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ABSTRACT: Ramipril is an angiotensin-converting enzyme inhibitor and is used in 

treating high blood pressure. Hydrochlorothiazide is a diuretic drug that increases 

urine output. High-Performance Thin-Layer Chromatography is a sophisticated form 

of thin-layer chromatography which is a separation technique and is used in various 

bioavailability studies to study marketed formulations as well as novel therapeutic 

agents. We aimed to develop and validate a simple, precise, accurate, and rapid 

HPTLC method for the simultaneous estimation of Ramipril and 

Hydrochlorothiazide in the combined solid dosage form. Precoated silica gel G60F254 

was used as the stationary phase. The mobile phase used was a mixture of methanol: 

toluene: ethyl acetate: glacial acetic acid (1:6:3:0.5 %v/v). Spot detection was carried 

out at 210 nm. Validation of the method was done in terms of linearity, accuracy, 

precision, and specificity. A linear calibration curve was obtained between 2000 to 

12000 ng/spot for Ramipril and 500 to 3000 ng/spot for Hydrochlorothiazide. The 

limit of detection and the limit of quantification for the Ramipril was found to be 

434.1 and 1315.483 ng/spot, respectively, and for Hydrochlorothiazide 80.6 and 

244.31 ng/spot, respectively. The drug content of the marketed formulation was 

successfully determined by the proposed validate method. 

INTRODUCTION: Nowadays, an abundant 

combination of drugs in various dosage forms is 

available in the market. Multicomponent 

formulations have gained a lot of importance due to 

greater patient acceptability, multiple action, 

increased potency, lesser side effects, and quick 

relief. Simultaneous analysis procedures are often 

used in the current scenario for the estimation of 

drugs in multicomponent pharmaceutical 

formulations because of their inherent advantages, 

avoid time-consuming, extraction, and separation, 

are economical in the manner that the use of 

expensive reagents is minimized, and are equally 

accurate and precise.  
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One such combination of drug formulation is 

Ramipril and Hydrochlorothiazide marketed as 

Cardace-H 5 tablets (SanofiIndia Ltd.), which is 

used in the treatment of hypertension.  

Chemically Ramipril is 4-[2-(1-ethoxycarbonyl-3-

phenyl-propyl) aminopropanoyl]-4-azabicyclo 

[3.3.0] actane-3-carboxylic acid 
1 

Fig. 1 and 

Hydrochlorothiazide is 6-chloro-3, 4-dihydro-2H-1, 

2, 4-benzothiadiazine-7-sulfonamide 1, 1-dioxide 
2
 

Fig. 2. 

 
FIG. 1: STRUCTURE OF RAMIPRIL 
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FIG. 2: STRUCTURE OF HYDROCHLOROTHIAZIDE 

Ramipril is used for the treatment of essential 

hypertension and it is an ACE inhibitor and works 

by relaxing blood vessels which in turn helps the 

blood to flow more easily. This drug blocks the 

enzyme ACE which converts angiotensin I to form 

the potent vasoconstrictor angiotensin II 
3
.
 

The 

addition of Hydrochlorothiazide (A Thiazide 

diuretic class drug, also known as ‘water pills’) to 

Ramipril was found to be more effective than each 

reagent at lowering blood pressure in patients with 

hypertension. Hydrochlorothiazide is used to treat 

edema (fluid retention; excess fluid held in body 

tissues) and is prescribed alone or together with 

other medications to treat high blood pressure. 

