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Abstract 

Hypertension remains a leading cause of cardiovascular morbidity and mortality worldwide, necessitating 

the development of effective therapeutic agents and robust analytical methods to ensure their quality and 

efficacy. This review focuses on chromatographic advancements for the estimation of key antihypertensive 

drugs: Indapamide, Amlodipine, Atenolol, and Azilsartan. These agents represent diverse pharmacological 

classes, including diuretics, calcium channel blockers, beta-blockers, and angiotensin II receptor blockers, 

each with unique mechanisms of action and analytical challenges.Chromatographic techniques, particularly 

high-performance liquid chromatography (HPLC) and ultra-performance liquid chromatography (UPLC), 

have become indispensable in the qualitative and quantitative analysis of these drugs. The review 

highlights single-drug estimation, simultaneous analysis in fixed-dose combinations, stability-indicating 

methods, and bioanalytical applications. Recent advancements, including the use of modern stationary 

phases, green chromatography practices, and coupled detection techniques such as LC-MS/MS, have 

enhanced the sensitivity, specificity, and environmental sustainability of these methods.This comprehensive 

review aims to provide insights into the chromatographic methodologies applied to Indapamide, 

Amlodipine, Atenolol, and Azilsartan, addressing analytical challenges, regulatory requirements, and future 

directions. It serves as a valuable resource for researchers and pharmaceutical scientists engaged in the 

development and validation of innovative analytical approaches for antihypertensive drugs. 
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1. Introduction 

The prevalence of hypertension, commonly referred to as high blood pressure, is a significant global health 

concern affecting millions of individuals worldwide. Characterized by persistently elevated arterial 

pressure, hypertension is a major risk factor for cardiovascular diseases, including heart attack, stroke, and 

kidney failure. The management of hypertension often involves the use of antihypertensive agents, which 

target various physiological pathways to reduce blood pressure and mitigate associated risks. Among these, 

indapamide, amlodipine, atenolol, and azilsartan have emerged as crucial drugs due to their distinct 

pharmacological actions and efficacy in diverse patient populations[1]. 

Indapamide, a thiazide-like diuretic, is widely prescribed for its ability to promote diuresis and sodium 

excretion, thus lowering blood pressure. It is often favored for its dual effects on blood pressure reduction 

and minimal impact on serum lipid levels, making it suitable for patients with metabolic syndrome[2,3]. 

Amlodipine, a calcium channel blocker, is extensively used for its potent vasodilatory effects, which reduce 

systemic vascular resistance and improve arterial compliance[4,5]. Atenolol, a beta-adrenergic blocker, 

functions by decreasing cardiac output and sympathetic stimulation, making it particularly effective in 

patients with coexisting cardiac arrhythmias[6]. Azilsartan, an angiotensin II receptor blocker (ARB), 

represents a newer generation of antihypertensive agents that effectively inhibit the renin-angiotensin-

aldosterone system (RAAS), a key regulator of blood pressure and vascular tone[7]. 

Given the critical role of these antihypertensive agents in managing hypertension and associated 

comorbidities, the development and validation of robust analytical methods for their quantification in 

pharmaceutical formulations and biological matrices are of paramount importance. Accurate and reliable 

estimation of these drugs is essential for quality control, pharmacokinetic studies, and ensuring therapeutic 

efficacy and safety. Chromatographic techniques, particularly high-performance liquid chromatography 

(HPLC), have become the gold standard in the analytical landscape due to their precision, sensitivity, and 

versatility[8–11]. 

Chromatographic techniques, including high-performance liquid chromatography (HPLC) and ultra-

performance liquid chromatography (UPLC), have emerged as powerful tools for the qualitative and 

quantitative analysis of drugs. Their precision, sensitivity, and versatility make them the preferred choice 

for analyzing antihypertensive agents. Moreover, these techniques have undergone significant 

advancements over the years, enabling the simultaneous estimation of multiple drugs in fixed-dose 

combinations, stability studies under various stress conditions, and the detection of impurities at trace 

levels[12,13]. 

