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Abstract

Fourth derivative UV-spectrophotometric and high-performance liquid chromatographic (HPLC) methods for simultaneous
determination of fosinopril and hydrochlorothiazide in tablets have been developed. Standard solutions were measured at
zero crossing wavelengths of 217.7 and 227.9 nm for fosinopril and hydrochlorothiazide, respectively, by fourth derivative
spectrophotometric method. Calibration curves were constructed by plotting d*A/dA* values at selected wavelengths against
concentrations. HPLC analyses were carried out on C-18 column with gradient elution by using 10 mM H3PO4 and CH3CN as
mobile phase. Benazepril was used as internal standard and the substances were detected at 215 nm. Commercially available
tablets containing 20 mg fosinopril and 12.5 mg hydrochlorothiazide were analysed by fourth derivative spectrophotometric
and HPLC methods. The results were compared siaizstically at 95% confidence level with each other. There was no significant
difference between the mean percentage recoveries and precision of the two methods. © 2001 Elsevier Science B.V. All rights

reserved.
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hydrochlorothiazide which has been used since a long

1. Introduction
time in therapy, a liquid chromatographic method [2]

Fosinopril (Fos), an angiotensin-converting en- has been presented for Fos more recently. Some quan-
zyme inhibitor used to treat hypertension, and hy- titative determination methods of Hct are spectropho-
drochlorothiazide (Hct), a diuretic agent, are together tometric [3-6], fluorodansitometric [7], gas [£.9] and
used in some commercial preparations. Only a multi- liquid [10-12] chromatographic, electrophoretic [13]
wavelength UV-spectrophotometric method has been and polarographic [14,15] methods.
developed [1] for simultaneous determination of these In this study, a fourth derivative spectrophotoietric
drugs and there is no official method in pharma- and HPLC methods were developed for simulianeous
copoeias for this purpose. On the other hand, although determination of Fos and Het in tablets. These methods
various methods have been reported for the assay of were especially chosen since these are used for the

determination of drugs in pharmaceutical preparations
es reported in pharmacopaeias. The results obtained with
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2. Experimental
2.1. Materials

Pharmaceutical grade Fos sodium and Hct (Bristol-
Myers Squibb Co.) and benazepril hydrochloride
(Ben), internal standard (Ciba Geigy) were kindly sup-
plied by the manufacturers. Analytical grade H3PO4
and HPLC grade MeOH and CH3CN were purchased
from Merck (Darmstadt). Water was doubly distilled.

2.2. Apparatus

A Shimadzu UV-160A UV-VIS spectrophotometer
with 1cm quartz cells was used under the following
operating conditions: scan speed 1500 nm min~!, scan
range 200-300nm, slit width 2nm and derivation
interval (AX) 2.4nm. Derivative spectra were auto-
matically obtained by Shimadzu UV-160A system
software.

HPLC analyses were performed on a Shimadzu LC
10 (Tokyo) system. This consisted of a model LC 10
AT solvent delivery system, a Rheodyne injector with
aloop of 20 pl. SPD-10A spectrophotometric detector
was set at 215 nm. The data were collected and anal-
ysed via the automation system software (Shimadzu).

2.3. Chromatographic conditions

Separation was achieved at room temperature, using
a Shim-pack C-18 column (250 mm x 4.6 mm i.d.,
10 pm) (Shimadzu). The mixture of aqueous 10 mM
o-phosphoric acid (solvent A) and acetonitrile (solvent
B) was used for gradient elution. Sixty percent of A
was passed through the column for 4 min with a flow
rate 1 ml min~!, then concentration of A was gradually
changed to 20% A over 6 min. At the fifth minute of
the run the flow rate was increased to 2 ml min~!. The
waiting time between the runs was 10 min to obtain
good stabilized conditions.

2.4. Solutions

Fosinopril and hydrochlorothiazide stock solutions
(0.5mgml~! in MeOH) were freshly prepared. Stan-
dard solutions were obtained by diluting the stock
solutions for the preparation of calibration curves in
the concentration range of 5.0-45.0 ug ml~! (Fos) and

0.5-9.0 g ml~! (Het) for derivative spectrophotomet-
ric method. Meanwhile the final concentration ranges
were 5.0-50.0 pgml~! (Fos) and 2.5-25.0 pgml~!
(Het) for HPLC method. These solutions also con-
tained benazepril as internal standard at 15 pgml~!.

2.5. Assay procedure

Ten tablets were separately weighed and pow-
dered. About 60 ml of MeOH was added to accurately
weighed amount of the tablet powder equivalent to
approximately 20 mg of Fos and 12.5mg of Hct in a
100 ml calibrated flask. The mixture was shaken for
30 min on a shaker, diluted to volume with MeOH,
and then filtered.

