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Abstract
Objective: Androgenetic alopecia (AGA) is a prevalent form of hair loss, mainly caused by follicular sensitivity to 
androgens. Despite developing different anti-androgen treatment options, the success rate of these treatments has 
been limited. Using animal models, this study evaluated the therapeutic effects of umbilical cord (UC) stem cell 
conditioned media (CM) combined with oral anti-androgens for hair regeneration. 
Materials and Methods: In this experimental study, Poloxamer 407 (P407) was used as a drug carrier for 
subcutaneous testosterone injection. AGA models were treated with oral finasteride, oral flutamide, and CM 
injections. Samples were thoroughly evaluated and compared using histological, stereological, and molecular 
analyses.   
Results: Injecting CM-loaded hydrogel alone or combined with oral intake of anti-androgens improved hair regeneration. 
These treatments could promote hair growth by inducing hair follicles in the anagen stage and shortening the telogen 
and catagen phases. Furthermore, the combination treatment led to an upregulation of hair induction gene expression 
with a downregulation of inflammation genes.     
Conclusion: Through a reduction in inflammation, injection of CM-loaded hydrogel alone or combined with oral intake 
of anti-androgens induces the hair cell cycle with regeneration in damaged follicles. Hence, this could be a promising 
therapeutic method for AGA patients.     
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Introduction
Androgenetic alopecia (AGA) is the most prevalent 

form of hair loss affecting 80% of men and 50% of 
women over their lives. AGA is influenced by androgen 
and characterized by persistent, gradual and patterned hair 
thinning in defined areas of the scalp. Genetic inheritance 
and androgen levels are two major risk factors for AGA 
(1). Notably, the binding of dihydrotestosterone (DHT), a 

metabolite of testosterone, to the androgen receptor (AR) 
is a crucial factor in the pathogenesis of this condition. 
As DHT accumulates in androgen-sensitive tissues, a 
progressive shrinking and thinning of the affected areas 
occur, eventually leading to alopecia (2). Despite AGA’s 
prevalence and adverse effects, there is currently no 
universally accepted treatment for this condition. Drug 
therapies and follicular unit transplantation are routine 
treatment options for AGA. However, these treatment 
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options cannot cure AGA effectively and permanently 
(3). Therefore, it is essential to develop novel therapeutic 
strategies to discover more effective treatment options.

The use of AR antagonists presents a potential 
therapeutic approach for AGA. Flutamide, a nonsteroidal 
anti-androgen drug, was shown to block the action of 
both endogenous and exogenous testosterone through 
binding to AR (4). Finasteride is the first food and drug 
administration (FDA)-approved oral treatment for 
AGA which acts through selective inhibition of type II 
5α reductase. Finasteride reduces follicular shrinkage 
by irreversibly binding to the enzyme and blocking the 
production of DHT from testosterone (5). While flutamide, 
finasteride, and other chemical drugs are used as primary 
alopecia therapies, their potential synergistic effects and 
undesirable side effects have remained unclear (6).

The dermal papilla (DP) of the hair follicle (HF) is a 
critical signalling region responsible for sustaining hair 
development, regulating hair formation and cycling 
by paracrine secretion (7). Accordingly, a poor DP 
microenvironment may lead to hair loss. Additionally, 
androgen-induced changes in autocrine or paracrine 
compounds of DP cells are associated with HF stem cell 
dysfunction (8). In this regard, regenerative medicine 
using cell products and tissue engineering can be a 
suitable treatment for hair loss. Treatments based on cell 
therapy are among the suggested approaches, which play 
an essential role in migrating endothelial cells, fibroblasts 
and skin cells due to proliferation intensifiers (9). Stem 
cell therapy is a new technique for treating hair loss (HL) 
using exogenous cell sources or progenitor cells (PCs), 
such as follicular stem cells and the umbilical cord (UC) 
that are used in clinical trials (10). Another approved 
regenerative medicine method is thermo-sensitive gel 
products, a simple, low-cost method with a slow-release 
property (11). Poloxamer 407 (P407) system is a thermo-
sensitive and high-quality carrier in drug delivery. P407 
is in the form of a gel at a temperature close to the body 
(37°C) and remains as a stable carrier at the injection 
site (12). In addition, several studies have shown that 
conditioned media (CM) can influence hair stem cell 
activation and angiogenesis, accelerated hair density, 
and increased volume in AGA patients (13, 14). Indeed, 
dental pulp stem cells-derived CM (dental-MSC) have the 
ability to activate hair follicles, neural cells, adipocytes, 
and dentin-producing cells (13).

In the embryonic ectoderm germ layer, these multipotent 
cells originate from temporary neural crest cells. The 
ability of these stem cells to differentiate into other 
cells may make them useful in the treatment of different 
disorders. Furthermore, CM contains multiple growth 
factors released by stem cells, which may be effective in 
repairing tissue under different conditions (15).

