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ABSTRACT:

Niosomal gels enhance skin penetration by acting as a carrier system, improving drug solubility and bioavailability, and allowing for sustained release of
encapsulated active ingredients. Niosomes are lipid-based vesicles, similar to liposomes, but they are made from non-ionic surfactants instead of phospholipids.
They are multi-lamellar vesicles that can efficiently transfer active substances to epidermal layers or circulation. Niosomes can encapsulate both hydrophilic and
hydrophobic drugs. Niosomal gels can be used for transdermal drug delivery, where drugs are absorbed into the bloodstream through the skin. Niosomes are
multilamellar vesicles that efficiently transfer active substances to epidermal layers or circulation. They improve “active drug skin penetration in topical drug
delivery systems. The goal of this work was to develop a luliconazole (LCZ) niosomal gel to promote skin permeability. Luliconazole treats tinea pedis, cruris,
and corporis caused by Epidermophyton floccosum and Trichophyton rubrum. Luliconazole has improved skin pharmacokinetics. In the all formulations, the
cholesterol ratio was consistent and was prepared by ether injection method using span 60 or tween 80 surfactants.
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1. INTRODUCTION:

Niosomal gels are topical formulations that use niosomes, small vesicles made of non-ionic surfactants and cholesterol, to enhance the delivery of drugs
through the skin, offering potential benefits like increased drug penetration and sustained release. Surfactants used in niosome formation include alkyl
esters (Tweens, Spans) and alkyl ethers (Brijs). Niosomes can encapsulate both hydrophilic and lipophilic drugs. They can be unilamellar or
multilamellar depending on the preparation method. [1]

How Niosomal Gels Work:

Niosomes are incorporated into a gel base, which can be a polymer like Carbopol. The niosomes act as a carrier, enhancing the penetration of drugs
through the skin compared to conventional topical formulations. They can also act as a reservoir, allowing for a sustained release of the drug. The gel
base provides a suitable vehicle for topical application, ensuring good spreadability and contact with the skin. Niosomal gels can be used for various
applications, including antifungal, anti-inflammatory, and anti-acne treatments. [2]

Benefits of Niosomal Gels:

Niosomes can improve the penetration of drugs through the skin barrier. Niosomal gels can provide a sustained release of the drug, leading to a longer
duration of action. Niosomes can be designed to target specific areas of the skin, improving the efficacy of the treatment. Niosomes can improve the
solubility and stability of poorly soluble drugs. The sustained release and enhanced penetration of niosomal gels can allow for a reduction in the
frequency of drug application. [2]

Niosome Structure and Function:

1. Niosomes are vesicles composed of non-ionic surfactants, which form a lipid bilayer similar to cell membranes.

2. They act as a reservoir for drugs, protecting them from degradation and allowing for controlled release.

3. Niosomes can increase the solubility of poorly soluble drugs, improving their bioavailability. [2]

Advantages of Niosomes: [3,7, 12]

Enhanced Stability: Niosomes are generally more stable than liposomes due to the nature of non-ionic surfactants, making them a preferred choice for
drug delivery.
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Versatile Drug Encapsulation: They can encapsulate both hydrophilic and lipophilic drugs, providing a versatile platform for various therapeutic
applications.

Targeted Delivery: Niosomes can be designed for targeted drug delivery to specific tissues or cells, improving therapeutic efficacy and reducing side
effects.

Controlled Release: The structure of niosomes allows for controlled and sustained drug release, which can be beneficial for certain therapeutic
applications.

Improved Bioavailability: Niosomes can enhance the bioavailability of poorly soluble drugs

Gel Matrix and Enhanced Contact Time: [3,13, 14]

Incorporating niosomes into a gel matrix (like Carbopol gel) increases the contact time of the formulation with the skin, further enhancing drug
penetration. The gel matrix also provides a sustained release mechanism, ensuring a prolonged therapeutic effect.

