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ABSTRACT

Objective: This study aims to determine the optimum concentration of secretome from mesenchymal stem cells (MSC) in a hair tonic formulation
and evaluate its effect on hair growth in individuals experiencing alopecia.

Methods: Tweenty volunteers were divided into five groups to test various hair tonic formulations over eight weeks. Each group received a
different concentration of MSC secretome (5%, 7%, 10%) while negative controls consisted of fetal bovine serum and hair tonic base without MSC.
Hair density was measured before and after the treatment period to assess the impact of each formulation.

Results: The formulations containing adipose tissue mesenchymal stem cell (ATMSCs) secretome significantly influenced hair growth, with the
10% secretome concentration showing the most substantial increase in hair density among the volunteers. Analysis revealed that the 10%
formulation had higher levels of vascular endhotelial growth factor (VEGF) compared to the 5% and 7% formulations, indicating a correlation
between VEGF concentration and the stimulation of hair follicle activity.

Conclusion: The MSC hair tonic formula enhanced the hair density of participants after eight weeks, indicating its potential as a treatment to
stimulate hair growth in those with alopecia. The study concludes that a higher concentration of MSC secretome, specifically 10%, may yield optimal

results in promoting hair regeneration.
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INTRODUCTION

Hair serves an important function for humans, including protection
from harsh environments such as cold or hot temperatures and
ultraviolet rays. Furthermore, hair acts as a temperature regulator,
promoting sweat evaporation, and as a sensitive sense of touch [1].
Hair serves two functions in humans: protection and appearance.
Beautiful hair frequently boosts a person's self-confidence.

Hair loss, also referred to as alopecia or baldness, is the loss of hair
from the scalp [2]. Alopecia is categorized into different types
depending upon its pattern of diminished hair growth and its
genesis [3]. In general, hair loss occurs as the anagen phase shortens,
the catagen phase lengthens, and the hair on the scalp miniaturizes.
Even though alopecia is not a life-threatening disease, being bald can
cause emotional stress and psychological pressure, as well as be
traumatic for sufferers [4, 5].

There are currently only two FDA-approved drugs, minoxidil and
finasteride, but their effects are frequently unsatisfactory and
transient, as well as causing a variety of side effects [6, 7]. Other
treatments involve immunomodulatory mechanisms that suppress T
cell proliferation and cytokine synthesis, including IL-1, IL-6, IL-12,
TNF-a, and antibody production. These therapies are used for
autoimmune disease such as rheumatoid arthritis and inflammatory
bowel disease, including alopecia [8]. While they may induce hair
regrowth, they do not alter disease progression and are unsuitable for
long-term use. Many are not FDA-approved due to serious side effects
and limited efficacy. Hair transplant surgery ia another option, but it is
expensive and invasive [9].

Several growth factors derived from stem cells and mesenchymal stem
cell (MSC) secretions have been shown in studies to promote hair
growth. Hair growth and follicle size have been shown to be affected
by vascular endothelial growth factor (VEGF) [9]. In this concept, VEGF
is a marker of angiogenesis, stimulating hair growth by increasing
follicle diameter by facilitating the supply of nutrients to hair follicles.

Shin et al. [10] discovered that after 12 w of treatment with
injectable secretome or MSC conditioned medium, hair density into

scalp area increased from 105.4 strands/cm2 to 122.7 strands/cm2
and hair thickness increased from 57.5 pm to 64.0 pm. This
treatment had no adverse effects on any of the patients.

Adipose tissue mesenchymal stem cells (ATMSCs), which can
differentiate into adipogenic, osteogenic, and chondrogenic cells, are
widely used in research and clinical therapy [11-13]. There are
easier to harvest via subcutaneous lipo aspiration and pose fewer
ethical concerns than embryonic stem cells [13]. According to
Zanzottera’s [14] research, adipose tissue is a source of multipotent
stem cells with hair follicle regenerative potential.

