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Two simple, accurate and precise methods are described for the determination of carbamazepine (CBZ) in pharmaceuticals

using cerium(IV) sulphate. The proposed methods are based on the oxidation of the drug by a measured excess of cerium(IV)

sulphate in acid medium followed by the determination of the unreacted oxidant either by back titration with standard

ferrous ammonium sulphate using ferroin indicator (titrimetric method) or by reacting with sulphanilic acid (SAA) and

measuring the absorbance at 535 nm (spectrophotometric method). The titrimetric method is applicable over the range
3.0-10 mg of CBZ and the reaction stoichiometry is found to be 1:5 [CBZ: Ce(IV) sulphate]. The calibration curve in the
spectrophotometric method is linear over the concentration range of 12.5-175 pugmL~! CBZ. The molar absorptivity, limits

of detection (LOD) and quantification (LOQ) and Sandell sensitivity are also reported for the spectrophotometric method.

The proposed methods were successfully applied to the determination of CBZ in tablet and syrup formulations with good

accuracy and precision, and without detectable interference from common excipients.
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1. Introduction

Carbamazepine (CBZ), chemically known as 5H-
dibenz[b,f]-azepine-5-carboxamide (Fig. 1) [1], is an
anticonvulsant, mood stabilizing drug and a type of
tricyclic drug used primarily in the treatment of
epilepsy and bipolar disorder, as well as trigeminal
neuralgia. The drug is official in the British
Pharmacopeia [2] which describes a UV-
spectrophotometric method for its assay in tablets.
The literature on the methods for the determination
of CBZ in biological materials is vast (> 120
published articles). In contrast, a limited number of
techniques have been reported for the determination
of CBZ in pharmaceutical dosage forms and includes
liquid chromatography (LC) [3-8], gas
chromatography (GC) [9, 10], flow injection-
spectrophotometry [11], FI-spectrofluorimetry [12],

N\,

Fig. 1: Chemical structure of carbamazepine

chemiluminescence spectrometry (CL) [13], FI-CL
spectrometry [14], electrolysis-fluorescence
spectrometry [15], voltammetry [16], UV-
spectrophotometry [4] and visible spectrophotometry
[17, 18].
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Many previously reported methods for the
determination of CBZ require expensive instruments
or materials [3-14]. Also, chromatographic methods
[3, 4, 6, 7-10] need a suitable compound as internal
standard, which makes the procedure more complex.
The reported methods are applicable only over the
microgram level and the assay procedure for the
determination of CBZ in milligram level is of
paramount importance in large scale analysis.
Therefore, highly precise stoichiometric reaction with
a reagent possessing antagonistic properties for the
assay of pharmaceutical using titrimetric procedure
is still the choice of many pharmacopoeias. Also, as
visible spectrophotometry is a rapid, fairly sensitive,
accurate and precise, and cost-effective technique of
analysis in under-developed and developing
countries, it has remained competitive in an area of
chromatographic techniques for pharmaceutical
analysis.

To the best of our knowledge, no titrimetric
method has ever been reported and there are only
two reports on the use of visible spectrophotometry
for the determination of CBZ in pharmaceuticals. The
first report [17] is based on the oxidation of CBZ
with sodium metaperiodate in acidic medium after
heating for 1 hour, followed by extraction of the
chromogen into n-butanol before measuring the
absorbance at 410 nm. The second method [18] is
based on the reaction of amide group in CBZ with
hydroxylammonium chloride-NaOH under hot
conditions, followed by reaction with ferric chloride
in HCl medium and measuring the absorbance at 510
nm. The visible spectrophotometric methods
currently available [17, 18] involve extraction or
heating step.

The aim of this study was to develop simple,
rapid and inexpensive methods for the determination
of CBZ in pure form as well as in its dosage forms.
The methods employ titrimetric and spectrophoto-
metric techniques, and use of cerium(IV) sulphate
and sulphanilic acid as reagents.

2. Experimental

Instruments

All the absorbance spectral measurements were made

using a Systronics model 106 digital spectrophoto-
meter provided with 1cm matched quartz cells. The
balance used is “Sartorius Acculab ALC-80.4
analytical balance (80g x 0.0001g), Germany”.

Materials and Reagents

Pharmaceutical grade carbamazepine (CBZ) was
received from Jubilant Organosys Ltd., Mysore, India,
as a gift and used as received. All pharmaceutical
preparations were obtained from commercial sources
in the local market. All reagents and chemicals used
were of analytical reagent grade and double distilled
water was used throughout the study.

