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INTRODUCTION

Captopril (CPL), 1-(3-mercapto-2-methyl-1-
oxoproppyl)-L-proline (S,S) Figure 1., is used thera-
peutically as an antihypertensive agent. It is used in the
management of hypertension, in heart failure, following
myocardial infraction and in diabetic nephropathy.[1] As
for ethamsylate (ESL), 2,5-Dihydroxybenzenesulfonic
acid (compound with N-ethylethanamine) Figure 1., it
is a homeostatic agent that appears to maintain the sta-
bility of capillary walls and correct abnormal platelet
adhesion. It is given for the prophylaxis and control of
hemorrhages from small blood vessels.[1]
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Several methods have been reported for the quan-
titative determination of captopril in formulations and
biological fluids, including: spectrophotometry,[2-8]
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ABSTRACT

Two simple and sensitive methods were developed for the determination of
captopril (CPL) and ethamsylate (ESL) in pharmaceutical preparations. The
method is based upon investigation of the oxidation reaction of these drugs
with alkaline potassium permanganate. In the first one, the absorbance of
the coloured manganate radical was measured at 610 nm. Alternatively, the
decrease in the absorbance of potassium permanganate after addition of
the drugs was measured at 525 nm. The absorbance-concentration plots in
both methods were rectilinear over the range of 4-24 µg/ mL and 2-15 µg/ mL

at 610 nm and 525 nm, respectively for captopril. As for ESL the range was
1-7 µg/ mL and 0.5-4 µg/ mL at 610 nm and 525 nm respectively. The lower

detection limits were 0.41 µg/ mL and 0.38 µg/ mL for captopril at 610 and 525

nm respectively. As for ESL, the lower detection limits were 0.04 µg/ mL and

0.06 µg/ mL at 610 and 525 nm respectively. The different experimental pa-
rameters affecting the development and stability of the colours were
carefully studied and optimized. Both methods were further applied to the
determination of CPL and ESL in formulations.
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GC.MS,[9] HPLC,[10-19] electrochemistry,[20-24] chemi-
luminescence[25] and capillary electrophoresis.[26] The
official method involves the titration of captopril with
potassium iodate in acidic medium.[27]

Regarding ESL, various methods have been ap-
plied for its determination in formulations and biological
fluids. These methods include spectrophotometry,[5,28,29]

HPLC,[30] electrochemistry,[31-34] chemiluminescence[35]

and fluorimetry.[36] A Kinetic spectrophotometric
method based on oxidation of CPL and ESL with Io-
dine and sodium azide has been reported.[5]

The aim of the present work was to study the reac-
tion of CPL or ESL with alkaline potassium permanga-
nate, in an attempt to evaluate these two drugs in their
different dosage forms.

EXPERIMENTAL

Apparatus

UV- VIS 1601, Shimadzu recording Spectropho-
tometer (P/ N 206-67001).Recording range from 0
to1.0, wavelengths 610 and 525 nm.

Reagents and Materials

All the reagents were of Analytical Reagent grade.
CPL was kindly supplied by Squibb Egypt Co. Giza,

Egypt. Pharmaceutical preparations including: Capozide
tablets labeled to contain 50 mg of captopril and 25 mg
of hydrochlorothiazide each (Batch  E11477); and
Capoten tablets labeled to contain 25 mg of CPL each
(B10401204). Both are products of Squibb Egypt Co.
Giza, Egypt. Ethamsylate was provided by Memphis
Chemical. Co. Egypt.

Dicynone tablets each containing 250 mg of
ethamsylate (Batch # 301296) and dicynone ampoules
each containing 250 mg of ethamsylate/ 2 mL (Batch 
010030B); both are products of Minapharm Pharm.
Co. Cairo, Egypt. All pharmaceutical preparations were
obtained from commercial sources in the local market.
- Potassium permanganate (Merck, Darmstadt, Ger-

many): 5 x 10-3 mol L-1 and 7.6 x 10-3 mol L-1aque-
ous solutions were freshly prepared.

- Sodium hydroxide (BDH, UK). 0.5 mol L-1 aque-
ous solution was prepared.

Stock solution

Stock solutions were prepared by dissolving 20.0
mg of CPL or 10.0 mg of ESL in 100 mL of distilled
water, and were further diluted with the same solvent
as appropriate. The standard solutions were stable for
one week when kept in the refrigerator.

