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Abstract: Recently, hepatic sinusoidal obstruction syndrome (HSOS) caused by Gynura Rhizoma (Tusanqi)
has gained global attention. The purpose of this research is to investigate the effects and mechanisms of Danning
tablet, a traditional Chinese formula, on protecting against HSOS induced by Gynura Rhizoma. All experiments
were approved by the Animal Research Committee of Shanghai University of Traditional Chinese Medicine.
Animal welfare and the animal experimental protocols were strictly consistent with related ethics regulations of
Shanghai University of Traditional Chinese Medicine. HSOS was induced by intragastrical administration of
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Gynura Rhizoma extract (1 g-kg™-d?) for 40 consencutive days. On the other hand, mice in the protection group
were intragastrical administration of Danning tablet powder (3 g - kg™ - d?) 4 hours before treatment of Gynura
Rhizoma extract. The results showed that Danning tablet could significantly attenuate the liver injury in HSOS
mice. Mice in the protection group showed decreased serum activity of spartate amino transferase, and levels
of total bile acids and total bilirubin. In addition, the endothelial damage to the central venules, subendothelial
hemorrhage, sinusoidal hemorrhage, and subendothelial fibrosis in HSOS mice were clearly attenuated in the
protection group. Measurements of the key factors involved in liver fibrosis revealed that protection group showed
significantly reduction in hepatic hydroxyproline concentration, mMRNA expression of «-smooth muscle actin and
fibrosis-related genes such as Collagen-1, Collagen-3, Mmp2 and Mmp9, as well as Smad3 phosphorylation
(p-Smad) and serum transforming growth factor- 4 (TGF- ). Moreover, pro-inflammatory cytokines, including
tumor necrosis factor-a and interleukin-15, were also reversed in the protection group. All these results demonstrate
the key roles of the TGF-f/p-Smad3 and inflammatory signaling pathways in the protection effect of Danning
tablet on Gynura Rhizoma-induced HSOS, and pointing to the possibility of utilizing Danning tablet for protection
against Gynura Rhizoma induced HSOS clinically.
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H=tNHEARHE=LEMYE =L [Gynura
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52 H =4, A A S @Y =t Panax
notoginseng (Burk.) F. H. Chen [t TR AR 25, 45 2%
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2, 4 A A 1 I B AR AR AR M I A S B A ZE
G, TN Jal] JHT- 52 BHL 28 25 & AR B i F2 00 2F 4R AL 1 %
BRI 5 HSOS 1 2 K e R A G . I R i ™
e, B T A A S B0 HSOS K SRR rfv 40 Py 46 i R
TR AL R T (tumor necrosis factor-a, TNF-a)- 1/
Z (interleukin-18, 1L-1p) TE A& Py (1) 5 K 3R 18 /K °F & 3%
ThiE o Ak, FEZBIR IR I PRFE A o, TNF-a £E 1L
KPR ERT . DL B K R 70 Rk IR
W, RAES 5 T HSOS M KR HERE .
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T R4S B N HE4T . C57BL/6 /N, (HEE, /A5 2242 g)
V) b S S e SR B S WA BR TR A ] [B AR UE S
SCXK (') 2012-0002]. /™ &t Bl L 73 A% = 1 %) BB 41
(control) . 4§ = & B A 41 (model) AT JH 5 Fr {3 41
(protection), £ 40 10 H . & 254 LA 0.5% & i L 4F 4
RRE, ESR0 K H=tHEUHAEHES
5= -EEE5EY (1 g-kg?);, ARV A I TR B,
3g-kgtH TR AR 2 GE - %5 5 0 EUR B (ANIT)
P8 G, BT R A HEBE T R
Bog-kgh4hGHEBH=-LEE#HEY 19-kg?); AN
HHE B S A 0.5% 5 H R4 R4, 7RIl 2
LN EBYOK, . RIRGZ 24 h )G, BB,
i A0 AL 2

MEEAIEAREM A= E 5 E 2 h 550 &
T, K A E B A Ao T ASOR: I I3 b D e s T 4
s I35 45 TA % 2§ (alanine aminotransferase, ALT). %
B L5 W (aspartate aminotransferase, AST). &t iH ¥ &g
(total bile acids, TBA) FLEAJHZLE (total bilirubin, TBIL).

