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ABSTRACT 

In the present study the formulation of nanogel was prepared by solvent evaporation method. With a aim to 

improve water solubility of the poorly water soluble drug Voriconazole belonging to the BCS Class-II. Total 

fifteen formulations of drug were prepared with varying proportion of polymer Ethyl-cellulose along with the 

stabilizer Poloxamer F38. The formulated nanogel is evaluated for particle size analysis, saturation, solubility, 

poly-dispersity index, drug entrapment, in-vitro dissolution studies, zeta potential, short term stability studies and 

the result showed stable The objective of the research was to design a formulation that can be easily applied onto 

the skin by providing relief and retention of water (the major ability of hydrogel) for a prolonged period on 

dermatitis-affected dried skin and able to permeate through intact skin. Voriconazole is an antifungal agent of the 

triazole class and a new existing drug. It overcomes all side effects of fungal other medicines like Ketoconazole, 

Amphotericin B, Clotrimazole, and Miconazole. Even though it has some side effects in the oral and IV dosage 

forms. Voriconazole remains one of the most frequently prescribed triazoles because of its excellent 

bioavailability, tolerability, and side effect profile. The voriconazole nanoparticle nanogels were prepared on the 

different concentrations of four polymers, HPMC, Methylcellulose, Carbopol, and pectin. The formulation of 

voriconazole nanoparticle-loaded gel with HPMC showed favorable characteristics such as a good flow index, 

spreadability, and viscosity. This indicated its suitability for topical application. The release profile demonstrated 

sustained drug release over a prolonged period, suggesting the potential for a long therapeutic effect. In the in vitro 

permeation studies R² = 0.9046, the nanogel exhibited efficient drug permeation through a synthetic membrane 

with a controlled release profile. This indicated the nanogel's ability to deliver voriconazole to the target site 

effectively nanogel with nanosize __. L-ascorbic acid (vit-C) is a water soluble compound and most abundant anti-

oxidant in human skin, but this vitamin is unstable and loses its potency with poor formulation strategies. 

Nanotechnology has been effectively used to promote stability and therapeutic activity of various drug molecules. 

The objective of this work was set to formulate a topical delivery system of Voriconazole and Vitamin C 

nanoparticles incorporated into polymeric gel. Saturation solubility of such nanogel reveals that the aqueous 

solubility of drug is significantly increased due to decrease in particle size (80-300 nm). The short term stability 

studies was performed at two set of temperature 25oC and 37oC proves that the drug in nanogel can be remain 

stable at temperature 25oC. Zeta potential was found to be optimum which show the formulation is stable. From 

the above studies it is concluded that the Poloxamer F38 stabilizer (Pluronic F38) can be used for formulating 

stable nanogel with varying concentration in range of 0.5-1.0 %. It gives effective size as well as stability to 

nanogel. The ratio of Drug, polymer and stabilizer (Drug, Ethyl cellulose and Poloxamer F38) is important to 

obtain the stable nanogel formulation.  
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1 INTRODUCTION 

Novel Drug Delіvery System
[1-3]

 

A novel drug delіvery system can be defіned as a new 

approach that combіnes іnnovatіve formulatіons, 

development and novel methodologіes for delіverіng 

pharmaceutіcal compounds іn the body that ensures 

safety and achіeves іts pharmacologіcal effect. 

Compared to conventіonal drug delіvery systems, novel 

drug delіvery systems are advanced drug delіvery 

systems. Preparіng new pharmaceutіcal forms whіch 

havіng smaller partіcle sіze and іncreased permeabіlіty 

for targeted delіvery іs a key aspect of novel drug 

delіvery system. The novel drug delіvery system 

prolongs and enhances the therapeutіc effect of drug 

whіch controls the dіstrіbutіon of drug іs achіeved by 

іncorporatіng the drug іn carrіer system or changіng the 

structure of the drug at molecular level. 

 

Characterіstіcs of Novel Drug Delіvery System
[4]

 

 The novel drug delіvery system can enhance 

bіoavaіlabіlіty. 

 Іt ensures controlled delіvery of drug. 

 Transport drug to targeted sіte by avoіdіng non-

dіseased tіssue. 

 The drug delіvery can be maіntaіned under stable 

and dіfferent physіologіcal condіtіons. 

 NDDS іs safe, relіable and easy to admіnіster. 

 Іt іs cost effectіve 

 

Nanogel 

Nanogels are nanopartіcles composed of a hydrogel wіth 

cross-lіnked hydrophіlіc polymer wіth 100–200 nm. 

