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Abstract

Rapid and accurate binary mixture resolution of ephedrine hydrochloride and theophylline was performed.
Differential-derivative spectrophotometry with a zero-crossing measurement technique was used for the quantitative
determination of ephedrine hydrochloride and theophylline in pharmaceuticals. Neither sample pretreatment nor
separation were required. Linear calibration graphs of differential first derivative values (at 262.4 and 256.3 nm for
theophylline and ephedrine hydrochloride, respectively) versus concentration (in the ranges 6.0–40.0 and 100.0–
1000.0 mg ml−1 for theophylline and ephedrine hydrochloride, respectively) were obtained with negligible intercepts.
Vierordt’s method was also developed for a comparison method. Commercial tablet and laboratory-prepared
mixtures containing both drugs were assayed using the developed methods. Both methods showed good linearity,
precision and reproducibility. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Theophylline is a xanthine derivative that re-
laxes smooth muscles, relieves bronchospasm and
has a stimulant effect on respiration. Ephedrine
hydrochloride is reported to reduce the viscosity
of tenacious sputum and is used as an expecto-
rant. Theophylline and ephedrine hydrochloride
in combination induce bronchodilation and assist

the patient in coughing up viscid mucus, and have
been used in the symptomatic treatment of
bronchial asthma and other bronchospastic
conditions.

A survey of the literature revealed that the
analysis of theophylline and ephedrine hydrochlo-
ride either in single or multicomponent mixtures
has been reported through high performance liq-
uid chromatography [1–5], UV-densitometric [6],
voltammetry [7,8], gas chromatography [9,10], mi-
cellar electrokinetic capillary chromatography
[11,12] and spectrophotometry [13–20] in phar-
maceutical preparations.
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Derivative spectrophotometry [21] is a useful
technique for the suppression of additive interfer-
ence, and it has been used extensively for the
simultaneous determination of substances in mix-
ture. Difference spectrophotometry has proved to
be a powerful technique for determination of
drugs [22–24] as well as detection and determina-
tion of decomposition products [25]. Derivative-
difference spectrophotometry will offer further
advantages in canceling heavy spectral interfer-
ences to drug analysis [26,27] when the irrelevant
absorption is pH and solvent dependent.

The aim of this work was to study differential
first derivative spectrophotometry and Vierordt’s
method assays of theophylline and ephedrine hy-
drochloride in binary mixtures without previous
separation step. The utility of the developed meth-
ods to determine the contents of tablets was
demonstrated.

2. Experimental

2.1. Instruments

All spectral measurements and treatment of
data were carried out in 1-cm quartz cells using a
Shimadzu 1601 double beam spectrophotometer
with a fixed slit width (2 nm) connected to an

IBM PC computer and a Lexmark printer. The
wavelength range of 225.0–325.0 nm was selected
for differential spectra and 235.7–305.5 nm for
differential-derivative spectra, and ordinate maxi-
mum and minimum were adjusted to the magni-
tude of derivative values.

2.2. Reagents and samples

All experiments were performed with analytical
grade chemicals and solvents. Authentic samples
of ephedrine hydrochloride and theophylline were
kindly donated by Carlo Erba, Turkey and were
used without further purification. PiRASMiN®

tablets (Carlo Erba, Turkey, batch no: ER 34)
labeled to contain 125.0 mg ephedrine hydrochlo-
ride and 25.0 mg theophylline were obtained from
the local market.

3. Procedures

3.1. Differential-deri6ati6e spectrophotometry

3.1.1. Calibration solutions
Standard solutions of ephedrine hydrochloride

and theophylline were prepared, by dissolving �
50 mg each of the pure drugs in 50 ml of
methanol. Appropriate volume aliquots of the

Fig. 1. Zero-order spectra of (a) 750.0 mg ml−1 ephedrine hydrochloride, (b) 30.0 mg ml−1 theophylline in methanol, (c) 750.0 mg
ml−1 ephedrine hydrochloride, and (d) 30.0 mg ml−1 theophylline in 0.1 N NaOH.
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Fig. 2. (a) Differential spectra of a) 20.0 mg ml−1 ephedrine hydrochloride, b) 250.0 mg ml−1 theophylline and c) mixture of 250.0
mg ml−1 ephedrine hydrochloride and 30.0 mg ml−1 theophylline in methanol versus 0.1 N NaOH. (b) Differential-derivative spectra
of a) 250.0 mg ml−1 ephedrine hydrochloride, and b) 30.0 mg ml−1 theophylline in methanol versus 0.1 N NaOH.

stock solution were transferred to 10-ml cali-
brated flasks in duplicate. Accurate volumes were
transferred into two sets of 10-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 con-
stant concentration of ephedrine hydrochloride
(250.0 mg ml−1) and a varying concentration of
theophylline (6.0–40.0 mg ml−1). The second con-
tained a constant concentration of theophylline
(30.0 mg ml−1) and a varying concentration of
ephedrine hydrochloride (100.0–1000.0 mg ml−1).
Calibration solutions (n=5) were used to con-

struct the calibration curves in the standardization
of cited method.