Appropriate dilutions were made with MeOH so
that the final concentrations of Fos and Hct were
12.0 and 7.5pgml™!, respectively, for derivative
spectrophotometric measurements. Fourth derivative
spectra of the solutions were recorded against MeOH.
Derivative absorbance (D) values of the spectra at
217.7 and 227.9nm were measured for the determi-
nation of Fos and Hct, respectively.

For HPLC measurements appropriate dilutions were
made with 10 mM H3PO4/CH3;CN (1:1, v/v) so that
the final concentrations of Fos and Hct and Ben, were
20.0, 12.5 and 15.0 pgml~!, respectively.

The quantity of the drugs were calculated using the
regression equations of the corresponding calibration
curves constructed for both the methods.

2.6. Assay validation

Synthetic mixtures prepared by adding known
amounts of Fos and Hct were analyzed by both de-
veloped methods using the procedure outlined above.
The mean percentage recoveries and relative standard
deviations (R.S.D.) were calculated.

3. Results and discussion

The determination of Fos in tablets combined with
Hct is not possible by direct UV-absorption measure-
ments due to spectral overlap, however, Hct can be
analyzed (Fig. 1a). Magri et al. solved this problem
by using a computational program QUEST [1]. In this
study, derivative spectrophotometric method has been



S. Saglik et al./Analytica Chimica Acta 427 (2001) 253-257

A
0.600 ¢+ 1
0.500
0.400 t
0.300
0.200
0.100 }
0200 220 240 260 280 300
A(nm)
(a)
+0.200 2
dA
dr 1
+0.100
0
-0.100 f
-0200 , . ;
200 210 220 230 240 250 260
A(nm)
(b)

Fig. 1. (a) Zero-order absoption and (b) fourth derivative spectra
of Fos (1) and Het (2) (20 ugml~! of Fos and 4 pgml~! of Het
in methanol).

examined for the same purpose because it has been
widely used for the determination of drugs especially
in mixtures [16,17]. One to four derivative spectra of
aqueous, methanolic and ethanolic solutions of Fos
and Hct at appropriate concentrations were taken and
observed. Fourth UV-derivative spectra of methano-
lic drug solutions were the best since the derivative
absorbance peaks of both drugs were isolated in
these spectra (Fig. 1b). Zero crossing wavelengths at
217.7 and 227.9 nm were selected since reproducible
readings were obtained at these wavelengths. Other
operating conditions were determined as mentioned
in Section 2. Calibration curves were constructed
by plotting D = d*A/dA* values at selected wave-
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lengths against corresponding concentrations in the
5.0-45.0pgml~! (Fos) and 0.5-9.0 ngml™! (Hct)
concentration range. Regression equations of linear
calibration graphs for Fos and Hct were calcula-
ted as D = 0.00354C + 0.0041 (r = 0.9994) and
D = 0.0365C + 0.00361 (r = 0.9996), respectively.

As a second simultaneous analyse method for
these drugs and to check the UV-derivative spectro-
photometric results, a high-performance liquid chro-
matographic method was also developed. Optimum
chromatographic conditions were examined to get a
good separation. The mixtures of MeOH or CH3CN
and water at various ratio were tested as mobile phases
on C-18 column by isocratic system. All of them were
unsuccessful since the polarities of these drugs are
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Fig. 2. Chromatogram obtained with the mixture of Het (1), Ben
(2) and Fos (3) (12.5pgmi~! of Het, 15pgml™" of Ben and
25pgml~! of Fos in 10mM H3PO4/CH3CN, 1:1, v/v). Sample
volume is 20 ml.
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Table 1

Recovery data obtained for different mixtures by using the derivative method

Mixture no. Fos? Hct®

Added (pgml~!) Found (pgml~!) Recovery (%) Added (pgmli~!) Found (pgml™) Recovery (%

1 15 14.66 LA 1 0.97 97.00
2 15 14.94 99.60 5 5.02 100.40
3 25 24.83 99.32 3 3.00 100.00
4 25 24.55 98.20 T 7.05 100.71
5 25 25,11 100.44 9 8.91 99.00
6 35 34.72 99.20 1 0.997 99.70
7 35 35.00 100.00 5 5.00 100.00
8 35 35.28 100.80 9 8.89 98.78
9 45 44.60 99.11 3 3.02 100.67
10 45 44.89 99.76 7 7.02 100.29

a
b

99.42; R.S.D. =0.94.
99.66; R.S.D. = 1.13.

