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ABSTRACT

Androgenetic alopecia (AA) is a hair growth disorder characterized by hair loss and miniaturization of the size of
follicles and dermal papillae. Cinchonine is a quinoline alkaloid that can increase VEGF production and potential as
a hair growth stimulant. This study aimed to determine the morphology, penetration (in vitro), as well as safety and
activity of cinchonine nanostructured lipid carriers (CN-NLC) serum as a hair growth stimulant. Preparation of CN-
NLC serum using a combination of micro-emulsification and ultra-sonification methods, characterization of CN-NLC
serum included morphology and closed hair follicle diffusion methods. Dermal and eye irritation test using New
Zealand rabbit strain with primary irritation index parameters. Hair growth stimulant activity test using Swiss Webster
mice strain, induced with the hormone testosterone. Observations were performed at 7, 14, and 21 days with hair
length and histology parameters. CN-NLC serum morphology is a spherical shape with size #500 nm, diffusion
of serum CN-NLC (open hair follicles) of 23.92+0.84%; (close hair follicles) of 11.3742.29%; and CN solution of
6.00+0.72%. CN-NLC serum are non-irritant with a primary irritation index of 0.0. Activity tests showed hair length
on days 7; 14 and 21 were increased by 20.24-23.74%; 33.47-36.43%, and 39.30-39.97% (P<0.05). Histological data
showed an increase in the number and size of both dermal papillae and hair follicles compared to the control group.
CN-NLC serum can improve the penetration of CN into hair follicles. CN-NLC serum is safe and effective as a hair
growth stimulant in the treatment of AA.

Keywords: Androgenic alopecia; cinchonine; nanostructured lipid carriers

ABSTRAK

Alopecia androgenetik (AA) adalah gangguan pertumbuhan rambut yang dicirikan oleh keguguran rambut dan
pengecilan saiz folikel dan papila dermal. Sinkonina adalah alkaloid kuinolina yang boleh meningkatkan
pengeluaran VEGF dan berpotensi sebagai perangsang pertumbuhan rambut. Kajian ini bertujuan untuk menentukan
morfologi, penembusan (in vitro), serta keselamatan dan aktiviti serum pembawa lipid berstruktur nano (CN-NLC)
sinkonina sebagai perangsang pertumbuhan rambut. Penyediaan serum CN-NLC menggunakan gabungan kaedah
pengemulsi mikro dan ultra-sonifikasi, pencirian serum CN-NLC termasuk kaedah morfologi dan kaedah penyebaran
folikel rambut tertutup. Ujian kerengsaan kulit dan mata menggunakan ketegangan arnab New Zealand dengan
parameter indeks kerengsaan primer. Ujian aktiviti perangsang pertumbuhan rambut menggunakan ketegangan tikus
Swiss Webster, diinduksi dengan hormon testosteron. Pemerhatian dilakukan pada 7, 14 dan 21 hari dengan
panjang rambut dan parameter histologi. Morfologi serum CN-NLC ialah bentuk sfera dengan saiz +500 nm, resapan
serum CN-NLC (folikel rambut terbuka) sebanyak 23.92+0.84%; (folikel rambut tertutup) sebanyak 11.37+2.29%;
dan larutan CN sebanyak 6.00+0.72%. Serum CN-NLC tidak merengsa dengan indeks kerengsaan primer 0.0. Ujian
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aktiviti menunjukkan panjang rambut pada hari ke-7; 14 dan 21 meningkat sebanyak 20.24-23.74%; 33.47-36.43% dan
39.30-39.97% (P<0.05). Data histologi menunjukkan peningkatan dalam bilangan dan saiz kedua-dua papila dermal
dan folikel rambut berbanding kumpulan kawalan. Serum CN-NLCdapat meningkatkan penembusan CN ke dalam
folikel rambut. Serum CN-NLC selamat dan berkesan sebagai perangsang pertumbuhan rambut dalam rawatan AA.

