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Abstract 

Background:  A specific, accurate, precise, robust, and cost-effective HPLC method was developed and validated 
for quantitative analysis of Fimasartan Potassium Trihydrate and Cilnidipine in fixed-dose combination. The isocratic 
elution was accomplished by Symmetry C18 column (150 mm × 4.6 mm, 5 µm) at 25 °C. Mobile phase composition is 
Methanol: Acetonitrile: Potassium Dihydrogen Phosphate buffer (pH 3) (60:05:35%v/v/v) at a flow rate of 1.0 mL/min, 
injection volume 20 µL with DAD detection at 240 nm.

Result:  Fimasartan Potassium Trihydrate and Cilnidipine were eluted with retention time 2.65 min and 5.51 min 
respectively. This method was validated as per ICH guideline (Q2 R1). The calibration plots were over the concentra-
tion range of 15–90 μg/mL and 2.5–15 μg/mL for Fimasartan Potassium Trihydrate and Cilnidipine with correlation 
coefficient 0.9992 and 0.9989 respectively. Accuracy was obtained between 99.51–101.65% and 100.06–101.20% for 
Fimasartan Potassium Trihydrate and Cilnidipine respectively. LOD were found to be 0.97 μg/mL and 0.57 μg/mL and 
LOQ were found to be 2.95 μg/mL and 1.75 μg/mL for Fimasartan Potassium Trihydrate and Cilnidipine respectively.

Conclusion:  The results showed that the developed method is reliable for the routine analysis for simultaneous 
determination of Fimasartan Potassium Trihydrate and Cilnidipine.
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Background
Hypertension is defined as a sustained increase in blood 
pressure ≥ 140/90  mm Hg, a criterion where the risk 
of hypertension-related cardiovascular disease is high 
enough to merit medical attention [1]. It is the most com-
mon cardiovascular disease. In India, 29.8% population 
is suffering from hypertension. A systolic pressure above 
140 or a diastolic pressure above 90. Blood pressure is the 
lateral pressure exerted by blood on the wall of the blood 

vessel while flowing through it. It’s produced due to car-
diac output and peripheral resistance [1].

Fimasartan Potassium Trihydrate is chemically, 
potassium 5-[4ʹ-({2-butyl-5[(dimethylcarbamothioyl)
methyl]-4-methyl-6-oxo1,6-dihydropyrimidin-1-yl}
methyl)-[1,1ʹ-biphenyl]2-yl]-1H-1,2,3,4-tetrazole-1-ide 
Trihydrate, is a novel angiotensin II receptor blocker 
exhibiting potent and selective AT1 receptor blocking 
activity. The reported solubility found in methanol and 
Acetonitrile [2]. It is used for the treatment of mild to 
moderate essential hypertension. Fimasartan was rapidly 
absorbed following oral administration. Tmax ranged 
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0.5–3  h and t1/2 was 7–10  h [2]. The structure of the 
Fimasartan Potassium Trihydrate is given in Fig. 1.

Cilnidipine, a newer L/N-type Calcium channel 
blocker, is also an effective antihypertensive. It resolves 
the amlodipine induced pedel edema while maintaining 
adequate control of blood pressure [3]. It is chemically, 
3-(2-methoxyethyl) 5-(2E)-3-phenylprop-2-en-1-yl 2, 
6-dimethyl-4-(3-nitrophenyl)-1, 4-dihydropyridine-3, 
5-dicarboxylate. The reported solubility found in Ace-
tonitrile and methanol [4]. Cilnidipine is used along with 
proper diet and regular exercise to control high blood 
pressure. Cilnidipine presents a very rapid absorption 
with a maximum peaked concentration after 2 h. Its dis-
tribution tends to be higher in the liver as well as in kid-
neys, plasma and other tissues [5]. The structure of the 
Cilnidipine is given in Fig. 2.

