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ABSTRACT 
 

A simple, reliable, reproducible, economical and rapid  isocratic RP-HPLC method  was developed 
for the simultaneously separated and quantification of four angiotensin II-receptor antagonists 
namely Telmisartan (TELM), Losartan (LOSA), Olmesartan (OLME) and Valsartan (VALS) along 
with thiazide diuretic mostly Hydrochlorothiazide (HCTZ). All the above said drugs were separated 
by using Welchrom C18 column having internal diameter of 4.6 X 250 mm with 5 µm particle size as 
stationary phase with mobile phase consisting a mixture of acetonitrile and phosphate buffer (pH-
3.3, 50:50 v/v). The mobile phase was pumped at a flow rate of 1 ml/min. The wave length of the 
UV detection was done at 238 nm. All the sartans were separated within 6 minutes. The calibration 
curves were linear (r

2
 = 0.9998) in all cases. The relative standard deviation was less than 2% and 

average recovery was above 99.95%. All four sartans were routinely assayed without interference. 
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This method was statistically validated in different parameters like linearity, precision, specificity, 
accuracy, robustness and ruggedness. The optimized method proved to be accurate, specific and 
robust for the quality control of four angiotensin-II receptor blockers alone or in combination with 
HCTZ in bulk drug and tablet dosage forms. 
 

 

Keywords: Hydrochlorothiazide; losartan; olmesartan; telmisartan; valsartan. 
 

1. INTRODUCTION 
 

Angiotensin II-receptor antagonists [1] exerts its 
antihypertensive effects by inhibiting the 
activation of angiotensin II type 1 (AT1) 
receptors. This shows vasodilatation and 
reduces the secretions of vasopressin and 
aldosterone, thereby reducing BP. HCTZ is a 
thiazide diuretic. It exerts its antihypertensive 
effects by inhibiting Na+ /Cl− reabsorption from 
the distal convoluted tubules in the kidney. By 
reducing osmotic pressure in this way, HCTZ 
reduces the reabsorption of water in the distal 
convoluted tubules and thereby reduces plasma 
volume and cardiac output. Most hypertensive 
patients will not reach and maintain blood 
pressure goal on mono therapy. Therefore 
combinations containing ARBs along with HCTZ 
have been preferred because ARBs are 
associated with superior tolerability which may 
lead to improved adherence. ACE inhibitors are 
facing a drawback of angioedema and cough 
which are not seen with ARBs. Various 
combinations of ARB’s are available with a fixed 
dose of Hydrochlorothiazide.  
 
Several analytical methods for quantitative 
determination of ARBs individually or in 
combination with HCTZ in pharmaceutical 
formulations are described in scientific literature 
such as UV spectrophotometry [2-5], TLC [6], 
HP-TLC [7,8], Capillary electrophoresis [9-11], 
HPLC [12-36], Solid phase extraction and LC-MS 
[37], LC-MS/MS [38], UPLC-MS [39]. Some of 
these HPLC methods have been found to be 
longer retention time, cumbersome, 
uneconomical possessing poor precision and 
specificity. The objective of this research work 
was to develop and validate rapid, economical 
and sensitive method for quantitative 
determination of four sartans with HCTZ in 
tablets. Thus we have decided to develop a 
novel efficient method to determine all the 
mentioned drugs in binary combinations such as 
HCTZ with TELM, HCTZ with LOSA, HCTZ with 
OLME and HCTZ with VALS without changing 
the detection wave length and chromatographic 
conditions. The chemical structures of HCTZ, 
TELM, LOSA, OLME and VALS are shown in 
Fig. 1. 

 
 

Fig. 1. Chemical structures of HCTZ, TELM, 
LOSA, OLME and VALS 

 

2. MATERIALS AND METHODS 
 
The pharmaceutical grade reference samples 
were obtained from Hetero Labs Ltd., 
Hyderabad, India. Triethylamine and acetonitrile 
of HPLC grade were purchased from Merck 
pharmaceuticals private Ltd., Mumbai, India. 
HPLC grade methanol and water were obtained 
from Merck specialties private Ltd., Mumbai, 
India. Commercial tablets of TELM, LOSA, 
OLME and VALS with HCTZ were obtained from 
local pharmacy.  
 

2.1 Preparation of pH 3.3 Phosphate 
Buffer 

 
6.056 g of potassium dihydrogen orthophosphate 
was dissolved in 445 ml of HPLC grade water to 
prepare 10 mM of phosphate buffer.                                   
To the above solution 55 ml of 0.1 M                           
phosphoric acid was added and its pH was 
adjusted to 3.3.  
 

2.2 Preparation of Mobile Phase   
 
The above prepared phosphate buffer was mixed 
with acetonitrile in the ratio of 50: 50 v/v and the 
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solution was filtered through 0.45 µm nylon 
membrane filter and  degassed by sonication. 
 

2.3 Preparation of Stock Standard 
Solutions 

 
Standard stock solutions containing                                 
(1.25, 0.4, 0.5, 0.4, 0.8 mg/ml) of HCTZ, TELM, 
LOSA, OLME and VALS were prepared by 
dissolving (12.5, 40, 50, 40, 80 mg)                                     
of each in methanol in 100 ml volumetric flask 
respectively. Then it was sonicated                                    
for 15 minutes and final volume was made up to 
100 ml with methanol to get standard stock 
solutions. 
 

2.4 Construction of Calibration Plot  
 
Each solution was injected in triplicate and 
chromatographed under the above mentioned 
conditions. Linear relationships were obtained 
when average drug standard peak area were 
plotted against the corresponding concentrations 
for each drug. Regression analysis of the 
calibration data was then carried out.  
 

