INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

Check for
updates

& OPEN ACCESS

Received: 19.03.2021
Accepted: 08.07.2021
Published: 20.08.2021

Citation: Soni K, Sharma K (2021)
Eco-friendly Spectrophotometric
analysis of Mefenamic acid (poorly
water-soluble drug) using the mixed
solvency concept. Indian Journal of
Science and Technology 14(28):
2337-2341. https://doi.org/
10.17485/1)ST/v14i28.476

*Corresponding author.

Tel: 9827039131
ketan.soni5050@gmail.com

Funding: None

Competing Interests: None

Copyright: © 2021 Soni & Sharma.
This is an open access article
distributed under the terms of the
Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the
original author and source are
credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

Eco-friendly Spectrophotometric analysis
of Mefenamic acid (poorly water-soluble
drug) using the mixed solvency concept

Ketan Soni'*, Kavita Sharma?

1 Research Scholar, Shri Vaishnav Vidyapeeth Vishwavidyalaya, Indore, Tel.: 9827039131
2 Professor & Co-ordinator, Shri Vaishnav Institute of Forensic Science, SVVV, Indore

Abstract

Objectives: To investigate an eco-friendly method to enhance the solubility of
Mefenamic acid. The present investigation was to employ these hydrotropic
solutions to extract the drugs from their dosage forms, precluding the use
of costlier and harmful organic solvents. Methodology: Mefenamic acid was
analyzed by using UV Visible spectrophotometer (Model 1800, Shimadzu),
and its solubility (poorly water-soluble drug) measured by mixed solvency
method. Sodium caprylate solution was used as a hydrotropic solubilizing
agent. Findings: The solubility of the Mefenamic acid drug in water was very
low at about 0.2 mg/ml and the solubility of Mefenamic acid in the 20% sodium
caprylate solution was 10 mg/ml. The value of percentage estimation obtained
was from 98.6 (tablet Il) to 98.8 (tablet I). This value is obtained near to 100%
hence, we can say that the proposed method is correct. Standard deviation
(0.173 to 0.346), percentage coefficient of variation (0.175 to 0.350) and the
value of standard error (0.101 to 0.202) are also very low to validate the
accuracy of the proposed method. Novelty: Mixed solvency concept can be
utilized for spectrophotometric estimation of poorly water-soluble drugs from
their bulk drug samples to avoid the use of organic solvents that provide a new,
economical, environmentally friendly, safe, and reliable analytical mechanism.
Keywords: Mixed solvency; solubility; hydrotropic; mefenamic acid; sodium
caprylate

1 Introduction

Solubility is an important parameter in drug formation. Many drugs have very low
solubility in water. Hence, it is necessary to increase the solubility of these drugs 2.
Mefenamic acid is a non-steroidal anti-inflammatory drug and its solubility in water is
very low at about 0.2 mg/ml‘®). The pollution and toxicity caused by most of the organic
solvents are a big challenge hence researcher is doing work to give an eco-friendly
solution for this challenge ). The mixed solvency concept is an effective technique for
the enhancement of the solubility of poorly water-soluble drugs by using a solubilizing
technique, we can preclude the use of organic solvents, which are more costly, toxic, and
harmful to our environment =), The solubility of the drug can be
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increased in many ways but most methods require chemical or physical changes in the drug structure hence this proposed
method increases the solubility of the drug!%-'?). This method also does not require chemical and physical changes in the
drug?). The mixed solvency concept is an eco-friendly method. In this method, hydrotropic agents are used !*). Hydrotropic
agents are ionic organic salts with the help of these the solubility of any solute can be improved. Sodium acetate, sodium
benzoate, urea, sodium caprylate, etc. are some examples of hydrotropic agents !>, According to the mixed solvency theory,
all matters of hydrotropic agents, whether it is liquid, gas, or solid, will have the properties of solubility ability!*~'®), In drug
analysis, some organic solvents like methyl alcohol, toluene, benzene, chloroform, etc. are used to dissolve the drug which is
very expensive and toxic 1°-?%), The organic solvent is divided into three classes Class I, Class II, and Class I1I. Class III organic
solvents are less harmful than Class I and Class IT%. These organic solvents are not employed in the mixed solvency concept
thus, it is an eco-friendly technique ?*). The main objective of this study was to investigate an eco-friendly method to enhance
the solubility of mefenamic acid. The present investigation was to employ these hydrotropic solutions to extract the drugs from
their dosage forms, precluding the use of costlier and harmful organic solvents. In this study, we used sodium caprylate to
increase the solubility of mefenamic acid. The mixed solvency concept can be utilized for spectrophotometric estimation of
poorly water-soluble drugs from their bulk drug samples to avoid the use of organic solvents that provide a new, economical,
environmentally friendly, and safe analytical mechanism.

