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 Skin aging occurs due to gene mutation or hormonal factors called intrinsic factors. 
Mechanisms of glycation, free radicals, and other cellular and molecular mechanisms can 
cause dermal atrophy and decreased collagen. The secretome of stem cells, which consists 
of many growth factors and ascorbic acid, can stimulate cell proliferation and increase the 
production of intracellular matrixes. This property is well-known for its antioxidant activity in 
eradicating the accumulation of free radicals contributing to skin aging. This study will observe 
the role of secretome and ascorbic acid combination in increasing the antioxidant levels and 
type 1 collagen production in the intrinsic skin aging rat model. Thirty male Sprague Dawley 
rats were divided into five groups consisting of the nonaging control group; the intrinsic aging 
control group, which was injected with 1000 mg/kg BW of 15% D-Galactose; three intrinsic 
aging groups treated with secretome only, ascorbic acid only, or a combination of both. After 
4 weeks of treatment, all skin tissue was collected and divided to examine dermal thickness, 
Super Oxide Dismutase (SOD), dan type 1 collagen using Enzyme-Linked Immunosorbent Assay 
(ELISA). Data were analyzed statistically. All treatment groups show a significant difference 
compared to the control group across all parameters. An enhancement with secretome-only 
injection was observed in all examinations, showing a significant difference (p<0.05) compared 
to the intrinsic aging in dermal thickness and also non-aging control groups for SOD and type 1 
collagen concentration parameters. Both secretome and ascorbic acid or one another can be used 
for skin aging treatment. Even though the secretome only gave better results, this combination's 
dose, application method, optimization, and time need further study.  
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 Skin is a vital organ that serves as a barrier 
from the outside and is involved in the synthesis, 
production, and secretion of biomolecules such 
as lipids, proteins, and glucans, as well as the 
production and secretion of hormones.1 Aging is 
a complex biological process characterized by 
changes in the structure and physiological function 

of the skin. Factors contributing to this process, 
intrinsic factors, can come from within. These 
include a decrease in hormone production and the 
formation of free radicals due to aging.2 The signs 
of skin aging can include changes in pigmentation, 
wrinkles, and loss of elasticity. Moreover, while 
recent therapies to address the signs of skin aging 
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are available, they still need more satisfactory 
outcomes.3

 Mesenchymal stem cells (MSC) have 
been used in various medical therapies due to 
their characteristics, such as being easy to isolate, 
expand, and culture in vitro and their ability 
to differentiate into several types of cells.4,5 
Mesenchymal stem cells can be isolated from 
various adult tissues such as umbilical cord tissue 
(especially from Wharton’s jelly), adipose tissue, 
and bone marrow. Mesenchymal stem cells 
(MSCs) derived from Wharton’s jelly are easily 
obtainable, pose no harm to donors, involve no 
ethical controversies, and have low contamination 
rates.6,7 The proliferation ability of Wharton’s jelly-
derived MSCs is superior to that of bone marrow, 
making it one of the best sources for clinical tissue 
regeneration.8

 The primary mechanism of stem cell 
therapy is the secretion of secretome products, 
which have been chosen for cell-free therapy in 
regenerative medicine.10 The secretome of MSCs 
can stimulate angiogenesis,  induce collagen 
and fibronectin production, and thus serve as a 
potential modality for skin aging therapy.11 The 
secretome consists of VEGF, PDGF, IGF, HGF, 
b-FGF, SDF-1, TGF-â and GDF11, which stimulate 
angiogenesis through the differentiation of stem 
cell and fibroblast into endothelial cells, promoting 
collagen synthesis.10,11

 It has been reported that the secretome 
of MSCs can inhibit melanin synthesis in vitro. 
However, research on molecular mechanisms and 
clinical studies has yet to be extensively reported.12 
Ascorbic acid, or vitamin C, is a water-soluble 
antioxidant that stimulates collagen production and 
has an anti-aging effect. Ascorbic acid is capable of 
inhibiting tyrosinase activity and can help address 
pigmentation issues in the skin.13

 The utilization of secretome offers many 
advantages, including a reduced risk of immune 
incompatibility, tumorigenicity, embolism, and 
the transmission of infection. Furthermore, the 
safety evaluation, dosage determination, and 
therapeutic potential of secretome products can 
be assessed similarly to other drugs, making them 
more economical and practical for tailoring specific 
therapy needs.14 Combination therapy could be 
expected to yield a better effect and provide an 
efficient preparation of products.

