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Abstract: Prolonged exposure to ultraviolet B (UVB) radiation causes persistent skin
inflammation, resulting in oxidative stress, collagen breakdown, and progressive loss of
collagen. Exosomes generated from mesenchymal stem cells of the umbilical cord (EH-
MSCs) have surfaced as a promising cell-free therapeutic approach owing to their anti-
inflammatory and antioxidant characteristics. This experimental work assessed the impact
of EH-MSC exosomes on inflammatory and oxidative stress indicators in a rat model of
collagen loss induced by UVB exposure. Wistar rats were categorized into five groups:
healthy control (G1), UVB-exposed animals administered NaCl (G2), hyaluronic acid (G3),
200 pL of EH-MSC exosomes (G4), and 300 pL of EH-MSC exosomes (G5). Exosomes
were extracted from rat umbilical cord mesenchymal stem cells via tangential flow filtration
and subsequently analyzed using flow cytometry. Tumor necrosis factor-alpha (TNF-a) and
glutathione peroxidase (GPx) concentrations were quantified via ELISA, and statistical
evaluation was conducted employing ANOVA and Kruskal-Wallis tests. The minimal TNF-
a levels were recorded in the healthy control group (72.08 + 18.30 pg/mL), whereas the
maximal values were identified in the hyaluronic acid group (216.80 + 56.27 pg/mL).
Subcutaneous delivery of EH-MSC exosomes in G4 and G5 markedly decreased TNF-a
levels in comparison to the saline and hyaluronic acid groups (p < 0.05). GPx levels were
maximal in the G5 group (722.60 + 57.67 pg/mL) and minimal in the saline-treated group
(46.90 £ 11.29 pg/mL). Marked disparities in GPx levels were noted among the treatment
groups (p < 0.05). The results demonstrate that subcutaneous delivery of EH-MSC
exosomes at dosages of 200 yL and 300 pL significantly reduces inflammation and
improves antioxidant activity in UVB-induced collagen degradation. EH-MSC exosomes
exhibit promise as a cell-free therapeutic strategy for alleviating UVB-induced skin damage.
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INTRODUCTION
Ultraviolet B (UV-B) radiation is a major environmental factor that
accelerates skin aging by triggering oxidative stress and inflammation, ultimately
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leading to collagen degradation and loss of skin elasticity '. The imbalance caused
by excessive reactive oxygen species (ROS) overwhelms the skin's antioxidant
defenses, particularly Glutathione Peroxidase (GPx), a key enzyme in mitigating
oxidative damage. Simultaneously, UV-B-induced ROS activates inflammatory
pathways, leading to overexpression of Tumor Necrosis Factor Alpha (TNF-a), a
pro-inflammatory cytokine associated with skin damage and collagen breakdown.
23 These mechanisms contribute to photoaging and highlight the critical need for
therapies that address both oxidative stress and inflammation.

Current interventions, such as hyaluronic acid (HA)-based treatments,
primarily focus on hydration and structural support for the extracellular matrix *.
However, they fall short in directly addressing the root causes of oxidative stress
and inflammation.>® Consequently, these therapies provide only temporary
benefits, leaving untreated the chronic inflammatory and oxidative pathways that
lead to relapse. ©

Recent research has identified mesenchymal stem cell-derived exosomes,
particularly those derived under hypoxic conditions (EH-MSC), as a promising
therapeutic strategy. Exosomes are nanovesicles rich in bioactive molecules such
as microRNAs (e.g., miR-146a, miR-21) and anti-inflammatory cytokines like
interleukin-10 (IL-10). """ These components have been shown to suppress TNF-
a expression, modulate the NF-kB signaling pathway, and enhance antioxidant
defenses through GPx upregulation. ' Although in vitro studies have demonstrated
their efficacy in skin rejuvenation and mitigating oxidative stress, limited in vivo
research exists that directly evaluates the effects of EH-MSC exosomes on TNF-a
and GPx levels under UV-B-induced conditions.

