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Abstract: A new gradient reversed-phase liquid chromatographic method was developed for the simultaneous 
determination of Esomeprazole, Venlafaxine HCl and Fenofibrate in water. The chromatographic separation of 
these analytes was done by C18 column using a mixture of acetonitrile: buffer (0.3 % formic acid) in the ratio 
25:75 (v/v) as mobile phase A and in the ratio 30:70 (v/v) as mobile phase B at a wavelength of 230 nm. The 
Linearity of the method was found to be in the concentration range of 10.37 – 518.40 mg / L for three drugs 
with correlation coefficient greater than 0.999.  
Keywords: Esomeprazole, Venlafaxine HCl and Fenofibrate, HPLC and Gradient. 
 

 
 

INTRODUCTION 

Esomeprazole magnesium structure shown in Figure No. 1, is a proton pump inhibitor (PPI) developed as an 
optical isomer (S – Esomeprazole) for the treatment of acid – related diseases.1 Esomeprazole does not undergo 
chiral inversion in vivo2 and therefore can be determined using the same methodology as for its racemate, 
Omeprazole. The literature survey revels that Omeprazole has been analyzed by various methods.3,4 
Venlafaxine HCl structure shown in Figure No. 2, is a non-tricyclic antidepressant. There are various HPLC 
methods5,6 reported in literature for quantitation of Venlafaxine HCl for different purposes. Fenofibrate 
structure shown in Figure No. 3 is fibric acid derivative, used for regulating plasma lipids and treatment of 
hyperlipoproteinaemias.7 The literature survey reveals that fenofibrate has been analyzed by various methods.8-
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Figure No. 1: Structure of Esome azole 
Magnesium. 
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Figure No. 2: Structure of Venlafaxine HCl. 
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Figure No. 3: Structure of Fenofibrate. 

 

Several studies have reported presence of personal care and pharma products in aquatic system.16-20 These 
pharma compounds find different ways to enter into surface waters through sewage treatment plants. 
Omeprazole is excreted in an unaltered form in the same low proportion and its presence in aquatic environment 
has been reported.4 Venlafaxine HCl is soluble in water, which suggests that significant amount of active 
unused Venlafaxine HCl may reach municipal sewage treatment plants through toilets and drain. Number of 
reports on the occurance of a wide variety of antidepressants in the aquatic environment have been increasing 
steadily in recent times.16 Presence of fenofibrate in aquatic environment has been reported recently.8,20

According to the information collected from literature there is no reported method for simultaneous 
determination of Esomeprazole, Venlafaxine HCl and Fenofibrate using HPLC which can be applied for 
detection of these drugs present in water at low concentrations. In this present work we report development and 
validation of a new HPLC method for simultaneous determination of Esomeprazole, Venlafaxine HCl and 
Fenofibrate in a synthetic mixture. For recovery studies, treated sewage water collected from a Sewage 
Treatment Plant (STP), Vadodara, India was used. 

The new method is simple and sensitive HPLC method with total run time less than twenty minutes for the 
simultaneous determination of Esomeprazole, Venlafaxine HCl and Fenofibrate. The method has been validated 
and can be applied to quality control and for other analytical purposes. 

 
EXPERIMENTAL 

Materials and Reagents 

Samples of Esomeprazole, Venlafaxine HCl and Fenofibrate were received from local drug industry in India. 
HPLC grade acetonitrile, methanol, formic acid, ammonium acetate were purchased from Qualigens and used 
as such, and milli-Q water was prepared with Millipore Water Purification system type -1. 
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Instrumentation 

The LC system, used was a Schmadzu LC 2010 CHT series 200 binary pump equipped with auto sampler and 
UV detector. The output signal was monitored and processed using Empower software. 