General procedures

Construction of calibration curve
i-First Method

Transfer aliquot volumes of the standard solutions
into a series of 10 mL volumetric fask. Add 1 mL of 0.5
M NaOH solution, followed by 2.6 mL of 5 x 10-3 M
potassium permanganate solution. Shake the mixture
well and complete immediately to the volume with dis-
tilled water in case of CPL while,allow the reaction mix-
ture to stand for 15 min in case of ESL. Measure the
absorbance of the resulting solutions at 610 nm against
a reagent blank prepared simultaneously. Plot the val-
ues of the absorbance vs the final drug concentration
(µg/ mL) to get the calibration graphs. Alternatively,
derive the corresponding regression equations.

ii-The Second Method

Transfer aliquot volumes of the standard solutions
into a series of 10 ml volumetric flasks. Add 1 mL of
0.5M NaOH solution, followed by 0.6 mL of 7.6 x 10-

3 M KMnO4, then shake the mixture well. Complete
to the volume with distilled water immediately in case
of CPL and after 15 min in case of ESL. Measure the
decrease in the absorbance of the resuling solutions in
both cases at 525 nm. Plot the decrease in the absor-
bance vs the final content of the drugs in µg/ mL to get

the calibration graphs. Alternatively, derive the corre-
sponding regression equations.

Procedure for the Tablets

Weigh and pulverize twenty tablets. Transfer a
weighed quantity of the powder equivalent to 20 mg of
CPL or 10 mg of ESL into a small conical flask, extract
with 3 x 30 mL of distilled water. Filter the extract into
100 mL volumetric flask. Wash the conical flask with
few mLs of water. Pass the washings into the same volu-
metric flask and complete to the mark with the same
solvent. Transfer aliquot volumes covering the working
concentration range (cited in TABLE 2) into 10 mL
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volumetric flasks. Proceed as described under the Gen-
eral procedures, adopting either methods. Determine
the nominal content of the tablets either from the cali-
bration curve or using the corresponding regression
equation.

Procedure for the ampoules

Mix the contents of 5 ampoules well. Transfer ali-
quot volumes of the solution equivalent to 10.0 mg of
ESL into 100 ml measuring flask, dilute and complete
to volume with distilled water. Transfer aiquots of this
solution within the concentration range cited in TABLE
2 into a series of 10 mL volumetric flasks. Proceed as
described under the General procedures, adopting ei-
ther methods. Determine the nominal content of the
ampoules either from the calibration curve or using the
corresponding regression equation.

RESULTS AND DISCUSSION

Both of CPL and ESL were found to react with
KMnO4 in alkaline medium producing a bluish-green
colour (manganate radical) which absorbs maximally at

610 nm (Figure 2). The absorbance of the reaction
product remains stable for at least 40 min in case of
CPL and 60 min in case of ESL. The spectrophoto-
metric properties of the coloured product as well as the
different experimental parameters affecting the colour
development and its stability were carefully studied and
optimized. Such factors were changed individually while
the others were kept constant. The factors include, ef-
fect of different oxidants, effect of different solvents,
concentration of the reagents (KMnO4 and NaOH),
temperature, time, sensitizers and surfactants.

Optimization of the reaction conditions

At room temperature, the green colour of the reac-
tion product was formed immediately in case of CPL
and remained stable for about 40 min. In case of ESL
the colour was formed immediately and increased up
to 15 min, then remained stable for one hour Heating
the reaction mixture was found to increase the rate of
the reaction but a brown precipitate of MnO2 was
formed, therefore, room temperature (25oC) was se-
lected as the optimum temperature.

The absorbance of the reaction products increased
upon increasing KMnO4 concentration. It was found
that 2.6±0.2 mL of 5 x 10-3 M KMnO4 was adequate
for the maximum absorbance (Figure 3).

Figure 3 : Effect of volume of 5 × 10-3 mol L-1 KMnO4 on the
absorbance of the reaction product of captopril ( 20 µg/ mL ) at

610 nm.

Oxidation of CPL and ESL with KMnO4 was car-
ried out in presence of NaOH. Trials were made to
determine these drugs through their oxidation with
KMnO4 in neutral or acidic media, but very little oxi-
dation of the drugs was observed.
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Figure 2 : Absorption spectra of :
A) KMnO4 (12.5 × 10-4 mol L-1) and 0.05 mol L-1

NaOH,
B) Reaction product of captopril (24 µg/ mL) after

reaction with KMnO4 and NaOH



N.El-Enany et al. 337

Full Paper
ACAIJ, 8(3) September 2009

An Indian Journal
Analytical CHEMISTRYAnalytical CHEMISTRY

The influence of NaOH concentration on the ab-
sorbance of the reaction product was also studied us-
ing 0.1-3 mL of 0.5 M NaOH. It was found that in-
creasing the volume of 0.5 M NaOH, would increase
the absorbance of the reaction product up to 1.2 mL,
further increase, resulted in very slight decrease in the
absorbance of the reaction product, thus, 1 ±0.2 mL of

0.5 M NaOH was found to be the most suitable vol-
ume for maximum absorbance. (Figure 4).

acetone and ethanol.