Kata kunci: Alopecia androgenetik; pembawa lipid berstruktur nano; sinkonina
INTRODUCTION

Androgenetic alopecia (AA) is a hair growth cycle
disorder caused by the sensitivity of the follicles and
dermal papilla to androgen hormones, resulting in hair
loss and miniaturization (Inaba & Inaba 1996; Santos
et al. 2020). The miniaturization of hair follicles and
dermal papillae is also exacerbated by genetic factors and
vascularization (Blume-Peytavi, Varvar & Annika 2016;
Blume-Peytavi et al. 2008). Currently, minoxidil is widely
used to treat AA, but long-term use can cause irritation,
rashes, dermatitis, and skin sensitivity (Fresta et al. 2020;
Satheeshan, Seema & Manjusha 2020). The development
of Cinchonine (CN) as a hair growth stimulant for the
treatment of AA is a very promising drug candidate
(Hariyanti, Damayanti & Darijanto 2020).

CN, a Cinchona alkaloid, has 3 main functional
groups, namely the aromatic quinoline ring, the
quinuclidine ring, and the methylene alcohol group
(Hariyanti et al. 2022). It has the same active site
located on the nitrogen atom in the quinuclidine ring
and the methylene alcohol functional group, which
plays an important role in their pharmacological activity
(Hariyanti et al. 2022). Furthermore, CN has been found to
have pharmacological activity as a hair growth stimulant.
This activity is achieved through the acceleration of
hair entering the anagen phase by activating the Wnt/[3-
catenin pathway, increasing VEGF (Vascular Endothelial
Growth Factor) production (Leveque et al. 2021), and
telangiectatic activity by vasodilation of blood vessels
(Inaba & Inaba 1996). Therefore, CN must be able to
reach hair follicles and dermal papillae to optimize hair
growth stimulant activity.

Hair follicles and dermal papillae have unique skin
barriers. These include arco infundibulum, which is a
stratum corneum on the surface of the infundibulum of
diameter = 750 pm, Tight Junctions (TJs), and sebum
(Gorzelanny et al. 2020; Yokouchi & Kubo 2018).
Therefore, a suitable delivery system is required to
facilitate CN reaching hair follicles and dermal papillae,
namely the Nanostructured Lipid Carrier (NLC) (Joshi,
Prabhu & Patravale 2019). NLC is the 2" generation

of Solid Lipid Nanoparticles (SLN), formed from
a mixture of solid and liquid lipids with surfactant
stabilizers (Patzelt & Lademann 2020). NLC with a
particle size of 300 - 640 nm can localize in hair follicles
(Lademann et al. 2019, 2015). Therefore, this study aims
to determine the safety and activity of CN-NLC serum as
a hair growth stimulant in AA.

MATERIALS AND METHODS

MATERIALS

Materials used in this study were pharmaceutical grade,
including CN (PT. Sinkona Indonesia Lestari, Bandung,
Indonesia), stearic acid, oleic acid, polysorbate 80, and
glycerin (all from Bratachem, Bandung, Indonesia),
deionized water (Amidis, Bandung, Indonesia),
testosterone injection (organon, Germany), solid
paraffin (Bratachem, Bandung, Indonesia), acetonitrile
(Merck, Germany), aqua pro injection (IPHA, Bandung,
Indonesia), KH,PO, (Merck, Germany), hematoxylin and
eosin (Sigma-Aldrich, Germany). The animal used for
the test involved male rabbits of the New Zealand strain
of 6, aged around 6-7 months and weighing about 2 kg.
Male mice of the Swiss Webster strain, 9 in each group
for activity test, aged 9 -10 weeks, with a body weight
of 35 - 40 g, were also used.

INSTRUMENT

The instrument used included analytical Balance (mg)
(ME 204, Mettler Toledo, Indonesia), Magnetic stirrer (RT
15, IKA, Malaysia), Ultra turrax (T18, IKA, Malaysia),
bath sonicator (falc LBS2, Akribis Scientific Ltd, UK),
Probe Sonicator (CY-500 Ultrasound Homogenizer, JP
Selecta, Spain), HPLC (Waters 2487, Agilent, USA),
and Silversil column (C18. 250 x 4.6 mm, DikmaTech,
USA). Other instruments included Binocular Microscope
Olympus (CX23, Evident Headquarters, Japan),
Transmission electron microscopy (TEM HT7700,



Hitachi, Japan), Franz diffusion cells (Delta laboratorium,
Malang, Indonesia), rotary microtome (Minux S700, PT.
Indogen Intertama, Indonesia), and glassware that is
often used in laboratories.

