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A spectrophotometric method for the indirect determination of captopril (CP) in pharmaceutical formulations is proposed. The 
proposed procedure is based on the oxidation of captopril by potassium dichromate and the determination excess oxidant on the basis 
of its reaction with diphenylcarbazide (DPC). Under the optimum conditions, a good linear relationship (r = 0.9997) was obtained in 
the range of 0.08-3.5 μg mL-1. The assay limits of detection and quantitation were 0.024 and 0.08 μg mL-1, respectively. The results 
obtained for captopril determination in pharmaceuticals using the proposed method and those obtained with the US Pharmacopoeia 
method were in good agreement at the 95% confidence level.
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INTRODUCTION

Captopril, (CP, 1-[(2S)-3-mercapto-2-methyl-L-oxopropyl]-L-
proline, Figure 1) belongs to the group of anti-hypertensive drugs 
that affect the renin-angiotensin system and are commonly referred 
to as angiotensin converting enzyme (ACE) inhibitors. This drug 
interacts with ACE due to its similarity with a dipeptide where the 
sulphydryl group also plays an important role, linking covalently 
to the zinc atom in the enzyme active site. It is a well known drug 
applied in the treatment of hypertension, coronary heart disease and 
congestive heart failure following myocardial infarction as well as 
in diabetic nephropathy.1,2

Many analytical methods have been developed for CP determina-
tion, such as visual titrimetry,3 electrometric methods,4-8 capillary elec-
trophoresis,9 capillary isotachophoresis,10 flow injection analysis,11 
and chromatographic methods.12-17 The most widely used technique 
for captopril determination is high-performance liquid-chromato-
graphy.13,15,16 Although the technique is rapid and sensitive it often 
involves precolumn derivatization12,13,15,17 and multiple extraction 
steps. Gas chromatographic methods reported for determining CP 
in dosage forms also involve derivatization besides being poorly 
sensitive.17 Captopril has also been determined by spectrometric 
methods such as: FT-Raman spectroscopy,2 fluorimetry,18 atomic 
absorption spectrometry.19 Numerous spectrophotometric methods 
have also been proposed for CP determination.1,20-33 Generaly, these 

approaches involve the use of reagents that react with this compound 
to form species with absorb in the visible region.

The US Pharmacopoeia recommends volumetric and HPLC 
methods for the assay in bulk and tablet formulations.34 The volumet-
ric procedure is based on captopril titration in acid medium using an 
iodine solution in the presence of excess iodide, with starch as an in-
dicator. Although precise and exact, the procedure is time-consuming. 
HPLC procedures need expensive and complex equipment while also 
consume significant amounts of solvents. These drawbacks hinder 
the use of these procedures for routine analysis.

The methods based on modern instrumental techniques, although 
sensitive, require expensive instruments and maintenance and also 
involve several manipulation steps and derivatization reactions. Also, 
some spectrophotometric methods suffer from disadvantages such as 
low sensitivity, long reaction time for color development (> 30 min), 
and require prior extraction of the colored product or involve boiling 
the reaction mixture for a significant period of time.

This paper describes a new highly sensitive spectrophotometric 
method for the determination of CP. The method is based on its oxi-
dation by dichromate, in acid medium, followed by estimation of the 
oxidant excess by reacting with diphenylcarbazide and measuring the 
absorbance of the complex at λmax = 540 nm. The proposed method 
was compared with other reported spectrophotometric methods and 
found to be more sensitive than previously reported techniques. The 
proposed method was validated for accuracy, precision and recovery 
and was applied for determination of CP in tablets. Results were in 
strong agreement with those obtained by the official method contained 
in the US Pharmacopoeia.34

EXPERIMENTAL

Chemicals and instrument for spectrometric measurements

All chemicals were of analytical reagent grade. Doubly-distilled 
water was used throughout. A 0.01 mol L-1 K2Cr2O7 stock solution 

