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ABSTRACT
Objectives: The objectives of this research were to develop and validate a reverse phase-high performance liquid chromatography (RP-HPLC)
method for determination of eprosartsan (ES) in rat plasma and urine using diclofenac sodium (DC) as an internal standard (I.S).
Methods: Plasma sample was treated with deproteinizing agent which is acetonitrile. The proposed method was based on using a 250 x 4.6 mm
(i.d.) Phenomenex cyanopropyl column (5 µm particle size) with mobile phase consisting of 25 mM ammonium acetate buffer pH 3.7–acetonitrile, in
ratio of (70:30, v/v) and UV detection at 240 nm with flow rate of 1.2 mL min-1.
Results: ES eluted at 6.09 ± 0.07 minutes while the elution time for DC (I.S) was 10.69 ± 0.08 min. The linear calibration range for ES was observed
between 0.05-20 μgmL-1 in rat plasma and urine. The method was found to be accurate with 99.25% and 99.70% recovery in rat plasma and urine
respectively, precise as the coefficient of variation (CV%) of inter day and intraday precision was less than 2%.The limit of detection (LOD) was
found to be 3.29 x10-2 μg mL-1 and 3.56 x10-2 μgmL-1 in rat plasma and urine respectively, while the limit of quantification (LOQ) was found to be
1.09x10-1 μg mL-1 and 1.19x10-1 μg mL-1 in rat plasma and urine respectively.
Conclusion: A novel specific, accurate, precise chromatographic method was developed for quantitative estimation of ES in rat plasma and urine.
The validation study of the proposed method was successfully carried out and the method was found suitable and economic for routine
determination of eprosartan in rat plasma and urine.
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INTRODUCTION
Eprosartsan mesylate (ES), 4-({2-butyl-5-[2-carboxy-2-(thiophen-2ylmethyl)eth-1-en-1-yl]-1H-imidazol-1-yl}methyl)benzoic
acid
(Fig.1); is an angiotensin II receptor antagonist used for the
treatment of high blood pressure. Eprosartsan mesylate is absorbed
from the gastrointestinal tract with an absolute oral bioavailability
of about 13%. Peak plasma concentrations occur about 1 to 2 hours
after an oral dose in the fasted state; administration with food delays
absorption but this is not clinically significant. Eprosartan is about
98% bound to plasma proteins. It is excreted in the bile and in the
urine, primarily as the unchanged drug; after oral doses
approximately 7% of the drug is excreted in the urine, with about
2% as the acyl glucuronide. The terminal elimination half-life is
about 5 to 9 hours [1].
Several methods in the literature describing the determination of
eprosartan mesylate (ES) in dosage forms, human plasma and urine.
These methods include the use of high-performance liquid
chromatography (HPLC) for its determination in dosage forms [2, 3]
and in human plasma or urine [4-9], and the use of capillary
electrophoresis [10-12], TLC [13], polarography [14].
The published HPLC methods [4-7] for determination of ES in
plasma and urine included sophisticated solid phase extraction
procedure, its optimization involves several variables leading to low
percent recovery. On the other hand the published method [8]
included the use of liquid chromatography/tandem mass
spectrometry for determination of ES in human plasma and urine
which is highly sensitive but expensive and not widely available in
many laboratories. Also the published HPLC method [9] for
determination of ES in human plasma has lower accuracy (recovery
up to 88%) and sensitivity (linearity range 0.3-20 μg mL-1)
compared with the proposed method (recovery up to 99.70%) and
(linearity 0.05-20 μg mL-1). For that there is a real need to a simple,
applicable and available method for the determination of ES in
plasma and urine.
In this study, a simple reversed phase isocratic HPLC method was
developed for the simultaneous determination of ES in rat plasma

and urine using diclofenac sodium (DC) as internal standard (I.S), by
direct injection for the urine samples and after simple pretreatment
procedure for plasma samples, by using acetonitrile as extraction
solvent to remove the interfering substances found in plasma matrix
which hinder the chromatographic analysis.

