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ABSTRACT
An osmotically controlled oral drug delivery system utilizes osmotic pressure for controlled delivery of active agents. It has gained wider acceptance
due to drug release is independent of pH and physiological condition of the GIT.
Carbamazepine,it belongs to class II of BCS classification having low solubility and high permeability has been used as a model drugand attempt has
been made to control the release of drug by two different approaches; one using an osmotic agent and an extended release agents.
The core tablets were prepared by wet granulation technique and granules before compression were evaluated for micromeritic properties. The
core tablets were coated with coating solution containing cellulose acetate, a pore former (plasticizer) to give good film properties. The effect of
concentration of osmotic agent and extended release agents on in vitro release was studied and drug release depended on both these factors.
The formulation variables like amount of pore former, effect of pH, agitational intensity, and weight gain on in vitro release from optimized
formulation was evaluated and it was found that drug release directly depend on amount of pore former and weight gain in the coating composition.
The drug release was independent of pH and agitational intensity of the media. All the formulation release more than 70% of drug after 24 hrs and
drug release from optimized formulation was found to follow zero order kinetics. The formulation was also found to be stable in terms of hardness,
drug content and drug release after 3 months stability study.
Keywords: Osmotic pump, Controlled delivery, Carbamazepine, Osmotic agent, Extended release agent.

INTRODUCTION
Controlled drug delivery systems have been introduced to overcome
the drawback of fluctuating drug levels associated with conventional
dosage forms.[1]
Oral controlled release system offer popularity over other delivery
systems because here pharmaceutical agents are delivered in
controlled pattern, extending duration of drug action. Osmotically
controlled drug delivery system utilizes the principle of osmotic
pressure for the controlled delivery of active agents. Drug delivery
from this type of system is not influenced by different physiological
factors within the gut lumen like pH. Also the release characteristic
can be predicted easily from known properties of drug and dosage
form. Thus they exhibit significant in vitro in vivo correlation.[2,3]
Epilepsies are a group of disorders of the CNS characterized by
paroxysmal cerebral dysrythmia manifesting as brief episodes
(seizures) of loss or disturbance of consciousness with or without
characteristic body movements (convulsions), sensory or
psychiatric phenomena.
The anticonvulsants are a diverse group of pharmaceuticals used in the
treatment of epileptic seizures. The goal of an anticonvulsant is to
suppress the rapid and excessive firing of neurons that start a seizure.[4]
Carbamazepine (CBZ) is now a first-line drug used for the treatment
of partial and tonic-clonic seizures. CBZ modifies maximal
electroshock seizures as well as raises threshold to
Pentylenetetrazol (PTZ) and electroshock convulsions.
It belongs to class II of BCS classification having low solubility and
high permeability. It is well absorbed from gastrointestinal tract
having 80% bioavailability and 76 % protein binding and is
metabolized in liver by CYP3A4 to active epoxide form (10-11 epoxy
Carbamazepine). Initially its plasma half life is 20- 40 hours but,
decreases to 10-15 hours on chronic medication due to autoinduction of metabolism.[5,6]
Dihydrate of CBZ has one-third solubility compared to its
anhydrous form. The conversion of CBZ to Carbamazepine