Figure 1. Structural formula of CP
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was prepared by dissolving 0.735 g of K2Cr2O7 (Merck Chemical Co. 
Germany) in water and diluting to 250 mL in a calibrated flask. A 
working concentration of 10-4 mol L-1 K2Cr2O7 was prepared by appro-
priate dilution of stock solution with water. A 1% diphenylcarbazide 
solution was prepared by dissolving 1 g of reagent (BDH Chemicals 
Ltd., Poole, England) in 100 mL acetone:water (1:1v/v). Sulfuric acid 
(8 and 4 mol L-1) solutions were prepared by diluting appropriate 
volumes (43 and 21.5 mL respectively) of concentrated acid (Merck, 
sp. gr. 1.84 g/cm3) to 100 mL with cooling. An 8 mol L-1 hydrochloric 
acid was prepared by diluting 67 mL of concentrated acid (Merck, sp. 
gr. 1.18) to 100 mL. An 8 mol L-1 phosphoric acid was prepared by 
diluting 54 mL of concentrated acid (Merck, sp. gr. 1.71) to 100 mL.

Captopril standard (purity > 99.9%) (CP) was supplied by Fluka, 
Buchs-Switzerland; while Captopril tablets (Terapia, S.A, Romania) 
labeled as containing 25 mg captopril were purchased from the local 
market. Likewise, the tablets were purchased from the local market. A 
stock standard CP solution (10-3 mol L-1) was prepared by dissolving 
54.3 mg captopril in water to a final volume of 250 mL and used for 
preparing a working standard solution of 10-4 mol L-1. The reference 
solutions were prepared in the range 0.01-0.24 x 10-4 mol L-1 (equi-
valent to 0.2-5.2 mg mL-1 CP) using the working solution of CP 10-4 
mol L-1. Various Eppendorf pipettes (10-100; 100-1000 and 500-2500 
mL) were used to deliver accurate volumes while the absorbance me-
asurements were performed on a UV-VIS spectrophotometer Jasco 
V-530 apparatus (Jasco, Japan) using quartz cells of 1-cm path length. 
FTIR spectra were recorded as KBr pellets by using a Spectrum Two 
spectrophotometer (Perkin Elmer Co., Beaconsfield, Bucks, UK).

Chemicals and chromatographic conditions

A stock solution containing 20 mg mL-1 of captopril standard 
(purity > 99.9%) was prepared in mobile phase. This solution was 
used for preparing working solution of captopril having concentra-
tions in the range 6-13 mg mL-1 necessary for the linearity studies.

A HPLC Finnagan Surveyor system was used for chromatogra-
phic analysis. The system had a quaternary pump, an on-line degasser, 
automatic injector along with column and sample tray thermostat. 
Detection was carried out using a Photodiode Array Detector (PDA) 
with a cell length of 50 mm. The chromatographic system was con-
trolled by ChromQuest software.

The ultra-pure water (18 MΩ/cm) was produced using an Ultra 
Clear system. The pH of the buffer solutions was measured using a 
pH/mV-meter Consort P501, equipped with a combined pH electrode. 

General procedure for proposed method 

An aliquot of standard stock solution equivalent to 0.04-5.2 µg 
mL-1 (0.002-0.24 x 10-4 mol L-1) CP, 0.1 mL of sulfuric acid solution 
8 mol L-1 and 0.6 mL of potassium dichromate 10-4 mol L-1 were 
transferred into a quartz cell. This mixture was adjusted to 2 mL 
by adding bidistilled water. The cell was stoppered, mixed well and 
then occasionally for 15 min. In the second step, 2.9 mL of water 
and 0.1 mL of DPC 1% were added (final volume = 5 mL). The cell 
was stoppered, mixed well and absorbance measured at 540 nm, after 
5 min, against water as the reference. Blank experiments were also 
performed by adding bidistilled water instead of CP solutions. The 
difference between the absorbance of samples in the presence and 
absence of CP was taken into consideration. 

