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Abstract

A method is presented for the direct determination of mephenoxalone and acetaminophen in combined pharmaceu-
tical dosage forms without prior separation. The first method, derivative-differential spectrophotometry, comprised of
measurement of the difference absorptivities derivatized in the first order (DD1) of a tablet extract in 0.1 N NaOH
relative to that of an equimolar solution in methanol at wavelengths of 289.6 and 252.6 nm respectively. The second
method is based on ratio derivative spectrophotometry. The amplitudes in the first derivative of the ratio spectra at
233.5 and 288.9 nm were selected to determine mephenoxalone and acetaminophen in the mixture. The proposed
methods, which give thoroughly comparable data, are simple and rapid, and allow one to obtain precise and accurate
results. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

A combination dosage form of acetaminophen
and mephenoxalone is indicated in the analgesic
and myorelaxan. Different reported methods for
the quantitative determination of these com-
pounds, alone or in their combination with other

drugs have been used. These methods use high
performance liquid chromatography[1–5] (HPLC)
and although they are sensitive, they are laborious
and expensive, spectrophotometric methods [6–
12], have traditionally been the most widely em-
ployed, polarography [13] and gas chromato-
graphy [14] in pharmaceutical preparations.

Derivative spectrophotometry offers greater se-
lectivity than does normal spectrophotometry in
the simultaneous determination of two or more
compounds without previous chemical separation
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[15–17]. Difference spectrophotometry based on
pH changes has also been reported to be useful in
the determination of binary mixtures [18]. There
are few reports on utilization of the above two
combined techniques for the estimation of indi-
vidual drug substances [19] and for combined
preparations [20,21].

Recently, a spectrophotometric method based
on the use of the first derivative of the ratio
spectra was developed by Salinas et al. [22,23], for
resolving binary mixtures.

The purpose of this work was to develop a
derivative-difference spectrophotometry and ratio
derivative spectrophotometry for the simulta-
neous determination of mephenoxalone and ac-
etaminophen in bulk and pharmaceutical
formulations, the results obtained by these two
approaches were compared.

2. Experimental

2.1. Apparatus

A Shimadzu 1601 double beam UV–Vis spec-
trophotometer, with 1 cm quartz cuvettes, a fixed
slit width (2 nm) connected to an IBM-PC com-
puter loaded with Shimadzu UVPC software was
equipped with a Lexmark printer was used for all
the absorbance measurements and treatment of
data.

2.2. Chemicals used

Mephenoxalone and acetaminophen were
kindly supplied by iLTAS Pharm. Ind.

Methanol and NaOH were of analytical reagent
grade (Merck Chem. Ind.)

2.3. Pharmaceutical preparation

A commercial pharmaceutical preparation
(DORSiLON® tablet iLTAS Pharm. Ind. Turkey,
batch no: 123B1) was assayed. Its declared con-
tent was as follows: Mephenoxalone, 200.0 mg;
Acetaminophen, 450.0 mg/tablet.

3. Application methods

3.1. Differential deri6ati6e spectrophotometry

The first derivative spectra of the mephenox-
alone and acetaminophen solutions in 0.1 N
NaOH were recorded against the corresponding
methanolic solutions of the drugs as a blank. The
DD1 values of the first derivative difference spec-
trum of mephenoxalone at 289.6 nm (where the
DD1 value of acetaminophen is zero) and that of
acetaminophen at 252.6 nm (where the DD1 value
of mephenoxalone is zero) have been used for the
determination of two drugs. Thus at 289.6 nm the
DD1 value of the mixture will be due to the
contribution of mephenoxalone alone and at
252.6 nm the contribution will be only that of
acetaminophen.

3.2. Ratio spectra deri6ati6e spectrophotometry

The absorption spectra of the solutions pre-
pared at different concentrations of mephenox-
alone and of its binary mixtures with
acetaminophen were recorded and divided by the
spectrum of the standard solution of ac-
etaminophen (25.0 mg ml−1 in methanol). The
first derivatives of the ratio spectra were calcu-
lated with Dl=8 nm. In the binary mixtures the
amount of mephenoxalone was determined by
measuring the first derivative signals at 233.5 nm
in the range of 214.0–250.0, for the mephenox-
alone acetaminophen mixtures. A similar proce-
dure was followed for the different concentrations
of acetaminophen, when mephenoxalone was 12.5
mg ml−1.

