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Abstract: The cis-emodin-emodin dianthrone (compound 1) and trans-emodin-emodin dianthrone (compound 2)
were extracted from Polygonum multiflorum Thunb. The protective effect and mechanism of compound 1 and
compound 2 (emodin-emodin dianthrones) on acute liver injury induced by concanavalin A (ConA) in ICR mice
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was first investigated. The results indicated that emodin-emodin dianthrones at 1 mg-kg" significantly reduced
serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) level (P < 0.05). Emodin-emodin
dianthrones also improved liver histopathological damage in liver-injured mice. The level of Bcl-2-associated X
protein (Bax) mRNA in liver was significantly reduced by 1 mg-kg" of emodin-emodin dianthrones, while the level
of B-cell lymphoma-2 (Bcl-2) mRNA expression was significantly increased (P < 0.05). The protective activity of
compounds 1 and 2 against hepatocyte injury was further evaluated by hydrogen peroxide (H,O,) -induced
hepatocyte injury. Compounds 1 and 2 significantly inhibited H,O,-induced hepatocyte injury and reduced the
levels of ALT, AST, alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) in cell culture. Compounds 1
and 2 also significantly improved the cell survival rate and decreased H,0,-induced oxidative stress in hepatocytes.
Compound 1 (0.5 pmol-L") significantly increased the enzymatic activity of superoxide dismutase (SOD) in
hepatocytes (P < 0.01), and 0.5 pmol-L"' of compound 2 significantly decreased the intracellular reactive oxygen
species (ROS), increased SOD enzyme activity, and glutathione (GSH) content (P < 0.01). Compounds 1 and 2 at
0.5 pmol-L™" also inhibited hepatocyte apoptosis by increasing the protein expression ratio of Bel-2/Bax (P < 0.05)
and decreasing the protein expression ratio of cleaved caspase-3 and pro caspase-3 (P < 0.05). This study indicates
that the emodin-emodin dianthrones from Polygonum multiflorum Thunb. have liver-protective activity.
Compounds 1 and 2 exerted hepatoprotective effects by inhibiting apoptosis and oxidative stress. The study
provides an important material basis for the hepatoprotective effect of commonly used amounts of Polygonum
multiflorum Thunb.
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F Multi Science 2 7 ; RT-PCR ik /1] & (AQ41) 1§ T
Trans Script 2 &) ; # & L ¥ B b B (superoxide
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Compound 1
Cis-emodin-emodin dianthrone

Compound 2
Trans-emodin-emodin dianthrone

Figure 1 Chemical structures of compound 1 (A) and 2 (B)
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Table 1

536 v I 340 B AH DR Ak B A 5 Sh A R I 26K, S e T
Jee i 22 5 v [ B 27 ) 2 e 24 WD I e P S 6 3 ) A B R
2 22 IACUC) FY i Atk

BN A S AR AR EL RE AL 4y S 4, 43 e
[ 08 B 2 . ConA KT 41 BF M A 4FL XU 2 200 mg-kg”
HORHR-KIE R 0.1 mgkg' 4 KB HR-KiE
HHEE 1 mgkg' A, HFAHS R AWK 0.5%
CMC-Na g il IR 2, AR —REB ST
R 2, a5 255 . FERREGZi2 05, BRZS B
M 25 7 ¥ R 0 B AN, R &2 R R KR S 4 T
20 mg-kg"' ConA A= E/KIEW . Bl JE, /N ERAE & AEE
7K 16 h &, WP I35 A -

AR AT HepG2 40 My 4 S 56 = A& AR
17, Fi % 100 umL" % % & (penicillin). 100 pg-mL" 5§
& (streptomycin) 5 10% K i #r A4E 4 1fi i ) DMEM
T BE B IR 3, E 37 °C & 5% CO, 4 M BE 77 46 R 15 9% .
Y 20 BB 2~3 RAEAR . HORE B0 A K 0 1) 48 i T 4
S

FFELIHE 28 BUH KM, 4% 2 5 W R 52,
A AT A AR AT 4 pm V) o AT
TRAKE LT (HE) Gy, FEVPAl 45475 12 %

mAEZSEEN WEDRMFE, RAHAX
TOSHIBA 4 H 5l 42 4k 73 # X (TBA-40FR) 48 Il IfiL i
11 ALT.AST & .