dihydrate (CBD) in the gastrointestinal tract is one of the major
rate-limiting steps in bioavailability of oral dosage forms. The
burst release of CBZ from immediate release (IR) dosage forms
lead to super-saturation of the drug in GIT and facilitates
formation of CBD and hence offers poor dissolution rate and
bioavailability.The alternative way to reduce the supersaturation and re-crystallization of CBZ in stomach is
formulating it as controlled release dosage forms that prevent
the burst release, super-saturation, and CBD formation. [7]
Present investigation is to develop controlled osmotic tablet of
Carbamazepine with an aim of increasing its therapeutic
effectiveness for extended period of time thus reducing dose
frequency and side effects. As new innovation in oral controlled
plasma drug delivery it avoids fluctuation in drug concentration
and offers better drug utilization and patient compliance.
So in the present study attempt has been made to control the
release of Carbamazepine by two different approaches i.e. one
using osmotic agent and other by using extended release
polymer. A semipermeable microporous membrane that
regulates the drug release surrounds the system. The developed
formulations were evaluated for physico-chemical parameters
and effect of various formulation variables on in vitro drug
release was studied.
MATERIALS AND METHODS
Carbamazepine of pharmaceutical grade was kindly supplied as
gift samples by Torrent Pharmaceuticals Ltd, Gujarat, India.
Polyethylene Oxide (M.Wt = 20,00,000), HPMC 5cps are provided
by the DOW-Chem. PVP K-30 was supplied by the BASF Limited.
Lactose was provided from the Himedia laboratories, Mumbai.
Cellulose acetate was supplied by the Eastern Chem. or Signet.
PEG 4000 was supplied by the Biodeal Laboratory Pvt. Ltd.
Magnesium Stearate was provided by the LobaChemie Pvt. Ltd.
Mumbai. Ethanol anhydrous, Acetone, Hydrochloric acid and Disodium hydrogen phosphate were supplied by the S.D. Fine
Chemicals, Mumbai.
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Compatibility studies
Fourier Transform Infrared Spectroscopy (FT-IR)
IR spectra of drug and drug–excipients blends were recorded on an
IR spectrophotometer (Shimadzu Corporation, Japan.) in the range
of 4000–500 cm−1 using potassium bromide.
Evaluation of the Powder Blends
Micromeritic Evaluation[8]
Prior to the compression, the Carbamazepine powder blends were
evaluated for their bulk and tapped density and from these values
compressibility index and Hausner’s ratio were calculated. While the
flow properties of the powder blend were accessed from the angle of
repose.
Formulation of the Osmotic Pump Tablets[9]
Formulation of the osmotic pump tablets of Carbamazepine
containing different concentration of osmogen and an extended
release agent. Core tablets of Carbamazepine were prepared by wet
granulation and batch size was kept as 1000 tablets. The
composition of the core tablets are given in Table 1 & 2.

Weigh accurately and separately every ingredients in a suitable
polythene bag.Sift calculated quantity of Carbamazepine through
60# SS sieve on vibratory sifter and collect in suitable SS
container.Separately Sift calculated quantity of PEO, HPMC 5 Cps or
PVP K-30, sodium chloride and lactose through 40 # SS sieve, on
vibratory sifter and collect in suitable SS container.Sift Magnesium
Stearate through 60# SS sieve on vibratory sifter and collect in
suitable SS container.Mix the sifted material in a Rapid Mixing
Granulator with impellor slow and chopper off for Three
minutes.Dissolve calculated quantity of Carbamazepine into the
calculated quantity of Ethanol anhydrous slowly and add in a Rapid
Mixing Granulatorwith slow impellor speed and chopper off for four
minutes.After granulation collect the wet mass and the granules
were dried at 35 to 40oC in tray dryer for 30 mins up to LOD (loss on
drying) set between 2 to 3%. After drying the granules were
oscillate through 0.5 mm sieve and collect in suitable container.All
the sifted granules wereloaded in the conta blender and mixed for
threeminutes. Sifted Magnesium Stearate was loaded in the conta
blender and the granules were lubricated for five min and collect in
suitable container and finally compressed into tablets having
average weight of 400mg using a Rimek Minipress-1 single stroke
tablet punching machine fitted with a 9mm round Concave punches.

Table 1: It shows composition of osmotic pump tablets of carbamazepine with different concentration of osmogen
Formulation Ingredients
(mg per tablet)
Carbamazepine
Sodium chloride
Polyethylene oxide (PEO N 60-K)
HPMC 5 cps
PVP K-30
Lactose
Magnesium Stearate
Ethanol anhydrous
Total

Formulation Code
F1
F2
100
100
40
40
80
160
172
92
8
8
Qs
Qs
400
400

F3
100
40
240
12
8
Qs
400

Table 2: It showscomposition of osmotic pump tablets of carbamazepine with different concentration of an extended release agents
Formulation Ingredients
(mg per tablet)
Carbamazepine
Sodium chloride
Polyethylene oxide (PEO N 60-K)
HPMC 5 cps
PVP K-30
Lactose
Magnesium Stearate
Ethanol anhydrous
Total

Formulation Code
F4
F5
100
100
40
40
80
80
10
20
162
152
8
8
Qs
Qs
400
400

F6
100
40
80
30
142
8
Qs
400

F7
100
40
80
40
132
8
Qs
400

F8
100
40
80
10
162
8
Qs
400

F9
100
40
80
20
152
8
Qs
400

F10
100
40
80
30
142
8
Qs
400

F11
100
40
80
40
132
8
Qs
400

Table 3: It shows composition of the coating solutions for carbamazepine osmotic pump tablets
Ingredients (gms)
Cellulose Acetate
PEG 4000
Acetone
Purified water

Coating Solution A (98:02)
98 (3.92%)
02 (0.08%)
2498 (99.92%)
02 (0.08%)