2 Procedure

Mefenamic acid was collected from the Brawan Pharmaceuticals, Faridabad, India. Mefenamic acid tablets were obtained from
Indore’slocal market from two separate firms (Alkem laboratory Itd. and Indchemie health specialties Pvtltd.). Analytical-grade
chemicals were utilized.

2.1 Instrumentation

For spectrophotometric estimation, the UV Visible spectrophotometer (Model 1800, Shimadzu) was utilized.

2.2 Investigations of preliminary solubility

Suitable quantities of the mefenamic acid (drug) were added in a 25 ml capacity bottle including 10 ml of 20% (w/v) sodium
caprylate solution. After applying the aluminum seal, the bottle was shaken for twelve hours in an orbital flask shaker. After 24
hours, filtration was done with the help of Whatman filter paper. 1 ml of saturated filtrate was diluted to 1000 ml with distilled
water and absorbance was noted at 319 nm against reagent blank. Solubility was measured by using the obtained absorbance
and absorbance was given in Table 1.

2.3 Determination of Solubility improvement

The solubility improvement ratio was determined and given in Table 1.
The following formula was used for the determination of the solubility improvement ratio:
Solubility improvement ratio = solubility in hydrotropic solution/ solubility in distilled water

2.4 The preparation of the drug’s calibration curve (mefenamic acid)

100 mg of mefenamic acid standard drug and 90 ml of 20% (w/v) of sodium caprylate solution were transferred to a 100 ml
volumetric flask. The flask was shaken until the drug is completely soluble. After completely dissolving the drug, enough quantity
of sodium caprylate solution was added to make up the volume up to 100 ml. Standard solutions of 5, 10, 15, 20, and 25 ug/ml
were prepared from this stock solution. The absorbance of these solutions was noted at 319 nm against the reagent blank and
given in Table 2. The statistical description of this absorbance is shown in Table 3. A standard curve must be done in triplicates.

2.5 Proposed Research Approach

50 mg drug equivalent tablet powder (I) and an aqueous solution of 90 ml sodium caprylate were transferred to a 100 ml
volumetric flask. The flask was shaken rapidly for 10 minutes and an aqueous solution of sodium caprylate was added to make
up the volume up to 100 ml. To extract tablet excipients the solution was filtered with the help of Whatman filter paper. The
absorbance was noted at 319 nm against reagent blank, after dilution of filtrate with distilled water (2 ml to 100 ml). The same
procedure was performed with the tablet (II) and results were reported in Table 4.
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2.6 Recovery studies

For recovery studies, the drug content was determined by the proposed method by adding 20 mg and 40 mg of the standard
mefenamic acid drug separately in the tablet powder equivalent to 50 mg of the drug. The same procedure was repeated for a
tablet (II) and results were noted in Table 5.