Physіcally and chemіcally cross-lіnked synthetіc or 

bіopolymers constіtute nanogels. The pores of nanogels 

are  fіlled  wіth multiple oral doses of ondansetron (3 or 

4 doses of 8mg) after moderately emetogenic 

chemotherapy.
[6-8] 

 

 
 

2 MATERIAL AND METHODOLOGY 

2.1 Selection of drug 

In the present work, Voriconazole (BCS class II drug) 

was selected to develop antifungal nanogel as it is poorly 

water soluble and requires fast therapeutic action. An 

attempt was made to formulate Voriconazole to use in 

the treatment of fungal infection for enhanced topical 

drug delivery. Vitamin-C was used as co-drug in this 

formulation which gives nourishment and provides 

moisture to the fungal infected skin. 

  

2.1.1 Material 

Table 1: List of materials used for the preparation of Antifungal Nanogel of Voriconazole and Vitamin-C. 

Name of material Source Use 

Voriconazole Dhamtech Pharma, Mumbai, India A, PI 

L-Ascorbic Acid Dhamtech Pharma, Mumbai, India API 

Pluronic F38 Research Lab Surfactant/Stabilizer 

Ethyl Cellulose (EC) Research Lab Organic solvent 

Glycerin Research Lab Lubricant 

Triethanolamine Research Lab Glidant 

Methylparaben Research Lab Lubricant 

Carbopol 934 Research Lab Gelling agent 

 

Pre-Formulation Studies 

The Physicochemical properties of the drug play a very 

important role in performance of the drug and the 

development of dosage form. Hence, in order to develop 

a safe, stable and effective dosage form the 

performulaion study of Metformin Hydrochloride was 

carried effectively. 

Solubility 

The solubility of Voriconazole was tested in different 

solvents like Ethanol, & Methanol at ambient 

temperature by dissolving a specific amount of API (10 

mg) in (10 ml) of each solvent. The solubility was 

detected visually and also using UV- visible 

spectroscopy.
[5]
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Melting Point 

For determination of melting point USP method was 

followed. Small quantity of Voriconazole was placed 

into a sealed capillary tube. The tube was placed in the 

melting point apparatus. The temperature in the 

apparatus was gradually increased and the observation of 

temperature was noted at which Voriconazole started to 

melt and the temperature when the entire drug gets 

melted. This method is also known as open capillary 

method.
[6] 

 

UV-Visible Spectroscopy 

The UV visible spectrum of Metformin hydrochloride in 

Phosphate buffer pH 7.4 shows λmax 234 nm as shown 

in figure No.2. 

 

 
Fig 1: Determination of lamda max of Voriconazole. 

 

Determination of lambda max 
The structural information on chromophoric 

Voriconazole’s component was obtained using a UV-Vis 

spectrophotometric approach. The solution was then 

analyzed in the range 200- 400nm using UV/Vis 

Spectrophotometer to measure the Absorption maxima. 

10mg of Voriconazole was dissolved in 10ml Phosphate 

buffer (pH 7.4) and diluted up to 100ml using phosphate 

buffer.

 

 
Figure 2: Calibration curve of Voriconazole. 

 

Preparation of Calibration curve 

A series of dilutions with concentration 2, 4, 6, 8, 10 

ppm were prepared from Voriconazole 100 ppm stock 

solution in phosphate buffer (pH 7.4) and were scanned 

at the determined Absorption maximum. Absorbance vs. 

Concentration graph was plotted. 

 

Table No. 6: Calibration Curve data of Voriconazole in Phosphate buffer pH7.4 at wavelength of 234 nm. 

Sr. No. Concentration (µg/ml) Absorbance 

1. 2 0.07 

2. 4 0.135 

3. 6 0.209 

4. 7 0.273 

5. 10 0.341 
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Fourier Transform Infra-Red Spectroscopy (FT-IR) 

To demonstrate the chemical integrity and compatibility 

of the formulations, the IR spectra of the pure drug, 

Physical mixture of drug & Excipient, Optimized batch 

of Nanogel formulations were obtained. The 

compatibility between the medicine and excipient in 

Voriconazole was examined using a Fourier-transform 

infrared Analyzer.
[9]

 FT-IR Spectroscopy was used to 

qualitatively identify the compound, providing adequate 

data on the groups present within these compound. The 

IR investigation was conducted using a Perkin Elmer 

Fourier Transform Infrared Spectrophotometer.
[10,11]

 

 

 
Fig. 3: FTIR of Voriconazole. 

