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ABSTRACT  

Inflammation is the response to an injurious stimulus. It can 

be evoked by a wide variety of noxious agents (e.g., 

infections, antibodies, or physical injuries). Piroxicam is a 

nonsteroidal anti‐inflammatory drug (NSAID) that exhibits 

anti‐inflammatory anti-rheumatoid property.  The purpose of 

this study was to develop an emulgel formulation of 

piroxicam, using methyl cellulose (MC) as gelling agent. The 

influence of the gelling agent and the concentration of both 

oil phase and emulsifying agent on the drug release from the 

prepared emulgels were investigated using 2
3
 factorial 

designs. The formulation was found to be efficient with good 

physical appearance, spreadability, percentage drug content 

and release profile. The prepared formulations were 

characterized for various parameters like color, pH (5.5-6), 

spreadability, drug content and viscosity. All the formulations 

showed better rheological profile. In vitro drug release study 

was performed by locally fabricated membrane bag method 

and was found to be ~75 % in 24 hours. 
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1. INTRODUCTION 

Piroxicam is a potent anti-inflammatory drug. It is used in treatment of osteoarthritis, rheumatoid 

arthritis, ankylosing spondylitis and acute gout disease. It has prolonged half life of about 45 hrs. 

It is a poorly water-soluble drug and when administered orally it may cause bioavailability 

problems due to its poor solubility and dissolution rates in biological fluids (Kiran et al., 2010). 

It also possesses analgesic and antipyretic properties. Although the drug is well absorbed 

following oral administration, gastric irritation is still the most serious adverse effect associated 

with conventional route of drug administration (Velmurugan et al ., 2010). Piroxicam is weakly 

acidic and highly lipophilic anti-inflammatory drug available for oral, parenteral and topical 

administration. The drug inhibits the synthesis of prostaglandins in inflammation (Moghimipour  

et al., 2009). 

Delivery of drugs to the skin is effective for local dermatological disorders. This route of drug 

delivery has significantly improved due to its potential benefits including avoidance of first pass 

effect, gastrointestinal (GIT) irritation, and metabolic degradation associated with oral 

administration. Due to the first pass effect, only 25-45 % of the orally administered drug reaches 

the blood circulation. In order to bypass these limitations the emulgel formulation has been 

proposed for topical application (Jain et al., 2010). Use of topical agents requires a consideration 

of the factors that influence percutaneous absorption. Molecules can penetrate the skin by three 

routes: through intact stratum corneum, through sweat ducts, and through the sebaceous follicle.  

 

Fig. 1. Drug penetration through skin 
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The surface of the stratum corneum presents more than 99 % of the total skin surface available 

for percutaneous drug absorption. Passage through this outermost layer is the rate limiting step  

for percutaneous absorption including the establishment of a concentration gradient, which 

provides the driving force for drug movement across the skin, release of drug from the vehicle 

(partition coefficient) and drug diffusion across the layers of the skin ( Patel et al., 2011). 

There are primary three mechanisms for topical drug absorption: transcellular, intercellular, and 

follicular. Most of the drugs pass through the tortuous path around corneocytes and through the 

lipid bilayer to viable layers of the skin. The barrier resides in the outermost layer of the 

epidermis, the stratum corneum, as evidenced by approximately equal rates of penetration of 

chemicals through isolated stratum corneum or whole skin. Creams and gels that are rubbed onto 

the skin have been used to improve pain and anti-infective property at the site of action. It 

includes gels and creams for vaginal yeast infections, for skin infection and to control arthritic 

pain. New technologies for transdermal drug delivery allow other drugs to be absorbed through 

the skin. It can be used to treat not only various affected areas of skin but also for systemic drug 

delivery. In this context skin care and topical treatment of dermatological conditions a variety of 

vehicles ranging from solid to semisolid liquid preparation are available to clinician and patients. 

Within the major group of semisolid preparation the use of emulgels has expanded both in 

cosmetics as well as in pharmaceuticals (Khullar et al., 2011). 

Emulgels are emulsions, either of the oil-in water or water in-oil type, which are converted into 

gel upon addition of a gelling agent. They have high patient acceptability since they possess the 

advantage of both emulsions and gels. Therefore, recently it is used as vehicles to deliver various 

drugs to skin in controlled manner. Emulgels are gaining importance owing to their better 

applicability in comparison to conventional formulation such as creams and ointments. 