RFEEFRIBFAGE  HU/ B R el 25 B
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B T Nikon & 7 8 & 48 B, OB B8 T W % HE K&
Masson G 47) v, Sf /IN BRI 3 47 126 4T PF 43 (B 43
P55y e 4 9%, Tafnie 0, BEEE 1, FAEid 2, P E D
3); Jf: M Fi] Image pro-plus 6.0 % £ X} Masson 4 {7 &5 5
AT B2 (%) 537 -

RRALUFEGNRIE N BRUH A S P
SEY) Fr, ¥ B8 G g% 28 A0 R B Ul B B kAT e, B PTR
B, HU, Puikp g, B0, G ELE T & MMP9
FITE % 1k Smad3 (p-Smad3) & [ & iA 5.

B EX S 7 W BT ZE 53 A B/ B IE 50 mg, i
N R 25 2% v 500 pb S 2% J5, B0 HL 3G, 1% iR
B G 12 W B 5 3 k791 6 1 B A U e U R T
FR o 3 HUIMLIE 50 pl, 2 e B H 12 W B 5 43 A7
T G 1 B A 5 I YA A AR K R F (transforming
growth factor-8, TGF-p) & & .

HRER-REMEXNRME S BUHIE50 mg, N
A Trizol 1 mL TR N HEAT 20K AL 3, AR 48 Trizol %
FEHURNA, 2 00 5 0 IR G 5 cDNA, 2 15 i i
2 B2 R 5 77 VA WP v A 5C mRINA 1 2254 7K
o BLH I EE RS N ZH R p-actin () LLAE/E Sy 2 A 1
X RIS, 51 P 5 W3 1.

FItFERHZE LR RHLIE AR HEZE (X £59)
#7~, KB Graphpad Primer 5.0 4t it %4 7 #) one-way
ANOVA 73 #T (P<0.05 &7~ % 7 A il 2 8 X) .

Table 1
merase chain reaction. S: Sense primer; AS: Antisense primer. a-

The primer sequences for reverse transcription-poly-

Sma: a-Smooth muscle actin; Mmp: Matrix metalloproteinase; Tnf-
o Tumor necrosis factor-a; 11-14: Interleukin-14

Primer SorAS Sequence (5'—3)
a-Sma S AGGAGGCGGTCAAAAAGGG
AS CATACAGACGTTATCGTCCAAGG

Collagen 1 S GCCCAGAGATAGAGTGACCTG
AS CGCACTTCTCGAAAGTTGCTG

Collagen 3 S ACATGCTCAACGTGAAGGG
AS TGCCAACTTGGAAGCAGTCAT

Mmp2 S TGGGGGAGATTCTCACTTTG

AS CCATCAGCGTTCCCATACTT
Mmp9 S CCACCACAGCCAACTATGACCAG
AS AAGACGAAGGGGAAGACGCACA
Collagen [ al S GCTCCTCTTAGGGGCCACT
AS CCACGTCTCACCATTGGGG
Tnf- o S AAGCCTGTAGCCCACGTCGTA
AS GGCACCACTAGTTGGTTGTCTTTG
11-15 S GGTGTGTGACGTTCCCATTAGAC
AS CATGGAGAATATCACTTGTTGGTTGA
B-Actin S GGCTGTATTCCCCTCCATCG
AS CCAGTTGGTAACAATGCCATGT

R
BTFh 5% =tiRBYIREEH

i [E 24 A R gy (B 0.36 g) &
PEABLUFI R 5, DAK B8 3= AR 3 My 1) 2 &0k, ANE DT
3.2mg. Z [ [ 25 80 AR 5 B I 7 ik AT o
W E , I 45 K B 3 R OK B Iy 5 & 209 O 135 1 1.3
mg- g, &4 7 H 0.36 g i, B KB AR IR I A
5.3 mg, £7E 2 bRt