Fig. 1: Chemical structures of eprosartsan mesylate (ES) and
diclofenac sodium
MATERIALS AND METHODS
Instrumentation
The HPLC (Shimadzu, Kyoto, Japan) instrument was equipped with a
model series LC-10 ADVP pump, SCL-10 AVP system controller,
DGU-12 A Degasser, Rheodyne 7725i injector with a 20 l loop and a
SPD-10AVP UV-VIS detector. Separation and quantitation were
made on 250 x 4.6 mm (i.d.) Phenomenex cyanopropyl column (5
µm particle size).The detector was set at λ 240 nm. Data acquisition
was performed on Class-VP software.
Materials and reagents
Pharmaceutical grade of ES (Sigma-Aldrich, Inc, St. Louis, USA) and
DC (Amoun Pharmaceutical Company, Egypt) were used and
certified to contain 98% and 99.7%, respectively.
Acetonitrile and methanol used were HPLC grade (LAB-SCAN
Analytical science, POCH, Poland). Ammonium acetate and acetic
acid used were analytical grade.
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Commercial Teveten® capsules (Batch no. 617217) used, was
manufactured by Solvay Pharmaceuticals, France, labeled to contain
600 mg ES per capsule.
Subjects
Healthy Albino rats (both sex) of weight 190 ± 10 grams were used.
HPLC conditions
The HPLC separation and quantitation were made on a 250 x 4.6 mm
(i.d.) Phenomenex cyanopropyl column (5 µm particle size). The
mobile phase was prepared by mixing 25 mM ammonium acetate,
pH was adjusted to 3.7 using acetic acid –acetonitrile, in ratio of
(70:30, v/v) and UV detection at 240 nm. The flow rate was of 1.2 ml
min-1. All determinations were performed at ambient temperature.
The injection volume was 20 μl. The samples were also filtered using
0.45-μm disposable filters. Data acquisition was performed on classVP software.

in -20 ºC refrigerator for further analysis. Also the collected urine
samples were kept in -20 ºC refrigerator for further analysis.
Urine sample
Half milliliter of urine sample was taken; suitable dilution was
carried out to 10 ml with the mobile phase to reach calibration
range. Each sample solution contained 20 µg ml-1 DC as internal
standard. The solution was filtered through 0.45µm membrane
filter. A 20 µl was injected into HPLC, in triplicate for each solution
and chromatographed under the conditions described above. The
concentration of ES was calculated using regression equation.
Plasma sample
Into 2.0 ml Eppendorf tubes, 0.5 ml of the resultant plasma was
mixed with 1 ml of acetonitrile and 20 µg ml-1DC. The extraction
procedure described above were followed and the concentration of
ES was calculated using regression equation.

Standard solutions

RESULTS AND DISCUSSION

Stock standard solutions were prepared by separately dissolving ES
and DC in methanol to obtain a concentration of 100 µg mL-1.
Further dilutions for ES with methanol were carried out to obtain
concentration ranges of 0.05-20 µg mL-1. These stock solutions were
stored at 4ºC.

Complex biological matrices like urine and plasma are considered as
a powerful challenge for any analyst. The components of these
matrices produce high interference with the drugs to be determined,
and affect the method performance. Owing to this, a special
procedure is required for sample preparation and cleanup
procedure.

