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Abstract 

A simple, rapid and sensitive UV-spectrophotometric method was proposed for the quantitative determination of enalapril 
maleate from pharmaceutical formulations. This method is based on the dissolution of enalapril in phosphate buffer pH 4, 
with a maximum absorbance at 208 nm. The calibration curve was linear in the range 1 - 20 µg/mL and showed that the limit 
of detection (LOD) and the limit of quantification (LOQ) were of 0.3721 µg/mL and 0.9019 µg/mL, respectively. The method 
was applied for the determination of enalapril maleate from pharmaceutical dosage forms. 
 
Rezumat 

Pentru determinarea cantitativă a maleatului de enalapril din forme farmaceutice a fost propusă o metodă spectrofotometrică 
UV simplă, rapidă şi sensibilă. Metoda se bazează pe dizolvarea enalaprilului în tampon fosfat pH 4 cu o absorbanţă maximă 
la 208 nm. Curba de calibrare este liniară în domeniul 1 - 20 µg/mL, limita de detecţie (LD) este de 0,3721 µg/mL și limita de 
cuantificare (LC) este de 0,9019 µg/mL. Metoda a fost aplicată pentru determinarea cantitativă a maleatului de enalapril din 
forme farmaceutice. 
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Introduction 

Enalapril maleate is the ethyl ester of a long-acting 
angiotensin converting enzyme inhibitor. Enalapril is 
basically a prodrug, which, after oral administration, 
undergoes hydrolysis to yield enalaprilat, and is used 
in therapy as its maleate salt. The oral absorption of 
enalapril is superior to that of enalaprilat [1]. 
Literature survey revealed that many VIS-spectro-
photometric methods have been reported [2, 3, 4], but 
only few UV-spectrophotometric methods were reported, 
using phosphate buffer pH 6.8 [5] and 7.2 [6]. 
Because most VIS-spectrophotometric methods are 
made with extraction in organic solvents, the UV-
spectrophotometric technique is preferred because 
it proves an extremely versatile and efficient 
method for analysis of drug samples. 
The developed method was validated using pure 
substance and was applied to pharmaceutical 
dosage forms. The method is simple and can be 
used for regular quality control. 
 
Materials and Methods 

Instrumentation. An UV-VIS Hewlett-Packard 8453 
spectrophotometer with quartz cells (l = 1 cm) was used 
for all absorbance measurements. A pH-conductivity 

InoLab Level 1 was used for measurements rapidly 
and reliably of pH values. 
Reagents. All chemicals were of analytical reagent 
grade and solutions were prepared using double 
distilled water. Sodium dihydrogen phosphate 
monohydrate (NaH2PO4·H2O), disodium hydrogen 
phosphate dodecahydrate (Na2HPO4·12H2O) and 
phosphoric acid (H3PO4) were purchased from S.C. 
Reactivul București, Romania. Enalapril maleate 
pure drug (purity 99.9%) as a raw material was 
provided from Zhejiang Huahai Pharmaceutical co., 
LTD, China. The pharmaceutical products Enap®, 
Enalapril LPH® and Renitec® have been purchased 
from the local pharmacies. 
Stock solution (100 µg/mL): 10 mg enalapril 
maleate was transferred into 100 mL volumetric 
flask, dissolved in phosphate buffer at pH 4 and 
filled up to 100 mL with the same solvent. Working 
solutions in concentration range 1 - 20 µg/mL were 
prepared from the stock solution by dilution with 
phosphate buffer at pH 4. Phosphate buffer (pH 4) 
was prepared by dissolving 3.58 g of disodium 
hydrogen phosphate dodecahydrate in water and 
diluted to 500 mL with the same solvent. The pH 
value was adjusted with phosphoric acid. 
In order to establish the optimum wavelength for 
detection, 1 mL of 20 µg/mL working solution was 
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mixed with 3 mL of phosphate buffer (pH 4). After 15 
minutes of mixing, the solution was scanned in the UV 
region between 200 - 400 nm and the maximum 
absorbance of the enalapril maleate was found at 208 nm. 
The experimental conditions were established by 
varying each experimental factor and determining 
the absorbance of drug at maximum wavelength of 
208 nm. The experimental factor that has been 
changed was the pH value in the range 3 - 8. 
Validation of the method 
The validation of the method was performed as 
previously described [7, 8, 9]. 
Linearity: solutions containing enalapril maleate in 
a concentration range of 1 - 20 µg/mL were used. 
The limit of detection (LOD) and the limit of 
quantification (LOQ) were calculated using the 
following formulas [9]: 

