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ARTICLE INFO ABSTRACT
Keywords: Background and aim: A critical causative factor of oxidative stress and inflammation leading to several skin
Ultraviolet-B complications is ultraviolet-B (UVB) irradiation. Lignosus rhinocerus (LR), or tiger milk mushroom, is native to
Lignosus.rhinocems Southeast Asia. Cold water extract of an LR cultivar, TM02® (xLr®) is a promising anti-oxidant and anti-
1?13:,)5: ;);;;g inflammatory source. However, the effects of xLr® on UVB-induced photoaging have never been elucidated.
DAF-16 Experimental procedure: This study investigated the protective effects of xLr® and its high, medium, and low
molecular weight (HLR, MLR, and LLR, respectively) fractions against UVB irradiation using in vivo Caeno-
rhabditis elegans (C. elegans) model.
Results and conclusion: The investigation revealed a significant lifespan extension of xLr® and its fractions in UVB-
irradiated C. elegans, which could be mediated by the regulation of genes associated with anti-oxidant (daf-16
and sod-3) and apoptosis (cep-1, hus-1, ced-13, and egl-1) pathways. xLr® significantly reduced the ROS pro-
duction in C. elegans and increased the DAF-16 nuclear translocation compared to untreated worms. Additionally,
the SOD-3 expression was increased in the xLr®-treated worms. Hence, it suggests that the different components
in xLr® work synergistically to protect against UVB irradiation. Our findings may be beneficial for the appli-
cation of XxLr® as a treatment against UVB-induced cellular damage and photoaging.
Accumulating evidence demonstrates that UVB prominently plays a
significant role in promoting aging in comparison to UVA and UVG.' >
1. Introduction UVB directly damages the DNA by enhancing the production of reactive
oxygen species (ROS) and inducing oxidative stress, resulting in altered
Skin aging is a spontaneous process that occurs while growing older gene expression that consequently causes senescence, cell cycle arrest,
over time. Many factors contribute to skin aging including intrinsic and and cell death. Moreover, when skin is exposed to UVB, it triggers a
extrinsic factors. Intrinsic factors refer to genetics, hormones, and me- cascade of immune responses, including inflammations. Excessive
tabolisms, while extrinsic factors refer to lifestyle and environmental UVB-induced inflammation can contribute to skin aging and increased
factors such as sunlight exposure.' Sunlight is composed of three risk of skin cancer.? Therefore, the inhibition of oxidative stress and

different ultraviolet (UV) radiations, including UVA, UVB, and UVC.
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List of abbreviations

ABTS 2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)

DCFH-DA diacetyldichlorofluorescein diacetate

DMSO  Dimethyl sulfoxide

GFP green fluorescence protein

HLR high molecular weight fraction of cold water extract of
Lignosus rhinocerus (XLr®)

LC-MS  Liquid chromatography mass spectrometry

LLR low molecular weight fraction of cold water extract of
Lignosus rhinocerus (xLr®)

LR Lignosus rhinocerus

MLR medium molecular weight fraction of cold water extract
of Lignosus rhinocerus (xLr®)

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
dromide

NGM nematode growth medium

qRT-PCR quantitative Reverse Transcriptase-Polymerase Chain
Reaction

ROS Reactive oxygen species

xLr® Cold water extract of Lignosus rhinocerus cultivar
TMO02®

inflammation could attenuate the adverse effects of UVB exposure.
Currently, there is much evidence that herbal natural products are rich
source of bioactive compounds including vitamin, phenolic, flavonoid,
and glucan, contributing to their therapeutic potential in managing
conditions associated with inflammation and oxidative stress.”®
Therefore, utilizing these beneficial properties from natural products
may establish protective effects against UVB-induced toxicity.

Lignosus rhinocerus (Cooke) Ryvarden, also commonly known as tiger
milk mushroom, belongs to the Polyporaceae family and is considered a
valuable traditional medicine. The mushroom is found in South China,
Thailand, Malaysia, Indonesia, Philippines, Papua New Guinea, New
Zealand, and Australia.” It has been illustrated that tiger milk mushroom
extracts have anti—oxidant,w’14 anti—inﬂammation,15 anti-cancer, ©%°
anti-bacterial,?’ and anti-viral?> 2 properties. Recently, its cold water
extract (xLr®) was reported to enhance stress resistance and capable of
extending the lifespan of Caenorhabditis elegans (C. elegans).”” Further-
more, XLr® and its high (HLR), medium (MLR), and low (LLR) molecular
weight fractions were found to possess anti-inflammatory activity via
inhibition of lipopolysaccharide-induced TNF-a production as revealed
in RAW 264.7 macrophage cells and anti-acute inflammation of
carrageenan-induced paw edema in rats.”® However, the effects of XLr®
and its fractions on UVB-induced photoaging have not been elucidated.

In this study, the effects of xLr® and its fractions against UVB-
induced toxicity were investigated in vivo using nematode C. elegans.
The findings may be beneficial for the application of XLr® as a treatment
against UVB-induced toxicity.

