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Summary

Assay procedures based on derivative spectrophotometry have been developed for the determination of captopril alone or in
combination with hydrochlorothiazide in tablets. Captopril (5.0-25.0 ug/ml) can be determined by measuring the amplitude of the
maximum D, 555 oy, Of the second-order derivative spectrum. Combinations of captopril (6.0-14.0 ug/ml) and hydrochlorothiazide
(3.0-7.0 pug/ml) in a ratio of 2:1 can be determined using the simultaneous equations method with measurements of the
amplitudes of the maximum-minimum of the first-order derivative spectrum D75 350 nm and D53 . The linearity of the
calibration curves was excellent (r > 0.9997), the precision (RSD) better than 1.6% and the relative errors (E,) less than 2.6%. The
methods were succesfully applied to commercial tablets containing captopril alone or captopril in combination with hydrochloro-

thiazide.

Introduction

Captopril (1-(3-mercapto-2-p-methyl-1-oxopro-
pyD-L-proline (§,S)) is an orally active inhibitor
of angiotensin-converting enzyme. Its combina-
tion with the diuretic hydrochlorothiazide (6-
chloro-3,4-dihydro-7-sulfamyl 2H-1,2,4-benzothia-
diazine) increases the antihypertensive effects.

A variety of methods have been reported for
the quantitative determination of captopril
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(Shimada et al., 1982; Drummer et al., 1984;
Ivashkiv et al., 1984; Pereira and Tam, 1988;
Raggi et al., 1988), and captopril-hydrochloro-
thiazide combination (Kirschbaum and Perlman,
1984) in formulations.

Derivative spectrophotometry is a fast and
simple technique which is useful for determining
drugs in multicomponent systems or single com-
ponent formulations in the presence of interfer-
ing excipients (Tobias, 1983; Mahrous et al., 1985;
Cavrini et al., 1987; Hassan et al., 1987; Abdel-
Hamid and Abuirjeie, 1988; Bedair et al., 1988;
Di Pietra et al., 1988; Morelli, 1988a—c; Vetuschi
et al., 1988; Abdel-Moety et al., 1989; Knochen et
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al., 1989; Parissi-Poulou et al., 1989; Santoni et
al., 1989; Murillo et al., 1990; Corti et al., 1991).

Derivative spectrophotometry has also been
applied in the determination of drugs in biologi-
cal fluids (Fell et al., 1981; Martinez and Gimenez,
1981; Poulou and Macheras, 1986; Fernandez et
al., 1988; Green and Hadgraft, 1988; Salinas et
al., 1989).

UV derivative spectrophotometry enhances the
qualitative features and thus increases the finger-
printing utility of UV spectrophotometry for se-
lective identification and quantification of or-
ganic compounds (O’Haver and Green, 1976;
O’Haver, 1979).

The technique is based on the principle that,
for any given wavelength and concentration inter-
val, the fulfillment of the Lambert-Beer law for
the nth derivative is governed by the following
equation:

d"4  d"
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where A represents the absorbance, e is the
molar absorptivity (I mol™! cm™!), ¢ denotes the
concentration (mol 17!) and / is the pathlength
(cm) of the cell.

In this paper, the application of UV derivative
spectrophotometry to permit a simple, rapid, ac-
curate and precise assay of captopril (Cap) and
captopril-hydrochlorothiazide (Cap-Hy) combina-
tion in tablets is described.

Materials and Methods

Apparatus and conditions

A double-beam UV-Vis spectrophotometer
(Perkin-Elmer Lambda 7) with the capability of
operating in the derivative mode was used. The
optimized operating conditions for recording the
second-order derivative spectrum (D,) for the
determination of Cap and first-order derivative
spectrum (D)) for that of the Cap-Hy combina-
tion in tablets using 1.000 cm quartz cells, were:
scan speed, 120 nm/min; response time, 2 s;
spectral slit width, 2 nm; wavelength range, 6 nm.

Reagents and chemicals

Methanol was of analytical grade, acetonitrile
was far UV and Cap and Hy were obtained from
Squibb and used without further purification.
Several excipients, used for the interference study,
were obtained from commercial sources.