Slope
SELOD 3.3=

, Slope
SELOQ 10=

 
where SE is the standard error of the linear 
regression. 
Precision: the study was carried out at three 
different concentration levels (7, 10, 13 µg/mL); 
each concentration was prepared in triplicate for 
enalapril maleate. The absorbance of each solution 
was measured at 208 nm. The results of the 
statistical analysis of precision are reported in terms 
of relative standard deviation (RSD). Also, three 
sets of assays were performed in different days in 
order to evaluate the reproducibility. 
Accuracy: The accuracy of the method was 
determined by the standard addition method at 70%, 
100% and 130% to the concentration of 10 µg/mL. 
The solutions were prepared in triplicate at each level 
of concentration and absorbance of all solutions was 
measured at 208 nm. The percent recovery and relative 
standard deviation at each level was calculated. 
Determination of enalapril maleate from pharmaceutical 
formulations 
Twenty tablets have been accurately weighed and 
powdered. A quantity of powder containing 2.5 mg 
of enalapril maleate has been transferred into a 25 mL 

volumetric flask with 20 mL phosphate buffer pH 4 
and dissolved using an ultrasonic bath and then 
filtered. The filtrate was brought to 25 mL with 
phosphate buffer pH 4 and the stock solution was 
obtained. From this stock solution a 10 µg/mL 
working solution was obtained by dilution with 
phosphate buffer pH 4. The solutions were prepared 
in triplicate from each brand (Enap®, Enalapril LPH® 
and Renitec®). The amount of drug was calculated 
using the calibration curve equation. 
 
Results and Discussion 

The spectrum for the solution of enalapril maleate 
(5 µg/mL) is depicted in Figure 1 and maximum 
absorption at 208 nm can be noticed. This value 
was used for all further determinations. 

 

 
Figure 1. 

The absorption spectra of (1) phosphate buffer at pH 4 
and (2) enalapril maleate in phosphate buffer at pH 4 
 
Optimization of experimental conditions 
It was studied the influence of sodium phosphate 
buffer of different pH values, in the range 3 - 8. In 
the pH range of 3.0 to 5.0, a mixture of a 
phosphoric acid solution and sodium dihydrogen 
phosphate monohydrate solution was used, while in 
the pH range of 6.0 to 8.0, a mixture of a sodium 
dihydrogen phosphate monohydrate and a disodium 
hydrogen phosphate dodecahydrate solution was 
used. In Table I, it can be observed that the best 
absorbance was obtained at pH 4. 

Table I 
Influence of phosphate buffer 

Phosphate buffer pH 3 4 5 6 7 8 
Concentration of enalapril maleate (µg/mL) 30 30 30 30 30 30 
Absorbance at 208 nm 1.7417 1.7738 1.2495 0.9570 0.7686 1.1230 

 
The absorbance was measured 15 minutes after the 
solutions preparation. A solution of enalapril 
maleate (5 µg/mL) in phosphate buffer pH 4 was 
prepared, in order to establish its stability in time, 

and the absorbance was read against a blank, 
consisting only of phosphate buffer pH 4. The 
results of the stability in time are presented in Table II. 

Table II 
Solution stability in time 

Time (minutes) 5 10 20 30 40 50 60 
Absorbance at 208 nm 0.3065 0.3123 0.3125 0.3124 0.3122 0.3125 0.3124 
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The required time to accomplish the full reaction 
was 10 minutes and the solution of enalapril 
maleate in phosphate buffer is stable at least 60 
minutes. 
Validation of the proposed method 
Linearity and sensitivity 
A linear correlation was found between absorbance 
at λmax = 208 nm and concentration of enalapril 
maleate between 1 - 20 µg/mL with a correlation 
coefficient (r) of 0.9998. Within the Beer’s law 
range for this method, the graph is described by the 
regression equation: 
 

0023.00614.0 +⋅= ionconcentratAbsorbance  
 

 
Figure 1. 