RT-PCRA&M Wb/ T2 21, 42am & it
W5 3R EURNA, 850 5% 5 cDNA. RT-PCR 5|4
75 W3 1, 4% 4% I8 TransStart Tip Green qPCR Super
Mix 277 & 0 W AT 45, R 00 4 240 i T %6 B>
“F -1 (intercellular cell adhesion molecule-1, ICAM-1).
Bcl-2.Bax. /¥R LK - (tumor necrosis factor-alpha,
TNF-a) 4% K 5 8005 B B 40 J 89 « - 52 B 1 o8
(NF-xB) HIZRIE L, LA f-actin % K AE NN S8
1E. mRNA AHX} 2 & F 2y 50, L3 kopdsr
R SIO-P I G R A St g R

MRS ME S R MTT RGN AP0 1 A2 (1)
R AT . BOW HAE K HepG2 4 M L 8 000 />/4LF%
BT 96 LA, 5597 24 h 5, INAAFIREZ &1

Primer sequence used for real-time quantitative PCR. Bax: Bcl-2 assaciated X protein; NF-xB: Nuclear factor kappa-B; Bcl-2:

B-cell lymphoma-2; ICAM-1: Intercellular cell adhesion molecule-1; TNF-a: Tumor necrosis factor-alpha

Gene Forward primer Reverse primer
Bax AGACAGGGGCCTTTTTGCTAC AATTCGCCGGAGACACTCG
NF-xB ATGGCAGACGATGATCCCTAC CGGAATCGAAATCCCCTCTGTT
Bcl-2 GCTACCGTCGTGACTTCGC CCCCACCGAACTCAAAGAAGG
ICAM-1 TCCGCTACCATCACCGTGTAT TAGCCAGCACCGTGAATGTG
TNF-a CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG
S-Actin GTGACGTTGACATCCGTAAAGA GCCGGACTCATCGTACTCC
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A2 /EH 40 B 24 h, 3 28 R W, AL 100 pL
0.5 mg-mL" MTT, k225595 4 h, 3£ MTT ¥, &L
A 150 pL — H %IV H (DMSO), T B A5 1% (Multiskan
FC) 570 nm KA E BB . ZHIAFIE 2 (%) =
(45 2541 i OD P ¥E/ DN HESH M OD ~F4{H) x100%.

MARTESEREM  HepG2 40 LL 8 000 4N /FL3%Fh
T o6 FLAN 15 7R MR, 5 9% 24 h )5, 0N TC 88 ¥R B 1 45
D32 3R, [ A 5 B ke o R L 3 7 o R L R A R A
29T E 12 ho B J5 BR VA IR AL AL, R 223
TN 23 £ 9 100 umol-L™ H,0, 4k 42 4F FH 41 12 h.
FrEIEFRIN, B MTT k6 0 48 7705 2

YHAEEE I B IR ARAIMN 2 i Ak B[R] “ 41 A
LW AT, WA 3% 7% B3, R H H A TOSHIBA
4 HH AL BT (TBA-40FR) A6 i 2 o 355 5% b 3 o
ALT.AST.ALP.LDH & &.

ROS #& 7  HepG2 4f ffd LA 8 000 4~/4L #2 Fh T
96 FLYI M RE FEML, 1597 24 h s, IR 52389, [R]
T BH 1 X R A R IR A R R AL, 5 T B
24 ho BRI A, KR SHYMNEKRER
100 pmol-L"' H,O, 4k £E/E A 1 ho 7 EE TR, &
FLIMA 10 pmol-L" ROS KEIFRE R 100 L, 37 °CHFF &
30 min, F %% Y EERAX (Enspire 2 7)) A6 5 ' 50 JF

JC-14ffk e 4 ibE J7 L R “ROS A0l .
ZH TN S 24 ho BRIEFINHRAL, H AR IMANL
W N 100 pmol L' H,O, 4k £ /E FH 4 i 1 he Bl J5 5
FLIEAN 2 pmol-L" JC-1 B2 & ¥, JBN 5% 77 8 v 4k 48 ¢
H 30 min. F % JC-1 Jtik, F PBS¥E3 k. FifiJ5 K
F PerkinElmer 15 P4 ¥ 41 il i 15 2 88 347 28 6 30 3 A
INT, ORI K 488 nm, K HTHEIE K 530 nm.

Annexin V-FITC/PIET-#0 HepG2 48 iy LA
ZTF 12310 MR T 6 FLAN e 15 72 AR, B 4L 2 mL,
Br 7% 24 h g, INNRRI 52040, [R) I 452 B 1 5 R AH L
FIREHE2H K AR T 20, 25 W TR0 & 24 he BRI 770 B H
Ab, FoA & I I LR FE 9 400 pmol L' H,0, 4k 48
YERI4H M9 12 he 1 000 r-min™ B0 3 min J W5 5 480 i,
I\ 500 uL 45 & 2% i ik 5 = 41 A, BE J5 N\ Annexin
V-FITC #1 PI 44k} k47 44 €4, i 2048 ffa 41X (BD FASC-
VERSE A m]) #E AT T2 5047 o

SOD FIGSH ZE/M 4 AL FE 7777 “ Annexin
V-FITC/PLH TR I o Wi A2 20 e, K FH 1B GSH R U
BB DU 40 A Y GSH % 1, K A SOD A& it 771 &5 A6
I SOD g% /3, [F B 3 BCA £ [ 7€ & il 75 & i
FREREA S BN G RATRIE.

