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ABSTRACT

Carbamazepine belongs to the class Il biopharmaceutical classification system (BCS)

which is characterized by a high per-oral dose, a low aqueous solubility and a high

membrane permeability. The bioavailability of such a drug is limited by the dissolu-
tion rate. The present study deals with the formulations of immediate release tablets

of poorly soluble carbamazepine. As model tablets for this investigation, two formu-
lations (named “A” and “B” formulations) of carbamazepine tablets labeled to contain

200 mg were evaluated. The aim of this study was to establish possible differences in

dissolution profile of these two formulations purchased from the local market.

The increased crystallinity together with enlarged particle size, enhanced aggrega-
tion and decreased wettability of the drug, resulted in insufficient dissolution rate for
formulation “B” From the dissolution point of view, this formulation was inferior to

the formulation “A” due to the solubilization effect.
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INTRODUCTION

Carbamazepine is a dibenzazepine derivative with anti-
epileptic and psychotropic properties. It is also used in
the treatment of trigeminal neuralgia and pain associ-
ated with other neurological disorders (1). It belongs to
Class 1T biopharmaceutical classification system (BCS)
which is characterized by high membrane permeability,
slow dissolution rate due to low aqueous solubility, and
high peroral dose (2). The rate of oral absorption of poor-
ly soluble drugs is often controlled by their dissolution
rate in the gastrointestinal tract. Therefore, bioavailabil-
ity rate of this drug is limited by the dissolution rate (3).
Thus solubility and dissolution rate are the key deter-
minants of oral bioavailability, which is the concluding
point drawn for fate of oral bioavailability (4,5). Car-
bamazepine is a widely prescribed antiepileptic drug
having poor water solubility (~170 mg/l at 25°C) (6).
The plasma half-life ranges from 18 to 60 hours fol-
lowing a single dose and from 10 to 35 hours during
chronic therapy. Because of having poor water solu-
bility, its absorption is dissolution rate limited, which
often results in irregular and delayed absorption (7).
Several attempts have been made to increase the
dissolution rate or bioavailability of carbamaze-
pine (8-14). Different methods have been exploited
to enhance the dissolution of poorly water soluble
drugs among which solid dispersion (SD) tech-
niques, because of their simplicity and effective-
ness have received considerable attentions (15).

The aim of this study was:

- to compare two formulations (named “A” and “B”
formulations) of carbamazepine tablets labelled to
contain 200 mg, purchased from the local market;

- to establish possible differences in disso-
lution profile of these two formulations.

MATERIAL AND METHODS

Reagents

The used reagents carbamazepine and sodium lau-
ryl sulphate were of analytical grade and were
provided by Sigma-Aldrich, St. Louis, USA, and
by Merck, Darmstadt, Germany, respectively.

Tablet composition and preliminary comparison

Two formulations (“A” and “B”) contained 200 mg of
active substance, and excipients, as follows (Table 1.).
Preliminary, disintegration testing (according to Ph. Eur.
2.9.1.) was performed: in each of six tubes, one tablet is
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Components formulation ‘A" formulation “B”
Carbamazepine 200 mg 200 mg
Cellulose microcrystalline + +
Lactosa - +
Carboxymethylcellulose sodium + +
Copovidone - +
Starch pregelatinised - +
Silica colloidal anhydrous + +
Magnesium stearate + +

Average mass of tablet (n=20) 278,12 mg 272,67 mg

TABLE 1. Overview and comparison of formulation ‘A" and “B”

placed. The assembly was suspended in the 1 litre bea-
ker, containing water, and operated (without disks). A
suitable device maintained temperature of the liquid at
370+0,5°C. The test was provided using Pharma Test dis-
integration tester Type PTZ-E 1/6E (Pharma Test, Hain-
burg, Germany). Disintegration time for both formula-
tions indicated that there was no significant difference
between products- the tablets were disintegrated in less
than 2 minutes (according to USP, up to 15 minutes).
In accordance with the USP monograph for carbamaze-
pine tablets (declared strength 200 mg), the rate of dis-
solution was determined for two products formulations
(“A”and “B").

Dissolution test conditions and analysis procedure
Preparation of standard solutions

A standard curve of absorbance versus concentration
was constructed using solutions of carbamazepine
in the dissolution medium (water containing 1% so-
dium lauryl sulphate) ranging in concentration from
0,0064 to 0,008 mg/ml. Absorbance versus concen-
tration plot (y:51,42530x+0,00005; Ra= 0,99998) was
linear over this concentration range and was used to
determine percent of drug dissolved in the dissolution
experiments. UV absorbance of each standard solu-
tion was measured spectrophotometrically at 286 nm.

