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ABSTRACT:-  

A simple, precise and rapid reverse-phase HPLC 

method has been developed and subsequently 

validated for the Enalapril from their pharmaceutical 

dosage form. The proposed RP-HPLC method 

utilizes an Inertsil-ODS C18 (250 x 4.6 mm, packed 

with 5 micron) column, at ambient temperature, 

optimum mobile phase consisted of Methanol: 

Water (75:25 v/v), effluent flow rate monitored at 

1.0 mL, and detection was done using PDA (Photo 

diode Array) detector. The present recovery was 

found to be 98.0-102%. The developed method was 

found to be linear over the range of 20-70ppm and 

precise over the same range. Both system and 

method precision was found to be accurate and well 

within range.  Detection limit was found to be 

0.0041.The proposed method can be useful in the 

quality control of bulk and pharmaceutical dosage 

forms. 

 

KEYWORD:-Enalapril, Enalapril maleate, 

Enalaprilat,Enalaprilum. 

 

I. INTRODUCTION: - 

1. High Performance Liquid Chromatography 

HPLC is a modern form of liquid chromatography 

that uses small-particle column through which the 

mobile phase is pumped at high pressure. This is 

chromatographic process, where a mixture of analyt 

is separated into two distinct bands as they migrate 

down the column filled with stationary phase. HPLC 

is a dynamic partitioning process of analyst between 

the flowing liquid and spherical packing particles. 

HPLC is used either in the liquid-solid adsorption 

chromatography mode or the liquid-liquid partition 

chromatography mode, either normal or reversed-

phase. Both partition and adsorption 

chromatography operates on differences in solute 

polarity since polarity is important in determining 

both adsorption and solubility. 

As a general rule, highly polar materials are best 

separated using partition chromatography, while 

very non polar are separated using adsorption 

 

II. EXPERIMENTAL WORK:- 
Mobile Phase: Methanol: Water were mixed in the 

ratio of 75:25 and sonicated to degas.    

Preparation of stock solution: 

10mg of Enalapril drug was weighed and dissolved 

in 10ml of Mobile phase and taken in 10ml of 

volumetric flask and sonicated for 20 minutes to get 

1000ppm and from this 2 ml was taken and diluted 

to 10ml with mobile phase. 

Preparation of working standard solution: 

The standard solution of 20ppm to 70ppm were 

prepared, sonicated and filtered through 

0.45µmembrane. 

 

Table1 - Optimized chromatographic conditions: 

             Parameters                 Method 

Stationary phase (column) 
Inertsil  -ODS C18 

(250 x 4.6 mm, packed with 5 micron) 

Mobile Phase 
 Methanol: Water (75:25 v/v), 

 

Flow rate (ml/min) 1.0 ml 

Run time (minutes) 8 Min  

Column temperature (°C) Ambient (°C) 

Volume of injection loop (l) 20(l) 
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Detection wavelength (nm) 271nm 

Drug RT (min) 
3.944 

 

 

 
 

Table 2: Inference: Got same peak with Rt 3.944min as of standard. 

S.NO Name of the peak Retention time(min) 

1. ENALAPRIL 3.944 

 

III. RESULT AND DISCUSION 

 

1. Validation Data 

1.1 system suitability: 

TABLE-3 : Data of System Suitability 

Injection 
RT 

(min) 
Peak Area USP Plate count 

USP Tailing 

 

1 3.944 3058296.64 10087 1.111 

2 3.941 3058388.08 10095 1.112 

3 3.941 3058422.84 10080 1.111 

4 3.940 3058359.19 10060 1.113 

5 3.940 3058555.05 10070 1.115 

Mean 3.9412 3058404.36 10078 1.112 

SD 0.001643 96.1222 ------- ------- 

% RSD 0.041692 0.00314 ------- ------- 

 

2. PRECISION: 

A. Repeatability: 

         a)System precision: 

TABLE-4 Data of Repeatability (System precision) 

 

 

Concentration 

40ppm 

 

Injection 
Peak Area of 

Enalapril 

 

%Assay 

1 3058546.85 100.25 

2 3058624.18 100.25 

3 3058471.28 100.24 

4 3058770.08 100.25 

5 3058581.59 100.25 

Statistical 

Analysis 

Mean 3058598.79 100.25 

SD 110.9474 0.00364 

% RSD 0.00362 0.00363 
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(b) Method precision: 

TABLE-5: Data of Repeatability  

 

 

Concentration 

40ppm 

 

Injection (ml) 
Peak Areas of 

Enalapril 

 

%Assay 

1 3058687.12 100.25 

2 3058458.26 100.24 

3 3058588.92 100.25 

4 3058622.48 100.25 

5 3058782.28 100.25 

 6 3058654.15 100.25 

Statistical 

Analysis 

Mean 3058632.20 100.25 

SD 107.9303 0.00353 

% RSD 0.00352 0.00352 

 

c) Intermediate precision: 

For Analyst 1 ref: Table5. Note :( take Fifths no table as analyst: 1) 

 