Additionally they have faster and complete release of drug from the vehicle into the skin and 

therefore, better therapeutic efficacy as compared to creams, ointments (Magdy et al., 2004). 

Furthermore, they offer ease for application on hairy skin due to absence of greasiness and lack 

of residues upon application. (Sachin et al., 2011).            
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2. MATERIALS AND METHODS 

 Piroxicam (PCM) was kindly supplied as a gift sample by Pfizer Pharmaceutical India Pvt. Ltd 

(Mumbai, India). Methyl cellulose was purchased from Loba Chemie Pvt. Ltd. (Mumbai, India) 

and polyethylene glycol was purchased from Bengal Chemical and Pharmaceutical Ltd. 

(Kolkata. India). All other chemicals were of analytical grade and were used as received.  

2.1 Preparation of emulgel  

The gel was prepared by dispersing methyl cellulose (MC) in heated purified water (80°C), and 

the dispersion was cooled and left overnight. The oil phase of the emulsion was prepared by 

dissolving Span 20 in light liquid paraffin while the aqueous phase was prepared by dissolving 

Tween 20 in purified water. Methyl paraben was dissolved in polyethylene glycol (PEG) 

whereas drug was dissolved in ethanol, and both solutions were mixed with the oil phase. Both 

the oily and aqueous phases were separately heated to 70° to 80°C then the oily phase was added 

to the aqueous phase with continuous stirring until cooled to room temperature. The obtained 

emulsion was mixed with the gel in 1:1 ratio with gentle stirring to obtain the emulgel (Magdy et 

al., 2004). The composition of different emulgels is presented in Table 1. Eight piroxicam 

emulgel formulations were formulated. 

Table 1.  Composition (in %) of different emulgel formulations 

Ingredient Type P1 P2 P3 P4 P5 P6 P7 P8 

Piroxicam Fix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

MC Fix 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Liq. Paraffin Variable 5 7.5 5 5 7.5 5 75 7.5 

Tween 20 Variable 0.6 0.6 0.6 1 1 1 1 0.6 

Span 20 Variable 0.9 0.9 1.5 0.9 0.9 1.5 1.5 1.5 

PEG 400 Fix 5 5 5 5 5 5 5 5 

Ethanol Fix 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Methyl paraben Fix 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

Distilled water Fix 100 100 100 100 100 100 100 100 

Abbreviations: MC-methylcellulose, PEG-Polyethyleneglycol 
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2.2 Characterization  

2.2.1 Color and pH  

The prepared emulgel formulations were inspected visually for their color and pH. The pH 

values of 1 % aqueous solutions of the prepared emulgels were measured by a pH meter at 

working temperature of 27±1
o
C. 

2.2.2 Spreadability 

Spreadability was determined by modified wooden block and glass slide apparatus. The 

apparatus consisted of a wooden block with fixed glass slide and a pulley. A pan was attached to 

another glass slide (movable) with string. A measured quantity of ointment was placed in the 

fixed glass slide, the movable glass slide with a pan attached to it, was placed over the fixed 

glass slide, such that the ointment was sandwiched between the two slides for 5 min. About 50 g 

of weight was added to the pan. Time taken for the slides to separate was noted. Spreadability 

was determined using the following formula (Akanksha et al., 2009).      

Spreadability g/s =mass (gm)/time (s) 

 

Fig. 2. Glass slide apparatus for determining spreadability  

2.2.3. Drug content 

One ml of prepared emulsion was taken and dissolved in 10 ml of solvent. The solution was 

filtered and analyzed spectrophotometrically at 352 nm.  
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 2.2.4 Morphology of emulgel preparation 

2.2.4.1 Optical microscopy 

Morphological examination of emulgels was conducted by optical microscopy (Labomed, Leica 

ATC 2000, India) fitted with digital optical camera. 

2.2.4.2 Transmission electron microscopy 

The emulgel formulations were examined by transmission electron microscopy (CM12 Philips). 

The sample of emulgels was placed on carbon coated copper grids for visualization. 

