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Abstract

Three new spectrophotometric procedures for the simultaneous determination of fosinopril and hydrochlorothi-
azide are described. The first method, derivative-differential spectrophotometry, comprised of measurement of the
difference absorptivities derivatized in the first-order (�D1) of a tablet extract in 0.1 N NaOH relative to that of an
equimolar solution in methanol at wavelengths of 227.6 and 276.4 nm, respectively. The second method, depends on
the application ratio spectra derivative spectrophotometric method to resolve the interferance due to spectral
overlapping. The analytical signals were measured at 237.9, 243.8 nm for fosinopril and 262.4, 269.3 and 278.6 nm
for hydrochlorothiazide in the binary mixture, in the first derivative of the ratio spectra of the mixture solutions in
methanol. Calibration graphs were established for 4.0–50.0 �g ml−1 fosinopril and 2.0–14.0 �g ml−1 hydrochloroth-
iazide in binary mixture. The third method, absorbance ratio method, the determination of fosinopril and hy-
drochlorothiazide was performed by using the absorbances read at 210.0, 219.5 and 271.7 nm in the zero-order
spectra of their mixture. The developed methods were compared with absorbance ratio method. Application of the
suggested procedures were successfully applied to the determination of this compound in synthetic mixtures and in
pharmaceutical preparations, with high percentage of recovery, good accuracy and precision. © 2002 Published by
Elsevier Science B.V.

Keywords: Fosinopril; Hydrochlorothiazide; Simultaneous determination; Derivative differential spectrophotometry; Ratio spectra
derivative spectrophotometry; Absorbance ratio method
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1. Introduction

Tablets containing fosinopril, a new chemical
class of angiotensin-converting enzyme (ACE) in-
hibitors in combination with a diuretic drug were

found to provide therapeutic effects. Hy-
drochlorothiazide, is shown to possess diuretic
actions. More recently a new combination dosage
form of fosinopril and hydrochlorothiazide is in-
dicated in the treatment and management of
edema and hypertension.

The simultaneous determination of fosinopril
and hydrochlorothiazide has been carried out in
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pharmaceutical formulation using a computa-
tional program by spectrophotometry [1] and high
performance liquid chromatography [2]. Many
analytical procedures have been described for the
individual determination of hydrochlorothiazide,
jointly with other pharmaceuical substances, in-
cluding high performance liquid chromatography
(HPLC) [3–9], polarography [10], capillary zone
electrophoresis [11], and spectrophotometry [12–
21] procedures.

Spectrophotometry is a common technique in
the field of pharmaceutical and biomedical analy-
sis. Direct UV absorbance measurement is subject
to interference from coformulated drugs, excipi-
ents and degradation products. Derivative spec-
trophotometry offers greater selectivity than does
normal spectrophotometry in the simultaneous
determination of two or more compounds without
previous chemical separation [22,23]. Difference
spectrophotometry based on pH changes has also
been reported to be useful in the determination of
binary mixtures [24]. There are few reports on
utilization of the above two combined techniques
for the estimation of individual drug substances
[25] and for combined preparations [26,27].

Recently, Salinas et al. [28,29] developed a new
spectrophotometric method, which is based on the
use of the first derivative of the ratio spectra for
resolving binary mixtures. This method permits
the use of the wavelength of greatest sensitivity (a
maximum or a minimum) as the signal of mea-
surement. Moreover, the presence of a lot of
maxima and minima is another advantage by the
fact that these wavelengths give an opportunity
for the determination of active compounds in the
presence of other compounds and excipients
which possibly interfere the assay.

The fosinopril–hydrochlorothiazide mixture is
not yet offical in any pharmacopoeia. I was desir-
able to develop a simple and fast procedure that
could be applied in quality control laboratories
for the simultaneous determination of fosinopril
and hydrochlorothiazide in the presence of each
other.

In this report, three new methods, differential
derivative spectrophotometry, ratio first derivative
spectrophotometry and absorbance ratio method
are reported and the optimum experimental

parameters for each method are described. These
proposed methods were especially chosen since
these are used for the determination of both ana-
lytes in synthetic mixtures and pharmaceutical
preparations reported in pharmacopoeias.