MATERIALS AND METHODS

Research Design
 The experimental research followed a 
Completely Randomized Design (CRD) using 
male Sprague-Dawley rats from the Food and 
Drug Surveillance Centre Ministry of Health 
Indonesia (Balai Pengawasan Obat dan Makanan 
Kementerian Kesehatan Republik Indonesia), 
Jakarta, Indonesia, for animal treatment. Forty rats, 
aged 2 months, weighing 200-250 g15 on average, 
were housed at a temperature of 25oC under a 
12-hour light/dark cycle with access to food and 
water ad libitum. The rats were acclimatized for 
1-2 weeks and treated with care.
Animals and treatment
 All rats were randomized into experimental 
groups by assigning them to a draw. The Spraque-
Dawley rats were divided into five groups (n=8 per 
group) as follows: 1. NAC (Non-Aging Control): 
non-aging skin model, injected intradermally with 2 
ml PBS (Gibco); 2. IAC (Intrinsic-Aging Control): 
intrinsic aging model, injected intradermally with 
2 ml PBS; 3. ISC (Intrinsic Secretome + Ascorbic 
Acid): intrinsic aging model, injected intradermally 
with secretome + ascorbic acid (Mesoesthethic) @ 
1 ml; 4. IC (Intrinsic Ascorbic Acid): intrinsic aging 
model, injected intradermally with 2 ml ascorbic 
acid; 5. IS (Intrinsic Secretome): intrinsic aging 
model, injected intradermally with 2 ml secretome. 
The secretome used in this study was obtained 
from the Stem Cell and Cancer Institute (SCI) and 
administered using an injector.
 All treatments for each group were 
conducted once a week for four weeks, following 
the establishment after the rat aging model was 
established. The intrinsic factor for the rat aging 
model was administered as a subcutaneous 
injection of 1000 mg/kgBW D-Galactose (Sigma) 
every day for 8 weeks. In the end, all rats were 
euthanized with ketamine (KET-A-100 Agrovet) 
at a dose of 100 mg/kgBW and xylazine (Xyla 
Holland) at 10 mg/kgBW. Researchers ensured they 
understood the treatment codes and maintained 
correspondence between groups before the end of 
the study. 
 After all treatment and termination 
of rats, the dorsal skin of each rat around the 
injection site was collected in a 1x1 cm sample 
for every group, which was then divided into 
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tissue samples for ELISA and for staining with 
H&E (in 4% formaldehyde). This study was 
conducted following all international guidelines 
and regulations. 
Measurement of Dermal Thickness
 Before tissue processing, all collected skin 
tissues were fixed in a 4% paraformaldehyde. After 
gradual dehydration and cleaning with ethanol and 
xylene, the tissues were embedded in paraffin wax, 
cut into 6-micron thickness, mounted on slides, and 
stained with H&E. The tissue slides were observed 
under a binocular microscope.
 The dermal thickness was measured 
using a microscope camera (Olympus) at 40x 
magnification, and the images captured were 
analyzed using Image J software. The dermis layer 
was measured from the top of the dermal papilla to 
the adipose layer and blood vessels. Measurements 
were conducted from the three randomly selected 
views for each slide, and the average result was 
obtained.
Measurement of SOD Concentration
 Skin aging occurs due to the accumulation 
of free radicals, which become reactive oxygen 
species (ROS). One of the enzymes that eradicate 
free radicals is SOD, which is found at lower levels 
in aging skin. Moreover, the level of SOD is vital 
to observe after treatment with secretome and/or 
ascorbic acid. 
 Skin tissue that has been collected must be 
washed first in a mixture of cold PBS 1X (pH 7.4) 
and protease inhibitor to remove blood residual. 
After that, the skin sample is cut into pieces, mixed 
in PBS 1X (pH 7.4), and homogenized using a 
glass homogenizer on ice. The suspension of skin 
tissue is sonicated with an ultrasonic cell disrupter 
to break down the cells. Next, the homogenate 
is centrifuged for 5 minutes at 5000 g, and the 
supernatant is collected. The total concentration 
of SOD from each sample in the supernatant was 
measured according to the instruction from the Rat 
SOD ELISA kit (MyBioSource). Each sample was 
measured in duplicates.
Measurement of Collagen-type-1 Concentration
 The alteration of skin elasticity is one 
sign of aged skin. Collagen fibers compose the 
matrix of the dermis layer, which is built on 
collagen proteins. The secretomes of MSCs have 
mechanisms for angiogenesis and induce collagen 
and fibronectin production, as does ascorbic acid, 

