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Abstract 
_______________________________________________________________________________________________________________ 

Niosomal drug delivery systems have gained attention for enhancing the bioavailability and efficacy 
of pharmaceutical formulations. This study explores the formulation and evaluation of a niosomal 
antifungal cream incorporating Moringa oleifera leaf extract. Moringa leaves contain bioactive 
compounds with antifungal properties, making them a potential alternative to synthetic antifungal 
agents. Niosomes, as vesicular carriers, improve drug stability, penetration, and controlled release, 
enhancing therapeutic effects. The formulated cream was characterized for particle size, 
entrapment efficiency, pH, spreadability, and in vitro antifungal activity against common fungal 
strains. The results demonstrated that the niosomal formulation improved drug retention and 
prolonged antifungal activity compared to conventional creams. The study suggests that a niosomal 
antifungal cream containing Moringa leaf extract could be an effective natural treatment for fungal 
infections, offering a promising alternative to conventional antifungal therapies. 
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INTRODUCTION: 

The increasing prevalence of fungal infections represents 
a critical challenge to global health systems, affecting 
populations through both superficial skin conditions and 
severe systemic diseases1. Cutaneous infections such as 
ringworm and yeast-related candidiasis impact millions 
annually, while immunocompromised groups—
including HIV/AIDS patients, organ transplant 
recipients, and individuals undergoing chemotherapy—
face elevated risks of invasive infections like aspergillosis 
and cryptococcal meningitis 2. Epidemiological studies 
reveal that superficial fungal infections affect nearly 1.7 
billion people worldwide, with dermatophyte infections 
alone impacting 20-25% of the global population3.   

Diagnostic complexities and escalating antifungal 
resistance, fueled by genetic adaptations and biofilm 
production, hinder effective management of these 
infections4. Conventional therapies face limitations due 
to adverse effects; azole antifungals, for example, carry 
risks of liver damage and drug interactions through 
cytochrome P450 enzyme inhibition6. Nephrotoxic 
effects plague polyene drugs like amphotericin B, while 
allylamines such as terbinafine often trigger 
gastrointestinal or cutaneous side effects7. Rising 

resistance patterns further diminish treatment efficacy, 
with fluconazole-resistant Candida strains now reported 
in 20-30% of cases in some regions8. Topical drug 
delivery remains suboptimal due to the skin’s lipid-rich 
stratum corneum barrier, which restricts penetration of 
antifungal agents into deeper tissue layers9.   

Fungal pathogens pose distinct therapeutic challenges 
compared to bacterial or viral infections. Their 
eukaryotic biology shares cellular processes with human 
hosts, narrowing the scope for selective drug targets and 
increasing treatment-related toxicity risks10. Chronic 
infection courses demand extended therapies, 
amplifying concerns about medication adherence and 
cumulative side effects11.   

Moringa oleifera, a plant with extensive traditional 
medicinal applications, shows promise in addressing 
these challenges. Its leaves contain bioactive 
compounds—including isothiocyanates (e.g., 
sulforaphane), flavonoids (quercetin, kaempferol), 
saponins, and alkaloids—that demonstrate antifungal 
properties through multiple mechanisms, such as cell 
membrane disruption and inhibition of critical fungal 
enzymes13,14. Laboratory studies confirm its activity 
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against Candida, Aspergillus, and dermatophytes, with 
animal models supporting its therapeutic potential15.   

This plant’s selection for antifungal research is 
supported by its global availability, eco-friendly 
cultivation, favorable safety profile, and broad-spectrum 
activity16. Its suitability for topical formulations 
addresses the need for localized treatment of superficial 
infections while minimizing systemic exposure, offering 
a potential solution to current therapeutic limitations17. 

Niosomal Drug Delivery Systems 

Niosomes, vesicular systems formed from non-ionic 
surfactants, have emerged as an innovative approach for 
topical drug delivery due to their biocompatibility and 
versatility 18. These biodegradable structures can 
encapsulate both water-soluble and lipid-soluble 
compounds, making them effective carriers for plant-
based therapeutics like Moringa extracts 19. Compared to 
liposomes, niosomes demonstrate superior stability and 
scalability, with surfactants such as Span and Tween 
enabling customization of vesicle characteristics 20,21. By 

enhancing drug solubility and promoting fusion with 
skin lipids, niosomes overcome the stratum corneum 
barrier, improving localized delivery while protecting 
encapsulated agents from degradation 22,23.   