The literature survey reveals that the determination 

of Ramipril was done by spectrophotometric 

methods, 
4-7

 HPLC, 
8-11

 HPTLC, and 

electrochemical methods 
12-13

. On the other side, 

Hydrochlorothiazide was determined individually 

by UV spectroscopy 
14-17

 HPLC, 
18

 HPTLC, 
19-21 

and electrochemical methods. Meanwhile, some 

spectrophotometric, HPLC, and HPTLC 
20-22 

and 

many bioanalytical methods were reported for the 

simultaneous estimation of Ramipril and 

Hydrochlorothiazide in the biological fluids and 

formulations. The survey also gives information 

about a few newer approaches for the simultaneous 

determination of drugs in the combined dosage 

form. For instance, the study described the 

dissolution method development and validation for 

both drugs by HPLC method 
23

 and a stability 

indicating LC 
24 

method was used for the 

determination of Ramipril in the presence of its 

degradation product. Also, a modern approach of 

HPLC 
25

 utilizing a Photo Diode Array detector 

(HPLC-PDA) was utilized for the simultaneous 

estimation. The absorptivity factor method and 

ratio subtraction method are the two new smart 

spectrophotometric methods 
26 

used for the 

estimation of Hydrochlorothiazide. From the 

exhaustive literature survey, it was found that little 

work on the HPTLC method has been reported for 

the simultaneous estimation of Ramipril and 

Hydrochlorothiazide in the combined formulation. 

Therefore, it was felt necessary to develop an 

HPTLC method for the simultaneous estimation of 

these drugs. In the present investigation, an attempt 

has been made to develop a more accurate and 

precise HPTLC method for the simultaneous 

estimation of Ramipril and Hydrochlorothiazide in 

combined solid dosage forms. 

MATERIALS AND METHODS: Ramipril and 

Hydrochlorothiazide standards were procured as a 

gift sample from Torrent Pharmaceuticals Ltd and 

Centaur Pharmaceuticals Ltd respectively. Tablets 

containing Ramipril (5 mg) and 

Hydrochlorothiazide (12.5 mg) were purchased 

from the local market (Cardace H 5, Sanofi India 

Ltd.).  

A Camag HPTLC system comprising of Camag 

Linnomate V automatic sample applicator, 

Hamilton syringe (100 µl), Camag TLC Scanner 3, 

CamagWinCATS software, Camag Twin-trough 

chamber (10×10 cm), and ultrasonicator were used 

during the study. The stationary phase used for the 

study was prepared by Silica gel G60F254 TLC 

Plates (10 × 10 cm, layer thickness 0.2 mm, E. 

Merck, Mumbai) and all the analytical grade 

chemicals and reagents were used. 

Preparation of Mobile Phase: A mixture of 1 ml 

methanol, 6ml toluene, 3ml ethyl acetate and 0.5% 

glacial acetic acid previously filtered through 0.45 

µm filter paper in a flask was used as a mobile 

phase. 

Preparation of Standard Stock Solution: 

Ramipril (30 mg) and Hydrochlorothiazide (15 mg) 

each were weighed accurately, dissolved, and 

diluted separately with methanol to obtain the final 

concentration of 3000 ng/µl and 1500 ng/µl of each 

drug. Four ml aliquot from standard Ramipril 

solution and 2 ml aliquot from standard 

Hydrochlorothiazide solution was taken and mixed 

in separate 10 ml volumetric flask to obtain a final 

concentration of 2000 ng/ml of Ramipril and 500 

ng/ml of Hydrochlorothiazide.  

https://www.webmd.com/heart-disease/guide/medicine-ace-inhibitors
https://www.webmd.com/heart/anatomy-picture-of-blood
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Preparation of Sample Solution: To prepare the 

sample solution, twenty tablets were taken, 

weighed accurately, and ground to a fine powder. 

Equivalent to 5 mg of Ramipril and 12.5 mg 

Hydrochlorothiazide were weighed and transferred 

to a conical flask and mixed with methanol. The 

solution was sonicated for 15 min. The extracts 

were filtered with the help of Whatman filter paper 

No. 41 and the residue obtained was washed with 

methanol. The extracts and washings were pooled 

and transferred to a 25 ml volumetric flask and the 

volume was made up to 25 ml with methanol. 

Required dilutions were made to get 200 ng/µl of 

Ramipril and 500 ng/µl of Hydrochlorothiazide. 

Standard addition of 1800 µg/ml of Ramipril was 

done in the above solution. 