Standard solutions

Working standard solutions of Cap (5.0-25.0
pg/ml in 0.1 N NaOH were prepared daily from
a stock solution of Cap (1.0 mg,/ml) in methanol.
Working standard solutions of Hy (3.0-7.0
wg/mb in 0.01 N HCI and Cap-Hy mixtures at a
constant ratio of 2:1 (keeping Cap in the range
6.0-14.0 pg/ml and Hy in the range 3.0-7.0
wg/ml) were prepared daily from stock solutions
of Cap (1.0 mg/ml) and Hy (0.5 mg/ml) in ace-
tonitrile.

Sample analysis

For the determination of Cap the D, UV
spectra of Cap working standard solutions, con-
taining Cap at 5.0-25.0 pg/ml, were recorded
over the 200-280 nm range against a solution in
0.1 N NaOH as blank. The calibration curve was
then constructed by plotting the graphically mea-
sured (mm) amplitude of the maximum of the
D, 55 o SPECtTUm vs the corresponding Cap con-
centration. The following linear equation was ob-
tained through regression analysis of data;

Hy 255 mm = 1.34( £ 0.00096) X — 0.025( +0.1587)
(1)
(r=0.99997; n = 5)

where h,,55 o 1S the maximum amplitude (in
mm) and X denotes the concentration of Cap (in
wg/ml). This equation was employed in the de-
termination of Cap in formulations.

For the simultaneous determination of Cap-Hy,
three calibration curves were constructed as fol-
lows: The D, UV spectra of Hy working standard
solutions containing 3.0-7.0 pg/ml of Hy and
mixed Cap-Hy working standard solutions con-
taining 6.0-14.0 pg/ml of Cap and 3.0-7.0
ng/ml of Hy at a constant ratio of 2:1 (Cap/Hy)



were recorded over the 200-280 nm range against
a solution in 0.01 N HCI as blank.

For the determination of Hy in the presence of
Cap, the amplitude D 75_s50 5, Was measured.
The following equation was obtained through lin-
ear regression analysis of data on standard solu-
tions

Ryrs- 260 nm = 12.99( £0.142) Cyy, + 0.6954( +£0.62)
(2)
(r=10.9997; n =5)

where A% 560 pm 1S the maximum-minimum am-
plitude (in mm) and Cy, the concentration of Hy
(in pg/ml).
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For the determination of Cap in the presence
of Hy, the amplitude of the maximum of D, ;)3 \
(k') of various mixtures was measured. Since
both drugs absorb at D 53 ,,, the determination
of Cap was achieved by subtracting the value A’
from A%;;3 ymay, determined for Hy alone. It was
found using standard solutions of Hy (3.0-7.0
ng/ml) that the amplitude A3 \npyy 3t Dy yy3 08
linearly related with the Hy concentration:

213 nmctyy = 9-66( £0.060) Cyy, — 0.0633( +0.26)
(3
(r=0.99994; n =5)

where %3 nmay, i the maximum amplitude (in
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Fig. 1. (a) Zero-order and second-order derivative spectra of captopril. (b) Second-order derivative spectra of captopril (concentra-
tion range 5.0-25.0 ug/ml in 0.1 N NaOH).
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mm) at D ,; ., produced by Hy alone and Cy,
the concentration of Hy (in wg/ml) previously
determined from Eqn 2.

Further, by relating the difference of ampli-
tudes /13,3 ymay) — #'» With the Cap concentration,
a linear equation was developed for the concen-
tration range utilized:

h,213 nm(Hy) h'= 329( + 000042) CCap

—1.18( £0.0036) (4)
(r=09977; n=75)

where k' is the maximum amplitude (in mm),
513 nmqilyy the maximum amplitude (in mm) (pro-
duced by Hy alone) and C,, the concentration
of Cap (in pg/ml).
From Eqns 2-4, the following expression can
be derived:

Ceap = 022535 260 nm — 0-303h' + 0.1878  (5)

Eqn 5 gives the Cap concentration as a function
of the measured amplitudes A5 560 nm and #'.

Assay of captopril in tablets

20 tablets were weighed and pulverized. An
accurately weighed amount of powder equivalent
to 50 mg of Cap was placed in a 50 ml volumetric
flask and about 25 ml of methanol added. The
powder was dissolved by placing the flask in an
ultrasonic bath for 15 min. The volume was made
up to 50 ml with methanol. The solution was
filtered, 0.750 ml of the filtrate was placed in a 25
ml volumetric flask and the volume was com-
pleted to the mark with 0.1 N NaOH. The ampli-
tude of D,,s4 ,n Was measured and the Cap
content of the tablets was calculated by using the
calibration curve (Egn 1).