2. Experimental

2.1. Apparatus

A double beam, Shimadzu 1601 spectrophoto-
meter model with a fixed slit width (2 nm) con-
nected to an IBM-PC computer loaded with an
HP laserjet 1100 printer was used for all the
absorbance signals and treatment of data.

2.2. Chemicals used

Fosinopril and hydrochlorothiazide were kindly
donated by Bristol-Mayers Squibb Pharm. Ind.
All other chemicals were of analytical-reagent
grade.

2.3. Pharmaceutical preparation

A commercial pharmaceutical preparation
(Monopril® plus tablet Bristol Mayers Squibb
Pharm. Ind., Turkey) was assayed. Its declared
content was as follows: fosinopril—20.0 mg; hy-
drochlorothiazide—12.5 mg/tablet.

2.4. Reagents

Stock solutions of 1.0 mg ml−1 of fosinopril
and hydrochlorothiazide were prepared in
methanol. These solutions were used in the prepa-
ration of calibration graphs and for spectra. All
solutions were protected from light and were
analysed on the day of preparation.

2.5. Calibration for differential deri�ati�e
spectrophotometry

Standard solutions of fosinopril and hy-
drochlorothiazide were prepared, by dissolving
approximately 25 mg, accurately weighed, in 250
ml methanol. Appropriate volume aliquots of the
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stock solution were transferred to 25 ml calibrated
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 fos-
inopril (10.0 �g ml−1) and a varying concentra-
tion of hydrochlorothiazide (2.0–14.0 �g ml−1).
The second contained a constant concentration of
hydrochlorothiazide (6.25 �g ml−1) and a varying
concentration of fosinopril (4.0–50.0 �g ml−1).

2.6. Sample preparation for differential deri�ati�e
spectrophotometry

Twenty tablets was accurately weighed and
powdered in a mortar. An accurately weighed
amount equivalent to one tablet was dissolved in
methanol in 100-ml calibrated flask. After 30 min
of mechanical shaking, the solution was filtered in
a 100 ml calibrated flask through Whatman no 42
filter paper. The residue was washed three times
with 10 ml of solvent and then the volume was
completed to 100 ml with the same solvent. The
solution was diluted 1:10 with 0.1 N NaOH and
methanol, separately

2.7. Calibration for ratio spectra first deri�ati�e
spectrophotometry

Samples were prepared in 100 ml calibrated
flasks containing 4.0–50.0 �g ml−1 of fosinopril
and 2.0–14.0 �g ml−1 of hydrochlorothiazide in
methanol.

2.8. Sample preparation for ratio spectra first
deri�ati�e spectrophotometry and absorbance ratio
method

An accurately weighed amount of the well pow-
dered tablets (equivalent to 20.0 mg of fosinopril
and 12.5 mg hydrochlorothiazide) was dissolved
in 100 ml in methanol. After 20 min of mechani-
cally shaking, the solution 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 ratio spectra first deriva-
tive spectrophotometry and absorbance ratio
method described above were applied to the pre-
pared solutions.

3. Spectrophotometric measurements

3.1. Differential-deri�ati�e spectrophotometry

The difference spectra between the methanolic
solution and equimolar 0.1 N NaOH solution of
pure drugs and sample were recorded from 200.0
to 300.0 nm by placing the methanolic solution in
the reference compartment and the 0.1 N NaOH
solutions in the sample compartment. A first
derivative spectrum of each of the differential
curves was subsequently recorded. The solutions
were measured at 227.6 and 276.4 nm for fos-
inopril and hydrochlorothiazide, respectively.

3.2. Ratio spectra first deri�ati�e
spectrophotometry

By this method, fosinopril and hydrochlorothi-
azide mixtures were analysed by measuring the
signals at 1DD237.9,1 1DD243.8, 1DD262.4, 1DD269.3

and 1DD278.6 on the derivatives of the ratio spec-
trum of the mixture using fosinopril and hy-
drochlorothiazide, respectively, as divisor.