HPTLC Method and Chromatographic 

Conditions: TLC plates were prewashed with 

methanol. Activation of plates was done in an oven 

at 50°C for 15 min. The chromatographic 

conditions maintained were precoated silica gel 

G60F254 aluminum sheets (10×10 cm) as stationary 

phase, the mixture of methanol: toluene: ethyl 

acetate: glacial acetic acid (1:6:3:0.5 %v/v) as 

mobile phase, chamber and plate saturation time 

was 30 min, migration distance allowed was 72 

mm, wavelength scanning was done at 272 nm 

keeping the slit dimension at 5×0.45 mm. A 

deuterium lamp provided the source of radiation.  

Four µl of standard solutions of Ramipril and 

Hydrochlorothiazide were spotted and developed at 

a constant temperature. Standard solutions of both 

drugs were run over 200-400 nm for selecting the 

working wavelength. Ramipril showed maximum 

absorbance at 205 nm and Hydrochlorothiazide at 

266.74 nm. Both components show reasonably 

good response at 210 nm, therefore photometric 

measurements were performed at 210 nm with a 

Camag TLC scanner. The overlain UV spectra of 

Ramipril (2.0-10.0 µg/spot) and Hydrochloro-

thiazide (0.5-2.5 µg/spot) have appeared in Fig. 3 

and HPTLC chromatogram in Fig. 4. 

 
FIG. 3: OVERLAIN SPECTRA OF RAMIPRIL AND HYDROCHLOROTHIAZIDE 

Method Validation: The method was validated 

following the ICH guidelines interms of linearity, 

accuracy, the limit of detection, the limit of 

quantification, intra-day and inter-day precision, 

and repeatability of measurement as well as 

repeatability of the sample application 
27-28

. 

Linearity and Range (Calibration Curve): The 

linearity of the analytical method is its ability to 

elicit test results that are directly proportional to the 

concentration of analytes in a sample within a 

given range. The range of the analytical method is 

the interval between the upper and lower levels of 

analyte that have been demonstrated to be 

determined within a suitable level of precision, 

accuracy and linearity. Aliquots of 1, 2, 3, 4, 5, and 

6 µl of the standard solution of both drugs were 

applied on the TLC plate. The TLC plate was dried, 

developed, and analyzed photometrically.  

The standard calibration curve was obtained using 

regression analysis with MS Excel. The mixed 

standard solution was also chromatographed. The 

graph of peak area versus concentration for both 

the drugs was plotted Fig. 6 and Fig. 7. 
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Accuracy: Accuracy is the closeness of the test 

results obtained by the method to the true value. To 

study the accuracy, 20 tablets were weighed and 

powdered and the analysis of the same was carried 

out. Recovery studies were carried out by 

calculating recoveries of Ramipril and 

Hydrochlorothiazide by the standard addition 

method. For that known amount of standard 

solutions of Ramipril (3, 6, and 9 µg/spot) and 

Hydrochlorothiazide (1, 2, and 3 µg/spot) were 

added to quantified sample solution of tablet 

dosage form and their assay was done. The 

percentage recoveries are mentioned in Table 1. 

TABLE 1: DETERMINATION OF ACCURACY 

Amount of sample Amount of drug added Amount recovered % Recovery 

RAM* 

(µg/spot) 

HCZ
#
 

(µg/spot) 

RAM 

(µg/spot) 

HCZ 

(µg/spot) 

RAM 

(µg/spot) 

HCZ 

(µg/spot) 

RAM HCZ 

6 2 0 0 6.05 1.95 - - 

6 2 3 1 9.12 2.97 101.33 99.00 

6 2 6 2 12.10 4.027 100.83 100.67 

6 2 9 3 14.87 5.05 99.13 101.00 

*RAM – Ramipril, #HCZ – Hydrochlorothiazide 

Precision: The precision of an analytical method is 

the degree of agreement among individual test 

results when the method is applied repeatedly to 

multiple samplings of homogenous samples.  

It indicates random error results and was expressed 

as a coefficient of variation (CV). Three different 

concentrations of Ramipril (2, 4, 6 µg/spot) and 

Hydrochlorothiazide (0.5, 1.0, 1.5 µg/spot) were 

analyzed in triplicates within the same day for 

intra-day and three successive days for inter-day 

precision. CV was calculated Table 2. 

