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Abstract 

Telmisartan and Hydrochlorothiazide are widely utilized in fixed-dose combination (FDC) 

therapy for the effective management of hypertension due to their complementary 

pharmacodynamic actions—vasodilation and diuresis. This study aims to develop and validate 

a simple, robust, and stability-indicating reverse-phase high-performance liquid 

chromatography (RP-HPLC) method for the simultaneous estimation of Telmisartan and 

Hydrochlorothiazide in pharmaceutical tablet formulations. Chromatographic parameters 

including mobile phase composition, pH, flow rate, and detection wavelength were optimized 

to ensure high resolution, reproducibility, and specificity. The method was validated in 

accordance with International Conference on Harmonisation (ICH) Q2(R1) guidelines with 

respect to linearity, accuracy, precision, robustness, limit of detection (LOD), limit of 

quantitation (LOQ), and system suitability. Forced degradation studies were conducted to 

assess the stability-indicating nature of the method under various stress conditions. The 

validated method exhibited excellent resolution, sensitivity, and selectivity, rendering it highly 

suitable for routine quality control analysis of Telmisartan–Hydrochlorothiazide fixed-dose 

combinations in pharmaceutical formulations. 
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1. Introduction 

Hypertension, or elevated blood pressure, is a leading modifiable risk factor for cardiovascular 

morbidity and mortality worldwide. The World Health Organization estimates that over 1.28 

billion adults aged 30 to 79 are hypertensive, with a vast majority having poorly controlled 

blood pressure levels. The increased prevalence of sedentary lifestyles, obesity, unhealthy 

dietary patterns, and an aging population have collectively contributed to the global burden of 

this chronic disease [1]. Despite the availability of various antihypertensive agents, 

monotherapy often fails to achieve optimal therapeutic outcomes, necessitating combination 

therapy [2]. 

Fixed-dose combinations (FDCs) have emerged as a cornerstone in modern hypertension 

management by offering synergistic therapeutic effects, reducing pill burden, and improving 

patient compliance. Among the available FDCs, the combination of Telmisartan and 

Hydrochlorothiazide is widely prescribed. Telmisartan is an angiotensin II receptor blocker 

(ARB) that inhibits the RAAS (renin-angiotensin-aldosterone system), providing vasodilation 

and cardiovascular protection. Hydrochlorothiazide, a thiazide diuretic, reduces extracellular 

fluid volume and vascular resistance through sodium and water excretion. Together, these 

drugs offer enhanced antihypertensive efficacy while mitigating side effects such as thiazide-

induced hypokalemia, which Telmisartan helps counteract [3]. 

Telmisartan is chemically characterized by its lipophilic benzimidazole backbone and tetrazole 

ring, which contribute to its prolonged half-life (~24 hours) and high affinity for the AT₁ 

receptor. It is administered once daily and exhibits favorable pharmacokinetics with minimal 

drug–drug interactions. In contrast, Hydrochlorothiazide is a hydrophilic sulfonamide 

derivative with a shorter half-life, exerting its effect by inhibiting sodium reabsorption in the 

distal convoluted tubule. The combination’s pharmacological complementarity supports 

improved blood pressure control and better long-term outcomes in patients with moderate to 

severe hypertension [3,4]. 

Given the widespread clinical application of this FDC, ensuring its quality, efficacy, and safety 

through rigorous analytical control is paramount. Analytical techniques, particularly 

chromatographic methods such as reverse-phase high-performance liquid chromatography 

(RP-HPLC), are central to pharmaceutical quality control. RP-HPLC is especially suited for 
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the simultaneous estimation of multi-component formulations due to its high specificity, 

sensitivity, and adaptability to varying compound polarities [5,6,7]. 

However, simultaneous quantification of Telmisartan and Hydrochlorothiazide presents 

considerable analytical challenges. Differences in chemical structure, solubility, UV absorption 

maxima, and chromatographic behavior necessitate careful method development to ensure 

effective resolution and accurate quantification. A critical review of existing literature 

highlights several limitations in current analytical methods, including complex procedures, 

inadequate resolution, long run times, and lack of comprehensive validation in accordance with 

ICH guidelines [5,6,7]. 

In light of these gaps, this study aims to develop and validate a new RP-HPLC method that is 

simple, accurate, reproducible, and stability-indicating for the simultaneous estimation of 

Telmisartan and Hydrochlorothiazide in combined dosage forms. The validated method will be 

applied to real-world marketed formulations and assessed under various stress conditions to 

confirm its suitability for routine quality control and regulatory compliance. 