Previous studies have predominantly focused on the regenerative effects
of exosomes from diverse MSC sources. For instance, Gao et al. (2021)
demonstrated that adipose-derived MSC exosomes activate the TGF-B/Smad
pathway to enhance collagen synthesis in UV-B-exposed fibroblasts. >4 Similarly,
Yan et al. (2023) reported that bone marrow-derived MSC exosomes containing
miR-29b-3p alleviate UV-induced photoaging through MMP suppression.’® While
these findings underline the potential of MSC exosomes, they are limited to in vitro
settings and primarily explore pathways unrelated to TNF-a or GPx modulation.
Moreover, studies utilizing amnion-derived exosomes have focused on DNA repair
and inflammation reduction but lack specificity in addressing oxidative stress
markers like GPx.'®

The novelty of this research lies in its focus on EH-MSC-derived exosomes
demonstrates superior antioxidant and anti-inflammatory with modulation of TNF-
a and GPx in an in vivo model of UV-B-induced damage.'-"° By targeting these
two critical biomarkers, this study aims to bridge the gap between exosome-based
therapies and their application in managing the underlying mechanisms of
photoaging. Unlike previous research, this study leverages the unique properties
of hypoxia-conditioned MSC exosomes, known for their enhanced bioactive
molecule content, to provide a more effective therapeutic approach to oxidative
and inflammatory skin damage.

The primary objective of this study is to evaluate the effects of
subcutaneous EH-MSC exosome injections on reducing TNF-a levels and
enhancing GPx activity in UV-B-exposed models. This research posits that EH-
MSC exosomes, through their enriched anti-inflammatory and antioxidant
properties, can simultaneously counteract oxidative stress and inflammation,
offering a novel intervention for UV-B-induced skin damage.

MATERIAL AND METHOD
Study Design

This research utilized an in vivo experimental design to investigate the
effects of subcutaneous EH-MSC exosome injections on oxidative stress and
inflammation in Wistar rats exposed to UV-B radiation. The study followed a
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Randomized Post-Test Only Control Group Design, consisting of five groups: a
control group (G1) and four treatment groups (G2-G5). G2 received NaCl
injections, G3 received hyaluronic acid (HA), while G4 and G5 received EH-MSC
exosomes at 200 pL and 300 pL. This experimental setup enabled precise
comparison between treated and untreated groups while minimizing potential bias.

The research was conducted at the Laboratory of Stem Cell and Cancer
Research (SCCR), Semarang, Indonesia, between April and May 2024.
Histological and ELISA analyses were completed within the same facility.

Ethical Clearance

The study was approved by the Ethics Committee of the Faculty of
Medicine, Sultan Agung Islamic University, with reference number
No0.133/IV/202/Komisi Bioetik.

Exosome Cultivation and Isolation

Mesenchymal stem cells (MSCs) were isolated from the umbilical cords of
21-day pregnant rats and cultured under optimized conditions to ensure sufficient
exosome production. The cells were grown in Dulbecco’s Modified Eagle Medium
(DMEM, high-glucose, Gibco, USA), supplemented with 10% heat-inactivated fetal
bovine serum (FBS, Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA)2%2",
MSCs were passaged five times to expand the cell population, with spindle-shaped
cells characteristic of MSC morphology observed under a microscope?’. To
enhance exosome production, the MSCs were incubated under hypoxic conditions
(5% oxygen concentration) for 24 hours in a hypoxia chamber??. These conditions
stimulated the secretion of exosomes enriched with bioactive molecules such as
miR-21 and miR-146a, essential for antioxidant and anti-inflammatory responses.
The conditioned culture media containing secretomes, including exosomes, were
collected into sterile bottles and temporarily stored at 4°C?,

Exosomes were isolated from the conditioned media using the uPulse
Tangential Flow Filtration (TFF) system (Millipore, Germany). The media were
filtered through molecular weight cut-off filters of 100 kDa and 500 kDa to remove
larger particles while concentrating the exosome fraction. The filtrate was further
processed to maximize exosome yield. The isolated exosomes were validated for
quality and purity using flow cytometry to detect characteristic exosomal surface
markers, including CD9, CD63, and CD81. The validated exosomes were aliquoted
into 2.5 mL sterile tubes and stored at 2—8°C for short-term use or —80°C for long-
term storage to ensure stability and functionality.

Animal Model

Male Wistar rats aged 6—8 weeks, weighing 225 + 22.5 grams, were used
as the experimental model. Inclusion criteria required the rats to be healthy and
without anatomical abnormalities, while rats with illness, deformities, or prior
participation in studies were excluded. A total of 30 rats were randomly assigned
into five groups. After a seven-day acclimatization period under standard
laboratory conditions (20-25°C, ad libitum access to food and water), the rats were
exposed to UV-B radiation to induce collagen loss.