2.5 Sample Preparation (Dosage form) 
 
About twenty Telmisat-H, Zargo-H,                                     
Olmicep-H, Valent-H tablets were taken and 
make them to a fine powder with mortar and 
pestle separately. Average weight of                             
tablet was calculated, and the amount of powder 
that is equivalent to HCTZ, TELM, LOSA, OLME 
and VALS (12.5, 40, 50, 40, 80 mg)                       
respectively of each type of tablets were 
accurately weighed and separately transferred 
into 100 ml volumetric flasks and dissolved in 
methanol. Solutions were degassed then 
sonicated for 15 min and then filtered through 
0.45 µm nylon membrane filters. Aliquots of 
appropriate volume (10 ml) were transferred to 
100 ml calibrated flasks and diluted to volume 
with mobile phase to obtain the above mentioned 
concentrations.  
 

3. RESULTS AND DISCUSSION 
 
3.1 Optimization and Method 

Development 
 
Numerous trials were carried out for the 
optimization of mobile phase in order to get 
proper optimized HPLC conditions. A number of 
trials with different mobile phases were 

performed, such as commonly used blend of 
solvents acetonitrile: HPLC grade water, 
methanol: water, methanol: Acetonitrile: water in 
varying ratio and by adjusting pH to attain 
required separations. In the long run after 
reviewing the results, mobile phase of phosphate 
buffer mixture whose pH adjusted to 3.3, 
acetonitrile in the ratio of 50:50 v/v which meets 
all the conditions of system suitability and also a 
better separation which result good peak shape, 
better resolution, less run time, nominal peak 
tailing and reproducibility results were 
recognized. Hence this mobile phase was 
chosen for current study. The stationary phase 
made up of Welchrom C18 column with 
dimensions of 4.6 X 250 mm, 5 µm is found to be 
utmost suitable for separation of Sartans 
together with HCTZ. The UV spectrum                        
of the sartans were scanned separately in the 
region of 200 - 400 nm and the UV overlain 
spectra of four sartans demonstrated that they 
get absorbed appreciably at 238 nm.                             
Hence this wave length was selected for the 
determination of all sartans. The UV overlain 
spectra of four sartans with HCTZ is shown in 
Fig. 2. A model chromatogram which depicts how 
the peaks are separated for the 4 sartans along 
with HCTZ is depicted in Fig. 3. The peaks were 
eluted at 3.300, 3.780, 4.467, 5.247, 5.570 
minutes for HCTZ, TELM, LOSA, OLME and 
VALS respectively.  System suitability and 
column performance parameters are shown in 
Table 1. 
 

3.2 Method Validation 
  
The present method was validated based on ICH 
Q2 (R1) [40] guidelines. The parameters like 
system suitability, specificity, linearity, precision, 
accuracy, limit of detection (LOD), limit of 
quantitation (LOQ) and robustness were 
validated. 
 

3.2.1 System suitability  
 
HPLC system is allowed to stabilize                            
for 40 minutes. Then system suitability was 
conducted to verify the parameters                          
such as theoretical plate count (NLT 3000), 
efficiency per meter, resolution (NLT 2.0),                     
and tailing factor (NMT 1.5). If the                              
system suitability parameters are satisfied then 
sample is injected twice and record the 
chromatograms. System suitability                        
and column performance parameters are 
depicted in Table 1. 



Fig. 2. UV overlain spectra of the four sartans & HCTZ

Fig. 3. A typical chromatogram showing the separation of HCTZ, TELM, LOSA, OLME, VALS in 
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Fig. 2. UV overlain spectra of the four sartans & HCTZ 

 

 
Fig. 3. A typical chromatogram showing the separation of HCTZ, TELM, LOSA, OLME, VALS in 

a synthetic mixture 
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Fig. 3. A typical chromatogram showing the separation of HCTZ, TELM, LOSA, OLME, VALS in 
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Table 1. System suitability and column performance parameters 
 

Parameter Chromatographic conditions  for  4 sartans & 
hydrochlorothiazide 

Instrument Shimadzu LC-20AT Prominence liquid chromatograph 
Column Welchrom C18 column (4.6 X 250 mm, 5 µm) 
Detector Shimadzu LC-20AT Prominence UV-Visible detector 
Mobile phase 10 mM phosphate buffer (pH 3.3) : Acetonitrile 50:50, v/v 
Flow rate 1mL/min 
wave length UV at 238 nm 
Run time 8 minutes 
Temperature Ambient temperature (25 

0
C) 

Injection volume 20 µL 

  Name of the drugs HCTZ TELM LOSA OLME VALS 

Retention time  (minutes) 3.300 3.780 4.467 5.247 5.570 
Th.Pl (Efficiency) 12312 12468 14715 15250 17188 
Theoretical plates per 
meter 

246247 247368 2,94308 305005 343756 

Resolution     - 3.776 4.862  4.931 2.008 
Tailing factor 1.194 1.116 1.182 1.160 1.154 

 
3.2.2 Specificity  
 
The specificity of the method was evaluated with 
regard to interference due to presence of 
excipients. A placebo for each formulation was 
mixed by adding the particular excipients with 
mobile phase without the drug. Actually                        
drug to excipients fraction employed were 
analogous to that in the commercial formulations 
and the solutions were prepared by                         
following the sample preparation procedure that 
is mentioned above. Before injection the blend 
was filtered using 0.45 µm membrane filters.    
The results of specificity study are shown in 
Table 2. 
 
