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ABSTRACT

Introduction: Ultraviolet (UV) A is the longest wavelength of UV radiation, accounts for approximately 95% of the
radiation reaching the earth's surface. It can penetrate deeply into the skin layer and able to induce photoaging and
photocarcinogenesis through the activation of reactive oxygen species (ROS). Polysaccharides-containing Pleurotus
flabellatus (known as a pink oyster mushroom) has antioxidative properties and may inhibit free radical activities
generated from UV radiation. Hence, this present study was to evaluate the antioxidative and photoprotective prop-
erties of exopolysaccharides (ExPFE) and exopolysaccharides (EnPFE) of Pleurotus flabellatus extracts on UVA irradi-
ated human dermal fibroblast (HS-27) cell line. Methods: The antioxidant level of EXPFE and EnPFE was determined
using 1,1-Diphenyl-2-picrylhydrazyl (DPPH) scavenging assay, while both cytotoxicity and photoprotective effects
of the extracts on the HS-27 cell line were determined using CellTiter-Blue® cell viability assay. The effects of ExPFE
and EnPFE on the HS-27 cell migration was evaluated using the scratch assay. Results: Both ExPFE and EnPFE exhib-
ited respectable antioxidant and scavenging activity in DPPH. The extracts also demonstrated a non-cytotoxicity, but
photoprotective effects to the HS-27 cells by increasing the percentage of cell viability and enhancing cell migration
activity upon UVA exposure. Conclusion: The ExPFE and EnPFE exhibit antioxidative and photoprotective effects
on UVA irradiated HS-27 cell line. This study suggests that pink oyster polysaccharides could be a potential natural
bioactive compound for skin protection against UVA radiation.
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to immunosuppression and photocarcinogenesis (3).
Currently, the use of bioactive compounds from natural
product derivatives for the treatment and prevention
of UV-induced photoaging has become a trend in the
cosmeceutical industry.

INTRODUCTION

An antioxidant does not only hold the ability to scavenge

Ultraviolet (UV) radiation is contributed to the generation
of free radicals, leading to acute effects of immediate
pigment darkening and chronic effect of photoaging
(1). Excessive exposure of human skin to UV radiation
(UVR 280-400nm), particularly UVA (315-400 nm) and
visible radiation (400-700 nm), promote the formation
of reactive oxygen species (ROS) in the human biological
systems (2). The cytotoxic and genotoxic effects of ROS
on cells are mediated by oxidizing lipids and proteins,
and through inducing base lesions, respectively. UVA
could have more indirect effects on DNA compared
to UVB via the generation of ROS which also leads

the excessive and toxic ROS but also consists of potential
photoprotective properties. Pleurotus flabellatus or
locally known as Pink Oyster mushroom was found to
contain a perceptible amount of antioxidant level (4).
Moreover, aprevious study by Mohamad etal. (5) specifies
the anti-bacterial properties of Pleurotus flabellatus
through the biological activities of its polysaccharides,
one of the components in the mushroom cell wall which
are indigestible biopolymers. This may be due to their
ability in attaching to other surfaces like macrophages
thus enhancing immunomodulatory effects (6). Besides,
mushroom polysaccharides contain B-glucan which
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was not only found to protect the host skin against UV
radiation, but it also provides various complementary
benefits including immunostimulator and anti-aging
properties (7).

However, there is limited study on the photoprotective
properties of mushroom, especially in Pleurotus
flabellatus. ~ Thus, this study aims to evaluate the
antioxidative and photoprotective properties of the
exopolysaccharides Pleurotus flabellatus extract (ExPFE)
and endopolysaccharides of Pleurotus flabellatus (EnPFE)
on human dermal fibroblast (HS-27) cell line using UVA
radiation. This study hypothesized that ExPFE and EnPFE
potentially have antioxidative and photoprotective
effects against UVA radiation in the HS-27 cell line.
MATERIALS AND METHODS
Extraction of Exopolysaccharides (ExPFE) and
endopolysaccharides (EnPFE)

