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ABSTRACT

Objective: The objective of this study was to develop and validate a simple, rapid, accurate, and precise reversed-phase high-performance liquid 
chromatographic method (RP-HPLC) for simultaneous estimation of drotaverine hydrochloride, ethamsylate, and tranexamic acid in tablet dosage 
form.

Methods: The chromatographic separation was achieved using stationary phase C18 shim-pack GIST (150 mm ×4.6 mm, 5 µ) column and mobile 
phase consists of methanol:potassium dihydrogen phosphate buffer (pH 3.0 adjusted using orthophosphoric acid) in a ratio of 30:70 v/v, with a flow 
rate of 1 ml/min and ultraviolet detection at 220 nm.

Results: The retention time of tranexamic acid, ethamsylate, and drotaverine hydrochloride was found to be 3.6, 4.0, and 5.0  min, respectively. 
The developed method was validated for linearity, accuracy, precision, and robustness according to the international conference on harmonization 
guidelines. The method was found to be linear over the tested concentration range of 48–112 µg/ml for drotaverine hydrochloride, 150–350 µg/ml 
for ethamsylate, and 150–350 µg/ml for tranexamic acid. Mean percentage recoveries were found to be 99.59 for drotaverine hydrochloride, 99.27 for 
ethamsylate, and 99.71 for tranexamic acid. The correlation coefficient for all components was found to be more than 0.999.

Conclusion: A novel RP-HPLC method was developed and validated for simultaneous for the estimation of drotaverine hydrochloride, ethamsylate, 
and tranexamic acid to their commercially available tablet dosage form.

Keywords: Drotaverine hydrochloride, Ethamsylate, Tranexamic acid, Reversed-phase high-performance liquid chromatography, International 
conference on harmonization, Validation.

INTRODUCTION

Drotaverine is chemically 1,2,3,4-tetrahydro-6,7-diethoxy-1-((3,4-
diethoxyphenyl) methylene)-isoquinoline hydrochloride (Fig.  1a) and 
its molecular formula is C24H31NO4.HCl [1,2]. It belongs to the class of 
antispasmodic agent act by inhibiting phosphodiesterase 4 and has 
no anticholinergic effects. It is specifically used for smooth muscle 
spasm and pain. Chemically, ethamsylate is N-ethylamine 2,5 dihydroxy 
benzene sulfonate (Fig. 1b) andits molecular formula is C10H17NO5S [3]. 
It has been used as hemostatic compound that blocks prostacyclin 
synthetase, an enzyme that converts arachidonic acid to prostacyclin 
and therefore increases platelet aggregation and platelet adhesiveness. 
It is used for the prevention and treatment of capillary hemorrhage 
and postpartum hemorrhage [4,5]. Ethamsylate is officially present in 
British Pharmacopoeia [6].

Tranexamic acid is chemically trans-4-aminomethyl-
cyclohexaecarboxylic acid (Fig. 1c) and its molecular formula is 
C8H15NO2 [3]. It competitively inhibits the activation of plasminogen, 
thereby reducing conversion of plasminogen to plasmin (fibrinolysin), 
an enzyme that degrades fibrin clots, fibrinogen, and other plasma 
proteins including the procoagulant factors V and VIII. It is used for 
controlling abnormal bleeding during mensuration and pregnancy [4,5]. 
Tranexamic acid is officially present in British Pharmacopoeia [6]. 
The combination of drotaverine hydrochloride, ethamsylate, and 
tranexamic acid is used in the treatment of menstrual pain, bleeding, 
and abdominal pain.

Literature survey reveals that spectrophotometric [7-9], high-
performance thin-layer chromatography (HPTLC) [10] and reverse-

phase HPLC (RP-HPLC) [11,12] based methods have been reported 
for analysis of these drugs alone and in combination with other drugs. 
However, there is no reported method for simultaneous estimation 
of all three drugs in pharmaceutical dosage form. Therefore, an 
attempt has been made to develop a novel, rapid, and sensitive 
method for simultaneous determination of drotaverine hydrochloride, 
ethamsylate, and tranexamic acid in marketed formulation and validate 
the developed method in accordance with the international conference 
on harmonization (ICH) guidelines and also to perform the force 
degradation studies using developed method. This novel validated 
method has applicability in industry and academia for routine quality 
control testing [13].

METHODS

Chemical and reagents
Drotaverine hydrochloride, ethamsylate, and tranexamic acid reference 
standards were purchased from Yarrow Chem Pvt, Ltd., India. All other 
chemicals and reagents used were of analytical grade. Ethamax-Td 
(Convina Research Laboratory, India) tablet formulation containing 
drotaverine hydrochloride 80 mg, ethamsylate 250 mg, and tranexamic 
acid 250 mg was procured from local market.