2. Materials and methods
2.1. Preparation of xLr® and its fractions

The sclerotia of L. rhinocerus cultivar TM02® was provided by LiGNO
Biotech Sdn. Bhd. (Selangor, Malaysia). The internal transcribed spacer
(ITS) regions of the ribosomal DNA of the mushroom were identified.””
Cold water extract of L. rhinocerus TM02® (xLr®) and its fractions, high
(HLR), medium (MLR), and low (LLR) molecular weight were prepared
as previously described.’® Briefly, the freeze-dried sclerotial powder was
stirred in distilled water at 4 °C for 24 h xLr® was fractionated using
Sephadex G-50 (Sigma-Aldrich, USA) Superfine column (v = 112 mL)
and eluted with 0.05 M ammonium acetate buffer at 0.5 mL/min. HLR

74

Journal of Traditional and Complementary Medicine 15 (2025) 73-83

fraction appeared at void volume (mol. wt. >10 kDa dextran or 30 kDa
protein) while LLR fraction appeared at bed volume. MLR fraction
appeared between void and bed volume.

2.2. Measurement of glucan, phenolic and flavonoid content

The total glucan, p-glucan, and a-glucan contents of xLr® and its
fractions were quantified using the protocol adapted from the Mega-
zyme™ B-Glucan Assay Kit (Yeast and Mushroom) per the manufac-
turer’s instructions (Megazyme®© Ltd., Bray, Wicklow County, Ireland).
The d-glucose (100 pg) was used as the standard for the method calcu-
lation. After the reaction was completed, samples (200 pL) were trans-
ferred into a 96-well plate, and the absorbance was read at 510 nm using
a microplate reader EnSpire® Multimode Plate Reader (PerkinElmer,
Waltham, MA, USA). Mega-Calc™ Data Calculator was utilized to
determine the total glucan, a-glucan, and p-glucan contents calculated
from sample weight and volume. The total phenolic content was
determined by the Folin-Ciocalteu method, while the total flavonoid
content was determined by the aluminium chloride (AlCl3) colorimetric
method. The assays were performed using a microplate format as pre-
viously described.?® The absorbance was measured. The total phenolic
content was calculated from a standard calibration curve of gallic acid,
and the results were expressed as mg of gallic acid equivalent (GAE) per
g of dry weight extract. The content of total flavonoids was calculated
from a standard calibration curve of quercetin. The results were
expressed as mg of quercetin equivalent (QE) per g of dry-weight
extract.

2.3. Free radical scavenging assay

The 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
assay was used to evaluate the free radical scavenging activity of the
extract based on its hydrogen atom- or electron-donating capacity to
neutralize the stable free radical cation ABTS (ABTSe+), accompanied
by a color change from green to colorless. The assay was performed
following the previous report.”® The absorbance was measured at 734
nm using a microplate reader EnSpire® Multimode Plate Reader (Per-
kinElmer, Waltham, MA, USA). Radical scavenging activity was
expressed as the percent inhibition of the ABTSe+ radicals calculated by
the following equation: % Inhibition = 100 x [Absorbance (Abs) of
control - (Abs of sample - Abs of blank)/Abs of control]. Ascorbic acid
(vitamin C) was used as a positive control.

2.4. C. elegans culture and treatment conditions

The C. elegans strain used in this study was wild type N2 Bristol,
transgenic strains CF1553 [muls 84[(pAD76) sod-3pGFP + rol-6
(su1006)], and TJ356 [daf-16daf-16a/bGFP + rol-6]. The worms were
cultured with nematode growth medium (NGM) containing E. coli OP50
as a food source and kept in an incubator at 20 °C. The nematodes and
E. coli OP50 were obtained from Caenorhabditis Genetics Center (CGC),
University of Minnesota, USA.

Age synchronization of the worms was achieved by isolating eggs
from gravid hermaphrodites, by adding lysis solution containing 5 M
NaOH and 5 % NaOCl, followed by vortex mixing for 10 min and
centrifuging for 2 min at 2000 rpm. Then, the supernatant was removed,
and the pellet was washed twice with M9 buffer. Further, the pellet
containing eggs was resuspended in M9 buffer and kept at 20 °C for
hatching overnight.

For subsequent experiments, the worms were treated with xLr®, and
its fractions. The treatments were prepared in S-medium containing
E. coli OP50 (ODggp = 1.0) and lawn on NGM agar plates.

2.5. Survival assay under oxidative stress induced by juglone

Age-synchronized L1 larvae stage worms were divided into groups of
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50 and treated with different concentrations of the extracts diluted in S-
medium containing E. coli OP50. After 48 h of treatment at 20 °C, the
pro-oxidant juglone (a naphthoquinone from Juglans regia) was added
to a final concentration of 80 uM, which is a lethal concentration before
incubation at 20 °C for an additional 24 h. Afterward, the number of
worms which are dead and alive were counted.

2.6. Lifespan assay in UVB-irradiated C. elegans

C. elegans was irradiated with UVB at a dose of 100 J/m? or 100 x
10® mJ/m? (Philips Ultraviolet-B TL 20W/01 RS lamp), which is a
suitable dose that causes damage to C. elegans cells and shorthen the
worm’s lifespan.”” Irradiation doses were calculated using the following
formula; dose (mJ/cm?) = exposure time (s) x intensity (mW/cm?). In
each UVB exposure experiment, the UVB intensity was priorly measured
to ensure accurate dosing. The L4 larval stage was placed on NGM agar
plates supplemented with the extracts in the E. coli OP50 lawn as a food
source and cultured at 20 °C for 24 h. When irradiating C. elegans, the
covers of the NGM plates were removed, and no liquid was to be on the
culture medium’s surface to exclude the liquid medium’s interference
with the radiation dosage.