3 Results and Discussion

Table 1. Solubility of mefenamic acid (drug) in hydrotropic solution
Solvent Absorbance Solubility in mg/ml  Solubility improvement ratio

Hydrotropic solution (20% of sodium caprylate solution) 0.377 10 10/0.2=50

Table 2. Data of analysis curve

1 5 0.172
2 10 0374
3 15 0.587
4 20 0.788
5 25 0976

1.2

¥=0.0404X-0.0272
R?=0.9996

Absorbanceat 319 nm

0 5 10 15 20 25 30
Concentration m pg/mil

Fig 1. Calibration curve of Mefenamic acid with standard error bars

Table 3. Statistical description of Absorbance shown in table 2

Mean 0.5794
Standard deviation  0.319776172
Standard error 0.143008252

Table 4. Analysis of mefenamic acid tablet with statistical evaluation (n=3)

Tablet of mefenamic acid drug Claimed amount of % drug calculated (mean % coefficient of Standard
drug mg/tablet =+ Standard Deviation) variation error

I (Meftal P tab) Blue cross lab. PVT. Ltd. 100 98.8+ 0.173 0.175 0.101

II (Mefacid) Floreat Medica Pvt. Ltd. 100 98.6+ 0.346 0.350 0.202
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Table 5. Statistically analyzed results of recovery experiments (n=3)

Tablet of mefenamic acid Amount of drug in Quantity in mg % drug calculated % coefficient of Standard

drug mg presented in pre- of the standard (mean = Standard variation error
liminarily investigated drug (spiked) Deviation)
tablet powder
I (Meftal P tab) Blue cross 50 20 99.3+0.108 0.108 0.062
lab. PVT. Ltd.
I (Meftal P tab) Blue cross 50 40 98.5+0.519 0.526 0.303
lab. PVT. Ltd.
II (Mefacid) Floreat Med- 50 20 98.0+£0.108 0.110 0.063
ica Pvt. Ltd.
II (Mefacid) Floreat Med- 50 40 97.8+0.101 0.176 0.101
ica Pvt. Ltd.

In the previous study done by Swathi et al. ¥, the solubility of mefenamic acid (at the temperature of the room) was reported
to be 0.2 mg/ml in the distilled water. In the present study, the solubility of mefenamic acid in the 20% of sodium caprylate
solution was found to be 10 mg/ml. Table 4 shows the value of percentage estimation obtained from 98.6 (tablet II) to 98.8
(tablet I). This value is obtained by spectrophotometric analysis with the help of the mixed solvency technique. This value is
obtained near 100% hence, we can say that the proposed method is correct. Standard deviation (0.173 to 0.346), percentage
coeflicient of variation (0.175 to 0.350) and the value of standard error (0.101 to 0.202) are also very low hence we can say that
the proposed method is accurate.

Table 5 shows the value of the recovery studies that have been achieved from 97.8 to 99.3. This value is also close to 100
which shows the precision of the proposed method, as well as the standard deviation (0.101 to 0.519), percentage coefficient of
variance (0.108 to 0.526), and the standard error (0.063 to 0.303) value also very low, which shows the validation of the proposed
method.

In earlier research, the solubility of many drugs has been increased by this method, but this method has not yet been used
to increase the solubility of the mefenamic acid drug. In previous research micellar solutions of several surfactants were used
to increase the solubility of mefenamic acid. In this research, we used sodium caprylate solution to increase the solubility of
mefenamic acid. In this research, we increased the solubility of mefenamic acid by about 50 times (shown in Table 1) with
the help of the mixed solvency method. Also, this is an eco-friendly method because no organic solvent has been used in this
method.

Currently, due to their unique characteristics such as fast availability, good recovery, absence of fire risks, and eco-friendly
design, hydrotropic solutions have strong industrial needs. In the pharmaceutical sector, a mixed solvency technique can be
assigned efliciently. It can be utilized for spectrophotometric estimation of poorly water-soluble drugs from their bulk drug
samples to avoid the use of organic solvents that provide a quick, economical, environmentally friendly, safe, and reliable
analytical mechanism.