UV-B Exposure

The dorsal area of the rats was shaved (2 x 3 cm) under anesthesia
(ketamine 99%, 60 mg/kg BW, and xylazine 98%, 20 mg/kg BW) before UV-B
radiation exposure. A UV-B lamp delivered a dose of 150 mJ/cm? at a fixed
distance of 20 cm. Each session lasted for 8 minutes and was conducted five times
weekly for two consecutive weeks. This procedure was standardized to induce
consistent collagen loss across the experimental groups?.

Treatment Protocol

Injections were administered on days 1 and 7 following UV-B exposure
across five experimental groups. The first group (G1) served as the control group
and did not receive UV-B exposure or any treatment. The second group (G2) was
treated with a subcutaneous injection of 200 pL saline (NaCl 0.9%, Merck,
Germany). The third group (G3) received a subcutaneous injection of 200 pL
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hyaluronic acid (Sigma-Aldrich, USA). The fourth group (G4) was injected
subcutaneously with 200 yL of EH-MSC exosomes, while the fifth group (G5)
received 300 pL of EH-MSC exosomes via subcutaneous injection?®.

Validation of Collagen Loss

Validation of collagen loss was conducted to confirm the skin damage
induced by UV-B exposure. Macroscopic assessment involved observing the skin
for visible damage such as wrinkling and redness in the UV-B-exposed groups.
Histological validation was performed using Masson’s Trichrome staining to
evaluate collagen degradation. Tissue sections were examined under an Olympus
BX53 microscope to assess structural changes caused by UV-B exposure and to
observe collagen fibers?627.

Sample Collection

On day 15, skin samples were collected from the dorsal area of the rats
and homogenized in RIPA buffer (Thermo Fisher Scientific, USA). The
homogenized samples were stored at —80°C until further analysis. Care was taken
to ensure equal representation of samples across all experimental groups to
maintain consistency in the analysis?.

Biochemical Analysis (ELISA)

Biochemical analysis of TNF-a and GPx levels was performed using ELISA
kits (Elabscience, USA). The ELISA procedure included adding skin homogenates
to wells coated with specific antibodies, followed by incubation with primary and
secondary antibodies conjugated to enzymes. A chromogenic substrate was
introduced to initiate a colorimetric reaction, and absorbance was measured at 450
nm using the Shimadzu UV-1900 spectrophotometer. Each sample was processed
in triplicate to ensure the reliability and accuracy of the results?®.

30 Rats
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Figure 1. Design Study
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Data Analysis

Data were analyzed using SPSS (version 26.0; Document number:
869358; IBM Corp., Armonk, NY)*. Normality was tested using the Shapiro-Wilk
test, and homogeneity was assessed with Levene’s test. Parametric data were
analyzed using one-way ANOVA, followed by Post Hoc LSD or Tamhane’s tests
depending on homogeneity. Non-parametric data were analyzed using the
Kruskal-Wallis test, with pairwise comparisons via Mann-Whitney tests. Statistical
significance was set at p < 0.05.

RESULTS AND DISCUSSION

Research Results

Validation of EH-MSC

The isolation of mesenchymal stem cells (MSCs) was conducted using the
umbilical cords of 21-day pregnant rats. The isolated cells were cultured in a
specialized flask using specific culture media. The fifth passage of MSC cultures
showed spindle-like adherent cells when observed under a microscope (Figure
2A).
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Figure 2. (A) MSC isolation at 80% confluence shows spindle-like cell morphology
(indicated by arrows) at 100x magnification. (B) Flow cytometry analysis of CD90.1,
CD29, CD45, and CD31 expression. white bar = 200 ym

Flow cytometry analysis was performed to validate MSC surface markers,
demonstrating high expression of CD90 (99.50%) and CD29 (96.10%) and low
expression of CD45 (1.30%) and CD31 (6.60%) (Figure 1B). Furthermore, the
MSCs were evaluated for their ability to differentiate into mature cells. Osteogenic
and adipogenic differentiation was induced using specific differentiation media.
Osteogenesis was confirmed by calcium deposits stained red with Alizarin Red,
and adipogenesis was verified by lipid accumulation stained red with Oil Red O
(Figures 3A and B).