Cerium(lIV) Sulphate (0.05 M) : An
approximately 0.05 M solution was prepared by
dissolving about 5.054 g of the chemical
Ce(SO,),.4H,0 (LOBA Chemie Pvt. Ltd., Mumbai,
India) in 0.5 M sulphuric acid and diluting to 250
mL with the same acid, and standardized using
standard ferrous ammonium sulphate solution [19].
It was further diluted to obtain a 0.025 M cerium(I'V)
sulphate for titrimetric work and further to obtain a
working concentration of 12 mg mL! cerium(IV)
sulphate for spectrophotometric method.

Solutions of 0.5 M, 2 M and 5 M sulphuric acid
(Merck, Mumbai, India; sp. gr. 1.84) and 1% (w/v)
sulphanilic acid (Merck, Mumbai, India) were
prepared in water. A 0.025 M ferrous ammonium
sulphate (LOBA Chemie Pvt. Ltd., Mumbai, India)
was prepared following the procedures reported by
Vogel [19] and standardized with a solution of pure
potassium dichromate.

Ferroin Indicator: Prepared by dissolving 0.742
g of 1,10-phenanthroline monohydrate in 50 mL of
0.025 M ferrous sulphate solution (0.348 g of ferrous
sulphate heptahydrate in 50 mL water).

Standard CBZ Solution: A stock standard
solution equivalent to 1.0 ug mL~! CBZ was prepared
by dissolving 100 mg of pure drug in 20 mL
acetonitrile and diluted to the mark in a 100 mL
calibrated flask with water. This solution was used
in the titrimetric work and diluted appropriately with
water to get a working concentration of 500 pgmL™!
CBZ for use in the spectrophotometric method.
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3. Procedures
Titrimetric Method

A 10 mL aliquot of the CBZ solution containing 3.0-
10 mg of CBZ was transferred into a 100 mL conical
flask. To this solution 10 mL of 0.025 M cerium(I'V)
sulphate was added using a pipette, the contents were
mixed well and the flask set aside for 15 min. Finally,
the solution was acidified by adding 5 mL of 2 M
sulphuric acid and the unreacted oxidant was back
titrated with 0.025 M FAS solution using one drop
of ferroin indicator. Simultaneously, a blank titration
was performed, and the amount of the drug in the
measured aliquot was calculated from the amount of
cerium(IV) reacted.

Spectrophotometric Method Using Sulphanilic Acid

Different aliquots (0.00, 0.25, 0.50, 1.00, 2.00, 3.00
and 3.50 mL) of standard 500 pugmL~' CBZ solution
were measured and transferred into a series of 10 mL
calibrated flasks. The total volume was brought to
3.50 mL with water and 1.0 mL of 12 ugmL!
cerium(IV) sulphate was added to each flask. The
contents were mixed well and the flasks were kept
aside for 15 min before adding 2 mL of 1 % SAA to
each flask. The volume was brought to the mark with
5 M H,SO,, mixed and the absorbance measured at
535 nm against a water blank.

Assay Procedure for Tablets

Ten tablets containing CBZ were weighed and ground
into a fine powder. A portion of the powder equivalent
to 100 mg of CBZ was weighed into a 100 mL
calibrated flask, 20 mL of acetonitrile and 30 mL of
water were added. The content was shaken for 15-20
min; the volume was diluted to the mark with water,
mixed well and filtered using a Whatman No. 42 filter
paper. The first 10 mL portion of the filtrate was
discarded and a convenient aliquot of the subsequent
portion of the filtrate was used for titrimetric method.
The same tablet extract was appropriately diluted with
water to get 500 ugmL~! with respect to CBZ for the
assay by the spectrophotometric method.

Assay Procedure for Syrup
Five milliliters of syrup (Tegrital 100 mg/5mL)

equivalent to 100 mg of CBZ was transferred into a
100 mL calibrated flask, 60 mL of dichloromethane
was added and the content was shaken for about 15
min and filtered using a quantitative filter paper. The
filtrate was collected in a 100 mL flask, the residue
was washed with a few milliliters of dichloromethane,
and the washings were collected in the same flask.
The filtrate and the washings were evaporated on a
water bath to dryness; the residue was dissolved in
20 mL of acetonitrile and the volume was diluted to
the mark with water and mixed well. A convenient
aliquot of this solution (I ugmL~') was used for
titrimetric assay and the same solution was
appropriately diluted to get 500 pgmL~! with respect
to CBZ for the assay using the spectrophotometric
method.

4. Results and Discussion

Carbamazepine is reported to undergo oxidation using
different oxidizing reagents such as permanganate
(Mn(VII);KMnO,) and ferrate (Fe(VI);K,FeO,) [20]
and ozone [21]. Also, cerium(IV) sulphate has been
used as an oxidimetric reagent for the assay of many
oxidisable pharmaceutical substances [22, 23] and it
has been reported to produce red-purple coloured
product with SAA [24]. These observations have been
used to develop two methods using titrimetric and
spectrophotometric techniques for the determination
of CBZ in tablets and syrup based on the oxidation
of CBZ by cerium(IV) sulphate in acid medium. Since
the reaction product of CBZ and Ce(IV) was not
isolated, the precise reaction mechanism could not
be given. But from the literature knowledge as well
as the reactivity of the functional groups present in
CBZ, it is clear that the only reactive site in CBZ is
the olefinic double bond on the central heterocyclic
ring. This double bond undergoes oxidation by Ce(IV)
to form diol then diketone and lastly dicarboxylic acid
groups. The reaction pathway between CBZ and
Ce(IV) is proposed and presented in Fig. 2. The
proposed methods are based on the oxidation of CBZ
by a measured excess of cerium(IV) in acid medium.
This was followed by determination of the unreacted
oxidant either by back titration with standard ferrous
ammonium sulphate using ferroin indicator
(titrimetric method) or by reacting with sulphanilic
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Fig. 2: The proposed reaction path way for the reaction of CBZ and Ce(IV)

H+

CBZ + Known excess of Ce(IV) ———— Oxidized product of CBZ + Unreacted Ce(IV)

Unreacted Ce(IV)

FAS= Ferrous Ammonium Sulphate
SA A= Sulphanilic Acid

Titrated with FAS using ferroin indicator

(Titrimetric method)

Reacted with SAA to form red-purple colored product
Absorbance measured at 535 nm

(Spectrophotometric method)

Fig. 3: Reaction scheme for the proposed methods

acid and measuring the absorbance at 535 nm
(spectrophotometric method). The amount of the
oxidant reacted corresponds to the amount of drug in
both methods and the possible reaction scheme is
given in Fig. 3.

Method Development

Since carbamazepine is insoluble in water [1],
different solvents such as ethanol, acetone, methanol
and acetonitrile were tested to prepare the stock
standard solution of CBZ. Ethanol and acetone
were unsuitable due to the oxidation of ethanol and
acetone by the cerium(IV), also a very small
consumption of cerium(IV) was observed in case of
methanol. Among the tested solvents, acetonitrile was
found to be an ideal solvent for the preparation of
the standard stock solution of CBZ, and the minimum
ratio to get a stable solution was 1: 4 (acetonitrile:
water) for 1.0 ugmL~' CBZ.

Titrimetry

The proposed titrimetric procedure is based on the
oxidation reaction of CBZ using cerium(I'V) sulphate.
A (3.0-10) mg of CBZ were treated with a known
excess of cerium(IV) in sulphuric acid medium, and
back titrating the residual oxidant with standard FAS
using ferroin indicator to the orange-red end point.
The reaction was found to be stoichiometric in
sulphuric acid medium and the amount of sulphuric
acid used in the preparation of cerium(IV) sulphate
solution was sufficient for the reaction between CBZ
and Ce(IV) sulphate. Five milliliters of 2 M H,SO,
were necessary for the back titration of unreacted
Ce(IV) sulphate with FAS using ferroin indicator. The
kinetic reaction between Ce(IV) sulphate and CBZ
is slow owing to increasing reaction stoichiometry
till 60 min. Whereas, at 15" min, the reaction between
Ce(IV) sulphate and CBZ yielded a definite
stoichiometry of 5. Therefore, the reaction was ceased
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exactly at 15" min, for all varying concentrations of
CBZ. However, the reaction time is critical and should
be strictly adhered to.

