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Introduction: Rosehip oil (RO) is rich in bioactive constituents with potential for various formulations. This investigation aims 
to design and analyze Nanostructured Lipid Carriers (NLC) containing RO to protect its delicate components, prolong RO's 
shelf life, and enhance its permeability.
Methods: The NLC formulation was created using high shear homogenization, with RO as the liquid lipid and Compritol 888 
ATO (C888) as the solid lipid. A series of assessments was conducted to evaluate encapsulation effectiveness, particle size 
distribution, polydispersity index, zeta potential, ex vivo skin penetration, and stability.
Results: The NLCs showed uniform spherical morphology, average particle sizes of 180 nm, PDI below 0.3, and zeta potential 
around -30 mV. High encapsulation efficiency was also observed. Ex vivo experiments indicated improved Quercetin reten-
tion in both Stratum Corneum (SC) and viable epidermis/dermis layers with NLC-encapsulated RO compared to RO alone. 
Stability assessments showed that the NLC formulation remained stable at 4°C for at least 90 days.
Discussion and Conclusion: The findings support NLC's efficacy in delivering active compounds to the skin, presenting an 
encouraging alternative for treating skin conditions.
Keywords: Nanoparticles; nanostructured lipid carriers; quercetin; rosehip oil; skin permeation.

The production of reactive oxygen species (ROS) is a 
natural byproduct of cellular metabolic processes, 

with mitochondria being the primary source. However, 
when ROS generation surpasses the body's antioxidant 
capability, it can lead to damage in vital macromolecules 
like lipids, proteins, and DNA[1,2]. This excess ROS 
production, particularly in the skin, is increasingly 
acknowledged as a crucial element in the emergence of 
various cutaneous pathologies, including some forms of 
skin cancer[3,4]. These ROS are also implicated in a variety of 

pathologies, including immunosuppression, photoaging, 
and photocarcinogenesis[5,6]. The use of antioxidants 
therapeutically as a means to counteract these pathologies 
has shown significant promise[7,8].

Originating from the Rosa genus in the Rosaceae 
family, rosehip oil (RO) is a type of fruit that boasts an 
abundant array of indispensable compounds[9,10]. Their 
distinct characteristics have earned them a standing for 
demonstrating a broad variety of health advantages, which 
include antioxidant, antimicrobial, anti-inflammatory, 
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antidiabetic, and even anticancer impacts[11,12]. Due to the 
presence of various compounds, they become susceptible 
to influences like oxygen exposure, light, UV irradiation, 
and acidity level shifts[13,14]. Additionally, their limited 
absorption limits their capability to deliver the intended 
therapeutic outcomes. To circumvent these limitations, 
the fabrication of specialized carriers for RO becomes 
imperative. These carriers are tasked with safeguarding 
the integrity of the active substances and ensuring their 
sustained release, facilitating more convenient oral or 
dermal applications[15,16].

In recent years, nanocarriers have emerged as a global 
focal point in pharmaceutical and cosmetic sciences, 
with nanostructured lipid carriers (NLC) standing out as 
a particularly promising advancement[17–21]. NLC offer a 
host of advantageous attributes, ranging from heightened 
therapeutic efficacy to enhanced skin hydration and 
prolonged stability of encapsulated active ingredients[22,23]. 
These carriers have been generated by uniting solid and 
liquid lipids, along with surfactants, leading to a formula 
that has extremely promising prospects for a broad range 
of uses[24].

The goal of this research was to prepare an NLC 
incorporating RO for the first time, elevating its topical 
application. NLCs were made using a technique known 
as high shear homogenization, followed by a sonication 
process. Thorough assessments encompassing 
physicochemical properties and stability were carried out 
on the NLC formulation. Furthermore, ex vivo permeability 
examinations were undertaken to evaluate the capacity of 
NLC for dermal absorption.

Materials and Methods

Materials

Rosehip oil (RO) was obtained from Talya Herbal Company, 
Türkiye. Compritol 888 ATO (C888) was graciously supplied 
as a free sample by Gattefosse Company. Quercetin and 
Tween®80 (Tw80) were acquired from Sigma–Aldrich, Inc. 
All other chemicals employed in this research were of 
analytical-grade standards.