Effect of different sensitizers and surfactants

Different sensitizers (quinine, fluorescein and
rhodamine-B), at concentration of 5 µg mL-1 were tested
by adding to the reaction mixture before measurement
of the absorbance. Outstanding inhibitory effects were
observed as these sensitizers reacted strongly with
KMnO4/ NaOH system. In the same manner, the ef-
fect of surfactants on the colour development was stud-
ied. Different surfactants (cetrimide, gelatine and so-
dium lauryl sulphate) at three concentrations, 2.5, 7.5
and 15 µg/ mL, were tested by adding to the reaction

mixture prior to measurement of the absorbance. All
these compounds reacted strongly with the KMnO4/
NaOH system with inhibitory effect, as evident from
the low absorbance readings. Potassium permangan-
ate is consumed by the surfactants, being reduced to
reduction products other than the measured species.

An alternative spectrophotometric method for the
determination of CPL and ESL based upon measuring

Figure 4 : Effect of volume of 0.5 mol L-1 NaOH on the
absorbance of the reaction product of captopril ( 20 µg/ mL ) at

610 nm.

Effect of different oxidising agents

Different oxidants have been used through out this
approach such as, H2O2, potassium persulphate in al-
kaline medium, cerric ammonium sulphate and potas-
sium dichromate in strong acid medium. In case of each
of H2O2 and persulphate, oxidation of the drug re-
sulted in a hypsochromic shift and hypochromic effect
of the reaction product. In case of cerric ammonium
sulphate and dichromate, very little oxidation was at-
tained as revealed by the very low absorbance.

Effect of diluting solvents

The effect of diluting solvents was also studied. Using
different solvents such as water, ethanol, acetonitrile,
acetone, dimethyl sulphoxide and dimethyl formamide.
It was found that water was the best solvent as it gave
the highest absorbance readings, moreover its choice
adds to the adventages of the method. However in case
of dimethyl sulphoxide, dimethyl formamide and
actonitrile, the absorbance of the reaction product was
less than that in case of water. On the other hand, tur-
bid green solution was obtained immediately in case of

Figure 5 : Absorption spectra of captopril after reaction with
KMnO4 /NaOH at 525 nm at different concentrations (µg

mL-1).
(B) KMnO4 (1) 2 µg/ mL (2) 4 µg/ mL

(3) 6 µg/ mL (4) 8 µg/ mL (5) 10 µg/ mL

(6) 12 µg/ mL (7) 15 µg/ mL
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the decrease in the absorbance of KMnO4 at 525 nm
(Figure 5) was also developed. The difference in the
absorbance was plotted against the concentration of
the drugs.

Applications

After optimizing the reaction conditions, the two
proposed methods were applied to the determination
of the studied compounds in pure form. The absor-
bance-concentration plots were rectilinear over the
range 4-24 µg/ mL, 2-15 µg/ mL for CPL at 610 nm
and 525 nm respectively, and over the range 1-7 µg/

mL, 0.5-4 µg/ mL for ESL at 610 nm and 525 nm re-
spectively (TABLE 1).

Linear regression analysis of the data gave the fol-
lowing equations:
1- For CPL:
A= -1.53 x 10-3 x 0.03 C (r= 0.9997) at 610 nm,
A= -1.48 x 10-3 x 0.04 C (r= 0.9997) at 525 nm.

2- For ESL:
A= -8.57 x 10-4 x 0.09 C (r= 0.9999) at 610 nm,
A= -1.12 x 10-3 x 0.14 C (r= 0.9999) at 525 nm.

where A is the absorbance and C is the concentration in µg/

mL
The limits of quantification (LOQ) were determined

by establishing the lowest concentrations that can be
measured and were found to be 1.38 µg/ mL, 0.14 µg/

mL for CPL and ESL respectively at 610 nm and 1.27
µg/ mL,0.2 µg/ mL for CPL and ESL respectively at

525 nm. The limits of detection (LOD) were deter-
mined by establishing the minimum level at which the
analytes can be reliably detected, and were found to be
0.41 µg/ mL, 0.04 µg/ mL for CPL and ESL respec-
tively, at 610 nm and 0.38 µg/ mL, 0.06 µg/ mL for

CPL and ESL respectively at 525 nm. The precision of
the methods were evaluated by analyzing standard so-
lutions of CPL and ESL. The results for pure samples
were in accordance with those obtained by the refer-
ence methods [6,29] for CPL and ESL respectively.

