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[ Abstract ] Objective: To explore the hepatoprotective effect and its mechanism of the geraniin on mice
with acute liver injury induced by D-galactosamine ( D-GalN). Method: A total of 60 Kunming mice were
randomly divided into normal group, model group, Silymarin group ( positive group 180 mg-kg '), and low,
medium and high-dose geraniin groups (50, 100, 200 mg-kg '). All the mice were given with saline or
corresponding dose of drugs (10 mL-kg ') by gavage once a day for 10 d. After 2 h of the last administration
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except the normal group, the mice of other groups were injected intraperitoneally with D-GaIN (500 mg-kg ') to
induce the acute liver injury. After 16 h, the eye balls of mice were removed to take blood, and all mice were put
to death to collect samples of liver. Activity or content of alanine aminotransferase ( ALT ), aspartate
aminotransferase ( AST) , alkaline phosphatase ( ALP), total bilirubin ( TBIL) , malondialdehyde ( MDA ), total
superoxide dismutase (T-SOD) and glutathione peroxidase ( GSH-Px) in liver were determined by biochemical
method. The serum levels of tumor necrosis factor-a (TNF-a) , interleukin-18 (IL-18) , y-interferon (IFN-y) and
interleukin-6 (IL-6) were detected by enzyme-linked immunosorbent assay ( ELISA) , and expressions of Toll-like
receptor-4 (TLR-4) and nuclear factor (NF) -xB proteins were detected by Western blot. Liver histopathological
changes were observed by hematoxylin-eosin (HE) staining. Result; Compared with the normal group, the serum
levels of ALT, AST, ALP, TBIL and liver MDA in the model group were significantly increased (P <0.05, P <
0.01). Compared with the model group, geraniin can reduce activities or contents of ALT, AST, ALP, TBIL in
serum and MDA in liver of mice (P <0.05, P <0.01), but increase activities of T-SOD and GSH-Px in liver
(P<0.05,P<0.01), while inhibiting the contents of TNF-a, IL-18, IL-6, IFN-y and the expressions of TLR-4
and NF-xB proteins in serum (P <0.05, P <0.01). HE staining showed that acute liver injury of mice was

alleviated obviously by geraniin. Conclusion: Geraniin has an obvious protective effective on acute liver injuries

induced by D-GalN in mice. Its mechanism may be correlated with oxidative stress, inflammation and TLR-4/NF-

kB signaling pathway.
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1 ##
1.1 zh¥) SPF 2% B UH A /N B 60 H, 14 i &

18 ~22 g, 4 Jii% , th A AR B 2 e 52 56 3 4 rpo 4R 3L
A K E B SCXK (4£)2010-0001 , /8 H Z5 5y 2 4 =
2017-018 , ) F& 3 R BEFE I O 18 ~22 °C, AH X W B2
k1 50% ~60% |

1.2 iy 5in BEER(LigE AR
AR AL S PITABF33736) 5 /K R 2 (K ik 3
ARG R AL H#S MB5982) 5 D-GalN (3
RAA R A E L # S 831361) ; N 2 R & 5L 5 % i
(ALT) , RIT4 2 1R 2 FL i R Tl (AST) |, Bl 1k 5 12 1
(ALP) , SR 21 2 (TBIL) , G 8 % 1k 4 B Ak i ( T-
SOD) , 7% it H Bk & 4 1k ¥ B ( GSH-Px ) Al N — %
(MDA) 35 & (B 5t A W TR Wi 5% i, it 5 43
A 20170508, 20170424, 20170415, 20170525,
20170607 ,20170519,20170622 ) ; RIPA Z4fi# #i , BCA
IR & Fl SDS-PAGE 2% vh il (35 = KA Wy H R 58
JIt, 415535 2 p0008 , p0012,20170722) ; fith Ji 4 4
K -a( TNF-a) , 4l L A ZF-18 (1IL-18) , 11 41 ML 4
-6 (1L-6) Fl y-T 4L & (TFN-y ) i I f 92 W B0 5
(ELISA) 7 & (7 5t 2 A ) AR OE 5 i, 415 43
Bk 20170611, 20170426, 20170819, 20170713 ) ;
Toll # 32 {4-4 (TLR-4 ) Fl 4% % 5% A ¥ -k B (NF-kB) $ii
f& ( 35 B Abcam A #], #it %5 43 Jill i ab72506,
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ab59374) ;B-WLEh 3 H (B-actin) HLIA (B AR I A9
BHEA PR AL HEE 6007-1-1g) ; —H 2, oK 2,
95% LM ()7 2R 0l Sk T VE Bl Ak ), S A B R
B20170612,20170911,20171022) ; Js A 2, T Y fa
W (AL R ERHA R AL 5 40 51 oy 150325,
2014307) ,