4 Conclusion

Different technologies have been used for the enhancement of the solubility of poorly water-soluble drugs. It may be assumed
that it is possible to use the mixed solvency technique to replace the use of an organic solvent that is more expensive and
harmful for our atmosphere. The solubility enhancement for mefenamic acid in the hydrotropic solution was found to be more
than 50 times as compared to the distilled water. The results concluded that the developed spectrophotometric method for the
determination of mefenamic acid in bulk and formulations using 20% of sodium caprylate as a hydrotropic agent is reliable,
accurate, precise, and eco-friendly. This method can be successfully utilized in the routine analysis of mefenamic acid in bulk
drug and dosage formulations. For the spectrophotometric study of other poorly water-soluble drugs avoiding the use of organic
solvents, there is a further scope of a sodium caprylate solution as a hydrotropic solubilizing agent.

References

1) Kumar MR, Arpna I. Formulation and evaluation of aceclofenac injection made by mixed hydrotropic solubilization technique. Iranian journal of
pharmaceutical research. 2010;9(3):233-242. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3863437/.

2) Vikas P, Santosh T, Santosh B, Rupali S, Lalit G. Spectrophotometric estimation of cefprozil by using Different hydrotropic agents. International Journal
of Pharmacy and Pharmaceutical Sciences. 2010;2(1):82-87. Available from: https://www.ijppsjournal.com/Vol2Issuel/272.pdf.

https://www.indjst.org/ 2340


https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3863437/
https://www.ijppsjournal.com/Vol2Issue1/272.pdf
https://www.indjst.org/

Soni & Sharma / Indian Journal of Science and Technology 2021;14(28):2337-2341

3)

4

=

gl
=

~
~

3
=

10)

11

~

12)

13)

14

=

15

=

16

=

17

~

18

=

19

-

20

=

21)

22)

23

=

24)

25

=

Swathi CH, Subrahmanyam C, Kedarnath SA, Puvvadir SB. Solubilization of mefenamic acid. International Journal of Pharmacy and Technology.
2011;3:3267-3276. Available from: https://www.researchgate.net/publication/289542088_Solubilization_of_mefanamic_acid.

Kumar UMR, Nandan J, Jhalak P, Mittal MK, Chand. New spectrophotometric estimation of naproxen tablet formulation employing mixed solvency
concept (at 331 nm). International Journal of Pharmacy and Technology. 2011;3(4):3618-3623. Available from: https://www.ijptonline.com/volume- 3-
issue-4.

Kumar UMR, Navneet ], Jitendra P, Mittal P, Ravikant. New spectrophotometric analysis of gatifloxacin tablets utilizing mixed solvency concept (at 288
nm). Der Pharmacia Lettre. 2012;4(1):1-4. Available from: 10.13140/RG.2.2.35781.60646.

Kumar MR, Rajendra S. Formulation development and evaluation of injection of poorly soluble drug using mixed solvency concept. International Journal
of Pharma and Bio Sciences. 2012;3(1):179-189.

Ruchi J, Nilesh ], Kumar MR, Kumar JS. Quantitative estimation of levofloxacin and ornidazole by uv spectrophotometer: A mixed hydrotropy
solubilization approach. International Journal of Pharmaceutical Sciences and Research. 2013;4(1):3073-3079. Available from: https://citeseerx.ist.psu.
edu/viewdoc/download?doi=10.1.1.369.1629&rep=rep1&type=pdf.

Soni LK, Solanki SS, Maheshwari RK. Solubilization of poorly water-soluble drug using mixed solvency approach for aqueous injection. Journal of
Pharmaceutical Research International. 2014;4(5):549-568. Available from: 10.9734/BJPR/2014/4281.

Kumar MR. Solid as solvent”- Novel spectrophotometric analysis of norfloxacin tablets using phenol as solvent”. International Journal of Current
Pharmaceutical Research. 2014;6(4):76-78. Available from: https://innovareacademics.in/journals/index.php/ijcpr/article/view/3404.