A review of the literature reveals that various analyti-
cal methods are available for the estimation of individual 
drugs. It includes UV spectrophotometry [6–8], HPLC 
[9, 10], stability-indicating HPLC [11, 12], HPTLC [13], 
and ESI-LC–MS/MS [14–20]. Based on the literature 
survey it was found that there is no simple and RP-HPLC 
method available for simultaneous estimation of Fimasar-
tan Potassium Trihydrate and Cilnidipine in fixed-dose 
combination.

Methods
Materials and instrumentation
Fimasartan Potassium Trihydrate was obtained from 
Ajanta Pharma Limited, Aurangabad. Cilnidipine was 
also provided by a reputed company. HPLC grades 
Methanol, Acetonitrile, and Milli Q water were used. 
All other chemicals were analytical reagent grade. 
Chromatographic analysis was carried out using an 
Agilent Technologies HPLC, DAD detector, and EZ 
Chrome software for data acquisition. A 0.45 μm Nylon 
filter was used for filtration.

Chromatographic condition
The Methanol, Acetonitrile, and Phosphate buffer pH 
3.0 in the ratio of 60:05:35%v/v/v was used as a mobile 
phase. The flow rate was maintained at 1.0 mL/min. The 
injection volume is kept 20 μL and the detection was 
carried out at 240 nm.

Preparation of standard stock solution
A standard stock solution of 100 μg/mL for Fimasartan 
Potassium Trihydrate and Cilnidipine was prepared by 
using methanol as diluent.

Preparation of working solution of the mixture 
of Fimasartan Potassium Trihydrate and Cilnidipine
A working solution of 30 μg/mL for Fimasartan Potas-
sium Trihydrate and 5 μg/mL for Cilnidipine were pre-
pared by appropriate dilution.

Calibration standards
Six standard concentrations with 15, 30, 45, 60, 75 and 
90  μg/mL were prepared from the stock solution of 
Fimasartan Potassium Trihydrate drug powder (pure 
form). Similarly, six standard strengths with 2.5, 5, 7.5, 
10, 12.5 and 15  μg/mL were prepared from the stock 
solution of Cilnidipine drug powder (pure form).

Preparation of mobile phase
Prepare a mixture of Methanol, Acetonitrile and Potas-
sium Dihydrogen Phosphate buffer in the volume ratio 
60:05:35%v/v/v for method optimization. Mix well 
and sonicate to degas the mixture. Adjust pH 3.2 with 
Orthophosphoric acid.

Method validation
Analytical validation parameters for the analysis of 
the proposed method were determined according to 
ICH (Q2 R1) guideline. [21] The parameters such as 

Fig. 1  Chemical Structure of Fimasartan Potassium Trihydrate [2]

Fig. 2  Chemical Structure of Cilnidipine [5]
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linearity, range, accuracy, precision, specificity, robust-
ness, LOD & LOQ were performed [21, 22].

System suitability
The typical values for evaluating system suitability of a 
chromatographic procedure include the RSD < 1%, Asym-
metry factor < 2, and Theoretical plates > 2000. The deter-
mination of system suitability of the analytical method 
was accomplished by assaying three samples of the same 
strength as Fimasartan Potassium Trihydrate and Cilnidi-
pine. The sample concentration of Fimasartan and Cilnidi-
pine used in this analysis was 30  μg/mL and 5  μg/mL 
respectively. The retention time, peak area, theoretical 
plates, and asymmetry factor were evaluated for system 
suitability.

Linearity
The linearity response was determined by analysing 06 
independent level of calibration curve in the range of 
15–90 µg/mL (15, 30, 45, 60, 75 & 90 µg/mL) for FIK and 
2.5–15  µg/mL (2.5, 5.0, 7.5, 10.0, 12.5 & 15.0  µg/mL) for 
CLN.

The plot of mean peak area against concentration was 
plotted. Correlation coefficient and regression line equa-
tions for FIK and CLN were calculated.

