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ABSTRACT: 

 A simple, accurate, precise, sensitive, 

rapid and economical stability indicating RP-HPLC 

method was developed for simultaneous estimation 

of ethamsylate and mefenamic acid in bulk and 

tablet dosage form. A binary gradient RP-HPLC 

assay was used with PDA detection. Good 

chromatographic separation was attained using 

shimadzu  model shim pack (solar) – C8 

(4.6*250mm, 5µm) column with mobile phase 

acetonitrile and buffer (potassium dihydrogen 

orthophosphate) in the ratio of 60:40 adjusted to a 

pH 4.5 with orthophosphoric acid, at flow rate of 

1ml/min. Detection was carried out at 299nm. The 

retention time of ethamsylate and mefenamic acid 

was found to be 2.5min and 7.7min respectively. 

For stability studies, drugs were subjected to acid 

hydrolysis, alkaline hydrolysis, oxidative 

degradation, thermal degradation and photolytic 

degradation. The proposed method was validated 

for linearity, precision, system suitability, 

selectivity, LOD and LOQ as per the International 

conference on harmonization (ICH) guideline. It 

shows good linearity response in the concentration 

range of 3-7µg/ml for both ethamsylate and 

mefenamic acid.  The limit of detection were 

0.190µg/ml and 0.323µg/ml for ethamsylate and 

mefenamic acid respectively. The limit of 

quantification were 0.578µg/ml and 0.981µg/ml for 

ethamsylate and mefenamic acid respectively. 

Percentage RSD of ethamsylate and mefenamic 

acid was found to be 0.6 and 0.5 respectively. The 

proposed method can be applied successfully for 

the determination of ethamsylate, mefenamic acid 

and its degradation product.   

KEYWORDS: Ethamsylate, Mefenamic acid, RP-

HPLC, Simultaneous estimation, Forced 

degradation, Validation. 

 

 

 

I. INTRODUCTION: 
Ethamsylate (ETM) is chemically 2, 5-

dihydroxybenzenesulphonic acid, diethyl amine
1
. It 

is a haemostatic agent that maintains the stability of 

the capillary walls. It is given for the prophylaxis 

and control of haemorrhages from small blood 

vessels
2
 . Ethamsylste is official in british 

pharmacopoeia
3
. 

 
Fig-1: Chemical structure of ETM 

 

Mefenamic acid (MFA) is chemically  2-

(2,3- dimethylphenyl)aminobenzoic acid
4
. 

Mefenamic acid is commonly used for the 

management of pain, fever and menstrual pain. 

Mefenamic acid decreases inflammation and 

uterine contractions by the inhibition of 

prostaglandin synthesis by competitive blocking of 

the enzyme cyclo-oxygenase (COX)
5
.The drug and 

the capsules are official in IP, EP, BPC, BP and 

USP
6-10

. 
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Fig-2: Chemical structure of MFA 

 

Recently, the combination of ETM and 

MFA has demonstrated a significant activity 

against painful menstruation. ETM and MFA are 

co-formulated in a medicinally recommended ratio 

of 1:1 

A literature survey revealed the analytical 

methods for the determination of ETM and MFA 

either individually or in combination with other 

drug using spectrophotometric
11-17

, HPLC
18-25

, 

HPTLC
26, 27 

and bioanalytical methods
28

. However, 

no study till date has performed the HPLC 

determination of ETM and MFA with the mobile 

phase employed in the present investigation. 

Moreover, the stability indicating method of the 

ETM and MFA with the adopted mobile phase in 

this investigation has not yet been performed. 

Therefore, the present study aims to develop a 

stability indicating method development for ETM 

and MFA using RP-HPLC technique. The method 

is validated as per the international conference on 

harmonization(ICH) guidelines
29

. 

 

 

 

II. MATERIALS AND METHODS: 
Chemicals and reagents: 

The standard drug of ETM and MFA was 

obtained from yarrow chem products, Mumbai, 

India. The combined dosage form SYLATE-M 

(Emcure pharmaceuticals Pvt.ltd) label claimed 

500mg of ETM and 500mg of MFA was purchased 

from local market. The HPLC grade solvent 

Acetonitrile were procured from Thermo fisher 

scientific india pvt ltd., Mumbai and Pottasium 

dihydrogen orthophosphate were procured from 

HiMedia laboratories pvt ltd., Mumbai. Double 

Distilled water (HPLC grade) was prepared in the 

laboratory.   

