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ABSTRACT

Background: Carbamazepine is used in the management of seizures by decreasing the central nervous system disorganized
electrical activity and also has analgesic properties. It exerts serious side effects in normal administration owing to the extrapy-
ramidal effect which signifies the importance of its incorporation into the extended-release system to reduce the possible side-
effects associated with the drug.

Objective: In the present study, multiple extended-release systems of Carbamazepine was formulated using various polymers.
The effect of viscosity modifying polymers of different grades and its contribution to the release behaviour was examined. Dif-
ferent formulations were prepared and studied for their drug release potentials. Among them, selected formulations were further
evaluated for dimensions of the portal.

Methodology: Trial batches were designed with osmogen and cellulose polymers along with solubility enhancer as the model
drug used to have low solubility. The optimization of the formulation was done by wavering concentration of cellulose polymers
and the dimensions of the release portal were determined.

Result: A new strategy for extended delivery has been accomplished by extended-release solid oral tablet formed by the com-
bination of solubility enhancers and cellulose polymers. The arrangement of a hydrophilic polymer with a surfactant as solubility
promoter and the use of cellulose polymer represents an innovative and effective approach for the delivery of poorly water-solu-
ble. The study further can be used to deliver a cost-effective and robust system for water-insoluble drugs in a zero-order manner.

Conclusion: The rapid development of these investigational therapeutic formulations will put forward new avenues for future
commercialization of drug after completion of required clinical studies.
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INTRODUCTION core absorbs aqueous content, it swells in terms of volume,
. ) . ~ which compels the drug solution or drug suspension to come
The osmotic pump is an oral drug delivery system that uti- oyt of the tablet formulation through one or more than one

lize§ osmotic pressure to drive drugs '01.1‘[.1 Qsmotic .drug- delivery ports.® Besides, the drug release of the osmotic sys-
delivery systems suitable for oral administrations typically (o is typical zero-order.

consist of a compressed tablet core that is coated with a semi-
permeable membrane coating.? This coating has one or more
than one delivery port(s) from which a solution of the drug or
suspension of the drug is completely released over the dura-
tion of time.? The core comprises of formulation of the drug
that has a water-swellable polymer and an osmotic agent.*
The way at which the main core absorbs aqueous content de-
pends completely on the osmotic pressure created by the core
components and the membrane coating permeability.> As the

In contrast with the conventional pellets, osmotic pump
tablets can maintain the stable plasma concentration and
are independent of the presence or absence of food, pH of
gastrointestinal.® The key distinguishing feature of osmotic
drug-delivery systems in comparison with other technolo-
gies used in controlled-release formulations is that they re-
lease the drug at a rate that is independent of the pH and
hydrodynamics of the external dissolution medium.” The
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result is a formulation robust dosage form for which the in
vivo rate of drug release is comparable to the in vitro rate,
producing an excellent in vitro/in vivo correlation (IVIVC).!
An additional critical benefit of the current osmotic systems
is that they are related to drugs with a large variety of aque-
ous solubilities.!! Depending on aqueous solubility, the drug
is released either as a solution or as a suspension. Any drug
released as a suspension must dissolve in the in vivo envi-
ronment and overcome biological barriers before it becomes
systemically available.?

Antipsychotic drugs are proficient to diminish psychotic
symptoms in an extensive assortment of circumstances, in-
cluding bipolar disorder, schizophrenia, senile psychoses,
psychotic depression, drug-induced psychoses, and various
organic psychoses."® Carbamazepine (CBZ), a dibenzazepine
that acts as a sodium channel blocker, is presently used in the
management of the bipolar disorder, grand mal seizures, psy-
chomotor or focal seizures by decreasing the central nervous
system disorganized electrical activity and also has analgesic
properties.'* It is an inducer of CYP450 class of enzymes;
particularly, 3A4, 1A2, 2B6, 2C9, and 2C19."" CBZ exerts
serious side effects in normal administration owing to the
extrapyramidal effect which signifies the importance of its
incorporation into the extended-release (ER) system to re-
duce the possible side-effects associated with the drug.'® The
drug absorption from ER dosage forms is usually slow and
erratic also at overdoses or after chronic use.'” Among these
advantages are the ability to reduce dosing frequency and the
ability to moderate a drug’s maximum (C__ ) and minimum
(C,,,) blood levels, respectively which will in the due course
improve the safety, toleration, and efficacy.®