MATERIALS: 

Table 1: Ingredients and its roles 

Ingredients Role 

Moringa leaf extract  API 

Span 60 Surfactant 

Cholestrol Membrane stabilizer 

Ethanol Solvent 

Beeswax Emulsifier 

Borax Stabilizer 

Triethanolamine pH adjuster 

Methyl paraben Preservative 

Rose oil Fragnance 

Distilled water Vehicle 

Table 2: ingredients with optimized batch 

Ingredient F1 F2 F3 Optimized 

Moringa leaf extract 0.5 0.6 0.7 0.6 

Span 60 1 1.2 1.4 1.2 

Cholestrol 0.4 0.5 0.6 0.5 

Beeswax 1 0.9 1 0.9 

Borax 0.2 0.2 0.2 0.2 

Triethanolamine 0.3 0.2 0.1 0.2 

Methyl paraben 0.2 0.2 0.2 0.2 

Liquid paraffin 0.8 0.9 1 0.9 

Rose oil 1 1 1 1 

Distilled water q.s. q.s. q.s. q.s. 

 

Methodology: 

1. Preparation of Moringa Leaf Extract   

Fresh Moringa oleifera leaves were authenticated, air-
dried in shaded conditions (25 ± 2°C) for one week to 
preserve thermolabile constituents 24, and pulverized 
into a fine powder using an electric grinder. The powder 
was sieved through a 60-mesh screen to ensure 
uniformity 25. For extraction, 100 g of powder underwent 
cold maceration in 500 mL of 95% ethanol for 72 hours 
with periodic agitation 26. The mixture was filtered 
through Whatman No. 1 filter paper, and the residue was 
re-extracted twice with fresh solvent to maximize 
phytochemical recovery 27. The combined filtrates were 
concentrated using a vacuum rotary evaporator (Büchi 
Rotavapor R-210) at 40°C under reduced pressure, 
followed by desiccation in a vacuum chamber to yield a 
solvent-free extract 28. The dried extract (yield calculated 
gravimetrically) was stored in sealed containers at 4°C 29.  

2. Niosome Synthesis (Thin-Film Hydration)   

1. Span 60, cholesterol, and Moringa extract were 
dissolved in 10 mL ethanol within a round-bottom flask 
30.   

2. Ethanol was evaporated using a rotary evaporator (60 
± 2°C, 25 mmHg, 120 rpm) to form a thin lipid film 31.   

3. The film was hydrated with 10 mL phosphate-buffered 
saline (pH 7.4) under gentle agitation (room 
temperature, 1 hour) to form niosomes 32.  

4. The dispersion was sonicated (Sonics Vibra Cell probe 
sonicator) for 5 minutes (40% amplitude, 2s on/1s off 
pulses) to homogenize vesicle size 33.   

5. The final niosomal suspension was refrigerated (4°C) 
for stability 34.   

 

Figure 1: Moringa leaf extract 
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Figure 2: Niosome preparation by rotary evaporator 

3. Cream Development  

Oil Phase: Beeswax and liquid paraffin were melted (70 
± 2°C water bath) 35.   

Aqueous Phase: Borax and methyl paraben were 
dissolved in heated distilled water (70 ± 2°C) 36.   

Emulsification: The aqueous phase was gradually 
incorporated into the oil phase under high-shear mixing 
(Remi Motors stirrer, 1500 rpm) 37.   

Cooling: Triethanolamine was added during cooling 
(room temperature) with continuous stirring to form a 
stable emulsion 38.   

Niosome Integration: Niosomal dispersion was blended 
into the cream base using gentle spatulation to preserve 
vesicle integrity 39.   

Finalization: Rose oil (fragrance) was incorporated, 
followed by homogenization (IKA T25 homogenizer, 
3000 rpm, 5 minutes) 40. The cream was stored in airtight 
containers at ambient conditions 41.   