Coating Solution B (94:06)
94 (3.76%)
06 (0.24%)
2494 (99.76%)
06 (0.24%)

Coating Solution C (90:10)
90 (3.6%)
10 (0.4%)
2490 (99.6%)
10 (0.4%)

Compositions given in terms of % W/W. Total solids in the coating compositions: 4.0%.
Coating of the Osmotic Pump Tablets[9]

Coating of the Core Tablets

Preparation of Coating Solution

Core tablets of Carbamazepine were placed in coating pan. The
laboratory scale batch size was 800g (400g core tablets mixed with
equal quantity of dummy tablets).Initially, tablets were preheated by
passing hot air through the tablet bed and by rotating at a lower
speed of the pan was kept 4-7 rev/min. The coating was performed
using spray gun and the spray rate of 25-30 gm/min. Atomization

The core tablets of Carbamazepine were coated with cellulose
acetate in an automated perforated pan (Ganscoater, India). The
compositions of the coating solution used for coating tablets are
given in Table 3. All the tablets were coated with coating
solution B.
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pressure was kept 0.5 kg/cm2 while outlet temperature was kept 2530o C. Coating was continued until desired weight gain (10%) was
obtained and tablets were dried at 35oC for 1 hr before further
evaluation.

withdrawn were filtered and analyzed at 285nm using a Shimadzu
UV-2460 UV-Visible single beam spectrophotometer.

Drilling of the coated tablets

In order to assess the effect of concentration of pore former on In
vitro drug release, the optimized formulations was coated with a
coating solutions (A, B, C) containing varying amount of pore former
(PEG 4000) i.e. 0.08%, 0.24% and 0.4% were used.

The coated tablets were automatically drilled on the one side by
CO2-laser equipment (GCC Venus, Taiwan) with a computer-based
control for batch production. A batch size of 400 tablets was drilled
accurately by the laser head moving automatically above each tablet
by focusing and emitting the laser beam at the center of the coated
tablets. The speed and power of the laser equipment were set up by
a computer program, Corel Draw 12, to achieve an orifice size of 0.6
mm. The orifice size was also measured microscopically to make
sure that right orifice size had been achieved.
Evaluation of the Core and Coated Tablet[10]
Uniformity of thickness
Thickness and diameter of both core tablets and coated tablets were
measured using a calibrated dial caliper.
Weight variation test
Ten tablets were selected randomly from each batch and weighed
individually, calculating the average weight and comparing the
individual tablet weight to the average. From this, percentage weight
difference was calculated.
Hardness test
Ten tablets were randomly picked from each batch and analyzed for
hardness. The mean and standard deviation were also calculated.

Effect of concentration of pore former on drug release[10]

Effect of pH on drug release[10]
The in vitro release tests were conducted in simulated gastric
fluid (SGF) pH 1.2 + 1% SLS, simulated intestinal fluid (SIF) pH
6.8 + 1% SLS and simulated colonic fluid (SCF) pH 7.4 + 1% SLS
respectively for the period of 24 hr. The samples (1ml) were
withdrawn at predetermined intervals and replaced with
equivalent amount of fresh medium to maintain sink conditions.
Samples withdrawn were filtered and analyzed at 285nm using a
UV spectrophotometer.
Effect of agitational intensity[10]
Dissolution was carried at 50, 100 and 150 rpm in 900 ml of two
different dissolution media i.e. first 2 hrs in pH 1.2+ 1% SLS followed
by SCF pH 7.4+ 1% SLS buffer for 24 hr maintained at 37±0.5oC.
Effect of weight gain on drug release[10]
Carbamazepine core tablets were coated using the coating solution B
as per procedure described earlier, so as to get tablets with different
weight gains (10, 12 and 14%w/w). The tablets with different
weight gain were evaluated for drug release and effect of weight
gain on in vitro release of Carbamazepine was studied.
Membrane morphology of osmotic pump tablets by Scanning
Electron Microscopy (SEM)[12]

Friability test
6.5gms core tablets were initially weighed (Winitial) and transferred
into friabilator. The friabilator was operated at 25 rpm for 4 minutes
or run up to 100 revolutions. The tablets were weighed again
(Wfinal). The % friability was then calculated by,

Friability of tablets less than 1% are considered acceptable.

Coating membranes of formulation obtained before and after
complete dissolution of core contents were examined for their
porous morphology by scanning electron microscope (JEOL JSM6300, JAPAN). Membrane were dried at 45°C for 12 hr and
stored between sheets of wax paper in a desiccator until
examination. The membrane were coated under an argon
atmosphere with gold-palladium, and observed with a scanning
electron microscope.