Chromatographic Conditions 

Separation was carried out on a C18 column (150 cm x 4.6 mm, 3.5 µm particle size), from Agilent. Mobile 
phase A contained a mixture of buffer and acetonitrile in the ratio 75:25 (v/v). Mobile phase B consisted of 
buffer and acetonitrile in the ratio of 30:70 (v/v). The buffer consists of 0.3% formic acid. The mobile phase 
was premixed, filtered through a 0.45 µm nylon filter and degassed. The flow rate was kept at 1.1 ml min -1 

throughout. The LC gradient was time (min) / mobile phase : 0.00 / A, 6.01 / B and 15.01 / A. The detection 
was monitored at 230 nm. The injection volume was 10 µL.  

Preparation of Standard Solutions 

Standard stock solutions 

A stock solutions of Esomeprazole, Venlafaxine HCl and Fenofibrate each was prepared at about 4000 mg L-1 
by dissolving an appropriate amount in methanol and diluted to the desired concentration. Working standard 
solutions of 1000 mg L-1 and 100 mg L-1 were prepared from the stock solution by diluting with acetonitrile for 
each drug. Standard mixture solution was prepared by diluting 2.5 mL of each of the stock solutions of 
Esomeprazole, Venlafaxine HCl and Fenofibrate to 10 mL with acetonitrile to achieve 1000 mg L-1. System 
suitability solution was prepared by diluting 1.0 mL standard mixture to 10 mL with acetonitrile to achieve 100 
mg L-1. 

Environmental Sample Preparation 

Treated waste water sample was collected from STP operating with Up-Flow Anaerobic Sludge Blanket 
(UASB) principle. The plant has working capacity of 43 MLD and is located in Vadodara, Gujarat, India. 2.5 L 
(volume) sample was collected from the outlet of secondary clarifier of the treatment plant in a glass container. 
For sample preparation, procedure was followed as mentioned in the literature.21 An aliquate of the sample was 
then subjected to recovery studies for the three drugs. 

Analytical Method Validation 

The method was validated for specificity, precision, LOD, LOQ, Linearity dynamic range, accuracy, robustness 
and system suitability. The validated analytical method satisfies International Conference on Harmonisation 
guideline.22  

Specificity 

The specificity of the method was studied by injecting acetonitrile, mobile phase, methanol, standard solutions 
of the three drugs. 

Precision 

Precision of the developed method was determined at two levels, 10 mg L-1 and 200 mg L-1 of three drugs. For 
evaluating the within-day precision, results of six replicate analyses of two different concentrations of samples 
were used on a single day. The between-day precision was calculated from results obtained from the same 
samples analyzed on five different days. 

Limit of Detection and Limit of Quantification 

For calculating the LOD and LOQ values, solutions with known decreased concentrations of analytes were 
injected into the HPLC system. The limit of detection (LOD) and quantification (LOQ) were then measured by 
calculating the minimum level at which the analytes can be readily detected (signal to noise ratio of 3:1) and 
quantified (signal to noise ratio of 10:1) with accuracy, respectively. 
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Accuracy 

Method accuracy was determined by fortifying known amounts of Esomeprazole, Venlafaxine HCl and 
Fenofibrate to the pre-analysed environmental water sample at the LOQ level (5.0 mg L-1) and 10 times LOQ 
level (50 mg L-1) and then comparing the added concentration with the found concentration. The concentration 
of three drugs in each replicate were calculated.  

System Suitability 

System suitability solution was injected on to HPLC in six replications and %RSD calculated for retention time 
and peak area of Esomeprazole, Venlafaxine HCl and Fenofibrate respectively.  

 
RESULTS AND DISCUSSION 

Method Development and Optimization of Chromatographic Conditions 

In the present work, a new HPLC method developed for separation and quantification of Esomeprazole, 
Venlafaxine HCl and Fenofibrate is reported. The method has been validated. Different stationary phases (C18, 
C8), mobile phases containing buffers like formic acid, ammonium acetate and using organic modifiers like 
acetonitrile in the mobile phase were used.  