ATMSCs are cultured in growth media containing essential nutrients,
growth factors, and hormones, with environtmental conditions such
as pH and temperature influencing cell proliferation [15]. The Stem
cell secretome produced by stem cells that contains development
factors, cytokines, and a membrane structure composed of
microvesicles, exosomes, and other factors [16]. These secretomes
can be derived from autologous or donor MSCs and are easier to use
than live cells. They do not require donor-recipient matching and are
simpler to produce, store, and distribute [17].

To date, ATMSCs secretomes have primarily been administered
intradermally into the scalp [18-21]. These method requires clinical
expertise, is costly, and time-consuming. However, phased studies
have shown promising results in treating alopecia [18, 20, 22].
Fukuoka et al. reported no allergic reactions or infections in a study
involving 1000 patients, with no persistent pain or discomfort [21].

Simpler and more practical pharmaceutical preparations would be
extremely beneficial to people suffering from alopecia. Therefore,
cosmetics formulations such as hair tonics containing ATMSC
secretomes are being explored for their hair growth effects. Based
on previous findings and in vivo research by Aldila [23], which
showed increased hair growth in animal models using secretome
concentrations of 5% and 10%, this study aims to investigated the
hair growth effect of topical hair tonic preparations containing
ATMSC secretomes in human volunteers with alopecia.
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MATERIALS AND METHODS
Culture of adipose tissue mesenchymal stem cells (ATMSCs)

Subculture began by rinsing confluent ATMSCs in flask T25 (as
indicated by the flask's surface, which was overgrown with 70-80%
cells). The medium in the flask was discarded, and the flask was
rinsed twice with PBS. The cells were then trypsinated by adding 1
ml of 0.5% trypsin-EDTA to the flask and incubating for 5 min in a
5% COz incubator at 37 °C to detach the cells from the flask. An
inverted microscope is used to examine the cells to see if they have
completely detached from the flask. 1 ml of culture medium is added
once the cells have detached. The cells were then transferred to a
microtube and centrifuged for 5 min at 2000 rpm. The centrifuged
pellet was then resuspended in new medium and re-cultured in 2
T25 flasks with 3 ml of growth medium and incubated at 37 °C in a
5% CO2 incubator until the cells were confluent. Starting on the first
day of subculture, the medium was replaced every 72 h until the
cells were confluent enough to continue subculture [23-27].

Collection of secretomes

ATMSCs that are 80-90% confluent will be transferred to the new
falcon. The medium from the ATMSCs culture was then taken and
filtered through a 0.22 m filter to remove any contaminants left
behind from the ATMSCs culture. The filtrate was collected and
stored at-20 °C [23, 26, 28].

Secretomes VEGF concentration determination

Following the manufacturing procedure, the concentration of VEGF
in the secretome was determined using the Elisa VEGF KIT.

Ethical clearance

Ethical clearance was secured through a rigorous review process
before engaging volunteers for this research. The Ethics Commission
of the Faculty of Medicine, Andalas University provided the code of
ethics for this study with number 22/UN.16.2/KEP-FK/2023.

Test for irritation

This experiment involved 20 volunteers who were given hair tonic
preparations. The preparation is applied behind the ear in a circle and
left for 24 h, with skin irritation observed every 4 h [29]. Erythema: no
erythema 0, very slight erythema 1, slight erythema 2, moderate
erythema 3, very severe erythema 4. Edema: no edema 0, very slight
edema 1, slight edema 2, moderate edema 3, very severe edema 4 [30].

Test for hair growth activity

The clinical trial included 20 physically and mentally healthy adults aged
30-70 y old with mild to moderate pattern hair loss (male: Norwood-
Hamilton Scale classification type II, Ila, II], Illa, or llvertex, 1V, IVa, V;
female: Ludwig classification Type I and Type II). Inclusion criteria of the
patient is patients who have signed informed consent, patients aged 30-
70 y old, The patient has hair loss and the exclusion criteria is people
with a history of allergies, people who are taking medication to treat hair
loss, people with skin disease [31]. With each preparation, 5 groups of
patients (1 group with 4 patients) received hair tonic. For 8 w, patients in
all five groups were instructed to apply hair tonic twice daily for 1 ml
(morning and evening) and massage the scalp for 1-2 min [28]. The
density of hair is measured using a hair analyzer to determine hair
activity [28, 31-33].