CN-NLC SERUM FORMULATION

The lipid phase, consisting of 1.8% w/v stearic acid,
0.2% w/v oleic acid, and 0.18% w/v CN, was heated
to a temperature of 70 °C. Similarly, the aqueous
phase consisting of 3.5% w/v polysorbate 80, 2.5%
w/v glycerin, and deionized water up to 100% w/v was
heated to a temperature of 70 °C. The aqueous phase
was added to the lipid phase and homogenized with a
magnetic stirrer for 20 min at 70 °C and 800 rpm. A hot
microemulsion was formed after the homogenization
with ultra turrax at 8000 rpm for 2 min. This was
followed by bath sonication at a frequency of 59 kHz
for 15 min, solidification at a temperature of 4 °C for
30 min, and probe sonication for 15 min (pulse on-off
45:15 s, amplitude 60%). The CN-NLC formed was stored
overnight at 4+£2°C in the refrigerator (Chen et al. 2020;
Kakadia & Conway 2018; Kharat & McClements 2019;
Pereira et al. 2021; Pires et al. 2019; Santos et al. 2018;
Souto 2004; Yazdani-Arazi et al. 2017).

CINCHONINE (CN) SOLUTION FORMULATION

A total of 0.18% CN was dissolved with mixed solvents,
such as PEG 400, Ethanol 90%, and deionized water, with
a ratio 0of 40:30:30, and then vortexed for 30 min.

MORPHOLOGICAL ANALYSIS OF CN-NLC SERUM

Morphological observations were carried out using
Transmission Electron Microscopy (TEM). CN-NLC
serum (£15 pL) was placed on the grid and then analyzed
using TEM.

DIFFUSION TEST OF CN-NLC SERUM
The diffusion test using the Franz diffusion cell was
carried out using the skin of Swiss Webster male mice. A
pair of skins with equal areas were sheared and carefully
separated. Excess subcutaneous fat was carefully
removed using a scalpel with the pinch method. The
skin samples were cleaned of hair residue to open hair
follicles by adding a drop of power glue (99.0%, w/w
cyanoacrylate) to the skin and covered by a glass slide
with slight pressure. After glue polymerization (5 min),
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the slide was removed swiftly to expose all follicles.
Furthermore, the skin was used as the active and blocked/
inactive hair follicles diffusion membrane (Bubi¢ Pajic¢ et
al. 2019; Kim et al. 2019a; Kim et al. 2019b).

Nail polish was applied evenly to the skin of active
Swiss Webster male mice using a suitable brush to block
hair follicles (inactive hair follicles). After 30 s, the area
was covered with plastic, nail polish, and pressed into
the follicle using a roller. Subsequently, any remaining
nail polish/varnish was removed from the skin surface
using a glass slide and two strips of tape. Since the
skin was inactive, the nail polish/varnish persisted
selectively in the follicles (Bubi¢ Paji¢ et al. 2019; Kim
etal. 2019a; Kim et al. 2019b).