Preparation of NLC

The NLC containing RO was prepared following a modified 
high shear homogenization technique[25,26]. Compritol 888 
ATO (C888) was selected as the solid lipid component, while 
Rosehip oil (RO) was used as the liquid lipid phase. Tween 
80 (Tw80) was employed as the surfactant to stabilize the 
formulation. To initiate the formulation process, the lipid 

phase, comprising C888 and RO, was carefully combined 
and heated to 85°C. Simultaneously, the aqueous phase, 
consisting of Tw80 dissolved in distilled water, was also 
heated to the same temperature. Subsequently, the warm 
aqueous phase was slowly added to the heated oily phase 
while maintaining continuous agitation for a duration of 5 
minutes at 20000rpm, facilitated by an Ultra-Turrax (T25, 
IKA, Germany). This ensured thorough mixing and uniform 
distribution of components. Following the emulsification 
step, the resulting pre-emulsion underwent sonication 
using a probe set at 40% amplitude for a duration of 10 
minutes. This additional step was essential for further 
reducing the nanoparticle size, contributing to improved 
stability and uniformity. Subsequently, the NLC was cooled 
in an icy bath for a period of about 10 minutes. This modified 
method has been shown to effectively reduce nanoparticle 
size, thereby enhancing the overall stability and uniformity 
of the NLC formulations[19]. The components of NLC 
preparations are described in Table 1.

Determination of Particle Size, Polydispersity, and 
Zeta Potential

The measurements of particle size and polydispersity index 
of NLC were taken using dynamic light scattering, with the 
Zetasizer Nano ZSP instrument (Malvern Instruments Ltd, 
Malvern, UK). The Zetasizer Nano ZSP was also used for 
measuring the zeta potential, utilizing custom cuvettes. 
To minimize the impact of multiple scattering, the NLCs 
were diluted with deionized water at a ratio of 1:50. The 
measurements were conducted in a room at a consistent 
temperature, and each analysis was repeated three times 
to ensure statistical reliability.

Encapsulation Efficiency

The encapsulation efficiencies of the NLCs were analyzed 
using a modified centrifugation technique, as described 
in the literature. The NLC dispersions were centrifuged 
at 20000g for 1 hour. Subsequently, the supernatant was 
carefully separated to remove any non-encapsulated drug 
and free surfactants. The isolated supernatant was then 
diluted with acetonitrile for subsequent quantification, 

Table 1. The ingredients of NLC

Code	 Solid lipid	 Liquid lipid	 Surfactant	 PBS pH 7.4 
		  (mg)	 (mg)	 (%)	 (mL)

F1		 200	 10	 1	 10
F2		 200	 10	 3	 10
F3		 200	 10	 5	 10
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which was accomplished using a validated reversed-phase 
high-pressure liquid chromatography (RP-HPLC) method.

Quercetin was selected as the marker for the quantitative 
assessment of RO. Through RP-HPLC analysis, it was 
determined that unbound quercetin was present in the 
supernatant. The quantification of quercetin entrapment 
was calculated by subtracting the amount of free quercetin 
from the total initial quercetin. The encapsulation efficiency 
was calculated using this formula:

Encapsulation

Efficiency %

the amount of total drug-the 
amount of non-encapsulated drug

*100
the amount of total drug

=

The concentration of free Quercetin was assessed using an 
RP-HPLC system (model LC20-AT, Shimadzu, Kyoto, Japan) 
equipped with a UV-Vis detector. A GL Sciences InertSustain 
C18 column (5 µm particle size; 250 × 4.6 mm) was utilized 
for the chromatographic separation. A 20 µL aliquot was 
injected into the system. The mobile phase consisted of a 
combination of 80% acetonitrile and 20% water containing 
0.1% acetic acid. Analysis was conducted at a flow rate of 1.5 
mL/min, with detection at a wavelength of 370 nm.

