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Abstract: This study investigates the antioxidant activity and hair growth-promoting potential of a parsley-derived n-hex-
ane fraction formulated into a coconut oil-based nanoemulsion. Antioxidant activity was assessed using the DPPH radical
scavenging assay, where the n-hexane fraction exhibited moderate activity, while its activity decreased after formulation
into a nanoemulsion due to surfactant interference. Nanoemulsion characterization revealed a droplet size of 12.1 nm, a
low polydispersity index (0.083), and a zeta potential of -17.7 mV, indicating uniformity and stability. Cryo-TEM imaging
confirmed the spherical morphology and nanoscale size of the droplets. In a hair growth study, the 3% parsley nanoemul-
sion showed significant regrowth comparable to 3% minoxidil, with visible results by day 10 and near-complete coverage
by day 17. These findings highlight the potential of the parsley-coconut oil nanoemulsion as a stable and effective topical

formulation for hair growth, with promising applications in drug delivery systems.
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Introduction

Hair follicles possess a complex structure and exhibit a
remarkable capacity for self-renewal, undergoing a continuous
growth cycle throughout a mammal's life." This growth cycle
process comprises four main phases: anagen, catagen, telogen,
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and exogen. Various factors, including age, climate, environment,
and overall health, influence this process and can lead to con-
ditions such as alopecia areata, hair follicle tumors, and other
related disorders.” These factors may disrupt the hair growth
cycle and even trigger hair loss. A commonly used therapy for
promoting hair growth is minoxidil. Although its mechanisms
of action are not entirely understood, minoxidil is believed to
stimulate hair growth through several pathways. These include
inducing vasodilation to enhance blood flow to the hair follicles,
prolonging the anagen phase, reversing follicular miniaturiza-
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tion, and stimulating follicle activity.* Despite its effectiveness,
minoxidil is associated with side effects such as scalp itching,
dryness, flaking, irritation, and burning.*

Parsley (Petroselinum crispum) is a widely used culinary
herb with numerous health benefits. Beyond its pharmaceutical
applications in treating various diseases, parsley has also been
recognized for its beneficial effects on hair health. Traditionally,
it has been used as a natural remedy for lice, dandruff, and scalp
irritation. Additionally, parsley is known to strengthen weak
hair, promote healthy hair growth, and reduce hair fall. Its rich
nutrient content supports keratin and collagen production, which
protect hair from free radical damage.’ Recent studies have
demonstrated that parsley exhibits anti-alopecia properties,
promoting hair growth in animal models of alopecia areata.’
Metabolite analyses of ethanolic parsley extracts have identi-
fied several bioactive compounds that contribute to hair growth
stimulation.” In particular, the n-hexane fraction of parsley is
rich in phenylpropenes, a class of metabolites with potent anti-
oxidant properties that help protect hair from oxidative stress.®
Moreover, polyunsaturated fatty acids (PUFAs) found in pars-
ley extracts have been shown to accelerate hair regeneration by
prolonging the anagen phase, enhancing hair coat quality, and
improving overall follicular health.*'® Similarly, coconut oil is
well-established in hair care for its effectiveness in reducing
protein loss in both damaged and undamaged hair. Lauric acid,
a key component of coconut oil, has a high affinity for hair pro-
teins, making it particularly beneficial for hair health." Coconut
oil has also been reported to possess anti-hair loss properties.'?

In this study, we developed a nanoemulsion system combin-
ing parsley extract and coconut oil to promote hair growth. The
oil phase consisted of the n-hexane fraction of parsley diluted
in coconut oil, which was then emulsified with surfactants and
co-surfactants to form nanoemulsion. The formulation was eval-
uated for its physicochemical characteristics and its hair growth-
promoting effects in vivo. Hair growth activity was assessed
through histological analysis, and the results demonstrated the
nanoemulsion’s effectiveness in enhancing hair growth.

Experimental

Plant Material. Parsley herb (Petroselinum crispum) was
obtained from a local market in Gyeonggi-do province, South
Korea. The herbs were carefully washed and air-dried at room
temperature in a shaded area to prevent exposure to direct sun-
light. Once dried, the parsley was ground into a fine powder
using a commercial grinder and stored in airtight containers at

room temperature for future use.

