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Abstract: Objective To investigate the effects of geniposide on inflammatory response, oxidative stress, and PI3K/Akt signaling
pathway in rats with hepatic ischemia-reperfusion injury. Methods All SD rats were divided into control group, model group, and
geniposide (5 and 10 mg/kg) groups, and each group had 10 rats. The rats in the control group and model group were given ip solvent
olive oil 10 mg/kg, and the rats in the geniposide (5 and 10 mg/kg) groups were ip administered with geniposide 5 and 10 mg/kg. All
rats were treated for 7 d after the last drug injection, and were treated to model liver ischemia-reperfusion injury. The levels of serum
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, direct bilirubin and tumor necrosis factor-o (TNF-
a), transforming growth factor-p (TGF-p), interleukin (IL)-6, and IL-1B were detected. The levels of malondialdehyde (MDA),
glutathione (GSH), inducible nitric oxide synthase (iNOS), and superoxide dismutase (SOD) were detected. The pathological changes
and apoptosis of rat liver tissue were observed. The expression of Bcl-2, Bax mMRNA, and p-PI3K, PI3K, p-Akt, p-PI3K, PI3K, p-Akt,
Akt, Bcl-2, Bax, cleaved Caspase-3, and Caspase-3 protein were detected. Results Compared with model group, the serum levels of
ALT, AST, total bilirubin, direct bilirubin, TNF-a, TGF-B, IL- 6, IL-1B, MDA, and iNOS, the proportion of apoptotic cells in liver
tissue, the expression of Bax mRNA, protein, and cleaved Caspase-3/Caspase-3 in geniposide (5, 10 mg/kg) groups were significantly
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decreased (P<<0.05). The levels of GSH and SOD, the expression of Bcl-2 mRNA and protein, and p-PI3K/PI3K and p-Akt/Akt were
significantly increased (P<0.05). And the effect of 10 mg/kg geniposide had a more significant effect (P <<0.05). Conclusion

Geniposide can improve rat liver function, reduce oxidative stress, inflammatory response, and apoptosis, and its mechanism may be

achieved by activating PI3K/Akt signaling pathway.
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KB P REFRIk R REA 3~4 mL, B T{EREF,
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(1:20 0000, =i FFE 2 h, ECL KIGiAH&
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FEIESM AT REREERA xts #R, HEXK
F LSD-t #6565 SR 27 Z 00T o
3 #R
3.1  HEFE XA BEEE L H T 45 K R AT
IhEFEPRAYSZ T

XML, MR M ALT. AST. &JH
IRABEBEA 2K RET R (P<0.05); S5
RIHAALL, #HETH 5. 10 mg/kg 21175 ALT. AST.
MARL R A E B 2K B3 K (P<<0.05),
HAFHE 7 10 mg/kg ZLIMLIE ALT. AST. RHZL R
ME ML ZKFRICEH R (P<0.05). W3 1.
3.2 e FHE XA B AT 545 KR ME &
fEE FK F IR0

Xt @AMEL, BRI TNF-a. TGF-B.
IL-6. IL-1B ZK-FEHEFE (P<0.05); SHAYZAH
tt, HE¥F 5. 10 mg/kg A IfJE TNF-0. TGF-B. IL-
6. IL-1B /K FEEREME (P<0.05), HAHE T 10
mg/kg ZHIM3% TNF-0. TGF-B. IL-6. IL-1p 7K Ff#
ICHE IS (P<<0.05). W% 2.
3.3 HEFHEXIAFREGRMEE T RGARFESR
SRR RRI R
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STFE, GSH Al SOD /K B IE{% (P<<0.05);
LR A B, H6 7 5.10mg/kg 22 MDA F1 iNOS
KRR, GSH fil SOD K FERZEHAE (P<

0.05), HrH#E 7# 10 mg/kg 41 MDA F1iNOS /K
FEACE BT, GSH A1 SOD /K FIHEE I E (P<
0.05), WL#& 3.

® 1 ETFEXFTGRMEEE R G AR ME DA ARSI ( xxs, n=10)
Table1l Effects of geniposide on serum liver function indexes of rats with hepatic ischemia-reperfusion injury ( X %s, n=10)

e FilE/(mg-kg™) ALT/(U-LY) AST/(U-L™h SJBEL F/(mg-dL™) HIEMRLFE/(mg-dL™?)
xof R — 27.61+5.37 61.27+6.84 1.234+0.28 0.26+0.08
it — 127.83+11.49" 109.56+13.57" 3.79+0.94" 0.98+0.17"
Ma 75 5 64.72+8.03" 87.28 +9.46" 2.1140.56% 0.52+0.13*
10 39.95+7.18* 66.31+6.83* 1.324+0.32* 0.3540.10**

x4 "P<0.05; SR *P<0.05; SHETH 5mgkg t4lELE: “P<0.05
*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs geniposide 5 mg-kg* group

%2 REFEHMFRRLEEFRGARMLEPIERFAREREE ( xxs, n=10)
Table 2  Effects of geniposide on serum inflammatory factors of rats with hepatic ischemia-reperfusion injury ( X #s,n=10)

5 FlE/(mgkg)  TNF-a/(pgrpl™l)  TGF-B/(pgrl™) IL-6/(pg-mL™Y) IL-1B/(pg-mL™Y)
xif e — 13.19+0.87 6.29+0.31 5.67+1.32 3.93+1.36
T — 40.83+6.62° 13.71+1.53" 9.57+1.64 7.85+2.01"
MEF 1 5 25.69+4.96" 9.33+1.15* 7.36+1.57* 5.64+1.53"

10 18.73+3.11%" 7.48+1.02%" 6.19+1.46*" 4.68+1.25""

Sat i L P<<0.05; SHEAAILLE:: *P<<0.05; SHE T 5 mg-kg 1 4lthE: “P<0.05
*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs geniposide 5 mg-kg* group

%3 RTEF IR EE RS ARAL P EURBIEFRAFNEM ( x+s, n=10)

Table3 Effects of geniposide on oxidative stress levels in liver tissues of rats with hepatic ischemia-reperfusion injury ( x #s,n=10)

51 7 E/(mg-kg™)  MDA/(nmol-Lg 1)

GSH/(mmol-g 1)

SOD/(U-mg™?) iNOS/(pg-mg™?)

it — 1.54+0.21 11.67+0.75 0.72+0.17 23.76+5.81

LAY — 2.76+0.09" 6.69+0.41" 0.37+0.06 137.64+21.53"

e 5 1.94+0.20% 8.64+0.82" 0.56+0.11* 89.44+15.71%
10 1.681+0.17%2 10.18+1.37%" 0.63+0.14*" 49.37+11.26*"

x4 . *P<0.05; M. #P<0.05; SHETH 5 mgkgt4 L “P<0.05
*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs geniposide 5 mg-kg ™ group

3.4 HEFHE X BT AR SR I ST R 4 KRR AT 4R 4R TR
EERNMN

HE Jeta 5 L RoR, X HEZH QR0 R 2H 23 40
TEASIER, THERREREIS . 75 m Kk
PR, BRI KRR AT LR 0 2 25k, KRB
MZIE Y, B RENREMRIRE . 4R,
A M MIKBLG: BT 5. 10 mg/kg ZHAV
WS B DB A0 k% [ 4, /DS 28 PEH R
T AR, 7 i im kA3 2 7 %, H
BEFH 10 mg/kg 41K BR BT 2EL 24534 5 o im i
o, WK 1.