Western blot #3041 o &b 3 J7 7% [6]“ Annexin V-
FITC/PT I T 7. W2 gi i, SR G B iR A e

R 11 TR R T2 A 400 1) 770 VR 5 40 1) RIPA 34 2% vh i
. wid BCA 8 H e & B0 & & 1 IR E
BRI A AR . AR T e R AR RN R
N7 (SDS-PAGE) #E FL UK 3 39 28 14 1Y) 2 1 R
o ARG RFIX L R F) 0.45 um B w IR L0
(PVDF) i I3 5% i RE @k 3 S . Bt Ja, 8 5 6F
SE [0 — LA Pt ) B2, i LAS 4000 1k % & 6 R 4t
(Fujifilm 2 7)) B I EIZE . 1§ H Gel-Pro Analyzer 4.0
I T 2% IR R

i+ 44 {8 H GraphPad Prism 8 #E 4T 8 [H &
75 2253 1 (one way ANOVA) DL i€ 41, [a) 2 7 & 35 1 .
Bl Bon N ME + bRt iR (SEM), I HAE P < 0.05
BN N B Gt E

HZR
1 KREE-RBRZ_EETEZKNE ConAFFHI /N
AR5

1 KBEZ-KEZRZHEIEBSAA IR —BRES
EREEM KEZ-KRERX_EREHAASK, &
HNERBIEH, R E LR ELL (B 24), #12R551Y
M 52 R UF. R, SRR, K E-RER
TEUTIR 25 24 2L /)N B3P U 5 50 92 A 8 B0 S A A 4
40 (B 2B C), WU EEA I 2 3 )i Fia £ 7
(P <0.001).

12 KEZR-ABRZZEEEZMEEAFHRG R M
SEREEEGKTE  ALT M AST £ B 4246 T4, 24
JEF 200 it A 453 493 IS R A R TBON I, L Y75 g D 9% 4 B
B S T, R PP A PR A A3 1) R AR AR ConA
/N BRI 2 IR A, R 4H /N BRI ALTAST
P [ A B A (P < 0.05). SBIAYA L
LR R -RER BRI 0.1 A1 1 mg-kg' & T
] 5 PR AL ALT KT (P < 0.05); 76 1 mg-kg 77
RS 2 b R AR I AST KT (P < 0.05). JEH K
WHE-KNTE B | mgkg' 45 25 I FEAL I & S
PEAR T FH PE R 25 3RS 200 mg-ke (1 3).

13 XBEZ-ABZ-EHRTEZXENERER
7 X FFH A AT HE St B i, 5 A X IRAE
Bl A, AL 4 /) RO 2H 23 mT DL K & AT 40 B AR B, 6 %%
FEAN AR BRI . SAEIA A b, KR - KRR
BEATE 1 mg kg 75 T w9800 41 B IR SETH AR, I 1%
RIFH LR % 5E (Bl 4).

14 KEZR-KHEZ B EZ 0% BFBE 5 GE #1 BT
YHREOAT {8 A RT-PCR AT/ BRUHF 4 235 1 T2 R0 98
FHRIFR o B R R IE AT . 52 A AL L8,
H TR 20 /N B 2 20 NF-,B 35 ] 1) % 57 oK P A B T
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Figure 2 Effect of emodin-emodin dianthrones on the status of mice. A: Animal body weight after drug administration; B: Liver index of

mice; C: Spleen index of mice. n = 8, mean = SEM. "P < 0.05 vs the control group; “*P < 0.001 vs the ConA model group. ConA: Concanavalin A
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Figure 3  Serum transaminase levels. A: Alanine aminotransferase
(ALT) in serum; B: Aspartate aminotransferase (AST) in serum.
n =8, mean = SEM. "P < 0.05 vs the control group; “P < 0.05 vs
the ConA model group

Figure 4 Representative images HE staining of liver. A: Control,
B: ConA model; C: Bicyclol 200 mg-kg™; D: Emodin-emodin dian-
thrones 0.1 mg-kg'; E: Emodin-emodin dianthrones 1 mg-kg™

TNF-a 1 ICAM-1 [ %% 3% /K7 & % 7+ & (P < 0.001).
Kk HE-KiEE T HEH (1 mgkg") % NF-«B #l TNF-a
HSOKTH BRI, (HE S T2 57, [l n] 52

PR ICAM-1 [ #ESEK T (P < 0.01) (Bl 5A~C). 5%
0 A DA, A AR A /N B 4 21 Bel-2 2 3 R
(P < 0.001), Bax mRNA £ i& & & i (P < 0.05),
Bel-2/Bax LUl e, K38 HE- KB R EHIE | mgkg!
)& R A] R 3500 Bel-2/Bax ) L5 2k 7 (P < 0.001),
AT U0l AT 40 B ) R T3 A S AL (B SD~F).