3.1.2. Sample preparation
The proposed method was evaluated in the

assay of commercial tablets. A total of ten repli-
cate determinations were carried out. First ten
tablets (PiRASMiN®), labeled to contain 25.0 mg
of theophylline and 125.0 mg ephedrine hy-
drochloride and excipients were weighed and
finely powdered, and samples equivalent to 25.0
mg of theophylline and 125.0 mg ephedrine hy-
drochloride (one tablet) were taken and dissolved
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Table 1
Assay parameters for differential-derivative spectrophotometry and Vierordt’s method determination of ephedrine hydrochloride
and theophylline in binary mixturea

Parameters TheophyllineEphedrine hydrochloride

Diff. der. spec. Vierordt’s method Diff. der. spec. Vierordt’s method

100.0–1000.0 6.0–40.0Range (mg ml−1) 6.0–40.0100.0–1000.0

Regression equation (Y)b

2.10×10−3 2.28×10−3Slope (b) 9.32×10−26.70×10−2

2.02×10−4 4.45×10−51.41×10−4 1.08×10−5S.D. on slope (Sb)
6.13×10−3 8.74×10−3Intercept (a) 3.22×10−43.31×10−2

5.31×10−4 4.87×10−34.52×10−3 4.36×10−3S.D. on intercept (Sa)
1.27×10−3 4.11×10−3S.E. of estimation (Se) 1.27×10−30.57×10−4

0.9993 0.99810.9991 0.9998Correlation coefficient (r)
2.07 0.75RSD (%)c 2.190.95
0.28 0.570.45 0.82% Range of errorc(95% confidence limit)

a Diff. der. spect., differential-derivative spectrophotometry.
b Y=a+bC where C is concentration in mg ml−1 and Y is absorbance units.
c Five replicate samples (n=5).

in methanol in 100-ml calibrated flasks. After 20
min of mechanically shaking, the solution was
filtered into 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
of the methanolic solution and equimolar 0.1-N
NaOH solution of pure drugs and sample were
recorded by placing the 0.1-N NaOH solutions in
the reference compartment and the methanolic
solution in the sample compartment. A first
derivative spectrum of each of the differential
curves was subsequently recorded. The solutions
were measured at 256.3 and 262.4 nm for
ephedrine hydrochloride and theophylline,
respectively.

3.2. Vierordt’s method

3.2.1. Calibration solutions
Samples were prepared in 50-ml calibrated

flasks containing 100.0–1000.0 mg ml−1 of
ephedrine hydrochloride and 6.0–40.0 mg ml−1 of
theophylline in methanol. Absorption spectra
were obtained in matched quartz cuvettes using
the composite solvent as a reference. Then, the

absorption spectra were recorded and the values
of the absorbances were measured at suitably
selected wavelengths (257.1 and 272.1 nm). Cali-
bration solutions (n=5) were used to construct
the calibration curves in the standardization of
cited method.

3.2.2. Sample preparation
The proposed method was evaluated in the

assay of commercial tablets. A total of ten repli-
cate determinations were carried out. First ten
tablets (PiRASMiN®), labeled to contain 25.0 mg
of theophylline and 125.0 mg ephedrine hy-
drochloride and excipients were weighed and
finely powdered, and samples equivalent to 25.0
mg of theophylline and 125.0 mg ephedrine hy-
drochloride (one tablet) were taken and dissolved

Table 2
Experimental parameters calculated for the simultaneous de-
termination of ephedrine hydrochloride and theophylline in
binary mixture by Vierordt’s method

b2b1l (nm) a2a1

Ephedrine hydrochloride Theophylline

698.0 –745.8–l1: 257.1
– 389.7 – 274.5l2: 272.1
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Table 3
Assay results of ephedrine hydrochloride and theophylline in laboratory-made mixtures and in commercial tablets

Ephedrine hydrochloride recoveryPreparation Theophylline recovery (mean9S.D.)a (%)
(mean9S.D.)a (%)

Vierordt’s methodDiff. der. spect.c Diff. der. spect.c Vierordt’s method

99.4391.63 99.0990.87 98.7291.02Laboratory-made mixture 99.0090.81
t=0.038 (2.23)*t=0.072

F=1.137 F=2.870 (5.19)*
99.2891.07 99.9190.59 98.6890.92Commercialb tablets 99.8590.68

t=0.037t=1.536
F=1.877 F=2.980

a Mean of ten determinations9S.D.
b PiRASMiN® tablets were labeled to contain 125.0 mg ephedrine hydrochloride and 25.0 mg theophylline per tablet.
c Diff. der. spect., differential-derivative spectrophotometry.
* Theoretical values for t and F at P=0.05 level.

in methanol in 100-ml calibrated flasks. After 20
min of mechanically shaking, the solution was
filtered into a 100-ml calibrated flask through
Whatman no. 42 filter paper. The residue was
washed three times with 10 ml of solvent, and 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 pre-
pared solutions.