Accuracy and precision
The accuracy of the method was performed in triplicate at 
three different concentration levels of 50, 100 and 150% of 
the targeted concentration of drugs. The accuracy of the 
method was evaluated by calculating percentage recovery. 
Repeatability was performed under 6 replicates at the assay 
concentration of FIK and CLN. Intra-day and inter-day 
variations of FIK and CLN were performed in triplicate at 
three different concentration levels of 50, 100, and 150%. 
Results are expressed in the form of RSD.

Specificity
Specificity was performed by injecting diluent, placebo and 
sample solution to check the interference of excipients.

LOD and LOQ
The limit of detection (LOD) and limit of quantification 
(LOQ) were calculated by formula as given in ICH (Q2R1).

Robustness
The robustness of the method was established by intro-
ducing small deliberate change in experimental condi-
tions like flow rate, pH of Mobile phase and Mobile phase 

LOD = 3.3× Standard deviation/Slope

LOQ = 10× Standard deviation/Slope

composition. The changes made in flow rate ± 0.1  mL/
min, for pH of Mobile phase ± 0.2 and mobile phase 
composition ± 2%.

Assay
The combination of Fimasartan Potassium Trihydrate 
(60 mg) and Cilnidipine (10 mg) (Film Coated Tablet) is 
approved by CDSCO for clinical Trial Phase-III trial. So, 
there is no any single marketed pharmaceutical formula-
tion is available.

The sample (synthetic mixture) was analyzed for assay 
containing 60  µg/mL of FIK and 10  µg/mL of CLN by 
optimized HPLC method. (conc. or dose ratio is sug-
gested by CDSCO) [23].

Results
Optimized condition for method development
Various mobile phase compositions, different columns, 
pH, flow rate were investigated and the best result was 
achieved on Symmetry C18 (150  mm × 4.6  mm, 5  μm) 
column with the mobile phase composition was Metha-
nol: Potassium Dihydrogen Phosphate buffer: Acetoni-
trile (60:35:05% v/v/v) pH 3 adjusted with OPA. The 
detection was carried out at 240  nm with 1.0  mL/min 
flow rate. The retention time of FIK and CLN is 2.65 and 
5.51 min respectively with a total run time of 10 min. The 
optimized chromatogram and optimized conditions are 
mentioned in Fig. 3 and Table 1.

System suitability parameter
The optimized method is acceptable as system suitability 
parameters are valid as it passed the criteria of accept-
ability, as shown in Table 2.

Method validation
Linearity
The calibration curve obtained for FIK and CLN in the 
range of 15–90  μg/mL and 2.5–15  μg/mL and the cor-
relation coefficient was found to be 0.9992 and 0.9989 
respectively. Linearity graph of both the drugs is revealed 
in Additional file 1: Figs. S1 and S2 and Additional file 2: 
Table S1.

Accuracy
This method is accurate as % Recovery was found in the 
range of 99.51–101.65% for FIK, while for CLN it was 
found to be in the range of 100.06–101.20% are shown in 
Tables 3 and 4.

Precision
Repeatability and intermediate precision express in term 
of RSD. As RSD was found to be < 2 indicating the pre-
sented method is precise. The results are summarized in 
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Additional file 2: Tables S2 and S3 respectively for repeat-
ability study and intermediate precision.

Specificity
Excipients interference is not observed at the working 
wavelength of 240 nm, as % Interference was found less 
than 0.6% for both drugs. It is proven by comparing 

chromatogram of blank, Placebo and sample prepara-
tion solution; there was no interference of excipients 
with the peak of FIK and CLN. Thus, the method is 
Specific. The results are shown in Additional file 1: Figs. 
S3, S4 & S5 and Additional file 2: Tables S4 & S5.

LOD and LOQ
LOD and LOQ were found to be 0.97  μg/mL and 
2.95 μg/mL for FIK and 0.57 μg/mL and 1.75 μg/mL for 
CLN respectively.

Robustness
Making a deliberate change in flow rate, pH of mobile 
phase and mobile phase composition were taken place 
and RSD was found to be less than 2, specify that the 
method is robust. Results, presented in Tables 5, 6, and 
7 indicate that the selected factors remained unaffected 
by a small variation of these parameters.

Assay of synthetic mixture
A synthetic mixture of FIK & CLN containing 60  mg 
of FIK and 10  mg of CLN when analysed using the 
developed method, showed 100.31% assay for FIK and 
100.01% assay for CLN.

The combination of Fimasartan Potassium Trihydrate 
and Cilnidipine (Film Coated Tablet) is approved by 
CDSCO for clinical Phase-III trial. So, there is no any 
single marketed pharmaceutical formulation is avail-
able. The results are tabulated in Table 8.

Fig. 3  Optimized chromatogram

Table 1  Optimized chromatographic conditions

Chromatographic parameters Optimized condition

Column Symmetry C18 (150 mm × 4.6 mm, 
5 μm)

Mobile phase Methanol: Potassium Dihydrogen 
Phosphate buffer: Acetonitrile (60: 
35: 05% v/v/v)
pH 3 adjusted with OPA

Flow rate 1 mL/min

Temperature 25 °C

Injection volume 20 µL

Detection wavelength 240 nm

Diluent Methanol

Run time 10 min

Retention time FIK: 2.65 min. & CLN: 5.51 min

Table 2  System suitability parameters

Peak Retention 
time

Area Theoretical 
plate

Resolution Tailing 
factor

FIK 2.65 6,385,171 3179 0.000 1.57

CLN 5.51 1,057,738 8522 12.99 0.98
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Discussion
The present method was developed using Methanol: Ace-
tonitrile: Potassium Dihydrogen Phosphate buffer at pH 
3.0 adjusted with diluted OPA in the ratio of 60:05:35% 
v/v/v. The method was developed with the minimum 

or reduced amount of organic solvents as the mobile 
phase which results in a more sensitive and cost-effective 
method. In the present method, Fimasartan Potassium 
Trihydrate and Cilnidipine were eluted with retention 
time 2.65  min and 5.51  min respectively. On the basis 

Table 3  Accuracy data for FIK

Level (%) Target Conc. 
(µg/mL)

Spiked Conc. 
(µg/mL)

Total Conc. 
(µg/mL)

Area Found conc. 
(µg/mL)

% Recovery Mean of % recovery

50 30 15 45 7,658,077 44.64 99.22 99.58%

30 15 45 7,650,531 44.56 99.04

30 15 45 7,711,370 45.21 100.48

100 30 30 60 9,185,382 61.00 101.66 101.65%

30 30 60 9,217,715 61.34 102.24

30 30 60 9,150,944 60.63 101.05

150 30 45 75 10,455,190 74.59 99.46 99.51%

30 45 75 10,427,399 74.29 99.06

30 45 75 10,494,815 75.02 100.02

Table 4  Accuracy data for CLN

Level (%) Target Conc. 
(µg/mL)

Spiked Conc. 
(µg/mL)

Total Conc. 
(µg/mL)

Area Found conc. 
(µg/mL)

% Recovery Mean of % recovery

50 5 2.5 7.5 1,298,504 7.57 100.94 100.06%

5 2.5 7.5 1,288,945 7.48 99.75

5 2.5 7.5 1,286,759 7.46 99.48

100 5 5 10 1,567,421 10.07 100.71 100.57%

5 5 10 1,560,685 10.00 100.08

5 5 10 1,569,936 10.09 100.94

150 5 7.5 12.5 1,849,351 12.69 101.53 101.20%

5 7.5 12.5 1,839,108 12.59 100.77

5 7.5 12.5 1,845,993 12.66 101.28

Table 5  Result for change in flow rate (± 0.1)

Flow rate 
(mL/min)

FIK CLN

Mean area ± SD RSD Mean area ± SD RSD

0.9 6,324,955 ± 5288.73 0.08 1,054,320 ± 1316.86 0.12

1.0 6,326,703 ± 4516.74 0.07 1,057,859 ± 1406.11 0.13

1.1 6,327,902 ± 5043.82 0.07 1,058,142 ± 1812.43 0.17

Table 6  Result for change in pH of MP (± 0.1)

pH of MP FIK CLN

Mean area ± SD RSD Mean Area ± SD RSD

2.9 6,354,767 ± 3507.55 0.05 1,056,100 ± 2605.00 0.24

3.0 6,333,506 ± 2829.62 0.04 1,051,273 ± 800.39 0.07

3.1 6,331,467 ± 2723.62 0.04 1,051,523 ± 1399.57 0.13

Table 7  Result for change in mobile phase composition (± 2)

Mobile phase 
composition

FIK CLN

Mean are a ± SD RSD Mean area ± SD RSD

58:05:37 6,325,438 ± 4312.18 0.06 1,050,499 ± 1351.24 0.12

60:05:35 6,326,703 ± 4516.74 0.07 1,050,768 ± 1893.69 0.18

62:05:33 6,325,294 ± 5268.55 0.08 1,049,372 ± 1721.31 0.16

Table 8  Analysis of synthetic mixture

Drugs Conc. (mg) (n = 6) Mean of 
% assay 
(n = 6)

Fimasartan potassium trihy-
drate

60 100.31

Cilnidipine 10 100.01
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of literature survey it was found that there is no method 
available for simultaneous estimation of Fimasartan 
Potassium Trihydrate and Cilnidipine in combination.

Conclusion
A simple, rapid HPLC method was developed for simul-
taneous determination of Fimasartan Potassium Trihy-
drate and Cilnidipine in the synthetic mixture, which 
provides sufficient resolution between both drugs. The 
developed method was validated by testing its linearity, 
specificity, accuracy, precision, robustness and results 
were found within the acceptance limit as per ICH (Q2 
R1) guideline. Statistical analysis proves that the method 
is suitable for the simultaneous determination of both 
drugs in pharmaceutical analysis and routine quality con-
trol without any interference.

Abbreviations
HPLC: High-Performance Liquid Chromatography; FIK: Fimasartan Potassium 
Trihydrate; CLN: Cilnidipine; ACN: Acetonitrile; OPA: Ortho-phosphoric acid; 
Conc: Concentration; RSD: Relative Standard Deviation; LOD: Limit of Detec-
tion; LOQ: Limit of Quantification; DAD: Diode Array Detector.
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Additional file 1: Figure S1. The calibration standard curve has been per-
formed for Linearity determination of FIK (Pure Form) in the concentration 
range 15-90 μg/mL. Figure S2. The calibration standard curve has been 
performed for Linearity determination of CLN (Pure Form) in the concen-
tration range 2.5-15 μg/mL. Figure S3. In the Specificity determination, 
the chromatogram of Blank is performed for the comparison with sample 
solution. Figure S4. The chromatogram of placebo is performed for the 
comparison with sample solution for determination of Excipients interfer-
ence. Figure S5. Excipients interference is not observed at the working 
wavelength of 240 nm, as % Interference was found less than 0.6% for 
both drugs. It is proven by comparing chromatograms of blank, Placebo 
and sample preparation solution; there was no interference of excipients 
with the peak of FIK and CLN.

Additional file 2: Table S1. The calibration curve obtained for FIK in the 
range of 15-90 μg/mL and the correlation coefficient was found to be 
0.9992. Table S2. The calibration curve obtained for CLN in the range of 
2.5- 160 15 μg/mL and the correlation coefficient was found to be 0.9989. 
Table S3. Repeatability study and Intermediate precision has been per-
formed according to guidelines and RSD was found to be <2 indicating 
the presented method is precise. Table S4. Specificity for FIK has been 
performed with and without spiking of Placebo; there was no interference 
of excipients with the peak of FIK. Table S5. Specificity for CLN has been 
performed with and without spiking of Placebo; there was no interference 
of excipients with the peak of CLN. Thus, the method is Specific.
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