For urine sample
Different volumes of ES stock standard were transferred to 10 ml
volumetric flask, 1ml of blank urine was added and the solutions
were diluted to 10 ml with the mobile phase to obtain
concentration range 0.05–20 µgml−1. All solutions contained 20 µg
ml-1 DC as internal standard. The solutions were filtered through
0.45µm disposable membrane filters. Triplicate 20 µl injections
were made for each concentration of ES and chromatographed
under the conditions described above. The peak area ratio (peak
area of ES /peak area of DC) for each concentration was plotted
against the corresponding concentration to obtain the calibration
graph of ES.
Standard solutions and Extraction procedure for plasma
samples
Before the plasma samples were injected into the chromatograph,
protein denaturing and precipitation procedures were carried out.
Standard solution of ES was further diluted 10-fold with drug-free
rat plasma to obtain the concentration range of 0.05-20 µg ml-1.The
spiked plasma samples were kept in ice bath all time. Into 2.0 ml
Eppendorf tubes, 1ml of acetonitrile and 20 µg ml-1 DC as internal
standard, were added to spiked plasma sample (0.5 ml) then
vortexted for 20 second and centrifuged for 10 min. at 3000 r.p.m
and 4ºC. The upper layer was transferred to another tube filtered
through 0.45µm disposable membrane filter, evaporated by nitrogen
at ambient temperature, then reconstituted with 500 µl mobile
phase; 20 µl were injected on the analytical column for analysis
using the same analytical mobile phase. The peak area ratio of each
concentration was plotted against the corresponding concentration
to obtain the calibration graph of ES.
Sample preparation (in vivo procedure)
The experimental protocol was approved by an institutional animal
care and use committee of the Faculty of Pharmacy, Suez Canal
University. The dose of ES given to rats was 60 mg/kg according to
published methods [15, 16]. Ten capsules of Teveten® which contain
600mg dose of ES were crushed and weight equivalent to 600 mg
was dissolved in 52.6 ml water. According to the body weight of each
animal, dose (60 mg/kg) of the solution was given through oral
gavage.
For the analysis 2ml venous blood samples were withdrawn at
specified pre-determined time intervals (0, 3, 5, 7 hours) after
dosing.
The blood samples were immediately transferred to the collection
tube (containing disodium EDTA), shaken well and centrifuged for
10 min to separate plasma. The separated plasma samples were kept

Deproteinization and extraction
Most of the methods reported for determination of drugs in plasma
and tissue involve protein precipitation with an organic solvent.
Commonly used organic solvents are acetonitrile, ethanol, propanol
and methanol [17, 18]. It was found that satisfactory percent
recovery of ES from plasma protein was obtained upon using
acetonitrile for protein precipitation.
Chromatographic condition
To optimize the HPLC assay parameters, the effects of acetonitrile
concentration and pH of the mobile phase were studied.
The influence of acetonitrile concentration of the mobile phase on
the separation efficiency between ES and DC as well as endogenous
compounds from urine and plasma samples was investigated. It was
found that, decreasing the concentration of acetonitrile to less than
20% caused a severe increase in the retention time of ES and DC
peaks that resulted in peak broadening and excessive tailing, while
increasing the concentration of acetonitrile more than 55% caused a
decrease in retention time which led to inadequate separation of the
ES peak and biological matrices. Best separation could be obtained
by using 30% acetonitrile.
The influence of pH of the mobile phase on the retention behavior of
ES and DC as well as endogenous compounds of biological samples
was investigated. It was found that variation of pH of mobile phase
resulted in poor separation of ES from endogenous compounds of
biological samples at pH 5 with loss of peak symmetry for ES and DC,
and this poor separation increases at pH 7. At pH 3.5–4 improved
resolution of the peak was observed; however at pH 3.7 optimum
resolution with reasonable retention time was detected.
Chromatograms of blank rat urine and plasma (Fig.2 a and b;
respectively) showed no interfering peaks at the retention times of
ES and DC. Figure 3 a and b shows typical chromatograms for the
samples prepared from rat urine and plasma containing ES and DC
where the drugs were well separated. The average retention time ±
SD for ES and DC were found to be 6.09 ± 0.07 and 10.69 ± 0.08 min.,
respectively, for ten replicates. The peaks obtained were sharp and
have clear baseline separation. The system suitability results are
given in Table 1.
The performance of the proposed method on real samples was
demonstrated by its application to rat urine sample taken from
healthy rats which received Teveten® medication. Figure 4 a shows a
typical HPLC chromatogram of real rat urine sample taken after 7
hours from receiving the drug. The concentration of ES in urine
sample was determined and found to be 2 µg ml-1 after 7 hours.
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Fig. 2: Typical HPLC chromatograms obtained from analysis of (a) blank rat urine (b) blank rat plasma