Assay of Cap-Hy combination in tablets

20. tablets were weighed and pulverized. An
accurately weighed amount of powder equivalent
to 50 mg of Cap and 25 mg of Hy was placed in a
50 ml volumetric flask and about 25 ml of ace-
tonitrile added. The powder was dissolved by
placing the flask in an ultrasonic bath for about

15 min. The volume was made up to 50 ml with
acetonitrile. The solution was filtered, 0.120 ml of
filtrate was placed in a 10 ml volumetric flask and
the volume was complete to the mark with 0.01 N
HCl. The D, spectrum of this solution was
recorded, the amplitude D ,.4 56 o and the
maximum D, 53 .., were measured (mm) and the
concentrations of Cap and Hy in tablets were
calculated by using Eqns 5 and 2, respectively.

Results and Discussion
Cap cannot be directly determined by zero-

order UV-Vis spectrophotometry, since its zero-
order spectrum does not exhibit a distinct absorp-

1.0 bl - 4 1.0

A(nm)
Fig. 2. Zero-order UV spectra of captopril (------ ), hydro-
chlorothiazide (- - - - -- ) and the binary mixture ( ) in
0.1 N HCL



tion peak. Therefore, in several studies, the de-
termination of Cap in formulations has been car-
ried out using a number of specific reagents in
order to produce a derivative that absorbs in the
visible region (Raggi et al., 1988). However, this
procedure is tedious and time consuming. In view
of this, a second-order derivative spectrophoto-
metric method was devised to determine Cap
alone in tablets. The amplitude of the maximum
at 258 nm of the D, spectrum was found to be
linearly related with Cap concentration in the
range 5.0-25.0 ug/ml, with a least-squares lin-
ear-regression equation (Eqn 1).

Ten replicate determinations carried out on a
Cap standard solution of 15.0 wug/ml gave a
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relative standard deviation (RSD) = 1.00% and a
relative error (E,) = —0.73%.

A further comparison of the proposed D,
method vs the USP XXII official procedure (titri-
metric method with a solution of 0.1 N KIO,) was
carried out by analyzing commercial tablets con-
taining 25 mg of Cap (Capoten). The results gave
a mean of 25.00 for the proposed method and a
mean of 24.95 + 0.038 with RSD 0.15% and E, —
0.1% (n = 5) for the USP official procedure.

Fig. 1 shows (panel a) the zero- and second-
order derivative spectra of Cap and (panel b) the
second-order derivative spectra of Cap. Fig. 2
illustrates the zero-order UV spectra of Cap, Hy
and its binary mixture. Fig. 3 depicts the first-
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Fig. 3. First-order derivative spectra of (a) captopril (concentration range 6.0-14.0 pg/ml in 0.1 N HCI), (b) hydrochlorothiazide
(concentration range 3.0-7.0 ug/ml in 0.1 N HCD and (c) captopril-hydrochlorothiazide mixture in the ratio 2:1 (concentration
range 6.0-14.0 ug/ml for Cap and 3.0-7.0 ug/ml for Hy in 0.1 N HC}).
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order derivative spectra of (a) Cap, (b) Hy and (c)
its binary mixture. The D, spectrum of Hy shows
one maximum-minimum pair at 278-260 nm and
one maximum at 213 nm which were found to be
linearly related with Hy concentration in the range
3.0-7.0 ng/ml (Eqns 2 and 3). The D, spectrum
of Cap shows one minimum at 213 nm which was
found to be linearly related with Cap concentra-
tion in the range 6.0-14.0 ug/ml

Rtz capy = 3-43(+£0.0227) C(,, — 0.380( +£0.1871)
(r=09998; n=5)

By comparing the D, spectrum of Hy and Cap, it
is clear that the amplitude of D, ;5 54 nm Of Hy
is not affected by the presence of Cap, allowing
the selective determination of Hy in Cap-Hy mix-
tures. The amplitude D, ,,; ,, of Cap is affected
strongly by the presence of Hy. However, the
determination of Cap can be achieved by using a
simple relationship which takes into account the
contribution deriving from Hy.

10 replicate determinations carried out on a
Cap-Hy standard solution of 10.0 ug/ml of Cap
and 5.0 ug/ml of Hy gave an RSD of 1.69% and
E,—0.002 for Cap and RSD 0.60% and E, -
0.026% for Hy.

