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Total phenylethanoid glycosides and magnoloside
|, from Magnolia officinalis var. biloba fruits inhibit
ultraviolet B-induced phototoxicity and
inflammation through MAPK/NF-kB signaling
pathways

Lanlan Ge,? Ling Chen,? Qigui Mo,? Gao Zhou,? Xiaoshan Meng?
and Youwei Wang (&) *a®

Magnolia officinalis var. biloba is used as a traditional medicine in China and as a food additive in the United
Kingdom and the European Union. In this study, total phenylethanoid glycosides (TPG) and magnoloside |,
(Ml,) from M. officinalis var. biloba fruits showed excellent radical scavenging activities and potent inhibition
activities against ultraviolet B (UVB)-induced oxidative damage in vitro. In vivo, TPG and M, inhibited UVB-
induced skin phototoxicity in mice upon continuous irradiation for 10 days. Changes in the levels of
malondialdehyde, catalase, glutathione peroxidase, superoxide dismutase, and hydroxyproline caused by
UVB irradiation were remarkably reversed in a dose-dependent manner after treatment with TPG or Ml,.
Protein-level analysis further showed that compared with the UVB group, the TPG high-dose group or Ml,
group significantly down-regulated MAPK/NF-kB signaling pathways. Therefore, TPG and MI, possessed
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Introduction

Repeated ultraviolet B (UVB) (wavelength range: 280-320 nm)
exposure can initiate a photooxidative reaction that destroys the
antioxidant status of an organism. Moreover, it can trigger some
reactive oxygen species (ROS)-dominant signaling pathways,
thus increasing the ROS level in the cell.*” The oxidative stress
caused by repeated UVB exposure can make toxic products more
stable; then these toxic products can cause injury to skin
tissues.? More seriously, repeated UVB exposure can cause lipid
peroxidation (LPO) and produce toxic products that can speed
up further oxidative injury.* The significant damage of UVB
exposure primarily has various adverse effects on human skin,
including erythemas, edemas, sunburn, hyperplastic responses,
hyperpigmentation, photoaging, and immune suppression.>®
Repeated UVB exposure also causes acute skin inflammation
and even skin carcinogenesis.” Therefore, suitable and efficient
formulations to alleviate UVB-induced phototoxicity are
necessary.

Magnolia officinalis var. biloba is a kind of deciduous tree in
the Magnoliaceae family, distributed over the mountains and

“Institute of TCM and Natural Products, School of Pharmaceutical Sciences, Wuhan
University, Wuhan 430071, P. R. China. E-mail: wyw@whu.edu.cn; Fax: +86-27-
68759010; Tel: +86-27-68759323

*MOE Key Laboratory of Combinatorial Biosynthesis and Drug Discovery, Wuhan
University, Wuhan 430072, P. R. China

4362 | RSC Adv., 2018, 8, 4362-4371

a powerful photoprotective property that can be applied in food and antiphototoxicity formulations.

valleys of China at altitudes of 300-1500 m.*® The barks of M.
officinalis var. biloba, “Cortex Magnoliae Officinalis” in Latin
and “Houpo” in Chinese,® are frequently used as a medicinal
herb in China and as a food additive in gum and mints in the
United Kingdom and European Union.' Our previous
research showed that M. officinalis var. biloba fruits extract is
rich in phenylethanoid glycosides and the isolated phenyl-
ethanoid glycosides had significant antioxidant properties.*
Literature showed that phenylethanoid glycosides are found
mainly in Orobanchaceae plants'" and possess different
pharmacological properties, including anti-inflammatory,
antioxidant, antitumor, antiviral, antibacterial, immunomodu-
latory, and neuroprotective effects.’** Protective effects against
UVB-induced phototoxicity are related to plant extracts which
are rich in antioxidants.”*** The purpose of this study is to
assess the inhibitory activity against UVB-induced phototoxicity
and its underlying mechanisms of total phenylethanoid glyco-
sides (TPG) and magnoloside I, (MI,) from M. officinalis var.
biloba fruits.