Fig. 3: Typical HPLC chromatograms obtained from analysis of 10 µg ml-1 ES and 20 µg ml-1 DC spiked to (a) rat urine (b) rat plasma

Fig. 4: Typical HPLC chromatograms obtained from analysis of real samples after oral Teveten® dose administration (a) rat urine(7 h), (b)
rat plasma(1 h).
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The performance of the proposed method on real samples was demonstrated by its application to rat plasma sample obtained from healthy rats
which received Teveten® medication (Fig.4b). The concentration of ES in plasma sample was determined and found to be 3.5 µg ml -1after 1 hour.
Table 1: The system suitability test results of the developed method for determination of ES and DC.
Compound
ES
DC

Retention time
(min)a
6.09
10.69

Capacity factor
(K/ )
3.35
6.63

Selectivity
(α)b
1.98 (a1 )

Resolution
(Rs)b
3.51 (b1)

Tailing factor
1.01
0.98

%RSDc of
retention time
1.14
0.74

Plate Count
5345
6359

a: The retention time of unretained peak is 1.4 min
b: a1, b1: are α and Rs calculated for DC-ES.
c: Relative standard deviation.
d: Mean peak area of 6 injections of standard at 1 µg ml-1.
Validation of the method

outcome of a linear relationship and in consequence the test for
the Lack of Fit should be checked (Table 3). This test evaluates
the variance of the residual values [19]. The calculated values
were lower than the tabulated ones (α = 0.05), linearity thus
being demonstrated.

Linearity
The linearity of the proposed method was evaluated by analyzing seven
concentrations of ES ranging between 0.05 and 20µg ml-1 in different
biological matrices. Each concentration was repeated three times. The
assay was performed according to experimental conditions previously
established. Calculations of calibration curves were based on the peak
area ratios of ES to the internal standard DC. The linearity of the
calibration graphs was validated by the high value of the correlation
coefficient and the intercept value, which was not statistically (p = 0.05)
different from zero (Table 2). Characteristic parameters for regression
equations of the HPLC method obtained by least squares treatment of
the results are given in Table 2.

Precision
To judge the quality of the method, precision was determined. The
precision of the method, expressed as CV (%), was determined by
analysis of three different concentrations within the linearity range
for ES in rat urine and plasma samples. Intra-day precision was
assessed from the results from five replicate analyses of each sample
on the same day. Inter-day precision was determined by analysis of
the samples on five consecutive days. CV (%) for intra-day and interday assays for rat urine and plasma samples was less than 2. The
results obtained from determination of intra-day and inter-day
precision are listed in Table 4.

Upon AMC (Analytical Methods Committee), a value of
regression coefficient close to unity is not necessarily the

Table 2: Characteristic parameters for the regression equations of the proposed HPLC method for determination of ES in rat urine and
plasma.
Parameters
Calibration range (μg mL-1)
Detection limit (μg mL-1)
Quantitation limit (μg mL-1)
Regression equation(Y)a:
Slope (b)
Standard deviation of the slope (Sb)
Relative standard deviation of the slope (%)
Confidence limit of the slope b
Intercept (a)
Standard deviation of the intercept (Sa)
Confidence limit of the intercept b
Correlation coefficient (r)
Standard error of estimation

ES in rat urine
0.05-20
.356 x 10-2
1.19 x 10-1
16.41

ES in rat plasma
0.05-20
3.29 x 10-2

0.25
1.52
16.17 -16.66
0.18
2.69
-2.436 -2.80
0.9998
1.68

0.25
1.41
17.47 -17.95
0.79
2.26
-1.39- 2.99
0.9998
1.64

1.09 x 10-1
17.71

aY

= a + bC, where Y is the response (peak area ratio), a is the intercept, b is the slope, and C is the concentration of ES (µgmL-1) in human urine and
plasma.
b

95% confidence limit
Table 3: ANOVA (showing lack of fit calculation) for ES.