Data analysis

Data were analyzed by the one-sample Kolmogrov-Smirnov test,
followed by the homogeneity of the data using the Levene test. If the
data is normal and homogeneous, the ANOVA test is performed, and
the hair density data is also subjected to the ANOVA test before
being subjected to the Duncan test.

RESULTS AND DISCUSSION
Culture of adipose tissue mesenchymal stem cell (ATMSCs)

Medium Dulbecco's Modified Eagle's Medium (DMEM) is the growth
medium used in the subculture process. Invitrogen states that
DMEM contains 4 mmol L-glutamine, 4500 mg/l glucose, 1 mmol
sodium pyruvate, and 1500 mg/l sodium bicarbonate. When
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compared to other growth media such as Minimum Essential
Medium-Alpha (MEM) and Roswell Park Memorial Institute 1640
(RPMI 1640). DMEM contains 4 times more vitamins and amino
acids, 2-4 times more glucose, and additional elements of iron and
phenol red [34].

Other ingredients, such as Fetal Bovine Serum (FBS), penicillin, and
streptomycin, are required in the preparation of the culture medium.
Because DMEM alone is insufficient to meet the nutritional needs of
cells during the culture period, FBS, which contains nutrients,
hormones, and growth factors to aid cell proliferation and
differentiation, is added. FBS is the most commonly used
supplement in culture medium. The FBS concentration used for cell
culture is 20% of the total medium. At 0.1% concentrations,
penicillin and streptomycin are antibacterial and antifungal [35].

The ATMSCs used have entered the fourth life phase, known as
passage 4 (P4). Cells that have been subcultured three times are
known as P4 cells. Subculture is the process of cultivating cells by
releasing cells from cells that have been confluent (the flask has
been covered by cells) 80-90% of the time, usually by using a
proteolytic enzyme such as trypsin, and then dividing and growing
the cells in a new medium so that they enter the living phase. The
following subculture is a cell-multiplication process that can make
cells more homogeneous and affect the kinetics of cell growth,
increasing the potential of cells to treat degenerative diseases.

Collection of secretomes

Secretomes is a growth medium that contains a micture of growth
factors, cytokines, and chemokines secreted by stem cells. Basic
fibroblast growth factor (bFGF), keratinocyte growth factor,
transforming growth factor (TGF), hepatocyte growth factor (HGF),
and vascular endothelial growth factor (VEGF) are all secreted by
ATMSCs. Secretome can come from a variety of stem cell sources, but
each stem cell source produces a unique secretome. Secretomes
derived from bone marrow stem cells have higher levels of VEGF
and IL-6. Stem cells in the umbilical cord produce high levels of EGF
and VEGF. The expression of angiogenic cytokines VEGF and EGF is
higher in embryonic stem cells. VEGF, IL-8, and SDF-1 are highly
expressed in amniotic fluid stem cells [17]. TGF, VEGF, bFGF, and
EGF are all highly expressed in secretome derived from adipose
tissue or adipose stem cells [36]. Cytokines found in secretome can
promote epithelialization through proliferation, angiogenesis,
fibroblast migration and angiogenesis [36].

Determination of VEGF concentration

The ELISA test was used to determine the concentration of VEGF, a
growth factor that plays a role in stimulating hair growth. There are
several reagents used in this test, including a standard stock
solution, which is a standard solution whose optical density will
later be measured to obtain a standard calibration curve to calculate
the VEGF concentration of the preparation, then a buffer solution,
which usually contains Phosphate Buffered Saline (PBS) and is
useful for diluting the standard solution and sample according to the
desired concentration, The wash solution typically contains sodium
chloride (NaCl), and potassium chloride (KCl) is used to wash plates
where antibodies or antigens that do not bind successfully will
disappear during washing. HRP (horseradish peroxidase) conjugate
2nd Antibody, namely a secondary antibody that has been
conjugated with HRP to increase the sensitivity and amplification of
the signal on the binding of the primary antibody which is directly
bound to the target antigen, the substrate reagent is usually TMB
(3,3',5,5'-Tetramethylbenzidine), where the substrate reacts with
enzymes to produce a color change, which is later measured as the
amount of antibody or antigen, and finally there is a stop solution
that stops the reaction, which is usually a mixture of H2S04 and HCl
solutions.