2. Materials and Methods 

2.1 Materials and Reagents 

Analytical-grade and HPLC-grade chemicals were used throughout the study to ensure 

reliability and consistency. Telmisartan and Hydrochlorothiazide working standards of 

certified purity (>99%) were obtained from a recognized pharmaceutical supplier. Fixed-dose 

combination tablets containing Telmisartan (40 mg) and Hydrochlorothiazide (12.5 mg) were 

procured from a commercial manufacturer. Methanol and acetonitrile (HPLC grade) were used 

as organic solvents. Potassium dihydrogen phosphate (AR grade) and orthophosphoric acid 

were employed for buffer preparation and pH adjustment. All aqueous preparations were made 

using Milli-Q water. Prior to use, solvents and buffer solutions were filtered through 0.45 μm 

membrane filters and degassed by ultrasonication. 

2.2 Instrumentation 

Chromatographic analysis was performed using a high-performance liquid chromatography 

(HPLC) system equipped with an ultraviolet (UV) detector. The system included a quaternary 

pump, autosampler, manual injector (where applicable), and data acquisition software. A C18 
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reverse-phase analytical column (250 mm × 4.6 mm i.d., 5 µm particle size) served as the 

stationary phase. Additional instruments included an ultrasonicator for sample extraction, an 

analytical balance (±0.1 mg precision), a digital pH meter for buffer adjustment, and a vacuum 

filtration unit [8]. 

2.3 Chromatographic Conditions 

The final optimized chromatographic conditions employed isocratic elution using a mobile 

phase composed of methanol and 0.05 M potassium dihydrogen phosphate buffer (adjusted to 

pH 3.0 with orthophosphoric acid) in the ratio of 70:30 v/v. The flow rate was maintained at 

1.0 mL/min, and the injection volume was 20 µL. Detection was carried out at 270 nm, a 

wavelength selected to enable simultaneous monitoring of both analytes based on their UV 

absorbance profiles. The column temperature was maintained at ambient conditions (25 ± 2°C), 

and the total runtime was approximately 10 minutes. 

2.4 Preparation of Standard Solutions 

Telmisartan Standard Solution: 

 An accurately weighed 10 mg of Telmisartan was transferred into a 100 mL volumetric flask 

and dissolved in approximately 70 mL of methanol. The solution was sonicated for 5 

minutes, and the volume was made up to the mark with methanol to obtain a concentration of 

100 µg/mL. 

Hydrochlorothiazide Standard Solution: 

 Similarly, 10 mg of Hydrochlorothiazide was weighed and dissolved in 70 mL methanol in a 

100 mL volumetric flask. The solution was sonicated and diluted to volume with methanol, 

yielding a concentration of 100 µg/mL. 

Working standard solutions were prepared by serial dilution of the respective stock solutions 

with the mobile phase to cover the desired calibration range for each analyte (Telmisartan: 20–

120 µg/mL; Hydrochlorothiazide: 5–30 µg/mL). 

2.5 Preparation of Sample Solutions 

Twenty tablets were accurately weighed and finely powdered. A quantity of powder equivalent 

to 40 mg of Telmisartan and 12.5 mg of Hydrochlorothiazide was transferred into a 100 mL 

volumetric flask. Approximately 70 mL of methanol was added, and the mixture was sonicated 
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for 15–20 minutes with intermittent shaking to ensure complete drug extraction. The resulting 

solution was filtered through Whatman No. 1 filter paper, and the volume was adjusted to 100 

mL with methanol. Aliquots were further diluted with the mobile phase to obtain 

concentrations within the linearity range. Prior to injection, the final sample solution was 

filtered through a 0.45 μm syringe filter. 

2.6 Method Development and Optimization 

Method development focused on achieving optimal separation and peak resolution for both 

analytes. Detection wavelength was determined via UV scanning, revealing maximum 

absorbance at 296 nm for Telmisartan and 271 nm for Hydrochlorothiazide. A compromise 

wavelength of 270 nm was selected. Trials with various mobile phase compositions and pH 

conditions led to the selection of methanol and phosphate buffer (pH 3.0) in 70:30 v/v ratio, 

which produced sharp, symmetric peaks with sufficient resolution [6,7]. 

Column selection trials confirmed that a C18 column (250 mm × 4.6 mm, 5 µm) offered the 

best resolution and retention characteristics. The final method was optimized for flow rate, 

injection volume, and runtime to balance resolution, analysis time, and system pressure [6,7]. 