Mesenchymal stem cells (MSCs), immature 
precursors derived from the mesoderm, possess self-
renewal capabilities and the capacity for multilineage 
differentiation. Studies have demonstrated that paracrine 

factors secreted in CM are primarily responsible for the 
therapeutic activity observed in MSC. In CM therapy, 
extracellular vesicles (EVs) and soluble factors are 
transferred to activate signalling pathways. EVs contain 
various components including mRNAs, miRNA, growth 
factors and cytokines. Retrospective human studies have 
demonstrated that CM regulates the hair cycle and the 
regeneration of hair follicles.

Early hair regression is thought to be caused by DHT, 
a hormone derived from testosterone. Moreover, it was 
found that it reduced the volume of the cellular hair matrix 
and reduced the duration of the anagen growth phase in 
genetically susceptible hair follicles. The DHT synthesis 
inhibitor (DHT-inhibitor) is regarded as one of the most 
important metabolites in hair development, although it 
is not able to completely alleviate hair loss. Despite this, 
long-term treatment of AGA with DHT inhibitors has 
been documented in well-controlled clinical trials to be 
both effective and safe. As reported by Kamishima et al. 
(13), androgen inhibitors are quite beneficial, especially 
when started at an early stage of the disease.

In this study, CM, a mixture of growth factors and 
peptides derived from stem cells, was loaded in P407 
thermosensitive hydrogel and injected into the alopecia-
induced mice model. The effects of CM-rich P407 
thermosensitive gel in combination with oral anti-
androgens on hair growth and its inhibitory effect on hair 
loss at the molecular level were investigated. In addition, 
we examined two forms of AGA strategy with different 
natures, the first one is anti-androgens, and the second one 
is based on cell therapy.

Materials and Methods
Isolation and characterization of human umbilical 
cords mesenchymal stem cells 

This experimental study was approved by the Shiraz 
University of Medical Sciences Ethics Committee 
(IR.SUMS.REC.1398.855). After obtaining written 
informed consent, UCs were collected from women 
(18 to 30 years old) who underwent cesarean section. 
The cords were cultured in a culture plate containing 
minimum essential medium eagle-alpha modification 
(Alpha MEM) (Shellmax, USA) supplemented with 10% 
fetal bovine serum (FBS, Gibco, Life, USA) and 1% 
penicillin-streptomycin at 37°C with 5% CO2. The culture 
medium was changed every three days (16). Cell surface 
markers, including HLADR, CD44, CD90, and CD34, 
were analyzed using a FACSCalibur™ flow cytometer 
(Becton Dickinson, USA) to confirm the isolated cells. 
The certainty of the mesenchymal origin of cells was 
also evaluated by differentiation into osteoblasts and 
adipocytes using each specific differentiation medium 
(Gibco Life, USA) (17). 

Preparation of condition media
Cells were selected, trypsinized (0.25%) and cultured 

in DMEM/F-12 (Shellmax, USA) supplemented with 
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10% FBS until 70 to 80% confluency. After 48 hours of 
incubation in a serum-free medium, CM was harvested. 
The media was collected, spun at 1000 rpm for 5 
minutes to remove cell debris, and filtered through a 
0.22 µm syringe filter, then freeze-dried, and stored at 
-20°C.

Preparation of thermo-sensitive Poloxamer 407 (P407) 
System

Injectable thermosensitive P407 was used as a 
testosterone carrier for sustained-release drug delivery. 
The P407 powder was dissolved at a concentration of 
21% in phosphate-buffered saline (PBS) and Ethanol 
with a volume ratio of 80/20. Then, a testosterone 
injection solution (ALL-TES-2433) was added to the 
P407 gel at a 5 gr/ml ratio. This solution was used 
in the early stages of the study to induce alopecia 
in animals. Furthermore, P407 maintained the slow 
release of umbilical cord MSC-CM (UC-MSc-CM). To 
achieve this, a suitable amount (200 μg) of dried CM 
was dissolved in P407 gel without ethanol to reach a 
concentration of 22% at 15°C (12, 18).

Evaluating the release rate of testosterone and 
conditioned media loaded in the gel

UV spectroscopy was used to analyze the in vitro 
release profiles of P407-CM and P407-testosterone. The 
in vitro release of CM and testosterone was investigated 
by placing two vials with known concentrations of 
P407-CM and P407-testosterone in a shaker incubator 
at 37°C for 15 minutes until a gel formed. After that, 
1.5 ml of phosphate buffer (pH=7.4) was added to each 
container. The samples were obtained at specified time 
intervals (periods), replaced with the same volume of 
pre-warmed fresh PBS, and centrifuged for 15 minutes 
at 12000 rpm. The absorbance was recorded at 240 nm 
using a UV-visible spectrophotometer. The Bradford 
assay was also used to assess the concentration of CM 
(18, 19).