This review aims to provide a comprehensive overview of chromatographic methods developed for the 

estimation of indapamide, amlodipine, atenolol, and azilsartan. Emphasis is placed on the evolution of 

these methods, highlighting innovations in stationary phases, mobile phase compositions, detection 

techniques, and method validation parameters. Furthermore, the review underscores the importance of 

stability-indicating methods and forced degradation studies in ensuring the robustness of analytical 

procedures under various stress conditions. 
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2. Chromatographic Techniques in Antihypertensive Drug Analysis 

The quantification of pharmaceutical compounds often requires sophisticated analytical techniques capable 

of resolving complex mixtures and detecting trace-level analytes. Chromatography, a separation technique 

based on the differential partitioning of analytes between stationary and mobile phases, is widely employed 

in pharmaceutical analysis. High-performance liquid chromatography (HPLC) and ultra-performance liquid 

chromatography (UPLC) have become indispensable tools due to their superior resolution, shorter analysis 

times, and ability to handle diverse analyte chemistries. 

HPLC techniques for antihypertensive drugs often employ reverse-phase configurations, where a non-polar 

stationary phase (e.g., C18 columns) is used in conjunction with a polar mobile phase. The choice of 

mobile phase is critical and typically involves a combination of aqueous buffers and organic solvents such 

as acetonitrile or methanol. Gradient elution techniques are often employed to achieve optimal separation 

of drug components and their impurities. Detection methods such as UV-Vis spectrophotometry, 

fluorescence detection, and mass spectrometry (MS) further enhance the sensitivity and selectivity of 

chromatographic analyses[14,15]. 

2.1 Indapamide[16,17] 

Indapamide is a thiazide-like diuretic used primarily for the treatment of hypertension and edema 

associated with heart failure. Its dual action as a diuretic and vasodilator contributes to its antihypertensive 

efficacy. The drug exhibits a high degree of lipophilicity, allowing it to penetrate vascular smooth muscle 

cells effectively. Analytical challenges for Indapamide arise from its low therapeutic dose and the need to 

detect impurities and degradation products.Indapamide’s analytical profile is characterized by its relatively 

low molecular weight and hydrophilic nature, making it amenable to chromatographic separation using 

reverse-phase HPLC. Studies have focused on optimizing mobile phase pH and ionic strength to achieve 

sharp peak resolution. Stability-indicating methods have been developed to assess the degradation of 

indapamide under acidic, alkaline, oxidative, and thermal stress conditions. Forced degradation studies are 

particularly valuable in understanding the stability profile of indapamide and ensuring the reliability of its 

pharmaceutical formulations. The HPLC and HPTLC method for the estimation of antihypertensive agent 

shown in Table 1 and table 2 respectively. 

2.2 Amlodipine[4,5,18] 

Amlodipine, a dihydropyridine calcium channel blocker, is widely prescribed for hypertension and angina. 

It works by inhibiting calcium ion influx in vascular smooth muscle and cardiac muscle, leading to 

vasodilation and reduced cardiac workload[19]. Amlodipine's stability profile, including its susceptibility to 

photo and oxidative degradation, necessitates stability-indicating chromatographic methods for its 

analysis.As a calcium channel blocker with a long half-life, amlodipine presents unique challenges in 

analytical quantification due to its susceptibility to photodegradation. Chromatographic methods often 

incorporate photostability testing to evaluate its degradation products under UV light exposure. Mobile 

phase optimization, including the use of buffers like phosphate or acetate, plays a critical role in achieving 

consistent retention times and peak shapes. Dual-wavelength detection techniques are sometimes employed 
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to differentiate amlodipine from its impurities and degradation products[5].The HPLC and HPTLC method 

for the estimation of antihypertensive agent shown in Table 1 and table 2 respectively. 

2.3 Atenolol[3,6] 

Atenolol, a cardioselective beta-1 adrenergic receptor blocker, is frequently used for managing 

hypertension, angina, and arrhythmias. Its hydrophilic nature and renal elimination make it distinct from 

other beta-blockers. Analytical methods for Atenolol often involve detecting its metabolites and ensuring 

its stability under various conditions, as degradation can compromise therapeutic efficacy.Atenolol, a 

hydrophilic beta-blocker, is frequently analyzed using HPLC with UV detection. The polar nature of 

atenolol necessitates careful selection of mobile phase components to ensure adequate retention and 

resolution. Methods using ion-pairing agents such as tetrabutylammonium bromide have been explored to 

enhance chromatographic performance. Atenolol’s stability under oxidative and thermal conditions is a key 

consideration in method validation, with forced degradation studies providing insights into its degradation 

pathways.The HPLC and HPTLC method for the estimation of antihypertensive agent shown in Table 1 

and table 2 respectively. 

