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Abstract

A differential pulse polarographic method is described for detection and trace determination of benzophenone (the
main impurity) in phenytoin powder. The method depends upon the polarographic activity of benzophenone in
Britton–Robinson buffer pH 5.6. The limit of detection was found to be 2.5×10−6 �g ml−1. Phenytoin has been
analysed polarographically after oxidation with alkaline permanganate to give benzophenone; the limit of detection
was found to be 6×10−6 �g ml−1. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Phenytoin is a hydantoin antiepileptic used to
control partial and generalized tonic seizures [1].
The drug and its pharmaceutical preparations are
official in both USP 24 and BP 98. The USP
describes HPLC procedures for its assay and for
the determination of benzophenone as a main
impurity [2]. The BP specifies a TLC method to
limit benzophenone in phenytoin and a non-
aqueous or gravimetric assay for the determina-
tion of phenytoin in pharmaceutical preparations
[3]. To our knowledge, no other literature has
appeared about the qualitative or quantitative
analysis of benzophenone in phenytoin.

Phenytoin has been assayed, in pharmaceutical
preparations, spectrophotometrically using first
[4], second [5] derivative spectra and computer
aided indicator absorbance ratio [6] methods. The
drug was also determined by potentiometric [7]
and oscillopolarographic [8] titration. A TLC
method [9] has also been reported. In biological
fluids phenytoin has been determined by HPLC
[10–12]. The detection limit of the most recent
procedure was 0.05 �g ml−1 [12]. The polaro-
graphic measurement of phenytoin nitro deriva-
tive enabled the determination of the drug in
blood with a relatively low sensitivity of 1–2
�g ml−1 [13]. Various reported methods for the
drug analysis were based on the oxidation of
phenytoin to benzophenone. The formed ben-
zophenone has been extracted in hydrocarbon
solvents then measured spectrophotometrically
[14] or fluorimetrically [15] with detection limits of
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1 and 0.05 �g ml−1, respectively. Korany et al.
developed an extraction–spectrophotometric
method using dicyclohexano-24-crown-8 to solu-
bilize the potassium permanganate in cyclohexane
chloroform mixture. The formed benzophenone
has been directly measured with a limit of detec-
tion of 12 �g ml−1 [16].

In view of the fact that no analytical method
has been published for the determination of ben-
zophenone in phenytion, a precise, simple and
sensitive differential pulse polarographic assay for
the determination of benzophenone in phenytoin
has been proposed. Furthermore, an indirect dif-
ferential pulses polarographic assay of phenytoin
in pharmaceutical preparations after oxidation
with alkaline permanganate has also been
developed.

2. Experimental

2.1. Apparatus

The polarographic measurements were made
with a Metrohm 693 VA Processor and a
Metrohm 694 VA Stand. The three electrode sys-
tem was composed of a multimode electrode,
which was used in the dropping mercury electrode
mode, a Ag/AgCl (3 M KCl) reference electrode
and a Pt auxiliary electrode. Polarography was
performed in the differential pulse mode. A pulse
amplitude of −50 mV was used with a sweep rate
of 10 mV s−1 and a pulse interval of 0.6 s.

The pH was measured using Gerate pH meter
CG 710, calibrated with standard buffers at room
temperature.

2.2. Reagents and materials

� Phenytoin and benzophenone were kindly pro-
vided by Alexandria Co. for Pharm. and
Chem. Industries, Alexandria, Egypt.

� Analytical reagent grade of methanol (BDH)
and n-heptane (BDH) were used.

� Alkaline potassium permanganate was pre-
pared as 4% w/v in 7 M sodium hydroxide.

� Britton–Robinson buffer pH 5.6 [17].

� Standard stock solutions (0.1 mg ml−1) of
benzophenone and phenytoin were prepared in
methanol and 0.01 M sodium hydroxide, re-
spectively. The solutions were found to be sta-
ble for at least 2 weeks when stored in the
refrigerator.

� Pharmaceutical preparations were purchased
from the local market.

2.3. Procedures

2.3.1. General procedure and construction of
calibration cur�es

2.3.1.1. For benzophenone. Aliquots ranging from
0.05 to 0.3 ml from the standard stock solution
were transferred into a set of 10 ml volumetric
flasks. The volume was made up to 2 ml with
methanol, completed to the mark with Britton–
Robinson buffer pH 5.6 and mixed. The content
of each flask was poured into the polarographic
cell and purged with nitrogen for 5 min. The
differential pulse polarograms were recorded from
−800 to −1200 mV, at a sweep rate of 10
mV s−1.

2.3.1.2. For phenytoin. Accurately measured vol-
umes from phenytoin stock standard solution
were transferred into separate conical flasks fol-
lowed by 20 ml of the alkaline permanganate
solution. The flasks were heated in a thermostated
water bath at 70 °C for 10 min. The solution was
cooled and transferred quantitatively into a 100
ml separatory funnel, then extracted three times
each with 5 ml n-heptane. The extracts were
combined and evaporated at room temperature
under a stream of nitrogen. The residue was dis-
solved in 2 ml methanol and the volume was
made up to 10 ml with Britton–Robinson buffer
pH 5.6. The polarographic measurement was per-
formed as under the general procedure for
benzophenone.

2.3.2. For determination of benzophenone in
phenytoin powder

Phenytoin (0.4 g) was shaken with 10 ml
methanol and warmed in a water bath with shak-
ing. Two milliliters from the supernatent solution
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were pipetted into a 10 ml volumetric flask,
completed to the mark with Britton–Robinson
buffer pH 5.6 and mixed. The polarographic
measurement for the resulted turbid solution
was performed as under general procedure for
benzophenone.

2.3.3. Assay of pharmaceutical preparation

2.3.3.1. Capsules. The content of 20 capsules
were weighed and mixed.

For benzophenone. The procedure for the de-
termination of benzophenone in phenytoin pow-
der was followed using a quantity of the content
of capsules equivalent to 0.4 g of phenytoin
sodium.

For phenytoin. An accurately weighed amount
of the content of the capsules equivalent to
about 10 mg phenytoin was shaken with 50 ml
of 0.01 M sodium hydroxide for 15 min and
diluted to 100 ml with the same solvent. Differ-
ent aliquots from the resulted solution were
pipetted and processed as under the general pro-
cedure.

2.3.3.2. Oral suspension
For benzophenone. A quantity of the oral sus-

pension containing 30 mg of phenytoin was
mixed well with 5 ml of water and 2 ml of 2 M
hydrochloric acid and extracted with five 20-ml
quantities of ether. The combined ether extracts
were washed with three 10-ml quantities of wa-
ter and evaporated to dryness. The residue was

dissolved in 2 ml methanol and completed to 10
ml with Britton–Robinson buffer pH 5.6, then
measured as precedent.

For phenytoin. 5-ml of the oral suspension
was transferred into a 100-ml volumetric flask
and mixed with 60 ml 0.01 M sodium hydrox-
ide. The flask was shaken automatically for 15
min. The volume was completed to the mark
with the same solvent. To different aliquots
from the resulted suspension the general proce-
dure for phenytoin was applied.

3. Results and discussion

3.1. Determination of benzophenone in phenytoin

Benzophenone in Britton–Robinson buffer
(pH 5.6) containing 20% methanol (as solubi-
lizer) produces a well defined cathodic differen-
tial pulse peak at −1138 mV (vs. Ag/AgCl)
(Fig. 1), due to reduction of its keto group.
Phenytoin is polarographically inactive, and it
lacks cathodic peak. Therefore, benzophenone
could be easily detected and quantitated in
phenytoin powder using the sensitive differential
pulse polarographic technique.

Reduction of benzophenone at DME is pH
dependent; because a proton is involved in the
reduction. The peak potential (Ep) is shifted to
more negative values upon increasing the pH
and vanishes at pH 9.15. Maximum sensitivity
was obtained at pH 5.6 (Fig. 2).