3.3. Absorbance ratio method

Such a method of analysis is based on the linear
relationship between the absorbancy ratio value
of a binary mixture and the relative concentration
of such a mixture. The quantification analysis of
fosinopril and hydrochlorothiazide and in binary
mixture are performed by using the following
equations:

C1= (Q1−b1/a1)(Aiso/aiso)×103,

C2= (Q2−b2/a2)(Aiso/aiso)×103

where Q1=A1/Aiso for fosinopril, Q2=A2/Aiso for
hydrochlorothiazide, C1 and C2=concentrations

1 order derivative Derivative Divided wavelength measure
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of the fosinopril and hydrochlorothiazide, respec-
tively, Aiso=absorbance at isoabsorptive point
(�iso=219.5 nm), aiso=absorptivity at isoabsorp-
tive point=Aiso/C1+C2, a1=slope of regression
equation (Q1 vs. C1/C1+C2), a2=slope of regres-
sion equation (Q2 vs. C2/C1+C2), b1,2= intercept
values of these regression equations, A1 and A2

denotes the absorbances of the mixture solution
measured at �1 and �2 (210.8 and 271.7 nm).

4. Results and discussion

4.1. Differential deri�ati�e spectrophotometry

The absorption (zero-order) UV spectra of fos-
inopril and hydrochlorothiazide in 0.1 N NaOH
and methanol are shown in Fig. 1. Conventional
UV spectrophotometry cannot be used for the
simultaneous determination of both drugs in the
presence of each other. The difference absorption
spectra of fosinopril and hydrochlorothiazide and
binary mixture showed in Fig. 2a. The first
derivative differential spectra of both the drugs.
Fig. 2b offered an advantage for their simulta-

neous determination by having zero-crossing
points. The �D1 amplitudes at 227.6 nm (zero
crossing of hydrochlorothiazide) and at 276.4 nm
(zero crossing of fosinopril) were chosen for the
simultaneous determination of fosinopril and hy-
drochlorothiazide, respectively,in a binary mix-
ture. The differential-derivative spectra showed
the best linear response to analyte concentrations
used at these wavelengths. Under the experimen-
tal conditions described,standard calibration
curves fosinopril and hydrochlorothiazide were
constructed by plotting first derivative value of
the differential versus concentration, respectively.
Conformity with with Beer’ s law was evident in
the concentration range from 4.0 to 50.0 �g ml−1

of fosinopril and from 2.0 to 14.0 �g ml−1 of
hydrochlorothiazide Table 1. The regression curve
was calculated by the least-squares method. The
correlation coefficients were 0.9992 for fosinopril
and −0.9999 for hydrochlorothiazide, indicating
good linearity. Results of this method analysis of
laboratory-prepared mixtures with different pro-
portions of the drug is given in Table 2. The
excipients (corn starch, magnesium stearete, lac-
tose and talc) were added to the drug for recovery

Fig. 1. Zero-order spectra of (a) 40.0 �g ml−1 fosinopril, (b) 12.5 �g ml−1 hydrochlorothiazide in methanol and, (c) 40.0 �g ml−1

fosinopril, (d) 12.5 �g ml−1 hydrochlorothiazide in 0.1 N NaOH.
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Fig. 2. (A) Differential spectra of (a) 40.0 �g ml−1 fosinopril, (b) 12.5 �g ml−1 hydrochlorothiazide and, (c) mixture of (40.0 �g
ml−1 fosinopril and 12.5 �g ml−1 hydrochlorothiazide) in methanol vs. 0.1 N NaOH. (B) Differential derivative spectra of (a) 40.0
�g ml−1 fosinopril, (b) 12.5 �g ml−1 hydrochlorothiazide in methanol vs. 0.1 N NaOH.

studies according to manufacturer’s batch for-
mula for per tablets. The data shown in Table
3 indicate good accuracy and precision of the
proposed procedure. The relative standard
deviations were found to be less than 1.45%
indicating reasonable repeatability of the

method. The detection limits (LOD) [30] were
0.068 �g ml−1 for fosinopril, and 0.120 �g ml−1

for hydrochlorothiazide while the quantification
limits (LOQ) [31] were 0.226 �g ml−1 for fos-
inopril, 0.893 �g ml−1 for hydrochlorothiazide
(Table 4).
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Table 2
Beer’s law data and statistical analysis for the calibration
graphs of fosinopril and hydrochlorothiazide using absorbance
ratio method