Animal groups
Six-week-old male C57BL/6 mice (35-50 g) were 

acquired from the Shiraz University of Medical Sciences 
Animal Lab. For each group, six male mice were placed 
into separate cages to prevent interference between them. 
The housing and handling of mice were conducted based 
on the Ethics Committee guidelines in cages at ambient 
temperature (25 ± 2°C), and the mice were fed standard 
mouse chow and water ad libitum under light/dark cycles 
of 12 hours and 12 hours. Dorsal skin hair was shaved 
in 48 mice, and they were categorized into eight groups 
as listed in Table 1. Then subcutaneous injection of 
testosterone with Poloxamer 407 (P407) carrier was used 
to induce alopecia in mice. For injection, 0.2 ml of gel 
containing 2 mg of CM was used in two stages on days 
1 and 21. The mice were evaluated daily for changes in 
hair loss and growth, and the photographs were taken in 

the first and last days of the study. Finally, the mice were 
sacrificed 42 days after the start of the study (14, 20).

Table 1: Classification of studied mice for different treatments

Groups Treatment

PBS PBS=every 4 days

P407 P407=every 4 days

P.T P.T=every 4 days

CM P.T=every 4 days, CM=Day 1 and 21 of the study

Fl P.T=every 4 days, Fl=everyday

CM.Fl P.T=every 4 days, Fl=everyday, CM=Day 1 and 21 of the 
study

Fin P.T=every 4 days, Fin=everyday

CM.Fin P.T=every 4 days, Fin=everyday, CM=Day 1 and 21 of the 
study

PBS; Phosphate-buffered saline, P407; Poloxamer 407, P.T; Poloxamer 
407+Testosterone, CM; Poloxamer 407+umbilical cord stem cell 
conditioned media, Fl; Oral flutamide, and Fin; Oral finasteride.

Anti-androgenic treatment
Flutamide and finasteride, an androgen antagonist and 

a 5-alpha reductase inhibitor, respectively, were utilized 
as oral anti-androgenic drugs (Table 1). The mice were 
fed daily with flutamide at a dose of 1.75 g/ml in soybean 
oil and finasteride at a concentration of 0.007 mg/ml in 
water.

Excisional biopsy and sample preparation
On the final day of the experiment, animals were 

sacrificed for histological, stereological, and molecular 
analysis. Samples were collected from the area between 
0.5-1 mm below the dermo-epidermal junction.

Stereological analysis
A full-thickness dorsal skin sample (2×2 cm2) was 

removed and subsequently fixed in buffered formaldehyde 
for stereological assessment. The specimen was 
sectioned into 0.5×0.5 cm2, and nine pieces were selected 
according to the systematic random sampling method. 
Using a microtome, the sample pieces were embedded 
in a paraffin block and sectioned with 5 µm and 20 
µm thickness. Then, Heidenhain’s Azan trichrome and 
hematoxylin-eosin were used to stain 5 µm and 20 µm 
sections, respectively (Fig.1A, B).

Estimation of the volume density
Microscopic skin analyses were carried out by a 

video-microscopy system (Nikon E-200, Tokyo, Japan). 
The point-counting method was utilized to estimate the 
volume densities of the dermis, epidermis, hypodermis, 
collagen bundles, and vessels. Briefly, a point grid was 
superimposed on the images of the 5 µm thickness skin 
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on the monitor using stereology software designed by 
Shiraz University of Medical Sciences, Shiraz, Iran 
(Fig.1A). The volume density (Vv) was measured using 
the following formula (21):

Vv (structure, reference)=Σ𝑃 (structure)/Σ𝑃 (reference)
Where "Σ(reference)" and "Σ𝑃(structure)" are the whole 
skin sections and the total points hitting the favoured 
structures, respectively.

Estimation of the numerical density
To obtain the numerical density (number of the cells 

per unit volume of the dermis; Nv) of the fibroblasts, the 
20 μm slides were analyzed using the "optical dissector" 
method (Fig.1B), and Nv was calculated using the 
following formula (15):

Nv=[∑Q/∑P×a/f×h]×[t/BA]

where "∑Q" represents the total number of cells counted 
during scanning the section thickness (on average, 700 
neurons and 600 oligodendrocytes per animal), "∑P" is the 
total number of counting frames in all fields (130 frames 
per animal, on average), "a/f" and "h" are the frame area 
and the height of the dissector, respectively. “BA” is the 
block advance of the microtome (30 μm) and "t" refers to 
the real post-processing section thickness calculated using 
the microcator (25 μm). To calculate the total number of 
cells, the numerical density (NV) was multiplied by the 
reference volume (V).

