various proportions 

of excipients showed no colour change at the end of two 

months, proving no drug-excipient interactions. 

 

Drug – Excipient compatibility studies by FTIR 

In the FTIR spectra of pure drug and formulation with 

other ingredients (different excipients) it is observed that 

the peaks of major functional groups of 

Hydrochlorothiazide, which are present in spectrum of 

pure drug are observed. It means that there are no 

interactions between drug and other ingredients in a 

physical mixture and drug is compatible with other 

ingredients (Figure 1 & 2), (Table 3). 

 

 

 

 
Figure 1: Ft-Ir Spectra of Hydrochlorothiazide. 

 

 
Figure 2: Ftir Spectra Of Optimized Tablet/ 
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Table 3: Ftir Spectra Values. 

IR Spectra 

Peak of Functional groups [Wave length (cm-1)] 

C-H 

Stretching 

(aromatic) 

C-N 

Bending 

(aromatic) 

N-H 

Stretching 

(Amine) 

S=O 

Stretching 

(Sulphide) 

C=C 

Stretching 

(Aromatic) 

N-H 

Stretching 

(Aromatic) 

Hydrochlorothiazide 3258.83 1313.75 3258.83 1145.25 1591.04 772.17 

Hydrochlorothiazide 

optimised tablet 
3241.71 1327.77 3241.71 1149.65 1596.01 768.95 

 

Micromeritic Properties 

Various properties of Hydrochlorothiazide powder 

blends such as bulk density, tapped density, Carr’s Index, 

Hausner’s Ratio and angle of repose were determined 

and the results are shown in table 4. 

 

Table 4: Micromeritic Properties. 

 

Formulations 

Bulk density 

(g/cm
3
) 

Tapped density 

(g/cm
3
) 

Carr’s Index 

(%) 

Hausner’s 

Ratio 

Angle of 

repose 

FT1 0.46±1.5 0.56±1.2 18.62±0.02 0.81±0.1 24.36±1.2 

FT2 0.46±1.2 0.56±1.1 18.58±0.1 0.81±0.05 25.02±2.5 

FT3 0.52±1.5 0.60±0.5 16.66±0.08 0.85±0.1 27.91±2.5 

FT4 0.34±0.5 0.40±1.0 13.71±0.15 0.86±0.08 24.53±1.2 

FT5 0.21±1.5 0.24±1.2 15.81±0.12 0.86±0.5 23.16±0.8 

FT6 0.23±1.8 0.27±0.4 17.24±0.08 0.85±0.06 25.42±1.2 

FT7 0.41±1.6 0.49±1.3 20.8±0.16 0.82±0.2 27.82±0.4 

FT8 0.30±0.6 0.36±1.9 18.68±0.5 0.84±0.1 25.32±1.2 

FT9 0.51±1.4 0.60±1.2 17.54±0..1 0.85±0.08 22.35±0.1 

FT10 0.52±0.3 0.63±1.5 20.88±0.6 0.82±0.05 24.39±1.2 

FT11 0.48±1.8 0.57±1.6 15.85±0.02 1.18±0.1 25.46±1.2 

FT12 0.48±1.2 0.56±1.3 15.64±0.1 1.18±0.05 26.12±2.5 

(Values are expressed as mean percentage ± SD with n=3) 

 

The bulk density and tapped density of the powder 

blends were found to be in the range of 0.21 to 0.52 and 

0.24 to 0.6respectively. Carr’s index of the powder 

blends ranged from 13.71 to 20.88 (C.I = good) 

indicating freely flowing powder blendss. Hausner’s 

ratio of powder blends was found to be in the range of 

0.81 to 0.86(H.R. = free flowing) indicating free flowing 

property. The angle of repose of powder blendss of all 

the formulations was found to be < 30°, hence are freely 

flowing. 

Physical Evaluation of various formulations 

All formulations were tested for physical parameters like 

Hardness, thickness, weight variation, friability and 

found to be within Pharmacopoeia limits. The results of 

the tests were tabulated in table 5. The drug content of 

all the formulations was determined and was found to be 

within the permissible limit. This study indicated that all 

the prepared formulations were acceptable. 

 

Table 5: Physical Evaluation of Various Formulations. 