The slopes of five calibration curves of Cap
and Hy prepared over a period of 5 months had a
mean of 3.31 + 0.185 with RSD 5.6% for Cap and
a mean of 0.075 + 0.0015 with RSD 2.04% for
Hy.

The determination of Cap-Hy combination us-
ing first-order derivative spectrophotometry was
validated with HPLC (Kirschbaum and Perlman,

TABLE 1

Determination of Cap-Hy combination in tablets by first-order
UV derivative spectroscopy (D,;) and HPLC

Cap (mg/tablet) Hy (mg /tablet)

HPLC D, HPLC D,
Mean+SD ? 49.94+0.52 48.66+0.38 23.77+0.3 24.1+£0.43
RSD (%) 1.049 0.79 1.26 1.78
E (%) —0.002 —0.047 —0.049 —0.036

n=->5.

TABLE 2

Effect of tablet additives on second-order derivative determina-
tion of Cap

Additive Concentration ratio Recovery (%)
(additive /Cap) (n=23)

Lactose 3 102.4
Gelatin 3 99.97
Starch 3 101.5
Carbowax * 3 101.6
Sodium lauryl sulfate 2 103.2
Magnesium stearate 1 97.47
Carbopol 2 104.93
PVP90 © 2 104.00
Hydroxypropylmethyl-

cellulose 2 100.8
PVPys 2 103.26

* Polyethylene glycol 4000.
b Carboxypolymethylene.
¢ Polyvinylpyrrolidone.

1984). The results obtained using both methods
are listed in Table 1

In order to examine the effect of common
excipients used in the formulation of tablets on
the D, determination of Cap and the D, deter-
mination of Cap-Hy combination, recovery exper-
iments were carried out from synthetic standard
solutions in 0.1 N NaOH containing 15.0 pwg/ml
of Cap and from synthetic standard solutions in
0.01 N HCI containing 10.0 pg/ml of Cap and
5.0 ng/ml of Hy and various excipients in excess.

From the results shown in Tables 2 and 3, it is
evident that the determination of Cap and Cap-Hy
combination by derivative spectrophotometry
does not suffer from spectral interference of the
excipients. Thus, the direct determination of Cap
and Cap-Hy combination in tablets without isola-
tion of the analyte can be carried out.

The detection limit of Cap alone by D, spec-
troscopy was found to be 0.3 pg/ml, while that of
Cap-Hy in mixtures by D, spectroscopy was de-
termined to be 3.0 ug/ml for Cap and 1.5 ug/ml.

The advantages of the two proposed methods
D, for Cap and D, for Cap-Hy combination in
tablets (i.e., short analysis time, unnecessary sam-
ple pretreatment and good precision and accu-
racy) make the procedures suitable for content



TABLE 3

Effect of tablet additives on first-order derivative determination
of captopril-hydrochlorothiazide combination

Additive Concentration ratio Recovery (%) ¢
Additive/ Additive/ Cap Hy
Cap Hy
Lactose 2 4 101.8 102.2
Gelatin 1.5 3 98.7 100.6
Starch 1 2 99.7 1014
Carbowax 2 2 4 95.6 99.8
Sodium lauryl
sulfate 2 4 984  99.26
Magnesium
stearate 0.2 0.4 98.4 99.26
CAHP ® 0.2 0.4 1051 101.2
Carbopol ¢ 2 4 99.3  100.0
Hydroxypropyl-
methyl-
cellulose 2 4 100.0 101.93

2 Polyethylene glycol 4000.

b Cellulose acetate hydroxyphthalate.
¢ Carboxypolymethylene.

dp=3,

uniformity tests, where a great number of assays
on individual tablets is required. 20 tablets of
Capoten (25 mg of Cap) and 20 tables of Super-
ace (50 mg of Cap and 25 mg of Hy) were
analyzed. The results for all tablets gave a mean
of 26.28 + 0.89 with an RSD of 3.4% for Cap
alone and 48.77 + 0.95 with an RSD of 1.95% for
Cap and 25.69 + 0.51 with an RSD of 1.98% for
Hy in the fixed combination tablets.

In summary, the proposed analytical proce-
dures based on second-order and first-order UV
derivative spectroscopy for the determination of
Cap and Cap-Hy combination in tablets offer the
advantages of increased resolution and decreased
spectral interference and could be used for the
rapid and reliable quality control of commercial
formulations.
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