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ABSTRACT: Chlorthalidone and efonidipine hydrochloride are anti-hypertensive agents with different mechanisms of 
action. These drugs are generally used as monotherapy; however, recent study suggests their use in combination reduces 
the mortality rate. Based on this evidence, Zuventus Healthcare limited developed a combination dosage (Efnocar Ct) 
which has been recently approved for its use. Hence, a new, sensitive, precise and robust method was developed and 
validated to determine the purity of the compounds in bulk as well as tablet dosage forms. The HPLC analysis was 
achieved on Zobrax 150 column using acetonitrile and ammonium formate (60:40% v/v) as the mobile phase and the 
detection was achieved at a λ max of 248nm. The linearity was achieved between the concentration range of 3µg/ml – 
18µm/ml for chlorthalidone and 10µg/ml – 60µg/ml concentration range for efonidipine hydrochloride. The % recovery 
for chlorthalidone was 100.03% and that for efonidipine was 100.24%, indicating the method to be accurate. The LOD 
and LOQ values for chlorthalidone was 0.01µg/ml and 0.02µg/ml and for efonidipine it was 0.26µg/ml and 0.88µg/ml. 
This indicates the sensitivity of the method. Robustness studies have shown no significant variations and degradation 
studies have shown acceptable results. The results of the proposed method for linearity, accuracy, sensitivity and 
robustness were within the acceptable limits.  

KEYWORDS: Hypertension; combination dose; chlorthalidone; efonidipine hydrochloride; method development; 
validation 

 

 1 .  INTRODUCTION 

Hypertension is a medical condition that increases the risk of heart, brain, kidney and other diseases. 
According to World Health Organization (WHO), there are circa 1.4 billion hypertensive patients among 
which 14% have it under control [1]. In a two-decade analysis, the number of deaths due to hypertension 
have been gradually increasing across the world. Among all, China had reported most of the deaths due to 
hypertension, followed by India (Figure 1) [2]. These deaths are reported either due to stroke or coronary 
heart disease which are a result of hypertension. Therefore, management of hypertension is essential to 
reduce the mortality rate. Several classes of antihypertensive drugs are available for the management. 
Among these, calcium channel blockers and diuretics are widely used as monotherapy for the treatment due 
to their greater tolerance and effectiveness in reducing cardiovascular diseases. However, these two classes 
of drugs are rarely explored together. A meta-analysis was conducted by Rimoldi et al., in 2015 and 
demonstrated the use of calcium channel blockers in combination with diuretic reduced the risk of 
myocardial infarction and stroke [3]. Recently, a combination therapy of Chlorthalidone and efonidipine 
(12mg + 40mg) was approved by central drugs standard control organization (CDSCO), India, for the 
treatment of hypertension [4]. 
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Figure 1. (a) Showing anual deaths caused due to hypertension across the world from 1990-2019 (b) showing the 
increase in number of deaths from 1990-2019 of countries with high mortality rate (source: 
https://ourworldindata.org/grapher/deaths-due-to-high-blood-pressure?facet=none)  

Chlorthalidone is chemically 2-chloro-5-(1-hydroxy-3-oxo-2H-isoindol-1-yl)benzenesulfonamide 
(Figure 2a), and is currently used as thiazide diuretic in the treatment of hypertension caused by heart 
failure, renal failure, and hepatic cirrhosis. The mechanism of anti-hypertensive effect is achieved by 
inhibiting the Na+/Cl- symporter in the ascending limb of Henle’s loop preventing the reabsorption of 
sodium and chloride ions causing reduction in extracellular fluid and plasma volume [5,6]. Additionally, it 
also decreases platelet aggregation and vascular permeability as well as promote angiogenesis [7–9]. 

Efonidipine is chemically 2-(N-benzylanilino)ethyl 5-(5,5-dimethyl-2-oxo-1,3,2λ5-dioxaphosphinan-2-
yl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxylate (Figure 2b), and is a calcium channel 
blocker used in the treatment of hypertension. It belongs to dihydropyridine class and had been extensively 
studied in atherosclerosis and acute renal failure. It acts by inhibiting the L-type calcium channels and affects 
the cardiac function resulting in decreased blood pressure and heart rate [10, 11]. 

Literature studies have shown several reports for the estimation of chlorthalidone and efonidipine, 
either singly or in combination with other drugs [12,13,22–31,14–21]. There was only one report where in 
both the drugs were simultaneously estimated and validated the method using UV spectroscopic method 
[29]. Apart from these, there were no HPLC methods reported. As this is a newly approved combination, 
and needs a validated method fo its estimation, we found it necessary to develop a method to estimate both 
the drugs and validate it according to the ICH guidelines [Q2 (R1)] [32]. Since it is a newly approved 
formulation, preliminary studies of drug estimation with HPLC helps in understanding the nature of the 
compound by providing valuable insights into its chromatographic behavior, separation characteristics, and 
interactions with the stationary phase. By establishing a reliable HPLC method, essential baseline data can 
be gatheed for future comparison and confidently monitor the compound's behavior in various conditions, 
thus contributing to a comprehensive understanding of its pharmaceutical profile. 

 
Figure 2. Structures of (a) Chlorthalidone (b) Efonidipine hydrochloride 

2. RESULTS & DISCUSSION 

2.1. Method optimization 

Multiple trials were conducted with zobrax 150 column, using various concentrations of acetonitrile 
and ammonium formate. The acceptable peak separation was observed using the mobile phase containing 
ACN and ammonium formate in the ratio of 60:40% v/v on Zobrax 150 column with the dimensions 
43.6x150mm having 3.5µm of particle size at 30ºC temperature and detection wavelength of 248nm. The peak 
obtained was sharp with good resolution. 
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2.2. Study of retention time 

A standard dilution of chlorthalidone and efonidipine was prepared and injected into the HPLC 
system. The mean retention time for chlorthalidone was found to be 2.26min and for efonidipine, it was 
2.992mins. The typical chromatograms of standard and sample solution are shown in Figure 3. 

 
Figure 3.Typical chromatogram of chlorthalidone and efonidipine hydrochloride showing standard solution (left) 
and sample solution (right) 

2.3. System suitability 

After column equilibrations, 20µL of standard solutions of chlorthalidone and efonidipine was 
prepared in five replicates and injected to the chromatographic system. The system suitability parameters 
were recorded and shown in Table 1. 

Table 1. System suitability results of chlorthalidone and efonidipine hydrochloride 
S. no Chlorthalidone Efonidipine Hydrochloride 

 
 

RT (min) Plate count (N) Tailing RT (min) Plate count (N) Tailing 
1. 2.236 6987 1.44 2.950 11895 1.25 
2. 2.244 6695 1.44 2.954 12458 1.25 
3. 2.256 6270 1.46 2.989 11467 1.35 
4. 2.258 7138 1.45 2.990 12069 1.30 
5. 2.257 6124 1.45 2.994 12504 1.30 

 

2.4. Method validation 

The developed method was validated in terms of specificity, linearity, robustness, and limit of 
detection & quantitation. The validation parameters were verified only after the technique satisfy the 
acceptable limits as per ICH guidelines [32]. 

2.5. Specificity 

Specificity is carried out to determine the presence of excipients. For this, a black solution, followed by 
the standard and sample solutions are injected into the chromatographic systems and their respective 
chromatograms are recorded. There were no excipient interactions observed as the correlation between 
standard and sample were good. 

2.6. Linearity 

Linearity of the method was carried bout between the concentration range of 3.125µg/ml to 
15.62µg/ml. Primarily, the stock solution was taken and suitable dilutions were made to obtain the required 
concentrations. Each concentration was injected in triplicates and the average of them are shown in Table 2. 
A calibration curve is plotted between concentration (on x-axis) and peak area (on y-axis). The correlation co-
efficient between the concentration and peak area for chlorthalidone and efonidipine were >0.999, indicating 
that the method has a good linear correlation. The results of linearity are shown in Table 2 and the respective 
calibration plots are shown in Figure 4. 
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Table 2. Linearity results of chlorthalidone and efonidipine hydrochloride 
S. no Chlorthalidone Efonidipine Hydrochloride 

Conc (µg/mL) Peak area Conc (µg/mL) Peak area 
1. 0 0 0 0 
2. 3.125 222748 10 725974 
3. 6.25 455228 20 1498543 
4. 9.375 685971 30 2231989 
5. 12.5 914677 40 2920963 
6. 15.62 1104866 50 3653441 
7. 18.75 1348484 60 4424450 

Slope  71656 

 

73395 
Intercept  4274.0 6047.4 
Correlation co-efficient  0.9998 0.9998 

  
Figure 4. Calibration curve obtained from linearity study of chlorthalidone (left) and efonidipine hydrochloride 
(right) 

2.7. Accuracy 

Accuracy of the method was evaluated by preparing 50%, 100% and 150% concentration of the drug 
solution and injected in triplicates to the chromatographic system. From the amount spiked, the amount 
recovered is measured and the percentage recovery is calculated. The % recovery of both the drugs were 
greater than 100% (100.03% for chlorthalidone, and 100.24% for efonidipine). The accuracy results of both the 
drugs are shown in Table 3. 

Table 3. Accuracy results of chlorthalidone and efonidipine hydrochloride 
S. No Level Amount Spiked (µg/ml) Amount recovered (µg/ml) % Recovery Mean % Recovery 

Chlorthalidone 
1. 50% 6.25 6.0 ± 0.06 100.2 ± 0.66 100.03% 
2. 100% 12.5 12.5 ± 0.10 100.1 ± 0.76 
3. 150% 18.75 18.6 ± 0.15 99.8 ± 0.66 

Efonidipine 
1. 50% 20 20.0 ± 0.16 100.07 ± 0.79 100.24% 
2. 100% 40 40.16 ± 0.37 100.39 ± 0.93 
3. 150% 60 60.15 ± 0.43 100.26 ± 0.71 

 

2.8. Precision 

To demonstrate the preciseness of the developed method, repeatability and intermediate precision 
studies were carried out. For repeatability studies, six working sample solutions were injected into the 
chromatographic system and its area under curve is measured. The relative standard deviation (RSD) for 
both the drugs were 0.3% (chlorthalidone) and 0.6% (efonidipine). In the case of intermediate precision, six 
sample solutions were prepared and injected into the chromatographic system in the next day and their 
respective area under curve were measured. From the results obtained. The RSD for chlorthalidone was 0.3% 

R² = 0,9998
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and for efonidipine was 0.7%. As the % RSD for both drugs were below 2.5, it indicates the developed 
method is precise. Results for repeatability and intermediate precision are shown in Table 4 and 5 
respectively. 

Table 4. Repeatability results of chlorthalidone and efonidipine hydrochloride 
S. No Chlorthalidone Efonidipine 

 Retention time Area under curve Retention time Area under curve 
1. 2.994 911935 2.261 2946511 
2. 2.995 915288 2.258 2931530 
3. 3.001 919085 2.263 2969980 
4. 2.998 916789 2.265 2976947 
5. 2.998 918028 2.262 2970082 
6. 3.001 918997 2.266 2948685 

Mean  916687  2957289 
S. D  2736.2 17691.1 

%RSD  0.3 0.6 
 

Table 5. Intermediate precision results of chlorthalidone and efonidipine hydrochloride 
S. No Chlorthalidone Efonidipine 

 Retention time Area under curve Retention time Area under curve 
1. 2.253 910183 2.972 2903615 
2. 2.236 916515 2.950 2962069 
3. 2.261 916387 2.994 2923202 
4. 2.254 915175 2.997 2940748 
5. 2.197 915755 2.903 2936590 
6. 2.210 911303 2.913 2937287 

Mean  914220  2933919 
S. D  2758.2 19445.9 

%RSD  0.3 0.7 
 

2.9. Limit of detection and quantitation 

The sensitivity of the method is determined by calculating the lowest limit of detection (LOD) and 
quantitation (LOQ) based on signal-noise ratio. This provides information about the sensitivity and 
reliability of the developed analytical method. To achieve this, 0.25ml of standard stock solution was 
dissolved in 10ml volumetric flask. From this 0.25ml and 0.9ml solutions were injected into the 
chromatographic system to determine LOD and LOQ respectively. The lowest detection limit for 
chlorthalidone was 0.01µg/ml and efonidipine was 0.02µg/ml, while the lowest quantitation limit for 
chlorthalidone was 0.29µg/ml and efonidipine was 0.88µg/ml. These results suggest sensitive detection of 
both the drugs. The respective chromatograms of LOD and LOQ are shown in Figure 5. 

 
Figure 5. T ypical chromatograms of chlorthalidone and efonidipine hydrochloride representing LOD (on the left) 
and LOQ (to the right) 
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2.10. Robustness 

Robustness is a measure that shows the ability of a system to work efficiently despite having 
disturbances. To evaluate this parameter, modifications are done on the chromatographic conditions by 
varying the flow rate, mobile phase composition and temperature. There were no significant changes with 
change in the chromatographic conditions. The results at varying parameters are shown in Table 6. 

Table 6. Robustness results of chlorthalidone and efonidipine hydrochloride 
Parameters Chlorthalidone Efonidipine 

Retention time % RSD Retention time % RSD 
F (-) 0.9ml/min 2.403 ± 0.002 0.4 3.177 ± 0.009 0.3 
F (+) 1.1ml/min 2.091 ± 0.045 0.3 2.755 ± 0.058 0.6 
MP (-) 55B:45A 2.176 ± 0.003 0.3 2.780 ± 0.01 0.4 
MP (+) 65B:35A 2.350 ± 0.003 0.4 3.216 ± 0.006 0.8 
Temp (-) 27°C 2.297 ± 0.001 0.4 3.083 ± 0.003 0.4 
Temp (+) 33°C 2.206 ± 0.005 0.3 2.862 ± 0.001 0.3 

 

2.11. Degradation studies 

To determine stability of the developed method, degradation studies were carried out by exposing the 
stock solutions to different stress condition. For oxidative stress, 1ml of the stock solution was mixed with 
1ml of 20% hydrogen peroxide and kept aside for 30 mins at 60ºC where as for acid and alkali degradation, 
the stock solutions were mixed with 1ml of 2N hydrochloric acid and 2N sodium hydroxide respectively. For 
dry heat, the standard drug solution was placed in oven at 105°C for 1 h, and for photo stability the drug 
solution was placed in UV Chamber for 1days or 200-Watt hours/m2 in photo stability chamber. Additionally, 
Stress testing under neutral conditions was studied by refluxing the drug in water for 1hrs at a temperature of 
60ºC. All the samples were diluted with the diluent to obtain the concentrations of 40µg/ml & 12.5µg/ml of 
chlorthalidone and efonidipine respectively, and 10µl of each sample was subjected for HPLC analysis. The 
results have shown that the % degradation of the drug in all conditions were less than 10% indicating the 
stability of the method. Degradation results are shown in Table 7. 

Table 7. Degradation results of chlorthalidone and efonidipine hydrochloride 
Degradation 
condition 

Area % Recovery % Drug degradation 
Chlorthalidone Efonidipine Chlorthalidone Efonidipine Chlorthalidone Efonidipine 

Acid 855055 2747823 93.29 93.10 6.71 6.90 
Alkali 889993 2861033 97.11 96.93 2.89 3.07 
Oxidation 886397 2857164 96.71 96.80 3.29 3.20 
Thermal 892484 2869402 97.38 97.21 2.62 2.79 
Photo 902505 2922098 98.47 99.00 1.53 1.00 
Water 912463 2940480 99.56 99.62 0.44 0.38 

3. CONCLUSION 

A simple, precise, and robust HPLC method was developed for the estimation of chlorthalidone and 
efonidipine hydrochloride in bulk and tablet dosage form. The method was validated based on various 
parameters such as specificity, linearity, accuracy, precision, and robustness. All the results for these 
parameters were within acceptable limits. Results from the degradation studies also show the stability of the 
method. The established HPLC method offers a straightforward, accurate, and resilient approach for 
quantifying chlorthalidone and efonidipine hydrochloride in both bulk samples as well as tablet 
formulations, and therefore, emerges as a valuable asset for ensuring the quality control of these drugs in the 
pharmaceutical industries. 

4. MATERIALS AND METHODS 

4.1. Chemical and reagents 

 Chlorthalidone and Efonidioine hydrochloride pure drugs were received as gift sample from 
spectrum labs. The other reagents such as acetonitrile, phosphate buffer, methanol, and potassium 
dihydrogen ortho phosphate were obtained from Rankem. The pharmaceutical dosage for of chlorthalidone 
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and efonidipine (Efnocar Ct) with the dosage of 40mg of efonidipine hydrochloride and 12.5mg of 
chlorthalidone was purchased from local pharmacy. 

4.2. Instrumentation 

 The analytical balance used for weighing the samples was of Denver make, the sonication of sample 
and pH was monitoring was carried out by ultra sonicator and pH metere, respectively, purchased from 
BVK enterprise. The HPLC system used for the analysis of compounds was of WATERS HPLC 2695 
SYSTEM. 

4.3. Preparation of buffer 

In a 1000 mL volumetric flask, 0.63g of Ammonium formate is weighed and added to 900 mL milli-Q 
water and degassed by sonicating. The final volume is diluted to 999ml. 1 mL of o-phosphoric acid is added 
to adjust the pH to 4.2. 

4.4. Preparation of the mobile phase 

600 mL (60%) of the acetonitrile was mixed with 40 mL (40%) of ammonium formate. It was then 
degassed in a sonicator for around 10 minutes and subjected to filtration through 0.45µ filter under vacuum 
filtration. The same solution was used as diluent. 

4.5. Method Development 

 The column Zobrax 150 column (4.6 x 150mm, with particle size of 3.5µm) was used to develop the 
method. The mobbile phase used was the mixture of acetonitrile and ammonium formate (60:40 v/v). The 
flow rate was maintained at 1 ml/min at a temperature of 30ºC and injection volume was set to 10µL for 10 
mins run time. The ultraviolet (UV) detection was achieved at λmax of 248nm. With the above mentioned 
chromatographic conditions, a clear and satisfactory peak was obtained. Using these conditions, validation 
parameters were further evaluated. 

4.6. Standard Solution Preparation: 

6.25mg of chlorthalidone and 20mg of efonidipine was added to 50ml volumetric flask, and dissolved 
in small quantity of diluent. It was sonicated for 10 minutes for the residue to dissolve and the final volume 
was made to 50.0mL Further, 1.0 ml of the prepared standard stock solution was pipetted into a 10ml VF and 
diluted up to the mark with diluent.  

4.7. Sample Solution Preparation: 

Ten tablets of Efnocar Ct was crushed and the tablet power containting equivalent weight of 12.5mg 
chlorthalidone and 40 mg of efonidipine hydrochloride was transferred to 100 ml volumetric flask. To this, 
50ml of diluent was added and sonicated for 25 minutes, and then volume was made to 100.0 ml. From this, 
1 ml was pipetted into a 10ml VF and diluted up to the mark with diluent. 

4.8. Procedure: 

A mobile phase containing acetonitrile and ammonium formate buffer in the ratio of 60:40% v/v was 
found to be the most suitable one. The column was equilibrated by injecting mobile phase at a rate of 
1ml/min prior to sample injection and ambient temperature was maintained. 20µl of the standard as well as 
sample were injected into the HPLC system for 10 mins of run time, and measured the areas for 
chlorthalidone and efonidipine peaks. The detection was carried out at 248nm wavelength. Under these 
conditions, peaks corresponding to chlorthalidone was obtained at a run time of 2.263 mins and efonidipine 
was obtained at 2.994 mins. Typical chromatograms of peak separation is shown in Figure 3. From the 
obtained peaks of both the drugs, the % assay was calculated. 
 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.      
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