3.2.3 Linearity 
 
The linearity test was determined at five varying 
concentration levels of the drugs. ICH 
recommends minimum five concentrations for 
analysis. For that purpose drug concentration 
ranges of 2.5-12.5, 8-40, 5-50, 8-40, 16-80 
µg/mL were prepared respectively. The 
calibration curve was constructed by plotting 
peak area versus concentration of drugs. The 
linear regression equations were Y = 88.146 X + 
0.0586 (r

2
= 0.9998), Y = 27.099 X - 6.5173 (r

2
= 

0.9998), Y = 21.431 X - 8.5685 (r2 =0.9997), Y = 
13.366 X - 25.101 (r

2
= 0.9981), Y = 14.576 X + 

2.9327 (r
2
= 0.9999) for HCTZ, TELM, LOSA, 

OLME and VALS respectively where Y is the 
peak area of analyte and X represents drug 
concentration.  
 

3.2.4 Precision  
 
The precisions of the method was performed to 
find out repeatability (Intra-day) and intermediate 
precision (Inter-day) for HCTZ with TELM, HCTZ 
with LOSA, HCTZ with OLME and HCTZ with 
VALS. The intra - day precision was done under 
the same experimental conditions by repeating 
the assay thrice for three levels in the same day 
where as inter - day precision was carried out by 
taking over the assay on 3 different days, three 
on every day for the 3 concentration levels 
respectively. The precision study outcomes were 
given in terms of % RSD. The % RSD was 
calculated which is within the satisfactory criteria 
of NMT 2.0. The precision study results are 
shown in Table 3. 
 
3.2.5 Accuracy  
 
Accuracy of the method was determined in terms 
of recovery by spiking the formula ion with the 
standards of each drug equivalent to 80 %, 100% 
and 120% of the amount initially present. 
Recovery tests were carried out by analyzing 
mixtures of HCTZ with TELM, HCTZ with LOSA, 
HCTZ with OLME and HCTZ with VALS with 
diverse compositions. Known amounts of 
standards drugs were added to a pre-analyzed 
sample at 3 different levels 80%, 100% and 
120% and the mixed standard solutions were 
analyzed thrice at each level according to 
suggested method. The mean recovery data and 
% recovery results are shown in Table 3. 
 



3.2.6 Robustness  
 
The robustness of the present analytical method 
was verified by the analysis of HCTZ with TELM, 
HCTZ with LOSA, HCTZ with OLME and HCTZ 
with VALS under varied experimental conditions 

Table 2. Results of specificity
 
Name HCTZ TELM 
Mobile 
phase 

No peaks No 
peaks 

Placebo No peaks No 
peaks 

Individual 
Separate 
standard 
solutions. 

Peak for HCTZ and 
TELM at 3.300 min. 
and 3.780 min.  
respectively. 

 

 
Fig. 4. Standard chromatogram relating to HCTZ

Fig. 5. Standard chromatogram relating to TELM
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The robustness of the present analytical method 
was verified by the analysis of HCTZ with TELM, 
HCTZ with LOSA, HCTZ with OLME and HCTZ 
with VALS under varied experimental conditions 

like  making intentional changes in 
chromatographic conditions like mobil
composition (±5%), flow rate (±
mobile phase p

H
 and detection wave length (±5 

nm). The results obtained were within tolerable 
limits. The results are shown in Table 3.

 
Table 2. Results of specificity 

HCTZ LOSA HCTZ OLME HCTZ 
No 
peaks 

No 
peaks 

No peaks No 
peaks 

No peaks

No 
peaks 

No 
peaks 

No peaks No 
peaks 

No peaks

Peak for HCTZ and 
LOSA at 3.300 min. 
and 4.467 min.  
respectively. 

Peak for HCTZ and 
OLME at 3.300 
min. and 5.247 min.   
respectively. 

Peak for HCTZ and 
VALS at 3.300 min.  
and 5.570 min. 
respectively.

Fig. 4. Standard chromatogram relating to HCTZ 
 

 
5. Standard chromatogram relating to TELM 
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like  making intentional changes in 
chromatographic conditions like mobile phase 

mposition (±5%), flow rate (±0.2 ml/min), 
tion wave length (±5 

results obtained were within tolerable 
The results are shown in Table 3. 

 VALS 
No peaks No 

peaks 
No peaks No 

peaks 
Peak for HCTZ and 
VALS at 3.300 min.  

5.570 min. 
respectively. 

 

 



Fig. 6. Standard chromatogram relating to LOSA
 

Fig. 7. Standard chromatogram relating to OLME
 

Fig. 8. Standard chromatogram relating to VALS

Ravisankar et al.; BJPR, 11(4): 1-15, 2016; Article no.