Exopolysaccharides and  endopolysaccharides — of
Pleurotus  flabellatus strain  Mynuk (PFSM) were
obtained from and extracted at the Malaysian Nuclear
Agency based on Vunduk et al. (8). The construction
of a phylogenetic tree and biomolecular of PFSM was
identified prior to the extraction procedure. PFSM
sequence was found to be 99% similar to Pleurotus
flabellatus strain CCRC 36222 (AY265827.1) and
Pleurotus flabellatus strain ACCC51447 (EU424303.1)
(8). The mushroom mycelia that previously cultured
on potato dextrose agar (PDA) was inoculated in a
mushroom complete media containing 20 g/L glucose, 2
g/L yeast extract, 2 g/L meat peptone, 1 g/L KH,PO,, and
0.5g/L MgSO,.7H,0. The culture was then incubated
in a rotary incubator shaker for 2 weeks at 28 °C and
100 rpm. Next, the fermentation was submerged in a
5 L air-lift bioreactor for 4 days at 28 °C and 0.5-2.0 L/
min flow rate. Biomass produced was separated into two
parts and subsequently subjected to extraction for the
production of EnPFE and ExPFE based on methods by
Mohamad et al. (9) and Wan-Mohtar et al. (10).

For EnPFE, the dried mycelium was subjected to hot
water extraction. About 100g of mycelium was heated
for 2-4 hours at 100°C, filtered, and followed by
centrifugation. Then, four volumes of 95% (v/v) ethanol
were added and left overnight to get precipitation. The
precipitate extract was concentrated and condensed
using a rotary vacuum evaporator to remove the ethanol.
The extract was then placed in a freezer approximately
for 24 hours prior to freeze-drying using a freeze dryer
at -60°C. For the ExPFE, the culture broth obtained from
the fermentation process was filtered. The same volume
of ethanol was added to the filtered broth followed by
ethanol evaporation and freeze-drying process.

Diphenyl-2-picryl-hydroxyl (DPPH) assay
The efficiency of EXPFE and EnPFE on scavenging free
radicals was evaluated using DPPH assay, as described

by Rozila et al. (11), with slight modification. Briefly,
the reaction mixture containing 4 mL of 0.06 mM
DPPH solution, and 0.1 mL of the extracts or ascorbic
acid ranging from 0.001 to 10 mg/mL was prepared
in triplicate. The reaction mixture was then vigorously
shaken and incubated in the dark for 30 minutes at room
temperature. The absorbance was measured at 517 nm
using a UV-VIS spectrophotometer. The percentage of
free radical scavenging activity was calculated using the
formula:

Free radical scavenging activity (%) =

(A A ) x100

control sample

control

where A is the absorbance of 3mL DPPH solution
without extract while Asample is the absorbance of

sample with DPPH solution.

Cell Culture

The HS-27 cells (ATCC® CRL-1634™) were obtained
from ATCC and maintained at 37°C and 5% CO,
incubator in a complete Dulbecco’s Modified Eagle’s
Medium F12 (DMEM-F12) containing 1% Penicillin/
Streptomycin and 10% fetal bovine serum (FBS). The
complete growth medium was replaced every two
to three days. After reaching approximately 80%
confluence, the HS-27 cells were detached using
TrypLE™ Select (Trypsin-EDTA) and cells were seeded
into the desired seeding density accordingly.

UVA radiation

The method used in this UVA dose determination method
was adapted from Hseu et al. (12) with modification.
Prior to the UVA irradiation procedure, it is crucial to
determine the UV dose rate that can reduce the cell
viability of HS-27 cells post-UVA-irradiation. The
following is a formula by Zanatta et al. (13) to determine
the UVA dose rate:

UV Dose (J/cm? or W-s/cm?) = Intensity (W/cm?) x Time (s)

The intensity of the UVA lamp can be calculated using
the intensity formula (Intensity (W/cm?) = Power (W) /
(4w x distance (cm)?) where distance is the distance from
the UVA source to the well plate surface. The cells were
exposed to various UVA doses which were 15 J/cm?; 20
J/cm?; 23 J/ecm?; 25 J/cm?; 37 )/cm?; 50 J/cm?; 53 )/cm?,
76 J/cm?, and 487 J/cm?.

CellTiter-Blue® cell viability assay

The HS-27 cells were seeded in 96-well plates with a
seeding density of 1.0 x 10* cells/well and the cells were
allowed to attach overnight. Following treatment with
EXPFE or EnPFE and/or UVA irradiation procedure, 20
pl of CellTiter-Blue® reagent was added to each well.
The plates were wrapped with aluminum foil, shaken
for 10 seconds, and then incubated for 5 hours. After
incubation, the plates were shaken again for 10 seconds
and the absorbance was taken using an ELISA microplate
reader (Awareness Technology, Inc.) at 570 nm.
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Photoprotective assay

The method used was adapted from Hseu et al. (12)
with slight modification. The HS-27 cell line was
seeded at 1.0 x 10* cells/well in a 96-well assay plate.
The untreated cells are used as a negative control.
Prior to UVA irradiation, the HS-27 cells were pre-
treated with extracts or 0.05 mg/mL 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) (positive
control) for 24 hours. Following 50 min irradiation with
a total of 487 )J/cm? UVA dose, the cells were post-
treated with the same concentration of extract or Trolox
for another 24 hours. The viability of cells was analyzed
using the Cell Titer-Blue® cell viability assay.