In the development of ER dosage form, several consid-
erations come into play. Initially, the factors related to the
manufacture and performance of the dosage form as well
as the performance of the API when metered out through-
out the gastrointestinal (GI) tract.!” The concluding factors
include API solubility in diverse GI regions, the existence
of intestinal metabolism and transporters (both for uptake
and for efflux).”® When an API is delivered slowly in vivo,
its absorption behaviour depends on the API release rate,
its transit through the GI tract and factors affecting regional
API absorption.”! Among the oral ER dosage form options
are hydrophilic matrix tablets, hydrophobic matrix tablets,
ER beads, and osmotic dosage forms the selection of which
option to develop depends on the desired performance char-
acteristics of the dosage form along with its stability and
manufacturability.??

Not too many formulations have been reported so far. Re-
cently, OROS formulations of oxybutynin,” hydromor-
phone,** methylphenidates,” and nifedipine®® have shown
significant results and distinct therapeutic advantages. Af-
ter drawing inspiration from the above studies, in the pre-

sent study, the effect of viscosity modifying polymers of
different grades and its contribution to the release behav-
iour was examined. Different formulations were prepared
and studied for their drug release potentials. Among them,
selected formulations were further evaluated for dimen-
sions of the portal.

MATERIALS AND METHODS

Materials

HPMC (K4-100) and HPMC (K15-100) were obtained as
a generous gift sample from FMC International Ltd., India.
Cellulose acetate was received as a gift sample from Stero-
chem Pvt. Ltd. All other chemicals and reagents employed
in the study were of analytical grade. Double distilled water
(Borosil, India) was used for the experiments.

Preparation of Osmotic Pump Tablets

CBZ was measured (Shimadzu AUW220D, Japan) and co-
sifted through standard mesh #40 with mannitol, sodium
lauryl sulfate, and dextrates. The blend was mixed with pre
meshed #40 HPMC (K4-100), HPMC (K15-100), and iron
oxide yellow pre-meshed #100. The blended materials were
granulated using purified water as granulating fluid (binder
addition time is 20 min), dried using gretsch dried (LOD
1.5- 2.5%), and sifted through mesh #30. Mill the retained
granules through multi-mill fitted with 1.0 mm screen at
slow speed and knife forward direction and lubricated with
magnesium stearate in double cone blender at 12 rpm for 50
min duration. An appropriate amount of lubricated granules
was poured into the die of the tabletting machine (tooling
B Type, Cadmach CMB4D Machine), and then pressed it
by an appropriate pressure. The targeted weight was 600
mg =+ 3.0% with a hardness of 80N =+ 20N. The tablet core
was coated with acetone solution (95%) of Opadry cellu-
lose acetate.

The coating solution preparation by taking 1000 ml of
coating solution (acetone: water ratio of 95:5) and further
dissolving Opadry cellulose in the corresponding volume
of a mixture of acetone and water under continuous stir-
ring. The coating process was continued by taking the
weight of 500 g and keeping the temperature of the coat-
ing bed at 35°C £5°C in a coating pan of a diameter of 12
inches. The process was performed at a rotating rate of
10-20 rpm, import rate of 4 g/min to 8 g/min, along with
atomization speed of 1.5-2.0. The target weight gain of
the coated tablet was kept between 10% w/w to 16% w/w
with drilled on any one side of the tablet with appropri-
ate depth and diameter which serves as the drug release
portal. Table 1 showed the qualitative and quantitative
composition of formulations.
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Table 1: A prototype of formulation batches.

