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Abstract: Excessive exercise makes the body consume more oxygen and produce excessive free radicals. The
increased free radicals lead to oxidative stress injury and dysfunctions in liver tissue. Our previous study showed
that Anwulignan, an active monomer in Schisandra sphenanthera Rehd. et Wils. (Schisandra), had anti-fatigue
effects in mice. However, whether Anwulignan has a protective effect on liver damage in exhausted mice and the
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mechanism underlying remain elusive. An exhaustive swimming mice model was used to study the protective
effects of Anwulignan on liver damage. The involvement of the nuclear factor (erythroid-derived 2)-like 2 (NRF2)/
antioxidant responsive element (ARE) antioxidative pathway in Anwulignan-mediated anti-fatigue was analyzed
using NRF2 inhibitor ML385 in HepG2 cells treated with H,O,. Animal welfare and experimental process follow
the regulations of the Animal Ethics Committee of Beihua University. Anwulignan significantly lowered serum
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, reduced liver tissue damages,
increased superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase (CAT), and decreased
malondialdehyde (MDA) and 8-hydroxy-2 deoxyguanosine (8-OHdG) contents in the livers of exhausted mice,
demonstrating a strong antioxidant effect. Furthermore, Anwulignan up-regulated the NRF2/ARE antioxidant
pathway in liver tissue, increased B-cell lymphoma 2 (Bcl-2) expression, and decreased Bcl-2-like protein 4 (Bax)
and caspase3 expression. In HepG2 cells, Anwulignan improved the cell viability and SOD activity, reduced
reactive oxygen species (ROS) and MDA contents, up-regulated the expression of the NRF2/ARE signaling
pathway and Bcl-2, and decreased Bax and caspase3 expression in the cells. Furthermore, pretreated ML385 partly
abolished all these effects of Anwulignan. Anwulignan protects the liver from damage in the exhausted mice by its

antioxidant effects and related to its activation of the NRF2 pathway.
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Figure 1 Effects of Anwulignan on liver index and aminotransferases in the exhausted mice. A: Liver index; B: Alanine aminotransferase

(ALT); C: Aspartate aminotransferase (AST). n = 20, x = s. P < 0.05. SED-Con: Sodium carboxymethyl cellulose gavage and no exercise;

MOD-Con: Sodium carboxymethyl cellulose gavage and exhaustive swimming training; SED (Anwulignan/4 mg-kg™): Anwulignan gavage

and no exercise; MOD (Anwulignan/4 mg-kg™): Anwulignan gavage and exhaustive swimming training
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Figure 2 Effects of Anwulignan on pathological changes in the exhausted mice (400x), representative images of hematoxylin-eosin (H&E)

staining results. Scale bar: 50 um. In SED-CON/SED mice (both Anwuligan-treated and untreated), the hepatocytes exhibited a complete

and clear structure with a large nucleus and round shape and showed no degeneration, necrosis, hepatic sinus congestion, and inflammatory

cell infiltration. The exhausted exercise led to changes in liver structure in mice. As shown in MOD-SED, the hepatocytes of exhausted mice

showed swelling, enlarged gaps, small nuclei, and cell infiltration in the portal area. In MOD group (Anwulignan treated), all pathological

changes were significantly reversed nearly to the control status, suggesting Anwulignan can prevent the liver structural damage
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Figure 3 Effects of Anwulignan on liver oxidation-related biochemical indicators in the exhausted mice. A: Reactive oxygen species

(ROS); B: Superoxide dismutase (SOD); C: Glutathione peroxidase (GSH-Px); D: Catalase (CAT); E: Malondialdehyde (MDA); F: 8-
Hydroxy-2 deoxyguanosine (8-OHdG). n = 20, x +s. 'P < 0.05, P < 0.01
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Figure4 Effects of Anwulignan on nuclear factor (erythroid-derived 2)-like 2 (NRF2)/antioxidant responsive element (ARE) pathway protein
expression. A: The NRF2 staining area in indicated groups (400x). Scale bar: 50 um; B: Quantitative analysis of scanning densitometry for
NRF2; C: The expression levels of Kelch-like ECH-associated protein 1 (Keapl), NRF2, heme oxygenase (decycling) 1 (HO-1) were
measured by Western blot analysis, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as control; D: Quantitative analysis
of scanning densitometry for Keapl, NRF2, HO-1, and GAPDH. n = 3, x £ s. "P < 0.05, “P < 0.01. SED-Anwu: Anwulignan gavage and
no exercise; MOD-Anwu: Anwulignan gavage and exhaustive swimming training



TRERZEAE: 2 TR AR I BT NRF2 A0 3w i /I BT R 45 473 F) ol 2 478 1 © 2235 -

blot 75 5% - 21/ BT Keapl \NRF2 Fll HO-1 2 [
FIBACFATRI . 25 s (B 4), 525 AXTHRAAE L,
1IN 2/ B Keapl ) 218 7K~ i 2 19 (P < 0.05),
{H NRF2 fil HO-1 1) 3R 1k . E /b (P < 0.01). 5715
Wi/ BRAH B, 22 TG 32 45 24 2H h Keapl 1R IE K F
B AL (P < 0.05), NRF2 F1 HO-1 [ % i5 1 &5 3% TF
= (P < 0.058¢ P < 0.01), % 8 % F1 5 2 vT Be i i s
NRF2/ARE 15 5 18 #% % 7 3 Il 25 B BUK A 352405 162