Fosinopril Hydrochlorothiazid
e

Solvent MethanolMethanol
�max 210.0 nm 271.7 nm
�iso 219.5 nm219.5 nm
Concentration range 4.0–50.0 �g ml−1 2.0 –14.0 �g ml−1

for Beer’s law
compliance

Correlation 0.9989 0.9897
coefficient (r)

y=ax+b Y=3.7×10−2CHY=1.7×10−2CF

+8.2×10−2 +5.2×10−2

Table 4
The detection and quantification limits of fosinopril and hy-
drochlorothiazide using the proposed methods

LODaProposed method LOQb

Diffe. Der. Spec.
0.226Fosinopril 0.068

Hydrochlorothiazide 0.120 0.893

Ratio Der. Spec.
0.250Fosinopril 0.061
0.806Hydrochlorothiazide 0.244

Absor. Ratio Met.
0.052 0.364Fosinopril
0.342 0.895Hydrochlorothiazide

a LOD=3Sb/b ; detection limit, Sb standard deviation of
blank; b : slope of calibration graph.

b LOQ=10Sb/b ; quantification limit.

4.2. Ratio first deri�ati�e spectrophotometry

The stability of working solutions of fosinopril
and hydrochlorothiazide was studied by recording
their absorption spectra. At first these spectra
were measured. No changes in the spectra were
observed for at one day when the solutions are
stored at room temperature in the dark.

Fig. 1 shows the absorption spectra corre-
sponding to fosinopril, and hydrochlorothiazide
and a mixture of them in methanol. The absorp-
tion spectra of the two components are strongly

overlapped. On the other hand, this spectral over-
lapping was sufficiently enough to demonstrate
the resolving power of the proposed method. For
the determination of fosinopril, the stored absorp-
tion spectra of standard solutions of fosinopril
and hydrochlorothiazide and a solution of their
binary mixture were divided by the absorption
spectrum of a standard solution of 6.25 �g ml−1

of hydrochlorothiazide, then the first derivative of
the obtained ratio spectra were calculated with
��=4 nm (Fig. 3). From this Fig. 3, fosinopril
can be determined in this binary mixture by mea-

Table 3
Resolution of fosinopril and hydrochlorothiazide laboratory-made mixtures by using the differential derivative spectrophotometry

Recovery (%)Found(mg/100 ml)Taken (mg/100ml)

Hydrochlorothiazide HydrochlorothiazideFosinoprilHydrochlorothiazideFosinopril Fosinopril

19.8 7.420.0 99.07.5 98.7
19.6 9.820.0 98.010.0 98.0

101.6101.012.720.0 20.212.5
20.0 8.5 20.1 8.6 100.5 101.2
20.0 102.197.514.319.514.0

99.012.4 99.29.912.510.0
14.715.0 12.412.5 98.0 99.2

12.5 19.920.0 12.6 99.5 100.8
25.0 12.5 24.6 12.4 98.4 99.2

98.499.712.329.930.0 12.5
Mean: 99.1 Mean: 99.8
RSD%: 1.08 RSD%: 1.04
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suring the analytical signals at 237.9 (1DD237.9)
nm and 243.8 nm (1DD243.8) where there is no
contribution from hydrochlorothiazide. For deter-
mining the other component, hydrochlorothi-
azide, an analogous procedure was followed. Fig.
4 shows the ratio-spectra of different concentra-

tions of hydrochlorothiazide and their first deriva-
tives, using the spectrum of a 10.0 �g ml−1

solution of fosinopril as the divisor. The concen-
tration of hydrochlorothiazide is proportional to
the amplitudes of 262.4 (1DD262.4), 269.3
(1DD269.3) and 278.6 (1DD278.6) nm. The influence

Fig. 3. Ratio spectra (a) and first derivative of the ratio spectra (b) of fosinopril (a) 4.0 �g ml−1; (b) 11.0 �g ml−1; (c) 21.0 �g ml−1;
(d) 38.0 �g ml−1; (e) 50.0 �g ml−1, where 6.25 �g ml−1 hydrochlorothiazide used as divisor in methanol.
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Fig. 4. Ratio spectra (A) and first derivative of the ratio spectra (B) of hydrochlorothiazide of (a) 2.0 �g ml−1, (b) 5.0 �g ml−1,
(c) 7.5 �g ml−1, (d) 11.5 �g ml−1, (e) 14.0 �g ml−1, when 10.0 �g ml−1 fosinopril used as divisor in methanol.

