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Abstract : This study was to. investigate the effect and the underlying mechanism of DG on the hepatotoxicity induced by
Con A. In this study,a concanavalin A (Con A) -induced hepatitis mouse model was used to examine the effect of DG on
hepatic injury. DG(58.5 mg/kg) ,silymarin (36.4 mg/kg) and bicyclol (9.75 mg/kg) equivalent to clinical dosage
were orally administered to mice once daily for 7 consecutive days before Con A challenge. After that,blood samples were
collected for serological detection,and histological analysis was carried out by hematoxylin-eosin staining. In order to in-
vestigate the molecular mechanism of DG’ s protective effect, the serum-drug incubation assay, immunohistochemistry
and western-blot were conducted. Hematoxylin-eosin staining showed that DG pre-treatment prevented Con A-induced
liver structural damage in ICR mice. We also observed the reduced serum alanine aminotransferase ( ALT) and aspartate
aminotransferase ( AST) activities. However, the serum-drug incubation assay indicated that DG cannot directly attenuate
ALT and AST levels. Meanwhile, experimental results proved that DG pretreatment down-regulates cleaved Caspase-3,
cleaved PARP, ratio of BAX/BCL-2 expression level and expression of TGF-g1,COX-2,IL-6, TNF-a, IFN-y inflammato-

ry mediators. Taken together, DG can inhibit Con A-induced hepatic injury by inhibition of apoptosis and inflammation.
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F£1 HEBTEST Con A FBAFRG/NRIEREMZHM (n=12,x +5)
Table 1  Effect of DG on the body weight of mice(n =12 ,x +s)

215 FI 4 Dose 1d 24d 3d 4d 5d 6d 7d 8 d
Group (mg/kg) (g) (g) (g) (g) (g) (2) (2) (g)
| _ 23.63 24.43 25.33 25.71 = 25.81 26.18 = 26.49 + 26.75 +
Control 2.06 2.03 2.23 2.42 2.77 3.29 3.63 3.94
PR _ 23.25 + 24.63 = 25.41 = 25.99 + 26.73 = 27.45 + 27.98 + 28023 +
Model 1.22 1.26 1.32 1.08 1.04 0.83 1.13 1.24
RN g s 23.64 24.95 + 25.78 + 26.27 + 26.81 27.43 + 27.63 + 27.97 +
8 DG : 1.40 1.07 1.33 1.45 1.79 2.10 2.36 2.72
K k= 6.4 23.29 + 24.44 + 25.45 + 26.04 + 26.66 + 27.64 = 28.21 28.63 =+
Silymarin : 1.38 1.32 1.70 2.33 2.80 3.27 3.163 3/95
pASZNIE 9.75 23.37 24.75 £ 25.72 + 26.51 27.21 28.37'% 29.01 + 29.47 +
Bicyclol ) 1.56 1.40 1.64 1.52 1.52 1450 1.60 1.76

TE 52 AU IR 2257 SR I RRA 2257

Note ; Compared with control group,no significant difference ; compared with Model group, no significant difference.

F2 HEBTHR Con A FEUFFRS NI | RRAE OB AR A R4 IR (0 = 12,0 +5)

Table 2 Effect of DG on the liver,spleen and thymus viscera index of mice(n =12 ,; +5)

7 — Py
] A5 Dose H}HE}'E@& J 4 éﬂz E’@ﬂm}gz&&
Grou (me/ke) Liver index Spleen index Thymus index
P £ (£/100 g) (84100 g) (£/100 g)
2514 Control - 5.32+1.18 0:5340.15 0.30 £0.10
i Model - 6.58 +0.50""* 0.84 +0.16"* 0.40 +0.05*
HEmR 4 DG 58.5 5.85 £0.34* 0.73 £0.17 0.39 +0. 10
JK &#ijZ Silymarin 36.4 6.18 +0:50 0.77 £0.16 0.35 +0.09
XU EE Bicyclol 9.75 6.45 0,47 0.66 +0.13* 0.35 +0.08

V525 FALEA P <0. 055" P <0.001; BRI EL TP <0. 05,
Note : Compared with control group,*P <0. 05 ;*#P <0.001 ; Compared with Model group, * P <0.05.