 

Fig. 4. TEM image of piroxicam emulgel 

Table 2. Evaluation of emulgel formulations for different parameters 

Formulation Color pH Spreadability (g/s) Drug content (µg/ml) 

P1 White 5.5 5.50 33.6 

P2 Pale yellow 6.0 0.38 33.4 

P3 Light yellow 6.0 1.85 33.9 

P4 White 6.0 25.00 33.5 

P5 Light yellow 5.5 0.47 33.6 

P6 White 6.0 25.00 33.9 

P7 Pale yellow 6.0 1.16 33.9 

P8 White 6.0 16.60 34.0 

2.2.5 Rheological studies 

The viscosity measurements of various formulations were performed using Brookfield digital 

viscometer (spindle: low viscosity -2) at 10, 20, 50 and 100 rpm.  
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2.2.6 In vitro release profile  

This study was carried out by modified membrane bag method. The in vitro release was 

quantified as a function of time. An egg membrane was attached to the lower portion of glass 

cylinder tube. One gm of piroxicam emulgel formulation was placed in the modified membrane 

bag and this was coupled to diffusion cell containing receptor compartment filled with phosphate 

buffer saline (PBS, pH 7.4). The entire system was maintained at 37±0.5
o
C with continuous 

stirring at 200 rpm. Samples were withdrawn from receptor compartment at predetermined 

intervals of time and replaced by fresh medium. The amount of drug release was quantified by 

UV spectrophotometer at 352 nm. 

Fig. 3. In vitro release of drug from various emulgel formulations 
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2.2.7 Globule size 

Globule size and size distribution was determined by Malvern zetasizer. One gm sample of 

emulgel was dissolved in purified water and agitated to get homogeneous dispersion. Sample 

was injected to photocell of zetasizer and mean globule diameter and distribution was obtained. 

2.2.8 Stability study 

The stability studies were conducted by placing the prepared formulations at different 

temperatures and relative humidity for a period of three months. 

Table 4. Stability profile of emulgel formulations (P8) 

Sr. 

No. 

Storage temp. 

(°C) 

Duration 

(month) 

Drug content(µg/ml) Phase 

separation Initial After 3 month 

1 25±2 3 34.0 32.04 Nil  

2 4±2 3 34.0 31.19 Nil 

3 42±2 3 34.0 29.42 Nil 

 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical characterization 

3.1.2 Compatibility studies of Piroxicam and methylcellulose   

The procured sample mixture of Piroxicam (PCM), methyl cellulose (MC) was studied by using 

FTIR spectra. The major peaks were found at around 3338 for -NH stretching, around 1629 for 

amide carbonyl stretching with second amide bands at 1528 stretching, 1435 for CH3, C=C 

stretch, 1350 cm
-1  

for CH3 symmetric, 1180 cm
-1  

for –SO2-N- did not changed in the mixture. 

Hence it could be concluded that Piroxicam, and methyl cellulose were compatible with each 

other. 
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Fig. 5. IR spectra of piroxicam 

 

Fig. 6. IR spectra of methylcellulose 

 

Fig. 7. IR spectra of methyl cellulose and piroxicam 
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3.1.3 Physical appearance 

The prepared piroxicam emulgel formulations were found to be white viscous creamy 

preparation with a smooth and homogeneous appearance. 

3.1.4 Color and pH of preparations 

The pH values of all prepared formulations were found to be within the range 5.4-6.0 pH, which 

may be considered acceptable to avoid the risk of skin irritation and be compatible with skin 

(pH 5.5-6.0). 

3.1.5 Spreadability 

Spreadability denotes the extent of area where the gel readily spreads on application to skin or 

affected part. The therapeutic efficacy of a formulation also depends upon its spreading value. 

The spreadability of the emulgel formulations is presented in Table 2. 

3.1.6 Rheological profile  

All the prepared emulgel formulations exhibit a shear thinning behavior since the viscosity (the 

slope of the curve) decreased with increasing the shear rate. As the shear stress increased, the 

normally disarranged molecules of the gelling material are caused to align their long axes in the 

direction of flow. Such orientation reduces the internal resistance of the material and hence 

decreases the viscosity. All piroxicam emulgel formulations possessed thixotropic behavior. 

Thixotropy, or time dependent flow, occurs because the gel requires a finite time to rebuild its 

original structure that breaks down during continuous shear measurements. It is noteworthy that 

thixotrophy is a desirable characteristic in pharmaceutical preparations, in order to deliver an 

initially thick product as a thinner, easily spreadable material. 

