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Abstract

A simple and sensitive spectrophotometric method has been developed for the determination of
enalapril maleate in pharmaceutical preparations. This method is based on the formation of a yellow
colored ion-pair complex by the reaction of methyl orange with enalapril maleate in acidic (pH 3.5)
medium. Under optimised conditions, they showed absorption maxima at 425 nm. Linear relatior.lship
was obtained over the enalapril maleate concentration ranges of 4.0-20 pg/mL. The detection and
quantification limits of enalapril maleate were 1.32 and 4.0 pg/mlL, respectively. The proposed
- method is suitable for the routine analysis and gisality control of enalapril maleate in pharmaceutical

preparations.

Keywords: Enalapril maleate, Metiiyl orange, Extraction spectrophotometry, Ion-pair complex,

Pharmaceutical preparations

Introduction

Enalapril maleate (ENA), (N-[(1S)-1-(Ethoxycarbonyl)-3-phenylpropyl]-L-alanyl-L-
proline hydregen maleate) (Merck Index, 2001) (Fig.1).
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Fig.1. Chemical structures of enalapril maleate (a) and methyl orange (b)

ENA is an angiotensin-converting enzyme inhibitor widely used in the treatment of
hypertension and heart failure. ENA is a pro-drug. Following oral administration, it
is bioactivated by hydrolysis of the ethyl ester to enalaprilat, which is the active
angiotensin-converting enzyme inhibitor (Dominic et al., 1987).

Several methods have been presented in the literature for the determination of ENA
in pharmaceutical preparations. Determination and rotamer separation of ENA by
capillary electrophoresis have also been described (Qin et al., 1992).

Derivative UV spectroscopic and liquid chromatographic methods have been
developed for the determination of ENA in tablets (Carlucci et al., 1993; Walily et
al., 1995; Bonazzi et al., 1997).

~ 'H NMR spectroscopic method for quantitative analysis of ENA in tablets was
studied (Zoppi et al., 1995). Spectrophotometric and atomic absorption spectrometric
methods were studied for determination of ramipril and ENA through ternary
complex formation (Ayad et al., 2002).

ENA was determined in tablets by spectrophotometry and polarography (Abdel
Razak et al., 2003). '
The aim of this study was to develop a simple and sensitive spectrophotometric

method for determination of ENA in pharmaceutical preparations by ion-pair
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complex formation between the drug and methyl orange. The reaction conditions and
the application of the method for the determination of ENA in pharmaceutical
preparations have been established. The proposed method is simple, rapid, economic

and provides sensitivity.

Materials and Methods
Apparatus: UV-VIS spectrophotometer (Shimadzu UV-160 A) with data processing
system was used for solutions in 1 cm quartz cells. A WTW pH meter was used for

pH measurements.

Reagents: ENA and its tablets (Enapril ® 5 mg) were kindly supplied from Ilsan-Iltas
(Istanbul, Turkey). Methyl orange (MO) was purchased from Merck (Darmstadt,
Germany). All chemicals were of analytical reagent grade and were provided by
Merck (Darmstadt, Germany).Ultra pure water (aquaMAX™ ultra, Young

mstrument, Korea) was used for the experimental work.

Solutions: The stock solutions of ENA were prepared in methanol (1.0 mg/mL).
Standard solution was prepared with the concentration of ENA 100 pg/mL. This

solution was used as a standard for the determination of ENA.

MO solution was prepared in water with a concentration of 0.02 % (w/v). Phthalate
buffer was prepared by dissolving 1.280 g of potassium hydrogen phthalate in 50 mL
of water. The pH was adjusted to 3.5 with 0.2 M HCI solution and the volume was
completed to 250 mL with water.

Hydrochloric acid solution was prepared by appropriate dilution of concentrated

hydrochloric acid.

General procedure: Into 5 mL glass tubes, 1.0 mL of buffer solution of pH 3.5 and
1.0 mL of MO were placed. An appropriate volume of 100 pg/mL working solution
(0.2-1.0 mL) was added and mixed. After 2 min vortexing, the tubes were allowed to
stand. The ENA-MO complex was extracted three times with 1.5 mL of
dichloromethane. The combined dichloromethane extracts were dried over anhydrous

sodium sulphate and the volume was adjusted to 5 mL with dichloromethane and the
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absorbance of the extract was measured at 425 nm, against a blank, which was

prepared similarly without ENA.

Procedure for tablets: The contents of twenty tablets of ENA were accurately
weighed and powdered. The powder with weight equivalent to 100 mg of ENA was
dissolved in methanol by thorough mixing, then filtered and completed to volume in
a 100 mL volumetric flask. A 1 mL volume of the filtrate was adjusted to 10 mL
with methanol in a calibrated flask (100 pg/mL). This solution was analyzed as in the

general procedure.

Results and Discussion

The absorption spectrum of ENA-MO complex under optimum conditions is shown
in Figure 2. The maximum absorbance of the complex was observed at 425 nm. The

reagent blanks prepared under similar conditions showed no absorption.
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Fig. 2. Absorption spectrum of ENA-MO ion pair cbmplex

The effect of pH on the drug-reagent complex was investigated over the pH range
2.5-4.5 using phthalate buffers, where the maximum absorbance was obtained at pH

3.5 as shown in Figure 3.
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When the general procedure was followed with varied amounts of 0.02% MO

concentration, maximum and constant absorbance was obtained with 1.0 mL.