Table6: Data of Intermediate precision (Analyst 2) 

 

 

Concentration 

40ppm 

 

Injection 

(ml) 

Peak Areas of 

Enalapril 

 

%Assay 

1 3058349.65 100.24 

2 3058446.95 100.24 

3 3058601.09 100.24 

4 3058594.07 100.25 

5 3058650.31 100.25 

 6 3058580.67 100.25 

Statistical 

Analysis 

Mean 3058537.12 100.24 

SD 114.2974 0.00430 

% RSD 0.00373 0.00429 

 

3. ACCURACY (%RECOVERY STUDY) 

TABLE-7: Data of Accuracy 

Concentration 

(40ppm) 

% of spiked level 

 

Peak Area 

Amount 

added 

(ppm) 

Amount 

found 

(ppm) 

% 

Recovery 

Statistical Analysis 

of % Recovery 

50% 

Sample 1 

1529202.54 
20 19.98 99.93 

MEAN 99.93 

50% 

Sample 2 

1529306.51 

20 19.98 99.93 

  

50% 

Sample 3 

1529256.62 
20 19.98 99.93 %RSD 0.00342 

100 % 

Sample 1 

3058222.16 
40 40.09 100.23 

MEAN 100.24 
100 % 

Sample 2 

3058341.05 
40 40.09 100.24 

100% 

Sample 3 

3058485.15 
40 40.09 100.24 %RSD 0.00431 

150% 4587368.92 60 60.20 100.34 MEAN 100.34 
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Sample 1 

150% 

Sample 2 

4587497.09 
60 60.20 100.34 %RSD 0.00145 

150% 

Sample 3 

4587402.65 
60 60.20 100.34   

 

4. LINEARITY:           TABLE 8: Data of Linearity 

Concentration 

(ppm) 

Average 

Area 

Statistical Analysis 

20 1529106.51 y-Intercept 9579 

30 2293659.45 Correlation Coefficient 0.999 

40 3058213.02   

50 3822765.15 
  

60 4587318.61 

70 5305126.45 
  

 

 
Fig: 4- Linearity Plot (Concentration Vs Response) 

 

5. RUGGEDNESS: 

A)System to System variability: 

For system1Refer: Table 5 

TABLE9: Data of system to system variability (sample) 

B) System-2 
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S.NO: Concentration 

(ppm) 

Peak area Assay % of 

Enalapril 

1 10 3058661.15 100.25 

2 20 3058592.08 100.25 

3 30 3058505.28 100.25 

4 40 3058406.18 100.24 

5 50 3058216.09 100.23 

6 60 3058372.09 100.24 

 Mean 3058458.81 100.24 

 %RSD 0.00527 0.00595 
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6. ROBUSTNESS: 

TABLE: 10 Data for Effect of variation in flow rate: 

Flow 

rate 

0.8 ml 

Peak Area Tailing 

factor 

Flow 

rate 

1.0 

ml 

Peak Area Tailing 

factor 

Flow 

rate 

1.2 ml 

Peak  Area Tailing 

factor 

1924831.51 1.111 3058628.18 1.112 4132485.15 1.111 

1924723.08 1.113 3058591.05 1.113 4132323.66 1.117 

1924659.01 1.113 3058699.18 1.115 4132612.28 1.114 

1924880.15 1.115 3058453.19 1.113 4132380.62 1.118 

1924780.64 1.112 3058389.87 1.112 4132625.05 1.116 

Avg. 1924774.8 1.112 Avg. 3058552.29 1.113 Avg. 4132485.3 1.115 

SD 87.2224 0.0014 SD 127.5140 0.001 SD 134.8511 0.0027 

%RSD 0.00453 0.1332 %RS

D 

0.00416 0.1100 %RS

D 

0.00326 0.2488 

 

IV. SUMMARY AND CONCLUSION 
The analytical method was developed by 

studying different parameters. First of all, maximum 

absorbance was found to be at 271nm and the peak 

purity was excellent. Injection volume was selected 

to be 20µl which gave a good peak area. The 

column used for study was Inertsil C18 chosen good 

peak shape. Ambient temperature was found to be 

suitable for the nature of drug solution. The flow 

rate was fixed at 1.0ml/min because of good peak 

area and satisfactory retention time. Different ratios 

of mobile phase were studied, mobile phase 

Methanol: Water with ratio of (75:25 v/v), was fixed 

due to good symmetrical peak.So this mobile phase 

was used for the proposed study. Methanol was 

selected because of maximum extraction sonication 

time was fixed to be 10min at which all the drug 

particles were completely soluble and showed good 

recovery. Run time was selected to be 8min because 

analysisgave peak around 3.940 min. Both system 

and method precision was found to be accurate and 

well within range.  Detection and also to reduce the 

total run time. The present recovery was found to be 

98.0-102%. The developed method was found to be 

linear over the range of 20-70ppm and precise over 

the same range limit was found to be 0.0041. The 

analytical study passed both robustness and 

ruggedness tests. On both cases, relative standard 

deviation was well satisfactory. 
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