3.1.7 Drug content 

The drug content of all the formulations was in the range of (33.0-34.0 µg/ml). 

3.1.8 Morphology 

Transmission electron microscopy displayed the morphological features of the emulgel 

formulation. TEM image confirmed that emulgel had globules with approximate diameter within 

the range of 1 μm and regular well identified and spherical shape of droplets were revealed. 



www.ijppr.humanjournals.com 

Citation: Preeti K. Suresh et al. Ijppr.Human, 2015; Vol. 2 (3): 18-32. 

28 

3.1.9 Globule size in emulgel 

Mean globule size of emulgel was found to be 656.0 nm and the polydispersity index (PDI) was 

found to be 0.982, indicating the homogeneity of the emulgel. 

3.2 In vitro release profile 

The release of the drug from its emulgel formulations can be ranked in the following order: F5 > 

F1 > F8 > F7 >F2 > F3 > F6 > F4, where the amounts of the drug released after 12 hours were 

82.56 %, 80.66 %, 75.7 %, 71.98 %, 68.89 %,64.99 %,63.77 %, and 62.2 %, respectively. Thus, 

the greatest drug release was observed with formulations F8 according to drug release kinetic 

data. This finding may be due to the presence of liquid paraffin and the emulsifying agent at their 

high levels respectively, which leads to an increase in the hydrophilicity of the emulgel, which in 

turn facilitates penetration of the release medium into the emulgel and diffusion of the drug from 

the emulgel. 

3.3 Stability studies 

All the prepared emulgel formulations were found to be stable upon storage for 3 months, and no 

change was observed in terms of physical appearance, pH, rheological properties, and drug 

release. 

4. CONCLUSION 

Emulgel was successfully prepared by using methyl cellulose as gelling agent, Tween-20 and 

Span-20 as emulsifying agent, distilled water as aqueous phase and liquid paraffin as oil phase. 

The formulation was found to be efficient with good physical appearance, spreadability and 

percentage drug content, release profile and there is scope of scale up of the batches to the 

commercial level. 

ACKNOWLEDGMENT 

Authors are thankful to Pfizer Pharmaceutical and Research, Mumbai, India, for providing a gift 

sample of piroxicam. One of the authors Kumar Bandhu Lathiyare is also thankful to AICTE 

New Delhi India for providing the JRF. The authors are also grateful to the Director, University 

Institute of Pharmacy, Pt. Ravishankar Shukla University, Raipur for providing the requisite 

infrastructural facilities. 



www.ijppr.humanjournals.com 

Citation: Preeti K. Suresh et al. Ijppr.Human, 2015; Vol. 2 (3): 18-32. 

29 

REFERENCES 
 

1. Chandra A and Sharma PK, Proniosome based drug delivery system of piroxicam, African Journal of Pharmacy 

and Pharmacology 2008, 184-190. 

2. Sioufi A F Pommier, F Boschet, J Goodbillon, D Lavoignat and D Salliere, Percutaneous absorption of 

diclofenac in healthy volunteers after single and repeated topical application of diclofenac application of 

diclofenac emulgel, Biopharmaceutics & drug distribution,vol. 15,1994, 441-449. 

3. Adrian C. Williams, Brian W. Barry, Penetration enhancers, Advanced Drug Delivery Reviews, 2004, 603– 618. 

4. Akanksha D, Vikas G, Neetesh K. J, Shailendra S, Neelam B, Dinesh K. J, Formulation and Evaluation of 

Neomycin Sulphate Ointment containing Natural Wound Healing Agent Curcuma longa, International Journal of 

Pharmaceutical Sciences and Drug Research 2009,116-118. 

5. Amnon C. Sintov , Shafir Botner, Transdermal drug delivery using microemulsion and aqueous systems, 

Influence of skin storage conditions on the in vitro permeability of diclofenac from aqueous vehicle systems, 

International Journal of Pharmaceutics ,2006 55–62 

6. Ani-Simona Sevastre, Florica Popescu, Anca Berbecaru, O. Croitoru, Mihaela Baniceru, Pharmacokinetic 

evaluation after percutaneous administration of some non steroidal anti-inflammatory drug preparations using 

animal experiments, Therapeutics, Pharmacology and Clinical Toxicology, June 2009, 161-166. 