The MSCs were incubated under hypoxic conditions (5% O, concentration)
for 24 hours using a hypoxia chamber. The secretome-containing culture media
was collected and filtered using tangential flow filtration (TFF), isolating molecules
between 10 and 500 kDa that contained exosomes.
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Figure 3. (A) MSCs differentiate into osteocytes and (B) adipocytes after staining with
Alizarin Red and Oil Red O at 100x magnification (indicated by black arrows). white bar =
200 ym

G Aot} VTR B2

Validation of Collagen Loss

This study evaluated the effects of subcutaneous EH-MSC injections on TNF-
a and GPx levels in 30 male Wistar rats with UV-B-induced collagen loss. Collagen
loss was induced by exposing rats to UV-B radiation at a distance of 20 cm. The
exposure intensity was 1 MED (150 mJ/cm?) for 8 minutes, administered 10 times
over 14 days. Macroscopic validation was performed by observing wrinkles, which
were more prominent in UV-B-exposed rats compared to non-exposed controls
(Figure 3).

ation of Collagen Loss.
Wrinkles are more prominent in UV-B exposed rats (A) compared to non-exposed rats (B). Collagen,
indicated by blue staining (black arrow), is less visible in the UV-B exposed group (C) compared to
the non-UV-B exposed group (D). white bar = 200 ym

Microscopic validation was conducted using Masson’s Trichrome staining
to assess collagen density in UV-B-exposed skin. Results showed a reduction in
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collagen density after UV-B exposure, as indicated by the lower presence of blue-
stained collagen fibers in UV-B-exposed samples (Figure 4).

Non-UV-B-exposed rats were classified as the healthy control group (G1).
Rats with UV-B-induced collagen loss were divided into four treatment groups: G2
(UV-B + subcutaneous injection of 200 pyL 0.9% sodium chloride), G3 (UV-B +
subcutaneous injection of 200 yL hyaluronic acid), G4 (UV-B + subcutaneous
injection of 200 uyL EH-MSC), and G5 (UV-B + subcutaneous injection of 300 pyL
EH-MSC).

EH-MSC injections were administered once, and skin tissue samples were
collected 15 days post-injection. Tissue homogenization was performed using
RIPA buffer with protease inhibitors. The supernatant obtained from centrifugation
was analyzed for TNF-a and GPx levels using ELISA.

TNF-a and GPx Levels

The TNF-a and GPx levels are summarized in Table 1. The Shapiro-Wilk
test showed that TNF-a levels were normally distributed (p > 0.05), while GPx
levels were not (p < 0.05). Levene's test indicated non-homogeneous variance for
both TNF-a and GPx (p < 0.05). Therefore, parametric (One-Way ANOVA with
Tukey Post Hoc) and non-parametric (Kruskal-Wallis with Mann-Whitney) tests
were used for TNF-a and GPx data, respectively.

Table 1. TNF-a and GPx Levels in UVB-Induced Skin Damage Rats

Group TNF-a (pg/mL), Mean = SD GPx (pg/mL), Mean * SD
G1 (Healthy control) 72.08 + 18.30 52.13 +37.73
G2 (NaCl) 208.84 + 53.80 46.90 + 11.29
G3 (Hyaluronic acid) 216.80 £ 56.27 145.04 £ 26.57
G4 (EH-MSC Exosomes 200 122.68 + 18.95 313.90 +£ 101.39
L)
G5 (EH-MSC Exosomes 300 107.97 + 24.06 722.40 £ 57.67
pL)
Normality test (Shapiro-Wilk) p>0.05 p <0.05
Homogeneity test (Levene’s) p = 0.045 p =0.010
Overall comparison One-way ANOVA, p < 0.001 Kruskal-Wallis, p < 0.001

The G1 group had the lowest TNF-a levels (72.08 + 18.30 pg/mL), followed
by G5 (107.97 + 24.06 pg/mL), G4 (122.68 + 18.95 pg/mL), and G2 (208.84 + 53.80
pg/mL), while G3 had the highest levels (216.80 + 56.27 pg/mL). Subcutaneous
EH-MSC injections at both 200 pL and 300 pL doses significantly reduced TNF-a
levels compared to the G2 group. For GPx, the highest levels were observed in the
G5 group (722.40 + 57.67 pg/mL), followed by G4 (313.90 + 101.39 pg/mL), G3
(145.04 £ 26.57 pg/mL), G1 (52.13 £ 37.73 pg/mL), and G2 (46.90 + 11.29 pg/mL).
GPx levels significantly increased in the EH-MSC-treated groups (G4 and G5)
compared to the G2 group. The research data show that the highest GPx levels
were recorded in G5, with an average value of (722.60 + 57.67 pg/mL). Conversely,
the group with the lowest GPx levels was G2, with an average value of (46.90 +
11.29 pg/mL). In sequential order, G1 exhibited an average level of (62.13 £ 37.73
pg/mL), followed by G3 with an average level of (145.04 £ 26.57 pg/mL), and then
G4 with an average level of (313.90 + 101.39 pg/mL). Thus, there were significant
variations in GPx levels between the groups.