Materials and methods
Plant material

Fruits were picked from the forests of Enshi (Hubei, China;
30°17'51.56"N, 109°28'27.33"E, A: 1545 m). M. officinalis var.
biloba was authenticated by the corresponding author and
deposited as a voucher specimen (no. 14610) at the Traditional

This journal is © The Royal Society of Chemistry 2018
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Chinese Medicine Specimen Museum, School of Pharmaceu-
tical Science, Wuhan University, China.

Reagents

Diagnostic kits for malondialdehyde (MDA), superoxide dismutase
(SOD), glutathione peroxidase (GPx), hydroxyproline (Hyp), and
catalase (CAT) were bought from Nanjing Jiancheng Technology
Co., Ltd. (Nanjing, China). The antibodies of B-actin, JNK, p-JNK,
IkBa, and p-65 were obtained from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). COX-2, ERK, p-ERK, and IKKa anti-
bodies were purchased from Cell Signaling Technology (Beverly,
MA, USA). The antibodies of p38 and p-p38 were bought from
Abcam (Cambridge, UK). Gallic acid (GA), butylated hydrox-
ytoluene (BHT), ascorbic acid (Vc), and other reagents were bought
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).

Experimental animals

The animal experiments were approved by the Institutional
Animal Ethical Committee, the Committee for the Purpose of
Control, and Supervision of Experiments on Animals at Wuhan
University (Wuhan, China). Female Sprague Dawley (SD) rats
(200 £ 20 g, n = 10) and male BALB/c mice (20 £ 2 g, n = 56)
were bought from the Laboratory Animal Center of Wuhan
University, Wuhan, China. All rats and all mice were maintained
on a cycle of 12 h light and 12 h dark with a relative humidity of
30-60% at 25 °C + 2 °C. Standard pellet diets and unlimited
purified water were provided for these animals. Animals were
acclimatized to the surrounding environment for one week. All
experimental procedures conformed to the Regulations for the
Administration of Affairs Concerning Experimental Animals of
China.

Preparation of TPG and MI,

TPG were prepared using a previously published method.* In
brief, the powder of dried M. officinalis var. biloba fruits was
extracted with 70% alcohol (solvent/fruit ratio of 10 : 1, v/w) for
3 h. The alcohol extracts were suspended in pure water and then
partitioned with chloroform, ethyl acetate, and n-butanol. Based
on the pre-experiment, the n-butanol fraction (63.4 g) was rich in
phenylethanoid glycoside, so it was named TPG. The TPG yield
was 1.2% relative to the dry raw material. MI, was prepared on
a preparative HPLC system using our described method,' and its
purity was more than 98%.

HPLC analysis of TPG

The HPLC analysis of TPG was performed on a Shimadzu LC-
20AT system (Shimadzu, Tokyo, Japan), and it was furnished
with an SPD-20A UV detector and a binary solvent manager.
Diamonsil C18 analytical column (5 pm, 250 mm x 4.6 mm,
Dikma Technologies, Beijing, China) was used. Acetonitrile (A)
and 0.1% formic acid water (B) were selected as mobile phase.
The gradient started from 10% A and altered to 15% A after
10 min, 20% A after 15 min, 30% A after 10 min, and 35% after
5 min. The temperature of the column oven was 25 °C, and
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20 pL was injected into the system. The flow rate was
1.0 mL min~", and UV spectra were collected at 294 nm.

Determination of phenylethanoid glycoside content in TPG

The total phenylethanoid glycoside content in TPG was
measured using a method in a previous study.* In short, using
a detection wavelength of 330 nm and MI, as a standard, UV
spectrophotometry was used to determine phenylethanoid
glycoside content in TPG. Experimental results were showed
in mg of MI, equivalents per g of dry extract.

Free radical scavenging assays

The abilities of test samples to scavenge ABTS radical cation
(ABTS'*) and DPPH were determined as previously described.?*?
Radical scavenging activities were expressed in the value of half
maximal inhibitory concentration (ICso). The capacity to scav-
enge superoxide anion radicals (O, ) was tested by a pyrogallol
auto-oxidation system.>® The rate constant (Kj,) of automatic
oxidation reaction was computed based on the curve of Az,s nm
versus time. Vc and BHT were used as positive controls.