2.7. Pharyngeal pumping assay

To determine the age-related decline in muscle function by pharyn-
geal pumping rate, the synchronized L4 worms were lawn on NGM agar
containing E. coli OP50 with treatments. The adult worms were trans-
ferred to the new NGM plate every day during the reproductive period.
The pumping activities were measured on day 4, 8, 12, and 16 of
adulthood. For each worm, the pumping frequency was recorded for 1
min.

2.8. Induction of SOD-3 in GFP-tagged strain

The transgenic C. elegans strain CF1553 was used for the study. To
induce oxidative stress, the worms were irradiated with UVB at a dose of
100 mJ/cm?, and the treatments were performed as in the lifespan assay
mentioned above. The irradiated worms were transferred into E. coli
OP50 lawn as a food source and cultured at 20 °C for 24 h. After 24 h, the
worms were paralyzed using 10 mM sodium azide®” on a glass slide and
fluorescence imaging was taken using a confocal microscope (Leica
Stellaris 5) at 20x magnification. The expression of SOD-3 at the
pharynx region was used to analyze the fluorescence intensity using
Image J software (National Institute of Health, Bethesda, MD, USA).

2.9. Assessment of intracellular DAF-16 translocation

TJ356 C. elegans containing GFP reporter of DAF-16 was used for the
study. The experiments were performed as in the assay mentioned
above. The irradiated worms were transferred into E. coli OP50 lawn as a
food source and cultured at 20 °C for 24 h. After 24 h, the worms were
paralyzed using 10 mM sodium azide®° on a glass slide and fluorescence
imaging was taken using a confocal microscope (Leica Stellaris 5) at 10
magnification. Fluorescence intensity was taken using Image J software
(National Institute of Health, Bethesda, MD, USA).

2.10. Intracellular ROS activity

The intracellular ROS induced by UVB exposure was assessed by
using DCFH-DA (a fluorogenic probe). Wild-type C. elegans were irra-
diated with UVB, and the treatments were performed as in the assay
mentioned above. The irradiated worms were transferred into E. coli
OP50 lawn as a food source and cultured at 20 °C for 24 h. After that, the
worms were exposed to DCFH-DA for 30 min at dark conditions and
washed thoroughly before paralyzing using a 10 mM sodium azide®’ on
a glass slide and fluorescence imaging was taken using a confocal
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microscope (Leica Stellaris 5) at 10x magnification. Fluorescence in-
tensity was measured using Image J software (National Institute of
Health, Bethesda, MD, USA).

2.11. Real-time qRT-PCR

Total RNA from C. elegans was extracted using Trizol reagent
following the manufacturer’s instructions. The amount of RNA was
measured by absorbance at 260 nm. One microgram of total RNA was
used for cDNA synthesis using AccuPower RT PreMix (Bioneer Co.,
South Korea) and Oligo(dT) 17 primer. Real-time PCR analysis was used
to determine the mRNA expression level. The reaction was performed in
the Exicycler™ version 3.0 (Bioneer Co.). The amplification was done
using Greenstar™ qPCR Premix (Bioneer Co.). The sequence of primers
was detailed as daf-16: 5- TTTCCGTCCCCGAACTCAA -3’ and 5-
ATTCGCCAACCCATGATGG -3/, sod-3: 5- TTCGAAAGGGAATCTAAA
AGAAG -3 and 5- GCCAAGTTGGTCCAGAAGATAG -3, hus-1: 5-
GGCAATC GACGTGTTTATCAAAAT -3’ and 5- TCGTTTCGTGGATT-
CATGCC -3/, cep-1: 5- TGTCCAGAAAATGATAGACGGAGT -3 and 5'-
GCATCGGAAATCTTTGGCGT -3/, egl-1: 5- ACACCCAAAACATTCA-
CACCG -3 and 5- GGCAAAGGTGAGCA TCAGCA -3, ced-13: 5-
TCGAGGGCAGAAAAACGTGA -3’ and 5'- ACAACAGCG GGAGAAAGTGT
-3, and act-1: 5- AGACAATGGATCCGGAATGT -3' and 5- CATCC-
CAGTTGGTGACGATA -3'. The sequences of hus-1, cep-1, egl-1, and ced-
13 primers were previously reported.”” The thermal cycling condition
comprised an initial denaturation step at 95 °C for 10 min, followed by
40 cycles of 95 °C for 15's, 60 °C for 15 s and 72 °C for 30 s. The relative
change in gene expression was analyzed using the 2~ 4% method, where
each target gene’s cycle threshold (Cy) values were normalized to act-1
for controlling the variability in expression levels in C. elegans. Each
treatment was performed in triplicate.

2.12. Measurement of C. elegans body length and brood size

To investigate the toxicity of the extracts on worm development, the
body length of the worms was measured. L4 larval stage worm was
individually sorted, and transferred onto different NGM containing
E. coli OP50 supplemented with the treatment. The nematodes were
allowed to grow for 24 h, and at least ten worms per treatment were then
snapped and measured for the body length using Motic Images Plus 3.0
software. To investigate the effect of the extracts on fertility, the total
number of eggs laid by each worm was counted and scored. L4 larval
stage worm was individually sorted, and transferred onto different NGM
containing E. coli OP50 supplemented with the extracts. The nematodes
were allowed to grow and lay eggs at 20 °C. The adult worms were
moved to new treatment plates every day. The eggs were observed under
a dissecting microscope and were counted daily until the adult worm
stopped laying eggs.