In order to prepare a hair tonic, the concentration of VEGF, a growth
factor that stimulates hair growth, must be determined in each
secretome concentration (table 1).

The secretome, which is the secretion of mesenchymal stem cells,
contains a variety of growth factors and cytokines that can be used
as an alternative therapy to stem cell-based therapies. Mesenchymal
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stem cells contribute to tissue regeneration by differentiating into
various tissues. According to recent research, hypoxic-conditioned
MSC improve their paracrine abilities. Treatment can boost the
immunomodulatory effect of MSC by increasing the secretion of
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cytokines and soluble factors associated with immunosuppression.
Hypoxic preconditioning increases the expression of VEGF, HGF, and
FGF, as well as enhances interactions with endothelial cells, all of
which contribute to the promotion of angiogenesis.

Table 1: The Result of the concentration determination

Sample Repetition Average

Concentration (pg/ml) SD

F15% 0.057 0.056
0.056
0.054
0.058

F2 7% 0.055 0.057
0.058
0.061

F310% 0.062 0.065
0.071

6.142 0.894

6.922 1.013

11.406 3.222

Alopecia is hair loss that is usually reversible in well-defined areas of
the head. Alopecia treatment with growth factors demonstrates
intriguing activity in promoting hair growth. Hair growth and follicle
size can be controlled by VEGF-mediated angiogenesis. According to
this theory, VEGF is an angiogenesis marker that promotes hair
growth by improving nutrient supply to hair follicles and increasing
follicle diameter [37-39].

Neutrophils, activated macrophages, and fibroblasts secrete VEGF,
which appears during the proliferative phase. Through the process
of angiogenesis, VEGF will stimulate endothelial cells in neovascular
formation. The main factor in the process of angiogenesis, which is
the formation of new blood vessel capillaries or the formation of
new tissue (granulation tissue) from pre-existing vascular tissue, is
the VEGF. Keratinocytes in the outer root sheath of hair produce
VEGF. VEGF plays an important role in angiogenesis and influences a
variety of cell functions, such as cell survival, proliferation, and the
regeneration of nitric oxide (NO) and prostacyclin. Angiogenesis is
composed of several stages, including the breakdown of the
basement membrane by protease enzymes, endothelial cell
migration, proliferation, and differentiation.

The measurement of VEGF levels in hair tonic preparations revealed
that the hair tonic formula with 10% secretome contained more
VEGF than the formulas with 5% and 7% secretome, implying that
the higher the concentration of VEGF in the preparation, the greater
the area of the hair follicles to be stimulated, which is consistent
with the findings of Yano et al. [9] and Gnann et al. [40] where the
researchers discovered that the higher the concentration of VEGF in
the gel sample, the larger the area of the hair follicle. In animal
studies, Yano et al. [9] identified VEGF as a key mediator of hair
follicle growth and cycling and provided direct evidence that
increased follicular vascularity correlates with increased hair
growth and hair follicle size.

Furthermore, growth factors such as IGF-1/IGF binding protein-1
complex and BMP act on DPCs to rebuild and maintain hair
induction capabilities [41, 42]. Indeed, IGF-1 regulates the hair
development cycle and the differentiation of the hair shaft.
Transgenic mice that express IGF-1 in the inner root sheath exhibit
follicular proliferation, tissue remodeling, hair growth cycle, and
follicular differentiation [43]. HGF, another paracrine hormone, may
promote follicular growth by increasing B-catenin expression [44].
Three groups of mice received daily dorsal intradermal injections of
1 pug HGF/SF in 0.1% albumin phosphate-buffered saline for 5-7
days. They demonstrated longer and larger HF in newborn mice, as
well as retention of anagen HF after 10 days, indicating a delay in the
transition from anagen to catagen.