El-Houssieny BM, El-Dein EZ, Hm EM. Enhancement of solubility of dexibuprofen applying mixed hydrotropic solubilization technique. Drug discoveries
& therapeutics. 2014;31(4):178-184. Available from: 10.5582/ddt.2014.01019.

Jyotsana M, Kiran P, Kamal D. Solubility enhancement studies on lurasidone hydrochloride using mixed hydrotropy. International journal of
pharmaceutical investigation. 2015;5(2):114-120. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4381388/.

Kumar MR, Fouzdar A. Solid as solvent”- Novel spectrophotometric analytical technique for ornidazole tablets using solids (eutectic liquid of phenol
and niacinamide) as solubilizing agents (mixed solvency concept). Indian Drugs. 2015;52:42-45. Available from: http://www.indiandrugsonline.org/
download-article?type=Mg==&id=NDUS5.

Kumar MR, Padiyar A, Putliwala M. Utilization of mixed solvency technique in spectrophotometric analysis of cefiximetrihydrate tablets. International
Journal of Pharmaceutical Research and Analysis. 2015;5(1):1-3. Available from: http://www.ijpra.com/File_Folder/1-3(ijpra).pdf.

Kumar MR, Jawade S, A E Formulation development of aqueous injection of poorly soluble drug using mixed hydrotropic solubilization concept and
its evaluation. International Journal of Pharmaceutical Sciences and Drug Research. 2015;7(1):8-12. Available from: https://www.ijpsdr.com/index.php/
ijpsdr/article/download/370/333.

Rajesh M, Kumar S, Akash P, Lovkush P, Tiwari SP. Solid as solvent: novel spectrophotometric analytical technique for quantitative analysis of tinidazole
tablets using solids (eutectic liquid of phenol and metformin hydrochloride) as solubilizing agents (mixed solvency concept). The Pharma Innovation
Journal. 2016;5(3):1-02. Available from: https://www.thepharmajournal.com/vol5Issue3/Issue_Mar_2016/5-2-10.1.pdf.

Sanjay J, Kumar RMR, Kumar N, Indrajeet S. Development and validation of simple UV spectrophotometric method of quantization of Nifedipine
in solid dosage formulation using mixed solvency concept. World Journal of Pharmaceutical Research. 2017;6(13):1014-1021. Available from: https:
/Iwjpr.net/download/article/1508143963.pdf.

Jain R, Jain N, Jain DK, Patel VK, Rajak H, Jain SK. Novel UV spectrophotometer methods for quantitative estimation of metronidazole and furazolidone
using mixed hydrotropy solubilization. Arabian Journal of Chemistry. 2017;10(2):151-156. Available from: https://doi.org/10.1016/j.arabjc.2013.09.003.
Sanjay J, Kumar RMR, Kumar N, Indrajeet S. New Spectrophotometric Estimation of Frusemide in the Tablets using mixed solvency concept Approach.
International Journal of Current Advanced Research. 2017;6(12):8510-8513. Available from: https://dx.doi.org/10.24327/ijcar.2017.8513.1375.

Poonam S, Komal R, Ashvini R, Giridhar R, Shital P, Wagh R, et al. Development and validation of mixed hydrotropic solubilization method for
spectrophotometric determination of Ornidazole in bulk drug and tablet. Journal of Pharmacy Research. 2017;11(11):1114-1119. Available from:
https://jprsolutions.info/files/ms-file- 5a10fa89dacd’58.89376637.pdf.

Kumar MR, Rashmi D. Solid as solvent”- Novel spectrophotometric analytical technique for quantitative estimation of tinidazole in tablets using solids
(eutectic liquid of phenol and lignocaine hydrochloride) as solubilizing agents (mixed solvency concept). Journal of Drug Delivery and Therapeutics.
2017;7(3):127-130. Available from: http://jddtonline.info/index.php/jddt/article/view/1437.