Spectrophotometry

The proposed spectrophotometric method is based
on the oxidation reaction of CBZ with a measured
excess of cerium(IV) in sulphuric acid media
followed by determination of the unreacted oxidant
by reacting with sulphanilic acid and measuring the
absorbance of the red-purple colour at A of 535
nm. This maximum was the only one obtained for
the absorption spectra run in the range of 400-620
nm (Fig. 4). For both steps involved in the assay, i.e.,
the oxidation of CBZ by cerium(IV) and
determination of residual Ce(IV) with SAA, sulphuric
acid medium was found to be an ideal after
preliminary experiments. The sulphuric acid used in
the preparation of cerium(IV) solution was sufficient
to perform the oxidation step of CBZ whereas the
coloured product formed with SAA required higher
concentration of acid for its stability. Hence, 5 M
H,SO, was used as a diluent after adding SAA to the
residual cerium(IV).

The procedure proposed by Sarma and Dieter
[24] for the determination of cerium(IV) with SAA
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Fig. 4: Absorption spectra of: 1. The reaction product of Ce(IV)
with sulphanilic acid in acid medium, 2. Cerium(IV) in
H,SO,
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was reinvestigated to determine the upper Beer’s law
limits for Ce(IV) and this was found to be 1.2 mg
mL~!, under the optimized experimental conditions.
Hence, different concentrations of CBZ were reacted
with 1 mL of 12 mg mL~! cerium(IV) sulphate in
acid medium. The reaction time was found to be 15
min, and the red-purple colored product was stable
for 40 min in the presence of the reaction product.

5. Method Validation
Quantitative Data

The titrimetric procedure is applicable over the range
3.0-10 mg of CBZ and the reaction stoichiometry was
calculated to be (1: 5) for the reaction between CBZ
and Ce(IV) using the following equation:

(B-S)xM, xR
mg(CBZ)

(where, B = volume of the titrant in the absence of
the drug, ml; S = volume of the titrant in the presence
of the drug, ml; My, = relative molecular mass of the
drug, g mol™!; R= molarity of cerium(IV) sulphate,
mol 1!, mg (CBZ) = the amount of CBZ taken to
perform the titration and n = the reaction
stoichiometry (number of moles of Ce(IV) reacting
with each mole of CBZ).

In spectrophotometric procedure, a linear
relation was found between absorbance at A _and
concentration of CBZ in 12.5-175 ug mL~! range.
Beer’s law was obeyed in the reverse manner and the
equation of the line being

Y =1.0623 + (- 0.0055) X

(where ,Y is the absorbance and X is the concentration
in ug mL™"). The correlation coefficient (r) of the
calibration plot is calculated to be (-0.9997)
confirming a linear decrease in absorbance with
increasing the concentration of CBZ. The molar
absorptivity is calculated to be 1.28 x 10°  mol~'cm~
I"and Sandell sensitivity being 0.1853 pg cm2. The
limits of detection (LOD) and quantification (LOQ)
are calculated to be 1.49 and 4.51 pg mL™!,
respectively.
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Accuracy and Precision

The accuracy of an analytical method expresses the
closeness between the reference value and the found
value. Accuracy was evaluated as percentage relative
error between the measured concentrations and taken
concentrations for CBZ (Bias %). The results obtained
are compiled in Table 1 and showed that the accuracy
is good for both methods. The precision of the
methods was calculated in terms of intermediate
precision (intra-day and inter-day). Three different
concentration of CBZ (within the working limits) were
analyzed in seven replicates during the same day (intra-
day precision) and five consecutive days (inter-day
precision). The RSD (%) values of intra-day and inter-
day studies showed that the precision was good for
both methods (Table 1).

Selectivity

The selectivity of the proposed methods was tested
by placebo blank and synthetic mixture analyses. From
the placebo blank analysis, it was confirmed that the
change in the titrant value and absorbance with
respect to the water blank was caused only by the
analyte. To study the interference from common
excipients present in the formulations, a synthetic
mixture with the composition of CBZ, talc, starch,
calcium gluconate, sodium alginate and magnesium
stearate was prepared and subjected to analysis by
the proposed methods after solution preparation using
the procedure described for tablets and syrup. The
percent recoveries of CBZ were 102.8+1.24 (n = 5)
and 101.0+2.06 (n=35) by titrimetry and

spectrophotometry, respectively, suggesting no
significant interference from the excipients in the
assay of CBZ under the described optimum
conditions.