MU HES B 57, I SO B S G BB (8 COX-2 lRIB (P <0.01) (] 1C).,

1A) o &b, FRATTE X 23 20 A Y 2 RN o R — i I3 5 2 K B A T 245 R 5 2H 2V 2 AR 4
H/NRIFAL Y 7 47 TRT- & CREN TR S50 2. W3k 3 fros, BRIV I3 AST F1
PEA AL Y o, 45 R BN, B 2 /N B 4 2L ALT 7KVl 2 FH 55 (P <0.001) ,58.5 mg/kg H H iR
cleaved Caspase-3 By ik B M (P <0.01), 1] TR Eens AL /N BUMLTE B AST FT ALT /K (P <

58.5 mg/kg HEMRELREWS R IEITAH L P cleaved 0.001 5% P <0.01) ;36.4 mg/kg 7K KH#ij 2%t HA f%
caspase-3 FIKF- (I IB) s i, SERYZH /N BUIF2H IR/NBRUIALTE Hf AST AT ALT RY/E R (P <0.05 B P <
41sf1 Caspase-1 1 COX-2HIFETF#5 (P <0.001) . 0.001) 1fHE 9. 75 me/kg AUERBEILREREIT/IFLIL 7
117 585 mg/kg HEWR L REAEFEAR caspase-1 LA o ALT JK-F-(P <0.05) , i %F AST 3&A 500,
F3 HEBTHX Con A FFHAFRG/NRILFE ALT F1 AST 7K F /I 0T
Table 3  Effects of DG on the serum ALT,AST levels in mice

20 51 F4 Dose ALT AST
Groups " (mg/kg) (U/L) (U/L)
2519 Control 10 - 49.89 +10.41 144.15 +33.44
7 Con A 10 - 98.53 +29. 22" 265.77 +75.29%#
H /R 4k DG 10 58.5 65.90 +16.46 " * 165.28 £32.74* *
JK K2 Silymarin 12 36.4 58.08 +11.77" * * 198.93 +44.27"
FIFEE Bicyclol 10 9.75 71.77 £17.53 " 217.65 £43.26

57 LA, P <0.001 5 S AL A, * P <0.05; " * P <0.015 " " * P <0.001,
Note ; Compared with control group, P <0.001 ; Compared with Model group, * P <0.05; * * P <0.01; *** P <0.001.
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Fig. 1 Effects of DG on histopathology in mice with Con A-induced hepatic injury (200x)

L ASRFRAIT H TS HE 2B /NRATAZY cleaved-Caspase 3 ()5 BE AL 4341 ; C o /NERITFZH 4N Caspase-1 ,COX-2 (¥ & 4 L7 #7 5
(&) =S (b) BRI ; (o) HREMR 45 (d) /K QRN ARAL; (o) DUREEXT HAL ; 528 (I H L, "™ P <0. 001 ; SRERIZ L, * * P <
0.01;***P<0.001,

Note: A ; Liver tissue sections from the different treatment groups were stained with hematoxylin-eosin ; B : Inmunohistochemistry analysis of cleaved-
Caspase 3 efipression in mice liver tissues ; C;: Immunohistochemistry analysis of Caspase-1,COX-2 expression in mice liver tissues; (a) Control group,
(b) Model group; (¢) DG treatment group; (d) Silymarin treatment group; (e) Bicyclol treatment group ; Compared with control group, " P <0.001 ;
Compared with Model group, * * P <0.01; " ** P <0.001.

7/

3.3 HERZSEMImMEPRE ASTALT KFH AKF(P <0.001), 18a-GA 188-GA HIXUIFEEAfiE
M EAEREAR ML A ASTALT JK - i 7K i 22

W4 MK S Pros, PEXT 259 28 (50 ng/ (300 ng/mL) 765 MLEHFE 8 h Ji , REASFAA L3
mL) 755 MLE I 10 h J5, R R MRS P Y AST - /9 ALT JK-F-(P <0.001)



Vol. 30 GRS H ORI — 803 Con A BUNRUIFR U5 U1 FHBIESE 2093

Fz4 180-GA188-GA fRshxt B AST BN (n=3 xxs)
Table 4 Serum AST activity from serum-18a-GA,188-GA incubation assay (n =3 ,; +5)