KRB HAH AR, H=LHFEE6

X PAS - 5 e R A, A0 4 25 PR 00 1 T BLOG L (sene-
cionine). T B ¢ 3E M Bl (seneciphylline). 3§ = L i H
(seneciphyllinine) f H 2 AL PR, AR5 fi 4Rk IER
Jiik, & T 5% = -LREHR LY (PR HUE N 6.0%) FF K H
TRORA 8 1% - 5 1% 556 (liquid chromatography-mass spec-
trum, LC-MS) XJ H rfr 3= S5 % PAs BEAT 73 M (K1), Jir
F 2 PAs 5 i &P — 3, senecionine. seneciphylline
L =B REEMN S B w200 4.8.9.5.11.17116.4
mg-g?; 12 F PAs &% &5 50.0 mg-gt.
2 PBTREZEMFE=LFHHSOSHifs
21 PETRHBEHSOS/NRIMFBEEKIER HE2A
AT, 5 = -G AL A I 3R 2 e R W B AR I ALT .
AST.TBAFI TBIL ¥ % 2% T i, M IH 7 Fv R4 41 AST
TBAFITBIL ¥ 8 & [, ALT KPR AR s
22 PETHINE HSOS /MR AT AEALRIEBRR
2B Fia, 55 AR, BEALZH HE Je 8 12 7 4 il
KT ARIRBE, i, fFS2 i v s v, Hh S ik P Rz 48 A
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Figure 1 The UPLC-MS chemoprofile of the Gynura Rhizoma extracts. 1: Spartioidine N-oxide; 2: Seneciphylline N-oxide; 3: Integerri-

mine N-oxide; 4: Senecionine N-oxide; 5: Spartioidine; 6: Seneciphylline; 7: (E)-Seneciphyllinine N-oxide; 8: Seneciphyllinine N-oxide; 9:

Integerrimine; 10: Senecionine; 11: (E)-Seneciphyllinine; 12: Seneciphyllinine

K FRIRGE, it 7% ; Masson 4 o 301 %2 2 {52 J v e
Jik BRI AR £F Al . AR EEAREARLAH, BT v R4 4L/
B HE Ze v & Y, Jo K THI AR 40 B SR B K A, v
K A0 0 49 B — e R R S, T B e R A
Masson 4% (45 et e W], IH 7 Jr OR3P ALAE I 52 Kb ke
F DK AT 4E A 15 2 B 22 . HE N MMIPO AT [ i 1 I
iR, HSOS A Ji o 2 H A S B 1 4% 30O ply [
2C i, 2 MMPO (2 IA B i T2 B4, T
TR MMPO ik i AR TR 4L, B, BE T
Ji o MMP (3 3254 1 B 6 HSOS 5 — 5 I 22 M
TER . 2546 HE [ Masson 4 8 25 5L, 5 55 70 28 Al R 4
MM HSOS LR & 1T 4 (R 2), fEMR T AR Ay, N
HH IR S R IR A 28 B A 2 A, i SR kA 45 A
W BT YEACRE IR A — E FE L 22

Table 2 Evaluation of the severity of HSOS. n = 4-10, X % s.
"P<0.05, ""P<0.001 vs model group

Score
Category of damage -
Model group Protection group
Endothelial damage of the central venules 1.20 £0.45  1.00 + 0.00
Subendothelial hemorrhage 1.25+050 0.33+0.52"
Sinusoidal hemorrhage 1.17+041 0.33+0.52"
Subendothelial fibrosis 1.20+0.45 1.00+0.63
Total HSOS score 4.60+0.89 2.83+1.17™

3 BT i@ HNE| TGF-p/p-Smad3 il & 22 HSOS
INFR BT AT 4L

31 PETHXEHSOS/MRATAEAFH4L X Masson
et 1) Fr AT e Ji BH 1 28 43 B, 3 B AR 2 20 i J5 B 2

R E KT A A4 (P<0.001), T IH 72 F £ 47 41 b iR R
BH 4 2208 41 i B B PR A (1 3A) . FR Il & e 2 R R &
BRI B R 2 —, VN IF AR 4 i s Fe b . Fr
3B WT, WIRLZH I AR R R R A R e, S T
AR /A SR S TS N o i I R
JH IR 40 R i s = DI AR OGP LB R A (a-
smooth muscle actin, a-SMA) 1| & AT 52 K 4H i 3% A1
18 5 (1) B bR AL, HSOS #5170 4 mRNA %A 7K
SV 55 3 T E R AL R R B, KB B
FRZH 7K P (E13C). DL b g5 R W, BH 5 i #g ek 2>
HSOS /Iy U IE it S5 & B A5 HEAR, A8 45 I 2F 4 A 72 2
I S5 9 2%