Content Uniformity Test[11]

Curve fitting analysis[11]

Content uniformity test in (SGF) pH 1.2+ 1% SLS and in (SCF) pH
7.4 + 1% SLS

The mechanism of Carbamazepine release from the osmotic pump
tablets was studied by fitting the dissolution data of optimized
formulation in Zero Order Kinetics, First Order Kinetics, Higuchi
Model, Korsemeyer-Peppas model and Hixson-Crowell model.

𝐹=

𝑊𝑖𝑛𝑖𝑡𝑖𝑎𝑙
− 𝑊𝑓𝑖𝑛𝑎𝑙
𝑊𝑖𝑛𝑖𝑡𝑖𝑎𝑙

× 100

The Carbamazepine core tablets were tested for their drug content.
Five tablets were finely powdered; quantities of the powder
equivalent to 100 mg of Carbamazepine were accurately weighed
and dissolved in 20 ml (SGF) pH 1.2 + 1% SLS and volume was made
up to 100 ml in volumetric flask using (SGF) pH 1.2 + 1% SLS. From
this 5ml solution withdrawn and diluted up to 50ml in volumetric
flask to give concentration of 100µg/ml. From this stock solution
1.2ml were withdrawn and diluted up to 10ml in volumetric flask
using (SGF) pH 1.2 + 1% SLS and measure the absorbance of the
resulting solution at 285 nm using a Shimadzu UV-2460 UV-Visible
single beam spectrophotometer. The linearity equation obtained
from calibration curve was used for estimation of Carbamazepine in
the tablet formulations. Tablets within the range of 85% to 115%
will be acceptable.Same procedure followed for the pH 7.4.

Stability studies[13]
The optimized formulation of Carbamazepine were packed in
strips of 0.04mm thick aluminum foil laminated with poly vinyl
chloride by strip packing and these packed formulations were
stored in ICH certified stability chambers (Thermo labs,
Mumbai) maintained at 40 οC and 75% RH for 3 months (zone III
conditions as per ICH Q 1 guidelines). The samples were
withdrawn and evaluated for their hardness, content uniformity
and for in vitro drug release.
RESULTS AND DISCUSSION
Preformulation studies

In vitro dissolution studies
The formulations of Carbamazepine were subjected to in vitro
dissolution studies using USP – Type II dissolution apparatus
(Electrolab, India) with paddle speed of 50rpm. The dissolution
study was carried out in 900 ml of two different dissolution medias
i.e. first 2 hrs in pH 1.2 + 1% SLS followed by SCF pH 7.4+ 1% SLS
buffer for 24 hr maintained at 37±0.5oC. At suitable time interval, 1
ml of the sample was withdrawn and replaced with equivalent
amount of fresh medium to maintain sink conditions. Samples

Identification of drug
The IR spectrum of pure drug was found to be similar to the
reference standard IR spectrum of Carbamazepine.
The IR spectrum of pure drug in Figure 1 was found to be similar to
the standard spectrum of Carbamazepine. The characteristics
absorption peaks of Carbamazepine were obtained at 3467 cm -1
indicating NH stretching of NH2, 3080 cm-1 indicating aromatic CH
stretching, 1678cm-1 indicating C=O stretching of CONH2 and 1605
and 1595 indicating C=C ring stretching.
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Fig. 1: It shows the FT-IR spectra of pure drug Carbamazepine

Compatibility Studies
Drug polymer compatibility studies using Fourier Transform
Infrared Spectroscopy (FT-IR)
Compatibility studies of pure drug with excipients were carried
out prior to the preparation of osmotic pump tablets. I.R spectra

of pure drug and combination of drug and excipients were
obtained, which are shown in Figure 1, 2 and 3. All the
characteristic peaks of Carbamazepine were present in Spectra
thus indicating compatibility between drug and excipients. It
shows that there was no significant change in the chemical
integrity of the drug.

Fig. 2: It shows FT-IR spectra obtained from the physical mixture of Carbamazepine with other excipients
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Fig. 3: It shows the FT-IR spectra of Carbamazepine optimized formulation F4

Evaluation of the powder blends

The results are shown in Table 4

Micro meritic evaluation

Compressibility index

Bulk density and tapped density

The percentage compressibility of powder was determined using
carr’s compressibility index. Compressibility index lies within the
range of 08.40 to 11.97. All formulations show good compressibility.
The results are shown in Table 4.

Both the bulk density and tapped density results are shown in Table
4.The bulk density and the tapped density for all the formulations
varied from 0.34 to 0.37 and 0.39 to 0.42 respectively.