 
7 
 

 
Fig. 6. Standard chromatogram relating to LOSA 

 
Fig. 7. Standard chromatogram relating to OLME 

 
Standard chromatogram relating to VALS 
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Fig. 9. Standard chromatogra

Fig. 10. Standard chromatogram relating to HCTZ (2.5 µg/ml) and LOSA (5 µg/ml)

Fig. 11. Standard chromatogram relating to HCTZ (2.5 µg/ml) and OLME (
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Fig. 9. Standard chromatogram relating to HCTZ (2.5 µg/ml) and TELM (8 µg/ml)

 

 
Fig. 10. Standard chromatogram relating to HCTZ (2.5 µg/ml) and LOSA (5 µg/ml)

 

 
Standard chromatogram relating to HCTZ (2.5 µg/ml) and OLME (8 
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and TELM (8 µg/ml) 

 

Fig. 10. Standard chromatogram relating to HCTZ (2.5 µg/ml) and LOSA (5 µg/ml) 

 

 µg/ml) 



Fig. 12. Standard chromatogram relating to HCTZ (2.5 µg/ml) and VALS (16 µg/ml)

 
3.2.7 LOD and LOQ 
 
LOD is the lowest concentration of analyte in a 
sample that can be detected, but not essentially 
quantified under the stated experimental 
conditions. LOQ is the lowest concentration of 
analyte in a sample that can be determined with 
acceptable precision and accuracy. 
LOQ were calculated by means of following 
formula LOD = 3.3σ/S and LOQ = 10σ/S, where 
σ means standard deviation of response (peak 
area) and S stands for slope of the calibration 
curve. The results of LOD and LOQ are shown in 
Table 3. 
 

3.2.8 Stability of analytical solution
 

In general stability of analytical solution was 
calculated by observing the peak area response. 
Stock standard solutions were analyzed after 
one, two and three days at 5°C and for a day at 
room temperature. These solutions were found to 
be stable for 3 days at 5°C and for a day at room 
temperature also. 
 

3.3 Application of Pharmaceutical 
Preparation 

 

The method developed was effectively useful for 
quantitative determination of commercial 
formulations such as Telmisat-H 40 mg, Zargo
50 mg, Olmecip-H 40 mg and Valent
replicate determinations were conducted. 
Excellent outcomes were obtained for all the 
compounds. The mean assay values obtained 
were in good conformity with that of label claim 
which are shown in Table 3. 
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Fig. 12. Standard chromatogram relating to HCTZ (2.5 µg/ml) and VALS (16 µg/ml)

LOD is the lowest concentration of analyte in a 
sample that can be detected, but not essentially 
quantified under the stated experimental 
conditions. LOQ is the lowest concentration of 
analyte in a sample that can be determined with 

d accuracy. LOD and 
calculated by means of following 

formula LOD = 3.3σ/S and LOQ = 10σ/S, where 
means standard deviation of response (peak 

for slope of the calibration 
curve. The results of LOD and LOQ are shown in 

3.2.8 Stability of analytical solution 

In general stability of analytical solution was 
observing the peak area response. 

Stock standard solutions were analyzed after 
C and for a day at 

solutions were found to 
C and for a day at room 

Pharmaceutical 

The method developed was effectively useful for 
quantitative determination of commercial 

H 40 mg, Zargo-H 
H 40 mg and Valent-H 80 mg. 6 

replicate determinations were conducted. 
Excellent outcomes were obtained for all the 

The mean assay values obtained 
were in good conformity with that of label claim 

3.4 Discussion 
 
The most important objective of the 
current study is to develop a novel, quick, simple, 
accurate and precise RP-HPLC method for 
simultaneous separation and quantitative 
determination of HCTZ with TELM, HCTZ with 
LOSA, HCTZ with OLME and HCTZ with VALS 
in combined dosage forms. The important 
goal of method development is to achieve 
constant reproducible separation. On the other 
hand many trial and error methods were done in 
identifying the best operational and 
environmental conditions for optimizing 
appropriate method for separations. 

 

RP-HPLC method was preferred for the 
separation process as all the mentioned drugs 
are relatively polar. C18 column of 4.6 mm 
internal diameter, 250 mm length and 5 µ
particle size was preferred. Numeral 
trails with varying compositions of mobile 
phases, variable flow rate and temperature were 
done. At last an optimum separation 
condition was achieved with a blend of 
phosphate buffer of pH-3.3 and acetonitrile in a 
proportion of 50:50 v/v. The flow rate of 
mobile phase was set at 1mL/min, a common 
detection wave length of 238 nm was 
fixed and the temperature of the column was 
maintained at ambient conditions. After adjusting 
all the operational parameters at their 
subsequent optimum values, improved 
chromatographic peaks were 
characteristics of good resolution, symmetry and 
minimal tailing factors. 
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Fig. 12. Standard chromatogram relating to HCTZ (2.5 µg/ml) and VALS (16 µg/ml) 

The most important objective of the                             
current study is to develop a novel, quick, simple, 

HPLC method for 
simultaneous separation and quantitative 

ith TELM, HCTZ with 
LOSA, HCTZ with OLME and HCTZ with VALS 
in combined dosage forms. The important                     
goal of method development is to achieve 
constant reproducible separation. On the other 

ethods were done in 
the best operational and 

environmental conditions for optimizing 
appropriate method for separations.  

HPLC method was preferred for the 
separation process as all the mentioned drugs 

column of 4.6 mm 
internal diameter, 250 mm length and 5 µm 
particle size was preferred. Numeral                               
trails with varying compositions of mobile 
phases, variable flow rate and temperature were 
done. At last an optimum separation                          
condition was achieved with a blend of 

3.3 and acetonitrile in a 
. The flow rate of                     

mobile phase was set at 1mL/min, a common 
detection wave length of 238 nm was                            
fixed and the temperature of the column was 
maintained at ambient conditions. After adjusting 
all the operational parameters at their 
subsequent optimum values, improved 

 acquired with 
n, symmetry and 
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Table 3. Summary of validation parameters 
 

Formulation Telmisat - H  (40 mg) Zargo-H (50 mg) Olmecip-H (40 mg) Valent-H (80 mg) 
Composition TELM HCTZ LOSA HCTZ OLME HCTZ VALS HCTZ 

