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Abstract 

A rapid, highly sensitive High-Performance Liquid Chromatographic method has been developed for the 

simultaneous determination of Ramipril (RMP) and Hydrochlorothiazide (HCT) in bulk drug and in 

tablets. Ramipril (RMP) and Hydrochlorothiazide (HCT) were eluted from an Eclipse plus C18 (250 mm 

× 4.6 mm I.D.) with particle size 5 µm reversed phase column with a mobile phase consisting of 

acetonitrile and potassium dihydrogen ortho-phosphate pH 3 (40: 60 v/v) at a flow rate of 1 mL/min with 

UV detection at 210 nm. The retention time for RMP and HCT was found to be 3.31 ± 0.02 min and 6.64 

± 0.02 min, respectively. The linear response (r2 <0.99) was observed in the range of 2 - 12 μg/mL for 

RMP and 4 - 24 μg/mL  of HCT with low values of limits of detection (LOD) and quantification (LOQ) 

for both drugs. The method shows good recoveries and intra and inter-day relative standard deviations 

were less than 1.0%. Validation parameters as specificity, accuracy, ruggedness and robustness were also 

determined. The proposed method provides accurate and precise quality control tool for routine 

simultaneous analysis of Ramipril and Hydrochlorothiazide in bulk and in tablet dosage form. 

 

Keywords: Ramipril; Hydrochlorothiazide; RP-HPLC; Validation  

 

Introduction 

Ramipril (RMP) (Figure 1) is chemically (2S,3aS,6aS)-1-[(2S)-2-[[(2S)-1-ethoxy-1-oxo-4-phenylbutan-

2-yl]amino]propanoyl]-3,3a,4,5,6,6a-hexahydro-2H-cyclopenta[b]pyrrole-2-carboxylic acid [1]. It is a 

prodrug belonging to the angiotensin-converting enzyme (ACE) inhibitor class of medications. It is 

metabolized to ramiprilat in the liver and, to a lesser extent, kidneys. Ramiprilat is a potent, competitive 

inhibitor of ACE, the enzyme responsible for the conversion of angiotensin I (ATI) to angiotensin II 

(ATII). ATII regulates blood pressure and is a key component of the renin-angiotensin-aldosterone system 
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(RAAS). Ramipril may be used in the treatment of hypertension, congestive heart failure, nephropathy, 

and to reduce the rate of death, myocardial infarction and stroke in individuals at high risk of 

cardiovascular events [2]. 

 

 
Figure 1: Chemical Structure of Ramipril  

 

Hydrochlorothiazide (HCT) (Figure 2) is chemically 6-chloro-1,1-dioxo-3,4-dihydro-2H-1,2,4-

benzothiadiazine-7-sulfonamide. It is the most commonly prescribed thiazide diuretic. It is indicated to 

treat edema and hypertension. Hydrochlorothiazide use is common but declining in favour of angiotensin 

converting enzyme inhibitors. Many combination products are available containing hydrochlorothiazide 

and angiotensin converting enzyme inhibitors or angiotensin II receptor blockers [3, 4]. 

 

 
Figure 2: Chemical structure of Hydrochlorothiazide 

 

In literature, several methods are reported for the quantification of Ramipril and Hydrochlorothiazide 

(alone or in combination) in bulk, pharmaceutical formulation and biological fluids. Such as UV- 

spectrophotometric [5-9], RP-HPLC [10-22], and HPTLC [23] methods are reported in the literature. 

Every analytical method is having several advantages and also limitations.  

Therefore, an objective of the present work is to develop and validate RP-HPLC method for simultaneous 

estimation of ramipril and hydrochlorothiazide in bulk and  pharmaceutical formulation as per ICH 

guidelines [24].     
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EXPERIMENTAL 

Materials and reagents  

Working reference standards of RMP and HCT were kindly supplied as gift samples by Ipca Laboratories 

Ltd., Mumbai, India. Marketed formulation RAMIPRES-H 5® (Label claim: RMP 5.0 mg and HCT 12.5 

mg) were procured from the local pharmacy. All the chemicals used of HPLC Grade (MERCK. Chem. 

Ltd., Mumbai) and double distilled R.O water was used for mobile phase preparation. 

Equipment  

The development and validation of the assay was performed on a UFLC-LC 20AD system (Shimadzu 

Corporation, Japan) provided with a LC-20AD solvent Deliver system (binary pump), SPD-M 20A Diode 

array detector, and LC solution software use as Data processor (version 1.25). SHIMADZU AUX 120 

Weighing Balance was used for all weighing. 