Cell migration assay

The method was adapted and modified from Silva et al.
(14). The HS-27 cells were seeded in 24-well plates with
a seeding density of 5.0 x 10* cells/well. The cells were
treated with EXPFE or EnPFE in the presence or absence
of UVA. Prior to UVA irradiation, the cells were pre-
treated with various concentration of extracts or 0.05
mg/mL Trolox as positive control for 24 hours. A 100 W
UV light was set up in the UV box with a distance of 7 cm
from the plate. The cells were irradiated for 50 minutes
with a total of 487 J/cm? UVA dose. The monolayer cells
then were scratched gently with a 100 pL pipette tip
across the center of each well. The migration of cells
was observed under an inverted light microscope and
the images were analyzed using Image) software version
1.50 (National Institutes of Health, USA). The migration
rate was calculated as follows:

Migration rate (%) =

Wound area at 0 hour — Wound area at 24 hour X 100%

Wound area at 0 hour

Statistical analysis

The data was analyzed using One-Way analysis of
variance (ANOVA) followed by Bonferroni post-hoc
test via Statistical Package for the Social Sciences
(SPSS) version 25. Image) software version 1.50 was
also employed in image processing and analysis of
scratch assay. A p value of less than 0.05 is considered
significant.

RESULTS

Free radical scavenging activity of EXPFE and EnPFE
The antioxidant and scavenging activity of both EXPFE
and EnPFE extracts were determined by the DPPH assay
in comparison with ascorbic acid. Ascorbic acid shows
the highest scavenging activity with the least IC50(0.021
mg/mL) compared to EXPFE (9.457 mg/mL) and EnPFE
(1.090 mg/mL). Among the two extracts, the radical
scavenging effect of EnPFE is higher (79.32%)compared
to EXPFE (50.79%) at the highest concentration (10 mg/
mL). This result shows that both ExPFE and EnPFE have
the ability to scavenge the free radical to a certain extent
in a concentration dependant manner (Figure 1).
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Figure 1: Free radical scavenging activity of ExPFE and EnPFE

by DPPH assay. The graph shows the mean SD of three inde-

pendent experiments. Log concentration of -3, -2, -1, 0, and

1 mg/mL represent 0.001, 0.01, 0.1, 1 and 10 mg/mL of the

extract, respectively.

Cytotoxicity activity of the ExXPFE and EnPFE

The mean percentage of HS-27 cell viability that was
treated with various concentration of ExPFE and EnPFE
for 24 hours were detected at above 90% (Figure 2). The
result showed that the percentage of cell viability was
not affected by the presence of a different concentration
of EXPFE or EnPFE.
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Figure 2: Cytotoxicity of EXPFE and MEPFE. The HS-27 cell
line was treated with a serial concentration of ExPFE or EnPFE.
The viability of cells was determined using Cell Titer-Blue®
assay. Error bar represents +SEM of three independent ex-
periments.

Evaluation of UVA dose rate reducing cell viability
The HS-27 cell line was exposed to various intensity
levels of UVA. The mean percentage of HS-27 cell
viability upon UVA radiation is shown in figure 3. The
result indicates that there was a significant reduction
(p<0.05) in cell viability of the UVA-irradiated HS-
27 cell line at 487 J/cm? UV dose, thus it was used as
an optimal dose for the subsequent UVA-irradiated
procedure.

Photoprotective effects of ExPFE and EnPFE against
UVA irradiation in HS-27 cells

Photoprotective analysis of ExPFE and EnPFE on UVA-
irradiated HS-27 cells had shown a significant increase
(p<0.001) in the mean percentage of cell viability
compared to the untreated control (Figure 4). This data
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Figure 3: Effect of UVA on HS-27 cell viability. The effects
of UVA exposure on viability of HS27 cells was investigated
using Cell Titer-Blue® assay. The cells were irradiated with
UVA ranging from 0 to 487 J/cm?. Error bar represents +SEM
of three independent experiments. Statistical analysis using
a one-way ANOVA with Bonferroni post-test was performed
by comparison with the non-irradiated control (0 J/cm?),
*p<0.05.
suggests that both ExPFE and EnPFE have the ability to
protect cells from the damaging effect of UVA.