2.4 Azilsartan[7,20] 

Azilsartan medoxomil, an angiotensin II receptor blocker (ARB), is a newer addition to the 

antihypertensive drug class. It is notable for its potent antihypertensive action and favorable 

pharmacokinetic properties. Azilsartan's analysis requires methods capable of distinguishing it from its 

prodrug form and potential impurities, given its recent introduction and evolving quality 

standards.Azilsartan, a relatively newer antihypertensive agent, poses analytical challenges due to its 

complex molecular structure and potential for multiple degradation pathways. HPLC methods for azilsartan 

often utilize gradient elution techniques to separate the drug from its related substances and excipients. The 

incorporation of advanced detection technologies, such as tandem mass spectrometry (MS/MS), has 

enabled the precise quantification of azilsartan in biological matrices and pharmaceutical dosage forms. 

Stability-indicating methods are essential for evaluating azilsartan’s behavior under stress conditions, 

including hydrolysis, oxidation, and photolysis.The HPLC and HPTLC method for the estimation of 

antihypertensive agent shown in Table 1 and table 2 respectively. 

3. Key Considerations in Method Development 

The development of chromatographic methods for antihypertensive agents involves several critical steps, 

including the selection of suitable chromatographic conditions, validation of analytical performance, and 

assessment of method robustness. The International Council for Harmonisation (ICH) guidelines serve as a 

framework for method validation, outlining parameters such as accuracy, precision, specificity, linearity, 

limit of detection (LOD), and limit of quantification (LOQ)[21,22]. 

Forced degradation studies are a cornerstone of stability-indicating method development, providing 

insights into the degradation behavior of drugs under various stress conditions. These studies not only aid 

in method validation but also support regulatory compliance by ensuring the stability and efficacy of 

pharmaceutical products throughout their shelf life. The application of statistical tools for method 

optimization and robustness testing further enhances the reliability of chromatographic analyses. 
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Table 1: HPLC method for the estimation of antihypertensive agent  

Sr. 

No. 

Title Details Ref. 

No. 

1 Study of the Acidic, Basic, and 

Thermal Degradation Kinetics of 

Three Antihypertensive Drugs—

Individually and in Combination 

The degradation processes were studied 

using the previously developed reverse 

phase high-performance liquid 

chromatographic (RP-HPLC) method 

after exposing each drug individually, as 

well as the combinations of two/three 

drugs, to different stress factors, such as 

light, oxidation, acidic, basic, or neutral 

pH values at different temperatures. 

Results: The results show that PER is 

most unstable under basic conditions and 

that AML displays a negative, while IND 

displays a positive effect, on PER 

stability when combined. AML is most 

affected by basic conditions and 

oxidation, and its stability is affected by 

both drugs positively; IND undergoes 

extreme photolysis, which is positively 

affected by AML but negatively by PER.  

[23] 

2 Multivariate Analysis and 

Response Surface Modeling to 

Green Analytical Chemistry–

Based RP-HPLC-PDA Method for 

Chromatographic Analysis of 

Vildagliptin and Remogliflozin 

Etabonate 

The multivariate analysis has been 

carried out for the identification of 

critical method risk parameters (CMRPs) 

and critical method performance 

attributes (CMPAs) using principal 

component analysis (PCA). The 

identified CMRPs and CMPAs were 

linked with each other for optimization of 

the RP-HPLC-PDA method using DoE-

based response surface modeling. The 

analytical design space (ADS) has been 

explored for robust chromatographic 

analysis of VDG and RGE. Results: The 

chromatographic analysis of VDG and 

RGE has been carried out using Shim-

Pack C18 column (250 mm L, 4.6 mm 

[24] 
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ID, 5.0 mm PS) and isopropyl alcohol–

0.1% (v/v) formic acid (FA) in water (45 

+ 55, v/v, pH -3.5). The developed 

method has been validated in accordance 

with ICH Q2 (R1) guidelines.  

3 Analytical Method Development 

and Validation for Simultaneous 

Estimation of Amlodipine 

Besylate and Indapamide by using 

UV VIS Spectrophotometry and 

RPHPLC in Bulk and Dosage 

Form 

C-18 column with UV-detection. 

Acetonitrile: acetate buffer pH-5 (40: 60 

% v/v) with 1.2 mL / min flow rate was 

selected as mobile phase. 

[25] 

4 A new RP–HPLC method for 

simultaneous quantification of 

perindopril erbumine, 

indapamide, and amlodipine 

besylate in bulk and 

pharmaceutical dosage form 

The Phenomenex C-18 column (250 mm 

× 4.6 mm, 5 μm) was used as a stationary 

phase, and acetonitrile: methanol: water 

(30:20:50, v/v/v) was found to be 

optimized mobile phase which was 

further adjusted to pH 3.0 by utilizing 

1.0% orthophosphoric acid; the flow rate 

kept was 1 ml/min and experiments were 

performed using PDA detector. The 

common detection wavelength for all the 

three APIs was found to be 215.0 nm. 