The validity of the method was evaluated by statis-
tical analysis of the regression data and the results are
represented in TABLE 1.
Validation of the method

The method was tested for linearity, specificity, pre-
cision and reproducibility. By using the above spectro-
photometric procedures, linear regression equations

were obtained. The regression plots showed that there
was a linear dependence of the absorbance value on
the concentration of the drugs over the range cited in
TABLE 1.

The validity of the method was evaluated by statis-
tical analysis of the regression lines regarding the stan-
dard deviation of the residuals (Sy/x), the standard de-
viation of the intercept (Sa) and standard deviation of
the slope (Sb). The results are given in TABLE 1. The
small values of the figures point out to the low scatter-
ing of the points around the calibration curve and the
high precision of the proposed method.

TABLE 1 : Analytical performance data for the determination
of captopril and ethamsylate in pure form.

Proposed method 
at 610 nm 

Proposed method 
at 525 nm Parameter 

CPL ESL CPL ESL 
-concentration 
range(µg/ ml). 

4-24 1-7 2-15 0.5-4 

-LOQ (µg/ mL). 1.38 0.14 1.27 0.20 

-LOD (µg/ mL). 0.41 0.04 0.38 0.06 
- Correlation 
coefficient (r) 

0.9997 0.9999 0.9997 0.9999 

- Slope 0.03 0.09 0.04 0.14 

- Intercept -1.53×10-3 -8.57×10-4 -1.48×10-3 -1.12×10-3 

-Sy/x 7.48×10-3 1.19×10-3 6.98×10-3 2.07×10-3 

-Sa 4.56×10-3 1.26×10-3 5.32×10-3 2.74×10-3 

-Sb 4.47×10-4 2.29×10-4 6.25×10-4 7.22×10-4 

-% Error 0.41 0.14 0.59 0.28 

N.B. : -Sy/x =standard deviation of the residuals.
-Sa = standard deviation of the intercept of regression
line.
-Sb = standard deviation of the slope of regression line
-% Error = RSD% /  n.

Accuracy

The accuracy of the proposed method was evalu-
ated by analysing standard solutions of CPL and ESL.
The results obtained by the proposed method were com-
pared with those given by the reference methods[6,29]

for CPL and ESL respectively.
Statistical analysis[37] of the results obtained by both

methods and reference methods[6,29] using the Student
t-test and Variance ratio F-test, shows no significant
difference between the performance of the two meth-
ods regarding the accuracy and precision, respectively
(TABLE 2).

Precision

The within-day precision was evaluated through rep-
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licate analysis of authentic samples of CPL at concen-
trations of 4, 8, 16, 20 µg/ mL. The percentage recov-

eries based on the average of four separate determina-
tions were 99.240.86 thus, indicating the high preci-
sion of the method.

The inter-day precision was also evaluated through
replicate analysis of authentic samples of CPL at con-
centration of 8 µg/ mL on four successive days. The

percentage recoveries based on the average of four
separate determinations were 99.741.03. The repeat-
ability and reproducibility of the proposed method are
fairly good as indicated by small value of standard de-
viation (SD).

Robustness of the method

The robustness of the method adopted is demon-
strated by the constancy of the absorbance value with
the deliberated minor changes in the experimental pa-
rameters such as change in the concentration of NaOH,
1 ±0.2 mL of 0.5 mol L-1 and change in KMnO4 con-
centration, 2.6±0.2 mL of 5 x 10-3 mol L-1. These mi-
nor changes that may take place during the experimen-
tal operation didn�t affect the absorbance value.

is frequently co-formulated with captopril did not inter-
fere with the proposed method. It is practically insoluble
in water and is removed by filtration. The results ob-
tained were compared with those given using reference
methods.[6,29] Statistical analysis[37] of the results using
Student�s t-test and variance ratio F- test, revealed no

significant difference between the two methods at the
95 % confidence level regarding accuracy and preci-
sion, respectively. The results obtained are abridged in
TABLE 3. Moreover, the proposed methods are more

TABLE 2 : Application of the proposed method for the deter-
mination of CPL and ESL in pure form using the proposed
methods.

