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[ Abstract] Objective To investigate the protective effect of icaritin liposme against hepatic ischemia /reperfusion
(I/R) injury in rats and its mechanisms. Methods A total of 120 male SD rats were randomly divided into four groups:
icaritin liposome—+1/R (ICT-+I/R) group, vechicle liposome—+I/R (LIP+1/R) group, I/R group and sham operation

(Sham) group. Each group was randomly divided into two subgroups of 2 h and 6 h. The rats in the Sham group were
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only with free hilum, and the other three groups were subjected to 70% liver ischemia for 60 min. Icaritin liposome
(1.5 mg/kg) or vechile lipsome (with same volume of icaritin liposome) were intraportal venously injected in the ICT+
I/R and LIP+1I/R groups at 10 min before ischemia, without any pretreatment in the I/R group. Blood and liver tissue
samples in each group were obtained at 2 h and 6 h after reperfusion to measure the levels of serum alanine
aminotransferase ( ALT)/aspartate aminotransferase ( AST), and the contents of superoxide dismutase (SOD),
malondialdehyd (MDA), nitric oxide (NO), nitric oxide synthase (NOS), inducible nitric oxide synthase (iNOS),
endothelial nitric oxide synthase (eNOS) and myeloperoxidase (MPO) in liver tissues. The morphology of liver tissues
was observed by H-E staining. The apoptosis of liver cells and apoptosis index (AI) were calculated by TUNEL
staining. Results Compared with the LIP+1I/R and IR groups, ALT level, MDA and MPO contents, and Al were
significantly decreased in the ICT+I/R group at 2 h after reperfusion (P<C0. 05, P<C0. 01). At 6 h after reperfusion,
the ALT and AST levels, MDA content, and Al in the ICT+1/R group were significantly reduced, and the contents of
SOD, NO, NOS, and eNOS were significantly increased compared with the LIP+1/R and IR groups (P<C0. 05, P<C0.
01). Conclusion Icaritin liposome can reduce liver I/R injury by increasing the contents of SOD and NO, reducing the

formation of MDA, promoting the expression of eNOS, and inhibiting the accumulation of MPO and liver cell apoptosis.
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Fig 1 Serum ALT and AST levels and liver tissue oxidative indices at 2 h and 6 h of reperfusion in rats of each group

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; SOD: Superoxide dismutase; MDA : Malondialdehyde; NO: Nitric oxide;

NOS: Nitric oxide synthase; iNOS; Inducible NOS; eNOS; Endothelial NOS; MPO: Myeloperoxidase; I/R: Ischemia/reperfusion; ICT:

Icaritin liposome; LIP: Vechicle liposome. * P<C0.05, ** P<C0. 01 vs Sham group; & P<C0. 05, &4 P<C0. 01 vs ICT+1/R group. n=15, z=*s

2.3 EFEFMERAKRAIE /R 45 )5 4
RIRBF & FeH K 2 ] W, Sham 20 KU
JNETCH G BRI BE . 1/R ZHHHEVE 2 h i, B2 R A
TEIF/ING5AE S AT U481 R IR IR BE 0 B2 A 8 A
AR s FERETE 6 h i nl UL BN B T 4G
BRI AF A R F 2 A A ARIRSEIX . LIP+ /R
ZPFRETE 2 bt BT Al DUASER A4 /N 25 R L
PR IS PN AT AL SE AL » R s T B A R
/R

2 BEARBEET2hFAI6 hFFAAHELEBER

1) 9 S AU IR s FHOETE 6 b, 5 T DA B B i i
SFEICIL - FAEANMIIEE )32 Jo i s BRI R P e ¢ 42
AT . ICTH1/R 4L 2 h i B8 T A 58
HE BB /N2 o JR I RT e s Y A P I SE P
A GRE M ML 5 FEETE 6 b IE /NS AL ASORT
AT DL S Y r O K S B SRR B A S AE 4T
i . L ESCR UM 48 TR FAE R IR RS . K
SRR S 3 ) e iz