TR
5 ZREEEXHIBIIL/)NFATBE Bel-2/Bax @R & H
ESuy: DA

Bax & (14 (2 ik 41 8 T2 1E H, Bel-2 & (1 g4 i
Y M T, Bel-2 2 i 5 Bax 85 5w 4+ AR il R R
SRR A BT 40 R g8 TR Dhie . AU E I B & R
PHLEIE A Bel-2 8 (5 Bax & A %, T H T4
AR T B T AN PR T, ASHF 508 S 2 Ak
J% Western blot J7 12 W %% & 28 /) BUH iE 25 23 Bcl-2/Bax
WA R E AR . AL R ER (KE5),
Bel-2 8 [ 47 A6 fE 4 B I 2 (B 4r). 528 At
MR ZHAH B, 098 I 25/ R Bel-2 B 3R 0A & i 3 BRI
(P < 0.01), % TilF 2 45 24 41 P I8 5 138 U 45/ R
SERN (P < 0.01) (BI15A.B).

Western blot 45 £ % 7~ (] 5C), 5 25 (11 X} B 41 4H
b, 7 Il 25/ iR Bel-2 318 2 2 /> (P < 0.01),
Bax. caspase3 (1] ik KT W Z 3G i (P < 0.01). 57)
v Y /N BRAH T, %2 TR 2245 25 20 Bel-2 [l R IAKF
EW N (P < 0.01), ifii Bax M caspase3 [#) % ik 1y &
FEAIS (P < 0.01), W22 iR 2 RE 6 [ K 738 I 25 /) B
JHF- 40 B T 7K, T R AR I 2B PR
6 ZHIEEXH,0,4 B HepG2 MR FF/EZEAIF M

HepG2 4 g & S5 I N4 &, A Ik

A
SED-Con

Anwulignan / 4 mg-kg'

MOD-Con SED

C Anwulignan / 4 mg-kg'
SED-ConMOD-Con  SED  MOD

o (i 0

Caspasel

\

GAPDH

lw)

Relative protein expression

TR DY, SRR . TR AR AR bR VAR LT RE
DA R AR S5 22 /N 5 TH 5 10 40 B A 17 22 3R R A g
B RS 5 T HE A AR (R AREAE ) 2, AR i
ThREA 55 TR FF4H AR R, A& AT F - JF T 7 TR 7 1 2
A ERPY. N7 DA% H 2 SR M
NRF2 # £k & FE 91040 B0 43 78 FH, At 7 Jd i
PR AN, N H,0, A FE HepG2 411 i, W %2 % 11 fif &
TELE T BN % T NRF2 #0171 -ML385 - 15 i Xof 41 i 4
AR . 45 K B, HepG2 4 i 7 H,0, 4b FE Ji5
PHHIAFIE R D N % (P <0.01), 4 pg-L % TG R T
AbFE 24 h (Anwu ZH), 4H il 47 7 2 8 3 i (P < 0.01).
18 2.5 pmol-L ™ ML385 Tii4b# 24 h f5, MOD-ML385
Y20 M A7 R T % (P < 0.01), H Anwu-ML38541
MNAEEFR L E T (P<0.01) (BI6A). R, ZTflEE
XF H,0, 1755 41 i S A0 15 BoA (R, 9 Bz Ak
RERE B NRF2 #1751 ML385 it 2 411 .

7 LAAEEN H,0,R 15 HepG2 4R & 1L 18 K 3547

oAl

4 fu b ROS = AR i 5, T 2 5 5 8 Ak BB A -
. ] DCFH-DA % JE ER %l A [7] 4b 3 f5 HepG2 4 g
W ROS /Ko £55H IR, H,0, 53 1 n4i s ) ROS 7K
F (P <0.01), %R R EEWAD T H,0,%FHIROS
JUA (P < 0.01); & ML385 4t ¥ j5 , Anwu-ML385 41
ROS VLR E 1N (P < 0.01) (KI6B). AT #E—LuiE
R R, AHE 7N B ELISA V%t HepG2 41 it 1 ROS
AT R, 45 5 IR R 5 (K TA).

XoF % ZEL 20 2 P9 SOD i 7 & MDA 7 =Rl 45 I &2
7N, H,0,1% 5 J5 HepG2 4l g SOD & 14 i & T k¢ (P <
0.01), MDA & & B Z 1 i (P < 0.05), % TR & i & 1
T 40 M SOD i 1 (P < 0.05), &2 )8 /b 41 il MDA & &
(P <0.05). %4 ML385 43 j5, Anwu-ML385 41 SOD i%

w
3

:
|

MOD

(%]
=

|

Relative Bel-2 intensity
S

(=]

SED-ConMOD-Con  SED  MOD
Anwulignan / 4 mg-kg®

=2 SED-Con 32 SED-Anwu
- MOD-Con B8 MOD-Amwu
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