In the same way as describe above, the content
of acetaminophen was determined by selecting the
first derivative of the ratio spectra in the range
227.0–310.0 nm and measuring the signal at 288.9
nm.

4. Procedures

4.1. Differential deri6ati6e spectrophotometry

4.1.1. Calibration
Standard solutions of mephenoxalone and ac-
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etaminophen were prepared, by dissolving ap-
proximately 25 mg, accurately weighed, in 250 ml
methanol. Appropriate volume aliquots of the
stock solution were transferred to 25-ml cali-
brated flasks. Accurate volumes were transferred
into two sets of 25-ml calibrated flasks. One set
was diluted to volume with 0.1 N NaOH and the
other set was diluted to volume with methanol.
The first series contained a constant concentration
of mephenoxalone (20.0 mg ml−1) and a varying
concentration of acetaminophen (5.0–50.0 mg
ml−1). The second contained a constant concen-
tration of acetaminophen (45.0 mg ml−1) and a
varying concentration of mephenoxalone (5.0–
50.0 mg ml−1). The solutions were protected from
light throughout the study.

4.1.2. Sample preparation
A total of ten tablets (DORSiLON®) were

weighed and finely powdered. Quantities of the
powdered tablets equivalent to 450.0 mg of ac-
etaminophen and 200.0 mg mephenoxalone (one
tablet) were weighed accurately, taken and dis-
solved in methanol in 100 ml calibrated flasks.
After 20 min of mechanically shaking, the solu-
tion was filtrated in a 100 ml calibrated flask
through Whatman No. 42 filter paper. The
residue was washed three times with 10 ml of
solvent then the volume was completed to 100
ml with methanol. The solution was diluted 1:10
with 0.1 N NaOH and methanol, separately.
The difference spectra between the methanolic
solution and equimolar 0.1 N NaOH solution of
pure drugs and sample were recorded from
227.0–350.0 nm by placing the methanolic solu-
tion in the reference compartment and the 0.1 N
NaOH solutions in the sample compartment. A
first derivative spectrum of each of the differen-
tial curves was subsequently recorded. The solu-
tions were measured at 289.6 and 252.6 nm for
mephenoxalone and acetaminophen, respectively.
4.2. Ratio spectra deri6ati6e spectrophotometry

4.2.1. Calibration
Samples were prepared in 50-ml calibrated

flasks containing 5.0–50.0 mg ml−1 of mephe-

noxalone and 5.0–50.0 mg ml−1 of aceta-
minophen in methanol. Absorption spectra were
obtained in matched quartz cuvettes using the
composite solvent as a reference. All spectra
were stored in the IBM-PC. The stored spectra
of the binary mixtures, mephenoxalone and ac-
etaminophen, were divided by standard spec-
trum of acetaminophen (25.0 mg ml−1) for
determining mephenoxalone. Then, the first ratio
spectra were recorded and the values of the
derivatives were measured at suitably selected
wavelengths. The solutions were protected from
light throughout the study.

4.2.2. Sample preparation
A total of ten tablets (DORSiLON®) were

weighed and finely powdered. Quantities of the
powdered tablets equivalent to 450.0 mg of ac-
etaminophen and 200.0 mg mephenoxalone (per
tablet) were weighed accurately, taken and dis-
solved in methanol in 100 ml calibrated flasks.
After 20 min of mechanically shaking, the solu-
tion was filtrated in a 100-ml calibrated flask
through Whatman No. 42 filter paper. The
residue was washed three times with 10 ml of
solvent then the volume was completed to 100
ml with methanol. The solution was diluted 1:10
with methanol. The method described above was
applied to the prepared solutions.

5. Results and discussion

5.1. Differential deri6ati6e spectrophotometry

Fig. 1 shows the zero order spectrum of
mephenoxalone (12.5 mg ml−1) and ac-
etaminophen (25.0 mg ml−1) in 0.1 N NaOH
and in methanol. The difference absorption
spectra of mephenoxalone, acetaminophen and a
mixture of mephenoxalone and acetaminophen
shows in Fig. 2a. In the Fig. 2b shows that
the first derivative difference spectrum. The
first derivative differential spectra of both the
drugs Fig. 2b offered an advantage for their
simultaneous determination by having zero
crossing points. In particular absorbance 289.6
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nm for mephenoxalone and at 252.6 nm for ac-
etaminophen were considered as the optimum
working wavelengths for their determination. In
the first differential derivative spectrum (Fig. 2b)
of acetaminophen shows a well-defined maximum
at 252.6 nm, while mephenoxalone has a zero DD1

value at the same wavelength. Mephenoxalone
has a DD1 value at 289.6 nm at which ac-
etaminophen exhibits no contribution.