LIP+I/R

Fig 2 H-E staining at 2 h and 6 h of reperfusion in rat liver of each group

I/R: Ischemia/reperfusion; ICT: Icaritin liposome; LIP: Vechicle liposome. Original magnification: X200
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B3 KAEAKXBBET2hF6hFFAIIALS TUNEL FEER(A) BRBTIEE(B)

ICT+I/R
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Hepatocyte apoptosis index

Fig 3 TUNEL staining (A) and apoptosis index (B) at 2 h and 6 h of reperfusion in rat liver of each group

IR: Ischemia/reperfusion; ICT: Icaritin liposome; LIP: Vechicle liposome. Arrows indicate apoptotic cells. Original magnification: X400 (A).

** P<C0. 01 vs Sham group; &4 P<C0. 01 vs ICT+1/R group. n=15, x=*s

3 4t i

AWFTE R I - T -7 2R R TR RE % [ AR BUIT
JIE 1/R #1455 ALT F1 AST /K-, W85 JFF453 40 I s
D A R T I S S 2 3R DR TR T Ak L R 6% ]
B BTN I/R 5. Eum 50K FIET/R
P Ja vl B IR A0 B, ALT  AST 45 — S fifg iy
WL BRI, A AT — 20 A, X — 2k B A7
FEREREYE  I/R 8445 — B & 4R, g ALT $iRfiZ 5
PR R, S R ET 2 hy I R
ALT 7RKPRE 288 T 8 R TR r) fc g e HB BT 52 3
J& 6 h, ARWFFTEER DR LM P FHHERE 2 h A1 6 h
Ja  ICT+1/R MK R IME ALT K38 BAL T
LIP+I/R 4L S T/R 4 Wil AST 7KF-78 Fe
{E 2 hif 5 LIP+I/R 401 I/R 41t 25 R o5 it
2R S0 ATE P 6 h g LIP+HI/R 4080 I/R 41
Bl R HFRATIACHTE /R i i 2t (0~
2 ) FIH BRI (=6 h) , R FE R IR IR REAE A 2L
RIS ALT (7KF- . 78 v i 30 i A 5] B R IR AST
KU T A M A A7 S AE — AR R b s T
VR R IR RAE TR 1/R 5345 vh & FE I e AR 4 4
o SRR BN A S E A RN AN 08 1 25 R i —
HAESE

AT FEZMGUEACDLEA BRI T R R
JAKH A SRAF LA . FAE 2000 4F 2 AT 2 E X
TR PR E T AT T 015 88T ]
T T ARSI N IR N B 4 ) R A R A
SR ey 4 A A RTAT R 2 Il DR R A G
HA W HAT B8 HA ] PTK 38 B % L iy 1 Y .
IR AT IE TR A . Liu R A7

F M R 1E I BEA2 11 Bel-2/Bax HL i, 42 fiff
JEAHRE P I SRR i R 45 6 4 (L-FABP) 53 4k
Y ARIE TS AR o (RPAR-o) 25 [ A 1 58
I CCL5 7 A2 1 2 Pk I 40 i A A 4
Zhang Z5 [ RSB R B AR R B R K
O LA SOD T 4 L 982 MDA Az i 1 A
P T e 5 fE ik PISK/ Akt {553l BRI AL ARG . SR
AP A% B T 5 % 78 3R 2 1 REAE 1A N & 4% [F)
FEIRC, AP EE AT SCHRERE S . NFRATTHY SE B 45 RO
76 T/R 45039 7 0 580 401, 22 2772 IR AR Tk
PREH R BUIT 4 20 MDA 55 S 2 5 1 793 A~ 52 475 % Hd
4, RINE LA RIRBUATE T/R 51405 6B 48 A 25008
/U JE 290 ) S8 P I 0 40 Sk B e g o 4R
FRVER . SR 1 (2 b L3 A gl SOD i
PEZ ] #4907 B I8 22 5, 2 & A v g
(6 h) ¥R R R B AL B2 Y SOD I 14 2.
IR v T A A 4 0 B AR Ak, G, FRAT
SRR 78 FRNR A v] BB T8 i W b SR AN [F] Y
JrORSEVE Y B 2 SRR R AR PR AT A2 i SOD
WP T (A A% T BR A B R s 5340,
YERAENIEPER A B RIERR R 5 SOD i 14 1y 28
A TEG W] B R I A (LB A 9 4 B S DA
G B E ALY A B SR AL T T —
HWIRAWSE .