AST Change  ¥&JE Dose

to control (ng/mL) Oh 2h 4h 6 h 8 h 10 h 12 h
%5 4 Control - 0.63+0.81 0.60+0.15 0.03+0.44 0.27+0.26 -0.22+0.65 0.16 £1.72 0.05£2.30
DMSO - -1.27£0.35 0.73+0.26 -0.60+0.38 -1.87+0.10 0.32+1.70 -2.43 £3.82 2.51£4.77
5[":%;2% 50 2.50+1.18 -1.77+0.36 -1.44+0.76 -1.44+0.91 -3.48+0.36-12.17 +0.38* * *.21.37 £0.47" * *
18a-GA 55 4.30+0.15 -7.87+1.28 -3.64+3.31 -6.03+3.73 -1.93+2.25 -3.43 £2.98 0.80°+1.42
110 4.70 £1.55 -5.34+0.32 0.87+2.63 -3.33+2.95 -3.20+3.76 -5.60 £1.27 1.40 £1.39
220 3.90£2.93  -6.40+1.67 -3.30+1.36 -6.30+1.72 -2.47+4.30 -5.70+1.69 0.03 £2.25
440 5.76 £1.86  -5.47+0.36  -2.34+0.35 -5.56+1.16 -2.50+0.30 <3.46 £2:30 1.70 £0.78
18B-GA 55 0.17+0.15 0.93+0.26 -0.40+0.35 0.03+0.92 3.38+0.80 -1.48£4.03 -1.19 £3.72
110 -1.37£0.55 1.17+0.47 1.07+0.76 -1.93+0.47 0.48 +0.15 -2.33 £4.50 2.93 +4.58
220 -1.43+0.38  0.40+1.08 -0.23+0.23 0.97+0.60 0.22.+0.61 4.95 +4.80 -3.49 £3.61
440 -1.60 £0.20 -0.13+0.59 0.77+0.21 -2.33+1.19 -0.65%2.48 -2.25 +5.84 -1.89 £6.60
7255‘)%2% 37.5 2.56 £1.22  -3.47£2.77 -1.24+£2.55 -3.80x1.01 -0.63+0.55 4.10 £4.77 0.37£1.97
75 4.03+£1.31 -5.00+£1.61 -1.54+2.78 -2.16+0.85, 4.23 +1.36 -1.93 £3.87 3.93 £4.02
150 3.60+1.42  2.30+1.17 -1.47+0.56 -5.23 £2.55 -2.67'+0.80 -1.23 £3.00 2.87 £2.97
300 -5.03£2.33 -7.04£2.15 -3.44+1079 -3.66+5.13 1.27 +2.66 3.20£1.39 3.67 £2.80
A 12.5 0.73£1.71 -3.84+0.61 0.70+0.25 - 0.20+0.58 -2.93 +£0.60 4.26 £3.99 1.53 £2.38
Bicyclol 25 0.93+0.50 -3.30+1.39 .0.00«1.50 " 0.63+3.36 -3.37+2.06 -3.90 £1.92 3.97 +4.20
50 0.60+3.44 -6.14+2.12; 0.84£0.67, 0.13+1.24 -1.43+1.91 2.90 £0.42 1.97 £2.95
100 2.46 £0.95 -7.24 £0:65  0.00+1.67 -0.03+2.44 0.20+3.55 2.84 +£4.29 3.27+2.71

.5 DMSO g He#g, * " * P <0.001,
Note : Compared with DMSO group, * * * P <0.001.
F5 A8a;6A18B-CA sh3 iR ALT FEHERI B (n =3 ,x %)
Table 5 Serum ALT activity from serum-18a-GA,188-GA incubation assay (n =3 x +5)

’