Angle of repose

Hausner’s Ratio
The flowability of powder blend was determined using Hausner’s
Ratio. Hausner’s Ratio lies within the range of 01.09 to 01.14. Al the
formulations show good flowability.

The values were found to be in the range of 25.39 to 27.23. All the
formulation showed angle of repose below 30o which indicates a
good flow property of the granules. The results obtained for all the
formulations shown in Table 4.

Table 4: It shows precompression evaluation of the powder blends
Formulation
Code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11

Bulk Density
(gm/cm3) (n=3)
Mean ± S.D.
0.35±0.006
0.36±0.006
0.37±0.010
0.35±0.006
0.36±0.015
0.36±0.006
0.37±0.006
0.36±0.006
0.37±0.010
0.36±0.010
0.34±0.006

Tapped Density
(gm/cm3) (n=3)
Mean ± S.D.
0.39±0.006
0.41±0.006
0.41±0.006
0.40±0.000
0.40±0.006
0.40±0.006
0.42±0.006
0.40±0.010
0.41±0.000
0.40±0.006
0.39±0.006

Hausner’s
Ratio
1.12
1.12
1.10
1.13
1.09
1.13
1.12
1.12
1.11
1.11
1.14

Evaluation of the core and coated tablets

Carr’s
Compressibility
Index
10.34
10.66
09.02
11.67
08.40
11.57
10.40
10.83
09.76
10.00
11.97

Angle of Repose (
º ) (n=3)
Mean ± S.D.
25.68±0.069
25.61±0.102
26.45±0.049
25.48±0.045
26.18±0.142
27.23±0.107
25.92±0.057
26.70±0.053
25.39±0.070
27.14±0.066
25.45±0.096

Loss on
Drying (%)
1.21
1.10
1.12
1.13
1.10
1.11
1.15
1.21
1.15
1.20
1.16

Thickness uniformity

The results of thickness for both coated and uncoated tablets were
determined using a calibrated dial caliper and results are shown in
Table 5 and 6. Tablet mean thickness (n=3) were almost uniform in

all the formulations and values for core tablets ranged from 5.09 mm
to 5.20mm and for coated tablets it ranged from 5.45mm to 5.53mm.

The standard deviation values indicated that all the formulations
were within the range and show uniform thickness.
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Weight variation test

values are below 1% indicating that the tablets of all
formulations are having good compactness and strength to
withstand the force during the coating operation without
breaking.

The average weight of each formulation is recorded and shown in
Table 5 and 6. The values are almost uniform and lie within the USP
specifications. The values of all the formulated core tablets ranged
from 399.96mg to 400.66mg and for coated tablets ranged from
439.41mg to 440.58mg. Thus all the formulations passed the test for
weight variation.

Content uniformity test
The content uniformity was performed for all formulations for five
times in pH 1.2 HCL+1%SLS and phosphate buffer pH 7.4 +1%SLS
and results are shown in Table 5.The mean and standard deviation
of all the formulations are calculated.

Hardness test
The mean values of hardness of both core and coated tablets are as
given in Table 5 and 6.Thevalues of hardness for the entire
formulated core tablet ranged from 5.02 kg/cm2 to 5.15 kg/cm2 and
for coated ranged from27.48kg/cm2 to 29.52 kg/cm2.

The drug content of tablets in pH 1.2 HCL+1%SLS and phosphate
buffer pH 7.4 +1%SLS were found between 99.31% to 100.33% and
99.20% to 100.59% of Carbamazepine respectively. The cumulative
percentage drug released by each formulation in vitro release
studies were based on mean content of the drug present in the
respective tablet.

Friability test
The friability values of all the formulated core tablets are given
in Table 5. The values ranged from 0.0127 to 0.0585. All the

Table 5: It shows the postcompression evaluation of the osmotic pump tablets before coating.
Formulation
code

Thickness
(mm)*
(n=3)
Before
coating

Average
weight (mg)*
(n=10)
Before coating

Hardness
(kg/cm2)*
(n=10)
Before coating

Friability
(%)
(n=10)
Before
coating

Content Uniformity* (%)
0.1 N HCL + 1% SLS (n=5)

Content Uniformity*
(%) PH 7.4 + 1% SLS
(n=5)

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11

5.20±0.006
5.12±0.049
5.09±0.006
5.12±0.015
5.14±0.021
5.09±0.036
5.12±0.010
5.09±0.015
5.12±0.021
5.11±0.078
5.13±0.042