1.3 {¥&F  Epoch BIEGHR X (35 [E Bio-Tek 2AH]),
LGJ-12 AUPR T AL (b 50 48 IR A2 24 B4 & R A IR
Al) , TGL-16K & {5 X i 3 v 5 B3O AL (Il R A 2
DAL)T) , THZ-C-1 A & X fE IR R 5 4% CR 211 S8 5
W) , 1658000 7Y H1 yK A Fil 4530 AU 55 fEAY (3¢ [
Bio-Rad /A &]) , Fluor Chem M #Y %t it 12 & 46 ( 3£
= PS AF)

2 Hik

2.1 hsrel a2 ¥ 60 HUN R BEAL 4
6 L, R 10 H o0 0 IR R A AR AE K TR
FA(BITEZ4,180 mg-kg ™) , BB FM P&
FIH41(50,100,200 mg-kg ") ") IF B 41 FRE A 4
BERHEE 10 mL-kg ™" B4R 3L 7K, ) 4y 4% 20 LA ] F
J7 FURAR TS S A N R B 2 B R R IR FF
210 do BRTIER A, RIRE25 2 h J5 45 45 25 4 FI A
T ZH 7 1S VE 5 D-GalN (500 mg-kg ™" ) 2 57/ L2k
FFB 5 A R AR OR AR K 16 b, IR BE B,
4 °C ,4 500 remin "' B§.0> 15 min B F3EW, T -20 C
UKAADRAT o HBORA I 398 I R 1 — v JIFE B R — 38 43
JRH L, & T 4% Z2 Wb [, IR R H 2 450 58
B OMER TR B R o B R AL SR A T
WA, T KW TLR4 F1 NF-«xB & [ ) & ik
50 o

2.2 AEAbdRARAIN 4 TR U I SR A E
TAE W ANEE S S 5 B BEBR A A I, 15 B
PR DA W S BE A I3 8 AH 9 28 20T 58 1l i P A
TEWI TR 8 4% ALT, AST, ALP, TBIL I JiT- I T-SOD,
MDA F1 GSH-Px 7 & 87 7% .

2.3 ELISA ¥l il 3§ TNF-«, IL-18, IL-6 Fl IFN-y
TR KBTI SUR 9 A5 I R ARRR B A B
JKE T % v, 5840 OF S, 45 31 10% /Y T 20 215
K, g A PG 3 g W, 4% B ELISA 2050 & 30 W]
Pk AR R D IF T W TNF-o, IL-18, IL-6 Fil
IFN-y &4,

2.4 FRARPEENE L (Western blot) £ 3l TLR-4 Fl
NF-«kB HE1£5 45 10% 579 1 Tk iz B Jie ,80 'V
H H FL UK 4 B8 SR L, VKA A5 220 mA fE R
% PVDF Ji§, H TBST Pk 3 YK, 51K 10 min, 35 41
B2 h, Y% E ELImA—$i(1:500) ,4 CHEF L
VRV A B I =40 (1:5 000) Z=iRBEH 1.5 h,
PRV IR L, B S R W, 5, 45 3] TLR-4 Fll NF-«B
FEHH . KA Image J 8 UEFT K BE (R 047 o

2.5 FRARRE-PHLL (HE) Be (UL 5 T 20 210 B~ A2
b HHLRIBT 4% 2 R W R W= IR B E 24 h
Jo R RRARAE AL BRI K, 3, YT R 3 pum, 48 7, HE
Jets, B E R4 O WOOEE T WS A 2LIE
2 AT R 2 24 A 2 ) 2R AR AL

2.6 GitAbE A 45 TE Graph Pad Prism
5 BTG A HEAE DL 2 £ 5 TR, 0 E VR
HARMPHERT 200, REHHFEE L EILK,
PLP<0.05 #mEZmAGIFE L,