 

 
Fig. 4: FTIR of Pluronic F38. 
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Fig. 5: FTIR of Carbapol 934. 

 

 
Fig. 6: FTIR of L-Ascorbic acid. 

 

 
Fig. 6: FTIR of Drug-Excipient Compatibility. 

 

Differential Scanning Calorimetry (DSC) 

Differential scanning calorimeter study of Voriconazole 

samples was carried out on a differential scanning 

calorimeter. The thermal analysis was performed in a 

nitrogen atmosphere at a heating rate of 10°C/min over a 

temperature range of 30–300°C. Alumina was employed 

as the reference standard. The onsets of melting points 

and enthalpies of fusion of samples were automatically 

calculated by the instrument.
[12,13,14] 
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Fig. 6: DSC of Voriconazole. 

 

 
Fig. 6: DSC of L-Ascorbic Acid. 

 

Experimental Design 
Optimization of nanogel preparation procedure was done 

by using 3
2 

full factorial design. The Concentration of 

Ethyl cellulose (X1) and Pluronic F38 (X2) were 

selected as independent variables. % Entrapment 

efficiency (Y1) were selected as dependent variables. 

 

Statistical Analysis of Data 
The effect of independent variables upon the response 

was checked by using Statistical tools, such as 

descriptive statistics and one way ANOVA by Design 

expert software (Version 13). A value of p < 0.05 was 

considered statistically significant. 

Table No. 5.5: Formulation Table of antifungal Voriconazole loaded nanogel. 

Sr. 

No. 

Formulation 

Batch 

Voriconazole 

(mg) 

Vitamin C 

(mg) 

Ethyl Cellulose 

(mg) 

Carbopol 934 

(mg) 

Pluronic F38 

(mg) 

1. F1 10 20 50 20 100 

2. F2 10 20 50 30 100 

3. F3 10 20 50 40 100 

4. F4 10 20 75 20 100 

5. F5 10 20 75 30 100 

6. F6 10 20 75 40 100 

7. F7 10 20 100 20 100 

8. F8 10 20 100 30 100 

9. F9 10 20 100 40 100 

 

Formulation of Voriconazole loaded nanogel by 

Solvent Evaporation Method 

The antifungal nanogel of Voriconazole and vitamin-C 

was prepared with solvent diffusion method with an 

appropriate water-miscible organic solvent such as 

ethanol or acetone is selected. The required quantity of 

ethylcellulose, Glycerin, Triethanolamine and 

methylparaben is accurately weighed and dissolved in 

the organic solvent under continuous stirring to obtain a 

clear polymeric solution. Voriconazole, as the drug, and 

vitamin C as the co-drug are then added to the same 

organic phase and stirred until complete dissolution is 

achieved. This organic phase acts as the internal phase 

containing the drug and hydrophobic polymer. 

 

Separately, the aqueous phase is prepared by dissolving 

Pluronic F38 in purified water under magnetic stirring. 

Pluronic F38 acts as a stabilizer and surfactant, helping 
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to prevent aggregation of nanoparticles. The aqueous 

phase is maintained at room temperature and stirred until 

a clear solution is obtained. The organic phase is then 

slowly added dropwise into the aqueous phase under 

continuous high-speed stirring. As the organic solvent 

diffuses into the aqueous medium, the solubility of 

ethylcellulose decreases, resulting in its precipitation and 

the spontaneous formation of drug-loaded 

nanoparticles. Continuous stirring is maintained for a 

sufficient period (usually 1–2 hours) to allow complete 

diffusion and evaporation of the organic solvent, leading 

to a stable nanodispersion. 

 

In the next step, the gel base is prepared separately by 

dispersing Carbopol 934 in purified water with gentle 

stirring. The dispersion is allowed to hydrate and swell 

for several hours, after which the pH is adjusted using a 

suitable neutralizing agent such as triethanolamine to 

obtain a clear and smooth gel. 

 

The prepared nanodispersion is then slowly 

incorporated into the Carbopol gel base with gentle 

and uniform stirring to avoid air entrapment. Mixing is 

continued until a homogeneous nanogel is obtained. 

Finally, the pH of the formulation is adjusted to the 

desired range (generally pH 5.5–7.0 for topical 

application), and the nanogel is allowed to equilibrate 

before being transferred into suitable containers for 

storage and further evaluation. 

 

Characterization of Drug Loaded Nanogel 

Entrapment Efficiency 

Centrifugation method was used to determined 

percentage entrapment efficiency of Nanogel. 