 

Equipment and chromatographic conditions  

The HPLC system of Shimadzu, CBM-

20A consisted Pump-LC-20 AR series, SPD-

M2OA  Diode array detector with a universal loop 

injector of injection capacity 20µl. Shimadzu LC 

lab solution software program was applied for data 

collecting and processing. The experimental 

conditions were optimized on Shimadzu, C8 (250 x 

4.6 mm, 5 µm) model shim pack-solar column at 

room temperature. 

The chromatographic separation of ETM, 

MFA and its degradation products were carried out 

on reverse phase C8 column by using various 

mobile phase but the mobile phase containing 

mixture of acetonitrile : Potassium dihydrogen 

orthophosphate buffer in the ratio of 60:40 v/v at 

pH-4.5 adjusted by ortho phosphoric acid shows 

good resolution. The separation was achieved by 

binary gradient elution with a flow rate of 

1.0ml/min and detection was carried out at 299nm 

as both the drugs showed reasonably good response 

with characteristic UV spectrum as exhibited in 

Fig-3.   
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Fig-3: ISOBESTIC POINT OF ETM AND MFA 

 

Preparation of mobile phase: 

Mobile phase was prepared by dissolving 

6.8 g of Potassium dihydrogen orthophospahte in 

1000 ml water and pH adjusted to 4.5 with 

orthophosphoric acid. Obtained solution was 

filtered by 0.45µ filter, 40 ml of this was added to 

60 ml of acetonitrile 

 

Preparation of Standard Solutions: 

  The powder equivalent to 100 mg of ETM 

and MFA were weighed separately, taken in 100ml 

clean and dry volumetric flask and volume were 

made up with a mobile phase to give concentration 

1000 µg/ml. The 10 ml of the stock solution of 

ETM and MFA separately was pipetted out in a 

100 ml volumetric flask and made-up the volume 

with the mobile phase to give concentration 100 

µg/ml. From this 5ml of each drug is diluted to 

100ml separately with mobile phase to get a final 

concentration range of 5μg/ml for ETM and 5μg/ml 

for MFA. The chromatogram of the standard 

solution was exhibited in Fig- 4. 
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Fig-4: STANDARD CHROMATOGRAM OF ETM AND MFA 

 

Preparation of sample solution: 

  Twenty tablets of SYLATE M each 

containing 500mg of ETM and 500mg of MFA 

were finely powdered. A quantity of powder 

equivalent to 500mg of ETM and MFA was 

weighed and transferred to 100ml volumetric flask. 

The drugs were extracted with the mobile phase. 

The extracts were made up to the volume with 

mobile phase and further dilutions were made to 

get a concentration of 5μg/ml for both ETM and 

MFA. The contents were mixed thoroughly and 

filtered through 0.45μm membrane filter. An 

aliquot of 20μl of both standard and test solutions 

were injected separately and chromatograms were 

recorded up to 10mins. The chromatogram of the 

sample solution was exhibited in Fig- 5.  

 

 

 

Fig-5 SAMPLE CHROMATOGRAM OF ETM AND MFA 
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Validation of proposed methods: 
The developed method is validated as per ICH 

guidelines 

 

Linearity: 

 Linearity was determined between the 

concentration range of 3-7µg/ml for both ETM and 

MFA. The injection was done twice for each 

concentration of ETM and MFA. 

 

Precision:  

The Precision was studied by taking the 

same concentration and results were observed by 

taking chromatograms for calculations. The 

concentration found for ETM and MFA was 

5µg/ml. The results were obtained for 6 

determinations. 

 

Intraday and Interday Precision:  

The Intraday precision was obtained by 

analyzing, the three different concentrations 

4μg/ml, 5μg/ml and 6μg/ml of ETM and MFA for 

three determinations in the same day. The Interday 

precision was observed by analyzing day to day 

variability using the above mentioned 

concentrations on three different days, over a 

period of one week.  

 

Repeatability:  

It is measured by multiple injections of a 

homogenous sample of 5μg/ml of ETM and MFA. 

It performs the instrument under HPLC 

chromatographic conditions. 

 

Limit of Detection and Limit of Quantitation: 

Limit of Detection is the lowest amount of analyte 

in a sample which can be detected but not 

quantitated, and Limit of Quantitation is the lowest 

amount of analyte in the sample that can be 

quantitatively determined and were calculated by 

using the formula  

LOD = 3.3 × σ / S 

LOQ = 10 × σ/S 

Where, σ = Standard deviation of the response  

   S = Slope of the calibration curve. 