2.13. Molecular docking analysis

The molecular docking analysis was used to identify the potential
active ingredients interacting with DAF-16 in each extract. The chemical
constituents of the extracts were obtained from LC-MS data
(Supplementary data 1). The selected candidate ligands were investi-
gated for the binding affinity against the DAF-16 protein, following our
previous study.®! In brief, the 3D structure of the DAF-16 protein and the
chemical structures of the compounds of interest were used for docking
studies. The chemical structures of the reference drugs for DAF-16,
Epigallocatechin gallate, and the metabolite constituents of the ex-
tracts were obtained from PubChem database.>’ The blind docking
approach was employed to estimate the strong binding site of the mol-
ecules. The DockThor program was then used to calculate the binding
affinities of the molecules against the target protein. It is a grid-based
docking method which computes different binding modes of ligands
on the protein structure.®
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2.14. Statistical analysis

All experiments were carried out in at least three independent ex-
periments. The Shapiro-Wilk test was used for normality testing. Sta-
tistical analyses were conducted using one-way analysis of variance
(ANOVA), followed by Dunnett’s multiple comparison test. For the
lifespan assay, the statistical significance among different groups was
determined by a log-rank (Mantel-Cox) test followed by the Gehan-
Breslow-Wilcoxon test. Differences with P < 0.05 were considered sta-
tistically significant for all experiments.

3. Results
3.1. Glucan content of xLr® and its fractions

The glucan content in xLr® and its fractions were determined and
shown in Fig. 1 XLr® consisted of 32.01 % (w/w) glucans. Among them,
19.86 % was determined to be a-glucan (w/w) and 12.14 % (w/w) was
B-glucan. For the xLr® fractions, total glucan content found in HLR,
MLR, and LLR were 32.40, 20.85, and 16.41 % (w/w), respectively.
Interestingly, B-glucan content was found higher in HLR fraction (o:
19.86 % (w/w) and p: 12.54 % (w/w)), whereas MLR and LLR fractions
had lower B-glucan (o: 18.12 % (w/w) and p: 2.72 % (w/w)) and (o
16.22 % (w/w) and f: 0.27 % (w/w), respectively).

3.2. Phenolic and flavonoid contents of xLr® and its fractions

The total phenolic and flavonoid contents in xLr®, HLR, MLR, and
LLR were determined and shown in Table 1. There is a statistical dif-
ference in the content of phenolics between xLr® and the fractions,
whereas the difference was not found in the flavonoid content. The
highest total phenolic content was xLr® (11.22 + 0.09 mg GAE/g dry
weight extract), followed by LLR, HLR, and MLR, respectively (9.68 +
0.13, 4.30 + 0.04, and 3.23 + 0.04 mg GAE/g dry weight extract,
respectively). Besides, MLR exhibited the highest total flavonoid content
(5.62 + 0.49 mg QE/g dry weight extract), followed by LLR, xLr®, and
HLR, respectively (5.05 + 0.19, 5.03 + 0.34, and 4.79 + 0.88 mg QE/g
dry weight extract, respectively).

3.3. Free radical scavenging activity xLr® and its fractions

The ABTS radical scavenging activity of the extracts is presented in
Table 2. At 1 mg/mL, xLr® exhibited ABTS scavenging activity of 93.82
+ 3.64 %. Among the xLr®’s fractions, LLR had the highest scavenging
activity (88.66 + 3.19 %) followed by HLR (55.74 + 2.56 %) and MLR
(37.60 £ 2.15 %), respectively. Interestingly, the level of free radical

40
Bl xLr®

—530 B HLR
s MLR
2 1 LLR
— 204
c
9
g 10
S 101

0-

N N N N
&0\? & Q?«o\"b & Qé&o.@ N Q?&O\? [NOAN)
Glucans

Fig. 1. Glucan content of xLr®, HLR, MLR and LLR. xLr® consists of both o and
p glucans. Among the xLr® fractions, p glucan was higher in HLR, meanwhile f
glucan is rarely detected in both MLR and LLR.
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Table 1
Total phenolic and flavonoid contents of xLr® and its fractions.

Compound  Total phenolic content (mg GAE/  Total flavonoid content (mg QE/
g dry weight extract) g dry weight extract)

xLr® 11.22 + 0.09* 5.05 + 0.19!

HLR 4.30 + 0.04> 4.79 + 0.88!

MLR 3.23 + 0.04° 5.62 + 0.49!

LLR 9.68 + 0.13* 5.03 + 0.34!

Data presents as mean + SEM; different superscript numbers equal to significant
difference.

Table 2
Free radical scavenging activity of xLr® and its fractions using ABTS assay.