Example of Niosomal gel:

Fusidic Acid Niosomal Gel:

A study developed a niosomal gel of fusidic acid to increase its skin permeation, showing that niosomes enhanced the permeation of fusidic acid
through the skin.

Luliconazole Niosomal Gel:

Researchers developed a luliconazole niosomal gel to promote skin permeability, demonstrating that niosomes improved the skin pharmacokinetics of
luliconazole.

2. MATERIAL AND METHODS:

Fusidic acid Niosome gel: [5]

Niosome Preparation (Thin-Film Hydration):

Dissolve a non-ionic surfactant (like Span 60 or Tween 60), cholesterol, and fusidic acid in a solvent (like chloroform). Remove the solvent using a
rotary evaporator to create a thin lipid film on the flask walls. Hydrate the dried film with a phosphate buffer saline solution (pH 7.2) by hand shaking
the flask. Once formed, the niosomes are characterized for entrapment efficiency, size, polydispersity index (PDI), and zeta potential.

Gel Preparation:

Choose a suitable gel base, like Carbopol gel. Incorporate the prepared niosomes into the Carbopol gel base. Evaluate the pH, spreadability, rheological
properties, and ex vivo permeation of the niosomal gel.

Example Formulation: [4]

Surfactant: Span 60 or Tween 60, Cholesterol: Vary the cholesterol to surfactant ratio., Fusidic Acid: Added to the lipid film., Gel Base: Carbopol gel.
Hydration Solution: Phosphate buffer saline (pH 7.2).

Luliconazole Niosomal Gel:[6]

Niosome Preparation:

Luliconazole, non-ionic surfactants (Span 60, Tween 80), cholesterol, and a suitable solvent (like chloroform). Dissolve the surfactant and cholesterol
in a suitable solvent. Evaporate the solvent to form a thin film on the walls of the flask. Hydrate the thin film with an aqueous solution containing
luliconazole. The hydration process leads to the formation of niosomes, which are vesicles with a lipid bilayer structure.

Gel Base Preparation:

Carbopol 934, distilled water, and triethanolamine (TEA) or sodium hydroxide (for pH adjustment). Disperse a weighed amount of carbopol 934 in
distilled water and stir continuously. Allow the carbopol to swell in water for a specific duration (e.g., 2 hours). Adjust the pH of the gel base to a
desired level (e.g., pH 6.8) using TEA or sodium hydroxide. Adjust the final weight of the gel base with distilled water.

Niosomal Gel Formulation:

Incorporation: Incorporate the prepared niosomal formulation into the gel base. Mixing: Mix the niosomal formulation and the gel base thoroughly to
ensure uniform distribution. Storage: Store the prepared niosomal gel in a dark place to prevent degradation.

Other Examples of Niosomal Gel:[4]

Lornoxicam Niosomal Gel:
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A study developed a niosomal gel of lornoxicam for topical delivery, showing significant improvement in skin permeation and skin deposition
compared to a plain lornoxicam gel. Researchers successfully integrated tretinoin and clindamycin hydrochloride into a niosomal gel for topical
application in the treatment of acne.

1. Preparing Lornoxicam-Loaded Niosomes:

Thin-Film Hydration Method: Dissolve Surfactants and Cholesterol: Dissolve surfactants (e.g., Span 60) and cholesterol in a mixture of chloroform and
methanol (e.g., 2:1 v/v).

Dissolve Lornoxicam: Dissolve lornoxicam (e.g., 1% w/w) in the same solvent mixture. Combine Solutions: Add the lornoxicam solution to the
surfactant-cholesterol solution. Evaporate Solvent: Slowly remove the organic solvent under reduced pressure using a rotary evaporator, forming a thin
lipid film on the flask walls.

Hydrate the Film: Hydrate the dry lipid film with double-distilled water at a temperature above the phase transition temperature of the surfactants (e.g.,
55°C). Sonication: Subject the niosomal dispersion to sonication for particle size reduction. Stabilization: Allow the niosomes to form stable vesicles
overnight. 2. Incorporating Niosomes into a Gel Base.