Ingredients

CBMF1 CBMF2
CBM 200 200
Hypromellose (3cps) Methocel Es 36 36
Premium LV
Hydroxypropyl methyl Cellulose 18 45
(K4M)
Hydroxypropyl methyl cellulose 72 45
(Kio0M)
Mannitol 132 132
Dextrates hydrated 129.4 129.4
Ferric Oxide (Iron Oxide Sicovit 0.6 0.6
Yellow
Sodium lauryl sulfate
Magnesium stearate
Cellulose acetate 84 84

Prototype Batches (mg/tablet)

CBMF3 CBMF4 CBMFs5 CBMF6 CBMF7;
200 200 200 200 200
36 36 12 24 30
51 60 60 60 60
39 30 30 30 30
132 132 132 132 132
129.4 129.4 153.4 141.4 135.4
0.6 0.6 0.6 0.6 0.6
84 84 84 84 84

Optimization of Formulation Batches

Trial batches were designed with osmogen and cellulose
polymers along with solubility enhancer as the model drug
used to have low solubility. Optimization of the formulation
was done by wavering concentration of cellulose polymers,
and dimensions of release portal. The formulation in devel-
opment is intended to be extended-release and expected to
follow zero-order release till 12 hrs, different cellulose pol-
ymers were used in varying amount. The model drug used
belongs to BCS class II category, therefore it is necessary to
improve its solubility in the media. Out of different solubil-
ity enhancers, sodium lauryl sulfate found to be effective in
concentration between 0.5% w/w to 1.5% w/w. To control
drug release from orifice hypromellose (3cps) Methocel ES
Premium LV, hydroxypropyl methylcellulose (K4-M), and
hydroxypropyl methylcellulose (K100-M) were used. Based
on the release profile of prototype formulation batches, three
batches namely CBMF2, CBMF3, and CBMF7 were select-
ed to study the effect of dimensions of release orifice on the
drug release profile of the drug. Table 2 showed the qualita-
tive and quantitative composition of release portal.

Table 2: Formulation batches based on dimensions
of release portal.

Batch No. Port depth (mm) Port diameter (mm)
CBMF2/o1 0.4 0.6
CBMF3/o01 0.4 0.6
CBMF7/o1 0.4 0.6
CBMF2/02 0.6 0.8
CBMF3/02 0.6 0.8
CBMF7/02 0.6 0.8
CBMF2/03 0.8 1.0
CBMF3/03 0.8 1.0
CBMF7/03 0.8 1.0

Dissolution study

The in vitro release of drug from the OROS formulations
were studied in the simulated gastric fluid under fed-state
(prepared by taking 2g NaCl, 3.2 g pepsin, 7 mL concen-
trated HCI in 1000 mL distilled water) in a 900 mL of dis-
solution medium having pH of 1.2 (Contech pH meter, USA)
by using USP 33 (Type II) apparatus (Electrolab Ltd., In-
dia). The study was performed at a controlled temperature of
37+0.5°C at a rotor speed of 100 rpm. For 12 hrs duration,
the experiment was conducted where after every 1 hr, 5 mL
of the sample was taken out by pipette and required aliquots
were prepared. The sink condition was maintained by pour-
ing an equivalent amount of fresh dissolution medium in the
apparatus. The drug was measured spectrophotometrically
using a UV-Vis Spectrophotometer (Shimadzu UV-1800, Ja-
pan). The release studies from the tested formulations were
performed in a triplicate manner and established after suit-
able calculations.”’

