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Effects of Methylsulfonylmethane on UVB-induced Skin
Damage: An Experimental Study in a Mouse Model
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Abstract. Background/Aim: The skin protects the body from
ultraviolet rays and other external factors. Various studies
have been conducted to identify methods to prevent skin aging
and damage. To investigate the protective effects of
methylsulfonylmethane (MSM), in this study, a hairless mouse
model was used. Patients and Methods: Mice divided into
Groups B, C, and D were subjected to UVB irradiation for six
weeks, and Group A was considered the control. Retinoic acid
is a substance that has been proven to have anti-aging
properties. Group C was injected with MSM, group D was
injected with retinoic acid, and groups A and B were injected
with saline. At the end of the experiment, the degree of
senescence was confirmed through visual evaluation,
histopathological analysis, immunohistochemistry, and
elasticity measurement using SEM. Results: After the end of
the experiment, the wrinkle score was 04, 2.5, 1.8, 1.5 for
Groups A, B, C, and D, respectively. Epidermal thickness was
40 um, 70 um, 60 um, 55 um in Groups A, B, C, and D,
respectively. Group C showed less collagen confirmation loss
and more angiogenesis and elastin precursor production.
Elastic  fiber linearity was 0.901+0.02, 0.551+0.04,
0.751+0.04, 0.822+0.03 for Groups A, B, C, and D,
respectively. Conclusion: Injection of MSM in mice subjected
to UVB-induced skin damage reduces the wrinkle score and
protects against photoaging.
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Aging occurs due to a combination of various processes (1).
DNA damage due to environmental factors such as ultraviolet
(UV) (B) rays can cause intracellular changes in genetically
programmed pathways such as telomere shortening that may
result in aging (1-3). According to previous studies, UV-
induced skin aging accounts for 80% of overall aging. UV
rays stimulate the production of reactive oxygen species
(ROS) that destroy DNA and activate a skin aging pathway,
leading to photoaging (4-6).

Many studies are being conducted to identify ways to
eliminate ROS and to prevent skin aging and damage caused
by DNA destruction (7). Consequently, various antioxidants
such as Vitamin C and E, carotenoid, and flavonoid were
discovered. These substances play a significant role in the
prevention of free radical damage (8-10).

Methylsulfonylmethane (MSM) has been commonly used as
an anti-inflammatory agent. Recently, its antioxidant capacity
to reduce oxidative stress was identified. Hence, it became
popular in aging-related research (11, 12). Recent research
reported that when MSM was administered orally or topically,
there was a statistically significant improvement in skin
condition along with anti-aging effects (13). However, research
on MSM is limited to oral administration and application.
Therefore, we focused on how effectively this substance can
achieve a protective effect against UV rays in terms of non-
wrinkling and protect against photoaging when injected.

This study was designed to evaluate the effects of MSM
on photoaging. Using an animal model, photoaging was
induced using UVB. The anti-aging effects of MSM on
photoaging was evaluated through visual assessment over a
period of time, a histopathology test, by monitoring the
changes in the expression levels of CD31, tropoelastin, and
fibrillin-1, and by evaluating skin elasticity using a scanning
electron microscope (SEM).

Materials and Methods

Materials.
Hairless mouse (SKH-1). Twenty male hairless mice (SKH-1) aged
six weeks were obtained from Orient Experimental Animal located
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in Yeongnam and kept in Experimental Animal Centre Re-entry
Area of Daegu-Gyeongbuk Medical Innovation Foundation
(DGMIF). The following conditions were maintained and
monitored: temperature of 22+3°C, relative humidity of 50+20%,
number of air changes amounting to 10-15 times/h, and light-dark
cycle of 12 h/day (08:00-20:00).

The animal experiments were performed after receiving a review
and approval from the Institutional Animal Care and Use Committee
of Daegu-Gyeongbuk Medical Innovation Foundation (Approval
No. DGMIF-19082701-00). After the end of the experiment, the
animals used in the experiments were euthanized using a carbon
dioxide chamber, and then tissues were collected.

MSM, retinoic acid. The experimental substance used was 10% MSM
(Sigma-Aldrich, St Louis, MO, USA). The positive control group was
treated with 0.05% retinoic acid (Sigma). Retinoic acid is a material
that has been shown to have anti-aging effects when injected or
applied. Therefore, it was used as a positive control group.

