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Abstract

Background and Objective: Extensive exposure of skin to ultraviolet radiation B (UVB) causes early inflammatory response and epidermal
hyperplasia. L-Glutathione is an antioxidant and anti-inflammatory agent that can protect skin from photodamage. This study aimed to
determine the protective effect of oral L-glutathione supplementation on UVBinduced Balb/c. Materials and Methods: Eighteen female
BALB/c mice were randomly divided into 3 groups: (1) Control group (n = 6), without UVB irradiation and L-glutathione administration;
(2) UVB irradiated group (n = 6), irradiated with UVB dose of 250 mJ/cm? for 3 minutes and (3) treatment group (n = 6), irradiated with
UVB and treated with 0.02 mL of 100 mg kg~ of L-glutathione by oral gavage. The treatment was given for 14 days and UVB irradiation
was given on days 9, 11 and 13. Results: Mice irradiated with UVB and treated with L-Glutathione showed prominent reduction of skin
scaling and erythema. Oral supplementation of L-glutathione significantly reduced the skinfold thickness (p<0.05) as compared to
UVB-irradiated group. Mice irradiated with UVB and treated with L-Glutathione showed reduced leukocyte infiltration and epidermal
hyperplasia. Conclusion: Oral supplementation of L-glutathione can influence the cutaneous and early inflammatory response to UVB
irradiation. Therefore, L-glutathione has the potential to be developed as a photoprotective agent.
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INTRODUCTION

As skin is our outermost organ, it is most susceptible to
such environmental stressors as solar ultraviolet radiation
(UV), which is a carcinogen. The skin serves as an interface
between internal homeostasis and environmental stressors!
such as UV. The UV spectrum includes UVA (315-400 nm), UVB
(280-315 nm) and UVC (200-280 nm)2. In the UV spectrum,
UVB is considered the most damaging and genotoxic to the
skin3. UVB is mainly absorbed in the epidermis which consists
mainly of keratinocytes. UVB causes keratinocytes to undergo
cell cycle arrest. When cells are damaged, they require time to
repair or undergo apoptosis, if the damage is irreversible.
Epidermal keratinocyte cell proliferation is then accelerated
and can lead to epidermal hyperplasia*®. Besides, UVB
irradiation can also affect the various parts of the skin, causing
edema, skin scaling and skin cancer’®,

There are many ways to block the exposure of skin to
ultraviolet radiation. One way is to use topical commercial
sunscreens formulated as cream and lotions. However, these
topical sunscreens are not effective as they have short half-life
and they require frequent reapplication®'°, Researchers have
discovered that some commercial sunscreens contain such
preservatives as paraben and methylparaben which aid in
increasing the half-life of the sunscreens and prevent
contamination by microorganisms. However, methylparaben
caninduce oxidative stress, cellular lipid peroxidation and cell
death 3,

Oral antioxidant supplementation is increasingly used to
maintain optimal body function. It has been shown to be an
effective strategy to inhibit oxidative stress and reduce
DNA damage brought about by excessive exposure to
UVB™™". L-Glutathione, also known as reduced glutathione, is
astrong antioxidant. L-Glutathione plays a key role in multiple
biological functions, including scavenging free radicals mainly
hydrogen peroxides, detoxification of xenobiotics and itis also
involvedinthe cellular metabolism process'®'”. Several studies
have shown that L-glutathione supplementation prevents
carcinogenesis, improves immune function and also
eliminate toxics chemicals'®2. In the present study, we aimed
to determine the protective effect of oral glutathione
supplementation on epidermal hyperplasia in UVB irradiated
BALB/c mice.

MATERIALS AND METHODS

Preparation of L-Glutathione: The L-glutathione used was a
gift from Dr. Nabisarr Mustan, Cambridge Herbal Sdn Bhd
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(SungaiBuloh, Malaysia). Mice were treated with L-glutathione
atadose of 100 mg kg~—'%'. The dose was prepared fresh daily
by adding the L-glutathionein corn oiland then vortexed until
the powder was dissolved completely. All the mice were
fasted for 4 hours before being treated with 0.2 ml of dissolved
L-glutathione by oral gavage.

Animal and experimental design: Eighteen female BALB/c
mice were supplied by the Faculty of Veterinary Medicine,
University Putra Malaysia. The animals were kept at the animal
house, Department of Biomedical Science, Centre of Health
and Applied Sciences, Universiti Kebangsaan Malaysia, under
12 h light/dark cycles at controlled room temperatures . All
mice were given free access to a standard pellet diet and
drinking water.