Test for irritation

One of the important parameters to consider for topical
preparations, such as hair tonic, is the appearance of skin irritation if
the hair tonic preparation is applied to the scalp. Irritation is a skin
reaction caused by a variety of factors, such as the duration of
administration, the area of administration, the degree of penetration,
and the toxicity of the preparations used [45]. Skin irritation is

caused by an inflammatory reaction caused by keratinocytes
releasing proinflammatory cytokines. It usually happens in response
to chemical stimuli that cause disruption of the skin barrier, changes
in epidermal cells, and cytokine release [46]. There are two types of
irritation: primary irritation, which appears immediately after the
preparation reaches the scalp, and secondary irritation, which
appears after several hours of use. Irritation can occur after some
time of using hair tonic preparations, and it is characterized by
symptoms such as dry skin that is painful to the touch and bleeding.
The presence of erythema and edema characterizes the irritation
that develops. Whereas erythema or redness is caused by dilation of
blood vessels in the irritated area, edema [47].

An irritation test was performed to determine which hair tonic
preparations were deemed safe for daily use by volunteers if they
did not cause scalp irritation. Two qualitative and quantitative
observations were made during the primary irritation test. The
qualitative observation determined whether or not each formula
caused erythema and edema. Furthermore, the skin reaction was
assessed by categorizing the erythema and edema scores. The
quantitative observation was then statistically analyzed by
calculating the primary irritation index.

In theory, the erythema and edema scores on the skin of those who
received irritant compounds were higher than those who did not
receive irritant compounds. The results of the two groups were then
combined to produce the Primary Irritation Index (PII), which is
scored from 0 to 4 depending on the severity of the skin reaction
seen (No erythema = 0, Very slight (almost imperceptible) erythema
= 1, Visible erythema (diameter 25.1-30 mm) = 2, Moderate
erythema (diameter 30.1-35 mm) = 3, and Severe [48-50].

The irritation test on 20 volunteers revealed no erythema or edema
when using hair tonic preparations during the test. It is hoped that
hair tonic preparations will not cause primary irritation during use.
Primary irritation testing is necessary for all types of topical
preparations to determine their ability to irritate the skin and the
safety level of the preparations made [51].

Test for hair growth activity

Subjects were randomly selected depending on a doctor's diagnosis.
Inclusion criteria were healthy volunteers aged 18 y or more.
Exclusion criteria encompassed self-reported hair loss within the
preceding 6 mo, the presence of underlying systemic illnesses, and
lacking Asian ancestry, having a history of using medication or hair
products that affect the hair growth cycle, a positive hair-pull test,
abnormal hair or scalp observed on physical examination, and those
with abnormalities. Male and female participants displayed
comparable hair density patterns, with more density in the vertex and
less density in the temporoparietal region. Hair density and diameter
were not substantially different between male and female individuals.
So, gender will not make a significant difference in findings. People
with hair loss/alopecia were given hair tonic preparations in this
study. Alopecia is a hair loss condition that affects both men and
women. Although alopecia is not a life-threatening disease, it can cause
emotional and traumatic stress in sufferers [4].
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Fig. 1: (a) volunteers with the Ludwig classification type II; (b) volunteers with Norwood-Hamilton classification type II a; (c) volunteers
with Norwood-Hamilton classification type III vertex; and (d) volunteers with the Ludwig classification type II

Fig. 2: (a) volunteers with the Ludwig classification type I; (b) volunteers with Norwood-Hamilton classification type V a; (c) volunteers
with Norwood-Hamilton classification type IV; and (d) volunteers with the Ludwig classification type II

Fig. 3: (a) volunteers with the Norwood-Hamilton classification type III vertex; (b) volunteers with Ludwig classification type I; (c)
volunteers with Ludwig classification type I; and (d) volunteers with the Ludwig classification type I

Fig. 4: (a) volunteers with the Norwood-Hamilton classification type IV a; (b) volunteers with Ludwig classification type I; (c) volunteers
with Ludwig classification type I; and (d) volunteers with the Norwood-Hamilton classification type IV

Fig. 5: (a) volunteers with the Ludwig classification type I; (b) volunteers with Ludwig classification type I; (c) volunteers with Norwood-
Hamilton classification type III vertex; and (d) volunteers with the Ludwig classification type I
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After one month of using hair tonic preparations, volunteers were
observed because normal hair growth per day is between 0.00033 m
and 0.01 m per month [52, 53]. The density of hair follicles in typical
scalp hair ranges from 0.02 to 0.04 per mm?. Hair growth is normally
influenced by factors such as hair growth speed and duration, as
well as dilation of blood vessels in the hair that supply blood during
the anagen phase [54]. The hair density of 20 volunteers who used
hair tonic preparations is shown in the table 3-7.