Preparation of mixed stock standard solution 

Mixed stock standard solution of RMP (0.1 mg/mL) and HCT (0.2 mg/mL) was prepared by dissolving 

10 mg of RMP and 20 mg of HCT in 100 mL methanol. 

Chromatographic conditions  

A stationary phase with C18 bonded phase i.e. Eclipse plus C18 (250 mm × 4.6 mm I.D.) with particle 

size 5 µm was selected with mobile phase consisting of acetonitrile and potassium dihydrogen ortho-

phosphate (40:60 v/v) was tried and both these drugs were resolved properly. Well defined chromatograms 

were observed when the pH of the buffer was adjusted to 3.0 at flow rate of 1 ml/min; the retention time 

for RMP and HCT was found to be 3.31 ± 0.02 min and 6.64 ± 0.02 min, respectively. The total time of 

analysis was less than 10 min. The chromatogram of binary mixture is shown in Figure 3. Finalised 

chromatographic conditions are shown in Table 1 

 

 
Figure 3: RP-HPLC Chromatogram of RMP and HCT in mixed stock standard solution 

 

Table 1: Finalised chromatographic conditions 

Chromatographic Mode Chromatographic Condition 

• HPLC System UFLC-LC 20AD system (Shimadzu Corporation, Japan) 
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• Pump LC-20AD solvent Deliver system (binary pump) 

• Detector SPD-M 20A Diode array detector 

• Data processor LC solution Data processor (version 1.25) 

• Stationary phase Eclipse plus C18 column (250 mm × 4.6mm,5 µ) 

Mobile phase Acetonitrile : Buffer (40:60 %, v/v) pH 3  

Detection wavelength 210 nm 

• Flow rate 1 mL/min 

• Sample size 20 µL 

 

RESULTS AND DISCUSSION 

Linearity studies 

From the stock standard solution, aliquots portions (0.2 – 1.2 mL) were transferred into a series of 10 mL 

volumetric flasks and diluted up to the mark with mobile phase to obtain final concentration in the range 

of  2 - 12 μg/mL for RMP and 4 - 24 μg/mL  of HCT.  A constant volume of 20 L of each sample was 

injected with the help of Hamilton Syringe.  All measurements were repeated five times for each 

concentration and calibration curve was constructed by plotting the peak area versus the drug 

concentration. The calibration curves are shown in Figure 3 and Figure 4. 

 

 
Figure 3: Calibration curve for RMP 

 

 
Figure 4: Calibration curve for HCT 

y = 74450x + 8789

R² = 0.9996

0

200000

400000

600000

800000

1000000

0 5 10 15

P

e

a

k

A

r

e

a

Concentration (g/ml)

Ramipril Linearity 

y = 71548x + 33212

R² = 0.9995
0

500000

1000000

1500000

2000000

0 5 10 15 20 25 30

P

e

a

k

A

r

e

a

Concentration (µg/ml)

Hydrochlorothiazide Linearity 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR24052818 Volume 6, Issue 5, September-October 2024 5 

 

Application of method for laboratory mixture  

In order to see the feasibility of the method in the marketed formulation, it was first tried  in physical 

laboratory mixture. Accurately weighed quantity of 10 mg (RMP) and 25 mg (HCT) were transferred to 

100 mL volumetric flask containing 50 mL methanol and volume was adjusted up to mark. It was further 

diluted to get concentration 4 µg/mL of RMP and 10 µg/mL of HCT. Constant volume 20 µL was injected 

into column and peak area was recorded. The concentration of both these drugs were determined  from 

their respective linearity curves. The procedure was repeated for six times. The percent amount ± SD of 

RMP and HCT was found to be 99.51± 0.82 and 99.62 ± 0.65 respectively.  

 

Application of proposed method to tablet formulations  

To determine the content of RMP and HCT in tablet formulation; twenty tablets RAMIPRES-H 5® (Label 

claim: RMP 5.0 mg and HCT 12.5 mg) were weighed accurately and finely powdered. A quantity of 

powder equivalent to 10 mg of RMP and 25 mg of  HCT was weighed  and transferred into 100 mL 

volumetric flask containing about  50 mL  methanol, sonicated for 15 min, and volume was made up to 

the mark with methanol. The solution was filtered through 0.45 μm membrane filter paper.  The solution 

was further diluted with mobile phase to obtain concentration 4 μg/mL (RMP) and 10 μg/mL (HCT).  The 

sample solutions were injected into column for six times.  The concentrations of both these drugs were 

calculated from their linearity curve. Results are shown in Table 2.  