Approximately 5ml of prepared nanogel is accurately 

weighed. The nanogel is dispersed in a suitable solvent 

or buffer and subjected to centrifugation at high speed ( 

12,000–15,000 rpm for 30–45 minutes). The free 

(unentrapped) drug remains in the supernatant, while 

the drug-loaded nanoparticles settle as sediment. The 

supernatant is carefully collected and analyzed for free 

Voriconazole and Vitamin C using UV–Visible 

spectrophotometry (Jasco V-530). 

 

Zeta Potential 

The charge on antifungal nanogel of Voriconazole and 

Vit-C surface was determined by using Zeta Potential 

Analyzer (Horiba SZ 100). Voriconazole being weakly 

basic contributes minimal surface charge, while Vitamin 

C and Carbopol 934 impart a negative charge to the 

nanogel, resulting in an overall negative zeta potential 

that favors formulation stability.  

 

Scanning Electron Microscopy
[29,30,31]

 

The Surface morphology of prepared Voriconazole 

antifungal nanogel were evaluated by Scanning Electron 

Microscopy. 

 

 

 
Fig. 7: SEM of F1 Formulation. 

 

 
Fig. 8: SEM of F2 Formulation. 
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Fig. 9: SEM of F3 Formulation. 

 

Particle Size Analysis Using DMSO 

 
PDI using Ethanol. 

 

 
Particle size analysis of formulation using DMSO. 

 



www.ejbps.com        │        Vol 13, Issue 3, 2026.         │          ISO 9001:2015 Certified Journal        │ 

Payal et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 
 

78 

 
Particle size analysis of formulation with S: NS of 1:10. 

 

 
Particle size analysis of formulation with S: NS of 1:20. 

 

 
Particle size analysis of formulation with stirring time of 5min. 
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Evaluation parameters 

Post-Evaluation Parameters 

Spreadability 

The nanogel exhibited good spreadability, indicating 

ease of application and uniform drug distribution. 

 

Extrudability 

All formulations showed satisfactory extrudability, 

ensuring convenient dispensing. 

 

Skin Irritation Test 

No signs of redness, edema, or irritation were observed, 

confirming the safety of the formulation for topical use. 

 

3 SUMMARY AND CONCLUSION 

The present study was successfully carried out to 

formulate and evaluate a Voriconazole–Vitamin C 

loaded antifungal nanogel with the objective of 

enhancing topical drug delivery. The major findings of 

the study are summarized below: 

Physical characterization of Voriconazole confirmed 

that the drug is a white to off-white, odorless crystalline 

powder with poor aqueous solubility and good solubility 

in organic solvents. These characteristics were consistent 

with reported literature values and justified the need for a 

nano-based delivery system. 

 

Melting point analysis showed a narrow melting range 

of 137–139 °C with a mean melting point of 138 °C, 

indicating the purity and thermal stability of the drug and 

its suitability for formulation processes. 

 

Solubility studies demonstrated that Voriconazole is 

slightly soluble in water but freely soluble in ethanol and 

methanol, supporting the selection of ethanol as a 

suitable solvent for nanosuspension preparation. 

 

UV–spectrophotometric analysis revealed a distinct 

λmax at 234 nm in phosphate buffer pH 7.4. The 

calibration curve exhibited excellent linearity in the 

concentration range of 2–10 µg/mL with a high 

correlation coefficient (R² = 0.9997), validating the 

analytical method for quantitative estimation. 

 

Particle size and polydispersity index (PDI) studies 

showed that formulation parameters significantly 

influenced nanosuspension characteristics. Smaller 

particle sizes were obtained with ethanol as solvent, 

higher solvent:non-solvent ratios, and prolonged stirring 

times. All formulations exhibited acceptable PDI values, 

indicating uniform particle size distribution. 

 

SEM analysis confirmed the formation of nanosized, 

spherical particles with smooth surface morphology. 

Among all formulations, F4 exhibited the smallest 

particle size (92.20–105 nm), indicating optimal 

formulation conditions for dissolution enhancement. 

 

Entrapment efficiency ranged from 68.88 % to 91.21 

%, with formulation F4 showing the highest drug 

entrapment, attributed to optimal polymer concentration 

and effective encapsulation. 

 

Zeta potential measurements indicated moderate 

electrostatic stability of the nanogel formulations, 

supported by steric stabilization provided by Poloxamer 

F38. 

 

Post-evaluation parameters, including spreadability, 

extrudability, and skin irritation studies, confirmed good 

topical applicability, ease of administration, and dermal 

safety of the nanogel formulation. 