The subject’s hair growth was measured using a hair analyzer. A hair
analyzer is a device that measures many aspects of hair, including
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hair density, which refers to the amount of hair strands in a certain
area of the scalp. Measuring hair density can provide important
information for a variety of purposes, including analyzing hair loss,
determining the success of hair treatments, and just knowing an
individual's hair health.

Hair growth each day ranges between 0.00033 m and 0.01 m every
month [52, 53], hence, the analysis is performed every four weeks.
The analyzer typically measures a specific area of the scalp (for
example, 0.0001 m?) and counts the number of hair follicles or
strands within that area.

Table 2: Hair density by providing hair tonic base

After 4 w of use After 8 w of use

Base Before use
Volunteer 1 10% +0.08
Volunteer 2 27% +0.08
Volunteer 3 28% +0.08
Volunteer 4 17% +0.08

10% +0.08 10% =0.08
27% £0.08 27% £0.08
28% £0.08 28% +0.08
17% +0.08 17% =0.08

Notes: Results presented as mean+SD (n=4)

Table 3: Hair density by providing hair tonic base+FBS

After 4 w of use After 8 w of use

Base+FBS Before use
Volunteer 5 11% +0.04
Volunteer 6 19% +0.04
Volunteer 7 10% +0.04
Volunteer 8 14% +0.04

10% %0.04 10% +0.04
19% +0.04 19% +0.04
10% %0.04 10% +0.04
14% +0.04 14% +0.04

Notes: results presented as mean+SD (n=4)

Table 4: Hair density by providing 5% secretome hair tonic

F1 (Secretome 5%) Before use After 4 w of use After 8 w of use
Volunteer 9 54%+0.18 68% +0.23 77% £0.23
Volunteer 10 19%=+0.18 23% £0.23 31% #0.23
Volunteer 11 33%+0.18 39% +0.23 40% +0.23
Volunteer 12 12%=+0.18 15% +0.23 24% £0.23

Notes: Results presented as mean+SD (n=4)

Table 5: Hair tonic by providing 7% secretome hair tonic

F2 (Secretome 7%) before use After 4 w of use After 8 w of use
Volunteer 13 56% +0.20 65% *0.21 80% £0.26
Volunteer 14 16% +0.20 22% £0.21 29% £0.26
Volunteer 15 10% +0.20 20% #0.21 23% +0.26
Volunteer 16 22% £0.20 26% #0.21 29% #0.26

Notes: Results presented as mean+SD (n=4)

Table 6: Hair density by providing 10% secretome hair tonic

F3 (Secretome 10%) Before use After 4 w of use After 8 w of use
Volunteer 17 10% +0.30 25% +0.31 21% +0.32
Volunteer 18 80% +0.30 93% +0.31 98% +0.32
Volunteer 19 41% +0.30 58% +0.31 64% +0.32
Volunteer 20 20% +0.30 30% +0.31 42% +0.32

Notes: Results presented as mean+SD (n=4)

Hair tonic preparations are an additional option to hair cosmetic
preparations. Hair tonic preparations come in the form of an easy-
to-apply solution that can be spread on the scalp's surface and is not
sticky like gel or other semisolid preparations. As a result, it does not
leave residue that can cause scale on the scalp, allowing dandruff to
be avoided [55].