contributing to the pathological development of 
skin aging.11,13 Moreover, the level of collagen-
type-1 protein is essential to observe after treatment 
with secretome and/or ascorbic acid. 
 Skin tissue that has been collected must 
be washed first in a mixture of cold PBS 1X pH 
7.4 and protease inhibitor to remove blood residual. 
After that, the skin sample must be cut into pieces, 
mixed in PBS 1X pH 7.4, and homogenized by 
glass homogenizer on ice. The suspension of 
skin tissue is then sonicated with an ultrasonic 
cell disrupter to break down the cells. Next, the 
homogenate is centrifuged for 5 minutes at 5000 
g speed, and the supernatant is collected. The 
total concentration of collagen-type-1 from each 
sample in supernatant was measured according to 
the instructions from the Mouse Collagen Type 1 
(COL1) ELISA kit (Mybiosource). Each sample 
was measured in duplicates.
Statistical Analysis
 The resulting data were checked for 
normal distribution and homogeneity with Shapiro-
Wilk and Levene tests. If the data were normally 
distributed and homogenous, a one-way ANOVA 
followed by Bonferroni post hoc analysis was 
used to compare each group. If data were not 
normally distributed and homogenous, Kruskal-
Wallis’s and Mann-Whitney tests were used for 
group comparison. A p-value of < 0.05 indicated 
statistical significance.

RESULTS

The treatment effect on dermis thickness
 The dermal thickness of skin tissue 
samples is shown in Figures 1. There was an 
increase in dermal thickness after administering 
secretome and/or ascorbic acid. ANOVA results 
showed that all secretome and/or ascorbic acid 
treatment groups significantly increased dermal 
layer thickness compared to the control aging group 
(p < 0.05), especially in normal group. However, 
figure 1 shows that the dermal layer of aging skin 
had appear more collagen fibers and became thicker 
after treatments, especially in the IS group (1D), 
compared to others. The thickness of the dermis 
layer made skin more elastic and helped prevent 
wrinkles, although it did not fully restore it to 
normal skin yet.
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Fig. 1. Histological appearance of skin tissue from D-gal induced aging model of rats. Representative images of 
sections stained with H&E were presented at 40x magnification; scale bar = 200µm. (a) Intrinsic aging control 

group; (b) non-aging control group; (c) Intrinsic aging group had injection of secretome and ascorbic acid 
combined; (d) Intrinsic aging group had injection of secretome; (e) Intrinsic aging group had injection of ascorbic 

acid; (f) Different Dermal Thickness among experiment group;
*: p value was less than 0.05 compared to IAC and NAC

 The collagen-type-1 concentration in skin 
tissue samples from each group is shown in Figure 
2A. There was an increase in collagen-type-1 

concentration after administering secretome and/
or ascorbic acid compared to the control groups. 
ANOVA results showed that all secretome and/
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Fig. 2. Measurement of an injection secretome and or ascorbic acid to intrinsic aging skin. (A Different Collagen 
Type 1 concentration among experiment group.); (B) Different SOD concentration among experiment group 

IAC: intrinsic aging control group; NAC: non-aging control group; IC: intrinsic aging group had ascorbic acid 
injection; ISC: intrinsic aging group had injection of ascorbic acid and secretome combined; IS: intrinsic aging 

group had secretome injection 
*: p value was less than 0.05 compared to IAC and NAC; **: p value was less than 0.01 among groups; ***: p value 
was less than 0.001 among groups; ***: p value was less than 0.0001 among groups. Test was done using ANOVA 
one way, with Bonferroni post-hoc test.

or ascorbic acid treatment groups significantly 
increased collagen-type-1 concentration compared 
to the control groups (p<0.05; p<0.01; p<0.001; 
p<0.0001). Post hoc Bonferroni analysis of 
collagen-type-1 concentration showed that the IS 
group had a significantly higher increase than the 
controls and other treatment groups.
The treatments effect on SOD concentration 
 The SOD concentrations in skin tissue 
samples are shown in Figure 2B. There was 
an increase in SOD concentration after the 
administration of secretome and/or ascorbic acid 
compared to the control groups. ANOVA results 
showed that all secretome and/or ascorbic acid 
treatment groups significantly increased SOD 
concentration compared to the control groups 
(p<0.05; p<0.01; p<0.001; p>0.0001). Post hoc 
Bonferroni analysis of SOD concentration showed 
that the IS group had a significantly higher increase 
compared to controls and other treatment groups.