 

Table 2: Analysis of tablet formulation 

Parameters RMP HCT 

Label Claim (mg) 5.0 12.5 

Amount found[µg/mL] 4.0 10.0 

Drug content(%)  ±  SD:n = 6 99.17 ± 1.07 99.50 ± 1.25 

% RSD 1.07 1.26 

 

Validation of Method 

The objective of validation of an analytical procedure is to demonstrate that it is adequate for its intended 

purpose. To meet the pharmaceutical regulatory guidelines i.e., ICH guidelines [24] a number of 

parameters must be investigated in order to validate analytical methods such as accuracy, precision, 

sensitivity, specificity, ruggedness and robustness study. 

 

Accuracy  

It was performed by recovery study using standard addition method at 80, 100 and 120 % level; known 

amount of standard RMP and HCT was added to pre-analyzed sample 4 µg/mL of RMP; 8 µg/mL of HCT 

and subjected them to the proposed RP-HPLC method. Results are shown in Table 3. 

 

Table 3: Results of Recovery studies 

 

Drugs 

Initial amount 

[g/mL] 

Excess drug 

added to the 

analyte (%) 

Amount recovered  

S.D. 

[g/mL, n = 3] 

 

Recovery 

(%) 

% RSD 

 04 80 3.18  0.03 99.38 0.94 
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RMP 04 100 3.98  0.025 99.5 0.63 

 04 120 4.78  0.017 99.58 0.36 

 08 80 6.38  0.05 99.68 0.78 

HCT 08 100 7.87  0.04 99.37 0.51 

 08 120 9.5  0.03 98.95 0.32 

 

Precision 

Precision of the method was verified by repeatability and intermediate precision studies. Repeatability 

was measured by multiple injections of a homogenous sample of 6 g/mL of RMP and 12 g/mL of HCT. 

Intra-day precision was studied by analyzing  4, 6 and 8 µg/mL of  RMP and 8, 12, 16 µg/mL of HCT for 

three times on the same day. Inter-day precision was checked analyzing the same concentration for three 

different days over a period of week. 

The results are shown in Table 4 and Table 5. 

 

Table 4: Results for Precision studies 

Drug 

 

Conc. 

[g/mL] 

Intra day 

Amount Found [%] [n = 3] 

Inter day 

Amount Found [%] [n = 3] 

Mean % RSD Mean % RSD 

 

RMP 

4 99.45 0.71 99.87 1.28 

6 98.13 0.84 98.34 0.56 

8 99.34 0.34 99.12 0.86 

 

HCT 

8 99.38 0.72 99.56 0.58 

12 98.81 0.65 99.62 0.83 

16 99.86 0.43 98.42 0.68 

 

Table 5: Results for Repeatability studies 

Drug 
Concentration 

[g/mL] 

Peak Area 

Mean ± SD:n=6 
% RSD 

RMP 6 267467± 2836.16 1.11 

HCT 12 884251 ± 5780.11 0.653 

 

Robustness 

Robustness of the method was studied by making deliberate changes in few parameters viz; change   in   

flow rate, pH and mobile phase composition. The effects on the results were studied by injecting 6 µg/mL 

for RMP and  12 µg/mL for HCT; one factor was changed at one time to estimate the effect; the results 

are shown in Table 6. 
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Table 6:  Results for Robustness Studies 

Parameters 

RMP HCT 

± SD of peak  

area 

[n=6] 

% RSD 
± SD of peak area 

[n=6] 
% RSD 

Change in pH of  buffer 

2.8 

3.2 

 

3854.36 

3389.07 

 

0.87 

0.76 

 

2684.55 

1625.50 

 

1.22 

0.73 

Change in mobile phase  

composition 

(acetonitrile:buffer38:62v/v) 

(acetonitrile:buffer42:58v/v) 

 

 

3936.29 

3699.79 

 

 

0.89 

0.83 

 

 

4070.34 

2542.75 

 

 

0.64 

1.15 

Change in flow rate 

0.9 

1.1 

 

4780.56 

3794.10 

 

1.09 

0.85 

 

2976.67 

1998.84 

 

1.36 

0.91 

 

Sensitivity 

The quantitation limit is a parameter of quantitative assay for low levels of compounds in sample matrices, 

and is used particularly for the determination of impurities and/or degradation products. The limit of 

detection (LOD) and limit of quantitation (LOQ) were determined using following formulae. LOD = 

3.3(SD)/S;   LOQ = 10 (SD)/S Where SD = Standard Deviation of response, S = the slope of the calibration 

curve. LOD and LOQ were found to be 0.32 µg and 0.96 µg for RMP and 0.63 µg and 1.89 µg for HCT, 

respectively. 