Based on the analysis in Table 1, which revealed significant disparities in
TNF-a and GPx levels among treatment groups, post hoc pairwise comparisons
were conducted to ascertain specific intergroup differences (Table 2). The Post
Hoc Tukey analysis indicated that the healthy control group (G1) exhibited
significantly reduced TNF-a levels in contrast to both the NaCl-treated group (G2)
and the hyaluronic acid group (G3) (p < 0.001 for both comparisons). Nonetheless,
no substantial changes were seen between G1 and the EH-MSC exosome-treated
groups (G4 and G5) (p > 0.05), suggesting that exosome treatment effectively
normalized TNF-a levels.
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Subsequent comparisons revealed no significant change between G2 and
G3 (p = 0.997), indicating that hyaluronic acid did not substantially mitigate UVB-
induced inflammation. Conversely, both groups treated with EH-MSC exosomes
(G4 and G5) demonstrated markedly reduced TNF-a levels in comparison to G2
(p = 0.015 and p = 0.004, respectively) and G3 (p = 0.007 and p = 0.002,
respectively). No substantial difference was observed between G4 and G5 (p =
0.972), suggesting analogous anti-inflammatory effects across the two exosome
dosages.

The Mann-Whitney U test revealed significant differences in GPx levels
across the maijority of pairwise comparisons. In comparison to the healthy control
group (G1), GPx levels were markedly elevated in G3, G4, and G5 (p < 0.05),
although no significant change was noted between G1 and G2 (p = 0.465).
Moreover, GPx levels in both EH-MSC exosome-treated groups (G4 and G5) were
markedly elevated compared to the NaCl (G2) and hyaluronic acid (G3) groups (p
< 0.05 for all comparisons). A notable difference was seen between G4 and G5 (p
= 0.009), indicating a dose-dependent enhancement in antioxidant activity.

Table 2. Pairwise Comparisons of TNF-a and GPx Levels Between Groups

Group Comparison Group TNF ?p(-\r/lalll:jee); test) GPx (Ma?prjv\;\IIS;t)ney test)
G1 G2 < 0.001 0.465
G3 < 0.001 0.016
G4 0.263 0.009
G5 0.585 0.009
G2 G3 0.997 0.009
G4 0.015 0.009
G5 0.004 0.009
G3 G4 0.007 0.028
G5 0.002 0.009
G4 G5 0.972 0.009

In accordance with the results shown in Table 1, which indicated increased
TNF-a and decreased GPx levels in UVB-exposed rats, the post hoc analysis
further substantiates that subcutaneous delivery of EH-MSC-derived exosomes
significantly influences both inflammatory and oxidative stress indicators. The
absence of notable disparities in TNF-a levels between the exosome-treated
groups and the healthy control group suggests that EH-MSC exosomes proficiently
mitigate UVB-induced inflammatory responses, presumably via
immunomodulatory pathways.

The hyaluronic acid therapy did not substantially vary from saline in its
effect on lowering TNF-a levels, indicating limited anti-inflammatory activity under
the experimental conditions. The significant increase in GPx levels in exosome-
treated groups, especially at the elevated dosage, signifies improved antioxidant
defense against oxidative stress. The documented dose-dependent elevation in
GPx further corroborates the function of EH-MSC exosomes in stimulating intrinsic
antioxidant mechanisms.

Collectively, these findings reinforce the evidence that exosomes produced
from EH-MSCs provide dual protective benefits by mitigating inflammation and
augmenting antioxidant capacity in UVB-induced skin injury. This integrative
impact may aid in maintaining skin structural integrity and underscores the
therapeutic potential of EH-MSC exosomes as a cell-free intervention for UVB-
induced skin damage.