7. Jain Ankur, Gautam Surya P, Gupta Yashwant, Khambete Hemant, Jain Sanjay, Development and 

characterization of ketoconazole emulgel for topical drug delivery, Pelagia Research Library Der Pharmacia 

Sinica, 2010, 221-231. 

8. Arioli G, Scaramelli M, Pillosu W, Topical therapy of acute skeletal muscle diseases. Results of a comparative 

study on piroxicam cream 1% versus diclofenac emulgel 1%, Clin Ter. 1990 Sep 363-9. 

9. Bouchier-Hayes TA, Rotman H, Darekar BS, Comparison of the efficacy and tolerability of diclofenac gel 

(Voltarol Emulgel)and felbinac gel (Traxam) in the treatment of soft tissue injuries, Br J Clin Pract. 1990,319-20. 

10. Butrón F, Galicia A, Zamora G, Martinez-Zurita F, Single blind study to evaluate the efficacy and safety of 

naproxen gel compared with diclophenac emulgel in the treatment of soft tissue injuries, Proc West Pharmacol 

Soc. 1994;37:153-6. 

11. Goyal Chetna, Ahuja Munish and Sharma Surendra K, Preparation and evaluation of anti inflammatory activity 

of gugulipid proniosomal gel, Acta Poloniae Pharmaceutica ñ Drug Research, 2011, 147-150. 

12. Chunmei Li,Chao Liu, Jie Liu, and Liang Fang, Correlation Between Rheological Properties, In Vitro Release, 

and Percutaneous Permeation of Tetrahydropalmatine, AAPS PharmSciTech, 2011 ,1002-1008. 

13. Claudia Salerno, Adriana M Carlucci, and Carlos Bregni, Study of In Vitro Drug Release and Percutaneous 

Absorption of Fluconazole from Topical Dosage Forms, AAPS PharmSciTech 2010, 986-992. 

14. Claudia Salerno, Adriana M. Carlucci, and Carlos Bregni, Study of In Vitro Drug Release and Percutaneous 

Absorption of Fluconazole from Topical Dosage Forms, AAPS PharmSciTech, 2010, 986-993. 

15. Doaa Ahmed El-Setouhya and Sahar Mohy Ahmed El-Ashmony, Ketorolac trometamol topical formulations: 

release behaviour, physical characterization, skin permeation, efficacy and gastric safety, Royal Pharmaceutical 

Society of Great Britain Received July 6, 2009, 25-28. 

16. El-Hadidi T, El-Garf A, Double-blind study comparing the use of Voltaren Emulgel versus regular gel during 

ultrasonic sessions in the treatment of localized traumatic and rheumatic painful conditions, J Int Med Res. 1991 

,219-27. 

17. Fathay I, Abdallah, Hamdy M Dawaba1, Ahmad Mansour and Ahmed M Samy, Evaluation of the anti-

inflammatory and analgesic effects of piroxicam loaded microemulsion in topical formulations, International 

Journal of Pharmacy and Pharmaceutical Sciences 2011, 66-70. 

18. Friedman DI, Schwarz JS, Weisspapir M, Submicron emulsion vehicle for enhanced transdermal delivery of 

steroidal and nonsteroidal anti-inflammatory drugs, J Pharm Sci. 1995 Mar;84(3):324-9. 

19. Giacovazzo M, Clinical evaluation of a new NSAID applied topically (BPAA gel) vs. diclofenac emulgel in 

elderly osteoarthritic patients, Drugs Exp Clin Res. 1992, 201-3. 



www.ijppr.humanjournals.com 

Citation: Preeti K. Suresh et al. Ijppr.Human, 2015; Vol. 2 (3): 18-32. 

30 

20. Gregor Cevc, Gabriele Blume, New, highly e¤cient formulation of diclofenac for the topical, transdermal 

administration in ultradeformable drug carriers, Transfersomes, Biochimica et Biophysica Acta, 2001 191-205. 

21. Predel H G, Giannetti B, Koll R, Bulitta M, Staiger C, Efficacy of a Comfrey root extract ointment in 

comparison to a Diclofenac gel in the treatment of ankle distortions: Results of an observer-blind, randomized, 

multicenter study, Phytomedicine, 2005, 707–714. 

22. Gad Heba A, El-Nabarawi Mohamed A, and Abd El-Hady Seham S, Formulation and Evaluation of Secnidazole 

or Doxycycline Dento-Oral Gels, Drug Development and Industrial Pharmacy, 20081356–1367. 