Instrumentation
A RP-HPLC (Shimadzu) LC-2030 model equipped with laboratory 
solution software, an autosampler and ultraviolet (UV)-visible detector 
was used. The analysis was carried out on C18 shim-pack GIST 
(150 mm ×4.6  mm 5  µ) column used as stationary phase. A  freshly 
prepared mobile phase consisting of methanol:potassium dihydrogen 
phosphate buffer (pH  3.0 adjusted using orthophosphoric acid) in a 
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ratio of 30:70 v/v was used. The mobile phase was filtered by 0.45 µm 
membrane filter and sonicated before use. The flow rate of mobile phase 
was 1 ml/min, column temperature was maintained at 25°C, detection 
was carried out at 220 nm, and the runtime was around 10 min.

Selection of wavelength
A UV spectrum of drotaverine hydrochloride, ethamsylate, and 
tranexamic acid in water was noted by scanning the solution in the 
range of 200–400  nm. Drotaverine hydrochloride, ethamsylate, and 
tranexamic acid were showing significant absorption at 220 nm. Thus, 
220 nm was selected as wavelength for analysis.

Preparation of standard stock solution
The standard stock solutions 100  mg/ml each of drotaverine 
hydrochloride, ethamsylate, and tranexamic acid were prepared. 
Further, solution with concentration of 80  mg drotaverine 
hydrochloride, 250 mg ethamsylate, and 250 mg tranexamic acid was 
prepared by diluting stock solution with mobile phase.

Preparation of sample solution
A total of 10 tablets were weighed, their mean weight was 
determined and crushed in mortar. An amount of powder 
weight equivalent to 80  mg drotaverine hydrochloride, 250  mg 
ethamsylate, and 250  mg tranexamic acid was taken and transfer 
to 100 ml volumetric flask. The powder obtained was dissolved in 
mobile phase and sonicated for 20  min for complete extraction. 
The solution was made up to the volume with mobile phase. The 
solution was filtered through membrane filter. The stock solution 
was further diluted with mobile phase to get concentration of 
80 µg/ml drotaverine hydrochloride, 250 µg/ml ethamsylate, and 
250 µg/ml tranexamic acid.

Method validation
System suitability
System suitability tests are a fundamental part of liquid chromatographic 
method. It ensures that system is working correctly. System suitability 
parameters such as number of theoretical plates, retention time, and 
tailing factor were evaluated. This was performed by injecting mixture 
of standard in six replicates.

Linearity
The linearity of the proposed method was determined by quantitative 
dilution of the standard solution of drotaverine hydrochloride, 
ethamsylate, and tranexamic acid to obtain solution in concentration 
range of 48–112  µg/ml, 150–350  µg/ml, and 150–350  µg/ml, 
respectively. A  graph of peak area versus concentration in µg/ml 
was plotted for all three drugs in triplicate. The slope, intercept, and 
correlation coefficient of regression line were determined.

Limit of detection (LOD) and limit of quantitation (LOQ)
The LOD and LOQ represent the concentration of analyte that would 
yield to signal-to-noise ratio of 3 for LOD and 10 for LOQ. LOD and LOQ 
were calculated using following formula,

LOD=3.3 δ/S

LOQ δ/S

where, δ = standard deviation of response (peak area) and S = average 
of slope of the calibration curve.

Method precision
The method precision of the proposed method was determined by 
injecting six replicates of sample and standard on the same day to 
ensure that the analytical method is repeatable.

System precision
The system precision is checked by injecting six replicates of standard 
solution to ensure that the analytical system is working properly.

Accuracy
The accuracy of this method was determined by calculating recovery 
of drotaverine hydrochloride, ethamsylate, and tranexamic acid by 
the standard addition method. Known amount of each drug standard 
solution was added to the preanalyzed sample corresponding to 80%, 
100%, and 120% of the label claim. At each level, three determinations 
were performed.

Robustness
Robustness is the measure of method capacity to remain unaffected by 
small, but deliberate variations in method parameters such as mobile 
phase flow rate (±0.2  ml/min), wavelength nm (±1  nm), and column 
oven temperature (±1°C).

RESULTS AND DISCUSSION

Optimized chromatographic conditions
The developed method was finally optimized with following 
chromatographic conditions. Mobile phase consisting of 
methanol:potassium dihydrogen phosphate buffer (pH  3.0 adjusted 
using orthophosphoric acid) in a ratio of 30:70 v/v. The analysis was 
carried out in an isocratic elution mode using a flow rate of 1.0 ml/min, 
at 25°C and detection was carried out at 220 nm. The retention time 
of tranexamic acid, ethamsylate, and drotaverine hydrochloride was 
found to be 3.6, 4.0, and 5.0 min, respectively, as shown in Fig. 2

System suitability
The system suitability was performed by injecting mixed standard 
solution containing 80 µg/ml of drotaverine hydrochloride, 250 µg/ml 
of ethamsylate, and 250 µg/ml of tranexamic acid in six replicates. The 
acceptance criteria for evaluating system suitability are percent relative 
standard deviation (% RSD) <2, tailing factor ˂2, and theoretical plate 
˃1500. The result indicates that the system suitability parameters are 
within the acceptable limits, hence, ideal for the chromatographed 
sample. The results are summarized in Table 1.