32 BT HEIHSOS NEIFEFHLEXLER
FTiE HEEAAME, BRI LR 4E A 5% 5 A

Collagen 1.Collagen 3.Mmp2.Mmp9 [f] mMRNA % iA &
F L (B 3D); i T v P47 25 1) £ 4 A0 AH G 1) B 1R
P9 AN TR R R 1 B0 3, AT — 25 MAEE IR A IR I 45
MR R S, /N BT 2F 4E 1043 B 22

3.3 BB 04 TGF-p/p-Smad3 & 8§ i, & HSOS /)\
FRBTBELF4E 1L p-Smad3 % 24k 1) v in & 4A Fiow,
HSOS #5441 b 30 K & p-Smad3 FH 41 A, 1M iE 7 A
LR 4H /IS B A 1 p-Smad3 BH 4 3R IA B 3 BRAIG, &
WIIE 7 1 ] 0  2 = B BT 51 1) Smad3 B R 1k . it
Ab, XN BRI T TGF-B & & kAT 70 i, 5% =B
RV LA, e v R 4/ BRUMLTE 1 TGR-B & 2 18
Z B A (B 4B), Ui B T Fy mT B AR %8 = -6 P B0
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Figure 2 The protection effect of Danning tablet against Gynura Rhizoma-induced hepatic sinusoidal obstruction syndrome (HSOS) on
mice. The HSOS model was established by intragastrical administration of Gynura Rhizoma extract (1 g-kg™*-d™) for 40 consencutive days.
And mice in the protection group were intragastrical administration of Danning tablet powder (3 g-kg*-d™) 4 hours before treatment of
Gynura Rhizoma extract. A: Serum biochemical characteristics; B: HE & Masson staining; C: MMP9-immunohistochemical staining (black
arrows indicate MMP9-positive cells in the hepatic sinusoid and central vein). n = 10, X £+ s. "P<0.05, "P<0.01, ""P<0.001 vs model group.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBA: Total bile acids; TBIL: Total bilirubin; MMP9: Matrix metallopro-

teinase 9

TGF-p 58 oyl Ak, RE T B ik vf B 46 = L A 5L
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2 = AR ZH /N BRI v 4 S AH G TRl TNF-o0 AT
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HSOS JiEdk

g
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E 5 N R R e ki — . H=BAEN
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Figure 3 Danning tablet alleviated liver fibrosis in HSOS mice. A: Percentage of collagen-positive cells in liver tissue; B: Hepatic

hydroxyproline concentration; C: Hepatic mMRNA expression of a-Sma; D: Hepatic mRNA expression of fibrosis-related genes. n = 4-10,

X +s. "P<0.05, "P<0.01, ""P<0.001 vs model group. a-Sma: a-Smooth muscle actin; Mmp: Matrix metalloproteinase
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Figure 4 Danning tablet inhibited the activation of TGF-p/p-Smad3 signaling pathway on HSOS mice. A: p-Smad3-immunohistochemical

staining (black arrows indicate p-Smad3-positive cells); B: Serum excretion of TGF-g; C: Hepatic mRNA expression of Collagen 1 a1. n =
4-10, X £ 5. "P<0.05, ""P<0.01 vs model group. TGF-g: Transforming growth factor-g

fi#t - 25 55 7 T U BR R T 3 o 11 T 45495, LX) DY S A 1k
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AT RO PR 4 B ORI 7 JHE 0 B3R FE L Hi et
AN T S N N W= It . SR I S R R O
=-LHTEUHSOS MR ¥ /E T, 45 R 7 v e &
2 A% HSOS /) B I35 AST TBA Al TBIL 7K °F, FEAK