Trans follicular diffusion of the sample (CN-NLC
serum) was carried out using skin with active or inactive
hair follicles using the Franz diffusion cell. The donor
compartment (epidermis) was added with 1000 pL of
CN-NLC serum. The receptor compartment was added
with phosphate-buffered saline (PBS) to represent
the subcutaneous tissue and circulating blood. The
diffusion test was carried out with a constant stirring
speed of 100 rpm and a temperature of 37 + 2°C. The test
was carried out for 8 h with a sampling time interval of
0.25,0.5,0.75,1,1.5,2,2.5,3,4,5,6,7, and 8 h. A total
of 1000 uL of each sample was taken from the receptor
and replaced with the same amount of fresh PBS solution.
Samples were analyzed using HPLC (Bubi¢ Paji¢ et al.
2019; Kim et al. 2019a; Kim et al. 2019b; Hariyanti et
al. 2023). Phosphate-Buffered Saline pH 7.4: A total of 8
g NaCl, 0.2 g KCl, 1.44 g Na HPO,, and 0.24 g KH_PO,
were dissolved in 800 mL of distilled water, adjusted
pH 7.4 with NaOH, and add 1000 mL of distilled water.
CN-NLC serum Diffusion test has been approved by the
Animal Research Ethics Committee of the Bandung
Institute of Technology No. 03/KEPHP-ITB/2-2022.

IN VIVO ASSAY OF CN-NLC SERUM

During the acclimatization process, which lasted for
7 days, all test animals were carefully cared for in an
environment with a temperature of 25 + 2 °C and humidity
(RH) of 72 + 3%, with a cycle of 12 h dark/12 h light.
During acclimation, observations were carried out on
activities, weight, eating, and drinking habits to ensure
that the test animals were in good health.
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DERMAL IRRITATION TEST OF CN-NLC SERUM

The test animals were shaved from the scapula
(shoulder) area to the groin (lumbar spine) using electric
clippers designed for animals. The shaver is cleaned
with 70% alcohol before the clippers are used. All test
animals were shaved 24 h before the test with an area of
approximately 10 x 15 cm, which was divided into four,
namely test preparation (CN-NLC serum), blank control
(NLC without CN), CN solution preparation, and normal
control (not given any treatment). The formulas (each
+ 0.5 mL) were applied to a test area of approximately
6 (2 x 3) cm? accompanied by light massage for 3 min,
which was then covered with gauze and glued with non-
irritant tape. After 4 h, the residue of the test preparation
was washed off the skin with water. Observations and
calculations of the erythema and edema indices were
made at intervals of 1, 24, 48, and 72 h after removing
the plaster. Observations were continued until day 14
to determine skin reversibility based on the Globally
Harmonized System (GHS) (Jimenez et al. 2021;
Kim et al. 2021; Rooney et al. 2021). CN-NLC serum
dermal irritation test has been approved by the Animal
Research Ethics Committee of the Bandung Institute of
Technology No. 04/KEPHP-ITB/2-2022.

EYE IRRITATION TEST OF CN-NLC SERUM

It was confirmed that the eyes of the test animals were
healthy 24 h before applying the preparation. A total of
0.1 mL of the test preparation was applied with a single
dose in one eye, and the other was used as a control.
Observations on the degree of irritation/corrosion of the
conjunctiva, cornea, and iris were made at intervals of
1, 24, 48, and 72 h after applying the preparation. It was
continued until day 21 to determine the effect of eye
reversibility based on the Globally Harmonized System
(GHS) (Kim et al. 2021). The CN-NLC serum eye irritation
test has been approved by the Animal Research Ethics
Committee of the Bandung Institute of Technology No.
05/KEPHP-ITB/2-2022.

ANDROGENIC ALOPECIA MICE MODEL

Test animals, except for the negative control, were
induced with the hormone testosterone through
subcutaneous injection. The injection volume was 0.1
mL/day with a dose of 10 mg/kg body weight. Induction
was carried out for 20 days until AA occurred. AA was
identified based on hair loss and morphology, which
became shorter and thinner than the negative control. On
the 21 day, the hair on the dorsal part of the animal was
shaved to obtain a test area of 2 x 3 cm? (Fu et al. 2021;
Kim et al. 2019b; Truong et al. 2017; Wang et al. 2021,
2017; Zhang et al. 2016).