Procedure for recovery tests

The validity of the proposed method was confirmed by recovery 
studies using the standard addition method. For this purpose, a 

known amount of drug powder (25 mg) equivalent to 4.4 mg of CP 
was weighed accurately. After dissolution of the active principle in 
water, the sample was filtered and quantitatively transferred into a 
200 mL calibrated flask, with doubly-distilled water. Subsequently, 
known volumes (0.25 and 0.5 mL) of the stock standard solution 
of pure CP (22 μg mL-1) were added to known volumes (0.25 mL) 
of the sample solution and the general procedure was then applied. 

Procedure for determination of captopril in pharmaceutical 
formulation

The applicability of the proposed method for the determination 
of CP was tested using the captopril pharmaceutical formulation. 
For this purpose, ten captopril tablets were accurately weighed and 
ground into fine powder. The average weight of tablets was calculated. 
An accurately weighed portion of the resulting powder, equivalent to 
4.4 mg of CP was dissolved in water. The resultant solution was then 
filtered through a Whatman no. 42 filter paper directly into a 200 mL 
standard volumetric flask. The residue was washed three times with 
water for complete recovery of the drug. The washings were added to 
the volumetric flask which was then filled to the mark with the same 
solvent. Aliquots of the solution were analyzed as described earlier. 

Chromatographic procedure

The procedure applied in this study was adapted according to the 
USP 25 monograph assay for captopril tablets.34 The mobile phase 
consisted of methanol:water (with 0.5 mL H3PO4 85%) mixed at 
proportion of 55:45 (v/v) and was delivered at a flow rate of 1 mL/
min. The column used was a 250 x 25 mm HypersilGold packed with 
C18 stationary phase. Detection was done at 220 nm. 

Preparation of reaction product between CP and Cr(VI) for 
infrared (IR) measurements

Aqueous solutions of CP, H2SO4 and Cr(VI) were transferred 
into a 10-mL calibrated flask and diluted to the mark, to obtain the 
following concentration: [CP] = 10-3 mol L-1; Cr(VI) = 0.5 x 10-3 mol 
L-1; [H2SO4] = 0.4 mol L-1. The mixture was shaken occasionally 
for 20 min. The obtained oxidation product between CP and Cr(VI) 
was then extracted in CH2Cl2. After elimination of the solvent (un-
der vacuum conditions), the dried material was analyzed by Fourier 
Transform Infrared Spectroscopy (FTIR). The oxidation product was 
also analyzed by the HPLC method. 

RESULTS AND DISCUSSION

It is well known that captopril, owing to the presence of the thiol 
group (-SH) in its structure, undergoes redox reaction with different 
oxidants in acid media, such as Fe(III),20,27,30 Ce(IV);18 Mn(VII),25 
bromine, generated in situ by the action of acid on a bromate–bro-
mide mixture,26 KBrO3,

28 KIO3,
22 chloramine-T.21,23 In this work, 

dichromate was chosen as the oxidative agent. The ability of Cr(VI) 
to oxidize the CP was exploited for indirect determination of the 
drug. One of the most well-known spectrophotometric methods for 
Cr(VI) determination is based on the formation of an intense purple 
color product with diphenylcarbazide (DPC) in sulfuric acid me-
dium, and measurable at 540 nm.35 When CP is added in increasing 
concentrations to a fixed concentration of dichromate consumes the 
latter. Figure 2 shows that addition of diphenylcarbazide decreases 
concentrations of dichromate; while absorbance decreases with 
increasing concentration of CP giving the correlation coefficient of 
0.9997. Preliminary experiments revealed that 0.12 x 10-4 mol L-1 
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K2Cr2O7 could be determined under the specified acid and reagent 
concentrations. Hence, different amounts of CP were reacted with 
0.6 mL of 10-4 mol L-1 K2Cr2O7, and after the oxidation reaction was 
complete, unreacted dichromate levels were determined by treating 
with diphenylcarbazide, and measuring absorbance at 540 nm. This 
procedure enabled the concentration range of CP determinable by 
the method to be established. The experimental parameters such as 
concentration of Cr(VI), type and acid concentration, CP-Cr(VI) 
reaction time, were optimized, and the optimum conditions were 
specified in the recommended procedure. 