I/R 5 J5 LA R R R O 8 1) 40 L P55 f
RRAREAT [ 188 AT FE DRI SN, 5 e 2 BURAE S o
TEHERE & A AL K kA I 4 L e SR 4 TS L
A NADPH %Ak L S NADH S A0 ) Hh PR 40
JLA-S o AT H BT B IBCR R 23 48 0 1 3 2 v T
7R i 16 ME 4 (reactive oxygen species, ROS),



o 744 -

WK 201746 H .55 38 4%

F LM 5 | P P R B A 4 5 ) K I A PN B 4 P 45 £
/IR AR 32 T 5 SCRO0 2 BHL2E . fke I, 24454
G ERE N . T — i, RN B E A i A
RBRE IS« 55 AT A RO B oK A 5 L4 P 2 240 i 22 1)
T2 1 SO TR B P AR S e R TSk A
TOFPCAEE rh #8nh 7= A R 1 ROS, DT i 28 1 45
WU . AR X R R R AR e
PP PP RIEFHC A HIE ., Lai 5570 i Ao s
FEEEE W0 . ) 22 LPS % 3061k R BLIR £AE
ZHe U] B > 1L-6, 1L-10, 4% 40 M a1k I+ 1
(MCP-1) DA ¢ TNF S5 20 i A1) 43 » AL AT e
HHES MAPK {45 P38 JNK {553l A %, B
J& » Zhang %" eSS 56 L ARAS T AR 2
FEER IR TITURIE S i 88 6 1) ELAA ML s A P AR TR L
Ifml R TR BA UM BTREN .. ARJE
s EL A B A BT R A T 5 RO HBA 2R (A
R R A AR RS RAEE R T S TEA LY
A3 A 1 M ST e VL A L A R B
MFsEEe b, FRATT I MPO 3 o , 5 5 42
PR AR AFE 1/R i B i As fe k. 45
RN ERFE /R S 4500 2 (<2 b, 54
PR B L 2 =75 28 1 T 1A R 68 B b IR
BUFAZU MPO fa 4, bR, B EERAT
U] P AR 248 o) P 2H 2352 3 A T i 2 - 248 o
T-IER.

FEIEH AR T IR h RAEAE eNOS, H3%
IR ARAR . 22 2R A NO, 1l 78 — 265 BEAF 00
L JFRE INOS Fik B, I A K NO™Y, ]
PR A BT NO ZEJIFIIE 1/R $i 45 vh ot 55 & 45
TR VERE B ER], HRTIMEER 2. N
Y IR T 3 12 A7 U A5 2« NO R JE A
[ 2 L R R AR A R A8 1) S 3 M A B
M5 2 eNOS KL 4E 1 NO 7 /R $ith b &
BYERE . T INOS 5= 2E 1 NO 2[R EH
A ARE R, BT ol af st ) L &2 3 st 1] DA B EL Ak
SLEGARL AR R R TP T/R B4R
M 6 b J5 s % F 72 3R R TR T4k 2 7 oK BRUH2H 28
H1 NOS, eNOS 8 P35 76 /> 4 473 %F B 41 35938 5, NO
AR BEZ K . R B, &) INOS (1 3R 3KIF R
BILUIE2ER, AL E R IR T AE 2
#E eNOS 23k L, 8l NO &, DUk 4 5

Xt 1/R #5453 i A A OR3P VR T
FEBUACRFE SN F A A, B SE — AP T T REAEAR
REEE By A b . 32 ARSI R. (Hi% T
HEER GBI ER /R 8140, S8R G I GEAR
YRR VEIF R A TCIIRE ™ 1k A . AT e AR
UETFAZ 2 [ e 1/R 5405 » 02 A= T D fig
PRAZ 2 F R I PR % o A R TR AL, A A B 7
FAER IR BARE RS i 1 m SOD i 4 98 > MDA
A 8 2 iE eNOS BB T B4 NO 5 L
Lol MPO #) SR AR | /b B 4 0 08 1245 2 ik A8
FEHXRBUIPIE /R A PRI . BT Lk it
FEAR AN TR AR SR AN o 7S5 2 O PR R AE R
i AR B BRI AR TR T IR AT 5 5 HL 2% 18 8 T I
PR H ELA W T Gt A g T s i 00 S 3o
L LU PR AR R MR AR RO A o TR X i
FAE RN AR B BAL AR E LA B B R G
AOPPAY . 0 ER R 2 2 3R N o A T AAR DA o T
/RS HGHT 259, B H B TR

(£ % 3 k]

(1] ERTa] 3. P2 R AR o S 25 BRAE T O BF 50 0t
JELT ] A R Rl 24, 2015, 19:16-18.

(2] XUBA 2. 12 FAE 25 3R o3 ke (23O [T ] Wty
HPIRLF 2014, 43, 183-186.

(3] A5 B, THIR, sk Ae., DU A [ 7 2 o 4
B KRR A A R AT I ELT ] AR 2SS S
Sk, 2015,29.27-31.

[4] JIANG]J, LI1J, JIA X. The antiosteoporotic activity of
central-icaritin - ( CIT ) on bone metabolism of
ovariectomized rats[ J]. Molecules, 2014, 19. 18690~
18704.

[5] TANEM, LIL, INDRAN IR, CHEW N, YONG E
L. TRAF6 mediates suppression of osteoclastogenesis
and prevention of ovariectomy-induced bone loss by a
novel prenylflavonoid[J]. J Bone Miner Res, 2017,
32, 846-860.

[6] ZHAOH, GUO Y, LIS, HAN R, YING J, ZHU
H, et al. A novel anti-cancer agent icaritin suppresses
hepatocellular ~carcinoma initiation and malignant
growth through the 11-6/Jak2/Stat3 pathway [ ] .
Oncotarget, 2015, 6; 31927-31943.

[7] SUN L, PENG Q. QU L, GONG L, SIJ. Anticancer

agent icaritin induces apoptosis through caspase-



56 1. A B A RIRFUAHUR U IR 0 FEE T 5

o 745 -

dependent pathways in human hepatocellular carcinoma
cells[J]. Mol Med Rep, 2015, 11: 3094-3100.
KANG H K, CHOI' Y H, KWON H, LEE S B, KIM
D H, SUNG C K, et al. Estrogenic/antiestrogenic
activities of a epimedium koreanum extract and its
major components; in wvitro and in vivo studies[]].
Food Chem Toxicol, 2012, 50 2751-2759.

XU F, DING Y. GUO Y, LIU B, KOU Z, XIAO W,
et al. Anti-osteoporosis effect of epimedium via an
estrogen-like mechanism based on a system-level
approach[ J]. J Ethnopharmacol, 2016, 177, 148-160.
MA H R. WANG J, CHEN Y F, CHEN H, WANG
W S, AISA H A. Icariin and icaritin stimulate the
proliferation of SKBr3 cells through the GPERI-
mediated modulation of the EGFR-MAPK signaling
pathway[J]. Int J] Mol Med, 2014, 33 1627-1634.
TSANG W P, ZHANG F, HE Q, CAI W, HUANG
J. CHAN W Y, et al. Icaritin enhances mESC self-
renewal through upregulating core pluripotency
transcription factors mediated by ERa [ J/OL . Sci
Rep. 2017, 7. 40894. doi: 10. 1038/srepd0894.
LIUP, JINX, LUH, LI1J, XUW, QIAN H H, et
al. Icaritin ameliorates carbon tetrachloride-induced
acute liver injury mainly because of the antioxidative
function through estrogen-like effects[J]. In Vitro Cell
Dev Biol Anim, 2014, 50. 899-908.

