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Abstract: A quick and simple reversed-phase High-Performance Liquid Chromatographic method (RP-HPLC) with 

isocratic elution has been developed and validated for the concurrent quantitative determination of chlorthalidone, 

metoprolol succinate and telmisartan in the bulk mixture and tablet dosage form. The chromatographic separation 

was performed using Inertsil Octadecyl-Silica (ODS- C18) Column (150mm×4.6mm, 5μm) stationary phase. The 

separation and elution was carried out using a mobile phase mixture of phosphate buffer (50 mM, pH 2.5) and 

acetonitrile at a ratio of 40:60 v/v and 0.7 mL/min flow rate. Chlorthalidone, metoprolol succinate and telmisartan 

were eluted at 2.96±0.5 min, 4.31±0.5 min and 5.94±0.5 min respectively. The response was recorded using a 

photodiode array (PDA) detector at 225 nm wavelength. The selected method was linear in the range of 3.21-18.72 

µg/mL, 6.25-37.50 µg/mL and 10-60 µg/mL while percentage recovery was in the range from 99.15 to 99.93%, 

99.15 to 99.42% and 100.03 to 100.08% for chlorthalidone, metoprolol succinate and telmisartan respectively. The 

method was found to be sensitive, selective, linear and reproducible and the results obtained suggest the suitability 

of the developed method for routine analysis of the formulations containing the combination of these drugs. 

 

Keywords: Chlorthalidone; high-performance liquid chromatography; metoprolol succinate; telmisartan; 

validation.  © 2021 ACG Publications. All rights reserved. 

 

 

1. Introduction 

One of the primary worldwide reasons for cardiovascular disorders and early death is 

hypertension [1, 2]. Even though, over the past few decades, the global average blood pressure has reduced 

slightly because of the extensive use of antihypertensive medications, the prevalence of hypertension has 

increased.  The worldwide increased number of hypertensive population is majorly due to the aging of  
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the population and an unhealthy lifestyle including food habits and lack of exercise [3, 4]. The adults with 

blood pressure deviation from 130/80 mmHg value are much prone to the development of clinical 

cardiovascular disorders such as coronary heart disease, heart failure and stroke.  The treatment options 

for adult hypertensive patients include lifestyle measures together with suitable drug therapy [5, 6].  While 

the majority of the patients with hypertension rely on drug therapy, the clinical studies suggest the 

inefficiency of the single drug for the control of hypertension in the patients, especially those with 

comorbid conditions. Therefore, combination drug therapy including two or more drugs is the typical 

requirement [7]. Chlorthalidone belongs to the class of thiazide diuretics which removes extra water and 

few electrolytes from the body through urine. This reduces the total blood volume and blood pressure and 

later on, it relaxes blood vessels to improve the blood flow [8]. Metoprolol is the beta-adrenergic blocking 

agent which specifically acts on the cardiac adrenergic receptors and slows down the heart rate [9]. 

Telmisartan acts as an angiotensin II receptor blocker which inhibits angiotensin II attachment to the AT1 

receptor in vascular smooth muscles and adrenal gland. This results in the reversal of vaso-constricting 

and aldosterone secreting effects of angiotensin II [10]. Fixed dose combination (FDC) of these three 

drugs is approved for reducing the uncontrolled blood pressure in the patients who do not respond to the 

FDC of any two drugs.  

Analytical methods are aimed to identify the purity, composition and potency of the 

pharmaceutical formulation. Validation of the developed analytical method establishes the performance 

limits of the measurements of a particular method. In simple terms, the analytical methods confirms the 

labeled claim for the pharmaceutical formulation as it is required to deliver the prescribed amount of the 

drug(s) to the patients. Number of spectrophotometric [11-13] as well as normal or reverse phase 

chromatographic methods [14-28] are published for the quantitative determination of chlorthalidone, 

metoprolol succinate and telmisartan in the bulk mixture as well as pharmaceutical formulations. All those 

methods are either for the determination of the drug individually; in dual combination or in combination 

with other cardiovascular agents. Because of the availability of the approved triple combination of 

chlorthalidone, metoprolol succinate and telmisartan in the market and the unavailability of the approved 

pharmacopoeal method or any other literature reported for their simultaneous estimation, the authors had 

aimed to develop a simple and quick reverse-phase chromatographic method with PDA detection for the 

quantitative determination of chlorthalidone, metoprolol succinate and telmisartan in tablet formulation. 

The developed method was validated in accordance with the guidance provided by the International 

Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) Q2 

(R1) [29]. 

 

2. Experimental 

2.1. Chemicals and Reagents 

HPLC grade solvents, reagents and chemicals were purchased from Merck India. High purity 

deionized water (Milli-Q) was acquired from, Millipore (Prefil Kit Integral System, Merck) water 

purification system. The gratis samples of chlorthalidone, metoprolol succinate and telmisartan were 

provided by Sun Pharmaceutical Industries Ltd. while the tablet formulation (Tablet-Met XL 3D 50 with 

a composition of chlorthalidone -12.5 mg, metoprolol succinate -25 mg and telmisartan -40 mg) was 

purchased from the local market. 

  

2.2. Chromatographic Conditions and Equipment 

The chromatographic separation and quantitative analysis of chlorthalidone, metoprolol succinate 

and telmisartan were performed on Shimadzu LC-2010CHT system (Shimadzu Corporation, Japan). The 

system was consisting of a quaternary solvent pump, an auto-sampler and a PDA detector (SPD-M20A). 

The chromatographic signals were observed and processed with LC solution (V 1.25) software. Based on 

the solubility and chemical nature of the analytes, the chromatographic conditions including solvent for 

extraction from the formulation, stationary phase for the separation and mobile phase for elution of the 

analytes and detection wavelength were selected. Methanol was selected as a solvent for preparation of 

standard and test solutions as the analytes are freely soluble in it and the solution are found to be stable. 

Separation of the analytes was carried out on Intersil C18 ODS (150mm×4.6 mm, 5μm) column (GL 
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Sciences). The isocratic mobile phase system was a mixture of phosphate buffer (50 mM, pH 2.5) and 

acetonitrile (40:60, v/v). Phosphate buffer was prepared by dissolving 6.8 g potassium dihydrogen 

orthophosphate in 1000 mL milli-Q water and pH was adjusted to 2.5 using orthophosphoric acid.  The 

flow rate of the mobile phase was adjusted to 0.7 mL7min, the column oven was maintained at 25°C and 

eluents were detected at 225 nm wavelength. The sample and standard solutions were prepared in 

methanol while final dilutions were made in the mobile phase. The injection volume was fixed to 10 μL. 

 

2.3. Solution Preparation 

The standard stock solutions of chlorthalidone, metoprolol succinate and telmisartan were 

prepared by dissolving 12.5 mg, 25 mg and 40 mg of the drug respectively in methanol in 100 mL 

volumetric flask. 2.5 mL of each solutions were diluted with mobile phase in 25 mL volumetric flask to 

obtain 12.5 µg/mL, 25 µg/mL and 40 µg/mL chlorthalidone, metoprolol succinate and telmisartan 

respectively. The serial dilutions were made at six level concentration range to have 3.21 - 18.72 µg/mL 

chlorthalidone, 6.25 - 37.50 µg/mL metoprolol succinate and 10 – 60 µg/mL telmisartan. Each solution 

was filtered prior to injection to the chromatographic system.  

For the preparation of the test solution, the finely crushed and weighed powder of 20 tablets, 

equivalent to 12.5 mg chlorthalidone, 25 mg metoprolol succinate and 40 mg telmisartan was mixed with 

methanol in 100 mL volumetric flask, sonicated for 20 minutes and filtered through Millipore 

polyvinylidene fluoride (PVDF) 0.45μm syringe filter where first 3 mL of solution was discarded. From 

this, 2.5 mL of the solution was transferred and diluted with mobile phase in the 25 mL volumetric flask. 

The placebo or blank solution was a mobile phase (a mixture of phosphate buffer (50 mM, pH 

2.5) and acetonitrile in the ratio 40:60 v/v) without addition of drug substances.  

 

2.4. Method Validation 

To ensure the suitability of the analytical method for its anticipated purpose, the validation of the 

developed method was performed as per the guidelines provided by International Council for 

Harmonisation (ICH) [29]. The validation was performed for the parameters including specificity, 

detection limit, quantification limit, linearity, range, accuracy, precision, and robustness. Linearity of the 

method was established in triplicate using the mixed standard solutions at six different concentration 

ranges. The selected range for the linearity was 3.21-18.72 µg/mL, 6.25-37.50 µg/mL and 10-60 µg/mL 

for chlorthalidone, metoprolol succinate and telmisartan respectively. The linear regression equation was 

obtained by plotting mean peak area vs. concentration. The limit of detection (LOD) and limit of 

quantitation (LOQ) were calculated from the standard deviation of the response and the slope using 

equations provided by ICH guidelines (LOD = 3.3 × σ/S and LOQ = 10 × σ/S). The precision of the 

method was established on the same day (intra-day) and different days (inter-day) for three independent 

sample solutions at three levels. The inter-day precision was performed on different days by different 

analysts and on different columns as per the guideline. The relative standard deviation was calculated for 

both inter-day and intra-day precision. The accuracy of the analytical method was identified by spiking 

pre-analyzed sample with the known concentration of standard solution at three concentration levels viz. 

80, 100 and 120% in triplicates. Relative standard deviation (RSD%) for the recovered sample was 

calculated. The robustness of the developed method was identified by including the small but careful 

changes in the chromatographic conditions- flow rate (±0.1 mL/min), mobile phase ratio (39:61 v/v and 

41:59 v/v) and detection wavelength (±2 nm)- and RSD% was calculated.   

 

3. Results and discussion 

3.1. Method Development 

The main target for the development of the analytical method is to separate all the analytes present 

in the bulk mixture as well as a formulation with good resolution. The successful separation with the 

satisfactory peak parameters was achieved using an isocratic mobile phase system, containing phosphate 

buffer (50 mM, pH 2.5) and acetonitrile (40:60, v/v) in the Intersil C18 ODS (150mm×4.6 mm, 5μm) 

column as a stationary phase at a flow rate of 0.7 mL/min. Based on the physicochemical properties and 

the chemical structure, the chromatographic conditions were selected and optimized. To prove the  
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suitability and reproducibility of the chromatographic system, system suitability was performed by 

injecting six replicated injections of the solution mixture of chlorthalidone, metoprolol succinate and 

telmisartan at 12.5 µg/mL, 25 µg/mL and 40 µg/mL concentration respectively.   

  

3.2. Method Validation 

3.2.1. System Suitability 

 

System suitability was checked for the six replicates of chlorthalidone, metoprolol succinate and 

telmisartan at 12.5 µg/mL, 25 µg/mL and 40 µg/mL concentration respectively (Figure 1). The results of 

the study confirm the suitability and reproducibility of the chromatographic system for the current 

analytical work. The results for the peak properties with the acceptable limits specified by the ICH 

guidelines are shown in Table 1 [29, 30]. 

 
Table 1. System suitability data (mean ± RSD%; n= 6) 

Par.ameter Chlorthalidone Metoprolol succinate Telmisartan 

Relative retention (min) 2.96 ± 0.28 4.31 ± 0.19 5.94 ± 0.13 

Theoretical Plates (N > 2000) 2262.41 ± 0.68 3118.32 ± 0.82 3608.58 ± 0.68 

Tailing factor (T≤ 2) 1.29 ± 1.3 1.38 ± 1.7 1.29 ± 0.8 

Resolution (Rs>2) 10.37 ± 0.28 4.78 ± 0.40 3.47 ± 0.49 

Capacity factor (kˈ>2.0) 2.37 ± 0.59 3.47 ± 0.48 4.755 ± 0.58 

 
Figure 1. Chromatogram for (a) Placebo solution (mobile phase without analytes) (b) System suitability 

  

3.2.2. Specificity 

 

The peak purity of the analytes in test, standard and spiked solutions was checked to establish the 

specificity of the developed method. PDA detector was employed for assessing purity and homogeneity 

of all the peaks for chlorthalidone, metoprolol succinate and telmisartan. For each of them, the peak purity 

index was found to be near to 1 using the LC solution software. The results indicate unaffected 

chromatographic separation of chlorthalidone, metoprolol succinate and telmisartan even in the presence 

of the excipients in the tablet formulation.  
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3.2.3 Linearity and Range 

 

The linearity of the method was established to confirm that the results obtained for the selected 

range are in direct proportion to the concentration of analytes. The plot of peak area vs. concentration was 

linear at a range of 3.21-18.72 µg/mL (3.21, 6.25, 9.37, 12.50, 15.62 and 18.72 µg/mL) for Chlorthalidone 

6.25-37.50 µg/mL (6.25, 12.50, 18.75, 25, 31.25, 37.50 µg/mL) for Metoprolol succinate and 10-60 

µg/mL (10, 20, 30, 40, 50, 60 µg/mL) for Telmisartan (Figure 2). The linear regression analysis data are 

summarized in Table 2.  

 

     Table 2. Summary of validation parameters 

Validation 

Parameter 

(Acceptable Limits) 

Chlorthalidone Metoprolol succinate Telmisartan 

Peak Purity Index (~1) 0.999992 0.999960 0.999997 

Linearity (µg/mL) 3.21-18.72 6.25-37.50 10-60 

Linearity Equation Y= 63018X + 2630.4 Y = 25306X + 15776 Y =76869X + 16710 

r2 (~1) 0.9999 0.9998 0.9998 

LOD (µg/mL) 0.59 1.21 2.12 

LOQ (µg/mL) 1.79 3.66 6.44 

Repeatability (RSD% 

< 2) 
0.41-1.30 0.33-0.48 0.30-0.58 

Intermediate Precision 

(RSD% < 2) 
0.65-1.61 0.62-1.09 0.78-0.93 

 
Figure 2. Overlay chromatograms for (a) Chlorthalidone, (b) Metoprolol succinate and (c) Telmisartan 

 

3.2.4. LOD and LOQ 

 

Sensitivity of any analytical method for detecting and quantifying the drug substances in a given 

sample is shown by its detection (LOD) and quantification (LOQ) limits. The LOD and LOQ for the 

analytes were calculated from the equation suggested in the ICH guidelines:  

 

LOD = 3.3 x σ/S and  

LOQ = 10 x σ/S  

 

Where "σ is the standard deviation of the response" and "S is the slope of the calibration curve". LOD and 

LOQ values for chlorthalidone, metoprolol succinate and telmisartan are given in Table 2.  
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3.2.5 Accuracy 

 

The accuracy of the developed method was assessed at three levels- 80%, 100% and 120% by 

spiking the known concentration of sample solution. % recovery was obtained for the analytes at each 

level of the studies. The results of the accuracy studies indicate non-interference of the excipients during 

the chromatographic elution of analytes. The results for the accuracy studies for the developed method 

are shown in Table 3. The higher values of the % recovery confirms the accuracy of developed method.  

 

Table 3. Results of accuracy (n=3) 

Recovery 

Level 

% Recovery (Mean ± RSD%; n = 3) 

Chlorthalidone 
Metoprolol 

succinate 
Telmisartan 

80 % 99.9 ± 0.25 99.2 ± 0.14 100.1 ± 0.34 

100 % 99.2 ± 0.21 99.2 ± 0.20 99.6 ± 0.20 

120 % 99.8 ± 0.16 99.4 ± 0.13 100.0 ± 0.14 

 

3.2.6. Precision 

 

The precision of the developed analytical method was assessed by determining the repeatability 

and intermediate precision. The repeatability (intraday precision) of the method was checked at three 

concentration levels- low, middle and high- for each of the analytes three times on the same day. The 

intermediate precision was performed by the same method as repeatability but the analysis was performed 

on three different days, by different analysts and on different columns. The results for the precision studies 

are provided in Table 2 in terms of RSD% for each analysis. The value of RSD% lesser than 1 confirms 

the repeatability of the proposed method.  

 

3.2.7. Robustness 

 

The robustness of the analytical methods indicates the reliability of the developed method upon 

the small changes carried out either intentionally or unintentionally by the analyst. The same for the 

developed method was confirmed by performing the changes in the mobile phase composition, 

wavelength of detection and flow rate of the mobile phase. RSD% was calculated for each of the 

chromatographic experiments and results (RSD% <1) confirmed the robustness of the developed method 

as shown in Table 4. 

 

Table 4. Results of robustness (n=3) 

Parameter 
Normal 

condition 

Change in the 

condition 

% Recovery (Mean ± RSD%; n = 3) 

Chlorthalidone 
Metoprolol 

succinate 
Telmisartan 

Wavelength 225 nm 
- 2 nm 101.3 ± 1.13 100.0 ± 0.59 100.9 ± 1.13 

+2 nm 98.8 ± 0.20 100.0 ± 0.54 99.7 ± 0.90 

Flow Rate 0.7 mL/min 
-5% 99.7 ± 0.34 99.8 ± 0.49 101.6 ± 0.46 
+5% 98.4 ± 0.57 99.6 ± 0.46 99.6 ± 1.21 

Mobile Phase 

Composition 

Buffer: ACN 

40:60 

-2% 99.3 ± 0.72 100.1 ± 1.27 100.0 ± 1.70 
+2% 99.4 ± 0.59 100.1 ± 0.48 100.5 ± 1.30 

 

3.2.8. Application of the Method 

 

At the optimized chromatographic conditions, the tablet sample solution containing 

chlorthalidone, metoprolol succinate and telmisartan equivalent to 12.5 µg/mL, 25 µg/mL and 40 µg/mL 

respectively was injected into the HPLC system (Figure 3). From the peak area, the concentration for each 

of the analytes was calculated to determine percentage purity. The results for the assay of the tablet 

formulation are reported in Table 5. The results obtained for each of the analytes are comparable to the 
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labeled claim which confirms applicability of the proposed method for marketed formulations containing 

chlorthalidone, metoprolol succinate and telmisartan.  

 

Table 5. Results for assay of tablet formulation (n=3) 

 Chlorthalidone Metoprolol succinate Telmisartan 

Label claim (%w/w) 12.5 25 40 

Sample concentration (µg/mL) 12.5 25 40 

% Assay (mean ± SD); n = 3 98.9 ± 0.82 99.5 ± 0.55 99.5 ± 1.00 

 
Figure 3. Assay chromatogram for the tablet formulation of Chlorthalidone, Metoprolol succinate and 

Telmisartan 

 

4. Conclusions 

 
A quick reverse phase liquid chromatographic method with PDA detection was developed and 

validated for the quantitation of chlorthalidone, metoprolol succinate and telmisartan in tablet 

formulation. Peaks for all analytes were well separated and every peak parameter was satisfied, indicating 

the suitability of the proposed method for the analytical separation and quantification of each of the 

analytes in the combined formulation. The developed method was validated as per the guidelines 

suggested in ICH and all the results are falling into the provided limits which confirms the applicability 

of the proposed method for the intended purpose. 
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