Histopathology study
The biopsy sample was fixed in a 10% formalin fixative 

solution, embedded in paraffin, and sectioned into 3 µm 
thick slices for histopathology evaluation. HFs in different 
stages of catagen, telogen, and anagen were counted. The 
count was done in 10 different fields (40x) and mean ± 
SD was calculated for each parameter. Compared to 
normal skin, any change in the number of HFs and a 
difference in the inflammatory reaction was considered as 
an intervention effect. The stage of HF growth (Anagen, 
Telogen and Catagen) and hair type (vellus or terminal) 
were evaluated.

Quantitative gene analysis
Total RNA from the treated skin tissue was extracted 

using the AddPrep Total RNA Extraction Kit (Addbio, 
Korea) based on the manufacturer’s instructions. The 
concentration and purity of RNA were quantified using 
a NanoDrop ND-1000 spectrophotometer (NanoDrop 
Technologies, Wilmington, DE, USA). Next, cDNA 
was synthesized (Addbio, Korea) and used as a template 
for a real-time polymerase chain reaction (PCR). After 
cDNA synthesis, the expression of Il-1β, Il-1α, Tnf-α, 
Lef-1, Versican, and Ptc-1 genes along with Beta-actin 
(β-actin) as an internal control was measured using real-
time PCR. For this purpose, specific gene primers and 2x 
Q-PCR Master Mix SYBER GREEN Add SYBR Master 

kit were used based on the manufacturer’s protocol. The 
relative expression of the mRNA was quantified using 
the comparative cycle threshold method. The following 
primer sequences were used:
β-Actin-
F: CAGCTGAGAGGGAAATCGTG
R: CGTTGCCAATAGTGATGACC
Il-1β-
F: ACAAGGAGAACCAAGCAACGAC
R: GCTGATGTACCAGTTGGGGAAC
Il-1α-
F: CTGTGCCTGTCTTGTGCCA
R: AGAGCGGATGAAGGTAAAGCG
Tnf-α-
F: TGCCCCAAGGACACCCC
R: GGGCTGGGTAGAGAATGGATGA
Lef-1-
F: ACCGATGAGATGATCCCCT
R: CCTCTTCGGGATGACTGAT
Versican-
F: TTTTACCCGAGTTACCAGACT
R: AGTAGTTGTTACATCCGTTGC
Ptc-1-
F: ACATTCAAAAGAACTGCGGC
R: AAAGGGAAGGAAGACGAAGG

Statistical analysis
The data was presented as mean ± SD. GraphPad Prism 

software (version 8.0, La Jolla, CA) was used to generate 
all the graphs. The groups were analyzed using One-way 
ANOVA and Tukey’s tests using GraphPad (Version 8.0, 
La Jolla, CA). Differences were reported as statistically 
significant if P<0.05.

Results
Characterization of human umbilical cords 
mesenchymal stem cells and the hydrogel

To confirm the mesenchymal origin of cells, isolated 
cells were evaluated by differentiation into osteoblasts and 
adipocytes. The presence of calcium deposits indicated 
the potential of cells to become osteoblasts, while the 
presence of intracellular lipid vacuoles was noted as a 
distinguishing characteristic of adipocytes (17). Cells 
were also characterized by flow cytometry using different 
surface markers. The presence of positive markers, 
CD90 and CD44, and the absence of negative markers, 
HLA-DR and CD34 were confirmed on the isolated cells 
(Fig.1C-F). 

We also evaluated the release of CM and testosterone 
from the gel system. We observed that CM was released 
from the gel system after 20 days (Fig.1G). However, 
approximately 60% of the testosterone was released 
within the first 24 hours, with complete release occurring 
within 160 hours (Fig.1H).
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Fig.1: A schematic representation of stereological methods was used in this study. A. Point-counting method for calculating volume density, B. Optical 
dissector method for estimating numerical density (scale bar: 50 μm). The ability of human UC-MSCs differentiation into adipocytes and osteocytes. 
Immunophenotyping analysis of UC-MSCs. Cells were positive for C. CD44, D. CD99 and negative for E. HLA-DR, F. CD34. The control histogram is highlighted 
in green. CM and testosterone release rate loaded in the hydrogel. G. Cumulative CM release and H. Cumulative testosterone release. UC-MSCs; umbilical 
cords mesenchymal stem cells and CM; Conditioned media.