Dermashine Balance®. Dermashine Balance® (HUMEDIX,
Seongnam-si, Republic of Korea) was used to inject the accurate
amount of experimental substance at an appropriate depth. The nine
pin (I cm x 1 cm) was used to ensure the substance was equally
distributed across the target site.

Experimental group. A photoaging animal model was designed by
targeting SKH-1 (20.2-26.3 g, average 23.1 g). Experimental
animals were divided into a total of four groups: normal group
(Group A), UV control group (Group B), UV/MSM group (Group
C), and UV/retinoic acid group (Group D). Using the spine of the
experimental animal as the reference, 0.1 cc of the experimental
substance was administered into the left and right sides with the use
of Dermashine Balance®. From the first to the fourth week of the
experiment, the substance was administered four times in total,
thereby a total of 0.4 cc was injected into each side.

Group A (normal group): no UVB radiation. Saline injection, n=5;
Group B (UV control group): UVB radiation. Saline injection, n=5;
Group C (UV/MSM group): UVB radiation. MSM injection, n=5;

Group D (UV/Retinoic acid group): UVB radiation. Retinoic acid
injection, n=5.

UV irradiation. The measurement tool for UVB irradiation was
installed 30 cm away from the back of SKH-1. To obtain an
accurate measurement of the amount of irradiation, a UV meter
(YK35UV, LUTRON) was used. Four UVB lamps (Philips, TL20W,
wavelength 290-320 mm) were attached to the cage to ensure the
direct irradiation of UVB rays on the back. Minimal erythema dose
(MED, approximately 75 mJ/cm?2) was measured in advance. To
promote the formation of photoaging-induced wrinkles, Groups B,
C, and D were irradiated with 120 MED of UVB for six weeks.

Methods.

Visual assessment, micro-computed tomography (Micro-CT). To
examine the anti-aging effects, the backs of the SKH-1 were
recorded using a digital camera [Leica M80 Stereo Microscope®
(Leica Microsystems, Wetzlar, Germany)]. A micro-CT scan was
used for high quality visualization of the wrinkles. The scoring
system developed by Bissett et al. was used every week to follow-
up the average wrinkle score of each group. Wrinkle scoring: Grade
0: no coarse wrinkles; Grade 1: a few shallow coarse wrinkles;
Grade 2: some coarse wrinkles; Grade 3: several deep wrinkles.

Histopathology tests. Hematoxylin and eosin (H&E) staining was
used to identify histopathological changes, and Masson’s trichrome
staining to identify the collagen content in the dermis. Images of the
stained tissue were obtained using Nikon electric drill fluorescence
microscope (Nikon, Tokyo, Japan), and NIS-Elements Software was
used to analyze the images.

Immunohistochemistry: CD 31, Tropoelastin, Fibrillin-1. Immunohisto-
chemistry was performed to selectively identify antigens in a tissue
section with the use of antibodies (such as CD 31, Tropoelastin,
Fibrillin-1) binding specifically to antigens, using standard protocols.
CD 31 immunohistochemistry was performed to identify angiogenesis.
Tropoelastin and fibrillin-1 immunohistochemistry was performed to
identify precursors of elastin fiber. Images of the stained tissue were
obtained using Nikon electric drill fluorescence microscope (Nikon),
and NIS-Elements Software was used to analyze the images.

Elasticity evaluation (scanning electron microscope; SEM). After
obtaining the tissue sample, it was cut to the size of 1x1x4 mm. The
tissue was fixed wusing 0.5% glutaraldehyde and 0.5%
paraformaldehyde and rinsed with 0.1 M phosphoric acid buffer.
Then, it was fixed in 1% osmium tetroxide solution for 2 h and
rinsed with the same buffer again. After submerging the rinsed
tissue in 25% dimethylsulfoxide (DMSO) solution for 30 min and
in 50% DMSO solution for 30 min, it was frozen using liquid
nitrogen to be cut into smaller pieces. After melting the smaller
pieces using 50% DMSO solution and rinsing them using the same
buffer, they were post-fixated in 1% osmium tetroxide solution for
2 h, dehydrated using ethanol, and infiltrated using t-butyl alcohol.
Thereafter, the tissue sample underwent a freeze-drying process
using a freeze dryer (Hitachi ES-2030). After attaching the dry
sample to a sample plate, it was vapor-deposited into Pt-Pd alloy
using lon sputter (Hitachi E-1030). Then, the sample was inspected
using Hitachi S-4200 SEM. Elastic fiber linearity was examined
based on the images obtained using SEM Elastic fiber linearity,
which allowed the comparison of the changes in the degree of
elasticity of SKH-1 after exposure to UV irradiation.