Linearity (µg/mL) 8-40 2.5-12.5 5-50 2.5-12.5 8-40 2.5-12.5 16-80 2.5-12.5 

LOD & LOQ (µg/mL) 0.570 & 1.889 0.295 & 0.982 0.736 & 2.43 0.299 & 0.986 1.195 & 3.958 0.292 & 0.983 0.116 & 0.352 0.296 & 0.980 

Assay±SD (n=6) 99.95±1.13 98.16±0.38 99.85±1.16 98.21±0.45 99.90±1.10 99.19±0.16 100 .12±0.15   99.59±0.12 

Mean % recovery 100.02±0.68 100.01±0.15 100.06±0.20 99.95±0.09 100.41±0.35 99.93±0.11 100.05±0.14 99.96±0.15 

Precision Intra day 
 (n= 6) 
(% RSD) 

0.125 0.131 0346 0.129 0.435 0.171 0.312 0.213 

Inter day 
(n=3) 
(%RSD) 

0.165 0.321 0.326 0.434 0.657 0.322 0.319 0.435 

Robustness, % Assay±% RSD  
Flow rate 
(± 2 mL/min) 

0.8 
mL/min 

99.81±1.05 97.94±0.46 99.98±1.04 98.93±0.49 98.70±1.02 98.96±0.25 99.91±0.29 100.96±0.23 

1.2 
mL/min 

100.12±0.97 99.54±0.23 98.76±1.32 98.04±0.36 100.03±1.38 99.97±0.35 100.54±0.77 98.74±0.71 

Detection 
wavelength  
(± 5 nm) 

233 nm 99.97±1.46 99.43±0.29 98.42±1.46 97.95±0.98  100.21±1.37 99.96±0.84 100.45±0.97 99.98±0.54 
243 nm 
 

97.98±1.09 98.04±0.76 100.05±1.03 98.94±1.08 98.79±0.73 98.76±1.09 99.94±1.43 98.47±1.11 

Mobile 
phase 
composition 
(± 5%) 

45:55 v/v 98.74±0.79 99.42 ±0.99 99.93±1.42 97.92±0.68 98.91±0.94 100.07±0.93 99.01±0.61 98.76±0.37 
55:45 v/v 
 

99.96±1.2 97.81±0.27 98.54±0.86 98.86 ±0.30 98.12±1.57 98.72±1.09 99.49±0.74 100.03±1.18 

SD: Standard deviation, RSD: Relative standard deviation: n= Number of determinations. 
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The present developed method was validated 
according to the ICH guidelines in different 
parameters like specificity, accuracy, linearity, 
precision, robustness, LOD and LOQ. System 
suitability was performed to make sure the 
suitability of complete testing system for the 
deliberate purpose. Accordingly system suitability 
parameters like retention time, resolution, 
number of theoretical plates, efficiency/meter, 
tailing factor of the peaks were computed for the 
optimized chromatographic conditions. As a 
result retention times of 3.300, 3.780, 4.467, 
5.247 and 5.570 minutes, resolution of 3.776, 
4.862, 4.931 and 2.008 for TELM, LOSA, OLME 
and VALS were obtained. And the plate number 
of 12312, 12468, 14715, 15250 and 17188, 

efficiency per meter of 246247, 247368, 294308, 
305005 and 343756 and tailing factors of 1.194, 
1.116, 1.182, 1.160 and 1.154 were obtained for 
HCTZ, TELM, LOSA, OLME and VALS 
respectively. As the results obtained were within 
the satisfactory limits, this method is appropriate 
for the separation and determination of the above 
drugs.  
 
Linearity of developed method was                     
determined by taking 5 different concentrations. 
The calibration curves for five different drugs 
showed linearity over a concentration ranges of 
2.5-12.5, 8-40, 5-50, 8-40 and 16-80 µg/mL for 
HCTZ, TELM, LOSA, OLME and VALS 
respectively. In Telmisat-H 40 mg                                 
tablet 8-40 µg/mL for TELM and 2.5-12.5 µg/mL 
for HCTZ; for Zargo-H 50 mg tablet 5-50 µg/mL 
for LOSA and 2.5-12.5 µg/mL for HCTZ; for 
Olmecip-H 40 mg tablet  8-40 µg/mL for OLME 
and 2.5-12.5 µg/mL for HCTZ; for Valent-H 80 
mg tablet 16-80 µg/mL for VALS and 2.5-12.5 
µg/mL for HCTZ. The correlation coefficients 
were calculated from the linear regression 
analysis and it was found to be above 0.9998 in 
all cases. The obtained results were satisfactory 
as there exist a significant correlation between 
concentrations of each drug and their peak 
areas. 
 
Precision of the analytical method was 
determined by using intra-day and inter-day 
studies. Triplicate samples of standard quality 
were taken in varying concentration levels and 
estimated for the intra-day and inter-day 
precision of the developed method. For 
repeatability and intermediate precision the % 
RSD values for all the drugs were calculated and 
% RSD of all the specific drugs were found less 
than 2% which explains that the current method 
is precise. 

As per the ICH guidelines, to test the specificity 
of the developed method a combination of pure 
drug samples with proper excipients were 
injected to the system for quantifying each drug 
individually and also in combination of two drugs 
namely HCTZ with TELM, HCTZ with LOSA, 
HCTZ with OLME and HCTZ with VALS. In the 
same way blank solution with only commonly 
utilized excipients and synthetic mixture solutions 
were also injected separately. Peak responses 
for analyte and the blank were compared with 
each appropriate drug. The results revealed that 
there is no interference because of the 
commonly used excipients. Thus the method 
clearly proves to be specific for determining the 
above said drugs. 
 