The animals were randomly divided into three groups:
Vehicle control group (n = 6), which were not exposed to UVB
irradiation and not treated with L-glutathione; exposure
group (n=6), which were exposed to UVB irradiation only and
the treatment group (n = 6), which were exposed to UVB
irradiation and also treated with 100 mg kg~ L-glutathione.
The treatment was administered for fourteen successive
days?2. Briefly, the dorsal parts of the mice were shaved using
an electric shaver (Phillips, Malaysia). Mice from both groups
(exposure and treatment group) were then exposed to UVB
irradiation for 3 min at dose of 250 mJ cm~" on the 9th, 11th
and 13th day of treatment?2. The source of irradiation was a
lamp of 312 nm of wavelength, 15 watts (UVP, USA).

The use of the mice was approved by the Universiti
Kebangsaan Malaysia Animal Ethics Committee (UKMAEC)
(UKMAEC NO: FSK/2017/AHMAD ROHI/22-NQOV./887-NOV .-
2017-JULY-2018) and guidelines were strictly followed.

Skin morphology observation: The dorsal skin of the mice
was observed for such morphological changes as redness,
scaling and thickening of skin before the mice was euthanized
by cervical dislocation on day 15.

Skin edema formation evaluation: Edema formation was
evaluated by measuring skinfold thickness?. The midline
dorsal skin of the mice was lifted up at the neck and skin-fold
thickness was measured mid-way between the shoulder
and hip using a Harpenden skinfold caliper (Baty, United
Kingdom).

Histopathological observation: The tissue specimens were
fixed using 10% neutral buffered formalin for 24 h and
embedded in paraffin blocks. The specimens were then
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cut into sections of 5 um thickness for histopathology
observation. Hematoxylin and Eosin (H and E) staining was
performed to assess the structural alteration, epidermal
hyperplasia and also leukocyte infiltration.

Statistical analysis: Data analysis was performed using the
Statistical Packages for the Social Sciences (SPSS) version 23.0
and expressed as mean = standard error mean (SEM). One-way
ANOVA was used to determine skinfold thickness between
groups. The differences among means were inspected using
post hoc Tukey test and were considered to be statistically
significant at p<0.05.

RESULTS

Effects of L-glutathione on morphological changes in UVB
irradiated skin tissue: As shown in Fig. 1, the UVB irradiated
group showed obvious skin scaling as compared to the vehicle
control group. Furthermore, the UVB irradiated group also
presented with severe erythema and skin thickening, as
compared to the vehicle control group. However, the mice
which were administered with oral L-glutathione had reduced
erythema and no obvious scaling on the skin, as compared to
UVB irradiated group.

Effects of L-glutathione on cutaneous edema in UVB
irradiated skin tissue: Based on Fig. 2, the skinfold thickness

of the UVB irradiated (UVB) group (1.725£0.079 mm)
increased significantly, as compared to the vehicle control (VC)
group (1.0£0.035 mm) (p<0.05). Oral supplementation of
L-glutathione (L-GSH) significantly reduced the skinfold
thickness (1.087%0.047) (p<0.05) as compared to UVB
irradiated group (1.72520.079 mm).

Effect of L-glutathione on histopathological changes in
UVB irradiated skin tissue: Figure 3 and 4 illustrated the
histopathological evaluation of mice skin from the various
groups. Based on Fig. 3, the vehicle control group showed the
normal characteristics of mice skin, that is, epidermis, dermis
and hypodermis. However, the UVB-irradiated group showed
epidermal hyperplasia and hyperkeratosis, as compared to the
vehicle control group. On the contrary, the group which was
irradiated with UVB and administered L-glutathione showed
less severe epidermal hyperplasia, as compared to the group
which was only UVB-irradiated but was not administered
L-glutathione.

As shown in Fig. 4, epidermis and dermis layers were
observed in the vehicle control group. Furthermore, there
was no sign of infiltration of leukocytes. However, the
UVB-irradiated group showed leukocyte infiltration, as
compared to the vehicle control group. In the oral
supplementation of L-glutathione treatment group, there was
marked reduction of leukocytes in the dermis layer, as
compared to the UVB irradiated group.

Fig. 1(a-c): The morphology of the skin observed. (a) Vehicle control group, (b) UVB irradiated group and (c) Treatment group

The black arrowhead (¢) indicates slight erythema
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Fig. 2:Evaluation of cutaneous edema by measuring the

skinfold thickness.

Bar chart showed results of skinfold thickness in different groups
represented by the meanzstandard error mean (S.EM) (n = 6).
#Statistically significant difference in comparison to the vehicle control
group (p<0.05), *Statistically significant difference in comparison to the
UVB exposure group (p<0.05)

DISCUSSION

Multiple exposures to ultraviolet radiation that generate
reactive oxygen species (ROS) in the body can lead to

such cutaneous malignancies as epidermal hyperplasia,
erythema, hyperpigmentation and skin cancer?. Antioxidant
supplements, such as L-glutathione, have gained considerable
attention as photoprotective and anti-melanogenic
agents®, The supplementation of L-glutathione is an
effective strategy to increase intracellular glutathione as it
eventually restores tissue glutathione and enhances ROS
metabolism?. The present study showed the photoprotective
effect of oral supplementation of glutathione on epidermal
hyperplasia and edema formation in UVB irradiated Balb/c
mice.