In vitro protective activities

Separation of mitochondria. The mitochondria were prepared
from SD rats as previously published.” Briefly, rat liver was iso-
lated from SD rats and homogenized in 0.25 M sucrose solutions
containing 1 mM EDTA. All homogenates were centrifuged at
3000 x g for 10 min first and then at 10 000 x g for 10 min. The
first centrifugation was designed to remove cell debris, whereas
the purpose of the second centrifugation was to get sediment
mitochondria. All procedures were carried out at 4 °C.

Experimental groups and UVB irradiation. In the reaction
system, 0.5 mL mitochondrial protein and 0.1 mL of different
TPG concentrations (10, 50 and 100 ug mL™ " in 0.05 M phosphate
buffer, pH 7.4) were added. The concentration of MI, groups were
designated according to their percentage in the corresponding
TPG groups. BHT and GA were the positive control groups,
whereas 0.1 mL phosphate buffer was added to the model group
but without test sample. The model, BHT, GA, and test
compounds groups were placed in an orifice plate at 37 °C and
exposed to radiation for 4 h using a 20 W UVB lamp (TL/12RS,
Philips). The distance of the lamp to the orifice plate was
15 cm. The blank control had the same ingredients as the model
group, but it was not exposed to radiation. The irradiation dose
was detected to be 0.88 J ecm > by a UV irradiance meter
(UV-340B, Sampo Scientific Instrument Co. Ltd., Shenzhen).

Measurement of MDA and lipid hydroperoxide (LOOH). The
level of UVB-induced MDA in the mitochondria from rat liver
was tested by measuring the amount of thiobarbituric acid
reactive substances using a previously published thiobarbituric
acid method. While a previous approach was adjusted to
measure the level of LOOH,*>*” the prevention percentage of
MDA and LOOH was computed through the following formula:
prevention percentage = [(An — Ag)/(Am — Ap)] x 100. In this
case, A, was the absorbance of the model group, A; was the
absorbance of the sample groups treated with TPG, MI,, GA,
and BHT, and Ap, was the absorbance of the blank control group.
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In vivo protective activities

Depilation treatment of test animals. For three days before
the start of the UVB irradiation experiment, the back furs of all
BALB/C mice were clipped by electric shaver. Moreover, the back
skin (9 cm?) were thoroughly dehaired using 8% sodium
sulfide.*®**

Experimental groups and UVB radiation. The BALB/C mice
were randomly separated into seven groups: control group,
model group, GA group (200 mg kg™"), TPG low-dose group
(50 mg kg™ 1), TPG medium-dose group (100 mg kg™~ * body), TPG
high-dose group (200 mg kg™ '), and MI, group (110 mg kg™ ).
Each group contained eight mice. The mice in the control group
and model group were treated with the same volume of solvent
(0.1% carboxymethylcellulose-Na). All mouse groups, besides
the control group, received the same radiation. The radiation
height from the 20 W UVB lamp to the back of the mice was set
at 15 cm. The UVB irradiation experiment was set for 1 h daily
for the first 5 days (irradiation dose was 0.22 J cm™~?); another 5
days was set for 2 h daily (irradiation dose was 0.44 ] cm™>).22 All
mice received their corresponding group solvent on their back
skin for 30 min before UVB exposure.

Measurement of MDA, CAT, GPx, Hyp, and SOD. The skin
samples of the mice under irradiation were collected for further
analysis. The homogenized skin samples (1 : 9, w/v) were placed
in 0 °C saline solution and centrifuged for 15 min at 6000 x g at
4 °C. Then, the supernatants were collected and used to analyze
the levels of MDA, CAT, GPx, Hyp, and SOD using their corre-
sponding reagent Kkit.

Histopathological analysis. All skin samples were fixed in 10%
neutral buffered formalin. Then, they were embedded in paraffin
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and sliced into 5 pm-thick sections. Hematoxylin and eosin dye
(H&E) was used to stain the sections, and a microscope was used
to observe the histopathological changes of these sections.
Immunoblotting analysis. All mouse skin samples were
homogenized (1:9, w/v) in 0 °C radio immunoprecipitation
assay (RIPA) lysis buffer containing a protease inhibitor. Each
homogenate was centrifuged at 12 000 x g for 10 min at 4 °C,
and the supernatants (total protein) were gathered and reserved
at —80 °C. Nuclear proteins were isolated using the cytoplasmic
and nuclear extraction kit (Wuhan Goodbio Technology Co.,
Ltd., Wuhan, China). The proteins were isolated by SDS-PAGE
and then transferred to a polyvinylidene fluoride membrane.
The membrane was then blocked with 5% nonfat milk for one
hour in TBS buffer and incubated with corresponding primary
antibodies. Results were measured against enhanced chem-
iluminescence plus western blot (WB) detection reagents.

Statistical analysis

Experimental data were presented as means =+ SD in triplicate.
Statistical significance was analyzed by least significant differ-
ence post hoc testing with SPSS 20.0, and p < 0.05 was regarded
significant.

Results and discussion
HPLC analysis

The main chemical components in TPG were detected at
294 nm by HPLC (Fig. 1) and identified by previous studies.'**
They were syringin (1), magnoloside II, (2), magnoloside II, (3),
MI, (4), magnoloside III, (5), magnoloside IV, (6), magnoloside
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Fig. 1 HPLC chromatogram of TPG at 294 nm. TPG, total phenylethanoid glycosides from M. officinalis var. biloba fruits.
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L. (7), crassifolioside (8), magnoloside V, (9), and magnoloside
I, (10). They were typical phenylethanoid glycosides. We
concluded that phenylethanoid glycosides are the main active
compounds in TPG based on the results of HPLC analysis.

The phenylethanoid glycoside content in TPG
The calibration curve of MI, showed strong linearity from

4 pg mL™" to 24 pg mL~ " with the following regression

Table 1 Free radical scavenging activities of TPG and MI,*

ICs0 (ng mL™Y) Ky (x107*As™Y)

Compound DPPH ABTS Superoxide anion
TPG 19.35 + 0.42° 3.43 £ 0.19° 14.20 + 0.15
MI, 7.35 + 0.36° 2.19 + 0.07¢ 10.37 + 0.33%
Ve 7.20 £ 0.14° 2.03 + 0.18¢ 0.09 + 0.02"
BHT 19.79 + 1.01% 1.60 + 0.07° 10.40 + 0.55¢
Blank — — 15.35 + 0.19'

% Values were the means + SD (n = 3); TPG, total phenylethanoid
glycosides from M. officinalis var. biloba fruits; MI,, magnoloside I,;
Ve, ascorbic acid; BHT, butylated hydroxytoluene. Significant
differences (p < 0.05) between means are indicated by different letters
above the histogram bars. The same letters indicate no significant
difference among the different samples.
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Fig. 2 Effects of TPG on UVB-induced changes in MDA (A) and LOOH
(B) levels; data are presented as the mean + SD (n = 3). TPG, total
phenylethanoid glycosides from M. officinalis var. biloba fruits; GA,
gallic acid; BHT, butylated hydroxytoluene; MDA, malondialdehyde;
LOOH, lipid hydroperoxide. Symbols represent statistical significance.
###5 < 0.001, compared with the control group; ***p < 0.001,

compared with the model group.
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equation: Y = 40.799X + 0.04 (R* = 0.9999). The average recovery
was 95.7% with relative standard deviation (RSD) = 2.1%.
Therefore, the method was simple, accurate, and reproducible.
According to the equation, the total phenylethanoid glycoside
content in TPG was 549.0 & 10.9 mg of MI, equivalents per g of
dry extract. Results showed that TPG had relatively high phe-
nylethanoid glycoside content.