Application to Formulations

The proposed methods were successfully applied to
the determination of CBZ in formulations (tablets and
syrup). The results obtained were statistically
compared with those of the official method [2] by
applying the Student’s t-test for accuracy and F-test
for precision at 95 % confidence level (Table 2). The
official method consisted of measurement of the
absorbance of the alcoholic extract of the tablets at
285 nm. From Table 2, it is clear that the calculated
t-value and F-value at 95% confidence level did not
exceed the tabulated values of 2.78 and 6.39
respectively, for four degrees of freedom. The results
indicated that there is no significant difference
between the proposed methods and the official
method with respect to accuracy and precision.

Recovery Study

To ascertain the accuracy and validity of the proposed
methods, recovery experiment was performed via the
standard addition procedure. To a fixed and known
amount of CBZ in tablets powder or syrup (pre-
analyzed), pure drug was added at three levels (50,
100 and 150 % of the quantity present in the tablets
powder or syrup) and the total was found by the
proposed methods. Results of this study presented in
Table 3 indicate that the commonly excipients present
in the formulations did not interfere in the assay.

Table 1: Evaluation of intra-day and inter-day precision and accuracy

Method? CBZ taken Intra-day (n=7) Inter-day (n=5)
CBZ Precision®  Accuracy? CBZ Precision® Accuracy!
found® found®
Titrimetric method 4.00 4.03 2.00 0.75 4.09 1.97 2.25
6.00 6.05 2.66 0.83 6.12 2.63 2.00
8.00 8.12 1.14 1.50 8.09 1.14 1.75
Spectrophotometric method 50.0 51.33 2.65 2.67 51.00 3.02 2.00
100 102.0 2.39 2.04 102.8 1.61 2.80
150 149.5 0.73 0.33 150.6 2.60 0.40

2CBZ taken/found in titrimetric method is in mg and the same in spectrophotometric method is in ug mL~'; "Mean value of n determinations; “Relative

standard deviation (%); YRelative Error (%).
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Table 2: Comparison of assay results by proposed and official methods

Formulation brand name  Nominal amount

Found (% of nominal amount + SD)"

Proposed methods

Official method Titrimetric method

Spectrophotometric method

100.3+0.64 99.01+1.09
t=2.28

F=2.90

Zeptol tablets® 100 mg

97.56+0.72 96.42+1.33
t=1.68

F=341

Tegrital Syrup® 100 mg/5mL

101.2+1.24
t=1.44
F=3.75

98.29+0.83
t=148
F=1.33

“Mean value of five determinations+=SD; “*Marketed by: * Sun Pharmasikkim, Ranipool, India; b Piramal Healthcare Limited, Mahad, India; Tabulated

t-value at the 95% confidence level is 2.78; Tabulated F-value at the 95% confidence level is 6.39.

Table 3: Results of recovery study by standard-addition method

Formulation studied Titrimetric method

Spectrophotometric method

CBZ in Pure Total Pure CBZ in Pure Total Pure CBZ

formulation, CBZ found, CBZ, formulation, CBZ, found, recovered*
mg added, mg recovered* pg mL'  added pgmL~! per cent +SD

mg Percent + SD pg mL!

Zeptol 100 mg 3.96 2.00 5.97 100.5+2.51 50.6 25.0 75.3 98.80+1.93
3.96 4.00 8.04 102.0+0.87 50.6 50.0 99.0 96.80+2.08

3.96 6.00 10.3 105.7x£1.02 50.6 75.0 124 97.87%1.65

Tegrital 100mg/5SmL 3.86 2.00 5.89 101.5+£2.31 49.1 25.0 73.9 99.20+2.06
3.86 4.00 7.85 99.75+1.08 49.1 50.0 99.2 100.2+2.05

3.86 6.00 9.90 100.7+0.81 49.1 75.0 126 102.5x1.44

*Mean value of three determinations+SD

6. Conclusions

This is the first report on the assay of carbamazepine
in pharmaceuticals by titrimetry and the third by
visible spectrophotometry. The assay results
demonstrate that it is possible to use Ce(IV) sulphate,
which is stable enough and need no special
precautions during storage or use, as a reagent for
determination of CBZ in bulk drug and
pharmaceuticals. The proposed titrimetric method is
simple, rapid, free from critical experimental
variables, uses aqueous medium and applicable over
a range of (3.0-10 mg CBZ). The proposed
spectrophotometric method is free from the usual
analytical complications like heating or extraction
steps. Moreover, the methods are accurate,

reproducible, adequately sensitive and free from
interference by common additives and excipients. The
proposed methods rely on the use of simple, cheap
and readily available chemicals and techniques and
they have been demonstrated to be free from
interference by common tablet excipients and
additives.
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