3.5 M FHEXTAT AR SR I A R KR ATLE LA
pmg i 2 DA
EXTRRZH AR, AR ZH - 2H 24X 0% T 4 o L 41 B
BFtE (P<0.05); HBAYAMLL, #ET#H 5. 10
mg/kg ZH - 4H 2308 T4 i B 45 B3 BRAEG (P<<0.05),
HAHE 7 10 mg/kg 21 HF2H 2308 T2 41 o bE 31 BRAEG
FHE (P<0.05), WK 2. % 4.
3.6 #EFEXIATREEIMBEE T KR ATHALA
T-#3%FEF Bcl-2. Bax mRNA FRikHISZ0
xR, #8920 Bel-2 mRNA £k &
FEAK, Bax mRNA RIEHEFm (P<0.05); S5
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RIHAALL, #HETFFH 5. 10 mg/kg 41 Bel-2 mRNA %
LR ETE, Bax mRNA ik 3% f#{IK (P<<0.05),
HrPHE 7 10 mg/kg 2H Bel-2 mRNA 221k 75 5 B
‘%, BaxmRNA FLFFIEHIE (P<<0.05), W& 5.
37 WRFEXAFIRSIMEE TR KR ATHELR
Tt X EF Bcl-2. Bax. cleaved Caspase-3-
Caspase-3 FEHFRIAHIE M

xR L, BRI Bel-2 8 A 3RE A B F
ik, Bax & [H3ZRiAF1 cleaved Caspase-3/Caspase-3
BIHE (P<0.05); SEAIAAMLIL, HETH 5. 10
mg/kg 2H Bel-2 £ 1R IA 23 T 5, Bax & [RIAF
cleaved Caspase-3/Caspase-3 ‘& 3[4 (P<<0.05),
HAPHE 7 10 mg/kg 4H Bel-2 & AR AT E W
i, Bax &5 [ 1AF1 cleaved Caspase-3/ Caspase-3 [#
KEE (P<0.05). WK 3. %6,

Bl FEAKRFRFALHFEFTN (HE, X400)

Fig. 1 Liver histopathological changes of rats in each group
(HE, >400)
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PR S N X
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2 FHEABRATALMEMATIER (TUNEL, X400)
Fig. 2 Hepatocyte apoptosis of rats (TUNEL, %400)

x4 WRFEXAFAESRMAE TG KR ELAT A
EEBIESEME ( x+s, n=10)
Table 4 Effects of geniposide on apoptotic cells in liver
tissue of rats with hepatic ischemia-reperfusion
injury ( x=s,n=10)

2H 51 7l &/(mg-kg™) AT 2 i L A5 1%
it — 4.58+0.86
T — 20.69+4.21"
Ma 8 5 12.39+3.15*

10 7.83+1.29*

XM "P<0.05; HEMALILLE: *P<0.05; Shi 1
5mg-kg L 4 LLEE: “P<<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs
geniposide 5 mg-kg group

x5 WMRFEXNFRERMDEEIRGARFELBTHEX
EF Bcl-2, Bax mRNA FiAHIEM ( x+s, n=10)
Table 5 Effects of geniposide on Bcl-2 and Bax mRNA
expression in liver tissue of rats with hepatic

ischemia- reperfusion injury ( x#s,n=10)

M5 FIE/(mgkg?) Bcl-2mRNA  Bax mRNA
xof — 0.98+0.07 0.9340.05
Lt — 0.26+0.01" 2.87+0.19"
Ba 1 5 0.65+0.05* 1.64+0.13%

10 0.83+£0.09*"  1.1340.16*"

XA "P<<0.05; SR LEL #P<0.05; ShE T
5mg-kg L 4 LLEE: “P<<0.05

P < 0.05 vs control group; #P < 0.05 vs model group; “P <0.05vs
geniposide 5 mg-kg group

Bol-2 M w— S —
i — . — —
Cleaved Caspase-3 e SN AN S

POty it 5 10
e T H/(mgkg ™)

3 HBEKXMAFAL Bel-2, Bax, cleaved Caspase-3.
Caspase-3 EAFKRIA

Fig. 3 Protein expression of Bcl-2, Bax, cleaved caspase-3,
and Caspase-3 in liver tissue of rats in each group
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#6 MEFEXMNFFELUETIHXETF Bel-2, Bax. cleaved Caspase-3. Caspase-3 & EFIEMIEN ( X5, n=10)
Table 6 Effects of geniposide on protein expression of apoptosis related factors Bcl-2, Bax, cleaved caspase-3, and Caspase-3
in liver tissue of rats with hepatic ischemia-reperfusion injury ( x s, n=10)