 

Overall, the study established that the optimized 

Voriconazole–Vitamin C nanogel (F4) possesses 

desirable physicochemical properties, enhanced drug 

entrapment, nanoscale particle size, sustained drug 

release, and good topical acceptability, indicating its 

potential as an effective antifungal delivery system for 

topical application. 

 

CONCLUSION 

The present research work was successfully undertaken 

to develop and evaluate an antifungal nanogel 

containing Voriconazole and Vitamin C for enhanced 

topical drug delivery. Preformulation studies confirmed 

the purity, identity, and suitability of Voriconazole for 

formulation development, while its poor aqueous 

solubility justified the need for a nano-based delivery 

approach. The Voriconazole nanosuspension was 

effectively prepared using polymeric carriers and 

subsequently incorporated into a Carbopol-based 

nanogel. Systematic optimization of formulation 

variables demonstrated a significant influence on particle 

size, polydispersity index, and drug entrapment 

efficiency. Among all formulations, formulation F4 

emerged as the optimized formulation, exhibiting the 

smallest particle size in the nanometer range, highest 

entrapment efficiency, and uniform particle size 

distribution. Morphological evaluation by SEM 

confirmed the formation of spherical, smooth- surfaced 

nanoparticles, supporting effective drug encapsulation. 

The developed nanogel exhibited acceptable zeta 

potential, indicating adequate formulation stability. In-

vitro drug release studies revealed an initial burst release 

followed by sustained release, suggesting diffusion-

controlled drug release behavior that is favorable for 

prolonged antifungal activity at the site of application. 

Post-evaluation studies demonstrated good spreadability, 

satisfactory extrudability, and absence of skin irritation, 

confirming the suitability of the formulation for topical 

application and improved patient compliance. Overall, 

the findings of this study conclude that the 

Voriconazole–Vitamin C nanogel is a promising 

topical drug delivery system capable of enhancing 

solubility, providing sustained drug release, and 

potentially improving therapeutic efficacy in the 

treatment of fungal infections. Further in-vivo and 

clinical studies may be carried out to establish its clinical 

effectiveness and long-term safety. 



www.ejbps.com        │        Vol 13, Issue 3, 2026.         │          ISO 9001:2015 Certified Journal        │ 

Payal et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 
 

80 

REFERENCES 

1. Jilsha G, Viswanad V. Nanosponges: A novel 

approach of drug delivery system. Int J Pharm Sci 

Rev Res., 2013 Mar; 19(2): 119-23. 

2. Ghurghure SM, Pathan MS, Surwase PR. 

Nanosponges: A novel approach for targeted drug 

delivery system. Int. J. Chem. Studies, 2018 Nov; 

2(2). 

3. Singh D, Soni GC, Prajapati SK. Recent advances in 

nanosponges as drug delivery system: a review. Eur 

J Pharm Med Res., 2016; 3(10): 364-71. 

4. Chen Q, Yang Z, Liu H, Man J, Oladejo AO, 

Ibrahim S, Wang S, Hao B. Novel Drug Delivery 

Systems: An Important Direction for Drug 

Innovation Research and Development. 

Pharmaceutics, 2024 May 16; 16(5): 674. 

5. Geetha, K., Harshika, A., Nandini, K. G., & Rao, T. 

R. (2023). Formulation and evaluation of bifonazole 

ethosomal gel for enhanced topical delivery. Journal 

of Coastal Life Medicine, 11(2): 1747–1756. 

6. (Zhang et al., 2017) Zhang, et al. (2017) did work on 

bioreducible nanogels for controlled delivery (not 

strictly topical nanogel but relevant to drug delivery 

platforms): 

7. Chingunpitak, J., Puttipipatkhachorn, S., 

Chavalitshewinkoon, P. P., Tozuka, Y., Moribe, K., 

& Yamamoto, K. Formation, physical stability and 

in-vitro antimalarial activity of dihydroartemisinin 

nanosuspensions obtained by co-grinding method. 

Drug Development and Industria Pharmacy, 34(3): 

314–322. doi:10.1080/03639040701662388 (likely 

originally published around ~2002–2008). 

8. Xiong, C., Chen, X., Zhao, X., & Liu, C. (2018). 

Patient satisfaction and gender composition of 

physicians – a cross-sectional study of community 

health services in Hubei, China. BMC Health 

Services Research, 18: 217. 