Repeatability: Standard mixture solutions of 

Hydrochlorothiazide (0.5, 1.0, 1.5, 2.0, 2.5 µg/spot) 

and Ramipril (2.0, 4.0, 6.0, 8.0, 10.0 µg/spot) were 

prepared and recorded the chromatograms. The 

area measured of the same concentration solution 

five times and Relative Standard Deviation (RSD) 

was calculated Table 2. 

Specificity and Selectivity: Specificity is a 

procedure to detect quantitatively the analyte in the 

presence of components that may be expected to be 

present in the sample matrix while selectivity is the 

procedure to detect qualitatively the analyte in the 

presence of components that may be expected to be 

present in the sample matrix. 

Commonly used excipients in tablet preparation 

were spiked in a pre-weighed quantity of drugs and 

then absorbance was measured and the calculation 

was done to determine the quantity of drugs. 

Analysis of the Marketed Formulation: Prepared 

sample solutions of the marketed formulation were 

spotted simultaneously onto the same plate 

followed by scanning development. The analysis 

was repeated in triplicate. The content of the drug 

was calculated from the peak areas recorded Table 

3. 

RESULTS: A solvent system that would give 

dense and compact spots with significant Rf values 

was desired for the quantification of Ramipril and 

Hydrochlorothiazide in pharmaceutical 

formulations.  

The mobile phase consisting of methanol: toluene: 

ethyl acetate: glacial acetic acid (1:6:3:0.5 %v/v) 

gave Rf values of 0.27 and 0.56 for Ramipril and 

Hydrochlorothiazide, respectively Fig. 4 and the 

image of developed HPTLC plate of Ramipril and 

Hydrochlorothiazide are depicted in Fig. 5. 

 
FIG. 4: HPTLC CHROMATOGRAM OF RAMIPRIL 

AND HYDROCHLOROTHIAZIDE 



Verma and Kushwaha, IJPSR, 2024; Vol. 15(2): 563-570.                             E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              567 

 
FIG. 5: IMAGE OF DEVELOPED HPTLC PLATE OF 

RAMIPRIL (A) AND HYDROCHLOROTHIAZIDE (B) 

Linearity: The linear regression data n=5 showed 

a good linear relationship over a concentration 

range of 2-10µg/spot for Ramipril Fig. 6 and 0.5-

2.5µg/spot Hydrochlorothiazide Fig. 7.  

Calibration curves of both the drugs were plotted 

between the peak area and the concentrations and 

the linear regression coefficients of Ramipril and 

Hydrochlorothiazide were found to be 0.998 and 

0.992 respectively Table 2. 

  
FIG. 6: CALIBRATION CURVE OF                               FIG. 7: CALIBRATION CURVE OF  

                                     RAMIPRIL AT 210 NM                                HYDROCHLOROTHIAZIDE AT 210 NM

TABLE 2: LINEARITY MEASUREMENTS OF RAMIPRIL AND HYDROCHLOROTHIAZIDE 

S. no. Ramipril (µg/spot) Area (AUC) Hydrochlorothiazide (µg/spot) Area (AUC) 

1. 2 3035.3 0.5 2231.76 

2. 4 5115.57 1.0 4031.15 

3. 6 7140.53 1.5 5435.7 

4. 8 9120.46 2.0 6553.66 

5. 10 10754.77 2.5 7076.43 

6. Correlation Coefficient (R
2
) 0.9981 Correlation Coefficient (R

2
) 0.9925 

 

Limit of Detection and Limit of Quantification: 

The limit of detection and the limit of 

quantification for the Ramipril were found to be 

434.1 and 1315.483 ng/spot, respectively, and for 

Hydrochlorothiazide 80.6 and 244.31 ng/spot, 

respectively Table 3. 

TABLE 3: SUMMARY OF RAMIPRIL AND HYDROCHLOROTHIAZIDE VALIDATION PARAMETERS BY 

HPTLC METHOD 

Parameters Ramipril (210 nm) Hydrochlorothiazide (210 nm) 

Linearity range (µg/spot) 

Slope (m) 

Intercept (c) 

The standard deviation of the slope 

The standard deviation of the intercept 

Limit of Detection (µg/spot) 

Limit of Quantification (µg/spot) 

RSD* % 

Recovery % 

Repeatability (RSD, n=5) 

Precision (RSD, n=3) 

Intra-Day 

Inter-Day 

Specificity 

2 – 10 

972.19 

1200.2 

26.16908 

173.591 

0.4341 

1.3155 

2.36 

99.16 

0.02361 

 

0.8115 

2.4950 

Specific 

0.5 – 2.5 

2762.4 

1080.2 

80.134 

132.887 

0.0806 

0.24431 

1.504 

100.67 

0.01504 

 

1.7315 

1.2376 

Specific 

*RSD - Relative Standard Deviation 
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Precision: The determination of intra-day precision 

was carried out 3 times on the same day by 

analyzing standard solutions in the concentration 

range of 2000 ng/spot to 6000 ng/spot for Ramipril 

and 500 ng/spot to 1500 ng/spot for 

Hydrochlorothiazide while inter-day precision was 

determined by analyzing corresponding standards 

daily for 3 days over a period of one week. The 

intra-day and inter-day coefficients of variation are 

given in Table 3. The repeatability of measurement 

of peak area was determined by spotting 4 µl of 

Ramipril and Hydrochlorothiazide solution on a 

TLC plate and developing the plate. The separated 

spot was scanned five times without changing the 

position of the plate and the %RSD for 

measurement of the peak area of Ramipril and 

Hydrochlorothiazide was found to be 2.36 and 

1.50, respectively Table 3. 

Specificity: The solution of the formulation was 

spotted on the TLC plate, developed, and scanned 

for confirming the specificity of the proposed 

method. It was observed that the excipients present 

in the formulation did not interfere with the peaks 

of Ramipril and Hydrochlorothiazide. 

Accuracy: To check the accuracy parameter, 

recovery studies of the drugs were carried out. 

These studies were performed at three levels i.e., 

multiple-level recovery studies. Sample stock 

solutions from tablet formulation were prepared. 

Dilutions were made and recovery studies were 

carried out. Percent recovery was following the 

limits listed in Table 1.  

The assay value for the marketed formulation was 

found to be within the limits listed in Table 4. The 

low Relative Standard Deviation (RSD) value 

indicated the suitability of the method for routine 

analysis of Ramipril and Hydrochlorothiazide in 

solid dosage forms. 

TABLE 4: ASSAY RESULTS OF MARKETED FORMULATION 

Formulations Actual concentrations (µg/spot) Amount recovered (µg/spot) % RAM* % HCZ
#
 

RAM HCZ RAM HCZ 

Cardace H 5 Tablet 2.0 0.5 1.9738 0.5052 98.69 101.05 

*RAM – Ramipril, 
#
HCZ – Hydrochlorothiazide  

DISCUSSION: The developed HPTLC technique 

is simple, precise, specific, and accurate and the 

statistical analysis proved that the method is 

reproducible and selective for the analysis of 

Ramipril and Hydrochlorothiazide in bulk drug and 

tablet formulations. The method can be used for the 

routine analysis of Ramipril and 

Hydrochlorothiazide alone or in combination 

products and for the purity assessment of the two 

drugs in marketed formulations. 

CONCLUSION: A newly developed and validated 

HPTLC method for simultaneous analysis of 

Ramipril and Hydrochlorothiazide in 

pharmaceutical preparations was very simple, 

rapid, accurate, and precise. The method was 

successfully applied for the determination of 

Ramipril and Hydrochlorothiazide in their 

pharmaceutical tablet formulations.  

Hence, for routine control analysis of Ramipril and 

Hydrochlorothiazide in their pharmaceutical 

formulation, this method can be conveniently used. 

The validation studies as per ICH guidelines 

following linearity, accuracy, precision, 

repeatability, specificity, and selectivity proved the 

suitability of the method for the intended use. Also, 

the non-interference of additives and excipients 

makes it suitable for the determination of the 

studied drugs in bulk and their combined solid 

dosage forms. The proposed HPTLC method can 

be used for Stability studies by performing forced 

degradation of drugs and also Chemometric and 

DoE-based analytical quality risk management to 

the HPTLC method can be considered as a great 

future concerned area. 
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