The calibration curve of enalapril maleate in 
phosphate buffer pH 4 

 

The method was validated for all the required 
parameters and the results were within the accepted 
limits (Table III). 

Table III 
Optical characteristics and statistical data of the 

regression equation 
Parameters Values 
λmax, nm 208 
Beer’s law limit, µg/mL 1 - 20 
Molar absorptivity (ε), 1mol-1cm-1 30993.89 
Sandell´s sensitivity, µg/cm2/0.001 0.06293 
𝐴!!",!"# !"
!%   620.96 

Slope  0.0614 
Intercept  0.0023 
Correlation coefficient (r) 0.9996 
Standard Error  0.0069 
Limit of detection (LOD), µg/mL 0.3721 
Limit of quantification (LOQ), µg/mL 0.9019 

 
Precision and accuracy 
The sample concentration was calculated using the 
calibration curve equation. The RSD (%) value in 
precision studies was found to be 1.0212% for 
repeatability and 1.1660% for reproducibility, 
which is less than 2% indicating that the method is 
precise. The results are shown in Table IV. The 
RSD (%) value in accuracy studies was found to be 
1.3555 (under 2%) and the recovery degree ranged 
between 98.66 and 102.46%, proving that the 
proposed method is accurate. 

Table IV 
Method precision and accuracy 

Concentration of 
enalapril (µg/mL) 

Repeatability Reproducibility Accuracy 
Absorbance Recovery (%) Absorbance Recovery (%) Absorbance Recovery (%) 

7 0.4355 100.82 0.4385 101.52 0.4324 100.10 
7 0.4287 99.23 0.4275 98.96 0.4402 101.92 
7 0.4308 99.73 0.4254 98.47 0.4275 98.96 

10 0.6281 101.96 0.6085 98.76 0.6312 102.46 
10 0.6099 98.99 0.6212 100.83 0.6127 99.45 
10 0.6219 100.95 0.6154 99.89 0.6285 102.02 
13 0.7953 99.39 0.8021 100.24 0.8042 100.50 
13 0.8014 100.15 0.7985 99.78 0.7895 98.66 
13 0.7895 98.66 0.7895 98.66 0.8011 100.11 

Statistical data Mean = 99.99 
RSD = 1.0212 

Mean = 99.68 
RSD = 1.1660 

Mean = 100.46 
RSD = 1.3555 

 
For the assay of enalapril maleate from pharmaceutical formulations, results are presented in Table V. 

Table V 
Assay of commercial formulations 

Brand name Label claim 
(mg) tabletsm20 (g) 

mtablets (g) (for stock 
solution 100 µg/mL) 

Amount obtained 
(mg) 

Recovery 
(%) 

Enap®  
 

10 0.1699 0.0424 9.84 98.39 
20 0.1696 0.0212 19.64 98.22 

Enalapril LPH® 
 

10 0.1808 0.0452 10.40 104.02 
20 0.1802 0.0225 20.81 104.05 

Renitec® 
 

10 0.2020 0.0505 9.84 98.41 
20 0.2026 0.0253 19.68 98.39 
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These recovery tests are in accordance with those 
obtained using the reference substance. According 
to the average experimental values, the enalapril 
maleate content (mg/tablet) is ranging within the 
limits imposed by the Romanian Pharmacepoeia 
10th Ed (for the active substance content, a percent 
experimental error of ± 7.5% is accepted) [10]. 
Overall, the above experimental results confirm the 
repeatability and reproducibility of the proposed 
analysis method. 
 
Conclusions 

The method is suitable for determination of 
enalapril maleate in bulk form or commercial 
dosage forms. The described method is simple, 
reproducible and sensitive with enough accuracy 
and precision. In addition, it is rapid and more 
economical than other methods reported in 
literature [2 - 6]. UV spectroscopy also offers other 
advantages, being less expensive, non-polluting and 
user friendly. Thus, the method is applicable for 
quality control and routine analysis of enalapril 
maleate. 
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