Accuracy of the present method was evaluated 
by combining the known quantity of pure 
standard drugs to pre-analyzed samples at 3 
levels mainly 80%, 100% and 120%. Then the 
recovery levels were observed clearly. The 
above mentioned solutions were again prepared 
and analyzed in triplicate carefully. The same 
procedure was followed for all the individual 
drugs and also for drug combinations  like HCTZ 
with TELM, HCTZ with LOSA, HCTZ with OLME 
and HCTZ with VALS and % RSD calculated was 
also known to be less than 2% for each of the 
drug. 
 
Robustness of the present method was 
determined accordingly with minor modifications 
in the chromatographic conditions such as flow 
rate, λmax and mobile phase composition. It was 
observed that in chromatograms there were no 
distinct changes. The % RSD values obtained in 
all the cases are less than 2%, hence this 
method is robust. 
 
The limit of detection (LOD) and limit of 
quantitation (LOQ) results for combined drugs 
like TELM with HCTZ, LOSA with HCTZ, OLME 
with HCTZ and VALS with HCTZ were found to 
be 0.570 μg/mL and 1.889 μg/mL, 0.295 μg/mL 
and 0.982 μg/mL; 0.736 μg/mL and 2.434 μg/mL, 
0.299 μg/mL and 0.986 μg/mL; 1.195 μg/mL and 
3.958 μg/mL, 0.292 μg/mL and 0.983 μg/mL; 
0.116 μg/mL and 0.352 μg/mL, 0.296 μg/mL and 
0.980 μg/mL respectively. The lowest LOD and 
LOQ values indicated that the method is more 
sensitive. The mean assay values for HCTZ with 
TELM, HCTZ with LOSA, HCTZ with OLME and 
HCTZ with VALS combination of drugs were 
found to be 98.16±0.38 and 99.95±1.13; 
98.21±0.45 and 99.85±1.16; 99.19±0.16 and 
99.90±1.10; 99.59±0.12 and 100.12±0.15 



respectively. Thus by the developed method all 
the specified drugs were recovered perfectly 
from pharmaceutical dosage forms.

 

 
Fig. 13. Sample chromatogram relating to
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suitable for determination of the marketed 

 

 

 



Fig. 16. Sample chromatogram relating to

 
4. CONCLUSION 
 
The novel analytical method can be used for 
separation and also proves that it is possible for 
analysis of Angiotensin receptor blockers like 
TELM, LOSA, OLME and VALS with HCTZ in 
their formulations without altering the flow rate, 
mobile phase composition and other 
chromatographic conditions. This novel RP
HPLC method of separation possess less 
retention time, better separation and improved 
reproducible results. The developed analytical 
method is low cost, rapid, precise, highly 
efficient, accurate, robust and agreeable than 
other existing methods reported hithert
validation it was also found that the method is 
free from interventions of additives and 
excipients employed in the preparation of above 
pharmaceutical dosage forms. Therefore, this 
method is aptly feasible in routine analysis of 
individual drugs and also in combinations like 
HCTZ with TELM, HCTZ with LOSA, HCTZ with 
OLME and HCTZ with VALS in quality control 
laboratories.  

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Amy Barreras, Cheryle Gurk

Angiotensin II receptor blockers
(Bayl Univ Med Cent). 
123–126. 

Ravisankar et al.; BJPR, 11(4): 1-15, 2016; Article no.

 
13 

 

 
Sample chromatogram relating to HCTZ and VALS 

The novel analytical method can be used for 
proves that it is possible for 

analysis of Angiotensin receptor blockers like 
TELM, LOSA, OLME and VALS with HCTZ in 
their formulations without altering the flow rate, 
mobile phase composition and other 
chromatographic conditions. This novel RP-

ethod of separation possess less 
retention time, better separation and improved 
reproducible results. The developed analytical 
method is low cost, rapid, precise, highly 
efficient, accurate, robust and agreeable than 
other existing methods reported hitherto. After 
validation it was also found that the method is 
free from interventions of additives and 
excipients employed in the preparation of above 
pharmaceutical dosage forms. Therefore, this 
method is aptly feasible in routine analysis of 

and also in combinations like 
HCTZ with TELM, HCTZ with LOSA, HCTZ with 
OLME and HCTZ with VALS in quality control 

Authors have declared that no competing 

Amy Barreras, Cheryle Gurk-Turner. 
Angiotensin II receptor blockers. Proc 

 2003;16(1):       

2. Erk N. Spectrophotometric analysis of 
valsartan and hydrochlorothiazide
Analytical Letters. 2002;35(2):283

3. Shankar MB, Metha FA, Bhatt KK, Metha 
RS, Geetha M. Spectrophotometric 
determination of losartan potassium and 
hydrochlorthiazide in tablet.
2013;65(2):167-170. 

4. Bari S, Sathe S, Jain P, Surana 
S. Spectrophotometric method for 
simultaneous estimation of Atenolol in 
combination with losartan potassium and 
hydrochlorothiazide in bulk and tablet 
formulation. J Pharm Bioallied Sci
2010;2(4):372-375. 

5. Pandurang N. Dhabale, Sunita R
Bhagade. Simultaneous UV spectrophoto
metric methods for estimation of 
amlodipine besilate and 
medoxomil in tablet dosage form. Journal 
of Chemical Pharmaceutical Research. 
2011;3(2):650-656. 