Fig. 2: Typical chromatogram of tranexamic acid, ethamsylate, 
and drotaverine hydrochloride

Fig. 1: Chemical structures of (a) drotaverine hydrochloride, (b) 
ethamsylate, and (c) tranexamic acid

a b

c
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Linearity
Linearity of the proposed method was determined by constructing 
calibration graph between the tested concentration level and 
corresponding peak areas for all three drugs in triplicate. The results 
show an excellent correlation between peak areas and concentrations 
level within the tested concentration range of 48–112  µg/ml for 
drotaverine hydrochloride, 150–350  µg/ml for ethamsylate, and 
150–350  µg/ml for tranexamic acid. The correlation coefficients 
were >0.999 for all three drugs, which meet the method validation 
acceptance criteria, and hence, the method is said to be linear for the 
drugs (Figs. 3-5).

LOD and LOQ
The LOD and LOQ for drotaverine hydrochloride were found to be 
1 µg/ml and 3 µg/ml, 0.17 µg/ml and 0.52 µg/ml for ethamsylate, and 
0.54  µg/ml and 1.63  µg/ml for tranexamic acid, which indicates that 
method is sensitive. The results are summarized in Table 2.

Method precision
The% RSD value for six replicates injection of sample and standard as 
carried out on the same day was found to be <2%, which indicates that 
the method is repeatable. The results for method precision are given 
in Table 3.

System precision
System precision was determined by measuring the peak area of six 
replicate injections of standard solution. The value of % RSD was found 
to be <2, which ensure the analytical system is working properly. The 
results of system precision are tabulated in Table 4.

Accuracy
The accuracy of this method was determined by calculating percent 
recovery of drotaverine hydrochloride, ethamsylate, and tranexamic 
acid in formulation at three different levels (80–120%). The % recovery 
obtained was found to be in the range of 99.22–99.88 for drotaverine 
hydrochloride, 99.66–99.7 for ethamsylate, and 99.35–100 for 
tranexamic acid. The accepted limits of mean recovery are 98–102% 
and all observed data were within the required range, which indicate 
good recovery values, affirming the accuracy of the method developed. 
The results are summarized in Table 5.

Robustness
The method was found to be robust when subjected to minor changes 
in the chromatographic condition such as oven temperature (±1°C), 
mobile phase flow rate (±0.2 ml/min), and wavelength nm (±1 nm). It 
was observed that there was no marked change in analytical method 
which indicates good reliability during normal usage. The results are 
shown in Table 6.

Force degradation studies
Force degradation of drotaverine hydrochloride, ethamsylate, and 
tranexamic acid under the conditions of hydrolysis (acidic, basic), 
oxidation, photolysis, and thermal was carried out.

Under acidic conditions (0.1N hydrochloride for 3 h), it was found that 
1.74% of drotaverine hydrochloride, 1.7% of ethamsylate, and 1.02% of 
tranexamic acid content were degraded.

Under basic condition (0.1N sodium hydroxide for 3  h), it was found 
that 1.02% of drotaverine hydrochloride, 1.47% of ethamsylate, and 
0.93% of tranexamic acid content were degraded.

The drug sample when subjected to oxidation (5% of hydrogen 
peroxide), it was found that 1.42% of drotaverine hydrochloride, 1.12% 
of ethamsylate, and 1.5% of tranexamic acid content were degraded.

Under thermal condition (at 100°C for 30 min), it was found that 1% 
of drotaverine hydrochloride, 1.22% of ethamsylate, and 1.22% of 
tranexamic acid content were degraded.

The drug sampled when exposed to UV light for 12 h, it was found that 
0.06% of drotaverine hydrochloride, 0.71% of ethamsylate, and 0.64% 
of tranexamic acid content were degraded.

The drug sample when placed in humidity chamber (25°C±2°C/60% 
RH±5% RH), it was found that 1.88% of drotaverine hydrochloride, 
1.03% of ethamsylate, and 1.88% of tranexamic acid content were 
degraded.

As there was no interference observed due to excipients or other 
component present in pharmaceutical dosage form or degrading 
products, hence, can be concluded that the developed method is 
stability indicating method for simultaneous estimation of drotaverine 
hydrochloride, ethamsylate, and tranexamic acid in pharmaceutical 
dosage form. The results for force degradation studies are shown in 
Table 7.