 

Formulation 

Weight 

variation(mg) 

Thickness 

(mm) 

Hardness 

(kg/cm
2
) 

Friability 

(%) 

Content 

uniformity (%) 

FT1 248.8±1.38 3.36 ±0.03 3.6± 0.11 0.11 97.39 

FT2 249.4±0.52 3.41±0.03 4.3±0.11 0.09 98.35 

FT3 247.6±0.41 3.49 ±0.05 4.2±0.12 0.15 99.37 

FT4 250.3±1.20 3.55±0.04 3.8±0.13 0.16 99.55 

FT5 249.6±1.04 3.45 ±0.08 4.5 ±0.22 0.05 97.45 

FT6 250.2±0.73 3.53±0.05 4.3±0.32 0.14 99.52 

FT7 250.5±0.65 3.54±0.06 4.6±0.19 0.09 97.01 

FT8 249.0±0.33 3.23 ±0.04 4.2±0.19 0.12 96.21 

FT9 250.5±0.70 3.15 ±0.06 3.9±0.24 0.16 98.24 

FT10 248.3±0.73 3.03± 0.05 4.5±0.23 0.13 99.32 

FT11 249.8±1.48 3.46±0.03 3.9±0.11 0.12 99.40 

FT12 251±1.64 3.57±0.04 3.9±0.13 0.08 99.37 

(Values are expressed as mean percentage ± SD with n=3) 
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The results of the physical tests of the formulations were 

within the limits and comply with the standards. The 

weight of the tablets ranged from 247 mg to 251 mg; the 

weights being with ±5% of the average weight. The 

thickness was found to be in the range 3.03 mm to 3.57 

mm. Hardness of the tablets was in the range of 3.6 

kg/cm
2
 to 4.6 kg/cm

2
 and the friability was in the range 

0.05% to 0.16%, indicating that the tablets are hard 

enough to withstand the tumbling action in the coating 

pan. The drug content on an average was found to be in 

the range of 97.45% to 99.55%. All these parameters 

were within acceptable limits. 

 

Evaluation of coated tablets 

All the coated tablets of Hydrochlorothiazide were tested 

for parameters such as weight variation, thickness and 

hardness and the results are tabulated in table 6. 

 

Table 6: Physical Parameters of Coated Tablets. 

Formulation Weight variation(mg) Thickness(mm) Hardness(kg/cm
2
) 

FT2 269.34 4.56±0.02 5.3±0.11 

FT4 270.5 4.35±0.03 4.8±0.13 

FT5 269.46 4.63±0.08 5.5 ±0.22 

FT6 270.31 4.21±0.03 5.3±0.32 

FT7 270.72 4.48±0.05 5.6±0.19 

FT8 269.15 5.37 ±0.04 5.2±0.19 

FT9 270.27 5.24 ±0.03 4.9±0.24 

FT10 267.23 5.28± 0.02 5.5±0.23 

FT11 268.41 4.32± 0.05 4.4± 0.13 

FT12 269.13 4.28± 0.05 5.2± 0.32 

 

In vitro drug release profile 

Effect of solubilizer concentration 

As Hydrochlorothiazide is poorly water soluble drug the 

solubilizing agent PEG – 6000 was used to enhance drug 

release. In this case different concentrations of PEG - 

6000 were used (1:0.6, 1:0.8 and 1:1) in order to 

optimize its concentration so as to achieve the desired in 

vitro release. Concentration of PEG - 6000 has direct 

effect on drug release, lower the concentration of PEG - 

6000 (1:0.6) was found that reduction in drug release. At 

high concentration (1:1) of PEG - 6000 the drug release 

was decreased than the medium concentration (1:0.8) 

because of increased molecular weight of the PEG - 

6000. The solubility of PEG - 6000 involves enhanced 

wettability of the drug (Figure 3). 

 

 
Figure 3: Effect of Solubilizer Concentration. 

 

Effect of nature and type of semi – permeable 

membrane forming polymer 

Cellulose acetate (CA) films are insoluble, yet semi-

permeable to allow water to pass through the tablet 

coating. The water permeability of CA is relatively high 

and can be easily adjusted by varying the degree of 

acetylation. The permeability of CA film can be further 

increased by the addition of hydrophilic flux enhancer 

(necessary in case of poorly water soluble drugs). 

Incorporation of a plasticizer in CA coating formulation 

generally lowers the glass transition temperature, 

increases the polymer-chain mobility, enhances the 

flexibility and affects the permeability of the film. The 

semi permeable membrane formed from CA possess 

sufficient wet strength and wet modulus so as to retain its 

dimensional integrity during the operation and the 

reflection coefficient (σ), leakiness of the membrane i.e., 

leakage of solute through the membrane) is near to 1 

which is desired. The polymer is also biocompatible. 

 

Cellulose acetate coating remained intact even after 

24hrs of dissolution. The 2% w/w of CA in acetone had 

excellent spray properties. CA coating improved the 
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elegance of osmotic pump along with controlling the 

release of the drug from the core formulation. 