ALT Change e B Dose

1o control (gl 0.h 2 h 4h 6 h 8 h 10 h 12 h
%5 [ Control & 0.00+0.95 0.00+0.52 0.00+0.60 0.00+0.46 0.00+2.83 0.00=x0.71 0.00 £1.50
DMSO - -2.67+0.36 -2.38+£0.48 -2.10+0.44 -2.60x2.15 -2.60+0.71 0.74+0.99 0.50 £1.50
ﬁiﬁ 50 2.36£1.96  0.47+0.74 0.17+0.07 -1.39+0.95 -1.39+1.22 1.10+1.51 0.65+1.26
18a=GA 55 3.47+1.10 -2.97+0.29 2.07+1.68 -1.30%2.36 -2.53x1.15 -1.56+1.42 0.03 £0.65
110 -3.84+0.35 -1.57+0.23 -2.30+£0.96 -1.23+1.69 4.26+1.50 -1.66=1.17 -1.37£2.77
220 4.50+0.74 -2.47+0.59 -2.87+0.47 -2.53+0.32 -3.10+0.65 -1.33+0.70 0.67 £1.12
440 -3.97+0.95 -2.47+0.81 -2.37+1.16 -3.87x0.38 4.23+1.45 -1.76+1.00 0.13 +0.57
188-GA 55 -1.50£0.29  -1.28 £1.02 -1.83+£3.51 -1.02+1.59 3.28+2.83 0.20+6.49 -1.70 £9.92
110 -1.33£1.73  1.94+4.62 -3.17+0.58 -0.39+1.26 1.56+1.21 -0.34+1.03 0.11 £1.45
220 0.00+2.08 0.61+3.02 0.50+1.00 2.22+2.58 0.84+0.59 -1.93 +4.41 0.40 £2.98
440 -3.33+1.00 -1.17+1.00 4.17+1.53 4.17+3.06 0.53+0.55 -0.47 +0.67 0.20 £2.20
75&5)?3% 37.5 3.57+1.01  -1.97+£0.95 -1.80+1.59 -0.93+0.84 -1.63+0.36 0.64+1.18 1.33 +£0.86

75 4.17£0.87 -2.47+0.21 -2.07+1.42 -1.43+1.10 -3.20+1.07 2.40+0.29 2.17£1.53
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AtL()TCg:l‘izfe {fnz%i;e 0h 2h 4h 6h 8 h 10 h 12 h
150 4.50+0.75 -1.13+0.72 -1.73+0.51 -0.87+1.42  4.23+0.85 2.74 +2.93 1.73 £1.97
300 4.70 1,18 0.77£2.33 2.171.50 -1.40£1.90 -12.46 £5.46* * * -8.90 +4.48* * * 9.47£9.20* * *

gfﬁj 12.5 2.64+0.12 -1.80+0.26 -1.03+0.15 0.83%0.35  -3.13+0.20 1.97 +1.91 2.271.10
25 3.64+1.59 -1.63+0.76 -1.23+1.57 0.47+1.56  -2.46 +1.29 2.64 +0.80 0.23+7.87
50 2.77+1.91 3.53%0.32 -1.57+1.36 0.23+2.06  2.00£0.15 1.90 £0.86 2.43%1.27
100 3.10+0.06 3.37+0.55 0.33£0.76 1.23%1.50  -0.90 +1.99 4.54 +1.46 0.63 4,19

.15 DMSO 4l vgr, = " P <0.001,
Note ; Compared with DMSO group, * * * P <0.001.

3.4 HEBRTHSIIFHRG/RFHAEE TR
i 2 fros R A /N R4 28 BAX/BCL-2

BT, [FEF cleaved Caspase-3 | cleaved PARP f{)

FAWRE FM (P <0.01 5 P <0.001), i 58.5

<
o O
S " "
PARP | — | ——
cleaved PARP e RN —
cleaved Caspase-3 - - -
3
BCL-2
BAX

Relative expression to GAPDH

mg/ kg HH R B RERRAR TR
3 .cleaved PARP BAX/BCL-2 F&iA/KFE (P <0.01 =
P <0.001) , [AHHEDH Foie 82 RE 98 i35 Con A
BN BT RPR 12

cleaved caspase-

2.0
3 Control

#i# Em ConA
Con A+DG

2 HEB_ &I Con A RFRHGNMNRAK/TATERNZN
Fig. 2 Effects of DG on hepatic apoptosis in mice with Con A-induced hepatic injury
0 525 AR, ¥ P <0. 01, P <0.001 ; 5HEAILH 1A, * P <0.01;** * P <0.001,
Note : Compared with control group, P <0.05;#P <0.01;*#P <0.001 ; Compared with Model group, * P <0.05; * * * P <0.001.

3.5 HEERZEIAFRGAN R K E R E 5 0E

WK 3 Fron g A A1 /N FRUF 41 21 rh Caspase-1 |
COX-2 , TGFBLL -6 IL-10, TL.-18, TNF-o¢ #1 TFN-y
FFeik I i, COX-1 ZRah FRE (P <0.01 5 P <
0.001), 1Mj58.5 mg/kg HH R " REWEFEAL TGF-
Bl (caspase-1 LI} COX-2 ik /K, [ COX-1 f)
ik, Rl E AR TL-6 1010  IL-18, TNF-o 1 TFN-y
(1235 7K3F-(P <0.05 P <0.01 & P <0.001),
I HED H 2R — B ae g i/ NEL 532 Con A 5 1Y
JHIEZH 2R RE S