Migration activity of UVA irradiated HS-27 cell line
treated with ExXPFE and EnPFE

Migration activity of UVA-irradiated HS-27 cells treated
with EXPFE and EnPFE was observed after 24 hours using
scratch assay (Fig. 5). There was a significant difference
in the mean percentage of migration rate between
untreated control with ExPFE and EnPFE treatment
(Fig. 5a). The result also revealed that 1 mg/mL ExPFE
and 0.1mg/mL EnPFE were the optimal concentration
accelerates the migration of HS-27 cells. The bright-
field images showed the migration of cells over 24 hours
upon exposure to UVA radiation and treatment with the
extracts (Fig. 5b).

A

Oh

Untreated

Trolox

Non-
irradiated

60 ®EXPFE BEnPFE

Migration Rate (%)

0.001 0.01 0.1
-10° Untreated

1 10 Trolox  Non-
irradiated

Concentration (mg/mL)

120

W ExPFE  © EnPFE s *
i
g
z
>
°
&)
Untreated 0.001 0.01 0.1 1 10 Trolox
Concentration (mg/mL)

Figure 4: Photoprotective effect of EXPFE and EnPFE against
UVA irradiation. The HS-27 cells were treated with ExPFE,
EnPFE, or Trolox (positive control) prior to irradiation with
487 J/cm2 UVA. The cells were re-treated with the same ex-
tract for another 24 hours followed by cell viability measure-
ment. Error bar represents +SEM of three independent ex-
periments. Statistical analysis using a one-way ANOVA with
Bonferroni post-test was performed by comparison with the
untreated control, *p<0.05.

DISCUSSION

Ultraviolet radiation is associated with various skin
diseases including photoaging and skin cancer. The
use of the natural compound as photoprotection has
gained wide attention from the cosmeceuticals and
pharmaceutical industries (15). UVA which profoundly
penetrates the dermis layer usually associated with
oxidative stress in human skin (16). Hence, the human
dermal fibroblasts (HS-27) cell line was chosen in this
study as a major target site of UVA radiation (17). As the
role of antioxidant is to neutralize the free radicals (18),
there are correlations between antioxidant activity and
photoprotective effects (19).

EnPFE

Figure 5: Effects of ExPFE and EnPFE
treatment on HS-27-irradiated cell mi-
gration. A) The migration of HS27-ir-
radiated UVA cells was assessed at
0- and 24-hours post-treatment with
ExPFE, EnPFE or Trolox using scratch
assay and documented by sequential
digital photographs of the gap using
bright-field microscopy. Represent-
ative of three images captured at 44
maghnification on HS-27 treated with
different concentration of ExPFE and
EnPFE. B) The migration rate was eval-
uated as percentage of wound closure
area using Image) software version
1.50 and analysed in comparison
with the untreated control. Error bar
represents +SEM of three replicates,
*p<0.05, **p<0.01 or ***p<0.001.
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In this antioxidative and photoprotective study, the
endo- and exopolysaccharides were extracted from
edible Pleurotus flabellatus, which is a type of oyster
mushroom. Pleurotus genus exhibits high nutrition
and medicinal values through its variety of bioactive
substances including polysaccharides, terpenoids,
lectins, proteins, and peptides (20). Many studies
have found the nutritional values and numerous
biological activities of mushroom polysaccharides
including the antioxidant activity (21-23). Most of the
polysaccharides possessing biological properties are
produced from mycelium (fungi’s vegetative part) (24).
The bioactive compounds of the mycelium and fruiting
bodies of Pleurotus species display immunostimulatory,
anti-inflammatory, anti-bacterial and anti-oxidative
properties (20).

The antioxidant test that has been conducted in this study
was DPPH scavenging activity, where the efficiency of
capturing free radicals of EXPFE was evaluated using
DPPH reagent. The result of this study has shown that
the scavenging activity of EnPFE on free radicals was
higher compared to ExPFE. Besides, a lower IC_ value
represents a high antioxidant activity which comparable
with ascorbic acid control. These results suggest that
EXPFE and EnPFE are potentially good antioxidant and
radical scavenger. Our investigation also in accordance
with a previous study (25) which utilized polyphenols-
containing extract that accountable to the total
antioxidant activity of fruits (26) and medicinal plants
(27).