Extract/fraction/compound Scavenging activity

Percentage (%) ECso (pg/mL)

xLr® (1 mg/mL) 93.82 + 3.64 283.91 £ 24.67
HIR (1 mg/mL) 55.74 + 2.56 889.73 £ 49.52
MLR (1 mg/mL) 37.60 £ 2.15 >1000

LLR (1 mg/mL) 88.66 + 3.19 365.82 £ 25.16
Ascorbic acid (10 pg/mL) 99.11 £ 0.21 3.56 £ 0.11

Data presents as mean + SEM.

scavenging activity was correlated with the level of phenolic content in
each extract or fraction.

3.4. xLr® and its fractions protect C. elegans against juglone-induced
stress

The worm survival rate was significantly increased at concentrations
of 25, 50, and 100 pg/mL in xLr®; 25 and 50 pg/mL in HLR; and 50, 100,
and 200 pg/mL in LLR (Fig. 2A, B, and 2D). In contrast, MLR slightly
increased survival percentage without significance at the concentrations
of 50 and 100 pg/mL, when compared to their respective control group
(Fig. 2Q).

3.5. xLr® and its fractions ameliorate C. elegans lifespan under UVB
irradiation

To determine whether xLr® and its fractions were able to protect
C. elegans against UVB radiation, the lifespan of C. elegans treated with
xLr® and its fractions: HLR, MLR, and LLR, exposed to UVB radiation of
100 J/cm? were analyzed against untreated worms (Fig. 2E-H and
Table 3). Among the tested concentrations of each extract, 50 pg/mL of
xLr® could increase mean lifespan by 18.58 % and increase maximum
lifespan by up to 16.46 % when compared to worms exposed to UVB
without treatment. HLR at 50 pg/mL significantly increased the mean
and maximum lifespans to 14.01 % and 22.34 %, respectively, compared
to worms exposed to UVB without treatment. MLR at 100 pg/mL
significantly increased the mean and maximum lifespans of the worms
by 14.82 % and 20.25 %, respectively, when compared to worms
exposed to UVB without treatment.

3.6. xLr® and its fractions improve healthspan in UVB-irradiated
C. elegans

Pharyngeal pumping reveals age-related decline of muscle function,
rendering it a marker for healthspan and aging. UVB-exposed C. elegans
significantly decreased pumping rate measured from day 4 to day 12.
Consistent with the lifespan assay, C. elegans treated with xLr® and its
fractions (HLR and MLR) significantly reversed the pharyngeal pumping
rate after UVB radiation (100 J/cmz) compared to worms exposed to
UVB without treatment. However, the fraction LLR showed no signifi-
cant difference (Fig. 2I-L).
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Fig. 2. The effects of xLr® and its fractions in C. elegans model. Anti-oxidative
stress activity against juglone induction in C. elegans. Percentage of survival
worm in the co-treatment of juglone (80 pM) and xLr® and its fractions: (A)
xLr®, (B) HLR, (C) MLR, and (D) LLR for 24 h. The effect of XLr® and its
fractions on C. elegans lifespan extension under UVB induction. The percentage
of survival worms after exposure to UVB in the presence or absence of (E) xLr®,
(F) HLR, (G) MLR, and (H) LLR extracts. The effects of xLr® and its fractions on
age-related decline pharyngeal pumping of C. elegans under UVB induction. The
pharyngeal pumping rate of the worms after exposure to UVB in the presence or
absence of (I) xLr®, (J) HLR, (K) MLR, and (L) LLR extracts. The effects of XLr®
and its fractions on (M) body length and (N) brood size of C. elegans. All data
are shown as the mean + SEM of triplicate values. Statistical significance was
analyzed by a One-way ANOVA and Dunnett’s post hoc test. For lifespan assay,
statistical significance was analyzed by a log-rank (Mantel — Cox) test followed
Ey the Gehan-Breslow-Wilcoxon test.

3.7. Body length and brood size of C. elegans are not altered by xLr® and
its fractions

To analyze the impact of the extracts on the overall development and
reproduction of C. elegans, the body length and brood size of the worms
were measured after treatment with the highest effective doses of xLr®
and its fractions that showed significant survival rates. Analyses of the
body length revealed no difference in mean length per worm when
treated with xLr® and its fractions compared to the untreated control
group (Fig. 2M). Moreover, the treatment with xLr® and its fractions did
not affect the reproductive health of the worms when compared to the
untreated control group (Fig. 2N).

3.8. xLr® and its fractions affect anti-oxidant and apoptosis-related
mRNA expressions in UVB-exposed C. elegans

To investigate the anti-oxidant effect of xLr® and its fractions in
response to UVB exposure, the regulation of expression of daf-16 and
sod-3, which are the important regulators that trigger anti-oxidant and
anti-aging responses in C. elegans, were analyzed through the real-time
quantitative RT-PCR. Both daf-16 and sod-3 gene expression in the
worms exposed to UVB treated with xLr® and its fractions were found to
be significantly up-regulated when compared to worms exposed to UVB
without treatment (Fig. 3A and B). xLr® and its fractions HLR and MLR
significantly down-regulated cep-1, hus-1, ced-13, and egl-1 expression in
treated worms when compared to untreated worms. Whereas the LLR
fraction did not show such effects (Fig. 3C-E).

3.9. xLr® and its fractions decrease intracellular ROS production in UVB-
exposed C. elegans

To investigate the impact of xLr® and its fractions on UVB-induced
ROS, DCFH-DA was used to analyze the intracellular ROS. The data
showed a significant reduction in ROS in C. elegans treatment with XLr®
and HLR compared to UVB-exposed C. elegans. MLR fraction also showed
areduction in intracellular ROS but was not significant, and LLR fraction
did not show any change compared to untreated UVB-exposed C. elegans
(Fig. 4A).