Kumar MR, Prakhar G, Himanshi G. Formulation development of a model dry injection for reconstitution of poorly water soluble drug ornidazole using
mixed solvency concept and its evaluation. International Journal of Science and Research. 2018;7(4):408-414. Available from: https://www.ijsr.net/get_
abstract.php?paper_id=ART20181340.

Asmat, Raza SN, Khan NA. Hydrotropy: Novel Solubility Enhancement Technique: A Review. International Journal of Scientific progress and research.
2019;10(3):1025-1036. Available from: https://ijpsr.com/bft-article/hydrotrophy-novel-solubility-enhancement- technique-a- review/?view=fulltext.
Joshi J, Nainwal N, Saharana VA. Review on hydrotropy: a potential approach for the solubility enhancement of poorly soluble drug. Asian Jouranal of
Pharmaceutical and Clinical Research. 2019;12:19-26. Available from: 10.22159/ajpcr.2019.v12i10.34811.

Kumar MR, Shruti ], Anjali P, Pawan M, Singh BJ, Neelesh M. Eco-friendly extraction using solids”-A novel application of mixed solvency concept. Journal
of Drug Delivery and Therapeutics. 2019;15(2):244-249. Available from: https://pdfs.semanticscholar.org/952f/cea89927451427d2d2c3072e3874e84416d8.
pdf.

Kumar MR, Apeksha A, Mitali J, Prakash AO. Spectrophotometric analysis of tablets of nalidixic acid using melted niacinamide as solvent. Journal of
Drug Delivery and Therapeutics. 2019;15(9):206-208. Available from: http://jddtonline.info/index.php/jddt/article/view/2323.

https://www.indjst.org/ 2341


https://www.researchgate.net/publication/289542088_Solubilization_of_mefanamic_acid
https://www.ijptonline.com/volume-3-issue-4
https://www.ijptonline.com/volume-3-issue-4
10.13140/RG.2.2.35781.60646
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.369.1629&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.369.1629&rep=rep1&type=pdf
10.9734/BJPR/2014/4281
https://innovareacademics.in/journals/index.php/ijcpr/article/view/3404
10.5582/ddt.2014.01019
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4381388/
http://www.indiandrugsonline.org/download-article?type=Mg==&id=NDU5
http://www.indiandrugsonline.org/download-article?type=Mg==&id=NDU5
http://www.ijpra.com/File_Folder/1-3(ijpra).pdf
https://www.ijpsdr.com/index.php/ijpsdr/article/download/370/333
https://www.ijpsdr.com/index.php/ijpsdr/article/download/370/333
https://www.thepharmajournal.com/vol5Issue3/Issue_Mar_2016/5-2-10.1.pdf
https://wjpr.net/download/article/1508143963.pdf
https://wjpr.net/download/article/1508143963.pdf
https://doi.org/10.1016/j.arabjc.2013.09.003
https://dx.doi.org/10.24327/ijcar.2017.8513.1375
https://jprsolutions.info/files/ms-file-5a10fa89dacd58.89376637.pdf
http://jddtonline.info/index.php/jddt/article/view/1437
https://www.ijsr.net/get_abstract.php?paper_id=ART20181340
https://www.ijsr.net/get_abstract.php?paper_id=ART20181340
https://ijpsr.com/bft-article/hydrotrophy-novel-solubility-enhancement-technique-a-review/?view=fulltext
10.22159/ajpcr.2019.v12i10.34811
https://pdfs.semanticscholar.org/952f/cea89927451427d2d2c3072e3874e84416d8.pdf
https://pdfs.semanticscholar.org/952f/cea89927451427d2d2c3072e3874e84416d8.pdf
http://jddtonline.info/index.php/jddt/article/view/2323
https://www.indjst.org/

	Introduction
	Procedure
	2.1 Instrumentation
	2.2 Investigations of preliminary solubility
	2.3 Determination of Solubility improvement
	2.4 The preparation of the drug's calibration curve (mefenamic acid)
	2.5 Proposed Research Approach
	2.6 Recovery studies 

	Results and Discussion
	Conclusion