Free radical scavenging abilities

DPPH, ABTS'", and O, ’, the most common free radicals
generated in vitro, have been extensively used for the detection
of free radical scavenging ability."*>** Table 1 summarizes the
free radical scavenging abilities of TPG and MI,. In the DPPH
assay, TPG showed strong DPPH radical scavenging ability with
similar ICs, value (19.35 4 0.42 pg mL™") to the BHT group
(19.79 + 1.01 pg mL~'). Furthermore, MI, had better activity
than TPG, with an ICs, value of 7.35 & 0.36 pg mL ™' that was
near the value (7.20 + 0.14 pg mL™") of the Ve group. In the
ABTS'" assay, the IC5, of TPG and MI, was 3.43 £ 0.19 and 2.19
+ 0.07 pg mL ™", respectively. In the O, " assay, the O, scav-
enging activity of MI, was weaker than that of Ve but equal to

100 1 pPG ©Mla

» =) [+

(<] o o

L L L
(Y]

Inhibition of MDA formation (%)
N
<)

100
Concentration (ug/ml)
100 1 OPG BMla

80 4
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20 A

Inhibition of L OOH formation (%)

10 100

Concentration (ug/ml)

Fig. 3 Comparison of protection of TPG and MI, on UVB-induced
phototoxicity in mitochondria of rat liver (the total phenylethanoid
glycoside content in TPG was 55%). (A) Inhibition of MDA formation; (B)
inhibition of LOOH formation. Data are presented as the mean + SD
(n = 3). TPG, total phenylethanoid glycosides from M. officinalis var.
biloba fruits; Ml,, magnoloside |,; MDA, malondialdehyde; LOOH, lipid
hydroperoxide. Significant differences (p < 0.05) between means are
indicated by different letters above the histogram bars. The same
letters indicate no significant difference among the different
treatments.
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Table 2 Effects of TPG and MI, on body weight in UVB-induced
damage mice”

Body weight (g)
Groups Day 1 Day 11
Control group 19.07 £ 0.98 23.71 £ 0.84
Model group 19.32 + 1.11 18.75 & 0.96"
GA group 200 (mg kg ™) 18.86 + 1.47 20.07 + 0.98%*
TPG-L group 50 (mg kg™ ) 19.06 + 1.40 17.74 + 0.93
TPG-M group 100 (mg kg™ ) 18.92 + 1.95 19.11 + 1.86
TPG-H group 200 (mg kg™ ) 19.27 + 1.37 19.71 + 1.63
MI, group 110 (mg kg ') 18.91 + 1.86 20.43 £ 1.70%*

% Values were mean + SD (n = 8 animals in each group). Symbols
represent statistical significance. TPG, total phenylethanoid glycosides

from M. officinalis var. biloba fruits; MI,, magnoloside L,; GA, gallic

id. " p < 0.001, compared with the control group; *p < 0.05,

compared with the model group; **p < 0.01, compared with the
model group.

that of BHT. At the same time, TPG also showed a high O,"
scavenging ability. These data demonstrated that TPG and MI,
can inhibit oxidative stress in vitro by scavenging DPPH, ABTS"",
and O, free radicals.

In vitro protective activity during repeated UVB exposures

Repeated UVB exposures may lead to mitochondrial damage
and LPO. MDA and LOOH are two unstable products of LPO.**!
These toxic products cause oxidative stress in the mitochondria,
accelerating further damage.* To evaluate the protective activity
of TPG against phototoxicity caused by UVB, the inhibitory
activities of TPG on MDA and LOOH formation were evaluated
(Fig. 2). After UVB irradiation for four hours, in comparison
with those of the control group (p < 0.001), the levels of MDA
and LOOH in the model group were remarkably increased.
However, in the TPG groups, GA groups, and BHT groups, the
MDA and LOOH levels significantly lower in all concentrations
(p <0.001) (Fig. 2A and B). Similarly, the MI, groups containing
a phenylethanoid glycoside content equivalent to that of the
TPG groups also had lower MDA and LOOH levels (Fig. 3).
Furthermore, no significant difference was observed between
the TPG groups and MI, groups with the equal content of
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phenylethanoid glycoside (p > 0.05), as shown in Fig. 3. This
finding indicated that TPG played an effective role in preventing
photosensitization-induced LPO at various stages, and phenyl-
ethanoid glycoside contributed to the protective effect of TPG
against UVB-induced phototoxicity.