The active ingredients used in the manufacture of hair tonic
preparations are ATMSCs secretomes, while the preparation base is
96% ethanol, propylene glycol, phenoxy ethanol, which is also used
by as a solvent, 96% ethanol is used, which also improves
penetration into the skin. Propylene glycol is a humectant that can
increase the solubility of the formulation's ingredients as well as the
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viscosity of the preparation. Phenoxy ethanol is used as a
preservative because it has a broad spectrum of antimicrobial
activity against a variety of Gram-negative and Gram-positive
bacteria, as well as fungal infections, and its maximum use is 1% [56,
57].

The control groups received fetal bovine serum and a hair tonic base
(placebo). Placebos can help assess the psychological impact of
treatment. Many people may notice improvements in their hair
health or look merely because they believe they are receiving
excellent therapy. Genetics, food, and environmental variables can
all have an impact on hair growth and overall health.

Interactions between epithelial and mesenchymal stem cells
influence hair follicle development. Many genes are involved in this
interaction as well as hair follicle cycling[58]. Growth factors such as
IGF-1, fibroblast growth factor-7 (FGF-7), HGF, and VEGF are
required during the anagen phase of hair growth.

Approximately 85-90% of all hair on the scalp is anagen [59]. In this
phase, VEGF is one of the growth factors required for the process of
growing the hair shaft.

Adipose tissue mesenchymal stem cell secretomes can repair the
scalp, which is consistent with the findings Narita et al. [19] whereas
the MSCs secretome of adipose tissue promotes hair growth via the
gradual spread of paracrine effects across the scalp in the
interfollicular dermis, as well as a direct paracrine effect on dermal
follicular papilla cells.

It is possible to overcome hair loss by increasing blood flow around
the hair follicles to supply essential nutrients to the hair roots so
that hair can grow by inducing angiogenesis, which is mediated by
VEGF to increase blood flow. Hair follicles require nutrients,
particularly during the anagen phase, which is responsible for
micro-vascularization reorganization, endothelial cell proliferation,
and cell division.

Alopecia treatments based on growth factors demonstrate intriguing
activity in promoting hair growth. According to this theory, VEGF
stimulates hair growth by facilitating the supply of nutrients to hair
follicles, increasing the diameter of the follicles, which is consistent
with the findings of Gnann et al. [40], who found an increase in the
number of hairs in test animals given preparations containing VEGF
growth factor. VEGF expression in hair follicles is significantly lower in
people with hair loss/alopecia compared to normal hair follicles [60].

The data analysis test used is a two-way ANOVA analysis, but first the
data's normality and homogeneity must be tested. The data were
normally distributed (p>0.05) in the Kolmogorv-Smirnov one-sample
normality test, with a value of 0.200. The homogeneity test using
Levene's test with homogeneous data yielded 0.593 (p>0.05). So that
the requirements for performing the ANOVA test can be met.
According to the SPSS ANOVA results, the effect of hair tonic
preparations containing mesenchymal stem cell secretomes on hair
growth was significant (Sig.) 0.000. If the p-value is less than 0.05, HO
is rejected, indicating that hair tonic preparations containing adipose
tissue mesenchymal stem cell secretomes promote hair growth.

From the research that has been carried out, there are no visible side
effects from using secretome as a hair growth agent. Katagiri's
research [61], which included a histological evaluation after 6 mo,
revealed that the experimental group had significantly higher levels
of bone regeneration and angiogenesis than the control group. Apart
from that, no negative consequences happened. However, further
research needs to be done regarding the delayed side effects of using
this hair tonic.

CONCLUSION

According to the research, hair tonic preparations containing
adipose tissue mesenchymal stem cell secretome have an effect on
hair growth, as evidenced by an increase in volunteer hair density
after using the hair tonic, with a secretome content of 10% providing
the best effect. Simpler and more practical pharmacological
formulations would be extremely beneficial to persons suffering
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from hair loss/alopecia. As a result, it is required to develop
cosmetic preparations that are simple to use, such as hair tonic
preparations derived from the secretome of adipose tissue
mesenchymal stem cells, which produce a hair growth impact.
Because it has been shown to be beneficial in boosting the hair
density of volunteers, it is hoped that the hair tonic formulation
containing adipose tissue mesenchymal stem cell secretome may
promote hair growth for those who suffer from hair loss/alopecia.
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