Effect of acid type on oxidation of CP by Cr(VI)

In order to obtain a minimum absorbance of DPC-Cr (VI) reac-
tion product, the experiments were performed on mixtures prepared 
in HCl, H2SO4 and H3PO4 medium, respectively. Nitric acid was not 
tested because it is an oxidizing agent and would interfere with the 
oxidation step. For this purpose, in the first step, mixtures of 0.6 mL 
10-4 mol L-1 CP + 0.6 mL 10-4 mol L-1 Cr(VI) + 0.1 mL acid (8 mol L-1) 
+ water (up 2 mL) were prepared to reach the acidity of 0.4 mol L-1. 
Subsequently, 2.9 mL of water and 0.1 mL of DPC 1% were added 
to complete the working mixture (up to 5 mL) and reach the acidity 
suitable for spectrophotometric measurement. As can be deduced from 
Figure 3, the oxidation step of CP by Cr(VI) was slow in hydrochloric 
acid or phosphoric acid medium, yet significant using sulfuric acid. 
Thus, sulfuric acid was selected as the medium for the oxidation of 
CP by dichromate. 

Effect of H2SO4 concentration on reaction between CP and 
Cr(VI)

The original procedure for Cr(VI) using diphenylcarbazide 

employed a 0.1 mol L-1 sulfuric acid concentration. Preliminary 
experiments showed that the absorbance value of the purple co-
lor product between diphenylcarbazide (DPC) and Cr(VI) was 
constant in acid medium, in the range 0.1-0.2 mol L-1 H2SO4. 
The effect of H2SO4 concentration on the oxidation of CP by  
Cr(VI) was studied from 0.1 to 0.5 mol L-1 sulfuric acid solution and 
0.12 x 10-4 mol L-1 CP solution. In the first step, mixtures of 0.6 mL 
10-4 mol L-1 CP + 0.6 mL 10-4 mol L-1 Cr(VI) + 0.1 mL H2SO4 (4 or 8 
mol L-1) + water were prepared by varying the acidity between 0.1-0.5 
mol L-1. Subsequently, 0.1 mL of DPC 1% and water were added to 
complete the working mixture (up to 5 mL) and to reach the acidity 
suitable for the spectrophotometric measurement (0.1-0.2 mol L-1 

H2SO4). As shown in Figure 4, the analytical signal decreased with 
increased concentration of H2SO4 up to 0.40 mol L-1 and remained 
almost constant for higher concentrations. Thus, in the first step, mix-
tures of 0.6 mL 10-4 mol L-1 CP + 0.6 mL 10-4 mol L-1 Cr(VI) + 0.1 mL 
H2SO4 (8 mol L-1) + water (up 2 mL) were prepared for further work.

Effect of time on oxidation of CP by Cr(VI)

The oxidation time of CP by dichromate was determined by ap-
plying the recommended procedure for spectrometric measurements, 
under the following conditions: by varying the time of CP-dichromate 
reaction (t1 = 0.5-30 min, at 2.5 min intervals), for a fixed duration of 
CP-DPC reaction (t2 = 5 min). The absorbance measurement started 
at 30 s after adding the dichromate solution. The absorbance time 
profile of CP-Cr(VI)-DPC mixture showed full color decrease after 
15 min. Hence the reaction time of CP with Cr(VI) of 5 min was 
chosen for further experiments.