23. Hiramatsu Y, Akita S, Salamin PA, Maier R, Assessment of topical non-steroidal anti-inflammatory drugs in 

animal models, Arzneimittelforschung. 1990, 1117-24. 

24. El laithy
 
HM and El-Shaboury KMF, The Development of Cutina Lipogels and Gel Microemulsion for Topical 

Administration of Fluconazole, AAPS PharmSciTech 2002,1-8. 

25. Csokae I, Csanyia E, Zapantisa G, Nagyb E, Feher-Kissc A, Horvathbc G, Blazsod G, Erosa I, In vitro and in 

vivo percutaneous absorption of topical dosage forms: case studies, International Journal of Pharmaceutics ,2005, 

11–19. 

26. Patel Japan, Patel Brijesh, Banwait Hardeep Singh, Parmar Kushal, and Patel Manish, Formulation and 

Evaluation of Topical Aceclofenac Gel Using Different Gelling Agent, International Journal of Drug 

Development & Research Jan-March 2011, 156-157. 

27. Khan.F, Sagar.DL, Vivake.ST, Lohiya RT, Umekar MJ, Development of UV Spectrophotometric method for the 

simultaneous estimation of Piroxicam and Paracetamol in tablet by simultaneous Equation, Absorbance ratio and 

Absorbance Correction method, Journal of Pharmacy Research 2010,1432-1433. 

28. Khullar R, Kumar D, Seth N, Saini S, Formulation and evaluation of mefenamic acid emulgel for topical 

delivery, Saudi Pharmaceutical Journal 2011,1-9. 

29. Lavinia Vlaia, Vilcentiuvlaia, Lenuta- Mariamiclia, Ioana Olariu, and Georgeta Coneac, Topical w/o/w double 

emulsions of piroxicam: in vitro drug release study, Farmacia, 2009, Vol. 57, 5.Layers, Journal of 

Microencapsulation, 2010, 253–262. 

30. Lenuţa Maria Miclea, Lavinia Vlaia, V Vlaia, C Mircioiu, Formulation and quality evaluation of some hydrogels 

containing piroxicam 1% or meloxicam 0,5%, Journal of Agroalimentary Processes and Technologies 2010, 7-

12. 

31. Liana Perioli, Cinzia Pagano, Stefania Mazzitelli, Carlo Rossi, Claudio Nastruzzi, Rheological and functional 

characterization of new anti-inflammatory delivery systems designed for buccal administration, International 

Journal of Pharmaceutics, 2008, 19-28. 

32. Vettor M, Bourgeois S, Fessi H, Pelletier J, Perugini P, Pavanetto F and Bolzinger M A, Skin absorption studies 

of octyl-methoxycinnamate loaded poly(D,L-lactide) nanoparticles: Estimation of the UV filter distribution and 

release behaviour in skin 

33. Dhage M A, Chhabra G S and Banerjee Saurabh K, Development and Validation of UV-Spectrophotometric 

Method for Piroxicam in Bulk and Pharmaceutical Formulation, Journal of Chemical and Pharmaceutical 

Research, 2011,765-769. 

34. Magdy I. Mohamed, Optimization of Chlorphenesin Emulgel Formulation, the AAPS Journal 2004, 1-6. 

35. Das Malay K and Ahmed Abdul B, Formulation and ex vivo evaluation of rofecoxib gel for topical application, 

Acta Poloniae Pharmaceutica ñ Drug Research, 2007, 461-467. 

36.  Wang M, Fang L, Percutaneous absorption of diclofenac acid and its salts from emulgel, Asian Journal of 

Pharmaceutical Sciences 2008, 131-141. 

37. Shevachman Marina, Garti Nissim, Shani Arnon, Sintov Amnon C, Enhanced Percutaneous Permeability of 

Diclofenac Using a New U-Type Dilutable Microemulsion, Drug Development and Industrial Pharmacy,2008 

403–412. 

38. Cervantes Miriam Lopez, Chavez José Juan Escobar, Alancaster Norma Casas, Guerrero David Quintanar and 

Quintanar Adriana Ganem, Development and characterization of a transdermal patch and an emulgel containing 

kanamycin intended to be used in the treatment of mycetoma caused by Actinomadura madurae, Drug 

Development and Industrial Pharmacy, 2009,1511–1521. 



www.ijppr.humanjournals.com 

Citation: Preeti K. Suresh et al. Ijppr.Human, 2015; Vol. 2 (3): 18-32. 

31 

39. Shahin Mostafa, Hady Seham Abde, Hammad Mohammed, and Mortada Nahed, Novel Jojoba Oil-Based 

Emulsion Gel Formulations for Clotrimazole Delivery, AAPS PharmSciTech 2011, 239-246. 

40. Shahin Mostafa, Hady Seham Abde, Hammad Mohammed, and Mortada Nahed, Optimized formulation for 

topical administration of clotrimazole using Pemulen polymeric emulsifier, Drug Development and Industrial 

Pharmacy, 2011,559–568. 

41. Perugini P, Vettor M, Rona C, Troisi L, Villanova L, Genta I, Conti B and Pavanetto F, Efficacy of oleuropein 

against UVB irradiation: preliminary evaluation, International Journal of Cosmetic Science, 2008, 30, 113–120. 

42. Deveda Piyusha, Jain Ankur, Vyas Naveen, Khambete Hemant, Jain Sanjay, Gellified emulsion for sustain 

delivery of itraconazole for topical fungal diseases, International Journal of Pharmacy and Pharmaceutical 

Sciences, 2010,106-112. 

43. Quinones D, Ghaly ES, Formulation and characterization of nystatin gel, P R Health Sci J. 2008, 61-7. 

44. Hajkova R , Solich P , Isilova M Posp , Sıcha J, Simultaneous determination of methylparaben, 

propylparaben,sodium diclofenac and its degradation product in a topical emulgel by reversed-phase liquid 

chromatography, Analytica Chimica Acta ,2002 91–96. 

45. Khullar Rachit, Saini S, Seth N, Rana AC, Emulgels a surrogate approach for topically used hydrophobic drugs, 

nternational Journal of Pharmacy and Biological Sciences,2011,117-128.  

46. Keservani Raj K, Keservani Rajesh K, Gujarathi Nayan and Sharma Anil K, Formulation and characterization of 

Piroxicam reconstituted suspension, IJPI’s Journal of Pharmaceutics and Cosmetology 2011,70-75. 

47. Sasutjarit Rathapon A, Sirivat Anuvat, and Vayumhasuwan Panida, Viscoelastic Properties of Carbopol 940 Gels 

and Their Relationships to Piroxicam Diffusion Coefficients in Gel Bases, Pharmaceutical Research, 2005,2134-

2140. 

48. Lambrecht Renzo, Clarys Peter, Clijsen Ron and Barel Andre O, Determination of the in vivo bioavailability of 

iontophoretically delivered diclofenac using a methyl nicotinate skin inflammation assay, Skin Research and 

Technology 2006, 211–216. 

49. Robinson JR, Lee Vincent HL, Controlled drug delivery fundamental and applications, Marcel Dekker Inc.: New 

York, 2005, 6-7. 

50. Rosenthal M, Bahous I, A controlled clinical study on the new topical dosage form of DHEP plasters in patients 

suffering from localized inflammatory diseases, Drugs Exp Clin Res. 1993, 99-105. 

51. Perioli S Luana, Ambrogi Valeria, Venezia Lorena, Giovagnoli Stefano, Pagano Cinzia and Rossi Carlo, 

Formulation studies of benzydamine mucoadhesive formulations for vaginal administration, Drug Development 

and Industrial Pharmacy, 2009,769–779. 

52. Singh S, Jain S, Muthu M S, Tiwari S, and Tilak R, Preparation and Evaluation of Buccal Bioadhesive Films 

Containing Clotrimazole, AAPS PharmSciTech, 2008,660-667. 

53. Santoyo S, Ygartua P, Effect of skin pretreatment with fatty acids on percutaneous absorption and skin retention 

of piroxicam after its topical application, European Journal of Pharmaceutics and Biopharmaceutics ,2000 245-

250. 

54. Sang-Chul Shin, Hee-Jung Kim, In-Joon Oh, Cheong-Weon Cho, Kyu-Ho Yang, Development of tretinoin gels 

for enhanced transdermal delivery, European Journal of Pharmaceutics and Biopharmaceutics, 2005, 67–71. 

55. Shahin M, Hady SA, Hammad M, Mortada N, Optimized formulation for topical administration of clotrimazole 

using Pemulen polymeric emulsifier.pubmed 2011,559,68. 

56. Shawesh AM, Kaukonen A, Kallioinen S, Antikainen O, Yliruusi J, Development of indomethacin Carbopol 

ETD 2001 gels and the influence of storage time and temperature on their stability, Pharmazie. 2003, 130-5. 

57. Sioufi A, Pommier F, Boschet F, Godbillon J, Lavoignat D, Salliere D, Percutaneous absorption of diclofenac in 

healthy volunteers after single and repeated topical application of diclofenac Emulgel, Biopharm Drug Dispos. 

1994 Aug; 15(6):441-9. 

58. Tripathi KD. Essential of medical pharmacology. 5th edition. Jaypee brothers: New Delhi. 2011; p.174-194. 

59. Shivhare U D, Jain K B, Mathur V B, Bhusari K P, Roy A A, Formulation development and evaluation of 

diclofenac sodium gel using water soluble polyacrylamide polymer, Digest Journal of Nanomaterials and 

Biostructures, June 2009, p. 285 – 290. 



www.ijppr.humanjournals.com 

Citation: Preeti K. Suresh et al. Ijppr.Human, 2015; Vol. 2 (3): 18-32. 

32 

60. Vanna Sanna, Alessandra T Peana and Mario D L Moretti, Development of New Topical Formulations of 

Diphenhydramine Hydrochloride: In Vitro Diffusion and In Vivo Preliminary Studies, International Journal of 

PharmTech Research, Jan-Mar 2010,pp 863-869. 

61. Vincent CM, Laugel C, Marty JP, In vitro topical delivery of non-steroidal anti-inflammatory drugs through 

human Skin, Arzneimittelforschung. 1999 Jun; 49(6):509-13. 

62. Waikakul S, Penkitti P, Soparat K, Boonsanong W, topical analgesics for knee arthrosis: a parallel study of 

ketoprofen gel and diclofenac emulgel, J Med Assoc Thai. 1997, 593-7. 

63. Zimmerman J, Siguencia J, Tsvang E, Upper gastrointestinal hemorrhage associated with cutaneous application 

of diclofenac gel, Am J Gastroenterol. 1995 Nov; 90(11):2032-4. 

64. Burkey A, Smyth E, FitzGerald, Goodman & Gilman's the pharmacological basis of therapeutics - 11th ed. 

(2006): E-book chapter 26. 

65.  Kapoor S,  Saraf S, Efficacy Study of Sunscreens Containing Various Herbs for Protecting Skin from UVA and 

UVB Sunrays,2 feb 2009. 

66. Khan.F, Sagar.DL, Vivake.ST, Lohiya RT, Umekar MJ., Development of UV Spectrophotometric method for the 

simultaneous estimation of Piroxicam and Paracetamol in tablet by simultaneous Equation, Absorbance ratio and 

Absorbance Correction method, Journal of Pharmacy Research 2010, 3(6),1432-1433. 

67. Singla V, Saini S, joshi B, Rana AC, Emulgel: a new platform for topical drug delivery, international journal of 

pharma and bio sciencesVol 3/Issue 1/Jan – Mar 2012. 

68. Marwaha TK, Formulation design and evaluation of herbal antipsoriatic emulgel, journal of pharmaceutical and 

scientific innovation.2013 

69.  Moghimipour E, Dabbagh MA, Zarif F, characterization and in vitro evaluation of piroxicam suppositories, 

Asian Journal of Pharmaceutical and Clinical Research. Vol.2 Issue 3, July-September 2009 

70.  Ravi Kiran N, Palanichamy S, Rajesh M, Rajadhas TG, Anusha V, Parasakthi N and Thirupathi AT, 

Formulation and Evaluation of Orodispersible Piroxicam Tablets, journal of pharmaceutical sciences and 

research, Vol.2 (10), 2010,615-621 

71. Velmurugan S, Deepika B, Nagaraju K, Vinushitha S, Formulation and in-vitro Evaluation of Buccal Tablets of 

Piroxicam, International Journal of PharmTech Research, Vol.2, No.3, pp 1958-1968, July-Sept 2010 

 

 

 

 

 

 

 

 

 