TABLE 1. Group of test animals

Testosterone induction

Groups

Formula concentration =~ The amount of preparation

(10 mg/kg body weight/day) (%) applied (mL)

Negative control (healthy) No - No
Positive control (AA) Induction - No
Blank (NLC) Induction NLC 0,1/day
Minoxidil Induction 2 0,1/day
CN solution Induction 0,18 0,1/day
CN-NLC serum (1) Induction 0,18 0,1/day
CN-NLC serum (2) Induction 0,18 0,1/2 days




ACTIVITY TEST OF CN-NLC SERUM

The rest of the animal’s hair was removed with hair
removal cream. CN-NLC serum was applied + 0.1
mL with a frequency of 1 time/day and 1 time/2 days,
followed by a light massage for 3 min. Observations
were made for 21 days at intervals of 7, 14, and 21, with
the hair length parameter, which is the longest strands.
At each sampling point, 3 test animals were randomly
selected for sacrifice and histology (Lademann et al.
2019, 2015, 2007; Patzelt & Lademann 2020; Tanaka,
Saito & Tabata 1980; Toll et al. 2004)".

DERMAL HISTOLOGY

Mice were randomly selected and sacrificed at each
observation at intervals of 7, 14, and 21 days. The
skin of each animal’s dorsal area (2 X 3 cm) was
shaved and dissected, rinsed with PBS, and fixed in
4% paraformaldehyde buffer at room temperature for
a maximum of 24 h. Samples were embedded in solid
paraffin, cut using a rotary microtome with a thickness
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of 5 um, and stained with hematoxylin and eosin (H&E).
The CN-NLC serum activity test has been approved by
the Animal Research Ethics Committee of the Bandung
Institute of Technology No. 03/KEPHP-ITB/2-2022.

DATA ANALYSIS

The data collected in triplicate (n = 3) were presented
as mean =+ standard deviation and analyzed statistically
using the Kolmogorov Smirnov test, one-way ANOVA
(p £ 0.05), and a Post Hoc test (Fisher’s LSD) using
Minitab Statistical Software (Minitab 21).

RESULTS AND DISCUSSION

MORPHOLOGICAL ANALYSIS OF CN-NLC SERUM

TEM analysis (Figure 1) showed that serum CN-NLC
is spherical with a particle size of £500 nm. Particle
size plays a significant role in penetration, specifically
through hair follicles. This is due to several barriers in
hair follicles, including physical and chemical barriers.

FIGURE 1. Morphology of CN-NLC serum
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The physical barriers include the presence of sebum
whose flow direction is towards the surface of the skin,
the anatomy of hair follicles such as the infundibulum
with a diameter of £750 nm, arco infundibulum, and
TJs. CN-NLC particle size between 300-640 nm has
optimal penetration ability into hair follicles. A particle
size of <300 nm is generally pushed out toward the
skin’s surface by the sebum flow, and sizes >640 nm are
retained on the surface of the infundibulum (Lademann
etal. 2019, 2015).

DIFFUSION TEST OF CN-NLC SERUM

The diffusion data in Figure 2 showed that the NLC
serum delivery system resulted in a CN penetration of
23.92 + 0.84% and was higher than conventional CN
dosage forms (6.00 £+ 0.72%). This result was consistent
with the report of (Yazdani-Arazi et al. 2017) that
preparations with an NLC delivery system can penetrate
and reach hair follicles. In contrast, solution preparations
are only able to reach the surface of the skin or stratum
corneum. There was a significant increase in the
penetration of CN-NLC serum into open hair follicles
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(11.37 £2.29%) compared to CN-NLC serum with closed
follicles or CN solution. This shows that the NLC drug
delivery system is very potent and selective for targeting
active substances in hair follicles. A previous study also
reported that hair follicles contribute 34 - 60% of the
total amount of active substances penetrating the skin
(Abd et al. 2018; Mohd et al. 2016; Todo & Mohd 2017;
Vitorino, Sousa & Pais 2015).

DERMAL IRRITATION TEST OF CN-NLC SERUM
The dermal irritation test in Table 2 showed that CN was

non-irritant with an erythema and edema index of 0,
determined by comparing the CN-NLC serum test area
to the negative control. The additives used in serum
preparations are non-irritant with an erythema and
edema index of 0, determined through a comparison
between negative and normal control. Therefore, it can
be concluded that CN and additional ingredients used
in the process of making CN-NLC serum preparations
are non-irritating with a primary irritation index of 0.0
(Jimenez et al. 2021; Kim et al. 2021; Rooney et al. 2021).