3.10. xLr® and its fractions up-regulate DAF-16 translocation and SOD-3
activation in UVB-exposed C. elegans

DAF-16 is an important regulator of the insulin signaling pathway
and regulates stress responses in C. elegans. The TJ356 mutant C. elegans
containing GFP reporter of DAF-16 was used for studying DAF-16 nu-
clear translocation in C. elegans. The effect of xLr® and its fractions on
the DAF-16 nuclear translocation after UVB irradiation was analyzed.
The treatment with xLr® and LLR showed a significant increase in nu-
clear translocation in the worms, whereas MLR and HLR did not increase
the translocation when compared to UVB-exposed untreated C. elegans,
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Table 3
Effect of LR on C. elegans lifespan after UVB exposure.
Extract (ug/mL) Mean lifespan Maximum lifespan P value of Number
(day) + SEM % increase (vs. UVB) (day) + SEM % increase (vs. UVB) lifespan (vs. UVB) of worms
Control 13.20 + 0.46 - 20.60 + 0.24 - - 120
UVB 9.85 + 0.39 - 15.80 + 0.91 - - 101
UVB + xLr® 5 9.97 + 0.40 1.12 17.00 + 0.58 7.59 0.8809 102
25 11.23 + 0.37 14.01 17.40 + 0.25 10.13 0.0167 () 102
50 11.68 + 0.42 18.58 18.40 + 0.24 16.46 0.0006 (%) 100
UVB + HLR 5 10.70 + 0.44 8.63 18.00 + 0.37 13.92 0.1423 105
25 11.10 + 0.46 11.32 19.20 + 0.20 21.52 0.0671 110
50 11.23 + 0.48 14.01 19.33 +0.33 22.34 0.0311 () 103
UVB + MLR 25 10.47 + 0.44 6.29 17.67 + 0.17 11.84 0.4044 101
50 11.22 + 0.44 13.91 19.25 + 0.25 21.84 0.0259 () 116
100 11.31 + 0.46 14.82 19.00 + 0.45 20.25 0.0209 () 103
UVB + LLR 50 10.42 + 0.41 5.78 17.60 + 0.24 11.39 0.3571 108
100 10.66 + 0.43 8.22 18.67 + 0.33 18.16 0.0834 113
200 9.97 £+ 0.39 1.22 16.75 + 0.25 6.01 0.7525 111

Statistical significance was analyzed by a log-rank (Mantel — Cox) test followed by the Gehan-Breslow-Wilcoxon test.

4 P < 0.05.

although the total mRNA expression of DAF-16 was found to be
increased in all the treatment groups (Fig. 4B). Further, the expression of
the downstream target gene SOD-3 was also analyzed using transgenic
C. elegans strain CF1553 containing GFP reporter of SOD-3. The SOD-3:
GFP expression of C. elegans treated with xLr® and its fractions was
found to be significantly increased compared to control and UVB-
exposed worms (Fig. 4C). These results suggest that a synergistic ac-
tivity of the various fractions of xXLr® induces a protective effect against
UVB through DAF-16 regulation.

3.11. Potential active metabolites activating DAF-16 protein are identified
using docking study

The chemical constituents of xLr® and its fractions were identified
using LC/MS as shown in Supplementary data 1. The candidates from
each fraction were further investigated the binding potential to DAF-16
protein for identifying the possible active ingredients in this matter
using the molecular docking study. The docking results were shown in
Table 4. The docking score expressed the binding energy as Gibbs free
energy by which the compounds displayed lower binding energy were
considered better.>" The well-known natural occurring DAF-16 acti-
vator, epigallocatechin gallate in which used as the reference com-
pound, exhibited the docking score at —7.53 kcal/mol. Among the
xLr®-identified compounds, ajmaline exhibited the lowest docking score
(—9.16 kcal/mol), followed by 4-caffeoylquinic acid (—8.89 kcal/mol).
Obtusaquinone (—8.14 kcal/mol), Coniine (—8.00 kcal/mol), and Cur-
cumin (—8.66 kcal/mol) showed the lowest binding energy in HLR,
MLR, and LLR, respectively. Meanwhile butyl lactate (—6.82 kcal/mol),
neochlorogenic acid (—7.90 kcal/mol), and carnitine (—7.76 kcal/mol)
were the second ranked of the lowest docking score from HLR, MLR, and
LLR, respectively.

4. Discussion

Aging is influenced by several factors, including genetics, metabolic
processes, and environmental exposure.’® The influence of the envi-
ronment, especially UV radiation, is one of the critical factors leading to
skin aging.® Skin aging due to UV exposure (also known as photoaging)
runs in tandem with the chronological aging of human skin.>® UV ra-
diation, especially UVB, can cause a variety of cellular responses,
including cell damage, inflammation, and apoptosis.37’38 Exposure to
UVB leads to collagen degradation, followed by ROS production, which
results in photoaging.®” Several studies have been conducted to search
for new products from natural sources that contain compounds that have
protective effects to prevent damaging effects caused by UV on skin
cells. %!
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Lignosus rhinocerus (Cooke) Ryvarden, or commonly known as tiger
milk mushroom is traditionally used to treat asthma, cough, fever, food
poisoning, and wounds.*? The present study investigated the extract of
TMO2® cultivar, named xLr® and its respective high (HLR), medium
(MLR) and low (LLR) molecular weight fractions. We explored its ability
to attenuate UVB-induced damage and photoaging in C. elegans.

