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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-2-
ylmethyl)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 class-
VP software. 

Standard solutions  

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.  

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 

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. 

RESULTS AND DISCUSSION 

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. 
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 Retention time 
(min)a 

Capacity factor 
(K/ ) 

Selectivity 
(α)b 

Resolution 
(Rs)b 

Tailing factor %RSDc of  
retention time 

Plate Count 

ES 6.09 3.35  1.98 (a1 ) 3.51 (b1) 1.01 1.14 5345 
DC 10.69 6.63   0.98 0.74 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 

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. 

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

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.  

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 inter-
day 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. 

 

Table 2: Characteristic parameters for the regression equations of the proposed HPLC method for determination of ES in rat urine and 
plasma. 

Parameters ES in rat urine ES in rat plasma 
Calibration range (μg mL-1) 0.05-20 0.05-20 
Detection limit (μg mL-1) 3. 56 x 10-2 3.29 x 10-2 

Quantitation limit (μg mL-1) 1.19 x 10-1 1.09 x 10-1 
Regression equation(Y)a: 
Slope (b) 

16.41 17.71 

Standard deviation of the slope (Sb) 0.25 0.25 
Relative standard deviation of the slope (%) 1.52 1.41 
Confidence limit of the slope b 16.17 -16.66 17.47 -17.95  
Intercept (a) 0.18 0.79 
Standard deviation of the intercept (Sa) 2.69 2.26 
Confidence limit of the intercept b -2.436 -2.80  -1.39- 2.99 
Correlation coefficient (r) 0.9998 0.9998 
Standard error of estimation 1.68 1.64 

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 Source of variation Sum of squares degree of freedom Mean sum of squares F-Ratio 
With urine Total 1.817 X 105 21 8.656X 103 2.14 

Regression 1.845 X 105 2 9.072X 103 
Residual 13.621 19 0.716 
Replicate 2.910 7 0.415 
Lack of fit 10.711 12 0.892 

 With Plasma 
 

Total 2.200 X 105 21 10.477X 103 2.72 
Regression 2.198 X 105 2 10.991X 103 
Residual 14.179 19 0.746 
Replicate 2.500 7 0.357 
Lack of fit 11.679 12 0.973 

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) 

Intra-day precision Inter-day precision 
Recovery %a ± S.D CV % Recovery %a ± S.D CV % 

Urine 1 99.02± 0.63 0.64 98.88 ± 0.90 0.91 
10 98.02 ± 0.73 0.74 98.86 ± 0.89 0.90 
20 99.72 ± 0.56 0.56 99.26 ± 0.67 0.68 

plasma 1 99.04 ± 0.96 0.97 100.04 ± 1.17 1.17 
10 98.96 ± 0.83 0.84 99.06 ± 0.93 0.94 
20 99.80 ± 0.69 0.69 99.50 ± 1.03 1.04 

a 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. 

 Concentration of ES (μgml-1) % Recovery of added ES 
 urine plasma Added urine plasma 
1 0.6 3.5 15 99.2 98.5 
2 0.6 3.5 10 100.3 99.3 
3 1.1 4.2 15 100.6 98.0 
4 1.1 4.2 10 98.0 100.9 
5 1.98 5.94 5 99.8 100.3 
6 1.98 5.94 1 100.3 98.5 
   Mean 99.70 99.25 
   S.D 0.97 1.14 
   CV% 0.97 1.15 

 

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. 

REFERENCES 

1. Sweetman SC. Martindale – The complete drug reference Thirty 
–third edition.Pharmaceutical Press, London 2002. 

2. Praveen Kumar M, Sreeramulu J. Stability indicating RP- HPLC 
method for determination of eprosartan in pure and 
pharmaceutical formulation. J Pharm Sci, 2010; 4(1): 54-59. 

3. Sun C, Wu J, Wang D, Pan Y. Characterization of a novel 
impurity in bulk drug eprosartan by ESI/MSn and NMR. J 
Pharm Biomed Anal, 2010; 51(3): 778-783. 

4. Ferreirós N, Iriarte G, Alonso RM, Jiménez RM, Ortíz E. 
Validation of a solid phase extraction-high performance liquid 
chromatographic method for the determination of eprosartan  
in human plasma. J Chromatogr A, 2006;1119 (1): 309-314. 

5. Li X, Xu H, Chen W, Liu G, Chu N, Yu C. Determination of 
eprosartan in human plasma and urine by LC/MS/MS. J 
Chromatogr B, 2007; 853(1): 47-53. 