[18] 

5 UV-Spectrophotometric and 

Stability Indicating RP-HPLC 

Method for the Simultaneous 

Estimation of Amlodipine 

Besylate and Indapamide 

For the RP-HPLC; Chromatography was 

carried on Shimadzu LC-20AT series 

HPLC; C-18 ODS bonded column (25 

cm × 4.60 mm, 10 μl, 40°C) used as 

stationary phase; methanol: water (95:5% 

v/v) as mobile phase. The retention time 

of the AMDB and INDA were 8.780 and 

2.850 min, respectively; detection at 

λmax 238 nm for both of drug (overlain 

spectra). 

[26] 

6 Simultaneous estimation of 

amlodipine besylate and 

indapamide in a pharmaceutical 

formulation by a high-

performance liquid 

A Brownlee C-18, 5 μm column with a 

mobile phase containing 0.02 M 

potassium dihydrogen phosphate-

methanol (30+70, v/v) total pH-adjusted 

to 3 using o-phosphoric acid was used. 

[27] 
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chromatographic (RP-HPLC) 

method 

The flow rate was 1.0 mL min -1 and 

effluents were monitored at 242 nm. 

7 Stability indicating RP-HPLC 

studies for the estimation of 

irbesartan and amlodipine 

besylate in pharmaceutical 

formulations and identification 

and characterization of degradants 

using LC-MS 

The chromatographic separation was 

achieved on a Zorbax CN column using a 

mixture of 1 mM potassium dihydrogen 

phosphate (pH 3.0) and acetonitrile 

(70:30, v/v) as the mobile phase at a flow 

rate of 0.9 mL/min. Detection was carried 

out at 240 nm. 

[28] 

8 RP HPLC estimation of atenolol 

and indapamide in bulk and 

pharmaceutical dosage form 

simultaneously 

Separation was achieved with 

anphenomenex C18 coloumn, 250mm x 

4.6mm (particles with 5µm).A mixture of 

methanol and HPLC water (50:50)as 

mobile phase at a flow rate of 1 ml/min 

and the column temperature was 

maintained at 25˚c. Dual wavelength 

detector was performed at 231 nm with a 

run time of 10 minutes. 

[29] 

9 A Versatile Stability-indicating 

Liquid Chromatographic Method 

for the Simultaneous 

Determination of Atenolol, 

Hydrochlorothiazide and 

Chlorthalidone 

In this method, the separation was 

accomplished through an Inertsil (R) 

ODS-3V C18 column (250 mm x 4.6 

mm, 5 mu m), the mobile phase used was 

25 mM aqueous potassium dihydrogen 

orthophosphate solution adjusted to pH 

6.8 by using 0.1M sodium hydroxide and 

acetonitrile (77 : 23, v/v), the flow rate 

used was 1 ml/min and detection was 

achieved at 235 nm using UV 

[30] 

10 Validated RP-HPLC Method for 

the Determination of Indapamide 

in Bulk and Tablet Dosage Form 

Separation was achieved on C18 column 

(250X4.6mm i.d.,5μm) in isocratic mode 

using Acetonitrile:Methanol:Water in the 

ratio of 40:50:10 (v/v/v) as mobile phase, 

pumped in to the column at flow rate of 

1.0 mL min-1and the detection of eluent 

from the column was carried out using 

variable wavelength UV detector at 242 

nm. 

[31] 

11 A validated RP-HPLC method for Waters C18 column (250×4.6 mm, 5 μ [32] 
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simultaneous estimation of 

atenolol and indapamide in 

pharmaceutical formulations 

particle size) using a mobile phase, 

methanol and water (adjusted to pH 2.7 

with 1% orthophosphoric acid) in the 

ratio of 80:20. The flow rate was 1 

mL/min and effluent was detected at 230 

nm. 

12 Development & validation of 

stability indicating High 

Performance Liquid 

Chromatographic method for 

simultaneous estimation of 

atenolol & indapamide in tablet 

dosage form 

Waters HPLC system on a L1 column 

(Hypersil Gold: 250mm x 4.6 mm, 5µm) 

using a mixture of 0.1% Triethyl Amine 

in water of pH 3.0 & Methanol in the 

ratio 30:70 v/v as mobile phase in an 

isocratic elution mode at a flow rate of 

1.0 ml/min, at 30ºC with a load of 20µl. 