Gel Base: Use a suitable gelling agent, like Carbopol 980 NF, to create the gel base. Mix Niosomes and Gel Base: Incorporate the lornoxicam-loaded
niosome dispersion into the gel base.

Optimization: Optimize the formulation by adjusting the concentrations of surfactants, cholesterol, and gelling agent to achieve desired properties like
rheology, texture, and drug release.

Tretinoin and Clindamycin Hydrochloride Niosomal Gel: [16]

1. Preparation of the Niosomal Vesicles: Solubilization: Dissolve the non-ionic surfactant (like Span 60 or Tween 80), cholesterol, and the active
drugs (tretinoin and clindamycin hydrochloride) in a suitable organic solvent (e.g., chloroform or methanol).

Thin Film Formation: Evaporate the organic solvent under vacuum, leaving behind a thin lipid film. Hydration: Hydrate the lipid film with a suitable
aqueous medium (e.g., distilled water, saline) under mechanical stirring or shaking to form niosomal vesicles. Vesicle Size Control: Techniques like
extrusion or sonication can be employed to control the size of the niosomal vesicles.

2. Gel Formation:

Gel Base: Choose a suitable gelling agent (e.g., Carbopol 940, hydroxypropylmethylcellulose) and dissolve it in the aqueous medium used for vesicle
hydration.

Niosome Incorporation: Incorporate the prepared niosomal dispersion into the gel base, ensuring proper mixing and dispersion.

Gel Optimization: Evaluate the final gel formulation for parameters like viscosity, pH, and drug entrapment efficiency.

3. Other methods: Thin-film hydration method: This method involves preparing a thin film of the surfactant and cholesterol, then hydrating the film
with an aqueous solution containing the drugs. Reverse-phase evaporation method: This method involves dissolving the surfactant and cholesterol in an
organic solvent and then slowly evaporating the solvent in the presence of an aqueous solution. Microfluidics method: This method uses microfluidic
devices to create niosomes with precise control over size and shape.

Ethanol injection method: This method involves injecting an ethanol solution of the surfactant and cholesterol into an aqueous solution containing the
drugs.

Doxycycline-Loaded Niosomal Gels: [15]

Doxycycline-Loaded Niosome Preparation:

Surfactant and Cholesterol: Use non-ionic surfactants (like Span 60, Tween 60) and cholesterol to form the niosome bilayer.

Methods: Thin Film Hydration: Prepare a thin film of the surfactant, cholesterol, and doxycycline solution, then hydrate it with water.

Reverse-Phase Evaporation: Dissolve the surfactants, cholesterol, and doxycycline in an organic solvent, then slowly evaporate the solvent in the
presence of water. Characterization: Once the niosomes are prepared, characterize them for size, zeta potential, morphology, and entrapment efficiency.

2. Niosomal Gel Formulation: Gel Base: Use a gel base like Carbopol 974, which is a common polymer used in gel formulations.

Preparation: Carbopol Hydration: Slowly add Carbopol to water and stir until fully hydrated, allowing the polymer chains to swell. Penetration
Enhancers: Add penetration enhancers like poly(ethylene glycol) 400 (PEG 400) or propylene glycol (PG) to the gel base. Niosome Incorporation:
Gradually add the doxycycline-loaded niosomes to the hydrated Carbopol gel base. Gelling and pH Adjustment: Use triethanolamine (TEA) to induce
gelling and adjust the pH of the gel to a suitable range (e.g., 6.5-7.4). A study developed doxycycline-loaded niosomal gels for transdermal delivery,
demonstrating that the niosomal gel could be an effective transdermal nanocarrier for enhancing the permeability of doxycycline.
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3. EVALUATION PARAMETERS OF NIOSOMAL GEL: [8,9,10]

Physical Appearance:

Clarity, Color, Homogeneity: Assess the gel for any signs of cloudiness, color changes, or the presence of foreign particles.