Elastic fiber linearity. The smallest rectangle that can contain a
single elastic fiber fragment was automatically created by the
computer and the length and width of the rectangle were defined as
B and C, respectively. The area occupied by the elastic fibers was
defined as A. Elastic fiber linearity of each elastic fiber fragment
was defined as A/(BxC). For example, the elastic fiber linearity of
a linear elastic fiber fragment is one. However, when UV irradiation
causes the elastic fiber to bend, the area occupied by the elastic fiber
within the smallest rectangle reduces, thus the linearity decreases
below one.

Statistical analysis. All collected data were subjected to statistical
analysis using SPSS ver. 12.0 (SPSS, Chicago, IL, USA). One-way
ANOVA was used to compare the average score from each group
and to verify the statistical significance in the experimental group
with a significance level <5% (p<0.05).

Results

During the UVB irradiation period, Group B mice showed
an increase in the number and depth of skin wrinkles based
on visual inspection (Figure 1). Micro-CT results revealed
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Figure 1. The dorsal side of the mouse was closely photographed with a digital camera (Leica M80 Stereo Microscope) to determine the severity
of wrinkles. Group A: normal control; Group B: UV control; Group C: UV/methylsulfonylmethane; Group D: UV/Retinoic acid.

m-CT
image
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Figure 2. Micro-CT was used to analyze the wrinkles more precisely. The material was injected into the circled area. The various groups were treated
as follows: Group A: normal control (non-treated); Group B: UV control; Group C: UV/methylsulfonylmethane; Group D: UV/Retinoic acid.

that Groups C and D mice had fewer wrinkles and were in
better condition than Group B mice (Figure 2 and Figure 3).
After three weeks of exposure to UVB, the wrinkle score of
Group B rapidly increased. After the end of the experiment
(Week 6), the average wrinkle score increased up to 2.5.

Similar to Group B, the wrinkle score of Group C also
gradually increased. Four weeks after exposure to UVB, the
wrinkle score began to rapidly increase, but not more than
that of Group B. At the end of the experiment (Week 6), the
average wrinkle scores increased up to 0.4 for Group A, 1.8
for Group C, and 1.5 for Group D (Table I).

Generally, with UV damage, the epidermal thickness
becomes thicker. The H&E stain showed thickening of the
epidermis and infiltration of inflammatory cells in the dermis
of Group B mice (Figure 4). The average epidermal
thickness of SKH-1 before the experiment was 30 mm,

whereas the epidermal thickness after the experiment was 40
mm for Group A, 70 mm for Group B, 60 mm for Group C,
and 55 mm for Group D (Figure 5).

The Masson-Trichrome stain was used to identify the
collagen content in the dermis. Generally, the collagen layer of
the dermis is destroyed during UV damage. No staining was
observed in the upper dermal layer of Group B mice and almost
no damage of the dermis of Groups C and D mice (Figure 4).

Results of CD 31 immunohistochemical analysis showed
significantly reduced angiogenesis in Group B (Figure 6).
Tropoelastin and fibrillin-1 immunohistochemistry results
showed reduced expression of precursors of elastic fiber in
Group B (Figure 6).

Generally, during UV damage, curling occurs in elastic
fibers and the degree of distortion increases. This results in
poor elastic fiber linearity. The SEM analysis showed that the
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Figure 3. At the end of the experiment (week 6), a section of the UV-irradiated area was collected, and micro-CT was used for a closer observation.
The various groups were treated as follows: Group A: normal control (non-treated); Group B: UV control; Group C: UV/methylsulfonylmethane;

Group D: UV/Retinoic acid.

elastic fiber linearity in Group A (0.901+0.02) was close to 1
(Figure 7). However, elastic fiber linearity in Groups B, C, and
D that were exposed to UVB significantly decreased below 1.
Elastic fiber linearity in Groups B, C, and D were 0.551+0.04,
0.751£0.04, and 0.822+0.03, respectively. The elastic fiber
linearity in Group B was significantly lower than that in other
groups. There was a statistically significant difference in elastic
fiber linearity among Groups A, B, and C (p<0.05) (Table II).