In vivo protective activity during repeated UVB exposures

M1, inhibited the loss of body weight caused by repeated
UVB exposures. The body weight variations before and after the
experiment are shown in Table 2. On the first day of the
experiment, no significant difference was observed among the
body weights of each mouse group (p > 0.05). On the eleventh
day, in comparison with that of the control group (23.71 %+
0.84 g) (p < 0.001), the body weight of the UVB model group
(18.75 £ 0.96 g) significantly reduced. The loss of body weight
was significantly inhibited after treatment with MI, (p <0.01). In
particular, the GA group at a concentration of 200 mg kg *
(20.07 £ 0.98 g) and MI, group at a concentration of
110 mg kg™ ' (20.43 £ 1.70 g) showed significant inhibition
capacity against the body weight loss caused by UVB irradiation
(p < 0.05). This finding indicated that repeated UVB exposures
led to loss of body weight in mice, whereas MI, efficiently
suppressed such loss in mice.

MI, inhibited skin hyperplasia caused by repeated UVB
exposures. Repeated UVB exposures lead to the dilation of
dermal blood vessels, leukocyte infiltration, cutaneous edema,
erythema, hyperplasia, and vascular hyperpermeability.*> H&E
staining (Fig. 4) revealed that the epithelial thickness of the
mouse skin was definitely increased after repeated UVB expo-
sures. Interestingly, this skin hyperplasia caused by repeated
UVB exposures was improved after treatment with MI,.

TPG or MI, inhibited skin oxidative damage caused by
repeated UVB exposures. Repeated UVB exposures generate a lot
of ROS and lead to oxidative skin damage and thus further
generate oxidative stress. MDA caused by ROS is regarded as
one of the most significant secondary oxidation products of
oxidative stress.*® Meanwhile, antioxidant enzymes, including
CAT, GPx, and SOD, are used to protect against oxidative stress
and tissue damage. These enzymes play an important role in the
defense against the adverse impacts caused by free radicals and
ROS in biological systems.?**3® Many studies demonstrated

Fig. 4 Sections of back skin tissue of UVB-induced damage in mice (H&E staining, x100). TPG, total phenylethanoid glycosides from M. offi-

cinalis var. biloba fruits; Ml,, magnoloside I,; GA, gallic acid; control group; model group; GA group 200 (mg kg™); TPG-L group 50 (mg kg

-1,

TPG-M group 100 (mg kg™Y); TPG-H group 200 (mg kg™%); MI, group 110 (mg kg™4).
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Table 3 The variation of MDA, CAT, GPx, SOD and Hyp in skin tissue of mice exposed to UVB in the presence and absence of TPG and Ml,*

Skin tissue

MDA CAT GPx SOD Hyp
Groups (nmol mg " protein) (U g " protein) (U mg ™" protein) (U mg ™" protein) (ng mg " protein)
Control group 6.43 £ 0.93 47.67 £ 10.26 90.82 £ 21.60 368.68 + 54.31 2.23 £0.43

8.53 + 0.85""
5.69 £ 1.72%%*
7.37 + 0.77%
6.98 + 1.20%*
6.48 + 0.62%%*
6.21 & 1.18%**

Model group

GA group 200 (mg kg™ ")
TPG-L group 50 (mg kg™ )
TPG-M group 100 (mg kg™ )
TPG-H group 200 (mg kg™ )
MI, group 110 (mg kg ')

14.97 + 4.75"%
37.80 = 3.03%**
15.51 + 1.99

24.74 + 3.81%**
38.75 = 3.81%**
41.12 + 5.70%%*

61.61 + 14.35"
88.99 + 5.22%**
80.62 =+ 5.56%*
90.10 = 5.92%**
93.43 =+ 6.50%**
95.82 =+ 12.93***