Acute UVB exposure can lead to skin scaling which may
result in hyperkeratosis, actinic keratosis and hyperplasia in
the epidermis. Besides, skin erythema is one of the early
inflammatory responses to UVB irradiation?*?’, Our study
showed that UVB irradiated mice which had been
administered L-glutathione showed no obvious skin scaling
and less erythema (redness) than UVB irradiated mice which
had not been administered L-glutathione. We suggest that
such oral antioxidants as L-glutathione can prevent and
protect mice skin from UVB-induced skin scaling and
erythema?, This may be due to L-glutathione’s ability to
restore and maintain the level of intracellular glutathionein

Fig. 3(a-c): Histological observation to show epidermal hyperplasia (double sided arrow). (a) vehicle control group, (b) UVB

irradiated group and (c) L-glutathione treatment group
Hematoxylin-eosin staining; Pictures are shown at magnification X 10. Scale bar: 100 um
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Fig. 4: Histological observation to show leukocyte infiltration (arrow) in the dermis layer. (a) Vehicle control group, (b) UVB

irradiated group and (c) L-glutathione treatment group
Hematoxylin-eosin staining; Pictures are shown at magnification X40. Scale bar: 100 um

order to scavenge the diverse oxidants such as superoxide
anion, hydroxyl radical, nitric oxides and carbon radical
induced by UVB2%°,

Acute UVBirradiation stimulates inflammatory responses
associated with the formation of cutaneous edema3'. Edema
isbroughtabout by the enlargement of lymphatic vessels with
hyperpermeable function, which drains lymphatic fluids into
the epidermis®. In our study, the formation of cutaneous
edema was determined by measuring skinfold thickness?”. Our
study demonstrated that UVB irradiated mice which had been
administered L-glutathione orally had significantly less
skinfold thickness, compared to UVB irradiated mice
which had not been administered L-glutathione. Hence,
L-glutathione shows the potential of inhibiting cutaneous
edema formation. In agreement with our findings, the
administration of other oral antioxidant supplements such as
lutein and zeaxantin has been associated with reduced
cutaneous edema in the decreased swelling of mice ear
following UVB irradiation3*34,
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Theinfiltration of leukocytes in the epidermis is one of the
inflammatory responses after exposure to UVB irradiation.
UVB-induced leukocyte infiltration is a potential source of ROS
production in the skin. Generation of ROS triggers such
host defense responses as the promoting of endothelial
dysfunction and secretion of various kind of chemokines and
cytokines in order to recruit the inflammatory cells especially
neutrophils to infected tissue3¥. In the present study, we
found that oral L-glutathione reduced the infiltration of
leukocytes in the dermis layer of UVB-irradiated mice. The
antioxidant-rich supplement may counteract the UVB-induced
ROS production and may interrupt the hyper-permeability of
endothelial cells and also inhibit the secretion of various
chemokines. In another study, antioxidants such as alpha
lipoic acid significantly reduced the leukocyte infiltration
in UVB induced corneal stroma®. Besides, green tea
polyphenol, epigallocatechin-3-gallate (EGCG), which has
strong antioxidant activity, has also markedly reduced
leukocyte infiltration in UVB irradiated mice skin®.
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The direct exposure of skin epidermis to UVB radiation
also leads to alteration in the physiological and biochemical
features of the skin. These include keratinocyte proliferation
and epidermal hyperplasia®. These features are protective
because they provide time for the damaged cells to recover.
However, extensive exposure to UVB can lead to the activation
of proliferating cell nuclear antigen (PCNA) that would
accelerate epidermal proliferation and affect the epidermal
homeostasis*'. In the present study, hematoxylin and eosin
staining were performed to obtain morphological insights
into the effect of L-glutathione on the epidermis of UVB
irradiated mice skin. We found that L-glutathione brought
about obvious reduction of epidermal thickening and
keratinocyte proliferation induced by the UVB irradiation.
Hence, L-glutathione may restore the endogenous tissue
glutathione level which protects the cells from oxidative
damage®.

CONCLUSION

This study demonstrated the protective effect of
L-glutathione in  mice skin against UVB-irradiated
epidermal hyperplasia. Oral L-glutathione can act as an
anti-inflammatory agent by inhibiting such early inflammatory
responses as cutaneous edema formation and leukocyte
infiltration. Hence, L-glutathione has the potential to be
developed as a photoprotective agent.

SIGNIFICANCE STATEMENT

This study has demonstrated that L-glutathione can help
preventcomplications brought about by prolong exposure to
solarradiation. This study will help researchers uncover critical
areas of UVB-induced cutaneous responses that have not been
explored. Thus, a new theory on L-glutathione as an UVB
protective agent may be developed.
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