Mechanism of reaction between CP and Cr (VI)

From this study, it can be implied that reduced CP (noted R-SH) 
is oxidized to its disulphide derivative, following the reaction scheme:

	 6R-SH + Cr2O7
2- + 8H+ → 3R-S-S-R + 2Cr3+ + 7H2O

Captopril, as for all thiols, was expected to undergo some degree 
of oxidative degradation such as the formation of disulphide,36 as can 
be seen from the FTIR spectra, Figure 5a, where the characteristic 
band of S-H, from 2566 cm-1 disappears. A new band, characteristic 
for S-S frequency, appears in the spectra (Figure 5b), at 622 cm-1.

Using the HPLC method described in the experimental section, 
the oxidation product of the CP was also subjected to chromatographic 
analysis. The HPLC method applied to the CP reference substance 
reveals a single peak having a retention time at 4.01 min. The oxidized 
product of CP extracted in CH2Cl2 and dried under vacuum conditions 

Figure 2. Variation of absorbance of DPC-Cr(VI) product in the presence of 
different concentrations of captopril. [K2Cr2O7] = 0.12 x 10-4 mol L-1

Figure 3. Effect of acid type on the oxidation of CP by Cr(VI). [CP] = 0.12 x 
10-4 mol L-1; [K2Cr2O7] = 0.12 x 10-4 mol L-1

Figure 4. Effect of H2SO4 concentration on the oxidation of CP by Cr(VI). 
[CP] = 0.12 x 10-4 mol L-1; [K2Cr2O7] = 0.12 x 10-4 mol L-1
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was dissolved in mobile phase. The chromatogram recorded for this 
compound shows two peaks: one located at 4.01 min (having an area 
diminished by 93.34%) and another one peak at 5.48 min. This new 
peak can be considered as corresponding to a compound having a –S–S– 
moiety (Figure 6). This hypothesis is sustained by the chromatographic 
behavior of such compounds under the specific conditions of this HPLC 
method: the existence of a –S–S– group denotes high retention of such 
a compound and represents the case observed in this experiment. 

Analytical parameters of spectrophotometric method 

Analytical characteristics obtained under the optimum experi-
mental conditions are shown in Table 1. A comparison between the 
proposed method and other reported methods is shown in Table 2. 
As can be seen in this table, some of the reported procedures have 

higher detection limits.21,25,28-30,33 Limit of detection (LOD) and limit 
of quantification (LOQ) were calculated as follows:37 LOD = 3s/b; 
LOQ = 10s/b, where b is the slope of the analytical curve and s is 10 
measurements of the blank solutions. Moreover, some of the repor-
ted methods are alike or more sensitive but have drawbacks such as 
having a narrow linear dynamic range,18,24,27,33 or involving organic 
solvents13,30 and heating.24

Accuracy and precision
In order to study the accuracy and precision of the proposed 

method, three concentrations of CP within the linearity range were 
chosen. Six successive replicate determinations of each concentration 
were carried out by using the recommended procedure. The results 
of the study are summarized in Table 3. The relative standard de-
viation in the range 1-2.2% and the percent recovery from 99.95 to 
101.06% can be considered acceptable. For additional confirmation 
of the accuracy and precision of the proposed method, the standard 
addition method was performed by adding a known amount of pure 
drug to the preanalyzed dosage form. The results were reproduci-
ble with low standard deviation and the mean recovery range was 
99.3-99.6% (Table 4). Moreover, the results summarized in Table 4, 
suggest that common additives and excipients commonly present in 
pharmaceutical formulations, did not interfere with the determination.

Figure 5. FTIR spectra of captopril standard (a) and its oxidized form (b)

Figure 6. Chromatograms recorded for: (a) CP standard; (b) oxidized product 
of CP; peaks attributed to: 1 - CP; 2 - oxidized product of CP

Table 1. Statistical data for the regression equation of the proposed method

Parameter Value

λmax, nm 540

Linear range (μg mL-1) 0.1-3.5

Correlation coefficient (r) 0.9997

Linear regression equation A= - 0.1509x[CP]a + 0.7816

Standard deviation of the regression line (so) 0.006

LOD (μg mL-1) 0.024

LOQ (μg mL-1) 0.08
aConcentration of CP (µg mL-1)

Table 2. Comparison of the proposed method with existing spectrophotometric methods for the determination of captopril 

Reagents Linear range (μg mL-1) LOD (μg mL-1) Ref.