As summarized in Table 1, UVB exposure markedly increased TNF-a levels
and reduced GPx activity in the saline-treated group, indicating the presence of
persistent inflammation and oxidative stress. These quantitative findings were
further visualized in Figure 4, which illustrates the effects of EH-MSC—derived
exosome administration on inflammatory and antioxidant markers. Figure 4A
shows that TNF-a levels were substantially elevated in the NaCl (G2) and
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hyaluronic acid (G3) groups compared with the healthy control (G1), consistent
with the numerical data presented in Table 1. In contrast, subcutaneous
administration of EH-MSC exosomes at doses of 200 yL (G4) and 300 uL (G5)
markedly reduced TNF-a levels. These reductions were statistically significant
when compared with G2 and G3, in accordance with the post hoc Tukey analysis
reported in Table 2, while no significant differences were observed between the
exosome-treated groups and the healthy control. Figure 4B demonstrates a
progressive increase in GPx levels across the treatment groups. As previously
shown in Table 1, GPx levels were lowest in the saline group (G2) and increased
following hyaluronic acid treatment (G3). Notably, EH-MSC exosome
administration resulted in a pronounced elevation of GPx levels in G4 and G5, with
the highest levels observed at the 300 yL dose. These differences were statistically
significant based on Mann—Whitney post hoc comparisons (Table 2), confirming a
dose-dependent enhancement of antioxidant capacity.

W &

G3

. 61
M Gz
63

GPx Level (pg/ml)

=

=

G5

TNF-a Level (pg/ml)

*p<0.05, **p<0.01 *p<0.01
A) TNF-a levels. B) GPx levels.

Data are presented as mean + SD. TNF-a was analyzed using one-way ANOVA followed by Tukey post hoc test, while GPx was
analyzed using Kruskal-Wallis followed by Mann—Whitney U test. *p < 0.05, **p < 0.01

Figure 4. Effects of EH-MSC-derived exosomes on inflammatory and
oxidative stress markers in UVB-exposed rats.

Figure 4 visually confirms and complements the tabular results by distinctly
demonstrating the dual modulatory effects of EH-MSC-derived exosomes on
inflammation and oxidative stress in UVB-induced skin damage. The significant
decrease in TNF-a levels in the exosome-treated groups indicates successful
attenuation of UVB-induced inflammatory responses, aligning cytokine levels more
closely with those found in healthy skin. This discovery aligns with the
immunomodulatory characteristics of MSC-derived exosomes, recognized for their
role in regulating pro-inflammatory cytokine signaling.

The dose-dependent rise in GPx levels concurrently underscores the ability
of EH-MSC exosomes to augment intrinsic antioxidant defenses. The markedly
elevated GPx levels reported in the high-dose exosome group indicate a potential
adaptive mechanism that could safeguard skin tissue from oxidative injury caused
by UVB radiation. Collectively, our findings suggest that EH-MSC-derived
exosomes provide a synergistic protective impact by reducing inflammation and
enhancing antioxidant processes. Integrating the quantitative data from Tables 1
and 2 with the visual patterns in Figure 4 yields persuasive evidence that EH-MSC
exosomes present a multimodal, cell-free therapeutic approach for alleviating
UVB-induced skin damage.

This study aimed to evaluate the impact of EH-MSC injections at different
doses (200 pL and 300 yL) on male Wistar rats exposed to repeated UVB radiation
over two weeks. The findings demonstrated that subcutaneous injections of EH-
MSC at both doses successfully reduced TNF-a levels. Additionally, the injections
at 200 yL and 300 pL also increased GPx levels. This indicates the potential of
subcutaneous EH-MSC injections as effective anti-inflammatory and antioxidant
agents for UVB-exposed skin "2,
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The process of photoaging involves complex skin responses to UV
radiation, resulting in significant structural and molecular changes. UVB exposure
triggers DNA damage, increases ROS production, induces oxidative stress, and
stimulates collagen loss, leading to premature skin aging '3'. UVB exposure also
activates the NF-kB signaling pathway in the skin, which results in the production
of pro-inflammatory cytokines, including TNF-a 3233,

The study found that the group exposed to UVB and treated
subcutaneously with hyaluronic acid had the highest TNF-a levels among all
groups. This suggests prolonged inflammation in the skin area after UVB exposure.
The study also revealed that subcutaneous injections of EH-MSC at doses of 200
ML and 300 L significantly reduced TNF-a levels, demonstrating the anti-
inflammatory activity of EH-MSC injections .