Phytochemical Analysis of Extract 

Test for Alkaloids   

-Dragendroff’s Test: A volume of 2 mL of the extract 
solution was mixed with several drops of Dragendroff’s 
reagent (potassium bismuth iodide solution). The 
appearance of an orange-red precipitate was interpreted 
as evidence of alkaloid presence 42.   

- Hager’s Test: To 2 mL of the extract solution, a few 
drops of Hager’s reagent (saturated picric acid solution) 
were added. The formation of a yellow precipitate was 
indicative of alkaloids 43.   

Test for Flavonoids   

A 3 mL aliquot of the extract solution was combined with 
10 mL of distilled water and shaken. Subsequently, 1 mL 
of 10% sodium hydroxide was added. The emergence of 
a yellow hue confirmed the presence of flavonoids 44.   

Test for Saponins   

Frothing Test: The extract solution (3 mL) was diluted 
with 2 mL of distilled water in a test tube and vigorously 
shaken for 5 minutes. A stable foam layer at the surface 
signaled the presence of saponins 45.   

Test for Steroids   

Chloroform (2 mL) was added to 2–3 mL of the extract 
solution, followed by careful layering of 1–2 mL of 
concentrated sulfuric acid. A reddish-brown interface 
between the layers indicated steroids. Further addition 
of 1–2 mL of acetic anhydride produced a reddish-pink 
hue, confirming steroid presence 46.   

Test for Tannins   

The extract solution (2 mL) was gently heated for 2 
minutes, cooled, and treated with three drops of 5% 
ferric chloride. A greenish-black or bluish-black hue 
confirmed tannin content 47. 

  

 
Figure 3: Phytochemical test of extract 

Characterization of Niosomal Cream   

Particle Size   

The niosomal dispersion was diluted 1:100 with filtered 
deionized water to prevent multiple scattering effects. 
Measurements were conducted at 25°C with a 90° 
detection angle, with triplicate analyses performed for 
each sample 48.   

Entrapment Efficiency (EE)   

EE was assessed via ultracentrifugation to separate 
unentrapped extract from niosomes. The supernatant 

was analyzed spectrophotometrically to calculate the 
percentage of entrapped extract 49,50.   

Zeta Potential (ZP)   

ZP was measured using a Zetasizer Nano ZS (Malvern 
Instruments, UK). Samples were diluted 1:100 with 
filtered deionized water and analyzed at 25°C under 20 
V/cm field strength. ZP values exceeding ±30 mV was 
considered indicative of stable formulations 51.   
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Figure 4: Graph of zeta potential 

pH   

The pH of a 5% aqueous cream solution was measured 
using a digital pH meter (Eutech pH 700, Singapore) to 
ensure alignment with the skin’s natural pH range (5.0–
6.5) 52.   

Viscosity   

Viscosity was determined using a Brookfield viscometer 
(LVDV-II+Pro, USA) with spindle #64 at 25 ± 1°C. 
Rheological behavior was evaluated across varying shear 
rates 53.   

Spreadability   

A fixed quantity of cream was placed between two glass 
plates, and the spread diameter was measured under 
standardized weight to assess spreadability 54.   

Washability   

A small cream sample applied to the skin was rinsed with 
water to evaluate ease of removal55.   

In Vitro Drug Diffusion Study   

 
Figure 5: Invitro cell diffusion study 

An egg membrane model was prepared by acid treatment 
and equilibration in phosphate buffer. Drug release 
kinetics were analyzed using a diffusion cell setup, with 
samples collected at intervals and quantified 
spectrophotometrically 56,57   

Stability Studies   

Optimized formulations were stored at 25 ± 2°C (room 
temperature) and 4 ± 2°C (refrigeration) for three 
months to assess physical and chemical stability 58.   

Antifungal Activity   

Antifungal effects against Candida albicans were tested 
via agar diffusion on Sabouraud dextrose agar, with 
inhibition zones measured to gauge efficacy 59. 

