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Aging is a complex process influenced by intrinsic and extrinsic factors. Intrinsic aging is affected by age, genetics,
and hormones. A recent study has found that human umbilical vein endothelial cells (HUVEC) exosomes can serve
as a new treatment for repairing and rejuvenating skin tissue. Therefore, this research aims to determine the effect of

HUVEC exosomes on increasing type I collagen deposition on the skin of intrinsic aging Wistar rats. An experimental
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laboratory posttest-only control group study was conducted on 30 Wistar rats. The rats were divided into a control
group (Group A) and treatment groups receiving 1% HUVEC exosome (Group B) and 1.5% HUVEC exosome (Group
Q). Collagen deposition was measured using Masson’s trichrome staining. Statistical analysis used the Kruskal-Wallis
and Mann—Whitney tests (p value < 0.05, significant). After 4 weeks, type I collagen deposition was significantly
higher in the treatment groups than in the control group (p = 0.00). The mean values of collagen deposition (%) for

Group A, Group B, and Group C were 15.87, 30.71, and 40.72, respectively. The Mann—Whitney test revealed that
the HUVEC exosome had a significant effect on collagen deposition. Thereby, HUVEC exosomes can increase type
I collagen deposition significantly and can be considered a therapeutic option for skin rejuvenation in future studies.

INTRODUCTION

The aging process is defined as the accumulation of
various progressive changes in skin cells and tissues, divided
into intrinsic and extrinsic aging (Kammeyer and Luiten, 2015).
Intrinsic aging is a variety of changes in stem cells and their
progeny that include the expression of microRNA, telomeres,
apoptotic proteins, and gene expression influenced by genetics,
hormones, and free radicals, in contrast to extrinsic aging which is
influenced by lifestyle and the environment, especially exposure
to UV rays (Kammeyer and Luiten, 2015; Xiong et al., 2021).

The human skin is composed of an extracellular matrix
(ECM) with collagen as one of its constituent proteins (Rani and
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Ritter, 2016). Collagen that plays a role in skin tissue is type [ and
type III collagen (Poljsak et al., 2012; Wong et al., 2016). Type
I collagen is the main component of Extracellular Matrix (ECM)
which functions as a form of structural integrity and mechanical
resistance of the skin (Stamov and Pompe, 2012). Degradation
of type I collagen by matrix metalloproteinases (MMP) can
result in loss of the skin’s mechanical strength during the aging
process, considering that the amount of type I collagen can
reach 90% of the total collagen in the skin (Cole et al., 2018).
MMP-1 can degrade type I and III fibrillar collagen through
domain recognition such as hemopexin. Decreased distribution
and mechanical strength of fibroblasts as precursors of collagen
induce MMP-1 expression through the transcription factor
c-JUN/AP-1, the cyclooxygenase 2-prostaglandin pathway,
and oxidative stress during the aging process. Oxidative stress
induces MMP and elastase release from neutrophils which
triggers the degradation of collagen and elastic fibers, leading to
significant damage to MES and increasing skin susceptibility. The
damage causes structural changes, such as cis/trans-conversion
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in fats, loss of enzyme or membrane function, and DNA damage.
Type III collagen is an ECM protein synthesized by cells as
preprocollagen. Type III collagen is composed of 5%-20% of
the total collagen in the body. Type III collagen is the largest
structural component found in hollow organs, such as the blood
vessels. Type III collagen also plays a role in blood clotting and
intermolecular interactions for wound healing. In the skin, type
IIT collagen makes up 50% of fetal skin but only about 20% of
adult skin. Type III collagen is able to facilitate skin expansion
and contraction; besides that, it also plays an important role in
type I collagen fibrillogenesis (Kuivaniemi and Tromp, 2019;
Nielsen and Kasdal, 2016). Elastin is an extracellular protein
that functions in the elasticity of tissues, such as the skin. Elastin
is a major ECM fiber that plays a role in maintaining cutaneous
tissue homeostasis because it plays the role of elasticity as it has
the ability to recover after continuous stretching (Wang et al.,
2021). Overall, elastin and type I and II collagen comprise an
ECM with functions in stretching and restoring tissues, including
the skin, to their original condition; the three ECMs can be used
as skin parameters.

Exosomes defined as bilayer extracellular nanovesicles
measuring 40—100 nm are derived from the endocytic membrane
and contain biomolecules such as proteins, lipids, RNA, and
DNA (Yang et al., 2021). Exosomes were first discovered in 1983
and have contributed to various aspects of physiology disease,
including cell-to-cell communication, tissue homeostasis, cell
differentiation, and organ development and remodeling. The name
“exosomes” for these extracellular vesicles (EVs) was coined by
Rose Johnstone, referring to membrane fragments isolated from
biological fluids. The term “exosome complex” has also been used
as an intracellular particle involved in RNA modification (Harding
et al., 2013; Xiong et al., 2021).