Parsley Extraction and Fractionation. Ultrasound-assisted
extraction (UAE) and solvent-solvent partitioning were used to
prepare fractions from Parsley. For UAE, 100 g of powdered
parsley was mixed with 1000 mL of 98% ethanol (v/v) in a
2000 mL beaker. The mixture was extracted using an ultra-
sonic bath (NXPC-B unit, KODO Technical Research Co., Ltd.,
South Korea) operating at 200 W and 40 kHz for 30 minutes
at room temperature. After extraction, the mixture was filtered
through Whatman No. 1 filter paper, and the filtrate was con-
centrated using a rotary evaporator (N-1210 B series, Eyela,
Japan) at 50 C under reduced pressure to obtain the crude eth-
anolic extract.”® The crude extract was then subjected to sol-
vent-solvent partitioning. A portion of the extract was dissolved
in 250 mL of 98% ethanol (v/v) and transferred to a 500 mL
separatory funnel. An equal volume of #n-hexane was added,
and the mixture was gently shaken with periodic venting. After
phase separation, the n-hexane layer was collected. This pro-
cess was repeated 3—4 times with fresh n-hexane until the organic
layer became nearly colorless.'* The n-hexane fractions and the
residual ethanol fraction were separately concentrated using a
rotary evaporator at 40 ‘C under reduced pressure. The fractions
were weighed and stored at -20 C for further analysis.

Preparation of Parsley Nanoemulsion. The formulation
was optimized in a previous study using a D-optimal mixture
design generated with Design-Expert® software (version 8.0.6,
Stat-Ease Inc., Minneapolis, MN, USA). Briefly, 300 mg of the
n-hexane fraction of parsley was dissolved in 10 mL of coconut
oil in a small vial and mixed thoroughly using a magnetic stir-
rer at 40 ‘C. For the preparation of the nanoemulsion, 1 mL of
parsley-enriched coconut oil was combined with 4 mL of Tween
80 (surfactant) and 1 mL of PEG 400 (co-surfactant) and mixed
with a magnetic stirrer to achieve a homogeneous oil phase.
This oil phase was then emulsified with deionized water under
continuous stirring with a magnetic stirrer to form the nanoemul-
sion system.

Nanoemulsion Characterization. The droplet size and
polydispersity index (PDI) of the nanoemulsions were measured
using dynamic light scattering (DLS) (Otsuka, Japan). Before
analysis, each self-nanoemulsifying drug delivery system
(SNEDDS) formulation was diluted at a 1:10 (v/v) ratio with
deionized water to ensure optimal measurement conditions.
The zeta potential of the diluted SNEDDS formulations was also
analyzed using DLS (Otsuka, Japan). Samples were loaded into
clear zeta cells, and the surface charge and zeta potential of the
emulsion droplets were recorded. To further investigate the
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morphological characteristics of the nanoemulsions, cryo-
transmission electron microscopy (cryo-TEM) was performed
using a Glacios cryo-TEM (Thermo Fisher Scientific, USA)
operated at an acceleration voltage of 200 kV.

Antioxidant Activity. The antioxidant activity of the plant
extract and nanoemulsion was assessed using the DPPH rad-
ical scavenging assay, following the method described by Rah-
man et al."” This assay evaluates the hydrogen-donating ability
of antioxidants by monitoring the decolorization of a metha-
nolic solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH). In
methanol, DPPH exhibits a violet color, which fades to yellow
upon reaction with antioxidants. A 0.1 mM DPPH solution in
methanol was prepared and mixed with the plant extracts and
nanoemulsions at varying concentrations (62.5-1000 pg/mL).
The mixtures were incubated in the dark at room temperature
for 30 minutes, after which the absorbance was measured at
517 nm using a spectrophotometer. Ascorbic acid (Vitamin C)
was used as the reference standard. The percentage of DPPH
radical scavenging activity was calculated using the formula:

. A,—A
% Inhibition = OA 1% 100 (D
0

where A, is the absorbance of the control and 4, is the absor-
bance of the sample.

In vivo Hair Growth Study. Male C57BL/6 mice (20-23 g)
were procured from YoungBio (Seongnam, Korea) and accli-
matized for one week in an environmentally controlled facility.
The housing conditions were maintained at a temperature of 23
+ 3 C, relative humidity of 50 + 10%, and a 12-hour light/dark
cycle. During this period, the mice were provided with a standard
diet and unrestricted access to water. To synchronize the hair growth
cycle, the dorsal skin of the mice was shaved and chemically
depilated. The animals were then randomly divided into four
groups: EtOH group (200 pL of 50 wt% aqueous ethanol solu-
tion), Minoxidil group (200 pL of 3 wt% minoxidil solution),
Nanoemulsion Low dose group (200 pL of 1% parsley nanoemul-
sion), and Nanoeemulsion high dose group (200 puL of 3% parsley
nanoemulsion). Each solution was applied to the dorsal skin
five times per week.'® All experimental procedures involving
animals were performed in compliance with ethical regulations
and approved by 4D Biomaterials Animal Care and Use Com-
mittee, with approval No. KNUT IACUC 2024-4B1.