Dissolution test procedure

The dissolution tests of carbamazepine tablets (formu-
lation “A” and “B") were performed using USP appara-
tus 2 (n1=6), ERWEKA DT 8oo dissolution tester. The
amount of drug in the tablet was 200 mg (declared
strength) which was added to goo ml of distilled water
containing 1% sodium lauryl sulphate as dissolution me-
dium. Under such circumstances a perfect sink condi-
tion was maintained to mimic the dynamic situation in
GI tract. The mixture was stirred at 75 rpm at 37+0,5°C.
Samples in the amount of 10 ml were withdrawn at
predetermined times (15th and 6oth min), filtered and
assayed at 286 nm spectrophotometrically. The drug
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‘A’ formulation

Time
Sample - -
15 min 60 min
T 1 62,37 83,58
E 2 5693 8154
= 3 66,65 86,99
4 62,14 84,47
5 66,22 86,52
6 57,87 82,61
X 62,03 84,29
S.D. 4,0593 21533
RSD 6,54 255
max. 66,65 86,99
min. 5693 81,54

TABLE 2. Fraction of dissolved carbamazepine from the ‘A" formula-
tion as a function of time (stage I, n=6).

concentration in the samples was corrected mathemati-
cally (correction for volume), considering the concen-
trations of the previous samples (withdrawn samples
were not supplemented with an equal volume of fresh
dissolution fluid to maintain a constant total volume).
The dissolution apparatus was maintained at 37+0,5°C
throughout the experiment. Prior to use, the dissolu-
tion media were equilibrated at 45°C for two hours
and filtered using a 0,45 pm membrane filter (Sartori-
ous GmbH, Goettingen, Germany) to deaerate the me-
dium so that bubble formation during the test, due to
escape of dissolved gases, was minimized. Dissolution
samples were collected for analysis. These samples were
filtered using a 0,45 pm membrane filter (Sartorious
GmbH, Goettingen, Germany). The dissolution appa-
ratus was connected with UV/VIS spectrophotometer
Shimadzu UV-1700 (Shimadzu, Kyoto, Japan). Deter-
mination of dissolution rates for the active ingredient
in tablets (formulations “A” and “B”) is carried out by
the previously mentioned spectrophotometric method.

RESULTS AND DISCUSSION

During dissolution testing, by visual examination, differ-
ent behaviour of disintegrated, dispersed particles in dis-
solution medium (see Figures 1 and 2) can be noticed:

A" formulation

Time
Sample - -
15 min 60 min
1 46,63 7026
2 32,52 67,22
3 4533 73,90
T 4 36,81 6738
E 5 3882 75,34
= 6 36,27 70,63
7 32,16 70,67
8 31,73 66,89
9 31,09 76,96
10 34,52 73,69
11 3923 7335
12 30,58 68,01
X 36,31 71,19
S.D. 53849 34258
RS.D 14,83 4,81
max. 46,63 76,96
min. 30,58 66,89

TABLE 3. Fraction of dissolved carbamazepine from the “B” formula-

tion as a function of time (stage II, n=12).

. Formulaton “A”": disintegrated fine particles are
evenly dispersed in dissolution medium, without the
presence of large agglomerates (Figure 1a, b and ¢):

« formulation B: disintegrated particles bind together
into larger agglomerates, which were formed at the
bottoms of dissolution vessels, could be seen on the
Figures 2a, b and c. This occurrence resulted in de-
creased dissolution surface, decreased stirring rate
influence of dissolution medium and, consequently,
lower results than those specified USP monograph:

The results of dissolution studies for “A” and “B” formu-
lations are summarized in Table 2., Table 3., which show
the fraction of the dissolved drug as a function of time.

According to the USP 31-NF 26, “release of carbam-
azepine from tablets (labelled strength 200 mg) ful-
filled requirements if: between 45% and 75% of the
labeled amount of carbamazepine was dissolved in
15 minutes; not less than 75% (Q) of the declared con-

a)
FIGURE 1. Disintegrated particles of tablet formulation ‘A"
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FIGURE 1. Disintegrated particles of tablet formulation “B”

tents was dissolved for a period of 60 minutes (stage
I). Fractions of carbamazepine released in dissolu-
tion medium were calculated from calibration curve.

In our study, in vitro release of carbamazepine from:

- “A” formulation fulfilled these requirements (ob-
tained release profile: 56,93 %- 66,65 % and 81,54
%- 86,99 %, in 15 and 60 minutes, respectively);

- “B” formulation did not fulfil these requirements
(obtained release profile: 32,52 %- 46,63 % and 67,22
%- 75,34 %, in 15 and 60 minutes, respectively).

For this reason, stage Il on additional six tablets was

performed for carbamazepine tablets (“B” formulation).
According to the USP 31-NF 26, in vitro release of

CONCLUSION

carbamazepine from tablets (labelled strength 200
mg), stage II fulfilled requirements if: average value
(n=12) was in the range of 40 %- 80 % and no units
were more than 5% outside the stated range within 15
minutes (40 %- 80 %); average value (n=12) was larg-
er or equal to 75 % and no units were more than 5%
outside the stated range within 60 minutes (< 70 %);

After performed stage II, “B” formulation did
not fulfil these requirements (obtained re-
lease profile: 30,58 %- 46,63 % and 66,89
%- 76,96 %, in 15 and 60 minutes, respectively).
Finally, because of differences in fulfilment the require-
ments at stage 11, stage III (n= 24) would not give satisfac-
tory results so, so this test (stage III) was not performed.

- regardless of similar composition of two tablet formulations, it could be assumed that the technological process of

tablet production significantly affected dissolution rate;

- disintegration time could not be considered as a discriminatory test that would be able to point out the differences in

the dissolution rate, due to the very short disintegration time for both formulations (< 2 minutes);

- inter-agglomeration of particles dispersed in dissolution medium could significantly reduce dissolution rate of carba-

mazepine tablets;

- visual examination that, eventually, could be able to confirm formation of agglomerate, during the dissolution test

performed ( as it was shown for tablet formulation “B” — Figure 2a, b and ¢), could point out the flaws in the develop-

ment of tablets and point out to possible difficulties in the dissolution rate of the investigated products.
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