=
X =
obviously different. Hct was eluted in mobile phase
volume when Fos was retained at a reasonable time
and retention time of Fos was too long if Hct was
eluted after mobile phase volume. For this reason the
drugs were chromatographed by using gradient sys-
tem. The resultant improvement in the peak shape of
Fos was obtained when aqueous phosphoric acid was
used instead of water in mobile phase. UV detector
was set at 215nm the maximum absorption wave-
length of Fos since its molar absorptivity is lower
than Hct. Retention times were 8.90 and 3.56 min
for Fos and Hct, respectively, and 4.67 min for Ben

which was used as internal standard (Fig. 2).
Peak area ratios (A/A;s) were plotted against corre-
sponding concentrations in the 5.0-50.0 p.g ml~! (Fos)

Table 2

Recovery data obtained for different mixtures by using HPLC method

and 2.5-25.0 ugml~! (Hct) concentration range. Re-
gression equations of the calibration curves for Fos and
Hct were calculated as A = 0.0189C — 0.0096 (r =
0.9997) and A = 0.1667C + 0.0338 (r = 0.9998),
respectively.

In order to access the validity and applicabil-
ity of the developed methods, recovery studies
were performed by analysing synthetic mixtures of
each drug in different ratios. The mean percent-
age recoveries (£R.S.D.) indicating good accu-
racy and precision were found to be 99.42 £+ 0.94
for Fos; 99.66 £ 1.13 for Hct in derivative spec-
trophotometric (Table 1), and 98.67 £ 1.35 for
Fos; 98.49 £ 1.14 for Hct in HPLC (Table 2)
methods.

Mixture no. Fos®

Het®

Added (pgmi~!)

Found (pgml~!)

Recovery (%)

Added (ugml~!) Found (pgml~!) Recovery (%)

1 g 5.02 100.40 ik 7.43 99.07
2 15 15.06 100.40 29 2.48 99.20
3 15 14.53 96.87 j 4% 16.98 97.03
- 25 24.89 99.56 12.5 12.43 99.44
5 25 24.36 97.44 17.5 16.92 96.69
6 &0 34.37 98.20 1D 1.37 98.27
7 35 34.34 98.11 25 2473 98.92
8 40 38.76 96.90 12.5 12.55 100.40
9 40 39.82 9955 20 19.56 97.80
10 50 49.62 99.24 20 19.62 98.10

a
b

8.67; R.S.D. = 1.35.

£=9
X =98.49; RS.D. = 1.14.
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Table 3

Assay results of tablets containing 20 mg Fos and 12.5mg Het*

Compound Statistical Derivative HPLC
value method method

Fos X 19.73 19.85
S.D. 0.35 0.57
S.D. (%) ¢ P9 2.87
t 0.44 0.44
F 2:57 2.57

Hct x 12.07 12.24
S.D. 0.20 0.34
S.D. (%) 1.66 271
t 1.05 1.05
F 2.90 2.90

a3, =6; P =005t =223 F=5.05

The proposed methods were applied to the deter-
mination of Fos and Hct in tablets and the results
were statistically compared with each other at the
95% confidence level with the aid of #- and F-tests.
As it can be seen from the Table 3, there is no sig-
nificant difference between the two methods with
the respect to mean values and standard deviations,
since the calculated 7- and F-values were less than the

corresponding theoretical ones.

4. Conclusion

The methods developed in this study are widely
used for the determination of drugs in pharmacopeas
in contrary to the multiwavelength spectrophotomet-
ric method and these are easily carried out for si-
multaneous determination of Fos and Hct as well. It
does not need any special equipment for derivative ab-
sorbance measuring in derivative spectrophotometric
method.

Sensitivities of the both methods are the same
(5 pgml~1) for Fos, whereas derivative spectrophoto-
metric method (0.5 pg ml™!) is five times more sensi-
tive than HPLC (2.5 pg ml~!) for Het. These methods
could not be compared with multiwavelength spec-
trophotometric method in terms of sensitivity since the
range of working concentrations of the drugs were not
clearly given in [1]. On the other hand, there is no dif-
ference between the precision of both the methods de-
veloped in this study (Table 1) as mentioned above, but
multiwavelength spectrophotometric method is much
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more precise since the R.S.D. values were reported
as 0.02 and 0.03 for Fos and Hct, respectively [1].

After the extraction of the drugs from tablet powder
only a few minutes is required in both spectrophoto-
metric methods. Although HPLC method is in need
of longer time (10 min run time, 10 min waiting time)
than the others, its high separation power may be an
advantage for the analysis of these drugs in biolog-
ical materials. The applicability of HPLC method to
serum and urine samples is under investigated.

As a result, derivative spectrophotometric method
is proposed for simultaneous determination of Fos
and Hct, especially for routine quality controls. This
method can be used for the rapid, reliable and sensi-
tive quantitation of Fos and Hct in tablets.
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