
INTRODUCTION
Majority of drugs show the problem of poor solubility, whether in 
the case of their analytical estimations or in the �eld of liquid dosage 
forms in the form of solutions. Commonly used organic solvents for 
spectrophotometric analysis of water insoluble drugs include 
methanol, ethanol, chloroform, benzene, dichloromethane, 
dimethyl formamide, acetonitrile, ethyl acetate, toluene, carbon 
tetrachloride, acetone, hexane etc. The main drawbacks of organic 
solvents include high cost, toxicity and pollution. Organic solvents 
have innumerous adverse effects caused by single exposure like 
dermatitis, headache, drowsiness, nausea, eye irritation and long 
term exposure causes serious effects such as neurological disorders, 
chronic renal failure, liver damage, necrosis, mutagenesis disorder. 
They should be replaced by other ecofriendly alternative sources. 
The researchers are doing much work to give eco-friendly solutions 

[1-3]for this challenge. Maheshwari  has given a nice concept, known as 
mixedsolvency concept. As per Maheshwari all substances present 
on earth possess solublizing power whether it is solid, liquid or gas. 
Any substance is a good solvent for some and bad solvent for 
another. By application of this concept, innumerable solvent 
systems can be developed.  He has given several eco-friendly 
methods in the area of drug estimations and formulations 
precluding the use of toxic organic solvents. The solubility of a large 
number of poorly soluble drugs has been enhanced by mixed 

[1-21]solvency concept. The present investigation is an attempt to 
show that solids can also be wisely used to act as solvent precluding 
the use of organic solvents. The main objective of the present study 
is to demonstrate the solvent action of solids. 

The concept of mixed solvency is an emerging �eld which can serve 
as a milestone for solubility enhancement and therefore deserves 
an urgent attention of the scienti�c community to assess its 
efficiency and applicability. As per Maheshwari all substances 
present on earth possess solublizing power whether it is solid, liquid 
or gas. Any substance is a good solvent for some and bad solvent for 
another.

MATERIAL AND METHOD
Piroxits DT (Piroxicam dispersible tablets) of Intas Pharmaceuticals 
Limited, Ahmedabad was purchased from local market. Gift sample 
of Paracetamol was obtained by Shree Pharmaceuticals, Indore and 
Phenol of analytical grade was used.The instrument used was 
Shimadzu UV-visible spectrophotometer (model UV-160A) with 1 
cm matched silica cells. 

EXPERIMENTAL METHOD
Solubility Studies - o  By approx solubility method at 28±1 C, more 
than 11% w/v solubility was observed (more than 110 mg piroxicam 
goes in solution form in 1ml of Ppl41).

Calibration curve - Stock solution of standard drug piroxicam was 
prepared by dissolving 50 mg in 10 ml PPl41 in 500 ml volumetric 
�ask. Then 400 ml of DM water was added and shaken for 5 min and 
further diluted to 500 ml with DM water. Using this stock solutionof 
500µg/ml, standard solutions of 5, 10, 15, 20 and 25 µg/ml were 
prepared in DM water. Then, the absorbances of standard solutions 
were recorded at 358 nm against respective reagent blanks to 
obtain the calibration curve.

Analysis of commercial tablet - Twenty tablets were weighed and 
crushed to obtain a �ne powder. Tablet powder equivalent to 50 mg 
of piroxicam was transferred to a 500 ml volumetric �ask and 10 ml 
PPl41 was added and shaken for 10 min. Then 400 ml of DM water 
was added and shaken for 5 min and further diluted to 500 ml with 
DM water.  Whatmann �lter paper was used for �ltration to remove 
the tablet excipients and 5 ml of �ltrate was transferred to a 50 ml 
volumetric �ask. Then volume was made up to 50 ml with DM water 
and absorbance of resulting solution was recorded at 358 nm 
against reagent blank. The drug content was determined using 
calibration curve.

Recovery Studies - Recovery studies taking 15 mg and 30 mg of 
pure drug as spiked drug together with pre-analysed tablet powder 
(equivalent to 100 mg) were performed using the same proposed 
method.
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RESULTS AND DISCUSSION
The linearity range was found to be 5-25 µg/ml with regression 

2equation y= 0.044x-0.0033 (r = 0.9998). The percent label claim were 
found very close to 100 (98.66 ± 1.761 and 99.33 ± 0.904) indicating 
accuracy of the proposed method. Percent recoveries estimated by 
the proposed methods are close to 100 (99.86 ± 1.878 to 101.65 ± 
1.444) with low values of standard deviation, percent coefficient of 
variation and standard error which further validated the proposed 
method for its accuracy. It was found that proposed method was 
speci�c because both phenol and paracetamol do not show any 

interference above 315 nm and drug was estimated at 358 nm.