 

System Suitability Test:  

The system suitability testing parameters were 

observed for the chromatographic system and 

chromatographic conditions for developed 

methods. 

 

III. RESULT AND DISCUSSION: 
Optimized chromatographic conditions:  
Stationary phase : Shim pack solar C8 Column 

(4.6×250mm, 5µ)  

Mobile phase : Acetonitrile : Buffer Mobile phase 

ratio : 60:40  

pH : 4.5  

Detection wavelength : 299nm  

Flow rate : 1.0 ml/min  

Sample volume  : 20μl  

Temperature : 25
o
C 

The separation of ETM and MFA was observed 

with retention time of 2.5 and 7.7 min respectively. 

 

Method validation: 

Linearity: 

 The correlation coefficient value was 

found to be 0.999 for ETM and MFA. Linearity 

results were shown in Table 1, and Calibration 

graphs were shown in Fig. 6 and 7. 

 

 

S.No ETM MFA 

Concentration(µg/ml) Peak Area Concentration(µg/ml) Peak Area 

1 3 76577 3 146923 

2 4 86464 4 154460 

3 5 96533 5 164518 
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4 6 107344 6 172282 

5 7 118808 7 182770 

 

TABLE 1: LINEARITY VALUES OF ETM AND MFA 

 

Fig-6: CALIBRATION CURVE OF ETM 

 

 

Fig-7: CALIBRATION CURVE OF MFA 

 

 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 5 Sep-Oct 2023, pp: 1067-1080 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080510671080  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1073 

Precision: 

 Percentage relative standard deviation (% RSD) was found to be less than 2% that proves the method is 

precisely shown in Tables 2, 3 and 4. 

 

 

Level 

Concentration 

(µg/ml) 

Peak area %RSD 

ETM MEF ETM MEF ETM MEF 

 

1 
 

4 
 

4 

103243 144460  

0.5 
 

0.7 
103694 145652 

102653 143453 

 

2 
 

5 
 

5 

113991 169518  

0.8 
 

0.4 
113721 167865 

112299 168802 

 

3 
 

6 
 

6 

132458 172282  

0.3 
 

0.5 
133240 172358 

132568 173894 

Table 2: PRECISION STUDY OF INTRADAY 

 

 

Level 

Concentration 

(µg/ml) 

Peak area %RSD 

ETM MEF ETM MEF ETM MEF 

 

1 
 

4 
 

4 

103243 144460  

0.5 
 

0.7 
103694 145652 

102653 143453 

 

2 
 

5 
 

5 

103991 149934  

0.8 
 

0.6 
103778 149518 

102305 141561 

 

3 
 

6 
 

6 

122458 165328  

0.2 
 

0.9 
122549 162497 

123021 162282 

Table 3: PRECISION STUDY OF INTERDAY 

 

 Concentration 

(µg/ml) 

Peak area %RSD 
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ETM MEF ETM MEF ETM MEF 

 

 

 

 

5 

 

 

 

 

5 

113721 169518  

 

 

 

0.6 

 

 

 

 

0.5 

112975 169165 

112299 168802 

113788 167898 

113991 167037 

112305 167605 

Table 4: PRECISION STUDY OF REPEATABILITY 

 

LOD and LOQ: 

 Limit of detection of ETM and MFA was determined 0.190 and 0.323, respectively. Limit of 

quantitation of ETM and MFA was determined 0.578 and 0.981, respectively Table 5. 

 

   

 

 

 

 

 

 

 

 

Table 5: LOD and LOQ VALUES OF ETM and MFA 

 

System suitability: 

 System suitability parameters were observed like tailing factor, capacity factor, and theoretical plates 

for AML and CHL were in the acceptance criteria as per the ICH guidelines. Table 6. 

 

Parameters ETM MEF 

Linearity range µg/ml 3-7 µg/ml 3-7 µg/ml 

Retention time 2.56 min 7.71 min 

No. of theoretical plates 8543 2387 

Correlation Co-efficient 0.9997 0.992 

Tailing factor 1.076 1.178 

Drugs Parameters 

LOD LOQ 

Ethamsylate 0.190 0.578 

Mefenamic acid 0.323 0.981 
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LOD 0.190 0.323 

LOQ 0.578 0.981 

Table 6: SYSTEM SUITABILTY STUDY 

 

FORCED DEGREDATION STUDIES: 

The stress studies of ETM and MFA were 

performed by various stress conditions to study the 

effect over wide range of acid, alkali, oxidation, 

thermal and photo degradation as per the ICH 

guidelines. 

 

Acid degradation: 

Accurately weigh and transferred 5mg of 

both ETM and MFA drug in 10ml volumetric flask 

to add 1ml of 0.1M hydrochloric acid and make up 

the volume with mobile phase then refluxed in 

round bottom flask on boiling water bath for 30min 

at 40ºC. After completion of 30min, about 0.1 ml 

of the above solution was transferred into 10ml 

volumetric flask and diluted with 10ml using 

mobile phase. The solution was injected into HPLC 

and chromatogram was recorded Fig 8. 

 

 

Fig 8: HPLC CHROMATOGRAM OF ACIDIC DEGRADATION 

 

Alkali degradation: 

 Accurately weigh and transferred 5mg of 

ETM and MFA drug in 10ml volumetric flask to 

add 1ml of 0.1M sodium hydroxide and make up 

the volume with mobile phase then refluxed in 

round bottom flask on boiling water bath for 30min 

at 40ºC. After completion of 30min, about 0.1 ml 

of the above solution was transferred into 10ml 

volumetric flask and diluted with 10ml using 

mobile phase. The solution was injected into HPLC 

and chromatogram was recorded Fig 9. 
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Fig 9: HPLC CHROMATOGRAM OF ALKALINE DEGRADATION 

 

Oxidation degradation: 

 Accurately weigh and transferred 5mg of 

ETM and MFA drug in 10ml volumetric flask to 

add 1ml of 30% hydrogen peroxide and make up 

the volume with mobile phase then refluxed in 

round bottom flask on boiling water bath for 30min 

at 40ºC.  After completion of 30min, about 0.1 ml 

of the above solution was transferred into 10ml 

volumetric flask and diluted with 10ml using 

mobile phase. The solution was injected into HPLC 

and chromatogram was recorded Fig 10. 

 

 
Fig 10: HPLC CHROMATOGRAM OF OXIDATION DEGRADATION 
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Photolytic degradation: 

 Accurately  weighed  5mg of ETM and 

MFA was transferred into a clean, dry petridish. 

The petridish was placed in direct sunlight for 5 

days. In this study the drug substance were exposed 

to direct sunlight for 5 days to determine the effect 

of irradiation on the stability of the drug in solid 

state. Afterwards drug was transferred into 10ml 

volumetric flask and make up the volume with 

mobile phase. Take 0.1ml of above solution and 

transferred into 10ml volumetric flask and diluted 

with10ml using mobile phase. The solution was 

injected into HPLC and chromatogram was 

recorded Fig 11. 

 

 
 

Fig 11: HPLC CHROMATOGRAM OF PHOTOLYTIC DEGRADATION 

 

Thermal degradation: 

 Accurately weighed 5mg of ETM and 

MFA was transferred into clean and dry petridish. 

The petridish was placed in a oven at 50ºC for 3 

hrs. The drug transferred into 10ml volumetric 

flask and make up the volume with mobile phase. 

Take 0.1ml of above solution and transferred into 

10ml volumetric flask and diluted with10ml using 

mobile phase. The solution was injected into HPLC 

and chromatogram was recorded Fig 12. 

 

Fig 11: HPLC CHROMATOGRAM OF THERMAL DEGRADATION 
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S.No Analyte Retention time of degradation 

product 

1 Acid degradation 2.8, 4.8 

2 Alkali degradation No degradation product 

3 Oxidation degradation 2.2, 2.8, 4.3, 4.7 

4 Photolytic degradation 3.1 

5 Thermal degradation 4.7 

Table 7: FORCED DEGRADATION STUDY OF ETM AND MFA 

 

IV. CONCLUSION: 
Here, an attempt was made to develop the 

stability-indicating  method development for the 

estimation of ETM and MFA in combined dosage 

form by using RP-HPLC. The mobile phase was 

optimized for better separation of the ETM anf 

MFA with good resolution at flow rate of 1.0 ml 

per minute. The separation was obtained by 

scanning at 299 nm using a PDA detector. The 

linearity was obtained with a good correlation 

coefficient at their respective retention time. The 

developed method was validated as per ICH 

guidelines by using statistical parameters. 

 This was followed by stress degradation of 

both the drugs under different conditions like acid, 

base, oxidative, thermal and photolytic study. The 

reliable, specific, reproducible and efficient method 

is developed and validated which can be easily 

acceptable for laboratory applications. 
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