EH-MSCs contain various types of miRNAs and cytokines that play critical
roles in alleviating inflammation. miR-146a, miR-155, and miR-21 have been
identified as key regulators in controlling inflammatory responses.’® miR-146a and
miR-155 suppress TNF-a expression and regulate the NF-kB pathway, while miR-
21 is involved in reducing oxidative stress.3* This is important because NF-kB
activation is associated with the production of pro-inflammatory cytokines such as
TNF-a, which contribute to skin inflammation and immune responses.

Recent studies indicate that TNF-a expression suppresses GPx activity,
while prolonged UVB-induced inflammation reduces GPx levels, increasing ROS
and oxidative stress. However, miR-21 in EH-MSC restores GPx levels,
neutralizing ROS and reducing oxidative stress.’? By regulating the NF-kB
pathway, EH-MSCs decrease TNF-a and increase GPx, functioning as
antioxidants in the inflammatory response to UVB exposure.

Study by Gao et al. (2021) demonstrated that exosomes derived from
adipose-derived stem cells (ADSCs) mitigate UVB-induced photoaging in human
dermal fibroblasts by reducing intracellular ROS, DNA damage, and MMP-1
expression through regulation of the Nrf2 and MAPK/AP-1 pathways, while also
activating the TGF-B/Smad pathway to enhance procollagen type | expression. 3
Similarly in this studies highlight the role of exosomes in combating oxidative
stress and supporting collagen synthesis, with EH-MSCs additionally showing anti-
inflammatory effects via NF-kB pathway regulation.

Similarly, Yan et al. (2023) reported that bone marrow-derived MSC
exosomes containing miR-29b-3p alleviate UVB-induced photoaging by
suppressing matrix metalloproteinases (MMPSs) in vitro (36). Like our study, Yan et
al. utilized MSC-derived exosomes in a UVB-induced model to target inflammatory
and oxidative pathways, demonstrating their potential in mitigating photoaging-
related damage. However, while Yan et al.’s in vitro study focused on MMP
suppression, our in vivo findings emphasize EH-MSC'’s dual role in reducing TNF-
a and increasing GPx in UVB-exposed rats, offering a broader therapeutic impact
on both inflammatory and oxidative pathways in skin damage.

Previous research shows MSC secretomes suppress inflammation by
reducing TNF-a and stimulating antioxidant proteins like GPx, which combat free
radicals. This aligns with the current findings of reduced TNF-a levels and
increased GPx levels after EH-MSC treatment in UVB-exposed skin.

"2Although subcutaneous EH-MSC injections reduced TNF-a and
increased GPx via the NF-kB pathway, the precise mechanisms remain unclear.’
The study did not identify specific miRNAs responsible for these effects, leaving
the pathways underlying TNF-a suppression and GPx elevation unexplored 2.
Additionally, limitations include the small sample size may limit statistical power,
the lack of long-term follow-up to assess sustained effects, and the absence of
further histopathological or molecular analyses to elucidate tissue-level changes.
These limitations highlight the need for further research to validate and expand
these findings.
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CONCLUSION

Subcutaneous administration of EH-MSC-derived exosomes effectively
attenuated inflammatory responses and enhanced antioxidant activity in UVB-
exposed Wistar rats, as evidenced by a significant reduction in TNF-a levels and
a concomitant increase in GPx levels. Rats treated with EH-MSC exosomes at
doses of 200 pL (G4) and 300 pL (G5) exhibited significantly improved
inflammatory and oxidative stress profiles compared with the saline-treated control
group. Moreover, the higher exosome dose produced a more pronounced
enhancement of GPx activity, indicating a dose-dependent modulation of oxidative
stress responses. Collectively, these findings support the therapeutic potential of
EH-MSC-derived exosomes as a cell-free approach for mitigating UVB-induced
skin inflammation and oxidative damage. Future studies should investigate the
molecular mechanisms underlying the anti-inflammatory and antioxidant effects of
EH-MSC—derived exosomes, including the role of exosomal microRNAs and
signaling pathways involved in redox regulation. Long-term and dose-optimization
studies are also warranted to assess the durability and safety of EH-MSC exosome
therapy. In addition, evaluating the effects of EH-MSC exosomes on structural and
functional skin parameters, such as collagen synthesis, histopathological changes,
and barrier function, will be essential to establish their translational relevance.
Ultimately, well-designed preclinical and clinical studies are needed to confirm the
efficacy and safety of EH-MSC-derived exosomes for potential therapeutic
application in UVB-related skin disorders.
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