Discussion

MSM is a dietary sulfur that promotes sulfur-sulfur
combination within cellular proteins. Since the effects of MSM
in improving pain related to osteoarthritis was established,
additional studies have been conducted. Consequently, MSM
has been considered safe for the management of pain and
inflammation (11, 12).

In a previous cosmetic and aging-related study, MSM was
administered orally or topically at local sites (13). However,
there are no studies on the effect of MSM local injection. If the
injection method is effective, we expect that it will be widely
used in the field of plastic surgery in the future. In this study,
an appropriate amount of MSM was injected, and the skin was
continuously exposed to UVB. Several procedures were used
to monitor how MSM provided protection against UVB and
how the skin recovered from the damages.

According to the visual assessment using a digital camera
and micro-CT, the severity of wrinkles was significantly lower
in Group C than that in Group B (Figure 1, Figure 2, Figure

Table 1. The wrinkle score increased with increasing UV dose. The
wrinkle score significantly increased in Group B (UV control) compared
to Group A (normal), Group C (UV/methylsulfonylmethane), and Group
D (UV/Retinoic acid).

Group A Group B Group C Group D
1 Week 0 0 0 0
2 Week 0 0.2 0.1 0.1
3 Week 0.1 0.35 0.3 0.3
4 Week 0.2 135 1.05 0.5
5 Week 0.3 1.85 145 1.15
6 Week 04 2.5 1.8 1.5

3). In Table I, there is no significant difference in wrinkle
score between groups, which suggests that the natural anti-
aging protective mechanism of mouse skin against UVB
exposure was sustained until week 3. However, the widening
difference in the severity of wrinkles after week 3 suggests
that the skin protection system failed to prevent aging after
experiencing serious damage. There were differences between
Groups B and C. There was less damage to the skin protection
system in Group C because of the effects of MSM. After week
four, the rate of skin aging accelerated in Group C. This shows
that MSM should be injected again after a certain period of
time following the initial injection.

According to the H&E staining, Groups C and D were able
to prevent the thickening of the epidermis layer compared to
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Figure 4. Hematoxylin and eosin (H&E) and Masson’s trichrome staining. The UV/methylsulfonylmethane (MSM) group (Group C) and the
UV/Retinoic acid group (Group D) were able to prevent the epidermal thickness from significantly increasing compared with that in the UV control
group (Group B). There was a loss of staining in the upper dermal layer in the UV control group (Group B), but little damage of the dermal layer
in the UVIMSM group (Group C) and the UV/Retinoic acid group (Group D) (original magnification x100).

Epidermal thickness (um)

Group A

Group B

B 0 weeks
I 6 weeks

Group C Group D

Figure 5. Epidermal thickness after the experiment. Group B (UV control) showed a marked increase in epidermal thickness compared to Group A
(normal; non-treated), Group C (UV/methylsulfonylmethane), and Group D (UV/Retinoic acid).

Group B. Based on findings using Masson-Trichrome staining,
a decrease in collagen degradation was identified in Groups C
and D (Figure 4). It can be inferred that the collagen layer was
protected and regenerated against UV damage in the group
injected with MSM and retinoic acid.

CD 31 immunohistochemistry examined the degree of
angiogenesis in response to UVB damage. Group B had a

low degree of angiogenesis. It was verified that angiogenesis
was better activated in Groups C and D after experiencing
UVB damage (Figure 6). It can be inferred that the group
injected with MSM, and retinoic acid has a strong ability to
regenerate against UV damage.

Tropoelastin and fibrillin-1 immunohistochemistry showed
the reduced expression of the precursor of elastic fiber
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Figure 6. CD 31, Tropoelastin, and Fibrillin-1 immunohistochemistry. CD 31 immunohistochemistry was performed to confirm angiogenesis.
Tropoelastin and fibrillin-1 immunohistochemistry was performed to confirm the presence of the elastin fiber precursor. Group A: normal control;
Group B: UV control; Group C: UV/methylsulfonylmethane; Group D UV/Retinoic acid.