Exosomes are known as small spheroidal membrane
blebs which are released from reticulocytes and peripheral blood
platelets. In the case of reticulocytes, exosome formation has been
proposed as a mechanism for releasing excess cell membrane and
unnecessary surface receptors (e.g., transferrin receptor) during
cell maturation into erythrocytes (Zhang et al., 2022). More
than a decade after the discovery of exosomes in reticulocytes,
Raposo, G. (1996) demonstrated that the MHC-II-enriched
exosomes in B-lymphocytes fused with the plasma membrane and
these exosomes were able to present peptide-MHC-II complexes
to activate T-cell responses. Soon after, it was shown that dendritic
cells produce exosomes. The ability of exosomes to stimulate
T-cell responses sparked an interest in the potential of exosomes
in the field of immunology, which also shows that exosomes carry
low immunogenicity with high hemocompatibility and stability
in body fluids to fuse with recipient cells (Harding et al., 2013;
Raposo and Stoorvogel, 2013; Yang et al., 2021).

Accumulated studies state that exosomes derived from
different cells showed a positive effect in wound healing application
(Yang et al., 2021). Specific molecular mechanisms of different
exosomes may be related to the origin of exosomes (Zhao et al.,
2020). Exosomes have been reported to have functional properties
similar to mesenchymal stem cells (MSCs) without significant
side effects; therefore, exosomes-based therapy has the potential
to be safer than direct cell use and offers a promising alternative

as a tissue regenerative modality (Li e al., 2019, 2020). Recent
studies have shown that various types of endogenic exosomes are
important regulators in shaping the physiological and pathological
development of the skin while exogenous exosomes, such as stem
cell exosomes, may serve as novel treatment options to repair,
regenerate, and rejuvenate skin tissue (Xiong et al., 2021). In
addition, the cell survival and regenerative effects of exosomes
are dose-dependent on the use of exosomes (Yang et al., 2021).

Exosomes can be isolated from the mesenchymal stem.
The predominant localization of exosomes in the perinuclear area
suggests that exosomes can enter human umbilical vein endothelial
cells (HUVECs) and regulate their biological behavior. HUVECs
are primary cells isolated from the umbilical cord. HUVECs are
commonly used as a model to investigate endothelial function
related to hypoxia, oxidative stress, inflammation, angiogenesis,
and immune system response, in which endothelial cell activation
can be stimulated by cytokines, such as Tumor Necrosis Factor-
Alpha (TNF-0) and Interferon Gamma (IFN-y) (Cao et al.,
2017). Systemically, exosomes have an anti-inflammatory and
antiapoptotic effect (Zhang et al., 2022). HUVECs can internalize
exosomes and significantly enhance proliferation, migration,
and angiogenesis both in vitro and in vivo (Li et al., 2020; Wang
et al., 2019). In vivo models show accelerated reepithelialization,
increased collagen maturation, and improved angiogenesis (Li et
al., 2020). Meanwhile, the in vitro model shows that human induced
pluripotent stem cells (iPSCs)-MSC-exosomes can increase the
proliferation and migration of both human fibroblasts and HUVECs
while increasing the secretion of collagen and elastin fibroblasts
(Zhang et al., 2015).

Compared to the control group, Masson’s trichrome
staining and western blot of HUVEC exosomes showed increased
collagen deposition and collagen I protein expression (Zhao et
al., 2020). More significant collagen deposition was observed in
wounds in mice in the exosome group than in the control group.
Recent studies have shown that various types of endogenic
exosomes are essential regulators in the physiological and
pathological development of the skin. Meanwhile, exogenous
exosomes, such as stem cell exosomes, can be a new treatment
option to repair, regenerate, and rejuvenate skin tissue (Xiong et
al., 2021). Therefore, this study aimed to determine the effect of
HUVEC exosomes on type I collagen deposition in the skin of
intrinsic aging Wistar rats.

MATERIALS AND METHODS

This study uses an experimental laboratory design with
a posttest-only control group and was conducted at the Setia Budi
Laboratory, Surakarta; Dermama Biotech Laboratory, Surakarta;
and Anatomical Pathology Laboratory, Faculty of Medicine,
Sebelas Maret University, Surakarta, in the period December
2021-January 2022.

Exosomes

Exosomes were obtained from HUVEC secretomes
isolated according to the standard. The HUVEC secretome was
transferred into the tube, and the total exosome isolation reagent
in vitro was added. The tube content was subsequently mixed
with vortex, followed by incubation (2°C—8°C for one night) and
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centrifugation (10,000x g, 2°C—8°C for 1 hour). The supernatant
was discarded so that the exosomes on the bottom pellet of the
tube could be obtained. Using the affinity method, resuspension
pellets with Phosphate Buffer Saline (PBS) and exosomes were
ready for purification. Exosomes were isolated (2°C-8°C for 1
week). Each Eppendorf contained 1 ml of liquid containing 100
g of exosomes dissolved in PBS. The dose in this study was 1 1.

Animals

The experimental animals in this study were male Wistar
rats aged 18 months with a body weight of 300-350 g. Rats were
obtained from the Laboratory of Setia Budi University, Surakarta.
Rats undergoing intrinsic aging are clinically characterized by
cataracts in the eyes with a redder color and larger body size than
young rats, yellowish-white fur, and brown spots on the rat’s tail.
After 7 days of adaptation, three groups of rats were placed under
standard environmental conditions (18°C-26°C, 12 hours of light
and dark) and fed (BW 1) and provided with standard drinking
water ad libitum. All treatments in this study abode by the research
ethics of Declaration of Helsinki items 11 and 12 and had obtained
permission from the Ethics Committee of Public General Hospital
Dr. Moewardi, Surakarta.

HUVEC exosomes treatment

A sample for the preliminary test to calculate collagen
deposition was taken from rat skin samples that had 1 x 1 cm
excision biopsied. Then, it was continued by giving treatment to
30 samples divided into 3 groups (n = 10) randomly into a control
group, HUVEC 1% exosome group, and 1.5% HUVEC exosome
group. Exosomes were given by a subcutaneous injection into
the back area once a week. After 28 days, an excisional biopsy
measuring 1 x 1 cm was performed at the injection site. Termination
of experimental animals was performed with euthanasia using
chloroform.

The exosome delivery system is concerned with the
biological effects brought about by exosomes. The biological
effects of exosomes can only be produced through internalization
by target cells via the endocytic pathway; therefore, prolonging
the half-life of exosomes until they can reach target cells and
reach the target dose is necessary. Previous studies have shown
that exosome delivery by intravenous, intraperitoneal, and
subcutaneous injection is more capable of prolonging the half-
life of exosomes than topical application. Topical application of
exosomes, for example, to the skin or eyes, allows rapid clearance
of vesicles by secretions, skin sweat or tears, and exposure to
external elements (Riau ef al., 2019). Although direct injection of
exosomes can also be cleared by the blood circulation quickly,
the subcutaneous tissue tends to have fewer blood vessels, so it
is expected that exosome clearance is slower and the half-life
of exosomes is increased, and subcutaneous injection is simpler
than other injections (Kim e al., 2017). The choice of Exo-
HUVEC application via subcutaneous injection compared to skin
dermabrasion was made because the parameters of skin repair and
rejuvenation in this study were collagen, especially type I collagen.
Collagen is located in the reticular dermis, and skin dermabrasion
application is recommended within safe limits, namely from the
superficial area to the mid-reticular-dermis, so subcutaneous

injection is better because it is able to reach the deep dermis, which
contains collagen. Dermabrasion exceeding the recommended area
will disrupt collagen infrastructure, wounds, and depigmentation;
besides that, dermabrasion can cause complications in the form of
infection, milia, or persistent erythema which tends to be difficult
to control in experimental rats (Bedford and Daveluy, 2021). To
minimize wound trauma caused by the subcutaneous injection,
several things were carried out, such as 1) fixing the experimental
animals properly so that there were no unwanted movements that
could interfere with the injection process; 2) marking the injection
area; 3) performing the injection by a standard certified laboratory
technician; and 4) carrying out the experimental animal cages
individually, to avoid stress and fights between the experimental
animals to reduce the risk of infection which can interfere with the
wound healing process.

Histopathological preparation

Skin samples were colored using Masson’s trichrome
staining: (1) fixation: the tissue was put in a 10% formalin
solution (pH 7.0 for 18-24 hours) and then soaked in distilled
water (1 hour); (2) dehydration: the tissue was placed in a graded
concentration of alcohol and subsequently in an alcohol-xylol
solution (1 hour), followed by a pure xylol solution (2 x 2 hours);
(3) impregnation: the tissue was cut and placed in liquid paraffin
(2 x 24 hours); (4) deparaffinization: the tissue was prepared in an
oven (10 minutes); and (5) Masson’s trichrome staining: the tissue
was given a 0.5% neutral red solution (5 minutes), then washed
with running water (5 minutes) and rinsed with distilled water, and
then given a solution of acid fuchsin (5 minutes) and rinsed with
distilled water once again (5 minutes).