6. Stohs SJ, Scratchley GA. 
thiazide diuretics and anti
drugs by thin-layer chromatography.
Chromatogr. 1975;114(2):329

7. McCarthy KE, Wang Q, Tsai EW, Gilbert 
RE, Ip DP. Determination of 
its degradates in Cozaar® tablets by 
reversed phase - high performance thin
layer chromatography. J Pharm 
Anal. 2007;17:671-677. 

8. Panchal HJ, Suhagia BN. 
analysis of atorvastatin 
losartan potassium in tablet dosage forms 
by RP-HPLC and HPTLC. 
Chromatogr. 2010;22:173–187.

 
 
 
 

, 2016; Article no.BJPR.25354 
 
 

 

Spectrophotometric analysis of 
hydrochlorothiazide. 

2):283-302. 
, Bhatt KK, Metha 

Spectrophotometric 
potassium and 

in tablet. J Pharm Sci. 

Bari S, Sathe S, Jain P, Surana                
Spectrophotometric method for 

estimation of Atenolol in 
potassium and 

in bulk and tablet 
J Pharm Bioallied Sci. 

Dhabale, Sunita R. 
Bhagade. Simultaneous UV spectrophoto-
metric methods for estimation of 

and olmesartan 
in tablet dosage form. Journal 

Pharmaceutical Research. 

. Separation of 
thiazide diuretics and anti-hypertensive 

layer chromatography. J 
1975;114(2):329-33.  

McCarthy KE, Wang Q, Tsai EW, Gilbert 
Determination of losartan and 

degradates in Cozaar® tablets by 
high performance thin-

. J Pharm Biomed 

Panchal HJ, Suhagia BN. Simultaneous 
atorvastatin calcium and 

ssium in tablet dosage forms 
HPLC and HPTLC. Acta 

187. 



 
 
 
 

Ravisankar et al.; BJPR, 11(4): 1-15, 2016; Article no.BJPR.25354 
 
 

 
14 

 

9. 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: 
323-333. 

10. Quagli MG, Donati E, Carlucci G, Mazzeo 
P, Fanali S. Determination of losartan and 
hydrochlorothiazide in tablets by CE and 
CEC. J Pharm Biomed Anal. 2002;29:   
981-987. 

11. Hillaert S, Van den Bossche 
W. Simultaneous determination of 
hydrochlorothiazide and several 
angiotensin-II-receptor antagonists by 
capillary electrophoresis. J Pharm Biomed 
Anal. 2007;31:329-339. 

12. Ahmed S, Atia NN, Mohamed NA. Dual 
separation mode for simultaneous 
determination of antihypertensive drug 
combinations by HPLC. Talanta. 
2011;84(3):666-72. 

13. Wakabayashi H, Nakajima M, Yamato S, 
Shimada K. Determination of olmisartan in 
rat serum and brain by high performance 
liquid chromatography using platinum 
catalyst reduction and electrochemical 
detection. J Chromatogr. 1992;573:      
154-157. 

14. Meghraj D. Kendre, Saurabh K. Banerjee. 
Precise and accurate RP-HPLC method 
development for quantification of valsartan 
in tablet dosage form. International Journal 
of Pharmaceutical Sciences and Drug 
Research. 2012;4:137-139.  

15. Ravisankar P, Soumya Devi M, Ravali B, 
Tejaswini K, Balaji D, Srinivasa Babu P. 
Rapid simultaneous separation of four 
sartans by isocratic RP-HPLC method: 
Application to determination of olmisartan 
in pharmaceutical dosage form. Journal of 
Chemical and Pharmaceutical Sciences. 
2015;8(1):61. 

16. Suresh Kumar GV, Rajendra Prasad Y, 
Chandra Shekar SM. Development and 
validation of reversed-phase HPLC method 
for simultaneous estimation of atorvastatin 
calcium and telmisartan in tablet dosage 
form. Int. J. Pharm. Tech. Res. 2010;2: 
463–470. 

17. Purnima D. Hamrapurkar, Kamalesh K. 
Gadapayale. Optimization and validation of 
RP-HPLC stability indicating method for 
determination of olmesartan medoxomil 
and its degraded product. International 
Journal of Applied Science and 
Engineering. 2013;11:137-147. 

18. Ravisankar P, Swathi J, Santosh Kumar 
KVS, Srinivasa Babu P. Novel RP-HPLC 
method for simultaneous determination of 
olmesartan medoxomil, amlodipine 
besylate and hydrochlorothiazide in tablet   
dosage form. International Journal of 
Biological and Pharmaceutical Research. 
2014;5:927-936. 

19. Dubey R, Bhusari VK, Dhaneshwar SR. 
Validated RP-HPLC method for 
simultaneous quantitation of losartan 
potassium and metolazone in bulk drug 
and formulation. Sci Pharm. 2011;79(3): 
545-54.  

20. Santhosh Kumar M, Venkateshwar Rao J. 
Development and validation of stability 
indicating RP-HPLC method for 
simultaneous determination of telmisartan 
and amlodipine in combined dosage form. 
Asian Journal of Pharmaceutical and 
Clinical Research. 2014;7:32-35.  

21. Kumaraswamy G, Suthakaran R, Pravalika 
K. Development and validation of RP-
HPLC method for simultaneous estimation 
of irbesartan and simvastatin in tablet 
dosage form. American Journal of 
Pharmacy and Health Research. 
2014;2:199-205. 