Under the experimental conditions described,
the graphs obtained by plotting DD1 values versus
concentration (in the range stated in Table 1)
show linear relationships. Regression analysis us-
ing the method of least squares was made for the
slope, intercept and correlation coefficient values.
Separate determinations at different concentration
levels were carried out for each drug to test
reproducibility of the DD1 values. The Relative
Standard Deviations (RSDs) were found to be less
than 1.05% Table 1. To prove the validity and
applicability of the proposed methods, ten syn-
thetic mixtures in the concentration range stated
in Table 2 were assayed using procedures. The
results obtained using the above methods were

precise and accurate (Table 2). The present meth-
ods were applied for the simultaneous determina-
tion of the above-mentioned mixture in its
commercial tablet form. The results obtained
show the high reliability and reproducibility of the
methods (Table 2).

5.2. Ratio spectra deri6ati6e spectrophotometry

In Fig. 3a are showed the ratio spectra of
different mephenoxalone standards (spectra di-
vided by the spectrum of a 25.0 mg ml−1 ac-
etaminophen solution) in methanol. Then, the
first derivatives of ratio-spectra were recorded in
Fig. 3b and the values of the derivatives were
measured at suitably selected wavelengths to the
mephenoxalone concentration. As the noise levels
were small a smoothing function was not needed.
The influence of the Dl for obtaining the first
derivative was tested and an Dl=8 nm was con-
sidered as suitable. The concentration of divisor
(mephenoxalone in this case) can be modified, and
different calibration graphs are then obtained. A
concentration of 25.0 mg ml−1 of acetaminophen

Fig. 1. Zero-order spectra of (a) 12.5 mg ml−1 mephenoxalone, (b) 25.0 mg ml−1 acetaminophen in methanol and, (c) 12.5 mg ml−1

mephenoxalone, (d) 25.0 mg ml−1 acetaminophen in 0.1 N NaOH.
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Fig. 2. (a) Differential spectra of (a) 12.5 mg ml−1 mephenoxalone, (b) 25.0 mg ml−1 acetaminophen and, (c) mixture of (12.5 mg
ml−1 mephenoxalone and 25.0 mg ml−1 acetaminophen) in methanol versus 0.1 N NaOH. (b) Differential derivative spectra of (a)
12.5 mg ml−1 mephenoxalone, (b) 25.0 mg ml−1 acetaminophen in methanol versus 0.1 N NaOH.

was considered as suitable. The calibration graph
was established by measuring at the amplitude at
233.5 nm corresponding to a minimum wave-

length in Fig. 4b. Several mixture compositions of
mephenoxalone and acetaminophen were pre-
pared and tested between 5.0–50.0 mg ml−1 for
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mephenoxalone in their binary mixtures shown in
Table 1.

For determining the other component ac-
etaminophen an analogous procedure was fol-
lowed. I obtained the ratio spectra of different
acetaminophen standards (spectra divided by the

spectrum of a 12.5 mg ml−1 mephenoxalone solu-
tion) and their first derivatives were calculated.
The calibration graph was obtained by measuring
the amplitude at 288.9 nm corresponding to a
maximum wavelength (Fig. 4b). The proposed
were also applied for the determination of mephe-

Table 1
Optical characteristics, precision and accuracy

Parameters Mephenoxalone Acetaminophen

Ratio derivativeDifferential derivative Differential derivativeRatio deriva-
spectrative spectra spectraspectra

Range (mg ml−1) 5.0–50.0 5.0–50.0 5.0–50.05.0–50.0
Detection limits (mg ml−1) 2.02.02.02.0
Regression equation (Y)a

9.3×10−2Slope (b) 8.42×10−16.54×10−1 1.24×10−1

7.80×10−4 5.45×10−4S.D. on slope (Sb) 2.58×10−5 4.62×10−5

Intercept (a) 7.11×10−19.87×10−1 2.45×10−1 6.34×10−1

7.39×10−3S.D. on intercept (Sa) 2.89×10−31.37×10−31.55×10−3

3.39×10−34.58×10−3 1.30×10−3S.E. of estimation (Se) 3.74×10−3

0.9990 0.9989Correlation coefficient (r) 0.9997 0.9986
0.970.35 1.05 2.03R.S.D. (%)b

0.49 0.85% Range of errorb (% 95 confi- 0.690.98
dence limit)

a Y=a+bC where C is concentration in mg ml−1 and Y in absorbance units.
b Five replicate samples.