205.63 + 27.25%
335.68 + 32.98%%*
220.59 + 18.63

281.48 + 18.34%%*
316.10 + 33.87%%*
332.29 + 30.41%%*

1.70 + 0.25"
2.09 + 0.18%%*
1.75 + 0.15
1.83 4 0.12
1.97 4 0.14*
2.07 + 0.15%*

¢ Values were mean =+ SD (n = 8 animals in each group). Symbols represent statistical significance. TPG, total phenylethanoid glycosides from M.
officinalis var. biloba fruits; MI,, magnoloside I,; GA, gallic acid; MDA, malondialdehyde; CAT, catalase; GPx, glutathione peroxidase; SOD,

Hith

superoxide dismutase; Hyp, hydroxyproline. ***p < 0.001 compared with the control group; *p < 0.05 compared with the model group, **p <
0.01 compared with the model group, ***p < 0.001 compared with the model group.

that free radical scavengers have the potential to effectively
lessen UVB-induced phototoxicity.?”*® The influence of TPG and
MI, on the levels of MDA, CAT, GPx, SOD and Hyp in mice
repeatedly exposed to UVB was evaluated in this study (Table 3).
The UVB model group exhibited a remarkable decrease in their
levels of CAT (14.97 4+ 4.75 U g ' protein), GPx (61.61 +
14.35 U mg ' protein), and SOD (205.63 + 27.25 U mg '
protein), together with a remarkable rise in the content of MDA
(8.53 & 0.85 nmol mg ™" protein) in compared the control group
(p < 0.001). In the presence of MI, and higher doses of TPG
levels of enzymes were better heightened compared to the
model group. Our results clearly demonstrated that TPG or MI,
possessed favorable protective effects against UVB-induced
oxidative damage by increasing the levels of CAT, GPx, and
SOD and by decreasing MDA formation.

The level of Hyp can be measured to estimate the level of
collagen. Collagen is one of the most crucial structural proteins
of the skin. The reduction in the content of Hyp is seen as
wrinkle formation in photoaged skin.”® As shown in Table 3, in
comparison with that of the control group (p < 0.001), the model
group showed a remarkable decrease in Hyp level (1.70 +
0.25 pg mg ' protein), and the change was remarkably
reversed when the mice were treated with GA (200 mg kg™ %),
TPG (200 mg kg™ ), or MI, (110 mg kg™ ') (p < 0.05). Our results
demonstrated that treatment with TPG or MI, effectively pre-
vented wrinkle formation caused by repeated UVB exposures.

TPG or MI, inhibited inflammation caused by repeated UVB
exposures. ROS is generated by UVB irradiation in a direct and
straightforward way. Moreover, the body's antioxidant defense
system is depleted, and an aggrandized oxidative damage
emerges due to the effect of the inflammatory response.* ROS is
responsible for many diversified oxidative-stress-related
diseases as well as inflammation, including skin cancer and
aging.** Reduplicated UVB exposures brings about the over-
expression of proinflammatory enzymes iNOS and COX-2 and
cytokines TNF-a and IL-6, as mentioned in previous studies.****
COX-2 plays an important role in UVB-induced inflammation
because it catalyzes the production of PGE, from prostanoid
Furthermore, animal models on

precursors.* a few

This journal is © The Royal Society of Chemistry 2018

inflammation have verified the overexpression of COX-2.***
The influence of TPG and MI, on the UVB-induced expression of
COX-2 protein in skin tissue was assessed during this study. WB

analysis revealed that repeated UVB exposures led to
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Fig.5 Effects of TPG and MI, on protein expressions of COX-2 (A) and
MAPKs (B) in the back-skin tissue of mice with UVB-induced damage.
TPG, total phenylethanoid glycosides from M. officinalis var. biloba
fruits; Ml,, magnoloside I,; GA, gallic acid.
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Fig. 6 Effects of TPG and MI, on protein expressions of IKKa, [kBa (A)
and p65 (B) in the back-skin tissue of mice with UVB-induced damage.
TPG, total phenylethanoid glycosides from M. officinalis var. biloba
fruits; Ml,, magnoloside I,; GA, gallic acid.

aremarkable increase in the overexpression of COX-2 protein in
the control group (Fig. 5A). However, the expression of COX-2
protein in TPG or MI, groups was decreased in contrast with
that of mice whose skin was exposed to UVB irradiation alone.
Therefore, we concluded that TPG or MI, inhibited inflamma-
tion by reducing the level of COX-2 protein.