6. Lundberg DE, Renee Person C, Knox S, Cyronak MJ. 
Determination of SK&F 108566 (Teveten®) in human plasma 
by reversed-phase high-performance liquid chromatography. J 
Chromatogr B, 1998; 707(1): 328-333. 

7. Ferreirós N, Iriarte G, Alonso RM, Jiméneza RM. Development 
of solid phase extraction procedure for HPLC –DAD 
determination of several angiotensin II receptor antagonists in 
human urine using mixture design. Talanta, 2007; 73(4): 748-
756. 

8. Ferreirós N, Iriarte G, Alonso RM, Jiménez RM. MultiSimplex 
and experimental design as chemometric tools to optimize a 
SPE-HPLC-UV method for the determination of eprosartan in 
human plasma samples. Talanta, 2006; 69(3): 747-756. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THP-4NR187P-1&_user=10&_coverDate=10%2F15%2F2007&_alid=1642972533&_rdoc=6&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5288&_sort=r&_st=13&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=9872e8dc78e53a407f29e4bff852fef3&searchtype=a#implicit0


Salam et al. 
Int J Pharm Pharm Sci, Vol 5, Suppl 3, 299-304 

304 

9. Manish TR, Srikanth G, Venkateshwar R, Sambasiva R. 
Development and validation of HPLC- UV method for the 
estimation of eprosartan in human plasma. Int J Pharm Pharm 
Sci, 2011; 3(2): 191-194. 

10. Hillaert S, Van den Bossche W. Optimization and validation of a 
capillary zone electrophoretic method for the analysis of 
several angiotensin-II-receptor antagonists. J Chromatogr A, 
2002; 979(1): 323-333. 

11. Hillaert S, Van den Bossche W. Simultaneous determination of 
hydrochlorothiazide and several angiotensin-II- receptor 
antagonists by capillary electrophoresis. J Pharm Biomed Anal, 
2003; 31(2): 329-339. 

12. Hillaert S, De Beer TRM, De Beer JO, Van den Bossche, W. 
Optimization and validation of a micellar electrokinetic 
chromatographic method for the analysis of several angiotensin-II- 
receptor antagonists. J Chromatogr A, 2003; 984(1):135-146.  

13. Patel HU, Suhagia BN, Patel CN. Simultaneous analysis of 
eprosartan and hydrochlorothiazide in tablets by high-
performance thin-layer chromatography with ultraviolet 
absorption densitometry. Acta Chromatographica, 2009; 21(2): 
319-326. 

14. El-Yazbi FA, Hammud HH, Sonji NM, Sonji GM. Spectral and 
polarographic determination of eprosartan. Kinetic studies of 

the oxidation of eprosartan using a platinum electrode. 
Pharmazie, 2008; 63(6): 420-427. 

15. Barone FC, Coatney RW, Chandra S, Sarkar SK. Eprosartan 
reduces cardiac hypertrophy, protects heart and kidney, and 
prevents early mortality in severely hypertensive stroke- 
prone rats. Cardiovasc Res 2001; 50(3): 525-537. 

16. Muders F, Palkovits  M, Bahner U, Kirst I. Central inhibition of 
AT1receptors by eprosartan-in vitro autoradiography in the 
brain. Pharmacol Res 2001; 43(3): 251-255. 

17. Thejaswini JC, Gurupadayya BM, Ranjith KK. Quantitative 
determination of duloxetine HCl in human plasma by GC-FID 
method. Int J Pharm Pharm Sci, 2013; 5(2): 405-408. 

18. Mohd Hafiz MJ, Khuriah AH, Meor Mohd Affandi MMR, Liza S, 
Suzana MJ, Tommy Julianto BE. A simple and sensitive HPLC 
method for the determination of insulin in rat plasma and its 
application in pharmacokinetic study. Int J Pharm Pharm Sci, 
2013; 5(suppl 2): 133-137. 

19. Draper NR, Smith H. Fitting a straight line by least squares, in: 
Applied Regression Analysis, Wiley, New York. 1981; 22–40. 

20. The European Agency for the Evaluation of Medical Products . 
ICH Topic Q2B Note for Guidance on Validation of Analytical 
Procedures: Methodology GPMP/ICH/281/95, IFPMA, Geneva, 
Switzerland 1996;1-8.  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barone%20FC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coatney%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chandra%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muders%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Palkovits%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahner%20U%22%5BAuthor%5D