Gross, histopathological and stereological evaluations 
of the treated groups

The results of gross and histopathological studies 
showed the increase and regeneration of HFs in all 
treatment groups (Figs.2A-H, 3A-C). CM.Fl and CM.Fin 
treatmentresulted in the most significant effect on the 
anagen phase, leading to an earlier onset and a longer 
duration of HF growth. Regarding the HF cycle, in CM, 
Cm.Fl and CM.Fin treated groups, the number of HFs in 
the telogen and catagen phases were greatly reduced. The 
combination of CM with flutamide displayed a significant 
improvement in promoting HF toward the anagen phase 
(P<0.05). 

AGA is characterized by the presence of small-sized 

hair follicles and a shortening anagen phase Figure 2CIII 
(22). Hair loss typically correlates with irregularities in 
HF cycling and morphology, as shown in Figure 2CIII. 
During the anagen state of a hair follicle, DP remains 
situated deep within the subcutaneous fat layer, as 
depicted in Figure 2CIII (23).  In addition, the number 
of vellus and terminal hairs was evaluated between 
groups. Across all treated groups, vellus hairs decreased, 
while terminal hairs increased (Fig.3D, E). However, 
CM, CM.Fl, and CM.Fin treated groups demonstrated a 
higher level of terminal hairs compared to other treated 
groups. Similarly, the groups treated with CM showed a 
significant reduction of inflammation (P<0.05, Fig.3F) 
(24).

G H

A B

C D E F
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Fig.2: The gross appearance of alopecia and hematoxylin and eosin staining of HFs in different treatment groups. The mice were treated using A. PBS, B. 
P407, C. P.T, D. C.M, E. Fl , F. CM.Fl, G. Fin, and H. CM.Fin. The presented photographs depict the first (left) and last (right) days of the experiment (AI-HI) 
(scale bar: 1 cm). AII-HII 100x (scale bar: 50 μm). AIII-HIII 400x-Green arrow showing inflammation (scale bar: 200 μm). HF; Hair follicle, PBS; Phosphate-
buffered saline, P407; Poloxamer 407, P.T; Poloxamer 407+Testosterone, C.M; Poloxamer 407+Testosterone)+(Poloxamer 407+conditioned media), F1; 
(Poloxamer 407+Testosterone)+(Oral flutamide, CM), F1; (Poloxamer 407+Testosterone)+(Oral flutamide), Fin; (Poloxamer 407+Testosterone)+(Oral 
finasteride), and CM.Fin; (Poloxamer 407+Testosterone)+( Oral finasteride)+ (Poloxamer 407+conditioned media).

As shown in Figure 3, a significant difference in 
the volume density of the epidermis between the P.T 
and PBS treated groups was found (P<0.05). There 
was also a significant difference in hypodermis 
between the P.T and PBS treated groups (P<0.05). 
Although, CM, CM.FL and CM.Fin treatments could 
significantly prevent subcutaneous layer loss (P<0.05), 
no significant changes in dermal volume density were 
observed.

As a result of treatment with P.T, FL, or Fin, collagen 
volume density was significantly reduced in comparison 
with the PBS treated group (P<0.05), whereas the 
CM, CM.Fl, and CM.Fin treated groups demonstrated 
significant increases in this parameter(P<0.05, 
Fig.3J). The volume density of vessels was reduced 

in the P.T, FL and Fin treated groups compared to the 
control group (P<0.001). Moreover, it was shown that 
the volume densities of vessels in the CM, CM.Fl, and 
CM.Fin groups were significantly higher than the P.T 
group (P<0.001). Interestingly, a significant difference 
was seen between the FI and Fintreated animals and 
the CM treated group (P<0.01). Combined groups 
with CM improved the Vessel’s volume density more 
than either FI or Fin groups (P<0.001, Fig.3K). 