22. Hafez HM, Abdullah AE, Abdelaziz LM, 
Kamal MM. Quantitative determination of 
amlodipine besylate, losartan potassium, 
valsartan and atorvastatin calcium by 
HPLC in their pharmaceutical formulations. 
J Chromatograph Separat Techniq. 
2014;5:226.  
DOI: 10.4172/2157-7064.1000226 

23. Tian DF, Tian XL, Tian T, Wang ZY, Mo 
FK. Simultaneous determination of 
valsartan and hydrochlorothiazide in 
tablets by RP-HPLC. Indian J Pharm Sci. 
2008;70(3):372-374. 

24. Erreirosa N, Iriartea G, Alonso RM, 
Jimeneza RM. Development of a solid 
phase extraction procedure for HPLC–
DAD determination of several angiotensin 
II receptor antagonists in human urine 
using mixture design. Talanta. 2007;73: 
748-756. 

25. Patil PR, Rakesh SU, Dhabale PN, Burade 
KB. RP- HPLC method for simultaneous 
estimation of losartan potassium and 
amlodipine besylate in tablet formulation. 
Int J Chem Res. 2009;1:464-469. 

26.  Kumar Talluri MVN, Anitha Kalyankar, 

Srinivas Ragampeta. Synchronized 
separation of atorvastatin- An 
antihyperlipidemic drug with anti-



 
 
 
 

Ravisankar et al.; BJPR, 11(4): 1-15, 2016; Article no.BJPR.25354 
 
 

 
15 

 

hypertensive, anti-diabetic, anti-thrombotic 
drugs by RP-LC for determination in 
combined formulations. Journal of 
Pharmaceutical Analysis. 2012;2(4):    
285–292. 

27. Kollipara S, Bende G, Bansal Y, Saha R. 
Stability-indicating Reversed-phase liquid 
chromatographic method for simultaneous 
determination of losartan potassium and 
ramipril in tablets. Indian J Pharm Sci. 
2012;74(3):201-10.  

28. Czerwinska K, Mazurek AP. Identification 
and determination of selected angiotensin 
II receptor antagonist group drugs by 
HPLC method. Acta Pol Pharm. 2011;68: 
831-837.  

29. Kurade VP, Pai MG, Gude R. RP-HPLC 
estimation of ramipril and telmisartan in 
tablets. Indian J Pharm Sci. 2009;71(2): 
148-151.  
DOI: 10.4103/0250-474X.54283 

30. Wankhede SB, Tajne MR, Gupta KR, 
Wadodkar SG. RP-HPLC method for 
simultaneous estimation of telmisartan and 
hydrochlorothiazide in tablet dosage form. 
Ind J Pharm Sci. 2007;69:298-300. 

31. Lisiane B, Rochele CR, Carolina LD, Ana 
MB, Pedro E. Stability-indicating LC 
determination of a new antihypertensive, 
olmesartan in tablets. Chromatographia. 
2008;68:991-996. 

32. Rane VP, Patil KR, Shangshetti JN, Yeole 
RD, Shinde DB. Stability-indicating LC 
method for the determination of 
Olmesartan in bulk drug and in 
pharmaceutical dosage form. 
Chromatographia. 2009;69:169-173. 

33. Rane VP, Patil KR, Sangshetti JN, Yeole 
RD, Shinde DB. Stability indicating LC 
method for simultaneous determination     
of irbesartan and hydrochlorothiazide           
in pharmaceutical preparations. J 
Chromatogr Sci. 2010;48:595-600. 

34. Obando MA, Estela JM, Cerda V. Multi-
Syringe Chromatography (MSC) system 
for the on-line solid-phase extraction and 

determination of hydrochlorothiazide and 
losartan potassium in superficial water. J 
Pharm Biomed Anal. 2008;48:212–217. 

35. Shetty SK, Surendranath KV, Radha 
Krishnan P. Quantitative application to a 
polypill by the development of stability 
indicating LC method for the simultaneous 
estimation of aspirin, atorvastatin, atenolol 
and losartan potassium. Am. J. Anal. 
Chem. 2010;1:59–69. 

36. Panchumarthy Ravisankar, Vineela C, Sai 
Koushik O, Srinivasa Babu P. Novel 
simultaneous separation and quantitative 
determination of telmisartan, losartan, 
olmesartan and irbesartan in presence of 
hydrochlorothiazide by isocratic RP-HPLC. 
Adv J Pharm Life Sci Res. 2015;3(4):1-18. 

37. Kristoffersen L, Oiestad EL, Opdal MS, 
Krogh M, Lundanes E, Christophersen AS. 
Simultaneous determination of 6 beta-
blockers, 3 calcium-channel antagonists, 4 
angiotensin-II antagonists and 1 anti-
arrhythmic drug in post-mortem whole 
blood by automated solid phase extraction 
and liquid chromatography mass 
spectrometry, method development and 
robustness testing by experimental design. 
J Chromatogr B. 2007;850:147-160. 

38. Tutunji LF, Tutunji MF, Alzoubi MI, 
Khabbas MH, Arida Al. Simultaneous 
determination of irbesartan and 
hydrochlorothiazide in human plasma 
using HPLC coupled with tandem        
mass spectrometry: Application to 
bioequivalence studies. J Pharm Biomed 
Anal. 2010;51:985-990. 

39. Tengli A, Shivakumar G, Gurupadayya B. 
UPLCMS method development and 
validation of amlodipine, hydrochlorthiazide 
and losartan in combined tablet dosage 
form. American Journal of Analytical 
Chemistry. 2015;6:228-238. 

40. ICH Q2 (R1). Validation of analytical 
procedures: Text and methodology. 
International Conference on 
Harmonization, Geneva. 2005;1-17. 

 
© 2016 Ravisankar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/14222 