Release kinetics

The plausible mechanism(s) for the release of drugs from
the fabricated OROS formulations were studied based on
fit-test or goodness. The in vitro cumulative drug release
data was plotted in suitable pharmacokinetic models such as
zero-order (concentration-independent release), first-order
(concentration-dependent release), Korsmeyer-Peppas (state
of equilibrium based release), Hixson-Crowell (surface/par-
ticle dimension-dependent release), and Higuchi (square root
time-dependent release).?®

RESULTS AND DISCUSSION

The optimized formulation revealed that to have a good osmotic
system; we have to carefully select the grade and concentration
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of viscosity modifying polymer, osmotic agent, drug release
port diameter, and depth.? Depending on its solubility in the
external medium, the drug can be released as either a solution or
a suspension. If the release pattern follows a suspension com-
ponent, then the drug composition forms plumes at the delivery
ports, which are again dispersed over time using mechanical
agitation of the external medium.*® The plausible mechanism
of drug release from the fabricated formulations (CBMF) pre-
sented mixed-type of characteristics. When the coated CBMF
tablet is exposed to an aqueous medium, water diffuses through
the acetate film coating because of the activity gradient of wa-
ter, thereby hydrating the core.’! The solvation of the osmotic
agents creates a constant osmotic-pressure difference between
the core contents and the external environment and drug is ex-
truded through release portal osmotic pressure generated by the
osmol generating composition.>> Any drug released as a suspen-
sion must dissolve in the in vivo environment and overcome
biological barriers before it becomes systemically available. Af-

ter the drug has been delivered from the formulation, the tablet
shell will remain intact.*®

All formulation showed at most similar release until 9 hrs,
except CBMF1 and CBMF4 (Table 3). This may be due to at
most concentration of hydroxypropyl methylcellulose (K4-
M) and hydroxypropyl methylcellulose (K100-M). CBMF3
shows faster release than CBMF 1, probably due to a decrease
in HPMC K100-M; however, the extent of release is at a
lower side than that of CBMF4. Factors that affect the drug
release profile were the concentration of hypromellose used
and the diameter and depth of release portal. According to
results, the obtained ratio of HPMC K4-M and HPMC K100-
M was fixed for further evaluation. In formulations CBMF5
and CBMF6, it was observed that increase in Methocel E5
Premium LV gives better drug release, in considering that,
the formulation was designed CBMF7, with further increase
in Methocel E5 Premium LV concentration. CBMF7 shows
the intended drug release profile until 24 hrs (Figure 1).

Table 3: The dissolution profile of various fabricated CBZ formulations.

Time (hr) CBMF1 CBMF2 CBMF3 CBMF4 CBMFs5 CBMFo6 CBMF7;
1 o o 1+1.29 20+ o 14+1.77 0
2 1+1.55 5+1.37 8+1.57 28+1.79 6+1.54 16+1.82 1+1.13
3 8+1.84 18+1.58 24+1.63 43%1.19 12+1.66 24+1.17 4+1.74
4 12+1.33 29+1.06 41+1.75 66+1.24 42+1.77 35+1.41 1241.22
6 13+1.49 41+1.58 56+1.88 71+1.86 51+1.62 49+1.65 209+1.35
8 26+1.12 56£1.11 64+1.09 87+1.33 77£1.09 66+1.47 53+1.96
10 33+1.76 61+1.62 70+1.74 89+1.44 79%1.92 78+1.66 81+1.17
12 45%1.45 66+1.83 724111 90+1.27 88+1.07 84+1.05 88+1.51
24 53+1.68 67+1.41 72+1.83 01+1.83 092+1.13 04+1.23 88+1.01
Mean + SD; n=3
g =4—CBMFI
g ~8-CBMP
A —i—CBMF3
E —¥%=CBMF4
$ —¥=CBMFS
~8-CBMF6
—+=CBMF7

Time (hr)

14

16 18 20

22

24

Figure 1: Dissolution profile studies of various formulation batches.
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For further studies, CBMF2, CBMF3, and CBMF7 were se-
lected to evaluate the effect of release portal on drug release
(Figure 2). It has been observed that formulation CBMF7
shows drug release at a larger extent than other two irrespec-
tive of release portal diameter and depth. The same observa-

tion was noted with other formulations where a change in
the depth of orifice from 0.4 mm to 0.8 mm and change in
diameter from 0.6 mm to 1 mm was perceived. The range
can be concluded as optimized dimensions for release portal
(Table 4).