DISCUSSION

 The secretome, as a bioactive molecule 
of MSC, is known to contain several growth 
factors, cytokines, and extracellular vesicles that 
modulate the formation of new skin.16 The ability 
of secretome to regenerate and repair damaged 
tissue involves various physiological prosses, 
including signal transduction to provide biological 
responses.17 This makes secretome one of the 
alternatives for therapeutic approaches in treating 
various skin conditions, especially skin aging. 
Age-related skin changes are inevitable and include 
thinning, wrinkling, loss of elasticity, and reduced 
synthesis of collagen type I.18 This study found that 
the treatment of secretome in the IS group (Figure 
2B) is the most promising approach to regenerating 
skin by enhancing collagen type 1 formation. The 
histological feature remained thicker compared to 
the skin aging rat model (Figure 1). The histological 
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changes in the d-galactose-induced skin aging rat 
model showed a thinner epidermis, a reduced cell 
layer, and broken collagen fibers in the dermal 
layer.19 The increased dermal thickness in the IS 
group (Figure 2A) suggests that secretome becomes 
a potent therapy for restoring the elasticity of aging 
skin.
 The ISC group exhibited lower dermal 
thickness than the IS group, reflecting the effect 
of the different half-dose therapy. Although 
ascorbic acid supplementation could optimize the 
secretome’s ability,20 this treatment was applied 
in a half-dose regimen, which was not superior to 
the IS group alone. However, the dermal thickness 
in the ISC and IC groups increased compared to 
the aging skin group (Figure 2A). Histologically, 
the dermal layer appeared thicker in the ISC and 
IS groups, but the collagen fiber (collagen type I) 
concentration showed the opposite trend (Figure 
2B). This discrepancy may be attributed to the 
half-dose therapy in the ISC group, which resulted 
in less collagen fiber production than the IS and IC 
groups, which received full-dose therapy. The total 
protein content in the secretome from stem cells 
used for treating leprosy ulcers was 5,05 mg/ml, 
and the ulcers showed better improvement than 
those of other study groups.21 At this point, the 
secretome used by the experiment was less than 1 
mg, and it appeared that the production of collagen 
fibers was not maximum.
 Ascorbic acid is known to regulate 
collagen expression and appears to enhance 
collagen biosynthesis. An in vivo study reported 
that ascorbic acid simultaneously induced type I 
and type III collagen synthesis.22 Even though in 
vitro studies have shown that ascorbic acid-treated 
stem cells increase the production of growth factors 
and contribute to extracellular matrix repair23, the 
optimal dose for in vivo and clinical studies still 
needs further investigation.
 Production of ROS in cells causes an 
increase in oxidative stress that consequently 
leads to various problems, such as accelerated skin 
aging.24 The d-galactose-induced skin aging rat 
model was used in this study, where d-galactose 
reacts with free amines of amino acids through non-
enzymatic glycation, forming advanced glycation 
end products (AGE). This reaction generates 
ROS as a side-product. This reaction generates 
ROS as a byproduct.25 Superoxide dismutase 

(SOD) functions as an antioxidant enzyme that 
scavenges oxygen radicals through the unbalanced 
of superoxide free radicals both inside and outside 
cells.26 A study on skin tissues from aging mice and 
humans found that the expression levels of SOD3 
were significantly lower in aged skin compared to 
young skin.27 In this study, the IS group showed 
an increased SOD level compared to the aging 
skin rat model, demonstrating better protection of 
skin tissue from free radicals than the non-aging 
group (Figure 3C). The antioxidant activity of 
the secretome has been reported to be associated 
with its cytokines.28 Another study found that 
when secretome was incubated with human skin 
fibroblasts under oxidative conditions, it helped 
balance antioxidant and oxidant levels, including 
nuclear factor erythroid-2 related factor (Nrf2) and 
hypoxia-inducible factor (HIF).29

 Ascorbic acid, also known as an 
antioxidant30, has been shown in in vitro studies 
to reduce ROS production when used in stem cell 
cultures.31 In this study, the IC group exhibited an 
increased SOD concentration level, although the 
addition of secretome resulted in better outcomes 
in overcoming ROS. The d-galactose-induced 
skin aging rat model was used to stimulate ROS 
production, and the addition of ascorbic acid to the 
stem cell culture could reduce the expression of p16 
and SA-â-gal, markers of cellular senescence.32

CONCLUSION

 From the experiment on the skin aging rat 
model, we found that both secretome and ascorbic 
acid, either alone or in combination, can be used 
for skin aging treatment. However, while ascorbic 
acid is already known as an effective agent for 
treating skin aging, its potential toxicity to cells 
and stability remains uncertain. On the other 
hand, MSC secretome contains various bioactive 
molecules, depending on factors such as the 
source, culture media, and preconditioning agents, 
leading to variations in its effectiveness for skin 
aging treatment. The combined use of both agents 
needs further exploration, including optimization 
of the dosage, application method, treatment 
frequency, and the potential role of ascorbic acid 
supplementation in MSC culture media to enhance 
the secretome’s effectiveness against skin aging.
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