CONCLUSION

A novel RP-HPLC method was developed for simultaneous estimation 
of drotaverine hydrochloride, ethamsylate, and tranexamic acid in 
pharmaceutical dosage form. This newly developed method offers 
an advantage of being simple, rapid, and accurate and has a shorter 
chromatographic time. The developed method was validated as per 

Fig. 3: Graph representing calibration curve of drotaverine 
hydrochloride. Error bars represent standard deviation of the 

mean (±standard deviation)

Fig. 4: Graph representing calibration curve of ethamsylate. 
Error bars represent standard deviation of the mean (±standard 

deviation)

Fig. 5: Graph representing calibration curve of tranexamic acid. 
Error bars represent standard deviation of the mean (±standard 

deviation)
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Table 1: Results of system suitability studies

Parameters (n=6) Drotaverine hydrochloride Ethamsylate Tranexamic acid
Number of theoretical plates 5408 6561 32908
Tailing factor 1.16 1.25 1.84
Peak area 802571 5237256 1487598
Retention time (min) 5.0 4.0 3.6

Table 2: LOD and LOQ value calculated from the calibration curve

Parameters Drotaverine hydrochloride (µg/ml) Ethamsylate (µg/ml) Tranexamic acid (µg/ml)
LOD 3 0.17 0.54
LOQ 1 0.52 1.63
LOD: Limit of detection LOQ: Limit of quantitation

Table 3: Method precision data for drotaverine hydrochloride, ethamsylate, and tranexamic acid in tablet

Replicates (n=6) % Assay of drotaverine 
hydrochloride

% Assay of ethamsylate % Assay of tranexamic acid

1 98.07 98.6 100.07
2 98.89 99.14 98.83
3 98.94 99.94 100.3
4 98.34 99.41 99.07
5 98.08 100.11 98.24
6 98.68 99.99 98
Mean±SD 98.68±0.3572 99.53±0.5396 99.08±0.8566
±SEM 0.14584 0.22032 0.352951
%RSD 0.36 0.54 0.86
n: Number of injections, SD: Standard deviation, SEM: Standard error of mean, % RSD: Percent relative standard deviation

Table 4: System precision data for drotaverine hydrochloride, ethamsylate, and tranexamic acid

Replicates (n=6) Drotaverine hydrochloride (area) Ethamsylate (area) Tranexamic acid (area)
1 793320 5287608 1452539
2 793124 5266508 1436249
3 792831 5198406 1451425
4 793863 5263296 1453261
5 794823 5123486 1496321
6 792336 5263289 1436281
Mean±SD 790049.5±5308.52 5233765.5±56460.36 1454346±20119.31
±SEM 2167.19 23049.847 8213.67
%RSD 0.6 1.0 1.3
n: Number of injections, SD: Standard deviation, SEM: Standard error of mean, % RSD: Percent relative standard deviation

Table 5: Recovery data for drotaverine hydrochloride, ethamsylate, and tranexamic acid

Drug Level of 
recovery (%)

Sample amount 
(µg/ml)

Standard amount (µg/ml) Total amount (µg/ml) % Mean recovery (n=3)

Drotaverine 80 40 32 72 99.88
hydrochloride 100 40 40 80 99.69

120 40 48 88 99.22

Ethamsylate 80 125 100 225 98.77
100 125 125 250 100.4
120 125 150 275 98.66

Tranexamic 80 125 100 225 100
Acid 100 125 125 250 99.78

120 125 150 275 99.35

Table 6: Robustness evaluation of method

Chromatographic factors Variations % Assay of drotaverine 
hydrochloride

% Assay of 
ethamsylate

% Assay of 
tranexamic acid

Flow rate (ml/min) 0.8
1.2

99.31
99.79

99.46
100

99.11
98.75

Oven temperature (°C) 24
26

99.28
99.67

99.66
99.91

98.93
99.38

Wavelength (nm) 219
221

99.86
99.27

99.07
99.76

99.17
99.38
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ICH guidelines and the results obtained were within the acceptance 
limits. Percent recovery and estimated concentration of active 
ingredient in pharmaceutical formulation showed that amount 
of drug present is consistent with the label claim. Hence, the 
proposed method was found to be satisfactory and can be applied 
for routine analysis of drotaverine hydrochloride, ethamsylate, and 
tranexamic acid in pharmaceutical dosage form. This method can 
be utilized conveniently and easily applied in routine qualitative 
and quantitative analysis, quality control department and in 
laboratories.
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Stress conditions Drotaverine hydrochloride Ethamsylate Tranexamic acid
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Untreated 9.95 NA 99.96 NA 99.91 NA
Acidic 98.21 1.74 98.94 1.02 98.21 1.7
Basic 98.94 1.01 98.49 1.47 98.98 0.93
Oxidation 98.53 1.42 98.84 1.12 98.41 1.5
Thermal 98.95 1 98.98 0.98 98.69 1.22
Photolysis 98.89 0.06 99.25 0.71 99.27 0.64
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