—o—NLC-CN Serum-
Open HF (diffuse:
23.92%)

—e— (N Solution-Open
HF (difuse: 6.00%)

—o— CN-NLC serum-
close HF (diffuse
11.37%)

FIGURE 2. Diffusion of CN-NLC serum
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TABLE 2. CN-NLC serum dermal irritation test

Rabbit 1 Rabbit 2 Rabbit 3 Primary
Group Hour irritation
Erythema Edema Erythema Edema Erythema Edema index
1 0 0 0 0 0 0 0.0
Negative 24 0 0 0 0 0 0
control
(healthy) 48 0 0 0 0 0 0
72 0 0 0 0 0 0
1 0 0 0 0 0 0
Blank control 24 0 0 0 0 0 0
(NLC) 48 0 0 0 0 0 0
72 0 0 0 0 0 0
1 0 0 0 0 0 0
24 0 0 0 0 0 0
CN solution
48 0 0 0 0 0 0
72 0 0 0 0 0 0
1 0 0 0 0 0 0
CN-NLC 24 0 0 0 0 0 0
Serum 48 0 0 0 0 0 0
72 0 0 0 0 0 0

EYE IRRITATION TEST OF CN-NLC SERUM

Table 3 shows that all materials used are non-irritant,
with a primary irritation index of 0.0.

CN-NLC SERUM ACTIVITY TEST (ANDROGENETIC
ALOPECIA MICE MODEL)

The data in Figure 3 showed that the hair length of the
negative control area (healthy) was significantly different
from the positive (ill), blank, and comparison control,
as well as CN solution, CN-NLC 1 serum, and CN-NLC
2 serum (p < 0.05). This indicates that establishing an
AA test model was successful, marked by excess hair
loss and miniaturization. The data showed that CN-NLC
serum with application 1 time/day and | time/2 days at
intervals of 7, 14, and 21 days increased by 20.24-23.74%,
33.47-36.43%, and 39.30-39.97%, respectively. Data on
the observation of hair length in serum test areas 1 and
2 showed significantly different results compared to the
negative, positive, blank, and comparison control, as
well as the CN solution (P < 0.05). However, the CN-
NLC 1 serum test area showed no significant difference

in hair length compared to the CN-NLC 2 serum test
arca. Observations on day 21 showed that the CN-NLC
1 and 2 serum test groups had significantly different
hair lengths compared to the negative, positive, blank,
comparison control, and CN solution. The hair length
of the CN-NLC 1 and 2 serum test groups increased
by 39.97% and 39.30%, respectively, compared to the
positive control. The minoxidil group experienced skin
irritation from the first day of application to the 8th
day with varying severity. Furthermore, skin irritation
in animals in the minoxidil group causes hair growth
and regeneration to stop/decrease. The hair length
of the CN-NLC 1 serum test area showed no significant
difference compared to the CN-NLC 2 serum test area.
The result also showed that the hair length data during the
observation interval showed that CN-NLC serum had the
potential to be a hair growth stimulant in animal models
of'androgenic alopecia. However, there was no significant
difference in the usage/application interval between 1
and 2 days. Therefore, CN-NLC serum can be used as a
hair growth stimulant with intervals of use every 2 days
(Leveque et al. 2021; Melincovici et al. 2018; Vanhoutte
et al. 2016).
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DERMAL HISTOLOGY