3 #R

3.1 X} D-GalN 2 2 VR 41 45 /) BRI 7 ALT, AST,
ALP A1 TBIL {520 5 1E & 2 b, S 0 2 /)y B if
W ALT F1AST 36 34 2 7=, ALP Fil TBIL & &
VIR ERM(P <0.01) , B/ B2 1 4 5 ke 2 2t
5 SREAUZE LA, UK R R 41 0] g 2 FEAIL ALT, AST
G PEFT ALP 1 TBIL & 5 (P <0.01) , 3 #8 % 5 I
T2 T REAR LT AST 3% 4 F TBIL % &t (P <0.05),
XFALT {5 F ALP & &5 JC U] W ek A48, 22 36 7 3% v )
et 2 N B R 2 R ) B 2 2 T I S IR ALT, AST 3%
1 ALP, TBIL & (P <0.01) ., W31,

F1 ZBEERI D-GalN 2 MFRG/NRME ALT,AST,ALP #1 TBIL FI& N (2 £5,n =10)
Table 1 Effect of geraniin on serum ALT, AST, ALP and TBIL in mice with acute liver injury induced by D-GalN(x +s,n =10)

21 ) # 4t/ mg-kg ™! ALT/U-L"! AST/U-L ™! ALP/U-L~! TBIL/ wmol - L ™!
EH - 23.55 +5.37 39.76 £6.08 19.42 +2.61 1.26 £0.26
A - 87.26 £12.29" 133.37 £23.59" 58.36 £7.09" 3.75 +0.43"
KRBT 180 64.36 £7.03% 93.65 =14.38% 35.19 £4.22% 2.65+0.31%
il % 50 90.12 £12.16 114.29 +13.23% 54.18 £6.04 3.08 £0.36%

100 70.24 +8.95% 96.32 +12.72% 43.15 +5.27% 2.17 +0.28%
200 58.20 £8.37% 70.19 £8.37°% 36.21 £4.68° 1.85 +0.27%

G EWALILE P <001 SEUBALILEY P < 0.05,7 P <0.01(£2~4 ).,
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3.2 b D-GaIN 2 2 1 AT 45 45 /) BUFIE T-SOD, 0.01), H &2 [k MDA & & (P <0.01), Z#H R
GSH-Px Fll MDA Hy2WE 5 1E 240 H AL, BRI 4] T- {5041 W) 2 Jh i T-SOD, GSH-Px i #£: (P <0.05)
SOD H1 GSH-Px i 114 8 2 N B (P <0.01), 1f X MDA 5 1 J6 22 57, & 8 w0 3% PPl i 4 A S R R
MDA & 35 T (P <0.01) 5 SEEAIH A, KK e ) 4 R] I 3 0 G T-SOD Al GSH-Px i 4 (P <
i 2% 20 7] W 3 MY 5k T-SOD Al GSH-Px i #: (P < 0.01), H B H R MDA 55 (P <0.01), W2,

F2 EZBEEI D-GalN B2 AR5 /R IFE T-SOD, GSH-Px #1 MDA K0 (x 5,2 =10)
Table 2 Effect of Geraniin on liver T-SOD, GSH-Px and MDA in mice with acute liver injury induced by D-GaIN(x +s,n =10)

21 51 H 4 /mg-kg ™! T-SOD/U-mg " GSH-Px/U-mg ™' MDA/nmol - mg ™'
iE % - 65.28 £8.51 163.24 +24.00 0.68 +0.05
i3 - 34.16 £4.25" 96.34 +11.56" 2.16 £0.29"
KR 180 59.38 £7.26% 135.62 +16.28% 1.37 £0.19%
EA 1% 50 43.11 +4.98% 116.37 +13.52% 2.06 £0.25

100 54.17 £6.25% 139.67 +16.39% 1.68 £0.16%
200 63.17 +7.09% 158.42 +18.42% 1.21 £0.11%

3.3 %f D-GalN 2tk FF 81 44 /b B 3% TNF-a,IL-  TNF-a,IL-18,1L-6 il IFN-y /K (P <0.01) , i
18,IL-6 F TFN-y By5ZM 5 1E 5 20 th A, B AL 4 /)N F 2 IR 1 2H B R AR TL-18 & 5 (P <0.05) , &8
FUIMLE TNF-a, IL-18,1L-6 il IFN-y & 2 ¥ 1 2 30 FE (o0 & 4T 3 R AR TNF-a, IL-18, IL-6 Al
(P<0.01); 5HBIMRZH LA, /K sl % 20 ] 25 FEAIC IFN-y /K- (P <0.01) , W3 3,