Table 2
Assay results for the determination of mephenoxalone and acetaminophen in laboratory synthetic mixture and commercial tabletsa

Sample Recovery (mean 9S.D.)%a

Mephenoxalone Acetaminophen

Differential derivative Ratio derivative spectraRatio derivativeDifferential derivative
spectra spectra spectra

99.090.79Synthetic mix- 99.090.9399.791.79 98.890.29
tures

t 0.319b0.198b

0.927b 0.040bF

99.791.88Commercial 99.690.81 98.891.66 98.890.98
tabletsc

0.9550.836t
F 0.576 0.9157

a Mean and R.S.D. for ten determinations; percentage recovery from the label claim amount.
b Theoretical values at P=0.95. Theoretical values at % 95 confidence limits F=3.18; t=2.26
c Dorsilon® tablet are the product of ilsan Pharm. Ind., Turkey; each one tablet was labelled to contain 200.0 and 450.0 mg of

mephenoxalone and acetaminophen, respectively.
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Fig. 3. (a) Ratio spectra of mephenoxalone of (a) 5.0 mg ml−1, (b) 17.5 mg ml−1, (c) 25.0 mg ml−1, (d) 37.5 mg ml−1, (e) 50.0 mg
ml−1, when 25.0 mg ml−1 acetaminophen used as divisor in methanol (Dl=4 nm). (b) First derivative of the ratio spectra of
mephenoxalone of (a) 5.0 mg ml−1, (b) 17.5 mg ml−1, 25.0 mg ml−1, (d) 37.5 mg ml−1, (e) 50.0 mg ml−1, when 25.0 mg ml−1

acetaminophen used as divisor in methanol (Dl=4 nm).
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Fig. 4. (a) Ratio spectra of acetaminophen of (a) 5.0 mg ml−1, (b) 17.5 mg ml−1, (c) 25.0 mg ml−1, (d) 37.5 mg ml−1, (e) 50.0 mg
ml−1, when 12.5 mg ml−1, mephenoxalone used as divisor in methanol (Dl=4 nm). (b) First derivative of the ratio spectra of
acetaminophen of (a) 5.0 mg ml−1, (b) 17.5 mg ml−1, (c) 25.0 mg ml−1, (d) 37.5 mg ml−1, (e) 50.0 mg ml−1, when 12.5 mg ml−1,
mephenoxalone used as divisor in methanol (Dl=4 nm).



N. Erk / J. Pharm. Biomed. Anal. 21 (1999) 429–437 437

noxalone and in pharmaceutical products. The
results obtained show the high reliability and
reproducibility of the methods.

In order to demonstrate the validity and appli-
cability of the proposed methods (differential
derivative spectrophotometry and ratio spectra
derivative spectrophotometry), recovery studies
were performed by analyzing synthetic mixtures
that reproduced the composition of the commer-
cial tablets. The results obtained (Table 2) were
statistically compared using Student t- and the
F-tests. As shown from the table, the calculated r-
and F-values were less than the theoretical values,
indicating no significant difference between the
two methods. Commercially available tablets con-
taining a mixture of mephenoxalone and ac-
etaminophen were analyzed using the developed
methods. The results are summarized in Table 2.

The optical characteristics and figures of merit
are given in Table 1. The values obtained by the
proposed methods for formulations are compared
in Table 2, together with the results of recovery
experiments.

6. Conclusions

Mephenoxalone and acetaminophen were
simultaneously determined in pharmaceutical for-
mulations using two different analytical tech-
niques. The methods developed are simple,
accurate, and specific. Differential derivative spec-
trophotometry and ratio derivative spectrophoto-
metry may be recommended for routine and
quality control analysis of the investigated drugs
in two-component pharmaceutical preparations.
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