of �� for obtaining the first derivative of the ratio
spectra was tested to obtain the optimum wave-
length interval; ��=4 nm was considered as suit-
able. Under the experimental conditions
described, standard calibration curves for fos-
inopril and hydrochlorothiazide were constructed

by plotting first derivative value of the ratio spec-
trum versus concentration. Conformity with
Beer’s law was evident in the concentration range
of the final dilution cited in Table 1. The ratio-
spectra derivative method permits the use of the
different concentrations as the divisor to obtain



N. Erk / J. Pharm. Biomed. Anal. 27 (2002) 901–912910

the different calibration graphs. Various mixture
compositions of fosinopril and hydrochlorothi-
azide were prepared and tested between 4.0–50.0
�g ml−1 for fosinopril and 2.0–14.0 �g ml−1 for
hydrochlorothiazide (Table 1). Table 1 shows the
linearity ranges of the calibration graphs for ac-
tive ingredients at the suitable wavelengths for
determinations of fosinopril and hydrochlorothi-
azide. The correlation coefficients were indicating
good linearity. Recovery test also confirmed the
accuracy and applicability of the proposed
method by analyzing synthetic mixtures of fos-
inopril and hydrochlorothiazide which repro-
duced different composition ratios. The
percentage recoveries and their relative standard
deviations were found to be 99.8, 99.7 and 0.91,
0.84% for fosinopril and 99.6, 99.8, 99.3 and 1.04,
1.24, 0.70% for hydrochlorothiazide, respectively
(Table 5). The detection and quantification limits
were calculated for the fosinopril and hy-
drochlorothiazide using the ratio derivative
method (Table 4).

4.3. Absorbance ratio method

Differential derivative spectrophotometry, ratio
first derivative spectrophotometry tested ab-

sorbancy ratio method for resolving the binary
mixtures. The zero-order (original) spectra of fos-
inopril and hydrochlorothiazide are illustrated in
Fig. 1. These spectra indicated that binary mix-
tures containing fosinopril and hydrochlorothi-
azide could be analyzed by applying the principles
absorbance ratio method. By measuring ab-
sorbance values at 210.0 nm (�max for fosinopril),
271.7 nm (�max for hydrochlorothiazide) and 219.5
nm (isosbestic point) in the original spectra of the
binary mixture in methanol, the analysis of the
binary mixture containing fosinopril and hy-
drochlorothiazide was made by using the formu-
las explained in Section 3.3. A critical evaluation
of the proposed method was performed by the
statistical analysis of the experimental data. The
obtained slopes, intercepts and correlation coeffi-
cients obtained are summarized in Table 2.

In order to demonstrate the validity and appli-
cability of the proposed methods, recovery studies
were performed by analyzing synthetic mixtures
of fosinopril and hydrochlorothiazide which re-
produced different composition ratios. The per-
centage recoveries of fosinopril and hydro-
chlorothiazide from spiked excipient were summa-
rized in Table 6. The percentage recoveries and
their relative standard deviations were found

Table 5
Resolution of fosinopril and hydrochlorothiazide laboratory-made mixtures by using the ratio derivative spectrophotometry

HydrochlorothiazideFosinopril

Recovery (%)Taken (mg ml−1) Taken (mg ml−1) Recovery (%)

1DD237.9
1DD243.8

1DD262.4
1DD278.6

1DD269.3

98.17.598.798.720.0 98.5 99.2
99.3 100.5 10.020.0 99.8 99.8 99.5

100.5 98.7100.6 12.520.0 99.2101.2
99.1 98.220.0 98.8 99.1 8.5 98.2

102.4 99.499.3 14.020.0 99.399.3
10.0 99.699.4100.812.599.599.0

101.0100.212.5 100.599.9100.615.0
99.3 100.398.620.0 12.5100.6 101.0

101.0 101.0 12.525.0 98.7 99.5 99.2
99.4 98.830.0 98.2100.512.599.5

Mean: 99.3Mean: 99.8Mean: 99.6Mean: 99.7Mean: 99.8
RSD (%): 0.91 RSD (%): 0.84 RSD (%): 1.04 RSD (%): 1.24 RSD (%): 0.70
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Table 6
Resolution of fosinopril and hydrochlorothiazide laboratory-made mixtures by using the absorbance ratio method