Among a series of UVA dose that has been tested on
HS-27 cells, our result demonstrated that UVA at 487
J/em? produced a significant reduction in the HS-27
cell viability which indicates phototoxicity. The UVA
dose ranged from 15 J/cm? to 76 J/cm? did not manage
to induce sufficient phototoxicity to be used for the
photoprotective study. Even though there are data from
previous studies indicate that 20 J/cm? to 150 J/cm? of
UVA irradiation can induce phototoxicity (12,28-30),
meanwhile different methods and equipment might
produce different results. This showed that the screening
of the intensity or dose of UVA that can induce
phototoxicity is important to obtain the optimal dose for
the subsequent analysis in the photoprotective assay.

Cytotoxicity assay is an important method to determine
the ability of cells to retain its survival upon treatment
with a serial concentration of the bioactive compound
(31). We utilized a Cell Titer-Blue reagent which contains
the dye resazurin to measure the metabolic capacity
of viable cells (11). The cytotoxicity analysis of ExPFE
and EnPFE concentration ranging from 0.001 mg/mL to
10 mg/mL on HS-27 cells indicated that both extracts
did not cause toxicity effects on the cells. Furthermore,
EXPFE and EnPFE exhibited a significant proliferative
activity of HS-27 cells in a dose-dependent manner
which comparable with positive control. This finding is

inline with Vunduk et al. (8), where the study has also
shown that the Pleurotus flabellatus polysaccharide
extracts ranging from 0.5 mg/ml to 2 mg/ml promote
a significant proliferative activity without affecting the
viability of the treated cells.

Trolox is a water-soluble derivative of vitamin E which
contains antioxidants and an established ROS scavenger
and it was used as a positive control in this study. It
was proven in a previous study by Delinasios et al. (32)
that both pre- and post-treatment with vitamin E offers
significant skin cell protection against 20 J/cm?* UVA
dose. Moreover, the use of 0.05 mg/mL Trolox was
sufficient to provide a photoprotective effect on UVA
irradiated human dermal fibroblast cell line (33). The
photoprotective assay was aimed to evaluate the effects
of the photoprotective property of EXPFE and EnPFE
against UVA irradiated HS-27 cell line. This study shows
that the highest concentration of ExPFE and EnPFE
extract may have photoprotective effects against UVA
radiation since the mean percentage viability for both
was above 90%. EXPFE and EnPFE had shown to contain
photoprotective effects in a concentration-dependent
manner on UVA irradiated HS-27. The photoprotective
properties of ExPFE might be associated with the
antioxidative activity of the extract which may have the
ability to inhibit ROS through its scavenging activity
(34). A study conducted by Lee et al. (35) demonstrated
that the expression of matrix metalloproteinase (MMP)-
1 induced by UV irradiation was inhibited by Fraxinus
Chinensis extract. The antioxidant and inhibitory
capacities were attributed to the coumarins contained
in the Fraxinus Chinensis extracts. In addition, esculetin
contained in the extracts exhibited strong scavenging
activities against DPPH radicals and superoxide anions
from xanthine, which contributed to a photoprotective
effect. In addition, Pleurotus flabellatus extract has been
revealed to have high flavonoid content (36,37). It has
been well reviewed that flavonoids have significant
photoprotective effects due to their UV absorbing
capacity, direct and indirect antioxidant properties, and
through the modulation of several signaling pathways
(34,38-41).

UV radiation can be a cause of many skin disorders
including photoaging, burn, and cancer. During the
skin healing process, damaged skin needs to reconstruct
through migration and proliferation of the endothelial
cells. The scratch assay aims to evaluate wound healing
rate after UVA irradiation and to investigate the influence
of EXPFE and EnPFE on fibroblast migration (42). The
observation and measurement in this study were taken
for 24 hours to limit the study of migration cells and
to minimize the contribution of cell proliferation to gap
closure (43). The UVA-irradiated HS-27 cell line that
was treated with 10 mg/mL of ExPFE and 0.1 mg/mL
EnPFE showed a reduction in wound size as compared
to the untreated control. This suggested that EXPFE and
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EnPFE may have a photoprotective effect from UVA
damage, through enhancement of cell proliferation
and migration rate during the healing process (44) as
compared to untreated control.