4 itig

Con A 2 EHFIKELUESS, REAET i TNF-ou IL-
6 IFN-y I IL-183 45 Z Fh 20 i BH 119 0 3 , 5 S5O0l
LAV AHMLIRE , 15 K SRE R T2, T B2k
R0 AR 5 T 48 14 2 o AL B B g B

AR R A AR, B A5 AR 4 MU A 0L TR 1 B S e
JIF 46 (ATH) | 22 P55 25 4 T 48 R 245 ) vh 2 7 | 1
R NTAEAIF 2507 B iz R K R
2 REESY 31k FARFN T A L3 WA 2
FFF AL 45 AN AR, LA BT 24 (R BIF 5 v 3t 6 P
PEXFHRZE S oK T2 AT LLE S T A R
7 i 3 2 LSS ) B T A T D 5 8 7T L v
W IAIRER , S0 29 BT B TR 0 0 R e
REAS T 3 Y A% 11 Ph 000 40 AL L3 47 B 40 A A
DNA G2 45005 ol 2 53005 , M TIT % 42 A1 1
T e S BRI BL05 07 28 AL LA R0 46 905 25
FETET o BRI, ABIFSE 3 LA 3 1 ol A 245 A
HRZY 3 ) Con A 4B (54680, 46 000 JFF Ty g T
T3 R ZE R 43 T A 2 P pRoke 2 B VT H B —
BRI, 00 AR HA R LR

AST ALT JE5 27 2 450 S P 1 o
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TGF-B1
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[T

IL-18

IFN-y
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=

3 Control
Hl ConA
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Relative expression to GAPDH

3’ Control
@l Con A
Con A+DG

B3 HEBRTES Con A FTEAHRG/INRLH R fh RAE E F 7K F 00

Fig. 3 DG inhibited inflammation in _mice with €Con A-induced hepatic injury

525 LI, P <0013 P < 00001 35 BERIZ AR, * P <0.05; " * P<0.01,
Note : Compared with control group,* P <0.01 ;##P <0.001; Compared with Model group, * P <0.05; * * P <0.01.

BHEARY o AWFTE R, H R TR AR ) W
32 Con A JIT UM JIEJs #4543 04 [m] BsF , AT LARRAEC A B
IML7E H AST T ALT /K. AR 254080 1 % 52
N, H B R T v I A IR B 7R P Bl A il
i 18a-GA F1 188-GA |, i il 24 vios 995,57 +43.
06 ng/mL"™ o G TIE H R A 7 4 B4
M3 76 AST AL ALT, A SC LA 208y R X HR
251 HEAT T 250 RS L A S0 4
SRR, 180-CAFI18B-GA A BE i 4% B AR ML v b
AST (ALT 7K PRI, FRATTHHE N H R — i sl o
T3 R4, sk 70 ASTRALT #1355 ok % 44 W il 1
[ 5

BAX 5-BCL-2 J&—XF B AHFEHL A T-AH 5
F,BAX/BCL-2 1 LU AR e U8 T 09 )5 2l , #E 10 BT
g B P4 T F ¥ B9 Caspase-3, 1 PARP 87 4] J&
Caspase-3 BTG I F5 45 . ARHFFE4E 5 B, H
i — % T PR IS0 /N BRURF I BAX/BCL-2 9 LU AH,
N BATHLR T3 1 PARP  cleaved Caspase-
3 (R IR, Uk B H R e LA T A0 B R T
YEM . 1€ Con A IS IFG3 T, Caspase-1 1] DL
5 pro-IL-18 Fll pro-IL-18 (3% b, #1155 T T ik
A s RIS EERE TGF-B1 ik K M A F 4N

M COX-2 ik M J5 A 4 ik 2 (PGs) B A4
BT AR T, H R R A REM ] Con
A FTEUNRIFLL 4 Caspase-1  TGF-B1 ,COX-2 | IL-
6 \TNF-o Fl IFN-y &5 M K -1 L8, Fil COX-1 1y
T, o HAE AL S S G R R A R T A G
ZE LRI UL, H RER A i s I R R % A Con
A BUN R 07, 138 2o O/ 37 T 40 i ok 88 A1 it v
AST ALT 7K-F-, H 3R O 09 75 FH AT 58 5 /)N B
JHIIEZH 220 B ] 7 A K S PR 2R A R i K ARG .
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