Conversely, the volume density of the sebaceous gland 
was increased in the P.T (P<0.001), FL and Fin treated 
groups (P<0.01) compared to the Control group. This 
parameter was reduced in the FL and Fin-treated mice 
(P<0.05), as well as CM, CM.Fl, and CM.Fin  treated 
groups (P<0.001) compared to the P.T group (Fig.3L).
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Fig.3: The effect of anti-androgen treatments and regenerative medicine on the hair follicle cycle and components of skin layers in mice. A. Quantitative 
analysis of the number of hair follicles, B. The number of follicles in the anagen phase, C. The number of follicles in the catagen or telogen phase, D. 
The number of villous hairs, E. The number of terminal hairs, and F. The degree of inflammation. G. The volume density (%) of skin’s layers including 
epidermis, H. Dermis, I. Hypodermis among the treated groups. J. The volume density (%) of the collagen bundle, K. Vessels, and L. Sebaceous gland 
in the experimental groups. Data are presented as n=6 ± SD. HF; Hair follicle, PBS; Phosphate-buffered saline, P407; Poloxamer 407, P.T; (Poloxamer 
407+Testosterone), C.M; (Poloxamer 407+Testosterone)+(Poloxamer 407+conditioned media), F1; (Poloxamer 407+Testosterone)+(Oral flutamide), 
CM.F1; (Poloxamer 407+Testosterone)+(Oral flutamide)+(Poloxamer 407+conditioned media), Fin; (Poloxamer 407+Testosterone)+( Oral finasteride), 
CM.Fin; (Poloxamer 407+Testosterone)+(Oral finasteride)+(Poloxamer 407+conditioned media), *; P<0.05, **; P<0.01, ***; P<0.001 vs. the PBS group, 
#; P<0.05, ##; P<0.01, ###; P<0.001 vs. the P.T group, +; P<0.05, ++; P<0.01 vs. the CM group, +++; P<0.001 vs. the CM group, $; P<0.5, $$; P<0.01, $$$; 
P<0.001 vs. the FI group, &; P<0.5, &&; P<0.01, and &&&; P<0.001 vs. the Fin group.
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The stereological data obtained for HFs and 
components of HFs, including medulla, cortex, 
inner root sheath, outer root sheath, and dermal root 
sheath, are listed in Table 2. The volume density 
of all parameters was reduced in the P.T. group in 
comparison to the PBS-treated animals (P<0.05). 
These components were significantly increased in 
mice treated with CM, CM.Fl, and CM.Fin compared 
to P.T group (P<0.05).

As shown in Table 2, the numerical density of 
spinous cells in the epidermis and fibroblasts in the 
dermis of the P.T, FL, and Fin treated mice were lower 
than the PBS treated group (P<0.001). These cells were 
significantly increased in the CM (P<0.01), CM.Fl, 
and CM.Fin treatedgroups (P<0.001) compared to the 
P.T treatedgroup. In addition, a significant difference 
was observed between the CM.Fl and CM.Fin treated 
animals and CM group (P<0.01). No significant 

Table 2: The mean and standard deviation of the volume density (%) of the HF and components of the HF in the 
experimental groups (n=6) 

Group Hair follicle 
(Vv)

Hair follicle component (Vv) Fibroblast 
(Nv)

Epidermis cells (Nv)

Medulla Cortex Inner root 
sheath

Outer root 
sheath

Dermal 
root sheath

Basal Spinosum

PBS 6.213 ±  
1.205

3.750 ± 
0.3852

6.120 ± 
1.776

15.63 ± 
3.588

31.93 ± 
3.064

7.859 ± 
1.789

176.7 ± 
17.07

175.2 ± 
28.13

533.6 ± 
93.64

P407 6.400 ± 1.071 3.512 ± 
0.7372

5.821 ± 
1.355

15.73 ± 
4.923

31.00 ± 
5.161

8.079 ± 
2.139

188.1 ± 
33.89

176.7 ± 
28.25

517.2 ± 
88.09

P.T 3.372 ± 
0.4764*

1.775 ± 
0.4453*

2.944 ± 
1.442*

7.879 ± 
3.330 *

18.90 ± 
4.901*

3.579 ± 
0.8825*

70.46 ± 
11.50 ***

161.4 ± 
30.20

219.7 ± 
47.07***

CM 6.244 ± 
0.8346#

3.606 ± 
0.9045#

5.501 ± 
1.315#

13.46 ± 
3.650

28.43 ± 
4.058#

7.799 ± 
2.024#

159.7 ± 
27.88##

171.8 ± 
24.67

360.8 ± 
62.24##

Fl 4.996 ± 
0.2512#

2.867 ± 
0.8659

3.720 ± 
0.7429

10.74 ± 
2.316

25.10 ± 
6.805

5.876 ± 
2.133

95.48 ± 
11.62***

166.2 ± 
15.13

277.1 ± 
47.04***

CM.Fl 6.548 ± 
0.9315#

3.829 ± 
1.275#

6.099 ± 
1.658#

15.17 ± 
2.374#

33.75 ± 
5.961#

8.770 ± 
2.748#

235.6 ± 
24.28###++$$$

176.0 ± 
30.28

564.5 ± 
94.20###++$$$

Fin 4.951 ± 
0.5134#

2.659 ± 
1.162

3.938 ± 
1.254

12.19 ± 
1.922

26.19 ± 
3.139

5.526 ± 
1.527

94.78 ± 
12.36***

167.3 ± 
19.57

253.8 ± 
38.32***

CM.Fin 6.324 ± 
0.9461#

3.614 ± 
1.090#

6.233 ± 
1.155#

14.05 ± 
1.280#

31.93 ± 
4.068#

8.184 ± 
2.460#

223.8 ± 
29.10###++ &&&

175.9 ± 
19.03

565.0 ± 
84.49###++&&&

The mean and standard deviation of the numerical density of fibroblasts, basal cells, and spinous cells (×103 per mm3) in the experimental groups (n=6). *; 
P<0.05 vs. the PBS group, #; P<0.05 vs. the P.T group. ***; P<0.001 vs. the PBS group, ##; P<0.01, ###; P<0.001 vs. the P.T group, ++; P<0.01 vs. the CM group, 
$$$; P<0.001 vs. the FI group, and &&&; P<0.001 vs. the Fin group.

changes were found in the numerical density of basal 
cells between groups. Taken together, CM.Fl and 
CM.Fin could improve the numerical density of these 
cells more than either FI or Fin groups (P<0.001) (25).