Visual Inspection: Observe the gel for any signs of sedimentation, layering, or changes in texture.

pH:

Measurement: Determine the pH of the gel dispersion in water using a pH meter. Acceptable Range: Ensure the pH falls within a suitable range for
topical application and stability.

Viscosity:

Measurement: Use a viscometer (e.g., Brookfield viscometer) to determine the gel's viscosity. Rheological Studies: Investigate the flow properties and
consistency of the gel.

Drug Content:

Determination: Analyze the gel for its drug content using a suitable analytical method (e.g., dissolving a known amount of gel and measuring the drug
concentration), Uniformity: Ensure the drug is uniformly distributed throughout the gel matrix.

Entrapment Efficiency:

Determination: Calculate the percentage of drug entrapped within the niosomal vesicles. Optimization: Optimize the formulation to achieve high
entrapment efficiency.

In Vitro Drug Release/Permeation Studies:

Release Studies: Evaluate the rate and extent of drug release from the niosomal gel using a suitable apparatus (e.g., dialysis membrane).

Permeation Studies: Assess the ability of the gel to enhance drug penetration through the skin (ex vivo).

Ex Vivo Studies:

Use excised skin to determine the amount of drug that penetrates the skin from the niosomal gel. In Vivo Studies: Conduct studies in animals to assess
the bioavailability and efficacy of the niosomal gel.

Other Important Considerations:

Stability Studies: Assess the stability of the niosomal gel formulation under various storage conditions (temperature, humidity).

Microscopic Analysis: Use techniques like transmission electron microscopy (TEM) to visualize the niosome morphology and size.

4. CONCLUSION:

The idial features of neosomes and neosomal gel, together with their applications and several advantages, were examined in the current review.
Compared to earlier topical semisolids, the niosomal-based gel formulation with nanocarrier delivery penetrates the epidermal layer more deeply. Using
luliconazole niosomal gel to increase skin permeability showed that niosomes enhanced luliconazole's skin pharmacokinetics. Fusidic acid's skin
penetration was increased by niosomal gel, demonstrating that niosomes improved the acid's skin penetration. For the administration of a variety of
formulations via the skin and for various topical medicines, the niosomal gel formulation might be more effective than comparable commercial dose
forms.

5. REFERENCE:

1. V. Choudhary, D. Rani , N. Ghosh and M. Kaushik, Development and evaluation of hydrocortisone-loaded niosomal gel, IJPSR, 01 March 2023,
Page no. 1265-1272.

2. Ahlam Zaid Alkilani, Rania Hamed Hajer Abdo Lubna Swellmeen Haneen A. Basheer Walaa Wahdan Amani D. Abu Kwiak, Formulation and
Evaluation of Azithromycin-Loaded Niosomal Gel: Optimization, In Vitro Studies, Rheological Characterization, and Cytotoxicity Study, ACS
Omega, Vol 7, Issue 44, October 25, 2022, 39782–39793.

3. Liga, S.; Paul, C.; Moacă, E.-A.; Péter, F. Niosomes: Composition, Formulation Techniques, and Recent Progress as Delivery Systems in Cancer
Therapy. Pharmaceutics 2024, 16, 223. https://doi.org/10.3390/pharmaceutics16020223.

4. Shirsand S, Para M, Nagendrakumar D, Kanani K, Keerthy D. Formulation and evaluation of Ketoconazole niosomal gel drug delivery system.
Int J Pharm Investig. 2012 Oct;2(4):201-7. doi: 10.4103/2230-973X.107002.

https://doi.org/10.3390/pharmaceutics16020223


International Journal of Research Publication and Reviews, Vol 6, Issue 3, pp 9719-9723 March 2025 9723

5. Waqas MK, Sadia H, Khan MI, Omer MO, Siddique MI, Qamar S, Zaman M, Butt MH, Mustafa MW, Rasool N. Development and
characterization of niosomal gel of fusidic acid: in-vitro and ex-vivo approaches. Des Monomers Polym. 2022 Jun 9;25(1):165-174. doi:
10.1080/15685551.2022.2086411.