Ex-vivo Skin Permeation

The ex-vivo skin permeability investigation was undertaken 
to assess the impact of topical formulations on skin 
permeation[27]. Ear skins from 6-month-old pigs were 
sourced from a local slaughterhouse. Dorsal skin sections 
were carefully excised from the cartilage using a scalpel, 
ensuring uniformity. Prior to experimentation, the skin 
surface was prepared by gently removing hair using surgical 
scissors, without compromising the stratum corneum (SC). 
Subcutaneous tissues were meticulously separated from 
the skin using a scalpel. The pig skins were refrigerated 
at -20°C until needed and permitted to reach equilibrium 
at ambient temperature prior to experimentation. To 
ensure proper hydration, the skins were immersed 
in phosphate-buffered saline. In this investigation, a 
customized version of the double-jacketed Franz diffusion 
cell, specifically the Hanson Vertical Diffusion Cell, featuring 
a receptor phase volume of 7 mL and a diffusion surface 
area of 1.77 cm², was utilized. The receptor phase consisted 
of a 1:1 mixture of ethanol and PBS (pH 7.4) to facilitate 
solubility of the active ingredients. To assess the efficacy 
of the carrier system, NLC formulations and RO containing 
equal amounts of quercetin were applied to the dermal 
layer. The diffusion apparatus was consistently maintained 
at a steady temperature of 37±0.5°C to mimic physiological 
conditions. At predetermined intervals, 0.5 mL samples 

were withdrawn from the receptor phase, passed through 
a 0.45μm syringe filter, and replaced with an equal volume 
of fresh solvent mixture to maintain the receptor phase 
volume. After 6 hours, the permeation study was concluded.

After the allocated sampling duration, skin specimens were 
meticulously retrieved from the apparatus, washed with 
PBS solution, and subsequently dried with cotton wool. 
The stratum corneum (SC) was then gently removed using 
adhesive tape strips (Corneofix). This process was repeated 
20 times, exerting mild pressure while smoothly affixing 
the tape onto the skin's surface. Subsequently, both the 
tape strips and residual skin specimens underwent a 24-
hour immersion in acetonitrile, followed by a series of 
agitation for extraction. Extracted aliquots were analyzed 
using a validated HPLC method to quantify the quercetin.

Stability of NLC

The study employed a stability assessment protocol to 
evaluate the selected NLC formulations. The formulations 
were stored under controlled conditions at 5±3°C for a 
period of 90 days. At predefined intervals during the storage 
period, samples were collected for analysis. These intervals 
were strategically chosen to capture potential changes in 
the NLC's attributes over time. The samples were subjected 
to a battery of tests to assess various critical parameters, 
including particle size, polydispersity index, zeta potential, 
and physical characteristics. To enhance precision, each 
analysis was conducted in triplicate, and the outcomes 
were averaged.

Statistical Analysis

The trials were conducted with a minimum of three 
independent repetitions to ensure data reliability. 
Subsequently, the results were expressed as the mean 
value±standard deviation (SD). The data underwent a 
one-way analysis of variance (ANOVA) to assess the level of 
significance in variations among the experimental groups. 
To determine specific pairwise differences between 
groups, the Tukey's post hoc test was employed, allowing 
for a comprehensive examination of group means. In this 
analysis, a significance level of p<0.05 was employed to 
establish statistical significance. Variations meeting this 
standard were deemed statistically notable.

Results
The results presented in Table 2 demonstrate a range of 
particle sizes, spanning from 155.6±9.2 nm to 243.5±4.5 
nm. The variance in particle size was caused by the 
manipulation of surfactant concentration.
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In our study, all NLC formulations demonstrated a negative 
charge, ranging from -22.5 to -28.6 mV (refer to Table 2), 
indicating favorable colloidal stability. This observation is 
in line with prior research suggesting that the selective 
absorption of hydroxyl ions at the oil-water interface 
contributes to the negative zeta potential of these 
formulations.

Our findings, as depicted in Table 2, show that across all NLC 
formulations, the polydispersity index values ranged from 
0.15 to 0.21. These outcomes affirm that the NLC systems 
possess a desirable size distribution profile, characterized 
by notably narrow dispersity.

The encapsulation efficiency of quercetin within the NLC 
formulations varied between 62.5% and 76.7% (Table 2). 
This range in encapsulation efficiencies can be attributed to 
the concentrations of surfactants used in the formulations. 
It was evident that an increase in surfactant concentration 
led to an enhancement in encapsulation efficiency.