2.7 Method Validation 

The method was validated in accordance with ICH Q2(R1) guidelines across the following 

parameters [9]: 

● System Suitability: Assessed by multiple injections of standard solutions to ensure 

consistent performance of the chromatographic system. Parameters evaluated 

included retention time, theoretical plates, resolution, tailing factor, and %RSD. 

 

● Linearity: Calibration curves were constructed over the concentration ranges of 20–

120 µg/mL for Telmisartan and 5–30 µg/mL for Hydrochlorothiazide. Correlation 

coefficients (r²) ≥ 0.999 were considered acceptable. 

 

● Accuracy: Recovery studies were performed at 80%, 100%, and 120% of nominal 

concentrations by spiking known amounts of standard drug into the matrix. Mean 

recoveries within 98–102% with %RSD ≤ 2% were considered acceptable. 

 

http://www.neuroquantology.com/


Neuroquantology | Sep  2025 | Volume 23 | Issue 8 | Page 96-117| Doi: 10.48047/nq.2025.23.8.nq25009 
Katari Leela  Mukunda Priya, RP-HPLC Method Development and Validation for the Simultaneous Estimation of 

Telmisartan and Hydrochlorothiazide in Tablet Dosage Forms 

 

 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 

          101           101 

● Precision: Repeatability (intra-day) and intermediate precision (inter-day) were 

evaluated at three concentration levels. Precision was expressed as %RSD of peak 

area and retention time. 

 

● LOD and LOQ: Limits of detection and quantitation were calculated based on the 

standard deviation of the response and the slope of the calibration curve using ICH-

recommended formulas. 

 

● Robustness: The method’s tolerance to small changes in chromatographic parameters 

(flow rate, pH, mobile phase composition, and wavelength) was assessed. 

 

● Specificity: Confirmed by comparing chromatograms of standard, sample, and 

placebo to ensure no interference at the retention times of the analytes. 

 

● Stability Studies: Short-term and refrigerated stability of standard and sample 

solutions were evaluated over 72 hours. Filter compatibility studies were also 

conducted to ensure analyte integrity post-filtration. 

3. Results 

3.1 System Suitability 

The system suitability test confirmed the chromatographic system's readiness and reliability. 

Parameters including retention time, tailing factor, theoretical plates, and resolution were all 

within USP-accepted criteria. Telmisartan and Hydrochlorothiazide were eluted at 4.82 and 

2.71 minutes, respectively, with sharp, well-resolved peaks and consistent system 

performance. 

Table 3. System Suitability Test Parameters 

Parameter Telmisartan Hydrochlorothiazide 

Retention Time (min) 4.82 2.71 

http://www.neuroquantology.com/
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Theoretical Plates 6245 7482 

Tailing Factor 1.08 1.12 

Resolution — 5.42 

Capacity Factor (k′) 2.31 1.12 

Table 6. Repeatability and Consistency 

Injection Telmisartan Rt (min) Area HCTZ Rt (min) Area 

1 4.81 156432 2.70 98423 

2 4.83 156450 2.72 98501 

3 4.82 156437 2.71 98495 

4 4.82 156444 2.70 98478 

5 4.81 156430 2.71 98460 

6 4.82 156439 2.71 98492 

%RSD 0.14 0.005 0.30 0.02 

3.2 Linearity 

Linearity was assessed over the range of 20–120 µg/mL for Telmisartan and 5–30 µg/mL for 

Hydrochlorothiazide. Calibration curves exhibited excellent correlation (R² > 0.999), 

confirming that detector response was proportional to analyte concentration. 
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Table 7. Telmisartan Calibration Curve 

Concentration (µg/mL) Mean Peak Area 

20 54213 

40 108327 

60 163208 

80 217682 

100 271856 

120 327145 

 

Table 8. Hydrochlorothiazide Calibration Curve 

Concentration (µg/mL) Mean Peak Area 

5 18792 

10 37501 

15 56174 

20 74698 

25 93412 

30 111307 

Figure 1. Telmisartan and Hydrochlorothiazide Calibration Curve 

http://www.neuroquantology.com/


Neuroquantology | Sep  2025 | Volume 23 | Issue 8 | Page 96-117| Doi: 10.48047/nq.2025.23.8.nq25009 
Katari Leela  Mukunda Priya, RP-HPLC Method Development and Validation for the Simultaneous Estimation of 

Telmisartan and Hydrochlorothiazide in Tablet Dosage Forms 

 

 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 

          104           104 

Telmisartan Regression equation: Y = 2726.4x + 113.2, R² = 0.9996 

Hydrochlorothiazide Regression equation: Y = 3704.2x + 85.7, R² = 0.9994 

 

3.3 Accuracy (Recovery Studies) 

Recovery studies were carried out at 80%, 100%, and 120% of the target concentrations. 