CONCLUSION

EXPFE and EnPFE showed antioxidative properties in
DPPH radical scavenging activities when compared
to standard ascorbic acid. Moreover, both ExPFE and
EnPFE manifested a profound effect on UVA-irradiated
HS-27 cells by exhibiting a photoprotective effect
besides enhancing the migration of UVA-irradiated HS-
27 cells. Thus, we suggest that the ExPFE and EnPFE
exhibited antioxidant and photoprotective effects and
it may be useful as an ingredient in cosmeceutical or
pharmaceutical formulations for skin protection.

ACKNOWLEDGEMENTS

This research was supported by the University of
Cyberjaya with grant number (CRG/03/07/2018).
Special thanks to Everina Nuri for the contribution in
the preparation of Pleurotus extraction and Immunology
Lab staff who had contributed equally in the culture of
the HS-27 cell line.

REFERENCES

1. HuangC,LiH,WuN,HsiaoC, Lin C.Photoprotective
Effects of Cycloheterophyllin against UVA-Induced
Damage and Oxidative Stress in Human Dermal
Fibroblasts. 2016;1-14.

2. Krutmann J, Passeron T, Gilaberte Y, Granger C,
Leone G, Narda M, et al. Photoprotection of the
future: challenges and opportunities. ] Eur Acad
Dermatology Venereol. 2020 Mar;34(3):447-54.

3. delaCobaF, AguileraJ, Korbee N, de G6lvez MV,
Herrera-Ceballos E, blvarez-Gymez F, et al. UVA
and UVB Photoprotective capabilities of topical
formulations containing mycosporine-like amino
acids (maas) through different biological effective
protection factors (BEPFs). Mar Drugs. 2019
Jan;17(1).

4. Khan NA, Ajmal M, Nickten J, Aslam S, Asif Ali M.
Nutritional value of pleurotus (flabellatus) djamor
(R-22) cultivated on sawdusts of different woods.
Pakistan J Bot. 2013;45(3):1105-8.

5.  Mohamad SA, Awang MR, Rashid RA, Ling LS,
Daud F, Hamid AA, et al. Optimization of Mycelial
Biomass Production in  Submerged Culture
Fermentation of &lt;i&gt;Pleurotus flabellatus&|t;/
i&gt; Using Response Surface Methodology. Adv
Biosci Biotechnol. 2015;06(06):419-26.

6. Castro-Alves VC, Gomes D, Menolli N, Sforza
ML, Nascimento JRO do. Characterization and
immunomodulatory effects of glucans from
Pleurotus albidus, a promising species of mushroom
for farming and biomass production. Int J Biol

190

10.

11.

12.

13.

14.

15.

16.

17.

18.

Macromol. 2017 Feb;95:215-23.

Majtan J, Kumar P, Koller J, Dragunova J, Gabriz
J. Induction of metalloproteinase 9 secretion from
human keratinocytes by pleuran (B-glucan from
Pleurotus ostreatus). Zeitschrift fur Naturforsch -
Sect C J Biosci. 2009;64(7-8):597-600.

Vunduk J, Wan-Mohtar WAAQI, Mohamad SA,
Abd Halim NH, Mohd Dzomir AZ, Zizak Z, et
al. Polysaccharides of Pleurotus flabellatus strain
Mynuk produced by submerged fermentation
as a promising novel tool against adhesion and
biofilm formation of foodborne pathogens. Lwt.
2019;112(May).

Mohamad SA, Awang MR, lbrahim R, Keong CY,
Hamzah MY, Abdul Rashid R, et al. Production
of Endopolysaccharides from Malaysia’s Local
Mushrooms in Air-Lift Bioreactor. Adv Biosci
Biotechnol. 2015 Jul;06(07):456-62.

Wan-Mohtar WAAQI, Ab Kadir S, Saari N. The
morphology of Ganoderma lucidum mycelium in a
repeated-batch fermentation for exopolysaccharide
production. Biotechnol Reports. 2016;11:2-11.
Rozila I, Abdul Manap N, Ghazali L, Kamal N,
Abdul Hakeem W, Mohd Manzor NF, et al. The
antioxidant properties and anticancer effect of
Medjool dates (Phoenix dactylifera L.) on human
breast adenocarcinoma (MCF-7) cells: in vitro
study. Front Pharmacol. 2019;10.

Hseu YC, Lo HW, Korivi M, Tsai YC, Tang MJ, Yang
HL. Dermato-protective properties of ergothioneine
through induction of Nrf2/ARE-mediated antioxidant
genes in UVA-irradiated Human keratinocytes. Free
Radic Biol Med. 2015;86:102-17.