ZHANG W, XING B, YANG L, SHI J, ZHOU X
Icaritin attenuates myocardial ischemia and reperfusion
injury via anti-inflammatory and anti-oxidative stress
effects in rats[ J]. Am J Chin Med, 2015, 43. 1083-
1097.

BANGHAM A D. STANDISH M M, WATKINS ] C.
Diffusion of univalent ions across the lamellae of swollen
phospholipids J]. J Mol Biol, 1965, 13, 238-252.
TSUNG A. SAHAI R, TANAKA H, NAKAO A,
FINK M P, LOTZE M T, et al. The nuclear factor
HMGBI mediates hepatic injury after murine liver
ischemia-reperfusion [ J ]. J Exp Med, 2005, 201:
1135-1143.

EUM H A, CHA Y N, LEE S M. Necrosis and
apoptosis: sequence of liver damage following
reperfusion after 60 min ischemia in rats[ J |. Biochem

Biophys Res Commun, 2007, 358: 500-505.

[17] ZHANG Y W, MORITA I, SHAO G, YAO X S,

MUROTA S. Screening of anti-hypoxia/reoxygenation
agents by an in vitro model. Part 1. natural inhibitors
for protein tyrosine kinase activated by hypoxia/
reoxygenation in cultured human umbilical vein
endothelial cells[J]. Planta Med. 2000, 66: 114-118.
M. [ d SBR[ ML PG4 5 DU 22 B8 R H Rk
2006.77-78,81-82.
LAI X, YE Y, SUN C, HUANG X, TANG X,
ZENG X, et al. Icaritin exhibits anti-inflammatory
effects in the mouse peritoneal macrophages and
peritonitis model [ J ]. Int Immunopharmacol, 2013,
16. 41-49.
SHEN S Q. ZHANG Y, XIONG C L. The protective
effects of 17 B-estradiol on hepatic ischemia-reperfusion
injury in rat model, associated with regulation of heat-
shock protein expression[J]. J Surg Res, 2007, 140.
67-76.
CASILLASRAMIREZ A, MOSBAH 1 B,
RAMALHO F, ROSELLO-CATAFAU J, PERALTA
C. Past and future approaches to ischemia-reperfusion
lesion associated with liver transplantation[ J]. Life
Sci, 2006, 79: 1881-1894.
ZHANG B, LIU Q H, ZHOU C J, HU M Z, QIAN
H X. Protective effect of eNOS overexpression against
ischemia/reperfusion injury in small-for-size liver
transplantation[ ] ]. Exp Ther Med, 2016, 12. 3181-
3188.
ABU-AMARA M. YANG S Y. SEIFALIAN A,
DAVIDSON B, FULLER B. The nitric oxide pathway-
evidence and mechanisms for protection against liver
ischaemia reperfusion injury[J]. Liver Int, 2012, 32.
531-543.
BELGHITI J, DI CARLO I, SAUVANET A, URIBE
M, FEKETE F. A ten-year experience with hepatic
resection in 338 patients: evolutions in indications and of
operative mortalityl J]. Eur J Surg, 1994, 160, 277-282.
STRASBERG S M, HOWARD T K, MOLMENTI E
P, HERTL M. Selecting the donor liver: risk factors
for poor function after orthotopic liver transplantation
[J]. Hepatology, 1994, 20(4 Pt 1) 829-838.
[(AxXHE] 7 &