TABLE 1: Analysis Of Commercial Tablets Of Piroxicam With 
Statistical Evaluation (n=3)

Tablet 
formulation

Label 
claim per 

tablet (mg)

% Label claim 
estimated 

(mean ± SD)

% Coefficient 
of variation

Standar
d error

I 20 98.66±1.761 1.785 1.017
II 20 99.33±0.904 0.910 0.522

TABLE 2: Results of Recovery studies with statistical evaluation (n=3)

Tablet Formulation Drug present in preanalyzed 
tablet powder taken (mg)

Pure drug added 
(spicked)(mg)

% Recovery estimated 
(mean ± SD)

%  Coefficient 
of  Variation

Standard error

I 50 15 99.90 ±1.111 1.112 0.641
I 50 30 100.55 ±1.662 1.653 0.960
II 50 15 101.65 ±1.444 1.421 0.834
II 50 30 99.86  ±1.878 1.88 1.083

CONCLUSION: 
It may be concluded that mixed solvency concept can be 
successfully employed in analytical estimation of various drugs. A 
large number of poorly water soluble drugs having absorption 
maxima above 315 nm (PPl4 did not show any absorbance above 
315 nm) can be tried for estimation by this method. Such eutectic 
combinations can be tried in place of costlier and toxic organic 
solvents.

REFERENCES
1.  Stuart F, Gibaldi M. Effect of urea on solubility, Role of water structure. Int. J. Pharm; 

1967.  56, 370-375. 
2.  Jain NK, Agrawal RK, Singhai AK. Formulation of aqueous injection of carbamazepine. 

Pharmazie, 1990; 45, 221-222. 
3.  Jain NK, Singhai AK, Jain S. Hydrotropic solubilization of ketoprofen. Pharmazie, 1996;  

51, 236-239. 
4.  Jain NK, Singhai AK, Jain S. Enhanced solubilization and formulation of an aqueous 

injection of piroxicam. Pharmazie, 1997; 52, 942-946. 
5.  Suzuki H, Sunada H. Mechanistic studies on hydrotropic solubilization of ni�dipine in 

nicotinamide solution. Chem. Pharm. Bull, 1998; 46, 126-130. 
6.  Silva et al, Hydrotropic Solubilizaton, Thermochemica Acta, 1999; 328, 161-167.
7.  Simamora P, Alvarez JM, Yalkowsky S. Solubilization of rapamycin. Int. J. Pharm., 2001; 

212, 25-29. 
8.  Rawat S, Jain NK. Hydrotropic solubilization of some cox-2 inhibitors. Indian Drugs, 

2006;  43, 565-574
9.  Maheshwari RK. Novel application of hydrotropic solubilization in the 

spectrophotometric analysis of piroxicam in solid dosage form. Indian drugs, 2006; 
43, 683-685. 

10.  Jain NK, Nahar M. Formulation and evaluation of saquinavir injection .Ind. J. Pharm. 
Sc, 2006; 68, 608-614. 

11.  Maheshwari RK. Mixed hydrotropy in spectrophotometric analysis of aceclofenac. 
The Indian Pharmacist, 2007; 6, 67-69. 

12.  Sanghvi R, Evans D, Yalkowsky SH . Stacking complexation by nicotinamide: A useful 
way of enhancing drug solubility.  Int. J. Pharm, 2007; 336, 35 

13.  Gupta S, Maheshwari RK. Novel application of mixed solvency concept in the 
development of fast release formulation of poorly water soluble drug using liquisolid 
technique and its evaluation. S.G.S.I.T.S, Indore, 2011.

14.  Jain R, Maheshwari RK, George P. Formulation development and evaluation of 
controlled release tablets of lamotrigine using mixed solvency concept. Bulletin of 
Pharmaceutical Research 2015; 5(1):14-9.

15.  Maheshwari R, Shilpkar R. Formulation development and evaluation of injection of 
poorly soluble drug using mixed solvency concept. International Journal of Pharma 
and Biosciences ,2012; 3, 179-189.

16.  Chandan C, Maheshwari RK. Mixed solvency concept in reducing surfactant 
concentration of self emulsifying drug delivery systems of candesartan cilexetil using 
D‐optimal mixture design. Asian Journal of Pharmaceutics (AJP) 2014; 7 (2).

17.  Maheshwari RK, Karawande V U. Application of novel concept of mixed solvency in 
the design and development of �oating microspheres of furosemide. International 
Journal of Pharmacy and Pharmaceutical Sciences 2013; 15, 167-195.

18.  Rajagopalan R. Formulation and evaluation of Paracetamol syrup made by mixed 
solvency concept. Scholars Research Library 2012; 4 (1), 170-174.