Collagen deposition calculation

Collagen deposition was observed with a microscope
with 40x magnification in five fields of view using Optilab. An
anatomical pathologist performed the interpretation of the results
with repeated readings. Quantitative data were obtained using the
Imagel] software (%) in the blue area of observation.

Statistical analysis

Data analysis was conducted using IBM Statistical
Package for the Social Sciences version 21. The normality test was
performed using the Shapiro—Wilk test. If a normal data distribution
was obtained (p > 0.05), one-way analysis of variance was used
to assess collagen deposition, followed by the post-hoc Least
Significance Different (LSD) test. Supposing the data distribution
is not normal (p < 0.05), the Kruskal-Wallis test was used to assess
the increase in collagen deposition, followed by the Mann—Whitney
test. The group difference was significant if the p value <0.05.

RESULTS AND DISCUSSION

This study was a posttest-only study. The average
collagen deposition is shown in Figure 1. The lowest average
collagen deposition (%) at 40x magnification was in the control
group, and the highest was in the group receiving HUVEC 1.5%.
This study used the Kruskal-Wallis test since the p-value of the
Shapiro-Wilk normality test was p < 0.05. The results of the
Kruskal-Wallis test on the research variables showed a significant
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Figure 1. Means + SD collagen deposition percentage (%) [Number of mice
per group (N) = 10].

difference between the three groups (p < 0.05). The Kruskal—
Wallis test indicated a significant difference between at least two
research groups to find out which group to which group had a
significant difference, and then statistical analysis was continued
using the Mann—Whitney test. The Mann—Whitney test also
indicated which one is the most effective treatment in increasing
collagen deposition levels in the skin of intrinsic aging Wistar
strain rats. The Mann—Whitney test obtained p < 0.05 for each
group against the other. The results showed a significant difference
based on the Mann—Whitney test between the three groups. The
results of the Mann—Whitney test can be interpreted as the 1%
and 1.5% HUVEC groups were equally effective in increasing
collagen deposition compared to the control group in the skin of
intrinsic aging Wistar rats. Collagen deposition preparations are
shown in Figure 2.

The previous statement explained that the use of HUVEC
has a function similar to stem cells, with one of the sources being
the umbilical cord (UC). Stem cells are useful in cell-based
therapy considering that stem cells have varying potencies,
are easy to isolate from the original tissue, have simpler ethical
problems than embryonic stem cells (ESC), and have a lower risk
of iPSCs teratoma formation. Moreover, they are beneficial for
many therapeutic applications due to their ability to migrate to
chemotactically damaged areas. Therefore, researchers can utilize
stem cells in various tissues with different origins, including skin
tissue (Jo et al., 2021).

The skin is composed of dermal ECM, with the primary
components of type I and III collagen (Kammeyer and Luiten,
2015; Wong et al., 2016). With increasing age, the skin will
experience a decrease in collagen and its elasticity ability, marked
by an increase in oxidative stress and MMP, which will cause
matrix degradation The aging process is also caused by reactive
oxygen species (ROS). ROS is an activator of transcription factors
that can increase the expression of MMP-1. Reaction with reactive
molecule species (RMS) can convert biological molecules into free
radicals and trigger a chain reaction that leads to a series of changes
in the skin. RMS also triggers metabolic and catabolic processes
in cellular homeostasis, growth and development, repair, immune
defense, and apoptosis. Collagen fragments inhibit novel collagen
synthesis in fibrocytes. Tissue degeneration and decreased potential

for keratinocyte regeneration and differentiation contribute to the
skin’s aging process (Wolfle et al., 2014).

In addition to the aging aspect, the skin is also the most
often injured tissue. The skin has a basement membrane area
that connects the basal keratinocytes with the collagen fibers
on the surface of the dermis. This relationship has the primary
function of adhesion between the two layers so that the basement
membrane functions as a provider of oxygen and nutrients
from the vascular dermis to the epidermis, considering that the
epidermis is an avascular tissue (Jo et al., 2021).

Wounds on the skin have the following overlapping
stages of healing: 1) hemostasis stage, in the form of formation of
coagulation; 2) inflammatory stage, in the form of mononuclear cell
infiltration; 3) proliferative stage, in the form of epithelialization,
fibroplasia, and angiogenesis; and 4) maturation stage, in the form
of increased collagen deposition and the formation of cicatricial
tissue. MSCs can enhance the skin healing process and reduce
scar tissue formation due to their ability to migrate to the injured
area, inhibit inflammation, and promote the proliferation and
differentiation of fibroblasts, epidermis, and endothelium. Recent
studies have also stated that MSC derivatives, including exosomes,
can treat wounds on various types of tissues, including skin tissue
in the regeneration process of wound healing and rejuvenation
(Joetal., 2021).