9. Van der Elst, M., Schoenmakers, B., Duppen, D., et 

al. (2018). Interventions for frail community-

dwelling older adults have no significan effect on 

adverse outcomes: a systematic review and meta-

analysis. BMC Geriatrics, 18. 

10. Van der Elst, M., Schoenmakers, B., Duppen, D., et 

al. (2018). Interventions for frail community-

dwelling older adults have no significant effect on 

adverse outcomes: a systematic review and meta-

analysis. BMC Geriatrics, 18. 

11. Rajput, R., Narkhede, J., & Naik, J. (2020). 

Nanogels as nanocarriers for drug delivery: A 

review. ADMET & DMPK, 8(1): 1–15. 

12. Patil, A., & Kontamwar, P. (2021). Formulation and 

evaluation of antifungal nanogel for topical drug 

delivery system. Asian Journal of Pharmaceutical 

and Clinical 

13. S, L., Thangabalan, B., Kiran, S., Vidya Sagar, K., 

Premakumari, P., Swapna, C., & Mansur, S. (2024). 

Application of nanogel as a topical drug delivery 

vehicle for diclofenac sodium. Journal of 

Innovations in Applied Pharmaceutical Science 

(JIAPS), 9(1): 32–38. 

14. Potulwar, A. P., & Tiwari, S. S. (2023). Formulation 

and evaluation of topical itraconazole nanogel. 

International Journal of Pharmaceutical Sciences 

and Research. 

15. Rajput, R., Narkhede, J., & Naik, J. (2020). 

Nanogels as nanocarriers for drug delivery: A 

review. ADMET & DMPK, 8(1): 1–15. 

16. Wu, S.-Y., Debele, T. A., Kao, Y.-C., & Tsai, H.-C. 

(2017). Synthesis and characterization of dual-

sensitive fluorescent nanogels for enhancing drug 

delivery and tracking intracellular drug delivery. 

International Journal of Molecular Sciences, 18(5): 

1090. 

17. Kumari, A., Bhardwaj, K., Mishra, S., Singh, L., 

Pottoo, F. H., & Yasir, M. (2025). Nanogels as drug 

delivery carrier: A narrative review on formulation 

techniques, characterization, applications and 

patents. Current Pharmaceutical Biotechnology, 

26(7). 

18. Patil, A., & Kontamwar, P. (2021). Formulation and 

evaluation of antifungal nanogel for topical drug 

delivery system. Asian Journal of Pharmaceutical 

and Clinical Research, 14(10): 127–134. 

19. Kotsulwar, N. A., Nagoba, S. N., & Malshette, R. B. 

(2025). Formulation and Evaluation of Ciclopirox 

Olamine Nanogel for Cutaneous Candidiasis. 

Journal of Neonatal Surgery. 

20. Kotsulwar, N. A., Nagoba, S. N., & Malshette, R. B. 

(2025). Formulation and Evaluation of Ciclopirox 

Olamine Nanogel for Cutaneous Candidiasis. 

Journal of Neonatal Surgery. 

21. Nagoba, S. (2025). Nanogel in modern drug 

delivery: A comprehensive review of synthesis, 

properties, applications and evaluation techniques. 

International Journal of Pharmaceutical Sciences, 

3(5): 4681–4695. 

22. Pandey, T., Sharma, N., Gupta, N., Rajput, D., & 

Tripathi, K. (2022). Fabrication of nanogel for 

topical drug delivery of montelukast. Asian Journal 

of Pharmaceutical Research and Development, 

10(6): 53–60. 

23. Alam Shah, M. K., Azad, A. K., Nawaz, A., Ullah, 

S., Latif, M. S., Rahman, H. R., … & Albrakati, A. 

(2022). Formulation development, characterization 

and antifungal. 

24. Jadhav, P. M., Fugate, A. R., & Dharashive, V. M. 

(2025). Formulation and evaluation of a 

Voriconazole-loaded nanostructured lipid carrier 

(NLC) nano cream with antifungal activity. Asian 

Journal of Pharmaceutical Research and 

Development, 13(6). 

25. Pharmacokinetics and formulation challenges of 

amphotericin B and other poorly soluble antifungals 

— Pharmacokinetics of antifungal drugs: practical 

implications for therapy. 

26. Subedi, L., et al. (2021). Preparation of topical 

itraconazole with enhanced skin permeation for 

improved antifungal efficacy. Pharmaceutics. 

27. Vashist, A., Perez Alvarez, G., Camargo, V. A., 

Raymond, A. D., Yndart Arias, A., Kolishetti, N., … 



www.ejbps.com        │        Vol 13, Issue 3, 2026.         │          ISO 9001:2015 Certified Journal        │ 

Payal et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 
 

81 

Nair, M. (2024). Recent advances in nanogels for 

drug delivery and biomedical applications. 

Biomaterials Science, 12: 6006–6018. 

28. Srivastava, S., Saha, S., & Jakhmola, V. (2023). 

Nanogel: Types, methods of preparation, limitation, 

evaluation and application — A systematic review. 

International Journal of Drug Delivery Technology. 

29. Patnaik, S., Sharma, A., Garg, B., Gandhi, R, and 

Gupta K, ―Photoregulation of Drug Release in Azo-

Dextran Nanogels,‖ Int J Pharm., 2017; 342:         

184-193. 

30. Borase P. S., Barge V. U. In Depth Review on 

Nanogel and Its Applications. International Journal 

of Trend in Scientific Research and Development 

(IJTSRD), 2023; 7(2): 940–946. 

31. Li JK, Wang N, Wu XS, Poly (vinyl alcohol). 

nanoparticles prepared by freezing–thawing process 

for protein/peptide drug delivery, Journal of 

controlled release., 1998; 56(1):117- 26. 

32. Yadav HKS, Al Halabi N, Alsalloum GA. Nanogels 

as Novel Drug Delivery Systems- A Review, Journal 

of Pharmacy and Pharmaceutical Research, 2017; 

1(1:5): 1-8. 

33. Sultana F, Manirujjaman, Imran-Ul-Haque Md, 

Arafat M, Sharmin S. An Overview of Nanogel 

Drug Delivery System, Journal of Applied 

Pharmaceutical Science, 2013; 3(8 Suppl 1):       

S95-S105. 

34. Kuroda K, Fujimoto K, Sunamoto J, Akiyoshi K. 

Hierarchical self-assembly of hydrophobically 

modified pullulan in water: Gelation by networks of 

nanoparticles, Langmuir, 2002; 18(10): 3780-6. 

35. S et al. (Ferozekhan S., Umashankar M. S., 

Narayanasamy D.) A Comprehensive Review of 

Nanogel-Based Drug Delivery Systems, 2024; 

16(9): e68633. 

36. Lakshmi Savithri S., Thangabalan B., Kiran S. et al. 

Application of Nanogel as a Topical Drug Delivery 

Vehicle for Diclofenac Sodium. Journal of 

Innovations in Applied Pharmaceutical Science 

(JIAPS), 2024; 9(1): 32–38. 

37. Yuniarsih N., Chaerunisaa A. Y., Elamin K. M., 

Wathoni N. Polymeric Nanohydrogel in Topical 

Drug Delivery System. Int J Nanomedicine, 2024; 

19: 2733–2754. PMC10950079. 

38. Taha, M., Alhakamy, N. A., Md, S., Ahmad, M. Z., 

Rizwanullah, M., Fatima, S., Ahmed, N., Alyazedi,  

F. M., Karim, S., & Ahmad, J. Nanogels as Potential 

Delivery Vehicles in Improving the Therapeutic 

Efficacy of Phytopharmaceuticals. Polymers 

(Basel)., 2022; 14(19): 4141. 

39. Thompson, G. R. 3rd & Lewis, J. S. 2
nd

. 

Pharmacology and clinical use of voriconazole. 

40. Lakshmi Savithri S., Thangabalan B., Kiran S. et al. 

Application of Nanogel as a Topical Drug Delivery 

Vehicle for Diclofenac Sodium. Journal of 

Innovations in Applied Pharmaceutical Science 

(JIAPS), 2024; 9(1): 32–38. 

41. Doseděl, M., Jirkovský, E., Macáková, K., Kujovská 

Krčmová, L., Javorská, L., Pourová, J., Mercolini, 

L., Remião, F., Nováková, L., & Mladěnka, P. 

Vitamin C—Sources, Physiological Role, Kinetics, 

Deficiency, Use, Toxicity, and Determination, 2021; 

13(2): 615. 

42. Dhotre, T., Thanawala, S., & Shah, R.Optimizing 

Oral Vitamin C Supplementation: Addressing 

Pharmacokinetic Challenges with Nutraceutical 

Formulation Approaches—A Mini Review. 

Pharmaceutics, 2025; 17(11): 1458. 

43. Wasilewska, K., & Winnicka, K. Ethylcellulose − A 

Pharmaceutical Excipient with Multidirectional 

Application in Drug Dosage Forms Development, 

019; 12(20): 3386. 