 
Figure 6: Antifungal study of formulation 

RESULT AND DISCUSSION: 

Calibration Curve:  

Table 3: Calibration curve 

Concentration Absorbance 

2 0.4234 

4 0.5281 

6 0.6202 

8 0.7497 

10 0.8397 

 
Figure 7: Graph of calibration curve 
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Comparative Study: 

Table 4: Comparative study of formulations 

Parameter Normal cream Standard Niosomal Cream 

Appearance Smooth smooth Smooth 

pH 5.5 5.4 5.5 

Viscosity(cpa) 1820 980 570 

Particle Size 180nm 200nm 155nm 

Entrapment efficacy NA 70 74 

Zeta potential +18 +20 +25 

Spreadability Good Good Good 

Irritancy None None None 

Washability Easily washable Easily washable Easily washable 

Stability Stable Stable Stable 

Invitro drug release 65.94 75 79 

Antifungal activity (Zone of inhibition) 1.53 1.9 2.5 

 

Acknowledgement: NA 

Conflict of Interest: The authors declares there is no 
conflict of interest.  

Author Contributions: All authors have equally 
contributed. 

Source of Support: Nill 

Funding: NA 

Informed Consent Statement: Not applicable. 

Ethics Approval: Not Applicable  

REFERENCES: 

1. World Health Organization. Global fungal infection forum: Emerging 
challenges in mycology. Geneva, Switzerland: WHO; 2022. 

2. Wisplinghoff H, Bischoff T. Epidemiology of invasive fungal 
infections in immunocompromised patients. Clin Microbiol Rev. 
2021;34(3):e00210-20. 

3. Havlickova B, Czaika VA, Friedrich M. Epidemiological trends in skin 
mycoses worldwide. Mycoses. 2018;51(Suppl 4):2-15. 
https://doi.org/10.1111/j.1439-0507.2008.01606.x 
PMid:18783559 

4. Revathi G, Srikanta D. Emerging antifungal resistance: A global 
health challenge. J Med Microbiol. 2020;69(10):1434-1448. 

5. Walsh TJ, Groll AH. Therapeutic drug monitoring of antifungal 
agents: Pharmacokinetic and pharmacodynamic considerations. 
Ther Drug Monit. 2019;41(2):123-40. 

6. Warrilow AG, Kerridge D. Azole antifungal resistance: A structural 
perspective. Drug Resist Updat. 2020;52:100695. 

7. Ghannoum MA, Rice LB. Antifungal agents: Mode of action, 
mechanisms of resistance, and correlation of these mechanisms 
with bacterial resistance. Clin Microbiol Rev. 2021;34(4):e00055-
21. 

8. Vincent LG, Rodriguez-Tudela JL. Fluconazole resistance in Candida 
species: Global trends and local implications. Emerg Infect Dis. 
2022;28(6):1175-1183. 

9. Bouwstra JA, Gooris GS. The lipid organization in human stratum 
corneum: Basis for the barrier function of skin. Matrix Biol. 
2019;84:55-71. 

10. Perfect JR. Fungal therapeutics: Where do we stand? Future 
Microbiol. 2020;15(9):787-790. 

11. Denning DW, Bromley MJ. Therapeutic potential of strategic 
antimicrobial agent discovery. J Antimicrob Chemother. 
2021;76(Suppl 3):iii30-8. 

12. Gopalakrishnan L, Doriya K, Kumar DS. Moringa oleifera: A review 
on nutritive importance and its medicinal application. Food Sci 
Hum Wellness. 2016;5(2):49-56. 
https://doi.org/10.1016/j.fshw.2016.04.001 

13. Vongsak B, Sithisarn P, Gritsanapan W. Bioactive contents and 
antioxidant activity of Moringa oleifera leaf extract. Med Aromat 
Plant Sci Biotechnol. 2013;7(1):37-41. 
https://doi.org/10.1155/2013/917609 PMid:23533530 
PMCid:PMC3596951 

14. Midekessa G, Godana W, Tulu B. Antifungal mechanisms of 
Moringa oleifera phytochemicals. J Ethnopharmacol. 
2021;278:114260. 

15. Ferreira PMP, Farias DF, Oliveira JTA. Moringa oleifera: Medicinal 
and biological potential. Rev Bras Farmacogn. 2019;29(4):493-
500. 

16. Mahajan SG, Chopda MZ. Therapeutic potential of Moringa oleifera 
in various diseases. J Pharm Pharmacogn Res. 2018;6(5):365-376. 

17. Anwar F, Rashid U. Physicochemical properties of Moringa oleifera 
seed oil and its potential as biofuel. Biomass Bioenergy. 
2007;31(7):496-501. 