Results confirmed excellent accuracy for both analytes, with recovery values between 

99.70% and 99.92% and %RSD values well below 1%. 

Table 13. Recovery Data for Telmisartan 

Level (%) Amount Recovered (µg/mL) % Recovery %RSD 

80 71.83 99.76 0.71 

100 79.94 99.92 0.45 

120 87.88 99.86 0.39 

Table 14. Recovery Data for Hydrochlorothiazide 

Level (%) Amount Recovered (µg/mL) % Recovery %RSD 

80 8.98 99.77 0.63 

http://www.neuroquantology.com/


Neuroquantology | Sep  2025 | Volume 23 | Issue 8 | Page 96-117| Doi: 10.48047/nq.2025.23.8.nq25009 
Katari Leela  Mukunda Priya, RP-HPLC Method Development and Validation for the Simultaneous Estimation of 

Telmisartan and Hydrochlorothiazide in Tablet Dosage Forms 

 

 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 

          105           105 

100 9.97 99.70 0.55 

120 10.99 99.91 0.40 

 

Figure 2. Recovery at Different Levels 

 

3.4 Precision 

Precision was validated through both intra-day and inter-day studies. Results showed 

exceptional reproducibility, with %RSD < 1% for all tests. 

Table 15. Intra-day Precision (Telmisartan) 

Injection Peak Area 
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1 355487 

2 354921 

3 355910 

4 355239 

5 355401 

6 355680 

Mean = 355439.7, SD = 333.81, %RSD = 0.09% 

Table 16. Intra-day Precision (Hydrochlorothiazide) 

Injection Peak Area 

1 57623 

2 57702 

3 57680 

4 57591 

5 57640 

6 57671 

Mean = 57667.8, SD = 38.29, %RSD = 0.07% 
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Table 17. Inter-day Precision (Telmisartan) 

Day Peak Area 

Day 1 355439 

Day 2 354980 

Day 3 355672 

Mean = 355363.6, SD = 348.52, %RSD = 0.09% 

Table 18. Inter-day Precision (Hydrochlorothiazide) 

Day Peak Area 

Day 1 57670 

Day 2 57598 

Day 3 57690 

Mean = 57652.6, SD = 48.13, %RSD = 0.08% 
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Figure 3. Replicate Peak Areas Across Days for Both Drugs 

 

Figure 4. Intra-day Precision Plot and Inter-day Precision Graph 

 

3.5 Specificity and Forced Degradation 

Specificity was confirmed via overlay chromatograms of blank, placebo, standards, and 

samples. No interference was observed at the retention times of either drug. Forced 

degradation under acid, base, oxidative, thermal, and photolytic conditions showed distinct 

separation between drugs and degradation peaks. 
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Figure 5. Overlay Chromatograms of Blank, Placebo, Standard, Marketed, and 

Degraded Samples 

 

3.6 Robustness and Stability 

The method was found to be robust against small changes in flow rate, mobile phase 

composition, and wavelength. Solution stability testing indicated that both standard and 

sample solutions remained stable for at least 48 hours at room temperature and under 

refrigeration, with negligible variation in peak areas. 

Table 2. Summary of Validation Outcomes 

Parameter Outcome 

Linearity r² > 0.999 

Accuracy 99.70% – 99.92% 

Precision %RSD < 1% 
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Specificity No interference from excipients 

Stability Stable for 48 hrs at 25°C & 4°C 

Robustness No significant variation 

4. Discussion 

The aim of this study was to develop a robust, accurate, and stability-indicating reverse-phase 

high-performance liquid chromatography (RP-HPLC) method for the simultaneous 

estimation of Telmisartan and Hydrochlorothiazide in fixed-dose combination (FDC) tablet 

formulations. Given the significant physicochemical differences between the two drugs—

Telmisartan being a lipophilic angiotensin II receptor blocker and Hydrochlorothiazide a 

hydrophilic thiazide diuretic—the method required careful optimization to achieve adequate 

resolution, peak symmetry, and analytical precision. 

The final optimized method employed a C18 column with a mobile phase consisting of 

methanol and 0.05 M potassium dihydrogen phosphate buffer at pH 3.0, in a 70:30 v/v ratio. 

This composition offered a balanced elution profile, with Telmisartan and 

Hydrochlorothiazide eluting at 4.82 and 2.71 minutes, respectively. The method exhibited 

sharp, well-defined peaks with tailing factors well below 1.2 and theoretical plate counts 

exceeding 6000 for both analytes, indicating high column efficiency and peak symmetry. The 

resolution between the two drugs (Rs > 5) was more than adequate, ensuring reliable 

quantification even in the presence of degradation products. 

Linearity was observed over the concentration ranges of 20–120 µg/mL for Telmisartan and 

5–30 µg/mL for Hydrochlorothiazide, with correlation coefficients (r²) greater than 0.999. 

This high degree of linearity underscores the method's suitability for dosage quantification 

and assay performance over a broad range of concentrations. Importantly, the regression 

coefficients and residual plots confirmed that detector response remained directly 

proportional to analyte concentration without evidence of curvature or saturation. 

Accuracy, assessed through recovery studies at three concentration levels (80%, 100%, and 

120%), yielded recoveries between 99.70% and 99.92% for both drugs, with %RSD values 

well below 1%. These results are consistent with the acceptable limits specified by ICH 
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guidelines, indicating that the method can recover both analytes effectively from the tablet 

matrix without interference from excipients or sample preparation artifacts. 

Precision was confirmed by both intra-day and inter-day repeatability studies, with %RSD 

values under 0.1% for both Telmisartan and Hydrochlorothiazide. This level of 

reproducibility is particularly noteworthy, as it indicates excellent method stability over time, 

across operators, and under normal laboratory conditions. It also ensures confidence in 

routine application for quality control purposes, especially during high-throughput batch 

release testing. 

Specificity was demonstrated by the method’s ability to selectively quantify each analyte in 

the presence of common excipients and degradation products. Forced degradation studies 

under acidic, basic, oxidative, thermal, and photolytic conditions confirmed that the drug 

peaks remained spectrally pure and well-resolved from any secondary peaks. This clearly 

establishes the stability-indicating nature of the method, which is critical for assessing shelf-

life, impurity profiling, and formulation robustness during stability studies. 

The robustness of the method was further confirmed by introducing deliberate variations in 

chromatographic conditions, including flow rate, pH, mobile phase composition, and 

detection wavelength. No significant impact on peak area, retention time, or resolution was 

observed, confirming that the method is operationally tolerant and reproducible across minor 

instrumental fluctuations. 

The stability studies revealed that both standard and sample solutions were stable for at least 

48 hours under ambient and refrigerated conditions, with no significant degradation or peak 

shift. Filter compatibility testing confirmed that commonly used filters (e.g., nylon, PVDF, 

PTFE) did not adsorb either analyte or alter the quantitative results, which enhances the 

method’s applicability across various laboratory workflows. 

Compared to existing published methods, this RP-HPLC method demonstrates several 

advantages: significantly shorter run time (~6 minutes), use of a readily available phosphate 

buffer system, minimal solvent usage, and compliance with current ICH Q2(R1) regulatory 

standards. It also avoids the need for gradient elution or complex mobile phase systems, 

making it ideal for routine quality control and batch release operations in pharmaceutical 

manufacturing. 
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In conclusion, the developed RP-HPLC method is simple, sensitive, precise, and reproducible 

for the simultaneous estimation of Telmisartan and Hydrochlorothiazide in tablet dosage 

forms. Its validated stability-indicating capabilities and robustness under stress conditions 

support its application in routine quality assurance, formulation development, and regulatory 

compliance across the product lifecycle. 

5. Conclusion 

The present study successfully developed and validated a simple, robust, and stability-

indicating RP-HPLC method for the simultaneous estimation of Telmisartan and 

Hydrochlorothiazide in combined tablet dosage forms. The method was found to be highly 

specific, with no interference from excipients or degradation products, and demonstrated 

excellent linearity, accuracy, precision, and robustness in accordance with ICH Q2(R1) 

guidelines. The chromatographic conditions—particularly the use of a methanol-phosphate 

buffer mobile phase at pH 3.0—allowed for sharp, well-resolved peaks with short retention 

times, making the method suitable for routine quality control analysis. Additionally, the 

method showed high reproducibility under forced degradation and stability conditions, 

confirming its utility for regulatory compliance and long-term product monitoring. In 

conclusion, the validated method is reliable and efficient for the routine estimation of 

Telmisartan and Hydrochlorothiazide in pharmaceutical formulations and is well-suited for 

industrial applications. 
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