Figures 1 show the amounts of quercetin absorbed by 
the skin after 6 hours, specifically in the SC and viable 
epidermis/dermis layers. The ex-vivo skin permeation 
studies revealed a significant increase in quercetin 
permeation for all prepared NLC formulations compared 
to RO (p<0.01). Among the NLC formulations, F2 showed 
the highest quercetin delivery to both the SC and viable 
epidermis/dermis layers, with retention rates 5.45 and 8.79 
times greater than RO, respectively.

The stability of the selected formulation was rigorously 
evaluated by storing the samples at 5±3°C for 90 days. This 
assessment included continuous monitoring of critical 
parameters to determine the NLC's stability over the storage 
period. Initial and periodic analyses of key attributes such 
as particle size, zeta potential, polydispersity index, and 
various physical characteristics were performed. The results 
of this stability assessment are depicted in Figure 2. No 

Table 2. Characterization of NLC containing RO

Formulation	 Particle Size	 Polydispersity Index	 Zeta Potential	 Encapsulation Efficiency (%)

F1		 155.6±9.2 	 0.21±0.05 	 -22.5±0.3	 62.5±5.3
F2		 186.2±8.5 	 0.15±0.35	 -28.6±0.7 	 75.3±6.1
F3		 243.5±4.5	 0.17±0.07 	 -26.5±1.2	 76.7±2.1

Figure 1. Quercetin amount permeated in SC and viable epidermis/
dermis layers. Figure 2. The result of stability studies of selected NLC formulation.
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significant or statistically relevant differences were observed 
in the outcomes (p>0.05), indicating that the selected NLC 
maintained its stability throughout the 90-day storage 
period at the specified temperature of 5±3°C.

Discussion
The characterization of NLC is crucial in understanding their 
potential applications in drug delivery systems. It was observed 
that an increase in surfactant quantity led to a proportional 
increase in the size of the NLCs. This phenomenon aligns 
with previous studies that reported similar trends[18,19]. The 
correlation between surfactant concentration and particle size 
can be attributed to the role surfactants play in stabilizing the 
NLC formulation. Specifically, higher surfactant concentrations 
contribute to the formation of a denser interfacial layer around 
the binary lipid mixture. This densification effectively reduces 
interfacial tension between the lipid particle and the aqueous 
layer, resulting in smaller particles and mitigating particle 
aggregation[28].

The zeta potential of nanoparticles is crucial for their 
colloidal stability within a dispersion. Nanoparticles with 
high zeta potential values, whether positive or negative, 
tend to resist aggregation due to the repulsive forces 
generated by their surface charges. All NLC formulations 
exhibited a negative charge, suggesting favorable colloidal 
stability. These findings corroborate those reported by Kim 
et al.[29], who also observed a negative surface charge for 
NLC formulations.

Assessing the polydispersity index through dynamic light 
scattering is integral in determining the distribution of 
particle sizes within the system. A low polydispersity index 
value is essential as it indicates a uniform size distribution, 
which helps prevent aggregation within the NLC system, 
thereby maintaining its long-term stability. Our results, 
presented in Table 2, indicate that for all NLC formulations, 
the polydispersity index values fell within the range of 
0.15 to 0.21. These findings confirm that the NLC systems 
exhibit a favorable size distribution profile, characterized 
by a remarkably narrow dispersity.

Increasing the concentration of surfactant was observed to 
improve encapsulation efficiency. This can be rationalized 
by the fact that higher concentrations of surfactants 
provided more effective coverage of the lipid particles, 
contributing to the stabilization of particles and preventing 
their coalescence. This, in turn, ensured the retention of 
the encapsulated material within the nano lipid carrier, 
effectively reducing the likelihood of the lipophilic 
active component escaping from its nano-dispersion 
system. These results align with prior research in the field, 
further supporting the correlation between surfactant 

concentration and encapsulation efficiency.

To achieve a localized effect, understanding the dermal 
permeation process facilitated by the release of the 
active ingredient from the NLC is crucial. This involves 
penetration through the SC and targeted delivery to the 
viable epidermal and dermal layers. Dermal permeability 
evaluation was conducted using Franz-type diffusion cells, 
a standard method for dermal permeation tests, with pig ear 
skin used as a barrier. This membrane choice is popular due 
to its permeability and composition characteristics, which 
are similar to human skin. The permeation effectiveness is 
influenced by the physicochemical properties of the drug 
and the delivery vehicles[30].

The aim was to increase quercetin concentration in the 
skin's outer layers while preventing systemic absorption. 
The permeation experiments indicated that quercetin 
primarily accumulated in the living epidermis and dermis, 
without reaching the receptor fluid, suggesting minimal 
systemic side effects when applied topically. Within the 
NLC formulations, F2 exhibited the most effective delivery 
of quercetin to both the stratum corneum and the viable 
epidermis/dermis layers. These results highlight the NLC 
system's effectiveness in enhancing quercetin permeation 
and retention within the skin layers, demonstrating F2's 
potential as an effective delivery method for treating skin 
conditions like photoaging and hyperpigmentation.

Conclusion
The NLC developed in this study, which includes RO for 
the first time, exhibited exceptional characteristics such 
as high encapsulation efficiency and reduced particle 
size. The formulation, prepared by combining high shear 
homogenization and sonication, demonstrated optimal 
values for particle size, polydispersity index, and zeta 
potential, rendering it suitable for topical application of RO. 
Notably, the stability of these NLCs was preserved over a 90-
day period at 4°C, underscoring their potential for practical 
usage. The ex-vivo permeation studies indicated that the 
NLC system significantly enhanced the permeation and 
retention of quercetin within the skin layers, suggesting 
promising potential for dermatological applications. The 
outcomes of this study provide a foundation for further 
research and development of NLC-based formulations for 
the precise delivery of active compounds in dermatological 
contexts. Further investigation is essential to fully determine 
the capabilities of this formulation. Nonetheless, given the 
positive results observed to date, NLC containing RO could 
be considered a beneficial addition to anti-aging skincare 
regimens.



102 Asram Sağıroğlu et al., Enhanced Topical Delivery of Rosehip Oil (RO) through Nanostructured Lipid Carriers (NLC) / doi: 10.14744/hnhj.2023.64614

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: A.A.S.; Design: A.A.S., B.S.A., 
F.D.; Supervision: A.A.S.; Fundings: A.A.S.; Materials: A.A.S., B.S.A., 
F.D.; Data Collection or Processing: A.A.S., B.S.A., F.D.; Analysis or 
Interpretation: A.A.S., B.S.A., F.D.; Literature Search: A.A.S., B.S.A., 
F.D.; Writing: A.A.S., B.S.A., F.D.; Critical Review: A.A.S., B.S.A., F.D.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Buonocore G, Perrone S, Tataranno ML. Oxygen toxicity: 

Chemistry and biology of reactive oxygen species. Semin 
Fetal Neonatal Med 2010;15:186–90.[CrossRef ]

2.	 Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial reactive 
oxygen species (ROS) and ROS-induced ROS release. Physiol 
Rev 2014;94:909–50. [CrossRef ]

3.	 Ma W, Wlaschek M, Tantcheva-Poór I, Schneider LA, Naderi 
L, Razi-Wolf Z, et al. Chronological ageing and photoageing 
of the fibroblasts and the dermal connective tissue. Clin Exp 
Dermatol 2001;26:592–9. [CrossRef ]

4.	 Tanaka H, Okada T, Konishi H, Tsuji T. The effect of reactive 
oxygen species on the biosynthesis of collagen and 
glycosaminoglycans in cultured human dermal fibroblasts. 
Arch Dermatol Res 1993;285:352–5. [CrossRef ]

5.	 Ramachandran S, Rajendra Prasad N, Karthikeyan S. Sesamol 
inhibits UVB-induced ROS generation and subsequent 
oxidative damage in cultured human skin dermal fibroblasts. 
Arch Dermatol Res 2010;302:733–44. [CrossRef ]

6.	 Wlaschek M, Tantcheva-Poór I, Naderi L, Ma W, Schneider LA, 
Razi-Wolf Z, et al. Solar UV irradiation and dermal photoaging. 
J Photochem Photobiol B 2001;63:41–51. [CrossRef ]

7.	 Scharffetter-Kochanek K, Brenneisen P, Wenk J, Herrmann G, 
Ma W, Kuhr L, et al. Photoaging of the skin from phenotype to 
mechanisms. Exp Gerontol 2000;35:307–16. [CrossRef ]

8.	 Wlaschek M, Tantcheva-Poór I, Naderi L, Ma W, Schneider LA, 
Razi-Wolf Z, et al. Solar UV irradiation and dermal photoaging. 
J Photochem Photobiol B 2001;63:41–51. [CrossRef ]

9.	 Kiralan M, Yildirim G. Rosehip (Rosa canina L.) Oil. In: Ramadan 
MF, editor. Fruit Oils: Chemistry and Functionality. Switzerland: 
Springer; 2019. p.803–14. [CrossRef ]

10.	Santos D, Pintado M, Lopes da Silva JA. Potential nutritional 
and functional improvement of extruded breakfast cereals 
based on incorporation of fruit and vegetable by-products - A 
review. Trends Food Sci Technol 2022;125:136–53. [CrossRef ]

11.	Contri RV, Kulkamp-Guerreiro IC, da Silva SJ, Frank LA, 
Pohlmann AR, Guterres SS. Nanoencapsulation of rose-hip 
oil prevents oil oxidation and allows obtainment of gel and 
film topical formulations. AAPS PharmSciTech 2016;17:863–
71. [CrossRef ]

12.	Ahmad N, Anwar F, Gilani AH. Rose Hip (Rosa canina L.) Oils. 
In: Preedy VR, editor. Essential Oils in Food Preservation Flavor 
and Safety. London: Elsevier; 2016. p.667–75. [CrossRef ]

13.	Rifna EJ, Pandiselvam R, Kothakota A, Subba Rao KV, Dwivedi 
M, Kumar M, et al. Advanced process analytical tools for 
identification of adulterants in edible oils - A review. Food 
Chem 2022;369:130898. [CrossRef ]

14.	Zilles JC, Duarte LP, Ruaro TC, Zimmer AR, Kulkamp-Guerreiro 
IC, Contri RV. Nanoemulsion containing kojic dipalmitate 
and rosehip oil: A promising formulation to treat melasma. 
Pharmaceutics 2023;15:468. [CrossRef ]

15.	Barros L, Carvalho AM, Ferreira ICFR. Exotic fruits as a source 
of important phytochemicals: Improving the traditional use 
of Rosa canina fruits in Portugal. Food Res Int 2011;44:2233–6.

16.	Lei Z, Cao Z, Yang Z, Ao M, Jin W, Yu L. Rosehip oil promotes 
excisional wound healing by accelerating the phenotypic 
transition of macrophages. Planta Med 2019;85:563–9. [CrossRef]

17.	Kassem AA, Asfour MH, Abd El-Alim SH, Khattab MA, Salama 
A. Topical caffeine-loaded nanostructured lipid carriers for 
enhanced treatment of cellulite: A 32 full factorial design 
optimization and in vivo evaluation in rats. Int J Pharm 
2023;643:123271. [CrossRef ]

18.	Obeidat WM, Schwabe K, Müller RH, Keck CM. Preservation 
of nanostructured lipid carriers (NLC). Eur J Pharm Biopharm 
2010;76:56–67. [CrossRef ]

19.	Pardeike J, Hommoss A, Müller RH. Lipid nanoparticles (SLN, 
NLC) in cosmetic and pharmaceutical dermal products. Int J 
Pharm 2009;366:170–84. [CrossRef ]

20.	Kumar Dubey R, Shah K, Obaidullah AJ, Alanazi MM, Faris 
Alotaibi H, Kumar Dewangan H. Nanostructured lipid carriers 
of ivabradine hydrochloride: Optimization, characterization 
and in-vivo estimation for management of stable angina. 
Arab J Chem 2023;16:105177. [CrossRef ]

21.	Zhuang CY, Li N, Wang M, Zhang XN, Pan WS, Peng JJ, et al. 
Preparation and characterization of vinpocetine loaded 
nanostructured lipid carriers (NLC) for improved oral 
bioavailability. Int J Pharm 2010;394:179–85. [CrossRef ]

22.	Tamjidi F, Shahedi M, Varshosaz J, Nasirpour A. Nanostructured 
lipid carriers (NLC): A potential delivery system for bioactive 
food molecules. Innov Food Sci Emerg Technol 2013;19:29–
43. [CrossRef ]

23.	Müller RH, Radtke M, Wissing SA. Solid lipid nanoparticles 
(SLN) and nanostructured lipid carriers (NLC) in cosmetic 
and dermatological preparations. Adv Drug Deliv Rev 
2002;54(Suppl 1):S131–55. [CrossRef ]

24.	Müller RH, Petersen RD, Hommoss A, Pardeike J. 
Nanostructured lipid carriers (NLC) in cosmetic dermal 
products. Adv Drug Deliv Rev 2007;59:522–30. [CrossRef ]

25.	Krambeck K, Santos D, Otero-Espinar F, Sousa Lobo JM, Amaral 
MH. Lipid nanocarriers containing Passiflora edulis seeds oil 
intended for skin application. Colloids Surf B Biointerfaces 
2020;193:111057. [CrossRef ]

26.	Krambeck K, Silva V, Silva R, Fernandes C, Cagide F, Borges 
F, et al. Design and characterization of Nanostructured 
lipid carriers (NLC) and Nanostructured lipid carrier-based 
hydrogels containing Passiflora edulis seeds oil. Int J Pharm 
2021;600:120444. [CrossRef ]

https://doi.org/10.1016/j.siny.2010.04.003
https://doi.org/10.1152/physrev.00026.2013
https://doi.org/10.1046/j.1365-2230.2001.00905.x
https://doi.org/10.1007/BF00371836
https://doi.org/10.1007/s00403-010-1072-1
https://doi.org/10.1016/S1011-1344(01)00201-9
https://doi.org/10.1016/S0531-5565(00)00098-X
https://doi.org/10.1016/S1011-1344(01)00201-9
https://doi.org/10.1007/978-3-030-12473-1_43
https://doi.org/10.1016/j.tifs.2022.05.010
https://doi.org/10.1208/s12249-015-0379-9
https://doi.org/10.1016/B978-0-12-416641-7.00076-6
https://doi.org/10.1016/j.foodchem.2021.130898
https://doi.org/10.3390/pharmaceutics15020468
https://doi.org/10.1016/j.foodres.2010.10.005
https://doi.org/10.1055/a-0725-8456
https://doi.org/10.1016/j.ijpharm.2023.123271
https://doi.org/10.1016/j.ejpb.2010.05.001
https://doi.org/10.1016/j.ijpharm.2008.10.003
https://doi.org/10.1016/j.arabjc.2023.105177
https://doi.org/10.1016/j.ijpharm.2010.05.005
https://doi.org/10.1016/j.ifset.2013.03.002
https://doi.org/10.1016/S0169-409X(02)00118-7
https://doi.org/10.1016/j.addr.2007.04.012
https://doi.org/10.1016/j.colsurfb.2020.111057
https://doi.org/10.1016/j.ijpharm.2021.120444


103Asram Sağıroğlu et al., Enhanced Topical Delivery of Rosehip Oil (RO) through Nanostructured Lipid Carriers (NLC) / doi: 10.14744/hnhj.2023.64614

27.	Erdal MS, Özhan G, Mat MC, Özsoy Y, Güngör S. Colloidal 
nanocarriers for the enhanced cutaneous delivery of naftifine: 
Characterization studies and in vitro and in vivo evaluations. 
Int J Nanomedicine 2016;11:1027–37. [CrossRef ]

28.	Yang Z, He Q, Ismail BB, Hu Y, Guo M. Ultrasonication induced 
nano-emulsification of thyme essential oil: Optimization 
and antibacterial mechanism against Escherichia coli. Food 
Control 2022;133:108609. [CrossRef ]

29.	Kim S, Abdella S, Abid F, Afinjuomo F, Youssef SH, Holmes A, 
et al. Development and optimization of imiquimod-loaded 
nanostructured lipid carriers using a hybrid design of 
experiments approach. Int J Nanomedicine 2023;18:1007–
29. [CrossRef ]

30.	Ephrem E, Elaissari H, Greige-Gerges H. Improvement of skin 
whitening agents efficiency through encapsulation: Current 
state of knowledge. Int J Pharm 2017;526:50–68. [CrossRef ]

https://doi.org/10.2147/IJN.S96243
https://doi.org/10.1016/j.foodcont.2021.108609
https://doi.org/10.2147/IJN.S400610
https://doi.org/10.1016/j.ijpharm.2017.04.020