Results and Discussion

Parsley Nanoemulsion Preparation. Parsley was obtained
from a local farm in Gyeonggi-do, South Korea. It was shade-
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dried to minimize oxidation, ground into a fine powder, and
extracted using ultrasound-assisted extraction with 98% etha-
nol to improve efficiency. The extract was filtered, and ethanol
was removed using a vacuum rotary evaporator. The crude extract
was fractionated using a solvent-solvent partitioning method,
and the solvents were evaporated to obtain the fractionated
components. This fraction was dissolved in coconut oil by stir-
ring at 50 C to prepare a 30 mg/mL parsley fraction in coco-
nut oil. Subsequently, 0.5 mL of this coconut oil solution was
combined with 3.895 mL of Tween 80 and 0.605 mL of PEG
400 and thoroughly mixed for 5 minutes using a magnetic stir-
rer. The resulting mixture was diluted with deionized water to
prepare nanoemulsions with concentrations of 3% and 1%.

Nanoemulsion Characteristic Evaluation. The nanoemul-
sion was characterized by droplet size, polydispersity index
(PDI), and zeta potential using dynamic light scattering (DLS)
and its morphology was further examined via cryo-TEM. DLS
analysis revealed that the nanoemulsion droplets had an aver-
age size of 12.1 nm (Figure 1(b)) with a PDI of 0.083, indicating
a uniform size distribution. The zeta potential was measured at
-17.7 mV (Figure 1(a)). These results suggest that nanoemulsion
exhibits favorable size, stability, and surface charge properties
suitable for drug delivery applications.

Cryo-TEM imaging further corroborated the DLS findings,
with the micrographs (Figure 1(c)) confirming the small drop-
let size. Nanoemulsions with droplet sizes smaller than 20 nm
are particularly effective for penetrating the skin's layers, enhanc-
ing drug delivery to the target site. Such small sizes facilitate
passage through biological barriers and increase drug concen-
tration in deeper skin layers."” Additionally, the negative zeta
potential of -17.7 mV contributes to the stability of the nanoemulsion
by minimizing particle aggregation through electrostatic repul-
sion. This enhanced stability ensures the prolonged effectiveness
of the drug delivery system, particularly in topical applications.'®

Antioxidant Activity. In this study, the antioxidant activity
of the n-hexane fraction of parsley was evaluated using the DPPH
radical scavenging assay. Three samples were tested: ascorbic
acid (used as the standard), the n-hexane fraction of parsley,
and the n-hexane parsley nanoemulsion. As shown in Figure
2(a), the radical scavenging activity of the n-hexane fraction
was compared to ascorbic acid and its nanoemulsion formu-
lation. The visual appearance of the reagent after mixing with
each sample indicated strong antioxidant activity for ascorbic
acid, with the DPPH solution turning completely yellow. The
n-hexane fraction exhibited a concentration-dependent color
change, reflecting moderate antioxidant activity, whereas the
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Figure 1. Characterization of nanoemulsion: (a) zeta potential measurement; (b) particle size distribution analyzed by DLS; (¢) morphological

analysis via cryo-TEM.
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Figure 2. (a) Visual representation of DPPH free radical scavenging activity in a well plate: Ascorbic acid (standard antioxidant), n-hexane
fraction of parsley, and n-hexane parsley nanoemulsion; (b) quantitative comparison of DPPH free radical scavenging activity (% inhibition)

for all tested samples.

nanoemulsion showed no significant color change.

Quantitative analysis of % inhibition (Figure 2(b)) revealed
that ascorbic acid demonstrated potent antioxidant activity,
with inhibition exceeding 90% across all tested concentrations.
Interestingly, the n-hexane fraction exhibited reduced antioxi-
dant activity upon formulation into nanoemulsion. This reduc-
tion is likely due to the presence of surfactants and co-surfactants
in the nanoemulsion system, which form a lipid membrane at
the oil-water interface. This membrane may hinder the inter-
action between hydrophilic DPPH radicals in the aqueous phase
and hydrophobic metabolites in the oil phase, thereby limiting
the antioxidant potential of the nanoemulsion."

In vivo Hair Growth Study. Figure 3 along with the quan-
titative data, demonstrates the hair growth-promoting effects of
the parsley-coconut oil-based SNEDDS formulation compared
to 3% minoxidil and 50% ethanol. The results highlight the
superior efficacy of both the 3% SNEDDS and 3% minoxidil
in stimulating hair regrowth over the 17-day period.