Taken (mg/100 ml) Recovery (%)Found(mg/100 ml)

Fosinopril Hydrochlorothiazide FosinoprilFosinopril HydrochlorothiazideHydrochlorothiazide

20.1 7.320.0 100.57.5 97.3
20.1 9.820.0 100.510.0 98.0
19.5 12.212.5 97.520.0 97.6

20.0 8.5 19.8 8.5 99.0 100.0
20.1 14.414.0 100.520.0 102.8
9.7 12.410.0 97.012.5 99.2

15.1 12.412.5 100.615.0 99.2
12.520.0 19.9 12.6 99.5 100.8

24.8 12.212.5 99.225.0 97.6
12.530.0 30.2 12.4 100.6 99.2

Mean: 99.5 Mean: 99.2
RSD (%): 1.26 RSD (%): 1.71

Table 7
Assay results of fosinopril and hydrochlorothiazide in commercial tablets

Sample Recovery (mean�S.D.) %a

HydrochlorothiazideFosinopril

Diff. Der. Rat. Der. Abs. Ratio.Abs. Ratio. Rat. Der.Diff. Der.
Spectr.Met. Spectr. Met.Spectr. Spectr.

Commercial 98.8�1.81 99.2�1.76 99.6�1.64 100.3�1.02 98.9�1.04 99.6�0.71
tabletsb t=1.173c 0.897 t=1.134 1.116

1.440 F=1.943 1.459F=2.49c

a Mean and relative standard deviation for ten determinations; percentage recovery from the label claim amount.
b Monopril® plus tablets were labeled to contain 20.0 mg fosinopril, 12.5 mg hydrochlorothiazide per tablets, respectively.
c Values in parentheses are the theoretical values at P=0.95. Theoretical values at % 95 confidence limits F=3.18; t=2.26.

to be 99.5 and 1.26% for fosinopril and 99.2 and
1.71% for hydrochlorothiazide, respectively. Com-
mercially available tablets containing mixture of
fosinopril and hydrochlorothiazide in mixture were
analysed by proposed methods and the results are
presented in Table 7.

By the fact that there was no official method for
the analysis of fosinopril and hydrochlorothiazide
in binary mixture. Therefore, the absorbancy ratio
method was chosen as the analytical reference
method. Differential derivative spectrophotometry
and ratio first derivative spectrophotometry were
compared with absorbancy ratio method. The
intercept values for differential derivative spec-

trophotometry, ratio first derivative spectrophoto-
metry and absorbancy ratio method were not
statistically (P�0.05) different from zero. No
significantdifferenceswerefoundbetweentheresults
obtained by the absorbances ratio method and the
differential derivative and first derivative spec-
trophotometry, forsamebatchatthe95%confidence
level (Student’s t-test and F-variance ratio test).

5. Conclusions

The data given above reveal that the proposed
methodsaresimple,accurateandsensitivewithgood
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precision and accuracy. With these methods, one
can do the analysis at low cost without losing
accuracy. The reported methods is no need for
solvent extraction, rapid as it requires measure-
ments of �D1, ratio dA/d� and A values at single
wavelength and direct as it estimates each drug
independent of the other. Moreover, it has many
advantages over other separation techniques such
as high-performance liquid chromatography [2] or
gas chromatography. HPLC method [2] for simul-
taneous determination of fosinopril and hy-
drochlorothiazide needs expensive equipment,
requiring time-consuming sample preparation
such as filtration, degassing and HPLC grade
solvents.

In addition, the proposed methods are widely
used for the simultaneous determination of both
drugs in pharmacopeias in contrast to the multi-
wavelength spectrophotometric method [1]. Also,
the proposed methods can be used as alternative
methods to reported ones for the routine simulta-
neous determination of fosinopril and hy-
drochlorothiazide in the pure form and
pharmaceutical formulations depending upon the
availability of chemicals and the equipment.
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