The results of the skin histology in Figure 4 indicated
that the anatomy of hair follicles between the negative,
positive, and blank control, as well as minoxidil, CN
solution, and CN-NLC serum (1 and 2 days), were different
on the 7%, 14" and 21% day of observation. The negative
control group showed miniaturization of hair follicles
and dermal papillae. This indicates that testosterone
induction in forming the AA model is successful. CN-
NLC serum test groups 1 and 2 showed that the anatomy
was similar/close to the negative control anatomy,
where there was an increase in the number and size of
follicles compared to the positive, blank, minoxidil, and
CN solution. This is consistent with the results of hair
length measurements at each observation time. It also
indicates that the NLC delivery system effectively delivers
and increases CN activity as a stimulant for hair growth
and regeneration in AA conditions. The mechanism of
CN activity is thought to involve telangiectasia, which is
a vasodilation of blood vessels, thereby facilitating the
supply of nutrients and oxygen needed for hair growth
and regeneration (Vanhoutte et al. 2016). In addition, it
stimulates hair follicles and dermal papillae to enter the
anagen phase more quickly by activating Wnt/p-catenin,
which plays a significant role in the morphogenesis,
development, and growth of hair follicles. Wnt signal
activation induces hair placodes development, and
[B-catenin regulates signaling pathways in dermal papilla
cells, such as Fibroblast Growth Factor (FGF7 and
FGF10), which play a role in regulating the growth of
epithelial cells in hair follicles. Therefore, activating

Hair (cm)

0 7 14
Time (Days)
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Whnt/B-catenin will accelerate the hair cycle entering the
anagen phase and increase VEGF production. This will
activate eNOS (endothelial nitric oxide synthase), causing
vasodilation and increased blood vessel permeability
(Leveque et al. 2021; Melincovici et al. 2018; Vanhoutte
et al. 2016). Furthermore, increased VEGF has the
potential to keep hair roots stronger and prevent loss or
death of dermal papilla (Driskell et al. 2011; Hariyanti
etal. 2022; Jeong et al. 2022; Ou et al. 2012; Taghiabadi,
Nilforoushzadeh & Aghdami 2020).

Dermal papillae are a layer of mesenchymal
cells that play an important role in hair growth and
regeneration. They also act as a multipotent stem cell
reservoir, indicating cells that can differentiate into
various other types (Driskell et al. 2011; Taghiabadi,
Nilforoushzadeh & Aghdami 2020). The activation
of Wnt/f catenin in the dermal papilla stimulates the
Fibroblast Growth Factor (FGF) pathway, which mediates
its inductive effect on hair follicles epithelium (Driskell
et al. 2011). Dermal papillae contain SOX2 is generally
found in Skin-derived Progenitor Cells (SKPs), hence,
they can differentiate into other cells, such as smooth
muscle cells, adipocytes, fibroblasts, and osteoblasts.
SOX2 is expressed in the dermal papillae and SKPs around
the dermal papilla cell sheath. Due to the similarity
between SKPs and dermal papillae, which both contain
SOX2, SKPs may also be activated, causing them to
differentiate and form new skin cells, thereby facilitating
skin regeneration. In CN-NLC serum test groups (1 and
2), the thickness of the skin layer increased significantly
when compared to the positive control, blank, minoxidil,
and CN solution.

—e— Negative Control
—e—DPositive Control
——NLC
Minoxidil 2%
—e—CN Solution 0.18%
—8— CN-NLC Serum 0.18% (1)
CN-NLC Serum 0.18% (2)

FIGURE 3. Effect of CN-NLC serum on hair length of androgenetic alopecia mice model



1680

(4]
wnads DIN-ND

Jopow oot eroddore onousSoipue jo defjided [ewIop pue so[oI[[0F ey uo wnIds DIN-ND JO 100hH "+ AINDI

Sl B g
(D (VV)
wns YIN-ND  TOPMIOS ND [IPIXOUI\ OINAUCIE 11105 oanisog

(Ayyreay)
[013U0D IA)BSIN

sAep p1 | sAep tz

sAep L



CONCLUSIONS

Based on the study data, Nanostructured Lipid Carriers
(NLC) is a drug-delivery system capable of penetrating
through hair follicles. Therefore, cinchonine loaded in
Nanostructured Lipid Carriers has a greater ability to
penetrate open hair follicles than CN solution and CN-NLC
serum with closed hair follicles. CN-NLC serum is proven
safe with primary irritation index of 0.0. CN-NLC serum
is effective as a hair growth stimulant in the treatment
of AA characterized by increased hair length, number,
and size of hair follicles-dermal papillae.
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