Table 1I. In Group A, elastic fiber linearity (0.901+0.02) was found to be close to 1. Elastic fiber linearity of Group B was the lowest. Group A:
normal control; Group B: UV control; Group C: UV/methylsulfonylmethane; Group D: UV/Retinoic acid.

Group A Group B Group C Group D

Elastic fiber linearity 0.901+0.02 0.551+0.04 0.751+0.04 0.822+0.03

(Figure 6). When UVB damage was induced in Groups C
and D, there was an increase in the number of elastin fiber
precursors, such as tropoelastin and fibrillin-1. Thus, the
production of elastic fiber is enhanced as a defense
mechanism to maintain the elasticity despite the UVB
damage (14). In regard to skin aging, the elasticity of the
skin is very important. In order for the elastin fiber to remain
strong, the precursor must be sufficiently activated to
regenerate the elastin fiber. In this respect, it can be
suggested that the regenerating force of the elastin fiber was
strong against UV damage in the group injected with MSM
and retinoic acid.

According to the SEM images, curling and/or distortion in
Group B was found to be greater than those of Groups C and
D (Figure 7). Elastin is responsible for matrix formation
from the boundary between the epidermis and dermis to the
lower dermis and for maintenance of skin elasticity (15).
Elastic fiber linearity can be used to examine curling and/or

Figure 7. The tissues were observed with a Hitachi S-4200 type scanning
electron microscope. (20.0 kV, X9.00K, 2.00 um) Group A: normal

distortion. Although Groups C and D had UVB-induced
photoaging, they had less distribution of elastic fiber. It is

control; Group B: UV control; Group C: UV/methylsulfonylmethane;
Group D: UV/Retinoic acid.
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assumed that MSM played a role in preventing the
denaturation of elastin in this study (15, 16).

Further studies are necessary to determine the exact
mechanism underlying UVB-induced skin aging and the
protective role of MSM against this type of damage. Since
MSM is a natural ingredient, it is relatively safe. There are
no known side effects yet. However, it has not been found
to be stable for long-term use. Furthermore, there is a
possibility of causing flushing (sudden warmth, redness, or
tingly feeling) when used as a high-dose injection. This
study found that proper use of MSM in treating UVB-
induced skin aging can prevent epidermal and dermal
photoaging and promote anti-aging (11).

Numerous studies and attempts on the use of MSM in pain
management, inhibition of ROS, and treatment of many skin
diseases such as allergy, acne, burns, and scars are currently
in progress (11). MSM is currently being actively used as a
drug to be applied or eaten, and there were no special side
effects. Additionally, in this experiment, it was confirmed
that there were no special side effects even when used as an
injection. Clinically, cosmetics that apply MSM can be
made, and for a more dramatic effect, MSM solution is used
as an injection at the clinic and can be used as a medicine to
prevent photoaging and improve the skin like botox or
fillers. If so, the area of plastic surgery can be expanded
more easily by using this product in the clinic. This study
examined the protective mechanism of MSM against UVB
damage; however, the underlying mechanisms are yet to be
explored further. For more accurate and further research, we
should perform molecular biology studies such as real time-
polymerase chain reaction to evaluate the real effect of this
product, in comparison to the others and to the control on
the DNA and on pro- and anti-inflammatory markers, on
type I, IIT and IV collagen and on all markers of skin and
dermal regeneration. If these additional studies are
performed in the future, it will help us to better understand
the mechanisms of aging and the anti-inflammatory and
antioxidant functions of MSM. The use of as a new antiaging
product should be verified in other randomized studies. If the
local, topical application or injection technique of MSM
improves in the cosmetic and/or aging field, production of
anti-photoaging products using MSM can be expected (12).

Conclusion

This study confirmed the protective effects of MSM against
UVB damage when injected into the back of mice. The
decrease in wrinkle formation was not only visible based on
inspection, but histopathological, elasticity, and immunohisto-
chemical analyses also confirmed the protective effects of
MSM against photoaging. The specific mechanism underlying
this protective system could not be identified in the present
study, and further cellular biological research is needed (17-

20). Similar to retinoic acid, a verified anti-aging material, the
results of this study indicate that MSM is an anti-aging
compound that can protect against photoaging (21-24).
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