Matrix
With urine

With Plasma

Source of variation
Total
Regression
Residual
Replicate
Lack of fit
Total
Regression
Residual
Replicate
Lack of fit

Sum of squares
1.817 X 105
1.845 X 105
13.621
2.910
10.711
2.200 X 105
2.198 X 105
14.179
2.500
11.679

degree of freedom
21
2
19
7
12
21
2
19
7
12

Mean sum of squares
8.656X 103
9.072X 103
0.716
0.415
0.892
10.477X 103
10.991X 103
0.746
0.357
0.973

F-Ratio
2.14

2.72

The critical value of F-Ratio is 3.57 at α = 0.05
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Table 4: Intra-and inter-day validation of the proposed method determined by the recovery of ES from urine and plasma spiked with ES.
Matrix

Concentration
(µg ml-1)
1
10
20
1
10
20

Urine
plasma

a

Intra-day precision
Recovery %a ± S.D
99.02± 0.63
98.02 ± 0.73
99.72 ± 0.56
99.04 ± 0.96
98.96 ± 0.83
99.80 ± 0.69

CV %
0.64
0.74
0.56
0.97
0.84
0.69

Inter-day precision
Recovery %a ± S.D
98.88 ± 0.90
98.86 ± 0.89
99.26 ± 0.67
100.04 ± 1.17
99.06 ± 0.93
99.50 ± 1.03

CV %
0.91
0.90
0.68
1.17
0.94
1.04

Mean and S.D. for five determinations

Range
The calibration range was established through consideration of the
practical range necessary, to give accurate, precise and linear
results. The calibration ranges of the proposed HPLC method was
given in Table 2.
Detection and quantitation limits
According to the International Conference on Harmonization (ICH)
recommendations [20], the approach based on the standard
deviation (S.D.) of the response and the slope was used for
determining the detection and quantitation limits. The theoretical
values were assessed practically and given in Table 2.
Selectivity and accuracy
Method selectivity and accuracy were achieved by addition of
appropriate volumes of standard solution of ES (different
concentrations but within the linearity range concentration) to urine
and plasma samples obtained 1, 3 and 7 h after a single
administration of a commercially available ES capsules to the rats.
After spiking with a fixed concentration of DC internal standard and
analyzed according to the previous procedure. Satisfactory results
were obtained (Table 5) for ES, indicating the high selectivity and

accuracy of the proposed method. No interference resulted from
biological matrices.
Robustness
Variation of the pH of the 25 mM ammonium acetate of the mobile
phase by ± 0.2 units, the concentration of the 25 mM ammonium
acetate of the mobile phase by ± 2 % and the organic strength of the
mobile phase by ± 2 % did not have significant effect on
chromatographic resolution.
Samples Stability
When the stability of ES and the internal standard in the mobile
phase was tested, it was found that the samples were stable for at
least 5 h at room temperature.
Rat urine and plasma samples spiked with ES were evaluated for
stability after freezing and thawing. The drug was stable through at
least three freeze–thaw cycles. The stability of spiked urine and
plasma samples during storage for 4 weeks at -20ºC was also
evaluated; no significant change was observed. The stability of stock
solutions of EP and DC was checked and proved to be stable for at
least 14 days at 4°C.

Table 5: Accuracy of the proposed method determined by the recovery of ES from real urine and plasma spiked with ES.

1
2
3
4
5
6

Concentration of ES (μgml-1)
urine
plasma
0.6
3.5
0.6
3.5
1.1
4.2
1.1
4.2
1.98
5.94
1.98
5.94

CONCLUSION
An optimized reversed-phase HPLC method for direct quantitative
analysis of ES in rat urine samples without any extraction procedure
prior to the separation has been developed. Also, a suitable
procedure for preparation for rat plasma samples has been
developed for reliable drug determination in complex biological
matrix as plasma. The proposed HPLC method provides simple,
accurate, sensitive and robust determination of ES in different and
complex biological matrix.
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