Gene expression analysis
The expression of Il-1α, Il-1β, and Tnf-α genes were 

up-regulated in the alopecic models compared to the 
control group (Fig.4A-C). Following treatment, the 
expression of these genes was decreased in all groups. 
However, a significant reduction was found in the 
groups treated by CM, CM.Fl, and CM.Fin compared to 
the other groups. A decrease in the expression of genes 
related to hair growth and survival, Ptc1, Versican, and 
Lef are closely associated with androgenic alopecia 
(Fig.4D-F). However, subsequent to treatment with 
CM, CM.Fl, and CM.Fin, a significant upregulation 
of Ptc1, Versican, and Lef was observed within the 
respective groups.  (P<0.05).
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Fig.4: Expression of cytokine genes. A. Il-1α, B. Il-1β, and C. Tnf-α as well as growth and survival genes including, D. Ptc1, E. Versican and F. Lef in different 
studied groups. Expression level of genes related to in different studied groups. *; P<0.05, **; P<0.01, ***; P<0.001, ****; P<0.0001 vs. the PBS group, ##; 
P<0.01, ###; P<0.001, ####; P<0.0001  vs. the P.T group, +; P<0.05, +++; P<0.001, ++++; P<0.0001 vs. the CM group, $$$; P<0.001, $$$$; P<0.0001 vs. the 
FI group, &; P<0.5, &&; P<0.01, &&&; P<0.001, &&&&; P<0.0001 vs. the Fin group, PBS; Phosphate-buffered saline, P407; Poloxamer 407, P.T; (Poloxamer 
407+Testosterone), C.M; (Poloxamer 407+Testosterone)+(Poloxamer 407+conditioned media), F1; (Poloxamer 407+Testosterone)+(Oral flutamide), 
CM.F1; (Poloxamer 407+Testosterone)+(Oral flutamide)+(Poloxamer 407+conditioned media), Fin; (Poloxamer 407+Testosterone)+(Oral finasteride), and 
CM.Fin; (Poloxamer 407+Testosterone)+(Oral finasteride)+ (Poloxamer 407+conditioned media).

Discussion
CM derived from MSCs contains bioactive factors that 

are involved in a wide variety of physiological processes, 
including cellular proliferation, angiogenesis, and hair 
growth. In CM, the proangiogenic component consists 
of HIF-1α, hepatocyte growth factor (HGF), insulin-like 
growth factor-1 (IGF-1), fibroblast growth factor-2 (FGF-
2), matrix metalloproteinase-2 (MMP-2) and CXCL5 
(14).

A colony-stimulating factor, for example, may be 
capable of recruiting resident stem cells and/or PCs 
to facilitate hair regeneration. Overall, CM enhances 
angiogenesis and promotes hair regeneration in a complex 
and effective manner (14).

The present study evaluated the effects of CM-loaded 
hydrogel in combination with oral anti-androgen drugs on 
the histological and stereological changes in the mouse 
model of androgenetic alopecia. No side effects were 
observed in the control groups. We showed that CM-
loaded hydrogel alone or combined with anti-androgen 
drugs improved hair regeneration by increasing HFs, 
associated with increased densities of epidermis and 
hypodermis layers. An increased numerical density of 
fibroblasts with collagen bundles was also identified. 

Furthermore, these treatments could promote hair growth 
by introducing HFs in the anagen stage and shortening the 
telogen and catagen phases. 

Hair growth can be induced by prolonged anagen and 
delayed catagen phases or by alternation from quiescent 
(telogen) to active (anagen) phases (26). It has been 
suggested that topical anti-androgenic compounds 
containing flutamide or finasteride could effectively 
stimulate hair growth in male-pattern baldness (27). Our 
result confirmed that flutamide and finasteride have been 
significantly successful in HF growth, and flutamide 
was more effective than finasteride. Other studies have 
shown flutamide to be effective in treating and preventing 
androgenic hair loss, especially in women (28), and the 
results obtained regarding the effectiveness of flutamide 
compared to finasteride in hair loss are in line with the 
results of this study. Moreover, localized supplementation 
of growth factors has been reported to promote hair 
regeneration and growth (29). 