Zanatta CF, Mitjans M, Urgatondo V, Rocha-
Filho PA, Vinardell MP. Photoprotective potential
of emulsions formulated with Buriti oil (Mauritia
flexuosa) against UV irradiation on keratinocytes
and fibroblasts cell lines. Food Chem Toxicol. 2010
Jan;48(1):70-5.

Silva G, Lima FT, Seba V, Lourenco ALM, Lucas
TG, Andrade BV De, et al. Curcumin Analog
CH-5 Suppresses the Proliferation, Migration, and
Invasion of the Human Gastric Cancer Cell Line
HGC-27. Molecules. 2018;23(279):1-10.

Saewan N, Jimtaisong A. Natural products as
photoprotection. J Cosmet Dermatol. 2015
Mar;14(1):47-63.

Softa M, Percoco G, Lati E, Bony P. Birch Sap
(&It;i&gt;Betula  alba&lt;/i&gt;) and  Chaga
Mushroom  (&lt;i&gt;Inonotus  obliquus&lt;/i&gt;)
Extracts Show Anti-Oxidant, Anti-Inflammatory
and DNA Protection/Repair Activity &lt;i&gt;In
Vitro&lt;/i&gt; )] Cosmet Dermatological Sci Appl.
2019;09(02):188-205.

Oliveira T, Costa I, Marinho V, Carvalho V, Uchda
K, Ayres C, et al. Human foreskin fibroblasts: from
waste bag to important biomedical applications. ]
Clin Urol. 2018;11(6):385-94.

He L, He T, Farrar S, Ji L, Liu T, Ma X. Antioxidants
Maintain ~ Cellular Redox Homeostasis by

Mal J Med Health Sci 17(3): 185-191, July 2021



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Elimination of Reactive Oxygen Species. Cell
Physiol Biochem. 2017;44(2):532-53.

Gimenis JM, Gomes AC, Henrique V, Ferreira
PC, Oliveira CA, Baby AR, et al. ANTIOXIDANT
AND PHOTOPROTECTIVE POTENTIAL OF
Moringa oleifera LAM ( Moringaceae ) POTENCIAL
ANTIOXIDANTE E FOTOPROTETOR DE Moringa
oleifera LAM ( Moringaceae ). 2018;1365-78.
Golak-Siwulska I, Katuzewicz A, Spizewski T,
Siwulski M, Sobieralski K. Bioactive compounds
and medicinal properties of Oyster mushrooms
(Pleurotus sp.). Folia Hortic. 2018;30(2):191-201.
Friedman M. Mushroom Polysaccharides: Chemistry
and Antiobesity, Antidiabetes, Anticancer, and
Antibiotic Properties in Cells, Rodents, and
Humans. Foods. 2016;5(4):80.

Mizuno T, Ando M, Sugie R, lto H, Shimura
K, Sumiya T, et al. Bioscience, Biotechnology,
and Biochemistry Antitumor Activity of Some
Polysaccharides Isolated from an Edible Mushroom,
Ningyotake, the Fruiting Body and the Cultured
Mycelium of Polyporous confluens. 2014;56(1):34—
41.

Uddin M, Id P, Islam MS, Pervin R. Optimization
of extraction of antioxidant polysaccharide from
Pleurotus ostreatus ( Jacq .) P . Kumm and its
cytotoxic activity against murine lymphoid cancer
cell line. 2019;1-17.

Xu Y, Cao H, Gu SS, Wang SS, Wang J, Wu
F. Extraction process optimization of endo-
polysaccharides from Phellinus igniarius. Adv
Mater Res. 2014;881-883:347-50.

Shu M, Chen M, khan A, Bai H, Bai Z, Khan A.
Antioxidative and antiphotoaging activities of
neferine upon UV-A irradiation in human dermal
fibroblasts. Biosci Rep. 2018;38(6):BSR20181414.
Lee GT, Cha HJ, Lee KS, Lee KK, Hong JT, Ahn K],
et al. Arctiin induces an UVB protective effect in
human dermal fibroblast cells through microRNA
expression changes. Int ] Mol Med. 2014
Mar;33(3):640-8.

Kora¢ RR, Khambholja KM. Potential of herbs in
skin protection from ultraviolet radiation. Vol.
5, Pharmacognosy Reviews. Wolters Kluwer --
Medknow Publications; 2011. p. 164-73.