The detection was carried out at 240 nm. 

[33] 

13 Development and Validation of 

Stability Indicating 

Chromatographic Methods for 

Determination of Azilsartan 

Medoxomil in Pharmaceutical 

Formation 

In RP-HPLC, separation was performed 

with Hiber® C-18 column (250 mm X 

4.6 mm, 5 μm), using mobile phase 

methanol: acetonitrile: water (88:8:4 

v/v/v) at a flow rate of 0.5 ml/min. The 

analyte was detected at 254 nm over a 

concentration range of 20 - 70 μg/ml with 

correlation coefficient of 0.999. In 

HPTLC, separation was carried out with 

silica gel G60 F254 aluminum sheet 

using acetone: toluene: ammonia 

(8.2:1.7:0.1 v/v/v) as a developing system 

[34] 

14 Stability indicating RP-HPLC 

method for determination of 

azilsartan medoxomil in 

pharmaceutical dosage form 

The quantification was carried out using 

Hypersil BDSC18, 250X4.6 mm, 5μ, 

enhanced polar selectivity column and 

mobile phase comprised of potassium 

dihydrogen phosphate buffer pH adjusted 

to 4.0 ± 0.5 with orthophosphoric acid 

and acetonitrile in proportion of ratio 

60:40 and degassed under ultrasonication. 

The flow rate was 1.0mL/min and the 

effluent was monitored at 248nm. 

[35] 

15 Method Development and 

Validation for the Determination 

Separation of impurities at satisfactory 

level is achieved in Acquity UPLC BEH 

[36] 
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of Potential Impurities Present in 

Azilsartan medoxomil Tablets by 

Reverse Phase-Ultra Performance 

Liquid Chromatography 

C18, 100 mm length x 2.1 mm id with 

1.7 µm particle size column. Mobile 

phase A consists of 0.1% ortho 

phosphoric acid in water adjusted the pH 

to 3.0 with dilute sodium hydroxide and 

acetonitrile as Mobile phase B using 

gradient elution mode. Flow rate was 

kept at 0.5 mL.min-1 with a monitoring 

wavelength of 215 nm 

 

Table 2: HPTLC method for the estimation of antihypertensive agent  

Sr. 

No. 

Title Details Ref. 

No. 

1 High performance thin layer 

chromatographic estimation of 

atenolol and indapamide from 

pharmaceutical dosage form 

Atenolol and indapamide were separated 

on the plate coated with silica gel 60G 

F254 using a mixture of 

toluene:ethanol:acetone:acetic acid 

(7:2.5:3:0.3 v/v) as mobile phase. 

Quantification was carried out by the use 

of densitometer in absorbance mode at 

266 nm 

[37] 

2 Simultaneous determination of 

amlodipine besylate and azilsartan 

mixture in human plasma utilizing 

high-performance thin-layer 

chromatography with ultraviolet 

detection 

Reflectance/absorbance densitometry was 

conducted using toluene‒ethyl 

acetate‒methanol‒acetone‒acetic acid 

(6:1.5:1:0.5:1, V/V) as the mobile phase, 

and separation was achieved on a 

precoated silica gel HPTLC plate. 

[38] 

3 HPTLC-Densitometric Estimation 

of Anti-hypertensive Drug 

Combination Azilsartan 

Medoxomil and Cilnidipine in 

Combined Dosage Form 

Pre-coated silica gel- G60 F254 

aluminum sheet (100 × 100 mm, 0.2 mm 

layer thickness) were used as stationary 

phase and Ethyl Acetate: Toluene: Glacial 

Acetic Acid (5: 4.9: 0.1 %v/v/v) in the 

mixture was used as mobile phase. 

[39] 

4 Simultaneous estimation of 

azilsartan medoxomil and 

chlorthalidone by chromatography 

method using design of 

experiment and quality risk 

Chromatographic separation was 

performed using silica gel GF254 as the 

stationary phase and 

toluene‒methanol‒ethyl acetate‒formic 

acid (7:2:1:0.2, V/V) as the mobile phase 

[40] 
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management based quality by 

design approach 

in twin-trough chamber keeping a 

saturation time of 15 min. 