Potassium iodate in HCl medium + CCl4 120 - 520 - 13

Ce(IV) 0.1 - 1.3 0.016 18

Fe(III)-bipyridyl 2 - 20 - 20

Excess of chloramine-T + indigocarmine 0 - 5 0.068 21

Sodium azide and I2 0.1 - 1.5 0.02 24

KMnO4 - methylene blue 0.4 - 12.5 0.106 25

Excess bromate - bromide + methyl orange 0.25 - 2.0 - 27

Fe(III) (excess Fe(II) + potassium ferricyanide) 1 - 11 0.04 28

Excess KBrO3+ celestine blue 0.4 - 4 0.13  29

2,6-dichloroquinone-4-chlorimide (DCQ) in dimethylsulphoxide 10 - 50 0.66 30

Cu(II) + neocuproin 0.3 - 3.0 0.056 33

Cr(VI) + diphenylcarbazide 0.08 - 3.5 0.024 This work

Table 3. Precision and accuracy of the proposed method

CP (µg mL-1)
S (µg mL-1) RSD (%) R (%)

Taken
aFound ± 

tSN-0.5

0.5 0.51 ± 0.01 0.01 2.2 101.1

1.0 1.01 ± 0.01 0.10 1.3 100.6

2.5 2.50± 0.02 0.02 1 100
aMean±95 % confidence limit, for N = 6; t = 2.57 = t-distribution for confidence 
level of 95% with N-1 degrees of freedom S = Standard deviation; RSD = 
Relative standard deviation; R(%) = percent recovery
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Application

The proposed method was applied for determination of CP 
in pharmaceutical tablet formulation. The results obtained by the 
proposed method were compared statistically with a HPLC method. 
Since the HPLC method used in this experiment was adapted from 
that described in the official USP monograph34 only the linearity of the 
methods was checked in the 6-13 mg mL-1 range for captopril. This 
range was chosen in order to cover the range of concentrations used 
to compare the performance of the proposed method with that of an 
official method. The study of the linearity for HPLC determination of 
captopril yield a linear range of 7.5-12.5 mg mL-1, a linear regression 
equation: y = 5.87E-7+1.74× and the correlation coefficient: 0.9992. 
The results obtained revealed no significant difference in performance 
between the two methods regarding accuracy (according to t-test) and 
precision (according to F-test) (Table 5).

CONCLUSION

Although a number of spectrophotometric methods are available 
for the determination of captopril, these generally have drawbacks. 
The proposed method is characterized by its sensitivity, which per-
mits the determination of a concentration as low as 0.08 μg mL-1 CP, 
and also by the simplicity of the procedure and reliability of results. 
Furthermore, the DPC as an analytical reagent is inexpensive and 
available from any analytical laboratory. The proposed method can 
be applied in quality control laboratories for the routine analysis of 
CP in raw material and pharmaceutical formulations.
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Table 4. Results of recovery study using standard-addition method

Amount of captopril taken 
(μg)

CP (μg) Amount of CP added* ± S 
(μg)

Recovery of CP added 
(%)

added found

5.5 - 5.6 - -

5.5 5.5 11.1 5.5 ± 0.3 99.3

5.5 11.0 16.6 11± 0.4 99.6

*Mean of three measurements ± standard deviation (S).

Table 5. Determination of CP content in tablets of Captopril using the proposed and the official methods

Drug formulation
Found# (%±SD)

t-Value## F-Value##

Proposed method Official method34

Captopril (25 mg CP/tablet) 99.5±0.4 99.5±0.2 0.42 (2.20) 4.00 (5.05)

#Values are mean of six determinations. ##Values in paranthesis are the theoretical t- and F- values for 95% confidence limits.


