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Abstract: Objective To explore the effect of repeated hypoxic preconditioning (RHP) on renal ischemia-reperfusion-induced
hepatic dysfunction in rats and the underlying mechanism. Methods A total of 120 normal SD rats were randomly divided into
4 groups (n=40), namely RHP surgical group, RHP sham-operated (RHPS) group, nonhypoxic surgical group (IRI group), and
nonhypoxic sham-operated group (S group). The rats in the hypoxic groups were exposed to hypoxia in a hypoxic chamber for
5 days prior to establishment of renal ischemia-reperfusion model by resection of the right kidney and clamping the left renal
hilum. Serum alanine aminotransferase (ALT), IL-17A, TNF-q, liver superoxide dismutase (SOD) and nitric oxide (NO) were
detected at 2, 8 and 24h after reperfusion, and Western blotting was used to determine the expression of p-PI3K and p-AKT;
HE staining was used to observe the structural changes in the liver. Results Compared with IRI group, RHP group showed
significantly milder hepatic damage, lower ALT levels and higher NO levels at 2, 8, and 24 after reperfusion (P<0.05); TNF-a
levels were lowered at 24 h (P<0.05) and SOD increased at 8 h after the reperfusion (P<0.05). Compared with S group, IRI
group and RHP group showed significantly higher IL-17A levels (P<0.05) but without significant difference between the latter
two groups (P>0.05). The expressions of p-PI3K and P-Akt in RHP group were significantly higher than those in IRI group (P<
0.05), especially at 8 h after reperfusion (P<0.05). Conclusion Repeated hypoxic preconditioning can attenuate hepatic injury
induced by renal ischemia-reperfusion injury in rats.
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Fig.1 Comparison of serum ALT, IL-17A and TNF-a concentrations between four groups. *P<0.05 vs IRI 2 h; ‘P<0.05 vs IRI 8 h; “P<0.05 vs

IRI 24 h; °P<0.05 vs RHP 2 h; *P<0.05 vs RHP 8 h; "P<0.05 vs RHP 24 h.
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Fig.2 Comparison of SOD and NO levels in the liver tissue between four groups. *P<0.05 vs IRI 2 h; P<0.05 vs IRI 8 h; “P<

0.05 vs IRI 24 h; *P<0.05 vs RHP 8 h.

2.3 HFRELL LRI F i

HE Jeta 25 LR 3, 18 3L K& 31 o, ATFHE 4 i
AR FFETCTTIL, 7T UL/ bk i ; &
3C R, Y 5K, DA P I, T AR BER L A i
2, AR RS 2500 5 16 3F o, P4 545K 3C
B ARAFAEILAE X RPN HIRE o 8] 3K K & 3H i
N, JFAEHES IE S/ a7 ; 151 3B s, Kipas
W, R LS M 4 i |, e RHES 255 ; 1] 3E b
7, PR 3B IR, (HILAR XA K R iR
T, SRR 7 ; 181 30 S2 &1 3G i , B+ 4L, /b
SR MEANIEIRE ; B 3A B JIFSE Fe i, b K 4 441 i
RIS, ROmpk L BRI, mT LR [ 40 ) 4 i A
FARGEAI BT ; 1 3D Bow PN AIE A48 A IEH 1L
X FEL RIS , R L 2RI, 454522
2.4 P-PI3K.P-AKT % & ¢4 ik

SRV A L, PR T 24 hivt, RHP 41 P-PI3K
P-AKT 2 1364141 (P<0.05) , FEVE 8 hi iR
FiktEF1(P<0.05) ; PR 24 hist,RHPS 4 P-PI3K
P-AKTEHFEAY &= T IRIZLZ SZH(P<0.05,[84).,

3 #Wig

' RS T R R R T O M A 8 B R AR
FARH WL RIA)E , = H A o] 3SR
HARJG B IFRRE R R AR TR B R,
HEAFRBEAIR S BB 055 AR P JE S
LI A, T2 PR A T A P 7 A v e B ) T 1 R
7 , NI SRR ERS , AR A D RERERT , ™ H i) -
MM ARG A AEADFEAERE . P A M4
PR R S BT M 2, 2 M — 2 U I VR AL 1) 2
B BB (RN R, S S AP oA W B s
AT RHP v] DAV B I Sl P e 5 s ke i)
B ER T, S SR G A R

ARSI B 5 S LA EL , IR ZH 45 Bsf 18] p5 1L 3 vp
ALT ¥R i B 15 (P<0.05) , 6 B PIEE 155 B 1 P

B T DIRESZ 2 THE; 5 IRIZAHLL, RHP 44
B T] 8 ALT 7K 2 T R BRFREEVE ) 2 hims T S 4141,
FETE8.24 h 5 SIAHILTE2: 5 (P>0.05) , & RHP
1 7B R L R B 35 T RE . TR, ARG
HEAT T I TNF-a )2 IL-17A K 5E | 25 5 0 s
5 2 h, IR N RHP 4] TNF-o/K -2 7+ 5, RHP 41
TNF-a/K - THHEE)S 24 h [REE R ML IRIA R
3 (P<0.05) , £ RHP n i p i 1T- 8 F A2k, A
TR RN D A AR T, 46 = FRE D RE R VE T s B 5T
IR L-L7ATE Il B Sl i P v J5 T 80 2 ik 2
RE I Y & A R R, IL-17A B2 AR
) Paneth 21t AT 2336 , AFF 55 A BURF Paneth 3 [R]
J AT L P AR , & B A% I s, AR
ST6 I IL-17A 25 5 8%, IRI 4 J2 RHP 41 1ML i
IL-17A 7K -5 S2H % RHPS 224 F- i 2 (P<0.05) , i IRI
Y1) RHPALIMYE 1L-17 AZKEAEAS ] i et 24 X
(P>0.05) , 2 ] RHP X i 5 Mk sife 1t P28 v 463 40 J e
TP IR ARAE SN 5 SUANIS T A 5 ke 21 1
et E R R VR o ZEBRAE B, LA ROS 7
) | A g e Y 2 i U SR N (TR =€t DT i
WA, I sh— SR gR ToRE FIEZH4 SOD
LR R, 5 SHMIL, IRIZH SOD & T HHET)5
8.24 h i H WA, 2 B B PR VR S P KA B
3, 28 MREERE ARG , 2P 4n A N P2
TH A FHELRE S ;11 RHP 2H SODE T-HH#E )5 8 h
TR R RHP #2031 IR e B 480 A PR 075 B
71, HATREFE S 8 h oA 3L I AE 3R AT
(AR R T, IV A 1 i B A RS s ] A 1T
TE. AFEE NO & EEEE R R  RHP ] LU = B iy
VR A PR Y S NO 7 i, H RHPS 4111 NO 7 -t A
I T e, 6B NO 75 22ty 322 S R AT g Ay T Ah $HL B
2., St H TR, AR NOS 23y 3FhE, BIpy g,
PRI S, N A A2 RINOS 25 AR IE#
A HE B, T 1 NOS FEIEe A5 T A= ()



- 152 - J South Med Univ, 2015, 35(1): 149-153

http://www.j-smu.com

T
-
Q

=
@

=
<

N

2 h after IRI

RTINS A beAl
._j‘}.'"l__.-_-', R ICOW  1] }

B3 XKRBRMEETEENASAMEHERE

Fig.3 HE staining of liver tissue in different groups after renal ischemia reperfusion( HE, original magnification: x200). A-C: IRI group;

D-F: RHP group; G-I: RHPS group; J-L: Sham group.
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Fig.4 Expression of p-PI3K and p-Akt in different groups
after reperfusion. *P<0.05 vs IRI 24 h; ‘P<0.05 vs Sham 24 h;
“P<0.05 vs RHPS 24 h.

B2k

[1] Yang CC, Lin LC, Wu MS, et al. Repetitive hypoxic preco-
nditioning attenuates renal ischemia/reperfusion induced oxidative
injury via upregulating HIF-1 alpha-dependent bcl-2 signaling [J].
Transplantation, 2009, 88(11): 1251-60.

[2] Serteser M, Koken T, Kahraman A, et al. Changes in hepatic
TNF-alpha levels, antioxidant status, and oxidation products after
renal ischemia/reperfusion injury in mice[J]. J Surg Res, 2002, 107
(2): 234-40.

[3] Park SW, Kim M, Brown KM, et al. Paneth cell-derived
interleukin-17A causes multiorgan dysfunction after hepatic
ischemia and reperfusion injury [J]. Hepatology, 2011, 53(5):
1662-75.

[4] Kono H, Fujii H, Ogiku M, et al. Role of IL-17A in neutrophil
recruitment and hepatic injury after warm ischemia-reperfusion
mice[J]. J Immunol, 2011, 187(9): 4818-25.

[5] Sugita S, Okabe T, Sakamoto A. Continuous infusion of

dexmedetomidine improves renal ischemia-reperfusion injury in rat
kidney[J]. J Nippon Med Sch, 2013, 80(2): 131-9.

[6] Stafford-Smith M, Shaw A, Swaminathan M. Cardiac surgery and
acute kidney injury: emerging concepts[J]. Curr Opin Crit Care,
2009, 15(6): 498-502.

[7] Perico N, Cattaneo D, Sayegh MH, et al. Delayed graft function in
kidney transplantation[J]. Lancet, 2004, 364(9447): 1814-27.

[8] Koo DD, Welsh KI, Roake JA, et al. Ischemia/reperfusion injury in
human kidney transplantation: an immunohistochemical analysis of
changes after reperfusion[J]. Am J Pathol, 1998, 153(2): 557-66.

[9] Akhtar MZ, Henderson T, Sutherland A, et al. Novel approaches to
preventing ischemia-reperfusion injury during liver transplantation
[J]. Transplant Proc, 2013, 45(6): 2083-92.

[10] Yeh CH, Hsu SP, Yang CC, et al. Hypoxic preconditioning
reinforces HIF-alpha-dependent HSP70 signaling to reduce
ischemic renal failure-induced renal tubular apoptosis and
autophagyl(J]. Life Sci, 2010, 86(3/4): 115-23.

[11]Park SW, Kim M, Kim JY, et al. Paneth cell-mediated multiorgan
dysfunction after acute kidney injury[J]. J Immunol, 2012, 189(11):
5421-33.

[12] Liu G, Sun Y, Li Z, et al. Apoptosis induced by endoplasmic
reticulum stress involved in diabetic kidney disease [J]. Biochem
Biophys Res Commun, 2008, 370(4): 651-6.

[13] Chien CT, Shyue SK, Lai MK. Bcl-xL augmentation potentially
reduces ischemia/reperfusion induced proximal and distal tubular
apoptosis and autophagy[J]. Transplantation, 2007, 84(9): 1183-90.

[14]Chien CT, Lee PH, Chen CF, et al. De novo demonstration and
co-localization of free-radical production and apoptosis formation
in rat kidney subjected to ischemia/reperfusion [J]. J Am Soc
Nephrol, 2001, 12(5): 973-82.

[15]Bhatt K, Feng L, Pabla N, et al. Effects of targeted Bcl-2 expression
in mitochondria or endoplasmic reticulum on renal tubular cell
apoptosis[J]. Am J Physiol Renal Physiol, 2008, 294: F499-507.

[16] Bernaudin M, Nedelec AS, Divoux D, et al. Normobaric hypoxia
induces tolerance to focal permanent cerebral ischemia in
association with an increased expression of hypoxia-inducible
factor-1 and its target genes, erythropoietin and VEGF, in the adult
mouse brain[J]. J Cereb Blood Flow Metab, 2002, 22(4): 393-403.

[17]Uchiyama T, Engelman RM, Maulik N, et al. Role of Akt signaling
in mitochondrial survival pathway triggered by hypoxic preco-
nditioning[J]. