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INTRODUCTION

Nanotechnology has become a powerful tool in recent years for tackling the limitations of traditional drug
delivery methods [1]. Nanocarriers are a type of particulate system having a size ranging from 10 to 1000 nm
[2]. The encapsulating moieties of nanocarriers can be altered to improve their pharmacokinetic and
biodistribution characteristics, decrease toxicity, regulate release, improve solubility and stability, and deliver
their payload to targeted sites [3]. The use of solid lipid nanoparticles (SLNs) has been intended for controlled
as well as targeted delivery of drugs but its use has been limited owing to drug expulsion on storage due to
their rigid structure, unpredictable gelation tendency, particle growth, and unexpected polymeric transitions
[4-6]. To overcome the drawbacks associated with the solid lipid nanoparticles, nanostructured lipid carriers
(NLCs) were developed. The solid lipids in the SLNs were replaced by the blend of liquid and solid lipids
varying in a ratio of 70:30 up to a ratio of 99.9:0.1 [7]. Regardless of the presence of liquid lipids in a high
proportion, the NLCs are solid at room temperature. The blend of solid and liquid lipids gives rise to an
unstructured matrix with more imperfections that holds a greater number of drug molecules than SLN and
thus has high entrapment efficiency.

Naringenin (Nrg) belongs to the flavanone class of flavonoids and is abundantly present in citrus fruits. It has
therapeutic interventions as antioxidant, anti-inflammatory, antidiabetic and anticancer agent [8-11]. Poor
solubility, fast metabolism and inadequate bioavailability hinder the application of flavonoids, which can be
addressed through increased absorption, solubility and stability [12-15]. So far, several types of nanocarriers
have been fabricated for NRG delivery that enhance its solubility in water, biocompatibility, bioavailability,
and therapeutic efficiency, which is also translated into dose reductions [16-20]. NLCs are known to overcome
several of the drawbacks associated with the common polymeric nanocarriers, SLNs, dendrimers, etc. [21]
In the current investigation, an attempt was made to optimize the formulation parameter for NLCs loaded
with Nrg in order to improve its bioavailability.

MATERIAL AND METHODS

Naringenin (Nrg) was purchased from Yucca Enterprises, Mumbai; Oleic acid, PEG600, Tween 20, Tween
80 and Paraffin oil were purchased from CDH.

Preformulation studies

The procured sample of Nrg was observed for its organoleptic properties, qualitative solubility, melting point,
partition coefficient and loss on drying (LOD) as per reported method [21, 22]. The calibration curve of Nrg
was prepared in methanol using UV spectrophotometer at concentrations of 10-50pg/mL.

Solubility determination in various liquid lipids

To determine the solubility of Nrg in liquid lipids and surfactants, an excessive amount of Nrg (10 mg) was
added to a 2.0 mL eppendorf tube and 1 mL of the vehicle (lipid) was added to it. The mixture was shaken
for 72 h using shaker at 25°C to attain equilibrium. The mixtures were then centrifuged at 5000 rpm for 10
min and the supernatant was filtered through 0.45 pm syringe filter to remove the undissolved drug. The
drug in the filtrates was determined by measuring the absorbance by UV spectrophotometer after appropriate
dilution with methanol [23].
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Preparation of NLC

Stearic acid was used as the solid lipid for preparation of NLCs. Oleic acid was used as the liquid lipid and
Tween 80 as the surfactant. For preparation of NLC, weighed quantity of stearic acid was melted at 80°C in
a clean beaker. Separately, Oleic acid was dissolved in ethanol and Tween 80 was dissolved in deionized water
(Table 1). To the molten stearic acid was added oleic acid and Nrg (5 mg). Finally, solution of Tween 80
maintained at 80°C was added drop-wise to the lipid phase and stirred for 10 min. The mixture was then
sonicated at 25°C using probe sonicator at pulse of 2 sec on and 3 sec off for 5 min [24,25].

Table 1. Formulation table

Stearic | Oleic

acid acid Tween | Drug
Formulation | (mg) (mg) (%) (mg)
NLC1 100 5 20 5
NLC2 100 10 20 5
NLC3 100 15 20 5
NLC4 100 5 5 5
NLC5 100 10 5 5
NLC6 100 15 5 5
NLC7 100 5 10 5
NLC8 100 10 10 5
NLC9 100 15 10 5

Particle size and zeta potential

The particle size and zeta potential of the NLCs was determined by dynamic light scattering using Malvern
zeta sizer. The samples were directly added in a quartz cuvette, and all measurements were carried out at 25°C.
Entrapment Efficiency

The entrapment efficiency was determined by measuring the amount of unentrapped drug. In an eppendorf
tube 1mL of NLC was taken and centrifuged at 5000 rpm for 20 min. The supernatant was separated and
diluted with methanol and the absorbance was measured by UV spectrophotometry. The entrapped drug
concentration was calculated by subtracting the unentrapped drug from total drug used [26].

In vitro Drug Release

The release of Nrg from NLCs was determined by Franz-diffusion cell. Dialysis membrane was placed between
the donor and receptor compartments and the receptor compartment was filled with phosphate buffer pH
7.4. Optimized NLC formulation equivalent to 1 mg of Nrg was placed in the donor compartment. The cell
was incubated at 37°C with continual stirring at 100 rpm. Samples were withdrawn at predetermined time
intervals and analyzed by UV spectrophotometery to calculate the amount of drug released [27].

RESULTS AND DISCUSSION

The procured sample of Nrg was white, crystalline powder with no odor, with a melting temperature of 250-
252°C. It was highly lipophilic with solubility in ethanol and methanol and the partition coefficient was
found to be 1.49. The calibration curve was prepared in methanol by UV spectrophotometry and was used
for calculation of concentration of Nrg throughout the study (Figure 1).
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Figure 1. Calibration curve of Nrg

Solubility Study

As Nrg is poorly soluble in water, the selection of a suitable vehicle was one of the most important process
for the formulation of the NLCs. Among the liquid lipids tested, Nrg showed the highest solubility in oleic
acid (4.09 mg/mL) and poor solubility in paraffin oil (1.03 mg/mL). Tween 80 showed the highest solubility
among surfactants of 1.90 mg/mL mg/mL, followed by PEG600, and Tween 20 (Table 2). Thus, oleic acid
and Tween 80 were selected for the optimization of the formulation with the solid lipid (i.e., stearic acid) for
the preparation of the NLCs.

Table 2. Solubility of Nrg

Carrier Solubility (mg/mL)

Liquid Lipid Oleic acid 4.09
Paraffin oil 1.03

Surfactant PEG 600 1.89
Tween 20 1.63
Tween 80 1.90

Characterization of NLC

The particle size of the NLC varied from 655.4 nm to 10.480 pm. The PDI of the formulations varied from
0.409-1.000. The zeta potential was in range of -10 mV to -31 mV. The negatively charged solid lipid
contributed towards the surface charge of the NLC. The higher zeta potential permits for stabilization of the
particles.

The release of the best formulation (NLC 7) was studied for a period of 12h was found to be 39.52%. The
release of Nrg from the NLC was found to be steadily controlled throughout the duration of 12h of the study
(Figure 2). On the other hand maximum Nrg released from solution was at 6™ hour (91.42%) and started to
decrease thereafter suggesting degradation of the drug.
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Figure 2. Cumulative release of Nrg from NLC and solution

CONCLUSION

A Nrgloaded NLC formulation was successfully optimized using the Box-Behnken design. The optimized
NLC formulation significantly controlled the release of Nrg compared to that by the Nrg solution. Moreover,
as the optimized NLC formulation released Nrg for more than 12 h, it could be easily used for improving the
oral bioavailability of Nrg and hopefully other plant phenolics.

Acknowledgements

The authors are thankful to RB Science, Bhopal for characterization of the formulation.

Conflict of Interests

The authors declare no conflict of interests.

REFERENCES

1. Weller M, Wick W, Aldape K et al (2015) Glioma. Nat Rev Dis Prim 1:15017. https://doi.org/10.1038/nrdp.2015.17

2. Tzeng SY, Green J] (2013) Therapeutic nanomedicine for brain cancer. Ther Deliv 4:687-704.
https://doi.org/10.4155/tde.13.38

3. Byeon,].C, Ahn, ].B., Jang, W.S., Lee, S.E., Choi, ].S. and Park, ].S., 2019. Recent formulation approaches to oral delivery
of herbal medicines. Journal of pharmaceutical investigation, 49, pp.17-26.

4.  Paliwal R, Paliwal SR, Kenwat R et al (2020) Solid lipid nanoparticles: a review on recent perspectives and patents. Expert
Opin Ther Pat 30:179-194. https://doi.org/10.1080/13543776.2020.1720649

5. Duan Y, Dhar A, Patel C et al (2020) A brief review on solid lipid nanoparticles: part and parcel of contemporary drug
delivery systems. RSC Adv 10:26777-26791. https://doi.org/10.1039/DORA0349 1 F

6.  Muchow M, Maincent P, Miller RH (2008) lipid nanoparticles with a solid matrix (SLN®, NLC®, LDC®) for oral drug
delivery. Drug Dev Ind Pharm 34:1394-1405. https://doi.org/10.1080/03639040802130061

7. Sarhadi S, Gholizadeh M, Moghadasian T, Golmohamadzadeh S (2020) Moisturizing effects of solid lipid nanoparticles
(SLN) and nanostructured lipid carriers (NLC) using deionized and magnetized water by in vivo and in vitro methods. Iran
J Basic Med Sci 23:337-343. https://doi.org/10.22038/1JBMS.2020.39587.9397

8. Hernandez-Aquino, E.; Muriel, P. Beneficial Effects of Naringenin in Liver Diseases: Molecular Mechanisms. World J.
Gastroenterol.2018, 24, 1679-1707. [CrossRef]

9. Ahmed, S.; Khan, H.; Aschner, M.; Hasan, M.M.; Hassan, S.T. Therapeutic Potential of Naringin in Neurological
Disorders. Food Chem. Toxicol. 2019, 132, 110646. [CrossRef] [PubMed]

10. Dou, W.; Zhang, ].; Sun, A.; Zhang, E.; Ding, L.; Mukherjee, S.; Wei, X.; Chou, G.; Wang, Z.-T.; Mani, S. Protective Effect
of Naringenin against Experimental Colitis via Suppression of Toll-like Receptor 4/NF-kB Signalling. Br. J. Nutr. 2013,
110, 599-608. [CrossRef] [PubMed]

11. Salehi, B.; Fokou, P.V.T.; Sharifi-Rad, M.; Zucca, P.; Pezzani, R.; Martins, N.; Sharifi-Rad, J. The Therapeutic Potential of
Naringenin: A Review of Clinical Trials. Pharmaceutics 2019, 12, 11. [CrossRef]

2910


https://doi.org/10.1038/nrdp.2015.17
https://doi.org/10.4155/tde.13.38
https://doi.org/10.22038/IJBMS.2020.39587.9397

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 18s, 2025
https://theaspd.com/index.php

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Martinez, S.E.; Lillico, R.; Lakowski, T.M.; Martinez, S.A.; Davies, N.M. Pharmacokinetic Analysis of an Oral
Multicomponent Joint Dietary Supplement (Phycox®) in Dogs. Pharmaceutics 2017, 9, 30. [CrossRef]

Yang, L.J.; Ma, S.-X.; Zhou, S.-Y.; Chen, W.; Yuan, M.-W.; Yin, Y.-Q.; Yang, X.-D. Preparation and Characterization of
Inclusion Complexes of Naringenin with B-Cyclodextrin or Its Derivative. Carbohydr. Polym. 2013, 98, 861-869.
[CrossRef] [PubMed]

Shpigelman, A.; Shoham, Y.; Israeli-Lev, G.; Livney, Y.D. B-Lactoglobulin-Naringenin Complexes: Nano-Vehicles for the
Delivery of a Hydrophobic Nutraceutical. Food Hydrocoll. 2014, 40, 214-224. [CrossRef]

Kumar, R.P.; Abraham, A. PVP-Coated Naringenin Nanoparticles for Biomedical Applications—In Vivo Toxicological
Evaluations. Chem. Interact. 2016, 257, 110-118. [CrossRef]

Carissimi, G.; Montalban, M.G.; Villora, G.; Barth, A. Direct Quantification of Drug Loading Content in Polymeric
Nanoparticles by Infrared Spectroscopy. Pharmacy 2020, 12, 912. [CrossRef] [PubMed]

Wang, H.; Li, X.; Yang, H.; Wang, J.; Li, Q.; Qu, R.; Wu, X. Nanocomplexes Based Polyvinylpyrrolidone K-17PF for Ocular
Drug Delivery of Naringenin. Int. J. Pharm. 2020, 578, 119133. [CrossRef]

Zhang, P,; Liu, X;; Hu, W.; Bai, Y.; Zhang, L. Preparation and Evaluation of Naringenin-Loaded Sulfobutylether-§-
Cyclodextrin/Chitosan Nanoparticles for Ocular Drug Delivery. Carbohydr. Polym. 2016, 149, 224-230. [CrossRef]
[PubMed]

Morais, R.P.; Novais, G.B.; Sangenito, L.S.; Santos, A.L.S.; Priefer, R.; Morsink, M.; Mendon¢a, M.C.; Souto, E.B;
Severino, P.; Cardoso, J.C. Naringenin-Functionalized Multi-Walled Carbon Nanotubes: A Potential Approach for Site-
Specific Remote-Controlled Anticancer Delivery for the Treatment of Lung Cancer Cells. Int. ]J. Mol. Sci. 2020, 21, 4557.
[CrossRef]

Wu, C,; Ji, P.; Yu, T,; Liu, Y.; Jiang, J.; Xu, J.; Zhao, Y.; Hao, Y.; Qiu, Y.; Zhao, W. Naringenin-Loaded Solid Lipid
Nanoparticles: Preparation, Controlled Delivery, Cellular Uptake, and Pulmonary Pharmacokinetics. Drug Des. Dev. Ther.
2016, 10, 911-925. [CrossRef]

Pandey G. Chauhan P. Formulation and evaluation of gastroretentive microspheres loaded with Repaglinide. Journal of
Pharmacology and Biomedicine. 2022; 6(2): 494-500

Martin A. Micromeritics. In Physical Pharmacy and Pharmaceutical Sciences: Physical Chemical and Biopharmaceutical
Principles in the Pharmaceutical Sciences. 4th edition, pp. 423-449

Tiwari A, Shende R, Dubey A, Dangi S. Development of self microemulsifying drug delivery system for simvastatin using
essential oil as a carrier. Journal of Pharmacology and Biomedicine. 2022; 6(3): 507-513

Kim MH, Kim KT, Sohn SY, Lee ]JY, Lee CH, Yang H, Lee BK, Lee KW, Kim DD. Formulation And Evaluation Of
Nanostructured Lipid Carriers (NLCs) Of 20(S)-Protopanaxadiol (PPD) By Box-Behnken Design. International Journal of
Nanomedicine. 2019; 14: 8509-8520.

Kharwade RS, Mahajan NM. Formulation and evaluation of nanostructured lipid carriers based anti-inflammatory gel for
topical drug delivery system. Asian Journal of Pharmaceutical and Clinical Research. 2019; 12(4): 286-291

Mishra BJ, Kaul A, Trivedi P. L-Cysteine conjugated poly L-lactide nanoparticles containing 5-fluorouracil: formulation,
characterization, release and uptake by tissues in vivo. Drug Delivery. 2015; 22(2): 214-222

Sithele M, Narwaria US. Development of ciprofloxacin loaded niosomal gel for the treatment of acne. Journal of

Pharmacology and Biomedicine. 2024; 8(1): 674-680

2911