19.  Gupta P,  Maheshwari R K. formulation development of dry syrup and dry injection for 
reconstitution of a poorly water soluble drug (ornidazole) using mixed solvency 
concept and their evaluation, 2016; 59- 91.

20.  Mehtani D, Maheshwari R K. Formulation development and optimization of 
niosomes using mixed solvency approach for transdermal delivery of poorly soluble 
drug and its evaluation  S.G.S.I.T.S, Indore, 2011.

21.  Yadav N, Maheshwari RK. Formulation development of microspheres using mixed 
solvency concept: Design development and optimization of controlled release 
microsphere of furosemide by mixed solvency concept, S.G.S.I.T.S, Indore, 2012.

22.  Putliwala M, Maheshwari RK. Formulation and evaluation of alcohol-free 
pharmaceutical preparations using mixed solvency concept and its evaluations. 
S.G.S.I.T.S, Indore, 2014.

23.  Agrawal A, Maheshwari R. Formulation development and evaluation of in situ nasal 
gel of poorly water soluble drug using mixed solvency concept. Asian Journal of 
Pharmaceutics (AJP) 2011; 5 (3); 131-140.

24.  Gour V, Garg A, Shukla A, Yadav A K. Development and Evaluation of Metronidazole 

Injection by Mixed Solvency Approach. Asian Journal of Biomaterial Research 2016; 2 
(1), 38-45.

25.  Maheshwari R K, Agarwal S. Formulationdevelopment and evaluationof in situ nasal 
gel of poorly water soluble drug using mixed solvency concept. Asian Journal of 
Pharmaceutics; 5(3), 131-140.

26.  Kori S, Maheshwari RK, Novel application of mixed solvency concept to improve drug 
loading and to reduce the concentration of surfactants in the model sedds and its 
evaluation.Dept of pharmacy, S.G.S.I.T.S, Indore, 2016.

27. Verma B, Maheshwari RK. Formulation development of w/o/w multiple emulsion of 
poorly water soluble drug, gati�oxacin, using novel application of mixed solvency 
concept and  its  evaluation.  Dept of pharmacy, S.G.S.I.T.S, Indore,2013.

28.  George P, Maheshwari RK. Formulation development of dry dosage forms of a poorly 
water soluble drug (ce�xime Tihydrate) using mixed solvency concept and their 
evaluation.  Dept of pharmacy, S.G.S.I.T.S, Indore,2015.

29.  Joshi A, Maheshwari RK. Enhancement of transdermal permeation and formulation 
of transdermal gel of a pooly water soluble drug using mixed solvency approach. 
S.G.S.I.T.S,Indore, 2009.

30.  Sirole M, Maheshwari RK. Formulation development of non-aqueous ear drop of 
gati�oxacine and o�oxacine using mixed solvency concept. S.G.S.I.T.S.,Indore,2012.

31.  Soni I, Maheshwari RK. Formulation development of  fast release solid dispersions of 
poorly water soluble drugs, gati�oxacin and naproxen, employing  novel npplication 
of mixed solvency concept and their evaluations. Dept of pharmacy, S.G.S.I.T.S, 
Indore, 2015.

32.  Jatwa D, Maheshwari R K. Formulation development of solid-SEEDS based capsule 
dosage form of diazepam using novel application of mixed solvemcy concept and its 
evaluation. S.G.S.I.T.S, Indore, 2012.

33.   Maheshwari RK, Chaklan N. Novel pharmaceutical application of mixed solvency for 
solubility enhancement of piroxicam, development of its solid dispersions and fast 
dissolving oral �lm. S.G.S.I.T.S, Indore, 2009.

34.  Maheshwari RK, Putliwala M, Padiyar A. Novel Approach for Spectrophotometric 
Estimation of Naproxen Tablet Dosage Form using Solids (Eutectic liquid of Phenol 
and Niacinamide) as Solubilizing agents (Mixed Solvency Concept).Asian Journal of 
Pharmaceutical Research, 2015; Vol 5, Issue 1, 25-28.

35.  Abdelbary GA, Amin MM, Abdelmoteleb M. Novel Mixed Hydrotropic Solubilization 
of Zaleplon: Formulation of Oral Tablets and In-vivo Neuropharmacological 
Characterization by Monitoring Plasma GABA Level. Journal of Drug Delivery Science 
and Technology 2016; doi: 10.1016/j.jddst.2016.03.014.

36.  Maheshwari RK, Shah AP, Pandey L,  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):01-02.

37.  Soni LK,  Solanki SS, Maheshwari RK. Studies on Mixed Solvency concept in 
formulation development of oral solution (syrup) of poorly water soluble drugs. 
Journal of Harmonized Research in Pharmacy 2015; (4),  305-315.

38.  Maheshwari RK, Goyal S, Vaswani P. “Solid as Solvent”-Novel Spectrophotometric 
analysis of Piroxicam tablets using Solids (Eutectic liquid of Phenol and Metformin 
Hydrochloride) as Solubilizing Agents (mixed solvency concept). International Journal 
of Pharmaceutical Erudition, www.pharmaerudition.org, Aug 2016; 6(2), 12-19.

39.   Singh A, Maheshwari RK. “Solid as Solvent”-Novel Spectrophotometric analytical 
Technique for Quantitative Estimation of Piroxicam in tablets using Solids (Eutectic 
liquid of Phenol and Lignocaine Hydrochloride) as Solubilizing Agents (mixed 
solvency concept). World Journal of Pharmaceutical Research, Volume 5, Issue 2, 
1560-1567.

40.  Maheshwari  RK,  Vamoriya P,  Joshi S,  Kori  S.  “Solid as Solvent”-Novel 
Spectrophotometric analysis of Metronidazole tablets using Phenol as Solvent 
.European Journal of Biomedical and Pharmaceutical Sciences, http:// www. ejbps. 
com 2015; Volume: 2, Issue: 4, 1240-1247. 

41.  Maheshwari RK, Jain R,  George P. Formulation Development and Evaluation of 
Controlled Release Tablets of Lamotrigine using Mixed Solvency Concept. An Official 
Publication of Association of Pharmacy Professionals, Bulletin of pharmaceutical 
Research  2015; 5(1): 14-19.

42.  Jain DK, Patel V, Banjare L, Jain N,  Maheshwari RK. “Solid as Solvent”- Novel Technique 
for Spectrophotometric Analysis of Ornidazole Tablets using Melted Phenol as 
Solvent. Asian Journal of Biomedical and Pharmaceutical Sciences.

43.  Jain S, Maheshwari RK, Nema RK,  Singhvi I. Development and Validation of Simple 
Spectrophotometric Method of Quantization of Ondansetron Hydrochloride in Solid 
Dosage Formulations using Hydrotropic Solubilization Technique. International 
Journal of Pharmaceutical Sciences and Drug Research, 2017; 9(5)210-213. 

44. Maheshwari RK, Solanki SS,  Soni LK. “Solid as Solvent”- Novel Spectrophotometric 

  X 97GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-10, OCTOBER-2018 • PRINT ISSN No 2277 - 8160



Analytical Technique for Furesemide Tablets using Solids(Eutectic Liquid of Phenol 
and Niacinamide) as Solubilizing Agents(Mixed Solveny Concept). International 
Journal of Advances In Pharnaceutical Research .

45.  Padiyar A, Maheshwari RK, Jain S. Formulation and Development of High Concentration 
Diclofenac Sodium Injection using Mixed Solvency Concept and its Evaluation. 
International Journal of Advanced Pharmaceutics, 2016; vol 6, issue 2, 78-84. 

46.  Jain S, Maheshwari RK,  Nema RK, Singhvi I. Development and Validation of Simple 
UV-Spectrophotometric Method of Quantization of Domperidone in Solid Dosage 
Formulation using Mixed Solvency Concept, Research and Reviews: A journal of 
Design and Discovery, Volume 4, Issue 2.

47.  Jain S, Maheshwari RK,  Nema RK, Singhvi I. Development and Validation of Simple 
UV- Spectrophotometric Method of Diazepam in Bulk and Solid Dosage Formulation 
using Mixed Solvency Concept, International Journal of Current Pharmaceutical 
Research, 2017; Vol 9, Issue 6,.

48.  Jain S, Maheshwari RK,  Nema RK, Singhvi I. Development and Validation of Simple 
UV- Spectrophtometric Method of Quantization of Nifedipine in Solid Dosage 
Formulation using Mixed Solvency Concept, World Journal of Pharmaceutical 
Research, Volume 6, Issue 13, 1014-1021.

49.  Maheshwari RK, Dahima R.“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

50.  Maheshwari RK,  Padiyar A, Putliwala M. Utilization of Mixed Solvency Concept in 
Spectrophotometric Analysis of Ce�xime Trihydrate Tablets. International Journal of 
Pharmaceutical Research and Analysis, Vol 5, Issue 1, 1-3. 

51.  Maheshwari RK. “Solid as Solvent”- Novel Spectrophotometric Analysis of Tinidazole 
Tablets using Phenol as Solvent. Asian Journal of Pharmaceutical Research, 2015; 
Vol5, Issue1,21-24

98 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-10, OCTOBER-2018 • PRINT ISSN No 2277 - 8160