Hseu YC, Chou CW, Senthil Kumar KJ, Fu KT,
Wang HM, Hsu LS, et al. Ellagic acid protects
human keratinocyte (HaCaT) cells against UVA-
induced oxidative stress and apoptosis through the
upregulation of the HO-1 and Nrf-2 antioxidant
genes. Food Chem Toxicol. 2012;50(5):1245-55.
Meewes C, Brenneisen P, Wenk J, Kuhr L,
Ma W, Alikoski J, et al. Adaptive antioxidant
response protects dermal fibroblasts from UVA-
induced phototoxicity. Free Radic Biol Med.
2001;30(3):238-47.

Wu S, Hu Y, Bai W, Zhao J, Huang C, Wen C, et
al. Cyanidin-3-o-glucoside inhibits UVA-induced
human dermal fibroblast injury by upregulating
autophagy. Photodermatol Photoimmunol

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Photomed. 2019;35(5):360-8.

Aslanterk LIS. In Vitro Cytotoxicity and Cell Viability
Assays: Principles, Advantages, and Disadvantages.
Genotoxicity - A Predict Risk to Our Actual World.
2018;1-18.

Delinasios GJ, Karbaschi M, Cooke MS, Young
AR. Vitamin E inhibits the UVAI induction of
“light” and “dark” cyclobutane pyrimidine dimers,
and oxidatively generated DNA damage, in
keratinocytes. Sci Rep. 2018 Dec;8(1):1-12.
Alonso-Lebrero JL, Domtnguez-Jiminez C, Tejedor
R, Brieva A, Pivel JP. Photoprotective properties
of a hydrophilic extract of the fern Polypodium
leucotomos on human skin cells. ] Photochem
Photobiol B Biol. 2003;70(1):31-7.

Chen L, Hu JY, Wang SQ. The role of antioxidants
in photoprotection: A critical review. ] Am Acad
Dermatol. 2012;67(5):1013-24.

Lee BC, Lee SY, Lee HJ, Sim GS, Kim JH, Kim JH,
et al. Anti-oxidative and photo-protective effects of
coumarins isolated from Fraxinus chinensis. Arch
Pharm Res. 2007;30(10):1293-301.

Sasidhara R, Thirunalasundari T. Phytochemicals
and antioxidant potentials of pleurotus djamor. J
Chem Pharm Res. 2014;6(4):950-3.

Sudha G, Janardhanan A, Moorthy A, Chinnasamy
M, Gunasekaran S, Thimmaraju A, et al.
Comparative study on the antioxidant activity of
methanolic and aqueous extracts from the fruiting
bodies of an edible mushroom Pleurotus djamor.
Food Sci Biotechnol. 2016;25(2):371-7.

Saewan N, Jimtaisong A. Photoprotection of natural
flavonoids. ] Appl Pharm Sci. 2013;3(9):129-41.
Jing SLAY, Yen KPOH, Dash GK. IN VITRO
ANTIOXIDANT AND PHOTOPROTECTIVE
ACTIVITIES OF CARICA PAPAYA FRUITS.
2019;12(4):2-4.

Costa DC, Vieira D, Id DM, Ange M, Leticia M,
Delerue-mato C, et al. Antioxidant , photoprotective
and inhibitory activity of tyrosinase in extracts of
Dalbergia ecastaphyllum. 2018;1-16.

Wulfle U, Seelinger G, Bauer G, Meinke MC,
Lademann J, Schempp CM. Reactive molecule
species and antioxidative mechanisms in normal
skin and skin aging. Skin Pharmacol Physiol.
2014;27(6):316-32.

Walter MNM, Wright KT, Fuller HR, MacNeil S,
Johnson WEB. Mesenchymal stem cell-conditioned
medium accelerates skin wound healing: An in
vitro study of fibroblast and keratinocyte scratch
assays. Exp Cell Res. 2010;316(7):1271-81.

Grada A, Otero-Vinas M, Prieto-Castrillo F, Obagi
Z, Falanga V. Research Techniques Made Simple:
Analysis of Collective Cell Migration Using
the Wound Healing Assay. ] Invest Dermatol.
2017;137(2):e11-6.

Wirohadidjojo YW, Budiyanto A, Soebono H.
Regenerative Effects of Wharton ’ s Jelly Stem Cells
-Conditioned Medium in UVA-Irradiated Human
Dermal Fibroblasts. 2016;3(1):45-50.

Mal J Med Health Sci 17(3): 185-191, July 2021 191