HSOS /) i, MMP 7K ~F-, I B i 25035 JH I 2H 245 BER
L, ZRAE P Bt I B S5 R L e R e R 45 B P R 2T
el . MMPO X T [ fif A E 38 4 i 40 Ji5 5 2 25 T 1l i
HEEMAEM, KGN\ N 2 HSOS 1) 5 b5
R HLHIE, A 2R A RE S 1 oA o6 LR AT T S 4
43 M W0 5 FEAE IR H 0 2 R SR A K, 45 SRR
B3 MMPO 7E HSOS 455 71 2H 388 it 1y 76 JH 5= 1 fR 3 20 v B
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Figure 5 Danning tablet down regulated the over-expression of
pro-inflammatory cytokines on HSOS mice. n = 4, X + s. "P<0.05
vs model group. Tnf-a: Tumor necrosis factor; 11-14: Interleukin-14

i, BUE 7 B X HSOS AR 1E H

JHF 41 4 A6 7E HSOS 11 & 995 1ok 72 Hh % 4% 36 =5 22 (1)
YER o TR AR 440 55 B2 0K 40 B PR 005 B 1 I S 2
F 3 BE gy Wb B 4 B JEE b 25 5 (extracellular matrix,
ECM) 1) it syt AR & UIAH G . 78 IR W LA N, ECM
16 5 o g R R AR P4 B SZ B8, B B2 AR 4
N JE R P Ao e R AS B 4k 9 UL 21 4 BE4T L, a-SMA.
Collagen 1 #1 Collagen TTT55 55 i £F 440 AH DG HI IR 3%
ST, AN B R GE o W K = R R B, 5 U
i ECM & sl 2 o [RI, JF 452455 22 1l ECM [
B fife, ¥T W LA & S R ) T4, i3t — 28 3 5
ECM (1) 3o J5 HE R J £F Ak I A i . A SCRRDAISR B 22
RS 5T o-SMA i 5 8 45 ik R 3R R R 2
JFF B2 PR A4 B 1 8 8 5 ) T2, T 40 o) B PR 4 v A
WD A A TR, R R A AR . EARBE R, H
TR R PR T HSOS /N BRI P2 Il R (I 5 &
MER) & &, HEK 7 HFEH a-SMA. Collagen T .
Collagen IIT &% MMPs ] mRNA £ ik /K “F, iE 8] 7 fH
T AT LR AR HSOS W45 44k o | AR 7 F 3 PR A oy
I PR TGF-B. TNF-a 25 K P B e 4itb 2 F
B B 1 4 TS, A SC AR R X BT A 4 4 Ak K 9% 0 M O
T bR [F) I R AT L R0 2 1 Al o sk — 28 BiF ST W,
RE 7= AT B AR HSOS /) BRI TS W TGF- 43 Wk I 98 55
Smad3 (1 B ER L /K P« HH Uk, HEMAH 7/ 3 B IE
1l HSOS /I B, TGF-B/p-Smad3 13 5 il 4 119 3 4k 1M ik
G P er et .

GNE S N T2 B E IR 40 TR 828 T R R L
A0 22 a5 493 DA R RO 7 A R — b B R B A
N, AR 5T 1 R 5 0 K 5] A A 1 % o 8 5 R -
R IBE . SOE R AR, RIER 740 TNF-a.
IL-6 . IL-18 B 73 W Je ik 7K P 2 2 39 m, TNF-a 5
IL-15 X 5 40 fifa 386 5 B 0 1 55 S B AH 96 . SCHRIBHR A,

HSOS /N A& N TGF-B. TNF-a 25 /K F 4 B & Th . &
AT B, 2238 2 T ) 28 R 1R I B A A BB
SR A B AR TR T R D T B R0, A 3 R
B Tt 2 B, I 3 G 0O o) 22 58 3R T AR ANIT
5| EEHF S 4 h TNF-as 1L-2. 1L-6 45 28 iF AH 5% 3 [
)3k FE R IAE . AW 7 T B 3 FRAIG T HSOS
BRI A TNF-a 1 IL-18 B3R IE /KT, 5 BT IR i 45 R
AEACL, JE— 25 B0H T R 7 R ] B AR AL AA 1) 98 S . T
SZ S 45473 -

g E AT, BH T Fxt 4 =B Tt HSOS 45 1 & 11
TRy, 1E LS AT A5 L H0H] TGF-p/p-Smad3 5
5 IR 2 9% A I B O A R
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