  

Effect of porosity of coating membrane 

As PEG-400 is a hydrophilic plasticizer, it could be 

leached easily and leave behind an entirely porous 

structure, which increases membrane permeability and 

thus rapid drug release. 

 

PEG-400 in the concentration of 10% and 20% of CA in 

the coating solution form coating which was found to be 

brittle and more porous respectively which is not desired. 

PEG-400 at concentration of 15% w/w of the polymer 

was found to form a film with good flexibility, elegant 

appearance, controlling the imbibition of water from the 

dissolution media and thus the drug release. 

 
Figure 6: Effect of Porosity of Coating Membrane. 

 

Effect of pH on drug release 

The effect of pH on drug release is shown in figure 7. 

The results shows that the pH of release medium does 

not have significant effect on drug release. 

 

 
Figure 7: Effect of Ph on Drug Release. 

 

Effect of type and amount of osmogen 

The formulation (FT2) without osmogen showed drug 

release by diffusion rather than by zero-order and also 

the drug release was incomplete, proving the role of 

osmotic pressure created by the osmogen as the driving 

force for the drug release. NaCl was chosen as osmotic 

agent having a high osmotic pressure of 356 atm. From 

the results it is clear that the higher osmotic pressure 

resulting from solubilization of NaCl leads to the faster 

drug release with a first-order for a period of 12 hours. 

Mannitol with osmotic pressure of 38 atm (nearly 10 

times less than that of NaCl) drug release with a zero-

order but lower % of drug release for a period of 12 

hours. Dextrose with medium osmotic pressure of 82 atm 

was chosen as an osmogen. This shows zero-order, with 

higher % of drug release (98.46) (Figure 8, 9 and 10). 

 

 

 

 

 

 

 

 

 
Figure 8: Drug Release Profile Containing Nacl As Osmogen. 
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Figure 9: Drug Release Profile Containing Dextrose As Osmogen. 

 

 
Figure 10: Drug Release Profile Containing Mannitol As Osmogen. 

 

Table 7: Correlation Coefficient (R
2
) Of Different Kinetic Models For Various Formulations. 

Formulation 
% Drug 

release 

Time 

(hrs) 

R
2 
Value n 

value Zero order First order Higuchi Koresmeyer- Peppas 

FT2 69.15 12 0.97 0.95 0.90 0.99 0.47 

FT4 83.17 12 0.92 0.92 0.89 0.99 0.25 

FT5 78.76 12 0.90 0.94 0.91 0.93 0.33 

FT6 89.74 12 0.95 0.99 0.98 0.97 0.59 

FT7 65.35 12 0.98 0.92 0.86 0.99 0.38 

FT8 71.86 12 0.97 0.89 0.84 0.96 0.26 

FT9 79.85 12 0.98 0.92 0.77 0.74 0.41 

FT10 56.36 12 0.95 0.90 0.86 0.99 0.32 

FT11 64.59 12 0.96 0.88 0.81 0.98 0.23 

FT12 74.89 12 0.99 0.90 0.82 0.96 0.25 
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From the dissolution profiles and R
2 

values that the zero-

order drug release was observed from formulation when 

the drug: osmogen ratio is 1:4 or 1:6. Dextrose as 

osmogen released drug in zero-order pattern for a period 

of 12hours. The reason could be attributed to the medium 

osmotic pressure of Dextrose (82 atm). Formulations 

with mannitol alone as osmogen showed zero-order drug 

release for a period of 12hours. But % of drug release is 

lower than Dextrose as osmogen. Reason could be 

attributed to the lower osmotic pressure of the mannitol 

(38 atm). Formulations with NaCl as osmogen released 

drug in first-order pattern for a period of 12hours.Reason 

could be attributed to the higher osmotic pressure of the 

NaCl (356 atm).Therefore, Dextrose was chosen as 

osmogen which released greater % of labeled amount of 

drug in zero-order. 

 

CONCLUSION 

The Controlled Porosity Osmotic Pump tablets of 

Hydrochlorothiazide has been successfully prepared 

using solubilizing agent (PEG - 6000), NaCl, Dextrose 

and mannitol as osmogens. The CPOP tablets with 

Dextrose as osmogen, coated with cellulose acetate 

containing PEG - 400 were able to deliver zero-order 

upto12 hrs independent of pH of release media. It was 

found that the formulation containing drug: osmogen 

(Dextrose) in the ratio of 1:6 showed R
2
 of zero order 

kinetics with ‘n’ value of 0.41 indicating drug release 

followed fickian diffusion. 
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