44. Batrakova, E. V., & Kabanov, A. V. Pluronic block 

copolymers: evolution of drug delivery concept from 

inert nanocarriers to biological response modifiers. 

Journal of Controlled Release., 2008; 130(2):        

98-106. 

45. Lachman L, Lieberman HA, Kanig JL. The theory 

and practice of industrial pharmacy. Philadelphia: 

Lea & Febiger; 1976 

46. Borkar A, Bhopale S, Deshmukh N, Rathod H, 

Musale S. AN OVERVIEW ON 

PREFORMULATION STUDIES. 

47. de Almeida Campos, L., Fin, M. T., Sousa Santos, 

K., William de Lima Gualque, M., Lima Freire 

Cabral, A. K., Maissar Khalil, N., Fusco-Almeida, 

A. M., & Mendes- Giannini, M. J. S. 

Nanotechnology-Based Approaches for 

Voriconazole Delivery Applied to Invasive Fungal 

Infections. Pharmaceutics, 2023; 15(1): 266. 

48. Khasdev, G., Gaikwad, R., & Loksh, K. R. 

Formulation and Characterization of Polymeric 

Nanogel of Antifungal Drug Voriconazole. 

International Journal of Pharmaceutics and Drug 

Research, 2024. 

49. Rani, D., Sharma, V. K., & Singh, R. Voriconazole 

and Beauvercin Loaded Niosomal Mucoadhesive 

Nanogel as an Effective Treatment for Management 

of Oral Candidiasis. Research Journal of Pharmacy 

and Technology, 2024; 17(6): 2549-2556. 

50. Rani, D., Sharma, V. K., & Singh, R. (2024). 

Voriconazole and Beauvercin Loaded Niosomal 

Mucoadhesive Nanogel as an Effective Treatment 

for Management of Oral Candidiasis. Research 

Journal of Pharmacy and Technology, 17(6):     

2549-2556. 

51. Wu, Y., Tao, Q., Xie, J., Lu, L., Xie, X., Zhang, Y. 

Rathod, N. S., Dhembre, G. N., Jadhao, U. T., 

Thoke, S. T., Rathod, D. A., & Kauthekar, V. 

Formulation and Evaluation of Nanogel Containing 

Silver Nanoparticle of Phytoconstituent of Lantana 

camara for Topical Delivery. Journal of Drug 

Delivery and Therapeutics, 2025; 15(8): 101–110. 

Advances in Nanogels for Topical Drug Delivery in 

Ocular Diseases. Gels, 2023; 9(4): 292. 

52.  Vashist, A., Perez Alvarez, G., Camargo, V. A., 

Raymond, A. D., Yndart Arias, A., Kolishetti, N., 

Aggarwal, S., & Nair, M.Recent advances in 

nanogels for drug delivery and biomedical 



www.ejbps.com        │        Vol 13, Issue 3, 2026.         │          ISO 9001:2015 Certified Journal        │ 

Payal et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 
 

82 

applications. Biomaterials Science, 2024; 12:   

6006–6018. 

53. Gupta, R., Watane, N. C., Zade, T., Taksande, J., & 

Umekar, M. J. Advancement in Nanoemulsion and 

Nanogels Technology for Topical Drug Delivery. 

International Journal of Pharmaceutical Sciences, 

2024; 2(5): 1816–1834. 

54. Sadikoglu, H. M., & Demirdamar, R. Design and 

Evaluation of Topical Antioxidant Nanogel 

Formulations. Journal Article (PubMed) — nanogel 

incorporating vitamin C (ascorbic acid) for 

improved topical antioxidant delivery. 

55. Reber, E., Neyer, P., Schönenberger, K. A., Saxer, 

C., Bernasconi, L., Huber, A., Hammerer-Lercher, 

A., & Mühlebach, S.Physicochemical Stability and 

Compatibility Testing of Voriconazole in All-in-One 

Parenteral Nutrition Admixtures. Pharmaceutics, 

2021; 13(9): 1447. 

56.  Yongkang Wu, Qing Tao, Jing Xie, Lili Lu, Xiuli 

Xie, Yang Zhang & Yong Jin. Advances  in  

Nanogels  for  Topical  Drug  Delivery  in  Ocular  

Diseases. Gels, 2023; 9(4): 292. 

57. Rupali A. Mendake & Pooja Ramdas Hatwar. 

Review on Nanogel as a Novel Platform for Smart 

Drug Delivery. Journal of Drug Delivery & 

Therapeutics, 2024; 14(8): 161-174. 