2 EYIM2BEREAFNEDEATHE H,0,1%
S HepG2 BT 4RAE5 5

2.1 LAEW1F28E H,0,i5 S8 HepG2 FT 40 AR IR
5 NS HE AR 2 TR ST, PR T
A G0 TE VR AL 7T . 40 B B2 YR B T 45 R R R,
IR E (< 0.5 pmol-L™) [I4L A ¥ 1 12 % HepG2 41 il
iR EHwm (B 6AB). KA/MF 0.5 pmol-L*
T # Wk T R G Se ik AN At e . AEAHE S, {3
400 pmol L™ H,O, H13# HepG2 41 /i 12 h 2 7 T 41 g 44
A LA A5 A5 A . 5 3 5 0] A EE L, 400 pmol L
H,0, & % £ {IX HepG2 4f fil 7735 % (P < 0.001), BH 4 XF
f GSH 1 & 25 $2 = 40 i A7 5 % (P < 0.001), JF P& A%
éﬂﬂﬂ@i—;ﬁ%tyﬁ R BB A AR LK. A E)
1 (0.5 pmol-L", P < 0.01) F1 2 (0.2 1 0.5 pmol-L",
P <0.01) %88 & & 41 = H,0, % S 10T 40 B (0 A7 3%
 (E16C.D). il 40 fu 3% 7= b3 H - 20 f 452 15 A= )
FRAC K, g5 R, 4 &0 2 (0.5 pmol L) fE 225

R AR 40 B 1% 9% BiE o ALT f1 AST /K °F (P < 0.05), 1t
H 12 8 RE 3 PR M 1% 9% BiE o ALP Al LDH
K (P <0.05) (Bl 6E~H). DL ESEREH, (&1
A2 B MGE H,0, 5 511 HepG2 41 B4 475 1 5 1
22 HAEWI1F2KEH,FSH HepG2 AMSE 1
BRI H,0, AT H ¥ HepG2 4H il 7= A& I 35 1 4804k B 3%,
SRR . 5 o B E R, A5 R 4H T 4
GSH 7 & 1 SOD g & /73 . 3 &K (P < 0.001). 5
R LL e, AL &9 2 (0.5 pmol-LY) AJ & 25 T v 48 o
W GSH % & (P < 0.05, I 7A), tb &%11 (0.5 pmol-L",
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Figure 5 Expression level of mRNA in mouse liver tissue. A: NF-«B; B: TNF-a; C: ICAM-1; D: Bcl-2; E: Bax; F: The mRNA ratio of Bcl-2
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Figure 6 Compounds 1 and 2 alleviated H,O,-induced hepatotoxicity. A, B: Effect of compounds 1 and 2 on the viability of HepG2 cells;
C, D: Effect of compounds 1 and 2 on the viability of H,0,-induced damage in HepG2 cells; E-H: Levels of ALT, AST, alkaline phosphatase

(ALP) and lactate dehydrogenase (LDH) in cell culture medium. GSH: Glutathione. n = 5, mean + SEM. "P < 0.05, P < 0.01,
vs the control group; "P < 0.05, P < 0.01, ™P < 0.001 vs the H,0, model
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Figure 7 Compounds 1 and 2 alleviated H,O,-induced oxidative stress. A: Level of GSH in HepG2 cells; B: Superoxide dismutase (SOD)

enzyme activity in HepG2 cells; C: 2',7'-Dichlorofluorescein (DCF) fluorescence intensity (FI). n = 6, mean = SEM. ~"P < 0.001 vs the con-

trol group; "P < 0.05, P < 0.01, ™P < 0.001 vs the H,0, model
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Figure 8 Compounds 1 and 2 alleviated H,O,-induced apoptosis. A: Representative images of flow cytometry Annexin V-FITC/PI apoptosis
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Figure 9 The effect of compounds 1 and 2 on cellular protein expression. A, B: Representative Western blot brands and density analysis of

Bcl-2 and Bax; C: The density analysis of Bcl-2/Bax; D, E: Representative Western blot brands and density analysis of pro caspase-3 and

cleaved caspase-3; F: The density analysis of cleaved caspase-3/pro caspase-3. n = 3, mean = SEM. P < 0.01, "P < 0.01, ""P < 0.001 vs the

control group; “P < 0.05, P < 0.01 vs the H,0, model
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