Previous studies have also shown that CM from 
Extracellular Matrix/Stromal Vascular Fraction Gel can 
promote hair growth by regulating the proliferation of 
DP cells and bulge cells, neovascularization and anagen 
induction in C57BL/6 mice (30). Lu et al. (31) stated 
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that an enriched culture medium contained effective 
proangiogenic elements and growth factors such as 
HIF-1α, HGF, IGF-1, and FGF-2. Similarly, it has been 
reported that CM from vitamin D3 (Vd3) pre-activated 
preadipocytes have stimulatory effects on hair growth via 
the enhancement of angiogenesis in a hairless-induced 
C57BL/6 mouse model (32). Treatment of bone marrow 
MSCs with a Wnt1a-conditioned medium accelerated the 
HF transition from the telogen to the anagen phase. Also, 
it activated DP cells and promoted mouse HF regrowth 
(33). 

Oh et al. (22) showed that using an enriched culture 
medium obtained from UC stem cells pretreated with 
lithium chloride and TGF-β1 significantly increased 
the thickness, growth rate, and number of HFs. In 
addition, HF-derived MSCs were able to decrease 
mouse hair loss and reduce inflammation around the 
HF(23). The concentrated conditioned medium-loaded 
hydrogel treatment accelerated wound closure, enhanced 
neovascularization, and promoted HF regeneration, which 
is in line with the results of this study (34). Nevertheless, 
to the best of our knowledge, the present study represents 
the first attempt to investigate the combination effects 
of CM-loaded hydrogel with flutamide or finasteride. 
The stereological analysis displayed that CM-loaded 
hydrogel alone or combined with oral intake of flutamide 
and finasteride could increase the numerical density of 
spinous cells, which may be the reason for the thickening 
of the epidermis. Our findings revealed that CM-loaded 
hydrogel alone or combined with flutamide and finasteride 
could also proliferate fibroblasts and improve collagen 
content. Fibroblasts are the main skin components that 
produce collagen and other matrix macromolecules for the 
structural support of connective tissues (35). Additionally, 
it has been reported that fibroblast proliferation could 
promote angiogenesis. Inconsistent with the findings 
here, Fong et al. (36) found that the enriched CM could 
significantly increase the cell life and total collagen, 
elastin, and fibronectin. 

Liu et al. (37) determined that the enriched CM of 
stem cells increases collagen expression, activation, and 
migration of fibroblasts. Interestingly, combined treatment 
with CM significantly after exposure to testosterone 
reduced the volume density of sebaceous glands. It 
has been revealed that testosterone administration 
could increase the size of the sebaceous glands (38). 
Accordingly, despite the increase in fibroblasts and 
collagen content following combined treatment with CM, 
the lack of change in the dermis volume may be caused by 
a reduced sebaceous gland volume density. Medullation 
of the immune system with anti-inflammatory properties 
is another characteristic finding of stem cells and enriched 
CM (39). In this study, the enriched CM significantly 
reduced the expression of interleukin 1 alpha, interleukin 
1 beta, and Tnf alpha genes. Accordingly, Deng et al. 
(23) showed that MSCs derived from HF can prevent 
hair loss by reducing inflammation. Also, Czarnecka et 
al. (40) stated that the immunoregulatory properties of 

stem cells significantly increased hair growth. Expression 
of ptc1, Versican, and lef1 genes activate the precocious 
anagen entry. Lef-1 plays an important role in regulating 
cell growth and differentiation through the Wnt signalling 
pathway. According to the results of this study, treatments 
with CM, CM.Fl, and CM.Fin up regulates the expression 
of these genes and the Wnt/b-catenin signaling pathway 
promotes hair regeneration (33). Further investigations are 
needed to evaluate the protein profiles of the treated and 
control tissues and determine the effect of the treatment 
on the excessive or lessened expression of the proteins in 
the target tissue. 

A significant advantage of this study is the identification 
of the therapeutic potential of regenerative medicine 
products in addition to conventional drugs for the 
treatment of androgenic hair loss. However, a genetic 
or animal model capable of accurately replicating AGA 
remains an area for further investigation. Future research 
should focus on the combination of CM with other 
drugs related to hair loss. Additionally, performing these 
experiments on other model animals may provide a better 
understanding of the quality of regenerative medicine 
treatments.

Conclusion
We have shown that the slow-release property of 

p407, which carries the therapeutic properties of CM 
at the injection site, provides a new treatment approach 
for male pattern hair loss. The injecting growth factors, 
anti-inflammatory and angiogenesis properties, in 
combination with oral anti-androgens, was found to be 
an optimal therapeutic strategy. Developing new effective 
treatments for this disease can be achieved by optimizing 
the injecting doses, type of cell therapy sources, and anti-
androgen selections. 
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