 

Specificity and Selectivity 

The analytes should have no interference from other extraneous components and be well resolved from 

them. Specificity is a procedure to detect quantitatively the analyte in presence of component that may be 

expected to be present in the sample matrix, while selectivity is the procedure to detect qualitatively the 

analyte in presence of components that may be expected to be present in the sample matrix. The method 

is quite selective. There was no other interfering peak around the retention time of both the drugs; also the 

base line did not show any significant noise. The specificity of the HPLC method was determined by 

complete separation of RMP and HCT  along with other parameters like retention time (tR), capacity factor 

(k), tailing factor and asymmetric factor (T) etc.  

 

Ruggedness 

From stock solutions, sample solutions of RMP (4 µg/mL) and HCT (8 g/mL) were prepared and 

analyzed by two different analysts using similar operational and environmental conditions. Peak area was 

measured for same concentration solutions, six times; the results are shown in Table 7. 
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Table 7:  Results for Ruggedness study 

Analyst 
% Amount found  

  (RMP)[%] [n = 3] 
 %RSD 

% Amount found 

(HCT)[%] [n = 3] 
%RSD 

I 99.16 0.81 100.33 1.16 

II 99.59 1.44 99.39 0.72 

 

System suitability test 

System suitability testing is essential for the assurance of the quality performance of the chromatographic 

system. Earlier prepared solutions for chromatographic conditions were tested for system suitability 

testing. Results are shown in Table 8. 

 

Table 8: Results for System Suitability Test 

System suitability 

parameters 
RMP HCT 

Retention time (tR) 3.31 min 6.64 min 

Capacity factor (K') 0.8 2.2 

Theoretical plate (N) 11489 7100 

Tailing factor (T) 1.17 1.04 

 

References:  

1. O'Neil, M.J. (ed.). The Merck Index - An Encyclopedia of Chemicals, Drugs, and Biologicals. 

Cambridge, UK: Royal Society of Chemistry, 2013., p. 1503 

2. British Pharmacopoeia, Vol II London, Royal Pharmaceutical Society, 2000, pp. 1331-1333 

3. O'Neil, M.J. (ed.). The Merck Index - An Encyclopedia of Chemicals, Drugs, and Biologicals. 

Cambridge, UK: Royal Society of Chemistry, 2013., p. 885 

4. U.S. Pharmacopeia. The United States Pharmacopeia, USP 26/The National Formulary, NF 21; 

Rockville, MD: U.S. Pharmacopeial Convention, Inc., 2003, p. 909 

5. Iftequar, S., Swaroop, L., Zaheer, Z., Shahid, M., Imran, S. and Dehghan, M.H., 2012. UV 

Spectrophotometric methods for estimation of Ramipril in Pharmaceutical dosage form by absorption 

maxima method and area under curve. Int. J. Drug Dev. & Res, 4(1), pp.286-290. 

6. De, A., Dey, S., Jha, A. and Mandal, K., 2014. UV spectrophotometric methods for estimation of 

ramipril and hydrochlorothiazide by absorbance correction method. Indo american journal of 

pharmaceutical research, 4(5), pp.2503-2513. 

7. Bankey, S., Tapadiya, G.G., Saboo, S.S., Bindaiya, S., Jain, D. and Khadbadi, S.S., 2009. 

Simultaneous determination of ramipril, hydrochlorothizide and telmisartan by spectrophotometry. 

Int. J. ChemTech Res, 1(2), pp.183-188. 

8. Parissi-Poulou, M., Reizopoulou, V., Koupparis, M. and Macheras, P., 1989. Second derivative UV 

spectrophotometric determination of hydrochlorothiazide and hydrochlorothiazide-amiloride 

combination in tablets. International journal of pharmaceutics, 51(2), pp.169-174. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR24052818 Volume 6, Issue 5, September-October 2024 9 

 

9. Real, F.J., Acero, J.L., Benitez, F.J., Roldán, G. and Fernández, L.C., 2010. Oxidation of 

hydrochlorothiazide by UV radiation, hydroxyl radicals and ozone: Kinetics and elimination from 

water systems. Chemical Engineering Journal, 160(1), pp.72-78. 

10. Aboul-enein, H.Y. and Thiffault, C., 1991. Determination of ramipril and its precursors by reverse 

phase high performance liquid chromatography. Analytical letters, 24(12), pp.2217-2224. 

11. Rajoriya, V, Soni, A and Kashaw, V, 2016. Method development and validation of fast dissolving 

tablet of ramipril by HPLC method. Int J Pharm Pharm Sci, 8, pp.174-8. 