18. Abdulbaqi IM, Darwis Y, Khan NAK. Niosomes: A review of their 
structure, properties, methods of preparation, and drug loading. 
Int J Nanomedicine. 2016;11:4529-4542. 

19. Manosroi A, Jantrawut P, Manosroi J. Vesicles containing herbal 
oils: Development and characterization. J Microencapsul. 
2008;25(8):525-35. 

20. Gregoriadis G. Liposome technology: Targeted drug delivery. Boca 
Raton: CRC Press; 2020. 

21. Mokhtar SF, Sammour OA. Preparation and characterization of 
niosomal gels containing tretinoin. AAPS PharmSciTech. 
2019;20(7):1-11. 

https://doi.org/10.1111/j.1439-0507.2008.01606.x
https://doi.org/10.1016/j.fshw.2016.04.001
https://doi.org/10.1155/2013/917609


Hajare et al.                                                                                                                                 Journal of Drug Delivery & Therapeutics. 2025; 15(4):113-118 

ISSN: 2250-1177                                                                                           [118]                                                                                            CODEN (USA): JDDTAO 

22. Agarwal R, Iqbal S, Khar RK. Niosomes: A comprehensive review of 
their potential in drug delivery. J Pharm Investig. 2021;51(3):248-
66. 

23. El-Hammadi MM, Abdulbaqi IM. Niosomes as a drug delivery 
system: Recent advances. Drug Deliv. 2017;24(1):1345-1355. 

24. Gopalakrishnan L, Doriya K, Kumar DS. Moringa oleifera: A review 
on nutritive importance and its medicinal application. Food Sci 
Hum Wellness. 2016;5(2):49-56. 
https://doi.org/10.1016/j.fshw.2016.04.001 

25. Vongsak B, Sithisarn P, Gritsanapan W. Bioactive contents and 
antioxidant activity of Moringa oleifera leaf extract. Med Aromat 
Plant Sci Biotechnol. 2013;7(1):37-41. 
https://doi.org/10.1155/2013/917609 PMid:23533530 
PMCid:PMC3596951 

26. Makkar HPS, Becker K. Nutrients and antiquality factors in 
different morphological parts of the Moringa oleifera tree. J Agric 
Sci. 1997;128(3):311-322. 
https://doi.org/10.1017/S0021859697004292 

27. Anwar F, Rashid U. Physicochemical properties of Moringa oleifera 
seed oil and its potential as biofuel. Biomass Bioenergy. 
2007;31(7):496-501. 

28. Mahajan SG, Chopda MZ. Therapeutic potential of Moringa oleifera 
in various diseases. J Pharm Pharmacogn Res. 2018;6(5):365-376. 

29. Ramachandran C, Peter KV, Gopalakrishnan PK. Drumstick 
(Moringa oleifera): A multipurpose potential species in tropical 
horticulture. Econ Bot. 1980;34(3):276-285. 
https://doi.org/10.1007/BF02858648 

30. Abdulbaqi IM, Darwis Y, Khan NAK. Niosomes: A review of their 
structure, properties, methods of preparation, and drug loading. 
Int J Nanomedicine. 2016;11:4529-4542. 

31. Manosroi A, Jantrawut P, Manosroi J. Vesicles containing herbal 
oils: Development and characterization. J Microencapsul. 
2008;25(8):525-535. 

32. Gregoriadis G. Liposome technology: Targeted drug delivery. Boca 
Raton: CRC Press; 2020. 

33. Mokhtar SF, Sammour OA. Preparation and characterization of 
niosomal gels containing tretinoin. AAPS PharmSciTech. 
2019;20(7):1-11. 

34. Agarwal R, Iqbal S, Khar RK. Niosomes: A comprehensive review of 
their potential in drug delivery. J Pharm Investig. 2021;51(3):248-
266. 

35. El-Hammadi MM, Abdulbaqi IM. Niosomes as a drug delivery 
system: Recent advances. Drug Deliv. 2017;24(1):1345-1355. 

36. Barry BW. Lipid-Surfactant-Water Systems: Structure and 
Pharmaceutical Applications. In: Pharmaceutical Formulation 
Development of Peptides and Proteins. London: Taylor & Francis; 
1983. p. 87-178. 