ZH 51 7 &E/(mg-kg™) Bcl-2 Bax cleaved Caspase-3/Caspase-3
it iR — 0.76+0.07 0.61+0.06 0.1940.05
it — 0.2140.04" 1.524+0.14" 0.87+£0.10"
Ba T 5 0.45+0.05* 1.1740.12% 0.52+0.08"
10 0.684-0.06*" 0.8240.10%" 0.3540.07%"

Sxt M L "P<<0.05; SHEAIZILLE:: *P<<0.05; SHETH 5 mg-kg 14l “P<<0.05
*P < 0.05 vs control group; #P < 0.05 vs model group; “P < 0.05 vs geniposide 5 mg-kg* group

3.8 #EFHEXTATAEER I ET 5 KR ATHLR
PI3K/AKt 15 518 B ER 1L 7K SE RO

Xt HRALAREL, R4 p-PI3K/PI3K FI p-Akt/
Akt FHE K (P<0.05); SHRIAMLL, #EFiF
5. 10 mg/kg 41 p-PI3K/PI3K #1 p-Akt/Akt 15 & 2 TF
5 (P<<0.05), HA#E1# 10 mg/kg 41 p-PI3K/PI3K
Al p-Akt/Akt T EIH & (P<0.05). WK 4. % 7,

P-PISK M s S

PI3K S SR S S—
p-Akt WD  S— S —

o HE BeR 5 10
HEFH/(mg-kg™)
B4 JLEAKEAFEAL p-PI3K, PI3K. p-Akt, Akt EEFRIL
Fig. 4 Protein expression of p-PI3K, PI3K, p-Akt, and Akt
in liver tissue of rats in each group

*® 7 RTEXATBEERMAE TR ARAFELA S PIBK/
Akt 5 SBEEHABR LK RIS ( x+s, n=10)

Table 7 Effects of geniposide on phosphorylation level of

PI3K/Akt signal pathway in liver tissue of rats with

hepatic ischemia-reperfusion injury ( X s, n=10)

My FEI(mgkg™)  p-PI3K/PI3K p-Akt/Akt
it — 0.81+0.15 0.60+0.14
B — 0.24+0.06°  0.22+0.05"
M8 5 0.414+0.08"  0.38+0.07*

10 0.7740.12**  0.5140.10*"

EXS R LR "P<0.05; SHEMIAILLEL: P<<0.05: HHETIF
5mg-kg 141 LLE:: “P<<0.05

*P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs
geniposide 5 mg-kg™* group

4 g

B R RS MERERT, &1
— B 8] Y BT S 80U 4L 288 B TR R A I A RN 4R
o B —ERE B DIRe R, RS MR
PR 2 AR R A — 2D s -1 A R AN AR R
KITARE, 2% A EEER N EERE 2
—024, ZHB AT FARET E, el
S0P O S5t o P VR A5 X — IR RORE, 1A S X
METhREE R B s, SRR T s R R
SETZ, T DGR —Fh T 50 A s i P 4
P B T8 1 R B A B e 151,

HE T A G T~ H 52 I A 0 ok s 2R 40 A
v, BAPR. prEA. RIFRIE, AR EL
FhAGIGENE, X E G GBI FIAREE . HE R
JH AR 0 B — 52 IR E A 8200, a7 7E TR
PIRIRIT PR IEE EEIER, HE MR T A
HRFEREME, e T H RN EZ28 T —2m
PR o DR b AT 78 BRI G 0T P A e o P
PR R IIE [ B S AL RSSO PISK/AKE {55 38 it
IR, NHE FHETEIRK LIS IR S5 . AHf
FUEE RN, TR A PR A 5 K BRI 4
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