5 Application of Chemometry and 

Design of Experiments to Green 

HPTLC Method for Synchronous 

Estimation of Multiple FDCs of 

Cilnidipine 

The chromatographic separation was 

performed using silica gel G60 F254 as 

the stationary phase and toluene-ethyl 

acetate-methanol (6.5+2+1.5, v/v) as the 

mobile phase. The method was validated 

as per the International Council for 

Harmonization Q2 (R1) guideline. 

[20] 

6 Development and validation of 

HPTLC method for simultaneous 

determination of amlodipine 

besylate and metoprolol succinate 

in bulk and tablets 

The method employed HPTLC aluminum 

plates precoated with silica gel 60F-254 

(10×10) as the stationary phase. The 

solvent system consisted of toluene:ethyl 

acetate:methanol:triethylamine (4:1:1:0.4 

v/v/v). The system was found to give a 

compact spot for amlodipine besylate (R 

f = 0.39±0.02) and metoprolol succinate 

(R f = 0.59±0.02). Densitometric analysis 

of amlodipine besylate and metoprolol 

succinate was carried out in the 

absorbance mode at 254 nm. 

[41] 

7 Development and validation of 

HPTLC method for the 

simultaneous estimation of 

amlodipine besylate and 

atorvastatin calcium in combined 

dosage form 

Chromatographic separation of the drugs 

were performed on aluminum plates 

precoated with silica gel 60 F254 used as 

stationary phase and the chromatogram 

was developed using Ethyl acetate: 

Methanol: Ammonia (7.5: 2: 0.5 %v/v/v) 

as mobile phase. Amlodipine besylate 

and Atorvastatin calcium showed Rf 

values 0.50 ± 0.02 and 0.26 ± 0.02 

respectively. Densiometric analysis of 

both the drugs was carried out in the 

absorbance mode at 365 nm. 

[42] 

8 Simultaneous HPTLC analysis of 

atenolol and indapamide in tablet 

formulation 

Chromatographic separation was 

achievedon aluminum foil plates 

precoated with silica gel 60F254, with 

toluene: ethyl acetate: methanol: 

ammonia5:3:3:0.1 (v/v) as mobile phase. 

[43] 
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Detection was performed 

densitometrically at 229 nm.  

9 Validated HPTLC methods for 

determination of some selected 

antihypertensive mixtures in their 

combined dosage forms 

For Mixture II, the mobile phase was 

chloroform–methanol–ammonia in the 

volume ratio 8:2:0.1. Detection was 

performed at 254nm for valsartan and 

hydrochlorothiazide, and at 365nm for 

amlodipine. 

[44] 

10 Development and validation of 

stability-indicating HPTLC 

method for the estimation of 

perindopril and Indapamide 

The method was based on the separation 

of two drugs on plates precoated with 

silica gel 60 F254using Dichloromethane: 

Methanol: Glacial acetic acid in the ratio 

of 9.5:0.5:0.1 v/v/v as mobile phase 

followed by scanning in absorbance 

mode at 215 nm. 

[45] 

11 Simultaneous determination of 

amlodipine besylate and azilsartan 

mixture in human plasma utilizing 

high-performance thin-layer 

chromatography with ultraviolet 

detection 

  

 

3.1 Emerging Trends and Future Perspectives 

Advances in chromatographic technology, including the development of superficially porous particles 

(SPPs) and core-shell columns, have revolutionized the analytical landscape. These innovations enable 

faster analyses with improved resolution and reduced solvent consumption. The integration of 

chromatographic techniques with hyphenated systems such as HPLC-MS/MS and HPLC-FTIR has 

expanded the scope of pharmaceutical analysis, allowing simultaneous quantification and structural 

elucidation of analytes. 

As the field of analytical chemistry continues to evolve, the focus is shifting towards green analytical 

chemistry (GAC) principles, which emphasize the reduction of hazardous chemicals and waste in analytical 

processes. The use of eco-friendly solvents and miniaturized chromatographic systems aligns with the 

broader goals of sustainability and environmental stewardship. 
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4. Conclusion 

The estimation of antihypertensive agents such as indapamide, amlodipine, atenolol, and azilsartan through 

chromatographic methods is a critical aspect of pharmaceutical research and quality control. Advances in 

chromatographic techniques and method validation protocols have significantly enhanced the accuracy and 

reliability of drug analysis. This review underscores the importance of stability-indicating methods and 

highlights emerging trends that promise to shape the future of analytical methodologies. By bridging the 

gap between analytical innovation and therapeutic application, chromatographic methods continue to play a 

pivotal role in ensuring the safety and efficacy of antihypertensive drugs. 
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