Table 4: The dissolution profile of the developed formulations based on the port dimensions.

Time CBMFz2/01 CBMF3/01 CBMF7/01 CBMF2/02 CBMF3/02 CBMF7/02 CBMF2/03 CBMF3/03 CBMF7/03
(hr)
1 o o o 3+1.32 1+1.82 o 4+1.77 2+1.64 1+1.14
2 5+1.15 6+1.19 1+1.52 5+1.58 8+1.28 o 6+1.63 10+1.25 3+1.49
3 15+1.44 22+1.74 3+1.96 1741.92 26+1.23 5+1.66 19+1.39 25+1.72 5+1.18
4 22+1.36 36+1.78 11#1.91 209+1.11 38+1.94 15+1.83 31£1.69 41+1.41 13+1.54
6 30+1.71 56+1.84 26+1.55 40%1.57 54+1.37 28+1.95 41+1.21 59+1.56 31#1.51
8 54+1.29 65+1.34 50+1.81 55%1.26 68+1.89 51+1.59 57+1.75 63+1.33 54+1.38
10 61+1.22 69+1.65 82+1.76 62+1.97 69+1.48 85+1.92 62+1.86 724112 87+1.57
12 67+1.40 71£1.61 85+1.16 62+1.88 71+1.24 86+1.73 68+1.35 73+1.67 87+1.17
24 67+1.13 72+1.87 86+1.68 64%1.99 72+1.53 87+1.31 69+1.79 73+1.27 89+1.43
Mean + SD; n=3
90 i ——CBMF20]
%0 & 120 Zero Order First order
-8~ CBMF3/01 N X .
5 B ——CBMF7/01 .
= 60
2 —=CBMF2/02 S -
=] 30 . Y= 4507800 19615 ek ¥ e
w40 | == CBMF3/02 “ e 3 ey ooms oy
g % —6—CBMF7/02 a
& 2 ¢’ ——CBMF2/03 ‘T F ® 5 o s » e *
10 F e ~—CBMF3/03 "
I= ' — CBMF?7/03 o
0 2 4 6 8 10 12 14 16 18 20 22 24 * Highuchi Plot o
Time (hr) » ¢
Figure 2: Dissolution profile studies on the basis of port di- . ’ R B
mensions. § i T

In overall observations, the optimized tablets showed satis-
factory results with up to 80% drug release at a rate of ap-
proximately zero-order for up to 12 hr (Table 5), which in-
dicated that the release pattern was independent of drug load

(Figure 3).

Table 5: Release kinetic data from optimized formu-

lation.

Hour % CR Log% CR SQRT-t logMt/Mn
0 0 o o o

1 1 1.010 1.414214 1.079963
2 1.251 1.732051 0.919372
3 5 1.396 2 0.677766
4 13 1.432 2.236068 0.533178
6 31 1393 2.44949 0.497434
3 54 1.494 2.645751 0.530156
10 87 1.601 2.828427 0.434819
12 87 1.514 3 0.328082
24 89 1.556 3.162278 0.414922

Figure 3: Dissolution kinetics studies of the optimized formula-
tion.

CONCLUSION

A new strategy for extended delivery has been accomplished
by extended-release solid oral tablet formed by the combi-
nation of solubility enhancers and cellulose polymers. The
arrangement of a hydrophilic polymer with a surfactant as
solubility promoter and the use of cellulose polymer repre-
sents an innovative and effective approach for the delivery
of poorly water-soluble. The study further can be used to de-
liver a cost-effective and robust system for water-insoluble
drugs in a zero-order manner. The rapid development of
these investigational therapeutic formulations will put for-
ward new avenues for future commercialization of drug after
completion of required clinical studies.
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