At Day 10, the minoxidil group exhibited the highest hair growth
percentage (66.972%), significantly outperforming the SNEDDS
0.3% (24.682%), SNEDDS 3% (29.810%), and the ethanol control
(18.920%). This early-stage growth suggests that minoxidil acts
rapidly inducing follicular activation. However, both SNEDDS
formulations also show notable improvements compared to eth-
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Figure 3. In vivo study of the hair growth-promoting effects of the parsley-coconut oil nanoemulsion compared to 3% minoxidil (positive
control) and 50% ethanol (negative control): (a) representative images showing hair regrowth at days 0, 10, and 17 for treatment groups: 50%
ethanol, 3% minoxidil, 0.3% nanoemulsion, and 3% nanoemulsion; (b) quantitative analysis of hair growth percentage for each treatment

group over time.

anol, indicating their potential for hair regrowth stimulation.

By Day 17, the 3% SNEDDS formulation (91.811%) achieves
a hair growth percentage comparable to 3% minoxidil (96.826%),
suggesting that SNEDDS could be an effective alternative
treatment. The 0.3% SNEDDS (85.312%) also shows significant
regrowth, outperforming the ethanol control group (34.971%),
which exhibits minimal hair regeneration.

These findings indicate that the parsley-coconut oil-based
SNEDDS formulation enhances hair growth, likely due to its
improved bioavailability and penetration of active compounds
into the hair follicles."® The 3% SNEDDS shows hair growth effects
nearly equivalent to minoxidil, suggesting its potential as a nat-
ural-based therapeutic alternative for alopecia treatment. Further
investigations, including histological and molecular studies, are
warranted to elucidate the underlying mechanisms of action and

confirm its potential as an alternative topical treatment for hair loss.

The study evaluated the potential of a parsley-derived n-hex-
ane fraction, formulated into a coconut oil-based nanoemul-
sion, for antioxidant activity and hair growth promotion. The
nanoemulsion characterization demonstrated favorable proper-
ties for drug delivery systems. DLS analysis showed a droplet
size of 12.1 nm with a low PDI of 0.083, indicating a uniform
size distribution. The zeta potential was measured at -17.7 mV,
reflecting good stability through electrostatic repulsion, which
minimizes particle aggregation. Cryo-TEM imaging further
confirmed the nanoscale droplet size and spherical morphol-
ogy. These properties suggest that the nanoemulsion is stable
and well-suited for topical application.

The antioxidant activity, assessed using the DPPH radical
scavenging assay, showed that the n-hexane fraction exhibited
moderate antioxidant activity compared to ascorbic acid. How-
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ever, upon formulation into nanoemulsion, the antioxidant activ-
ity decreased, likely due to the surfactant system's lipid membrane,
which impeded interaction between hydrophilic DPPH radicals
and the fraction's active components.?’

For hair growth promotion, the parsley-coconut oil nanoemul-
sion demonstrated promising results in a dose-dependent man-
ner. The 3% nanoemulsion showed comparable efficacy to 3%
minoxidil, with substantial hair regrowth observed by day 10
and nearly complete coverage by day 17. The 0.3% nanoemul-
sion also promoted hair regrowth but with less effectiveness
compared to its higher concentration. The 50% ethanol control
showed minimal hair regrowth, confirming the lack of inherent
stimulatory activity in the absence of active ingredients.

These findings highlight the functionality of parsley-based
nanoemulsion as a hair growth stimulant. The enhanced hair
growth capacity of the nanoemulsion can be attributed to its
nanoscale droplet size, which facilitates efficient penetration
and targeted delivery of active metabolites to hair follicles.
However, the reduction in antioxidant activity suggests that the
formulation’s design could be further optimized to preserve
bioactivity while maintaining stability and delivery efficacy.
Overall, the parsley-coconut oil nanoemulsion, particularly at a
3% concentration, represents a promising natural alternative
for hair growth treatments and holds significant potential for
incorporation into topical formulations. Future research should
focus on elucidating the molecular mechanisms underlying
its hair growth-promoting effects, including gene expression
analysis following treatment. Additionally, further investiga-
tions into skin irritation and inflammation responses will be
crucial to assess its safety and suitability for long-term top-
ical application.
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Conclusions

In conclusion, the parsley-derived n-hexane fraction formu-
lated into a coconut oil-based nanoemulsion demonstrates
promising antioxidant and hair growth-promoting properties.
The nanoemulsion's favorable characteristics, including its
small droplet size and good stability, suggest it is well-suited for
topical application. The nanoemulsion effectively promoted hair
regrowth in a dose-dependent manner, with the 3% formula-
tion showing results comparable to minoxidil. These findings
support the potential of parsley-based nanoemulsions as a nat-
ural and effective treatment for hair growth, warranting further
optimization for improved bioactivity and formulation stability.
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