£R3 EEE D-GalN A MFR&G /R II%E TNF-a,IL-18,IL-6 1 IFN-y B9 200 (x +5,n =10)
Table 3 Effect of geraniin on serum TNF-«, IL-18, IL-6 and IFN-y in mice with acute liver injury induced by D-GaIN(x +s,n =10)

2531 F 4/ mg-kg ™! TNF-o/pg+ L' IL-18/ng-L ™! IL-6/ng-L ™" IFN-y/ng-L~"
EH - 153.49 +£20. 16 126.38 +15. 54 83.24 +11.65 72.16 £9.60
A - 365. 45 +46. 28" 364. 49 +46. 18" 194.01 +25. 19" 216.33 +24.39"
K K 180 286. 14 +32. 16 263. 08 +30. 53 163.47 +18.32% 199.34 +26.61
EA S 50 348.57 +38.16 318. 62 +34. 127 203. 45 +26. 39 206.31 £22.09
100 306. 42 +33.27% 271. 34 +33.59% 173. 14 +15.22 184.51 £21.82%
200 259.34 +27.47% 218. 45 +23.37° 146. 57 + 16. 23> 154.73 £18.45%
3.4 X} D-GalN Zx & M #1145 /) iR, TLR-4/NF-«B
E B 5 OE R A R, B 4T 4 4 NF-xB ” o1 kbe
TLR-4 il NF-xB A LA B I EH (P <0.01); 5
PR 2 P, 7K T T 3 4 S 8 2 2 B T A TLR-4 ....-- 96 kDa

4 TLR-4/NF-xB B 1A X #2534 (P <0.01), LA 1

s e A >
3.5 X D-GalN Bz bk 5 05/ RUF 41 200 308 &5 AR e b B d

BB HE 06 JIF 4140, 02 40N BUFE /N DF S5 4 A IEW LB BURAL C.oK G810 41:D. 2 1 8 %L i 415 E. 2 1
JEASIER R AP BRI B B Sy R PRRALE B R AL 2 )

. o e w1 VR TLR- %1 NF-«B & 5 Rk ik
m%ﬂﬂ(mlﬁﬂiﬂﬁ\(I‘ééﬂiﬂﬁfxﬂﬂ\émﬂ@ﬂ:%ﬁﬁfig Fig.1 Electrophoresis of expression of TLR-4 and NF-,B in mice
o RETIZH /N BRI 28 A5 A0 T %, 0 A8 IX b Hp e i ik
Jo] L3 Hh BUOA  5 PE AN M R 0 R A M R o i B SR A b, KR R 4T AN A AR S K
25, A A A RO R HIRSEAF I 00 2 R S, W R /D URF 58 405 L B 5 S 8 o R A )
/R D-GalN 7] 5 R /N BT AU 0, SRR o 2H R X A 0 2 SHe 156, T 20 4 32 50 7 8 S R AR A1 5 2 088
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x4 EZBEEX D-GalN 2B G /MR FHLRK TLR4
NF-«BEBERZEWFEM(x £5,n=5)
Table 4 Effect of geraniin on TLR-4 and NF-xB protein in liver

tissue of mice with acute liver injury induced by D-GaIN(x +s,n=5)

20 51 #4/mg-kg~!  TLR-4/B-actin NF-xB/B-actin

EH# - 0.48 +0.08 0.79 0. 11
FiR - 1.23 +0. 14" 1.67 £0.23"
7K R R 180 0. 61 £0.08% 0.90 +0. 16%
A 1% 50 0.75 £0.11% 1.21 £0.15%
100 0. 68 £0.08% 0.96 0. 13%
200 0.66 +0.07% 0.89 +0. 12

2R R 7R e LI A 6 R A o B (E IR A I R 4
R AN T, Ut 22 B e R I — R BRI 5 2
S 0 3% 2 AR ek LI /0 ok R 0 L R 45 A R AR S8
JE A0 TR T A0 IR A R 1 4, 2 B 2
ESOPIEULVECRTE 3 (s PN

D

2 EBEEXD-GaNHRMRHRGIERFALFERSHNE
1 (HE, x200)

Fig 2 Effect of geraniin on pathological morphology of liver tissue

in mice with acute liver injury induced by D-GalN( HE, x200)