The absorption spectrum of ENA-MO complex was studied in different organic
solvents (dioxane, acetonitrile, chloroform, dichloromethane). Dichloromethane was
preferred to the other solvents for proposed method fot its selective and quantitative

extraction.
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Fig. 3. Effect of pH on the reaction of ENA-MO

The optimum reaction time was investigated by following the color development at
ambient temperature (25+2 °C). Complete color intensity was attained after 5 min of
mixing for the complex. '

The molar ratio of the drug to the reagent in the complex formed was investigated by
Job's method of continuous Vé.riétions which were found to be 1:1 (Figure 4). The
absorbance values were then plotted against the molar raﬁo 3.5.

Linear correlations were observed between ab.sorbances and concentrations over the
range of 4_.03—20 ug/ mL. The equations of the calibration curves were obtained by the
least - squares linear regression analysis and calculated as: A= 0.026C —8.6x10™" with

r=0.9999 (Table 1)

199



The concentration range is quite low when compared to the methods in the literature

(Bonazzi et al., 1997; Ayad et al., 2002; Abdel Razak et al., 2003).
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Fig.4. Job’s method

Table 1. Results of regression analysis of the linearity data of ENA

Mean = SD (2 = 6)
Slope 0.026+ 2.86x10™
Intercept 8.6x107'+ 0.0104
Correlation coefficient(r) 0.9999 + 0.0012

The limit of detection was calculated by LOD = 3.30/S, where o is the standard
deviation of the response of the blank or intercept and S is the slope of the calibration
curve. The limit of quantification was calculated by LOQ = 100/S under the ICH
guidelines (Methodology ICH Harmonised Tripartite Guideline, 1996). LOD and
LOQ were 1.32 and 4.0 pg/mL, respectively. In order to determine the precision of
the method, solutions containing known amounts of drug were prepared and
analyzed in six replicates. The intra-day RSD at 4.0, 10.0 and 20.0 pg/mL of ENA
were 1.12%, 0.78% and 0.65% (n=7), respectively, indicating good intra-day
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precision. The inter-day RSD at the above concentrations were 1.28%, 0.83% and
0.76 % (n = 7), respectively. '

A recovery study was performed to establish the accuracy of the procedure. This
study was performed by adding known amounts of the studied compounds to a
known concentration of the commercial pharmaceutical tablets (standard‘addition
method). The value of the mean recovery obtained by the standard addition method
was 99.34% with standard deviation of 0.67% (the analytical measurements were
repeated five times). |

Ingredients of tablets such as starch, lactose, glucose and stearic acid did not interfere
in the proposed method. ‘

Having been done a research into the stability of ENA-MO complex, it was observed
that while it remained stable in dichloromethane at 4°C in the dark for 4 days, the
ENA-MO complex lacked the absorbance at room temperature in the dark and in

daylight for 12 hours.

Analytical applications: The proposed method was successfully applied to
determine ENA in its tablets. The results obtained were compared statistically by
Student's #-test and variance ratio F-test, with the reference method (Bonazzi et al.,
1997) at 95% confidence level as recorded in Table 2. The results showed that the -
and F-values were smaller than the critical values indicating that there was no

significant difference between the proposed and reference methods.

Table 2. Determination of ENA in tablets (Enapril® 5 mg) using the proposed method

compared statistically to a reference method (n=6)

Statistical value Proposed Reference
method method

Mean 4.97 4.95

Recovery (%) 99.40 99.00

RSD (%) 0.67 0.72

t-test of significance * 0.34

F-test of significance * 1.15

p=0.05,t=223,F=5.05




Conclusion

The proposed method is simple, sensitive, * rapid, precise and accurate for
determination of ENA in pharmaceutical preparations when compared with the other
methods, especially with HLPC (Carlucci ef al, 1993; El Walily et al, 1995;
Bonazzi et al., 1997; Ayad et al., 2002; Zoppi et al., 2005). The proposed method
may be applied for routine analysis and in quality control laboratories for the

quantitative determination of the ENA in pharmaceutical preparations.

Ozet

Enalapril maleatin farmasétik preparatlarda tayini igin basit ve duyarh spektrofotometrik bir yontem
geliltirildi. Bu metot, enalapril maleatm metiloranj ile asidik ortamda (pH 3.5) sar1 renkli iyon cifti
kompleksi olu[furmasi esasina dayanmaktadir. Optimize ¢di1mkao Millarda maksimum absorbsiyon
425 nm’dir. Enalapril maleatn lineer konsantrasyon aralii 4.0 -20 pg/mL olarak saptand1. Enalapril
maleatin telhis ve tayin sinirlart sirasiyla 1.32 ve 4.0 pg/mL dir. Geli [irilen yontem enalapril maleatin

farmasotik preparatlardaki rutin analizleri ve kalite kontrolii i¢in uygundur.
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