Fig. 1. Differential pulse polarogram of benzophenone (1 �g ml−1) in Britton–Robinson buffer pH 5.6.
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Fig. 2. Influence of pH of Britton–Robinson buffer on the
peak current of benzophenone (1 �g ml−1).

used capsule excipients such as lactose, starch,
magnesium stearate, microcrystalline cellulose
and suspension excipients such as gum, avicel,
carboxymethyl cellulose, and sodium lauryl
sulfate.

3.1.2. Analytical application
The proposed method has been applied to the

determination of benzophenone in capsules and
oral suspension of phenytoin. The percentage of
benzophenone in phenytoin was found to be
1.7×10−3 and 4.5×10−3% w/w, respectively
(the BP limits are 0.5 and 0.2%, respectively)
(Table 1). In bulk powder of phenytoin, ben-
zophenone was detected. Its concentration was
found to be below the LOQ specified above (the
BP and USP limits are 0.5 and 0.1%, respectively).
The results were in good agreement with the
BP(98) TLC method, which showed that the ben-
zophenone concentrations were below the limit.

3.2. For phenytoin

Alkaline permanganate oxidation of phenytoin
gives benzophenone [18]. This has been utilized to
develop a sensitive polarographic method for de-

3.1.1. Validation of the proposed procedure
� A linear relationship was found between the

peak current (ip)(nA) and benzophenone con-
centration C (�g ml−1) over the concentration
range 0.5–3.0 �g ml−1

C=0.526+71.012ip.

The good linearity is evident from the value of
the variance around the slope (Sb

2 =1.04) and
correlation coefficient of 0.9996.

� The limit of detection (LOD) has been calcu-
lated (3� ; � is the standard deviation of blank)
and validated experimentally. It was found to
be 2.5×10−6 �g ml−1, indicating high sensi-
tivity of the method.

� The value of the limit of quantitation (LOQ) at
a RSD=2% was fond to be 0.4 �g ml−1.

� The accuracy of the method was assessed by
calculating the percentage recoveries of ben-
zophenone spiked in phenytoin above and be-
low the allowable pharmacopoeial limit. The
mean percentage recovery was 100.3�0.60%.

� The precision as repeatability was calculated as
relative standard deviation of the assay results
of three different concentrations each in three
replicates and was found to be 0.43%.

� Ruggedness: Varying the pH from 5.4 to 5.8
causes deviation from the optimum value by
0.2–0.9%. Purging of nitrogen for 3, 4, 5 and 6
min has been tested; the polarographic wave
has been found to not be affected.

� No interference was found from the commonly

Table 1
Determination of benzophenone (as impurity) in pharmaceuti-
cal preparation

Commercial products Benzophenone found
(%)a

1.70×10−3Epanutin capsulesb (30 mg/Cap.)
1.73×10−3

1.69×10−3

1.75×10−3

1.68×10−3

Mean�S.D. 1.7×10−3�2.9×10−5

Epanutin suspensionb (30 mg/5 ml) 4.60×10−3

4.30×10−3

4.67×10−3

4.50×10−3

4.40×10−3

Mean�S.D. 4.5×10−3�1.4×10−4

a Calculated as mg benzophenone per 100 mg phenytoin.
b Products of Nile Co. for pharmaceuticals (Cairo, Egypt)

under licence of Parke–Davis, Detroit.
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Fig. 3. Influence of KMnO4 concentration (% w/v) on the
oxidation reaction (using 2 �g ml−1 phenytoin).

Fig. 5. Influence of heating temperature on the oxidation
reaction (using 2 �g ml−1 phenytoin).

termination of phenytoin through functionaliza-
tion, i.e. the conversion of an electroinactive com-
pound to an active one.

The different experimental parameters affecting
the oxidation and the extraction of the formed
benzophenone have been carefully studied. It was
found that 20 ml of 4% KMnO4 in 7 M sodium
hydroxide gave the maximum sensitivity (Figs. 3
and 4). Regarding the heating time and tempera-
ture, 10 min at 70 °C gave the best results (Figs.
5 and 6). For the extraction of the resulted ben-
zophenone, different hydrocarbon solvents (cyclo-
hexane, n-hexane, n-heptane) were examined. All
gave the same sensitivity; n-heptane was chosen
because it was previously used [19].