MSCs in the healing process have the role of
regeneration and rejuvenation. The regeneration roles include
anti-inflammatory, modulator immune system, increase
in keratinocytes and fibroblasts, angiogenesis, and nerve
regeneration. Meanwhile, the role of rejuvenation includes
modulating the immune system, increasing collagen and elastin
synthesis, decreasing ROS, and inhibiting MMP activation and
hair regeneration. For example, in burn healing, UC-MSCs
have been shown to enhance the healing process through their
immunosuppressive effect (Jo et al., 2021).

UC-MSCs are well known for their ability to proliferate
rapidly and immunomodulating capacity and are easy to isolate
compared to other mesenchymal cells in antiaging aspects. In
addition, in their antiaging role, UC-MSCs have various growth
factors, including the epidermal growth factor, basic fibroblast
growth factor, transforming growth factor-p (TGF-B), platelet-
derived growth factor, hepatocyte growth factor, collagen type I,
and growth differentiation factor-11. UC-MSCs have also been
applied in the form of a cream that showed that 4 weeks of daily
use could increase skin density by up to 2.46% and reduce eye
wrinkles. Another application using UC-MSCs derivatives in
the form of EVs can trigger fibroblast proliferation in vitro and
increase collagen, elastin, and fibronectin and inhibit MMP-1 and
MMP-3. Theoretically, the results obtained in this study showed
appropriate results, where the administration of exosomes at a
dose of either 1% or 1.5% was able to increase type I collagen
as an indicator of skin tissue rejuvenation of Wistar strain rats
experiencing intrinsic aging (Jo et al., 2021).

Other supporting research in the form of in vivo studies
by Li et al. (2020) using experimental rat animals showed that
administration of HUVEC exosomes was able to regulate protein
expression. It could also be interpreted that exosomes could
increase the ability of proliferation, migration, and angiogenesis,
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Control Group

HUVEC Group 1%
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Figure 2. Trichrome Masson staining on Wistar rat skin preparations in 100x magnification, collagen is indicated by green color (top row). The
results of the quantitative analysis using ImageJ software, collagen is indicated by black color (bottom row). Control group with 16.4% (bottom
left); 1% HUVEC exosome treatment group with 29.7% (bottom center); and HUVEC 1.5% exosome treatment group with 40.3% (bottom right).

as well as increase the expression of related proteins. More
significant collagen deposition was observed in rat wounds in the
exosome-treated group than in the control (Li et al., 2020). The
study by Zhao et al. (2020) also reported that exosomes derived
from HUVECs could promote proliferative activity and migration
of keratinocytes and fibroblasts, which are two essential effector
cells for skin regeneration. Other in vivo results show accelerated
reepithelialization, increased collagen maturity, and improved
angiogenesis. This study that performed a histological evaluation
by Masson’s trichrome staining and western blot showed that
HUVEC exosomes could increase collagen deposition and
expression of collagen I protein compared with the control group
(Zhao et al., 2020).

Previous supporting research conducted by Kang et al.
(2017) showed that the exosome treatment group had increased
collagen synthesis and decreased MMP-1 production. MMP-1
lowering is due to the exposure of skin fibroblasts to exosomes
that trigger an increase in collagen and elastin production (Yang
et al., 2021). The antiaging properties of exosomes derived
from ESCs, and it was found that mmu-miR-291a-3p containing
these exosomes was able to reverse the aging process in dermal
fibroblasts mechanically via the TGF-p pathway (Bae ez al.,2019).

Another study by Fiqri et al. (2021) showed that the
administration of exosomes from Wharton’s jelly at doses of
0.75 and 1.5 mcg increased type I collagen deposition in rat
skin induced with UVB rays to 48.41% and 58%, respectively,
compared to the control group, whose value was 23.72%.
Therefore, both this study and previous similar studies gave
appropriate results, where the administration of HUVEC
exosomes was able to increase collagen expression in the skin
tissue of intrinsic aging Wistar rats.

As for limitations, this study only examined collagen
deposition in the excision part of skin tissue and did not examine
other skin parts, so the systemic effect of increased collagen
deposition could not be determined.

CONCLUSION

HUVEC exosomes can increase type [ collagen
deposition significantly in intrinsic aging Wistar rats. Therefore,
they can be considered a therapeutic option for skin rejuvenation
in future studies.
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