B-glucan exhibits a variety of therapeutically important properties
and is the major constituent of mushroom cell wall.”> A recent study
reported that dietary uptake of p-glucan can promote anti-oxidant ac-
tivity and delay the onset of age-related biomarkers in aged fish.** Total
glucan analysis, among the xIr® fractions, HLR was found to contain
higher glucan content rich in both a- and p-glucan, followed by MLR and
LLR which have the least content of p-glucan. Additionally, the total
phenolic and flavonoid content was also analyzed, xLr® was found to be
rich in total phenolic content. LLR was found to have the highest
phenolic content amongst the fractions. On the other hand, the flavonoid
content was highest in MLR followed by LLR, xLr® and HLR. In vitro
analysis revealed significantly high free radical scavenging capacity
exhibited by xLr®. Studies have established the anti-oxidant capacity of
phenolic and flavonoid compounds derived from natural sources. These
compounds are known to inhibit membrane damage by scavenging free
radicals that induce lipid peroxidation and DNA damage.*®

The preliminary study to analyze the anti-oxidant and protective
activity against UVB exposure, xLr® and its fractions showed a signifi-
cant increase in the survival rate of C. elegans treated against juglone-
induced oxidative stress. This could be attributed to the free radical
scavenging activity of the extracts, which makes it a potent source of
anti-oxidants. Hence, the highest concentrations were taken for further
studies. xLr® and its fractions, specifically HLR and MLR, significantly
prolonged the lifespan and increased mean and maximum survival days
of UVB-irradiated C. elegans. These results indicate that xLr® signifi-
cantly improved the stress resistance of C. elegans and counteracted
UVB-induced photoaging. Interestingly, different fractions from xLr®
exhibited different effects in juglone-mediated and UVB-induced
oxidative stress. These activities may be affected by the different com-
pounds found in each fraction. Notably, according to the juglone-
induced toxicity assay, xLr® and HLR fraction at high concentrations
(200 pg/mL for xLr®, and 100-200 pg/mL for HLR) failed to recuse the
worms from oxidative stress. It has been elucidated that some bioactive
compounds have beneficial anti-oxidant properties at lower doses, and
have potential toxicity at higher doses.” It is possible that these com-
pounds may be dominant in HLR fraction.

To investigate the underlying mechanism of the anti-oxidant effect,
DAF-16/FOXO pathway was investigated. Under normal circumstances,
DAF-16 activation is responsible for stress response and lifespan exten-
sion.“® Upon its activation, DAF-16 induces the transcription of several
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Fig. 3. Real-time qRT-PCR analysis of anti-oxidant and apoptosis-related gene expressions in UVB-exposed C. elegans. The level of mRNA expression of anti-oxidant-
related genes: (A) daf-16 and (B) sod-3 in UVB-exposed C. elegans in the presence or absence of LR extracts. The level of mRNA expression of apoptosis-related genes:
(C) cep-1, (D) hus-1, (E) ced-13, (F) egl-1 in UVB-exposed C. elegans in the presence or absence of XLr® and its fractions. All data are shown as the mean + SEM of
triplicate values. Statistical significance was analyzed by a One-way ANOVA and Dunnett’s post hoc test. #p < 0.05 vs control group, *p < 0.05 vs UVB group.

genes involved in the anti-oxidative network, such as SOD-3, which
encodes mitochondrial superoxide dismutase (Mn-SOD). Previous
studies have been suggested that this enzyme could eliminate free rad-
icals and protect the worms against oxidative stress.”’ In the present
study, we observed a significant increase in daf-16 and sod-3 expression
in worms after treatment with xLr® and its fractions HLR, MLR, and LLR
when compared to untreated UVB-exposed C. elegans. These results
suggest that xLr® and its fractions may exert their anti-oxidant effect
possibly through the activation of the DAF-16/FOXO pathway.
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Furthermore, the nuclear translocation of DAF-16 was also analyzed
using transgenic strain TJ356. Treatment with xLr® and LLR showed an
increase in DAF-16 translocation to the nucleus in UVB-exposed worms,
whereas no significant changes were observed in MLR and HLR fractions
compared to untreated UVB-exposed C. elegans. Interestingly, the
downstream player of DAF-16, SOD-3 was found to be expressed
significantly higher in treatment groups xLr®, HLR, MLR, and LLR when
compared to UVB-exposed C. elegans.