400.24±0.59
399.96±0.40
400.01±0.54
400.42±0.90
400.42±0.85
400.66±0.90
400.03±0.63
400.06±0.71
401.05±1.24
400.18±0.49
400.26±0.57

5.10±0.09
5.15±0.10
5.07±0.05
5.14±0.10
5.02±0.01
5.13±0.11
5.14±0.04
5.07±0.03
5.09±0.02
5.14±0.09
5.08±0.08

0.0256
0.0127
0.0286
0.0367
0.0585
0.0356
0.0215
0.0241
0.0129
0.0237
0.0216

99.39±1.69
99.83±0.37
100.11±1.94
99.84±0.47
99.53±0.19
99.86±1.29
100.06±1.02
100.33±1.46
99.59±0.41
99.31±0.75
99.38±0.37

99.52±1.56
99.43±0.37
100.10±0.87
99.45±0.38
99.68±0.57
99.52±0.54
100.59±1.18
99.20±0.66
100.09±1.07
99.57±0.52
99.38±0.59

*All values expressed as Mean ± S.D.

Table 6: It shows the postcompression evaluation of the osmotic pump tablets after coating.
Formulation code

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11

Thickness (mm)*
(n=3)

Average weight (mg)*
(n=10)

Hardness (kg/cm2)*
(n=10)

After coating
5.47±0.026
5.48±0.062
5.51±0.012
5.53±0.026
5.45±0.015
5.49±0.021
5.50±0.020
5.50±0.020
5.49±0.010
5.49±0.026
5.49±0.021

After coating
439.41±1.099
439.72±1.060
440.58±0.718
440.41±0.701
439.63±1.026
440.44±0.633
440.22±0.661
440.12±0.590
439.96±0.822
440.32±0.473
439.95±1.022

After coating
27.48±0.672
28.78±0.476
28.42±0.409
29.52±0.879
27.62±0.718
27.88±0.369
28.19±0.291
27.72±0.815
28.93±0.490
27.78±0.794
28.47±0.392

*All values expressed as Mean ± S.D.

In vitro dissolution study
The developed formulations of Carbamazepine were subjected to in
vitro dissolution studies using USP Type II dissolution apparatus in
two different medias i.e. pH 1.2 (SGF) for 2 hrs and pH 7.4 (SCF) up
to 24 hrs in order to simulate the conditions prevalent in the
gastrointestinal tract.

The in vitro release profiles of formulation F1, F2 and F3 containing
different amount of osmotic agents are shown in Figure 4. It is clear
from figure that the release of Carbamazepine increased markedly
as the concentration of osmotic agent increased due to an increase in
the osmotic pressure in the core tablet. F3 showed fastest release of
99.39% (in 18 hrs.) as compared to F1 and F2 which showed
98.81% (in 24 hrs) and 98.54% (in 20 hrs) respectively
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Cumulative % of Drug Release
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Fig. 4: It shows the in-vitro release profile of Carbamazepine from formulation F1, F2 and F3 containing different concentration of
osmogen (PEO).
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Fig. 5: It shows the in-vitro release profile of Carbamazepine from formulation F4, F5, F6 and F7 containing different concentration of
extended release agent (HPMC 5 cps).

Hence, from the results it is seen that drug release is directly related
to the concentration of osmogen present in the core tablets. As the
concentration of PEO N 60-K increases, the cumulative amount of
drug release also increases. Therefore, F1 is considered to be
optimized.
Further keeping osmogen quantity same (20%) as used in F1, two
polymers were used i.e. HPMC and PVP K-30 in different
concentrations (2.5%, 5.0%, 7.5%, 10%) respectively and
formulations being F4, F5, F6, F7, F8, F9, F10 and F11.

Similarly the in vitro release profiles of formulations F4 to F11
containing different amount of an extended release agents are
shown in Figure 5 and 6. The drug release of the formulations F4 to
F11 were found to be 97.66%, 90.45%, 83.19%, 76.85% , 94.40%,
87.20%, 79.17%, 74.24% respectively. Therefore it can be concluded
that the drug release is directly related to the concentration of
extended release agents.F4 formulation was finalized as the
optimized formulation because it showed release up to 24 hours
(97.66%) as compared with the ones having PVP K-30. Reason could
be, in case of PVPK-30 it showed lesser release in 24 hr.The use of
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Cumulative % of Drug Release

extended release agents as release retardants has attracted special
attention in the field of osmotic pressure controlled drug delivery
system. From the result it was seen that the drug release depends
upon the concentration of extended release agent in the core tablets.
As the concentration of extended release agents increased the drug
release from the tablet decreased.