Proposed method at Parameters 
Compound 610 nm 525nm 

Reference 
Methods[6,29] 

1-CPL    

-Mean found (%) ±SD. 100.40 ±0.97 100.50 ±1.07 99.89±0.78 

-Variance. 0.94 1.14 0.61 

-Student�s t-Value. 0.81 (1.48) 0.83 (1.31)  

-Variance ratio F-test. 1.55 (4.74) 1.88 (9.55)  

2-ESl    

-Mean found (%) ±SD. 100.03 ±0.03 100.24± 0.62 100.26±0.53 

-Variance. 0.12 0.38 0.28 

-Student�s t-Value. 0.80 (2.37) 0.05 (2.37)  

-Variance ratio F-test. 2.28 (5.79) 1.37 (5.79)  

N.B. : Figures in parentheses are the tabulated values of t and
F respectively (at p = 0.05 )[37].

Pharmaceutical applications

The proposed methods were further applied to the
determination of CPL and ESL in its tablets and am-
poules. Common tablets excipients such as talc, lac-
tose, starch, avisil, gelatine and magnesium stearate did
not interfere with the assay. Hydrochlorothiazide, which

TABLE 3 : Application of the proposed method to the of CPL
and ESL in dosage forms.

Preparations % Recovery 
at 610 nm. 

% Recovery 
at 525 nm. 

Reference 
Methods[6,29] 

1-Capoten tablets a 99.37 100.55 99.64 

(CPL, 25 mg/ tablet) 98.80 99.60 100.54 

 100.81 100.63 101.30 

 101.08 98.48  

 99.68 101.12  

X- ±SD. 99.95±0.96 100.0.8±1.04 100.49±0.83 

t-value. 0.80 (2.45) 0.58 (2.45)  

F-value 1.34 (6.94) 1.57 (6.94)  

2-Capozide tabletsb 100.63 99.05 99.50 

(CPL, 50 mg / tablet). 99.83 100.90 101.05 

 100.50 98.85 100.88 

 100.44 99.41  

 101.07 100.36  

X- ±SD. 100.49±0.45 99.71±0.88 100.48±0.85 

t-value. 0.02 (2.45) 1.21 (2.45)  

F-value. 3.57 (6.94) 1.07 (6.94)  

3-Dicynone tabletsc 98.90 99.25 99.31 

(ESL, 250 mg / tablet). 99.75 99.11 100.11 

 98.53 98.64 99.48 

 98.45 99.06  

X- ±SD. 98.90±0.59 99.02±0.23 99.63±0.42 

t-value. 1.80 (2.57) 2.49 (2.57)  

F-value 1.99 (9.55) 3.32 (9.55)  

4-Dicynone ampoulesd 99.20 100.30 101.44 
(ESL, 250 mg / 

2ml each ampoule). 
101.10 99.55 101.23 

 100.58 101.70 100.70 

 99.38 99.93  

X- ±SD. 100.07±0.92 100.37±0.94 101.12±0.38 

t-value. 1.82 (2.57) 1.28 (2.57)  

F-value 5.90 (9.55) 6.11 (9.55)  
aProduct of Squibb Egypt Co. Giza, Egypt (Batch  B10401204)
bProduct of Squibb Egypt Co. Giza, Egypt (Batch  E11477)
cProducts of Minapharm Pharm. Co. Egypt. ( Batch  301296)
dProducts of Minapharm Pharm. Co. Egypt. (Batch  10030B)
N.B. : Figures in parentheses are the tabulated t and F values

respectively (at p = 0.05) [37].
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simple and sensitive than the official method.[27]

Mechanism of the reaction

The stoichiometry of the reaction was studied
adopting the limiting logarithmic method [38]. The ab-
sorbance of the reaction product was alternatively mea-
sured in the presence of either excess of KMnO4 or
the drug. A plot of log absorbance versus log [KMnO4]
and log CPL or log ESL gave straight lines, the values
of the slopes were 0.8, 1.01 for KMnO4, CPL and
1.47, 0.99 for KMnO4, ESL respectively. Hence, it is
concluded that, the molar reactivity of the reaction is
0.8 / 1.01 for CPL (Figure 6) and 1.47/0.99 for ESL
i.e. the reaction proceeds in the ratio of 1 : 1 in case of
CPL and 1:2 in case of ESL/KMnO4.

CONCLUSION

Simple and sensitive methods have been developed
for the determination of captopril and ethamsylate in
pharmaceutical preparations. The methods are more
sensitive than other reported spectrophotometric meth-
ods. They can measure as low as 1.37 and 0.2 µg/ mL

for CPL and ESL with good accuracy. The proposed
method can be used for routine quality control studies.
Moreover it has distinct advantages over other existing
methods regarding sensitivity, time saving and minimum
detection limit. Moreover, it could be applied to the
determination of different pharmaceutical dosage forms.
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