4 itie
D-GalN ## 57 1) 20 FF 461 105 oh s 7 | JHL s g 1)
JH 240 60 57 2 1 YR B K 4 RE B2 5N 296 B M I AR
SARARL , B B N FH T R 24 4 B O 1R DL R AR FH L
BB . W, AW D-GalN 7 57 /N B
PR A3 A5 Y, DA AR 07 BRI AR S S N7 T 7 T AR
T 2 5 5R 1 O AR H S AE AL
21 U A2 45 5% % A RORE B, 40 G A O 1 4
I, EEAFAE FERLA T A ALT, AST 3 25 41 ffd i 2t
AL RGBT 4 R Y R FE
Bt YT I R A IR BE | & RE R IV 45 I ALP,
TBIL ¥ 5 3 T} 5 , TBIL 3% 75 2 5 | & #051, i ALP,
TBIL 2 I 32 W7 r 0 067 I 468 40 1) 2 ARk 77
ARSI Y] R A 45 R W , TR 1 4 S R X
+ 120 -

D-GalN 5 % /N SN A A R 4 19 28 il 3502 o
I 37 % PR ALT, AST, ALP Al TBIL /K 3 8 i 3%
TR, VAR, R R AR B % D-GalN 5]
(19 /I8 B 22 b ST A8 7

D-GalN V& JI- 20 e 9l 12 PR v e A% 17 1 T P 741
— 7 T AT 5 A A PR B IR 4 S I A R
W TR -1 WS e 52 & W, 8 DR s W A% 17 A =%, BRL
5 JHF 448 B PR R R % 2 55 2R 1 o A S B, 5 B0 4
I S 1 M 5 O 2B UK B B BT Ak 77 ) MDA, HL4k
23 il I 20 R S 45 K, 0 EE A4 MR RS R A4 i T BE Pt
#5'" . 95—J7 i D-GalN TJ [ {ik T % 1L 4 il SOD
FI GSH-Px 3% ¥, B SR ML 7= 24 5 15 Bk B 2 19 3h
AOFA , b R AL A R K T 3 T 4 g 45
', D-GalN 4 i 40 g A Ca®" K P, 370k
M P s F A, 51k AW 2= AL, 5 Bod AR LR
P, A A I 0 o MDA, T-SOD il GSH-Px &
L, A MDA S N, XRB, IR KR
b O 47 20 B S, I 38 58 T-SOD F1 GSH-Px 3 1, 48
7~ LA ] 4Rk R AT T AR 20 i

TLR-4 7£ Toll #5Z {K 16 (TLRs) A & & %
(M E )2 AEAE T 2 FlRT 40 ML, 0 26 5 9 40 B T
0 240 T PR R I 2 A R A S
I R Y, RAE A A T R R AR, TS
FY A R T 0 T1-6 , TNF-o, IFN -y 25 (%) B ik , DA T i
R A W2 300 I T B Y T 4 S
KA SAERT, TLR-4 4 By [ 7 25 3 7 NF-«B ¥ 5% =
Me A J5 mT 34 1-6, IL-18, TNF-a 45 4 AE 21 JfL [N ¥
T, 2% 3% 1 14 8 A 2 I PR 7 ST OF RO LT
T B, 51 K R ORE G RN, 4k i EE I 2H 210 i
05220 AR SRR B R A R 2 T 4L 4 B
Y S 2 i 00 i 10 5 B AR A G D U 46 R A G
DA R B, MR 24 /N BRUBF 41 40 TLR-4 il NF-«B 75 [
i LI PR R AR AF T B, O HoA4
K+ TNF-a,IL-18,IL-6 KT, TN R
FERERIG T Ol o TR 7E 45 SR Ir 20 B E 1
INEIFH S0 K I 3] TLR-4 fl NF-«B 3 ([ & 2
TR, WRoTE AR R, R R N e 1 P R
PN I, fff TLR-4 1 NF-«B 8 1% 5000, B
FH Wi TLR-4/NF-xB {5 % 3 #% , 4k i T )8 TNF-a, IL-
18,1L-6 Fl TFN-y 7K -, Wi 15 F 45 3 /0N BRI I 9
fEH .

22 R, 8 B 22 %) D-GalN R ) 20k IF 40
Bi/NBREA R 1E AT, AR AL &I 0T R o S
il Ak 7 8RN 4 E I, I BRI fE 5 M 5 TLR-4/
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