Formulations F7 and F11 containing highest amount (10% w/w) of
HPMC 5 cps and PVP K-30 (extended release agent) showed slow release
of drug from the tablets i.e. 76.85% and 74.24% respectively as
compared to F4 and F5 containing lowest amount (2.5% w/w) of HPMC
5 cps and PVP K-30 (extended release agent) showed fast release of drug
from tablets i.e. 97.66% and 94.40% in 24 hrs respectively.
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Fig. 6: It shows the in-vitro release profile of Carbamazepine from formulation F8, F9, F10 and F11 containing different concentration of
extended release agent (PVP K-30).

Formulations F4-F11 showed release of drug more than 70% at 24
hrs and F4 containing 2.5% w/w of HPMC 5cps showed the best
release amongst all, hence was considered as best optimized
formulation and was further evaluated for effect of various
formulation variables affecting drug release from the osmotic pump
tablets which are discussed below.

Cumulative % of Drug
Release

Effect of poreformer on in vitro drug release study; Formulation
F4 containing 0.08% w/w and 0.24% w/w of PEG 4000 released

89.18% and 98.44% of Carbamazepine in 24 hours respectively.
While highest release was obtained with 0.4% w/w of PEG 4000 in
the coating membrane with a cumulative release of 98.40% in 22
hrs.From Figure 7, it was evident that as the amount of PEG 4000
was increased, the release rate of Carbamazepine was also
increased. As the percentage of PEG 4000 increases, the membrane
becomes more porous because PEG 4000 is water soluble additives
(when in contact with the aqueous environment) thereby resulting
in faster drug release
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Fig. 7: It shows the effect of concentration of poreformer on the in-vitro release profile of Carbamazepine from optimized formulation F4
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reproducible. In other words, the change of pH of dissolution
media has no role in influencing the drug release. Therefore, it
was evident that pH of the dissolution media has no significant
effect on the release of Carbamazepine. It can be expected that
variations in pH of gastrointestinal tract may not affect the
Carbamazepine release from the core formulation.

Cumulative % of Drug Release

The release data of optimized formulation F4 are given as in
Figure 8, it can be observed that release profiles were
comparable; and there is no significant change in release. The
release profile obtained in pH 1.2, pH 6.8 and pH 7.4 was
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Fig. 8: It shows the effect of pH on in-vitro release profiles of Carbamazepine from optimized formulation F4

Effect of agitational intensity on in vitro drug release study

A perusal to Figure 9 showed there was no drastic change in release
profiles. Therefore it can be expected that the release from the
developed formulations will be independent of the hydrodynamic
conditions of the GIT.

The cumulative percentage of Carbamazepine released in 24 hours,
were 98.33, 97.61 and 96.59% respectively for 50, 100 and 150 rpm.

Cumulative % of Drug Release

110
100
90
80
70
60
50

RPM=50

40

RPM=100

30

RPM=150

20
10
0
0

2

4

6

8

10

12

14

16

18

20

22

24

26

Time (hr)
Fig. 9: It shows the effect of agitational velocity on the in-vitro release profileof Carbamazepine from optimized formulation F4
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14% coating weight gain. It is clearly evident that drug release
decreases with an increase in weight gain of the membrane. The
plot showing the effect of weight gain on drug release is as
shown in Figure 10.

The cumulative percentage of Carbamazepine released in 24
hours, were 98.65, 89.14 and 76.27% respectively for 10, 12 and

Cumulative % of Drug Release
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Fig. 10: It shows the effect of membrane weight gain on in-vitro release profileof Carbamazepine release from optimized formulation F4

Membrane morphology of osmotic pump tablets by Scanning
Electron Microscopy (SEM)
To investigate the change in the membrane structure, surface of
coated tablets (both before and after dissolution studies) was
studied using Scanning Electron Microscopy; microphotographs are
showed in Figure 11. Figure 11a shows membrane structure before

Fig. 11a: Before dissolution studies

dissolution, where the surface of coated tablets was smooth, before
coming into contact with aqueous environment. After dissolution a
microporous structure of the membrane was observed in Figure
11b. This significant porosity was resulted due to leaching of water
soluble additive i.e. PEG 4000 during dissolution through which
drug release takes place.

Fig. 11b: After dissolution studies

Fig. 11: The above figures show the membrane morphology of osmotic pump tablets by Scanning Electron Microscope (SEM).