TPG or MI, inhibited the phosphorylation of MAPK protein
caused by repeated UVB exposures. MAPK proteins are made up
of three family members, including Jun N-terminal kinases
(JNK), p38 kinase, and extracellular signal-regulated protein
kinase (ERK).**¢ Oxidative stress caused by UVB irradiation
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plays an important role in the activation of phosphorylated
MAPK protein, including ERK, JNK, and p38. These
phosphorylated-MAPK (p-MAPK) proteins are involved in
phototoxicity.*”*® Furthermore, MAPK and p-MAPK proteins are
proven to modulate NF-kB activation.*” In this study, we also
analyzed the MAPK and p-MAPK expressions upon treatment
with TPG and MI,. As shown in Fig. 5B, WB analysis elucidated
that repeated UVB exposures to mouse skin led to increasing
levels of phosphorylation of ERK, JNK, and p38. Meanwhile,
TPG high-dose group and MI, groups inhibited the activation of
p-p38 and p-JNK. This study demonstrated that TPG or MI,
inhibited the UVB-induced activation of MAPK and p-MAPK on
mouse skin, thereby reducing the risk of phototoxicity.

TPG or MI, inhibited the activation of NF-kB pathway caused
by repeated UVB exposures. Repeated UVB exposures lead to the
activation of NF-kB pathway,* and p65 is the downstream target
of this pathway.*® UVB irradiation triggers the activation of IKK,
which causes the phosphorylation of serine residues in IkBa
and then leads to the degradation of IkBa protein, followed by
translocation and activation of p65 to the nucleus.”** The
activation of NF-kB pathway caused by repeated UVB exposures
stimulates inflammatory cytokine expressions that contribute
to skin inflammation.” As shown in Fig. 6A, the cytoplasmic
levels of activated IKKa were lower in the TPG high-dose group
and MI, group in comparison with those of the UVB model
group, and the cytoplasmic levels of IkBa protein were the
opposite. At the same time, our results also indicated that TPG
markedly reduced UVB-induced p65 activation, and MI, also
had such inhibition effect (Fig. 6B). To sum up, we concluded
that TPG and MI, inhibited the nuclear translocation of UVB-
induced p65 protein by preventing the activation of IKKa and
the succeeding degradation of IkBa protein in mouse skin.

Conclusion

In conclusion, TPG and MI, efficiently scavenged free radicals
and prevented the UVB-induced LPO at its various stages in

Nucleus

Fig.7 Proposed mechanism of photoprotection by TPG and Ml,. TPG, total phenylethanoid glycosides from M. officinalis var. biloba fruits; Ml,,

magnoloside 5.
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vitro. MI, treated mice had less skin thickening, lower MDA
levels, maintained better GPx, CAT, SOD, and Hyp levels, and
increased body weights indicating enhanced protection against
UVB-induced phototoxicity. Furthermore, TPG and MI, also
prevented inflammation by inhibiting the activation of MAPK/
NF-kB signaling pathways. The proposed mechanism involved
the reduction of p-MAPK levels and dephosphorylation of serine
residues in IkBa by IKK, thereby resulting in the deactivation of
NF-«B and COX-2 (Fig. 7). Furthermore, our experimental
results also demonstrated that the protective effect of TPG
against UVB-induced phototoxicity was generally associated
with the presence of phenylethanoid glycoside. Based on this
study, we suggested that TPG and MI, can be used as photo-
protective agents in food products due to their free radical
scavenging and anti-inflammatory activities. This study is ex-
pected to provide additional value to M. officinalis var. biloba
fruits and may be helpful for its applications in the scientific
field.
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