4. Results and discussion

4.1. Differential-deri6ati6e spectrophotometry

Fig. 1 shows the zero order absorption spectra
of ephedrine hydrochloride (750.0 mg ml−1) and
theophylline (30.0 mg ml−1) each in 0.1 N NaOH
and in methanol. The differential absorption spec-
tra of ephedrine hydrochloride, theophylline and
a mixture of ephedrine hydrochloride and
theophylline are shown in Fig. 2a. Fig. 2b shows
the first derivative difference spectrum. For differ-
ential measurements, alkaline solutions were
placed in the reference cell and methanolic solu-
tions in sample cell. The delta absorbance (DA=
Aalk−Aacid) DD1 curves were recorded. Attempts
to analyze ephedrine hydrochloride and
theophylline in two component mixtures by first
differential-derivative spectrophotometry was suc-
cessful, due to heavy contribution of ephedrine

hydrochloride and theophylline spectra (Fig. 2b).
The first derivative differential spectra of both the
drugs Fig. 2b offered an advantage for their
simultaneous determination by having zero cross-
ing points. In particular absorbance at 256.3 nm
for ephedrine hydrochloride and at 262.4 nm for
theophylline were considered as the optimum
working wavelengths for their determination. The
first differential-derivative spectrum (Fig. 2b) of
theophylline shows a well defined maximum at
262.4 nm while ephedrine hydrochloride has a
zero DD1 value at the same wavelength.
Ephedrine hydrochloride has a DD1 value at 256.3
nm at which theophylline exhibits no contribu-
tion. The derivative differential curves showed the
best linear response to analyte concentrations
used at these wavelengths. Least-squares regres-
sion analysis was carried out on the slope, the
intercept and correlation coefficient (r) values.
The relative standard deviation calculated for sep-
arate determinations of each drug was 0.75–
0.95%, indicating good precision and
reproducibility (Table 1). To prove the validity
and applicability of the proposed methods, ten
synthetic mixtures in the concentration range
stated in Table 3 were assayed. The results ob-
tained using the above methods were precise and
accurate (Table 3). The detection limits (LOD)
[28] were 0.92 mg ml−1 for ephedrine hydrochlo-
ride and 0.046 mg ml−1 for theophylline, while the
quantification limits (LOQ) [29] were 2.89 mg
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ml−1 for ephedrine hydrochloride and 0.128 mg
ml−1 for theophylline. The selected method was
successfully applied to the determination of these
drugs in laboratory-prepared mixtures and com-
mercial tablets. The results are summarized in
Table 3. The results obtained show the high reli-
ability and reproducibility of the method.

4.2. Vierordt’s method

Differential-derivative spectrophotometric
method also tested Vierordt’s method for resolv-
ing the binary mixtures.

Absorptivity A1
1 (1%, 1 cm) values for

ephedrine hydrochloride and theophylline in the
binary mixtures at zero-order spectra were calcu-
lated by using the absorbances measured at the
appropriate wavelengths in methanol. Of these
wavelengths 257.1 nm was selected as optimal for
ephedrine hydrochloride and 272.1 nm for deter-
mination of theophylline in binary mixture. Simi-
larly the absorbances of the mixed sample
solutions were measured and then the concentra-
tion of each compound was calculated from the
following simultaneous equations:

A1=a1Ceph+b1Cthe A2=a2Ceph+b2Cthe

where Ceph and Cthe are the concentrations of two
compounds, ephedrine hydrochloride and
theophylline, in binary mixtures calculated as g
100 ml−1. A denotes the absorbance of the mix-
ture solution, and a and b represent the values of
A1

1 (1%, 1 cm) for ingredients. The subscripts 1
and 2 refer to l1=lmax=257.1 nm of ephedrine
hydrochloride compound and l2=lmax=272.1
nm of theophylline compound, respectively. Ta-
bles 1 and 2 show the experimental parameters
obtained by using the zero-order absorption spec-
tra for the standard solutions of ephedrine hy-
drochloride and theophylline. The application of
Vierordt’s method of two-component analysis for
the determination of these drugs in authentic mix-
tures and in tablets gave satisfactory results
(Table 3). The detection limits (LOD) were 1.92
mg ml−1 for ephedrine hydrochloride and 0.051
mg ml−1 for theophylline, while the quantification
limits (LOQ) were 3.13 mg ml−1 for ephedrine
hydrochloride and 0.108 mg ml−1 for

theophylline. The selected methods were success-
fully applied to the determination of these drugs
in laboratory-prepared mixtures and commercial
tablets. The results are summarized in Table 3.
The results obtained show the high reliability and
reproducibility of the method.

The proposed methods were statistically com-
pared with those of Student’s t-test and variance
ratio F-test (Table 3). The calculated (experimen-
tal) t- and F-values did not exceed the tabulated
(theoretical) values in either test, indicating that
there was no significant difference with respect to
accuracy and precision between the proposed
methods. Commercially available tablets contain-
ing a mixture of ephedrine hydrochloride and
theophylline were analyzed using the developed
methods. The selected methods were successfully
applied to the determination of these drugs in
laboratory-prepared mixtures and commercial
tablets.

5. Conclusions

The proposed methods are simple (as there is
no need for solvent extraction), accurate and spe-
cific and can therefore be applied to the determi-
nation of the cited drugs in two-component
pharmaceutical preparations.
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