Curve fitting analysis
The data were evaluated for zero order, first order, Higuchi, HixsonCrowell and Koresmeyer Peppas plot and where the R2 value
obtained are as shown in the Table 7. Release kinetics of
Carbamazepine for all the formulations seem to follow Zero order,

because the values of regression coefficient obtained for zero order
release profiles are higher as compared to first order and Higuchi
plot. From Koresmeyer Peppas equation the n- values were found to
be 0.5 <n> 1 for all the osmotic pump tablet formulations. Therefore
it shows that the release mechanism was Non- Fickian diffusion
(Anomalous Transport) as shown in Table 7.
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Table 7: It shows comparison of the slope and the regression co-efficient for different models
Formulation
Batch code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11

Zero Order

First Order

R2
0.9938
0.9869
0.9828
0.9928
0.9931
0.9948
0.9940
0.9931
0.9948
0.9941
0.9931

R2
0.9180
0.8303
0.8117
0.9371
0.9577
0.9596
0.9682
0.9577
0.9598
0.9652
0.9593

Higuchi
Matrix
R2
0.9568
0.9717
0.9692
0.9560
0.9504
0.9321
0.9215
0.9504
0.9402
0.9270
0.9096

Hixson Crowell
Matrix
R2
0.9712
0.9520
0.9542
0.9780
0.9827
0.9809
0.9847
0.9827
0.9769
0.9848
0.9800

Stability studies

KoresmeyerPeppas
N
R2
0.8250
0.9920
0.7965
0.9907
0.7984
0.9863
0.8877
0.9970
0.8717
0.9841
0.9646
0.9856
1.0396
0.9893
0.8717
0.9841
0.8975
0.9845
1.0044
0.9857
1.0711
0.9874

Best Fit Model

Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order
Zero Order

terms of drug content and hardness and in vitro release profile as
shown in Figure 8. The in vitro release profile of F4, initially and
after 3 months is almost the same and there is not much difference
observed. Thus the developed formulation is found to be stable for
storage conditions as per the ICH guidelines

The drug content of the formulation after 3 months was found to be
100.32% which shows difference is insignificant. The results are
tabulated in Table 8.The formulation F4 was found to be stable in

Table 8: It shows physico-chemical characteristics of optimized formulation f4 stored at 40 ± 2°c / 75 ± 5%
Parameter
(after coating)
Average weight (mg)*
Hardness (kg/cm2)*
Thickness (mm)
In vitro release (%CDR)*
Content uniformity (%)*

Initial

1 Month

2 Months

3 Months

440.44±0.633
28.19±0.291
5.50±0.020
97.66 ± 0.213
100.06±1.022

440.23±0.468
27.78±0.316
5.50±0.041
98.21 ± 0.374
100.12±0.893

441.12±0.362
27.48±0.417
5.48±0.057
97.63 ± 0.016
99.57±1.075

440.12±0.521
28.16±0.284
5.27±0.035
97.23 ± 0.814
100.32±1.057

* All values expressed as Mean ± S.D (n=3).
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Fig. 12: It shows the in-vitro release profile of optimized formulation F4 during stability studies at 40°C and 75% RH for 3 months.

CONCLUSION
From the experimental findings after formulation and evaluation of
osmotic pump tablet of Carbamazepine, it can be concluded that the
preformulation studies indicate that the drug sample obtained was

pure and does not show any incompatibilities with the excipients.
Pre compression parameters were found suitable for tablet
compression. Friability and hardness were within the
pharmacopoeial limits.
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Formulations (F1-F3) showed significant increase in drug release
with increase the concentration of osmotic agent. F4 containing
HPMC 5 cps (2.5%) was considered to be optimized formulation as it
showed more % drug release at the end of 24 hr.

4.

Comparable release profile of F4 in different pH media indicate the
drug would be released throughout the GI tract. F4 formulation
showed no effect of agitation velocity on drug release. Formulation
F4 showed significant increase in drug release with increasing
concentration of poreformer (PEG 4000) in the coating material.
Decrease in the drug release of F4 with increase in weight (10, 12,
14 %w/w) gain.SEM studies confirmed the formation of pore in the
membrane after coming into contact with the aqueous environment.
Curve fitting analysis showed the drug release data from osmotic
tablets fitted well into the zero order kinetics with Non- Fickian
diffusion release mechanism. Comparable release profile of F4 after
3 months indicates stability of the formulation.

6.

Formulated Carbamazepine (CBZ) osmotic tablet prevented the
burst release, super saturation, and Carbamazepine dihydrate (CBD)
formation hence, increasing its therapeutic effectiveness for
extended period of time, reducing dose frequency and side effects.
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