Studies show that UV causes cell death through the activation of
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Fig. 4. (A) The effect of XLr® and its fractions on intracellular ROS in UVB-exposed C. elegans. (B) The effect of xLr® and its fractions on nuclear translocation of
DAF-16 in UVB-exposed C. elegans. (C) The effect of XLr® and its fractions on the expression of SOD-3 in UVB-exposed C. elegans. For SOD-3, the relative fluorescence
intensity was analyzed at the pharyngeal region (analyzed area marked with bar). A whole body image was taken and the pharyngeal region was cropped for
observation and analysis of SOD-3:GFP expression. Scale bar 100 pm. Statistical significance was analyzed by a One-way ANOVA and Dunnett’s post hoc test. #p <

0.05 vs control group, *p < 0.05 vs UVB group.

apoptosis.”® The UV-mediated apoptosis process involves several
different molecular pathways, including DNA damage.*® In C. elegans,
several apoptosis-related genes are up-regulated after UVB exposure.”’
UVB exposure can activate CEP-1, a P53 homolog in C. elegans.?’ These
can further induce the activation of EGL-1 and CED-13, which are
BH3-only proteins and are known to interact with CED-9 (a
pro-apoptotic protein). Overexpression of EGI-1 reportedly results in
triggering the apoptosis pathway.’°" HUS-1 is a nuclear protein
C. elegans and mediates apoptosis through CEP-1, followed by the EGL-1
mechanism.’ The results of qRT-PCR showed that the worm treated
with xLr®, HLR, and MLR groups but not LLR, could significantly
attenuate the increase in expression levels of hus-1, cep-1, egl-1 and
ced-13 caused by UVB, which explained their mechanism of inhibiting
apoptosis and prolonging lifespan. Notably, although stress resistance
activity via the DAF-16/FOXO pathway was marked, failure to abolish
apoptosis by LLR rendered it ineffective in attenuating UVB-induced
photoaging in C. elegans.

According to our results, the chemical constituents of each fraction,
including glucan, phenolic, flavonoid, were semi-quantitative measured
and found the difference between each fraction. Furthermore, the small
molecules in each extract were identified using LC/MS and investigated
for the potential interacting compounds to the DAF-16 protein using
molecular docking analysis. The best potential bioactive candidates
from xLr®, HLR, MLR, and LLR were ajmaline, butyl lactate, neo-
chlorogenic acid, and carnitine, respectively. Interestingly, these com-
pounds exhibited lower binding energy compared to epigallocatechin
gallate, the standard agonists of DAF-16 activator. However, the docking
studies often rely on simplified models of proteins and ligands that may
not fully represent the complexity of biological systems.”” Further ex-
periments of these potential compounds are necessary to validate their
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activity.

Our current study suggests the possibility of synergistic or additive
effect between HLR, MLR and LLR fractions of xLr® in the protective
activity against UVB induced oxidative stress. However, among the XLr®
fractions, HLR was identified as the most potent fraction, potentially due
to the presence of p-glucan as a major active ingredient when compared
to another fractions. This aligns with research indicating that p-glucan
possesses UV-protective properties, which may help in mitigating pho-
toaging effects.”>>* Besides, in agreement with previous study, the
anti-inflammatory property of xLr® was mainly contributed by its high
molecular weight fraction, and the possibility of synergistic effect be-
tween all three fractions should be further elucidated.

Tiger milk mushroom has been studied for its potential anti-oxidant,
anti-inflammatory, and immunomodulatory because it is rich in the
composition of bioactive compounds, including polysaccharides, phe-
nolics, flavonoids, and terpenoids.®®°” These properties of the bioactive
ingredients contribute to health benefits, particularly beneficial for
protecting the skin against UV-induced damage and other environ-
mental stressors.”®>° This mushroom has shown promising photo-
protective activities against UVB-induced damage. The methanol extract
has processed the promising photoprotective activities against
UV-induced damage in human keratinocyte HaCaT cells.®” The protec-
tive effect is associated with the upregulation of anti-apoptotic proteins
like BCL-XL and BCL-2, which help in preventing programmed cell
death.®® In addition, the tiger milk mushroom has possessed beneficial
effects to the skin. Cold water extract of the mushroom can help prevent
skin aging and maintain healthy skin by inhibiting melanin production
at the intra- and extracellular levels of B16-F1 melanoma cells and
upregulating the production of procollagen type 1 in HaCaT cells.®!
Taken together, our findings highlight and support the significant
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Table 4
The molecular docking results of the potential candidates from xLr® and its
fractions to interact with DAF-16 protein.
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Table 4 (continued)

Compound Docking DAF-16 and ligand interaction
Score
(kcal/
mol)
Neochlorogenic —7.90 B
acid LN °
o | i
Jo 8 @
S e B ®
Interactions
M Cconventional Hydrogen Bond [ Pi-Alkyl
[ carbon Hydrogen Bond
LLR Curcumin —8.66 pary
i B
s ’ o]
| ¥
s 8
Interactions
I Conventional Hydrogen Bond [ piralkyl
[ carbon Hydrogen Bond
Carnitine -7.76 o
Mt
x4ts 5z
ey
Interactions
[ Alkyl
Interactions
[ Alkyl

implications for photoprotective effects of xXLr® and its fractions against
UVB irradiation that could be beneficial for the development of anti-UV
products.

5. Conclusions

The in vivo studies exhibited that xLr® and its fractions could
enhance the stress resistance of the UVB-exposed C. elegans via the
regulation of oxidative stress and apoptotic pathways. Hence, the cur-
rent findings revealed the protective activities and their possible mo-
lecular mechanisms responsible for the anti-photoaging effects of the
tiger milk mushroom and its fractions. These results suggest that tiger
milk mushroom is a natural resource that can ameliorate UVB damage
and has the potential to be included as efficacious content in innovative
skin care products.
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