3.2.1. Validation of the proposed method
Under the above described experimental condi-

tions the peak current is a linear function of
phenytoin concentration over the concentration
range 1–5 �g ml−1. Regression analysis of the
results gave the following equation.

C (�g ml−1)= −2.986+47.138ip (r=0.999)

The variance around the slope (Sb
2) was found to

be 1.33.
The accuracy of the method was checked by

calculating the relative recoveries of standard
phenytoin. The mean percentage recovery was
found to be 99.8�0.7%. In order to study the
repeatability of the method, standard solutions
containing three different concentrations of
phenytoin were prepared and three polarographic
measurements were made on each reaction
product formed according to the recommended
procedure. The mean relative standard deviation
was found to be 0.41%.
� Ruggedness: varying the concentration of

potassium permanganate from 3.5 to 4.5% w/v

Fig. 6. Influence of heating time on the oxidation reaction
(using 2 �g ml−1 phenytoin).

Fig. 4. Influence of NaOH concentration (M) on the oxidation
reaction (using 2 �g ml−1 phenytoin).
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in 6–8 M solution of sodium hydroxide,
varies the results from 1.7 to 2.9% and 0.1 to
0.6%, respectively. Varying the temperature
between 60 and 80 °C for time of 7–15 min
varies the results from 1.4 to 2.7% and 0.4 to
1.7%, respectively.

� Interferences: The influence of commonly
used capsule excipients (lactose, starch, mag-
nesium stearate, microcrystalline cellulose)
and suspension excipients (gum, avicel, car-
boxymethyl cellulose, sodium lauryl sulfate)
was investigated before the determination of
the drug in dosage forms. No interference
was observed with the proposed method.

3.2.2. Application to pharmaceutical preparations
The proposed method has been successfully

applied for the analysis of phenytoin in its com-
mercial tablets and oral suspension. The mean
percentages found were 96.9�0.26 and 97.9�
0.29%, respectively (Table 2). The results were
compared statistically with the published spec-
trophotometric method [4]. The t- and F-values
did not exceed the theoretical ones (Table 2),
indicating no significant difference.

4. Conclusion

The proposed polarographic method for the
determination of benzophenone, as impurity, in
phenytoin and its products is of the same spe-
cificity when compared with the HPLC method
of the USP 24. The peak potential is character-
istic for benzophenone. The proposed method is
also as sensitive as the HPLC method of the
USP. The BP method is only a qualitative one.
The proposed polarographic procedure for the
indirect determination of phenytoin is 104 times
more sensitive than the published HPLC and
fluorimetric methods (the lowest LOD of the re-
ported methods is 0.05 �g ml−1 [12,15]; the
LOD of the proposed method is 6×10−6 �g
ml−1). The present method is of higher sensitiv-
ity compared with the reported indirect polaro-
graphic procedure [13] which depends upon
nitration prior to analysis. Being an indirect
method, this constituted a disadvantage for the

Table 2
Determination of phenytoin in pharmaceutical preparation
using the proposed polarographic method

ReferencePhenytoin foundCommercial products
method(%)

Epanutin capsulesa 97.0096.91
97.3096.81(30 mg/Cap.)
97.6097.30

96.60 97.30
97.1097.00

Mean*�S.D. 97.26�0.2396.92�0.26
F=1.28
t=2.19

98.1597.98Epanutin suspensiona

98.20(30 mg/5 ml) 98.10
97.57 97.80

98.1098.20
97.60 97.60

Mean*�S.D. 97.89�0.29 97.97�0.26
F=1.24
t=0.46

a Products of Nile Co. for pharmaceuticals (Cairo, Egypt)
under licence of Parke–Davis, Detroit.

* The average of five determination�standard deviation.
Theoretical value: t=2.31 at the 95% confidence level. Theo-
retical value: F=6.4 at the 95% confidence level.

analysis of phenytoin. The chromatographic
method may be more selective; yet the practical
advantages of the polarographic technique (ra-
pidity, simplicity and cheapness) make it very
suitable for the routine determination of ben-
zophenone in phenytoin and phenytion in its
dosage form.
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