12. Zendelovska, D., Stafilov, T. and Miloševski, P., 2004. Development of solid‐phase extraction method 

and its application for determination of hydrochlorothiazide in human plasma using HPLC. 

Biomedical Chromatography, 18(2), pp.71-76. 

13. Belal, F., Al-Zaagi, I.A., Gadkariem, E.A. and Abounassif, M.A., 2001. A stability-indicating LC 

method for the simultaneous determination of ramipril and hydrochlorothiazide in dosage forms. 

Journal of pharmaceutical and biomedical analysis, 24(3), pp.335-342. 

14. Baing, M.M., Vaidya, V.V., Sane, R.T., Menon, S.N. and Dalvi, K., 2006. Simultaneous RP-LC 

determination of losartan potassium, ramipril, and hydrochlorothiazide in pharmaceutical 

preparations. Chromatographia, 64(5-6), pp.293-296. 

15. Pachauri, S., Paliwal, S., Srinivas, K.S., Singh, Y. and Jain, V., 2010. Development & validation of 

HPLC method for analysis of some antihypertensive agents in their pharmaceutical dosage forms. 

Journal of Pharmaceutical sciences and Research, 2(8), p.459. 

16. Manna, L., Valvo, L. and Alimonti, S., 2001. A liquid chromatographic lon-pairing method for 

simultaneous determination of benazepril hydrochloride, fosinopril sodium, ramipril and 

hydrochlorothiazide in pharmaceutical formulations. Chromatographia, 53(1), pp.S271-S275. 

17. Nagavi, J.B. and Anantharaju, P.G., 2014. Analytical RP-HPLC Method Development and Validation 

for the Simultaneous Estimation of Ramipril and Hydrochlorothiazide in Tablet Dosage Form. 

American journal of pharmtech research. 

18. Sreekanth, N., Shivshanker, K., Pandian, P.S., Roosewelt, C., Rao, G.S. and Gunasekaran, V., 2007. 

Simultaneous estimation and validation of rampiril, losartan potassium and hydrochlorothiazide by 

RP-HPLC in pure and pharmaceutical dosage form. Asian journal of chemistry, 19(4), p.2850. 

19. Kumar, B.K., Kumar, T.S., Kumar, A.S. and Rao, P.V., 2011. Development and Validation of RP-

HPLC Method for Simultaneous Estimation of Ramipril, Telmisartan and Hydrochlorothiazide in 

Pharmaceutical Dosage Forms. Journal of Pharmacy Research, 4(10), pp.3306-3308. 

20. Varghese, S.J. and Ravi, T.K., 2011. Simultaneous Determination of Ramipril, Hydrochlorothiazide 

and Telmisartan in tablet dosage form using High-Performance liquid chromatography method. 

Scholars Research Library Der Pharmacia Lettre, 3(2), pp.83-90. 

21. Ashutosh Kumar, S., Debnath, M., Seshagiri Rao, J.V.L.N. and Sankar, D.G., 2016. New Validated 

Stablity Indicating RP-HPLC Bioanalytical Method Development and Validation for Simultaneous 

Estimation of Hydrochlorothiazide, Ramipril and Losartan in Human Plasma by Using PDA Detector. 

Gowri, New Validated Stablity Indicating RP-HPLC Bioanalytical Method Development and 

Validation for Simultaneous Estimation of Hydrochlorothiazide, Ramipril and Losartan in Human 

Plasma by Using PDA Detector (June 6, 2016). 

22. Patel, J.R., Pethani, T.M., Vachhani, A.N., Sheth, N.R. and Dudhrejiya, A.V., 2014. Development and 

validation of bioanalytical method for simultaneous estimation of ramipril and hydrochlorothiazide in 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR24052818 Volume 6, Issue 5, September-October 2024 10 

 

human plasma using liquid chromatography-tandem mass spectrometry. Journal of Chromatography 

B, 970, pp.53-59. 

23. Desai, D.A., Chauhan, R.S. And Kushwaha, R.D., 2018. Development And Validation Of HPTLC 

Method For Simultaneous Estimation Of Hydrochlorothiazide And Ramipril In Their Combined 

Tablet Dosage Form & Stability Indicating Hptlc Method For Estimation Of Hydrochlorothiazide. 

International Journal of Research and Analytical Reviews, 5(3), pp. 293-301 

24. International Conference on Harmonization (ICH). Q2 (R1), Validation of Analytical Procedures: Text 

and Methodology; IFPMA: Geneva, 2005. 

https://www.ijfmr.com/