At the beginning of method development a chromatographic condition was set for the separation of 
Esomeprazole, Venlafaxine HCl and Fenofibrate individually by BDS Hypersil C8 column (250 x 4.6 mm, 5µ 
particle size) using a mixture of acetonitrile: buffer (0.13 % formic acid, 15.50 % 0.1 mol / L ammonium 
acetate) in the ratio 25:75 (v/v) (pH 3.8) as mobile phase A and acetonitrile as mobile phase B at a wavelength 
of 302 nm with flow rate 1.0 mL / min. with run time 45 min. The gradiant LC conditions were mentioned in 
Table No. 1. To reduce the run time chromatographic conditions were changed. This was achieved on a C18 
(150 cm x 4.6 mm, 3.5 µm particle size) column and mixture of acetonitrile: buffer (0.3 % formic acid) in the 
ratio 25:75 (v/v) as mobile phase A and in the ratio 30:70 (v/v) as mobile phase B. At the wavelength of 230 nm 
all the three drugs gave a good response. Under these conditions, sharp peaks that belong to Esomeprazole, 
Venlafaxine HCl and Fenofibrate were obtained at retention time 3.25, 4.77 and 13.12 minutes respectively as 
shown in Figure No. 4. The tailing factor for Esomeprazole, Venlafaxine HCl and Fenofibrate was 1.288, 1.478 
and 1.290 respectively. 

 

Table No.1: Gradiant LC conditions for C8. 

Time Percentage of Mobile Phase A Percentage of Mobile Phase B 
0.00 100.0 0.0 
15.00 100.0 0.0 
35.00 30.0 70.0 
40.00 30.0 70.0 
41.00 100.0 0.0 
45.00 100.0 0.0 

 

Method Validation 

Precision 

The % RSD for the area of Esomeprazole in the method was within 0.39, for Venlafaxine HC was within 0.91 
and Fenofibrate was within 0.35 confirming the good precision of the method. 

Limit of Detection and Limit of Quantification 

The limit of detection of Esomeprazole, Venlafaxine HCl and Fenofibrate was 1.02 mg L-1, 1.02 mg L-1 and 
1.05 mg L-1 (for test concentration) respectively; the limit of quantification was 5.18 mg L-1, 5.09 mg L-1 and 
5.22 mg L-1 (of test concentration) respectively.  
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Figure No. 4: Typical LC chromatogram of 100 mg L-1 Esomeprazole, Venlafaxine HCl and  
Fenofibrate solution. 
 

Linearity 

A linear calibration plot for the method for Esomeprazole, Venlafaxine HCl and Fenofibrate was obtained over 
the calibration ranges 10.37 mg L-1 – 518.40 mg L-1 with a correlation coefficient greater that 0.999. The 
computed equations of the calibration curve for the three drugs are: Esomeprazole: y = 16375.54 x – 3513.49, 
for Venlafaxine HCl: y = 15400.66 x + 30904.46, and for Fenofibrate: y = 15356.84 x + 15485.60. The results 
show that an excellent correlation existed between the peak area and concentration of Esomeprazole, 
Venlafaxine HCl and Fenofibrate. 

Accuracry 

The percentage recovery of Esomeprazole was 99.61%, Venlafaxine HCl was 74.66% and Fenofirate was 74.14 
% with 4.46, 9.56 and 7.9 %RSD respectively for 5.16 mg L-1, 5.09 mg L-1 and 5.22 mg L-1 of respective drugs. 
The percentage recovery of Esomeprazole was 73.1 %, Venlafaxine HCl was 75.36 % and Fenofibrate was 
73.72 % with 2.73, 2.23 and 2.03 %RSD respectively for 51.84 mg L-1, 50.89 mg L-1 and 52.24 mg L-1 of 
respective drugs.  

System Suitability 

The %RSD for retention times were 0.03, 0.02 and 0.08 for Esomeprazole, Venlafaxine HCl and Fenofibrate 
respectively. The %RSD for peak area were 1.16, 1.16 and 0.88 for Esomeprazole, Venlafaxine HCl and 
Fenofibrate respectively.   

 

CONCLUSIONS 

The gradient RP-LC method developed for determination of Esomeprazole, Venlafaxine HCl and Fenofibrate is 
precise, accurate and specific. The developed, validated method could separate Esomeprazole, Vanlafaxine HCl 
and Fenofibrate with good resolution. The method can be used for routine analysis. 
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