37. Florence AT, Attwood D. Physicochemical Principles of Pharmacy. 
London: Pharmaceutical Press; 2015. 

38. Walton RC, Kligman AM. An improved method for the in vitro 
assessment of topical vehicles. J Pharm Sci. 1968;57(6):964-967. 

39. Verma P, Pathak K. Nanosized ethanolic vesicles loaded with 
berberine for penetration enhancement: Physico-mechanical 

characterization, in vitro permeation and antimicrobial studies. 
Nanomedicine. 2012;8(4):489-496. 
https://doi.org/10.1016/j.nano.2011.07.004 PMid:21839053 

40. Choudhary RK, Das M. Recent advances in novel drug delivery 
systems for herbal drugs. J Pharm Investig. 2011;41(3):103-14. 

41. Lee VHL. Targeted Delivery of Drugs. New York: Springer Science 
& Business Media; 1994. 

42. Harborne JB. Phytochemical Methods: A Guide to Modern 
Techniques of Plant Analysis. London: Chapman & Hall; 1998. 

43. Evans WC. Trease and Evans' Pharmacognosy. Amsterdam: 
Elsevier Health Sciences; 2009. 

44. Wagner H, Bladt S. Plant Drug Analysis: A Thin Layer 
Chromatography Atlas. Berlin: Springer Science & Business Media; 
2001. 

45. Trease GE, Evans WC. Pharmacognosy. London: Bailiere Tindall; 
1989. 

46. Stahl E. Thin-Layer Chromatography: A Laboratory Handbook. 
Berlin: Springer; 1969. https://doi.org/10.1007/978-3-642-
88488-7 

47. Kokate CK. Practical Pharmacognosy. New Delhi: Vallabh 
Prakashan; 2007. 

48. Malvern Instruments. Dynamic Light Scattering: Common Terms 
Defined. Malvern: Malvern Instruments Ltd; 2015. 

49. Lasic DD. Liposomes: From Physics to Applications. Amsterdam: 
Elsevier; 1993. 

50. Torchilin VP. Nanoparticulates as Drug Carriers. London: Imperial 
College Press; 2006. https://doi.org/10.1142/9781860949074 

51. Hunter RJ. Zeta Potential in Colloid Science: Principles and 
Applications. London: Academic Press; 1981. 

52. Ananthapadmanabhan KP, Lips A. Skin Interactions with 
Surfactants. In: Surfactant Science and Technology. Boca Raton: 
CRC Press; 2007. 

53. Barnes HA. Rheology Principles. London: Taylor & Francis; 1997. 

54. Martin A, Swarbrick J, Cammarata A. Physical Pharmacy. 
Philadelphia: Lea & Febiger; 1993. 

55. Banker GS, Rhodes CT. Modern Pharmaceutics. New York: Marcel 
Dekker; 2002. https://doi.org/10.1201/9780824744694 
PMCid:PMC6758410 

56. Jones DS, Wooley D. Artificial Membranes: Methods, Modifications, 
and Applications. Hoboken: John Wiley & Sons; 2001. 

57. Franz TJ. Percutaneous Absorption: On the Relevance of In Vitro 
Data. J Invest Dermatol. 1975;64(3):190-195. 
https://doi.org/10.1111/1523-1747.ep12533356 PMid:123263 

58. World Health Organization. Stability Testing of Active 
Pharmaceutical Ingredients and Finished Pharmaceutical 
Products. WHO Technical Report Series; 2003. 

59. National Committee for Clinical Laboratory Standards. Reference 
Method for Broth Dilution Antifungal Susceptibility Testing of 
Yeasts. Approved Standard M27-A2. Wayne, PA: NCCLS; 2002

 

https://doi.org/10.1016/j.fshw.2016.04.001
https://doi.org/10.1155/2013/917609
https://doi.org/10.1017/S0021859697004292
https://doi.org/10.1007/BF02858648
https://doi.org/10.1016/j.nano.2011.07.004
https://doi.org/10.1007/978-3-642-88488-7
https://doi.org/10.1007/978-3-642-88488-7
https://doi.org/10.1142/9781860949074
https://doi.org/10.1201/9780824744694
https://doi.org/10.1111/1523-1747.ep12533356