6. Vibhavari M. Chatur, Shashikant N. Dhole, Nilesh S. Kulkarni, Mithun Rudrapal, Development and characterization of antifungal niosomal gel of
luliconazole: In vitro and ex vivo approaches, Chemical Physics Impact, Volume 10, 2025, 100801, ISSN 2667-0224,

7. https://doi.org/10.1016/j.chphi.2024.100801.

8. Sharma Rupali , Diwan Anupama, Sardana Satish, Sharma Shekhar, Vyas Amisha, Development and Evaluation of Niosomal Gel for
Transdermal Application of steroidal API, International Research Journal on Advanced Science Hub (IRJASH), Volume 02 Issue 08 August 2020,
page no. 1-18.

9. Mohammed F. Aldawsari, El-Sayed Khafagy, Ehssan H. Moglad, Amr Selim Abu Lila, Formulation optimization, in vitro and in vivo evaluation
of niosomal nanocarriers for enhanced topical delivery of cetirizine,Saudi Pharmaceutical Journal,Volume 31, Issue 9, 2023, 101734, ISSN 1319-
0164, https://doi.org/10.1016/j.jsps.2023.101734.

10. Barot T, Rawtani D, Kulkarni P. Development, characterization and in vitro-in vivo evaluation of Farnesol loaded niosomal gel for applications in
oral candidiasis treatment. Heliyon. 2021 Sep 11;7(9):e07968. doi: 10.1016/j.heliyon.2021.e07968.

11. Shilakari Asthana G, Sharma PK, Asthana A. In Vitro and In Vivo Evaluation of Niosomal Formulation for Controlled Delivery of
Clarithromycin. Scientifica (Cairo). 2016;2016:6492953. doi: 10.1155/2016/6492953. Epub 2016 May 16.

12. Ali Moammeri, Masoumeh Mirzaei Chegeni, Hamidreza Sahrayi, Robabehbeygom Ghafelehbashi, Farkhondeh Memarzadeh, Afsoun Mansouri,
Iman Akbarzadeh, Maryam Sadat Abtahi, Faranak Hejabi, Qun Ren, Current advances in niosomes applications for drug delivery and cancer
treatment, Materials Today Bio, Volume 23, 2023, 100837, ISSN 2590-0064, https://doi.org/10.1016/j.mtbio.2023.100837.

13. Mishra S, Gupta RA, Formulation and Evaluation of Niosomal Gel of Antifungal Luliconazole, Journal of Drug Delivery and Therapeutics. 2022;
12(6-s):47-54, DOI: http://dx.doi.org/10.22270/jddt.v12i6-s.5705.

14. Gao S, Sui Z, Jiang Q, Jiang Y. Functional Evaluation of Niosomes Utilizing Surfactants in Nanomedicine Applications. Int J Nanomedicine.
2024 Oct 10;19:10283-10305. doi: 10.2147/IJN.S480639.

15. Zaid Alkilani A, Sharaire Z, Hamed R, Basheer HA. Transdermal Delivery System of Doxycycline-Loaded Niosomal Gels: Toward Enhancing
Doxycycline Stability. ACS Omega. 2024 Jul 23;9(31):33542-33556. doi: 10.1021/acsomega.4c01224.

16. Palak , Ritu Rani , Rajesh Kumar, Ajeet Pal Singh , Amar Pal Singh, Formulation and Evaluation of Niosomal gel using Tretinoin and
Clindamycin combination, Journal of Drug Delivery and Therapeutics, 2024; 14(3):106-114.

https://doi.org/10.1016/j.jsps.2023.101734
https://doi.org/10.1016/j.mtbio.2023.100837
http://dx.doi.org/10.22270/jddt.v12i6-s.5705

	1. INTRODUCTION: 
	2. MATERIAL AND METHODS:
	3. EVALUATION PARAMETERS OF NIOSOMAL GEL: [8,9,10]
	4. CONCLUSION:

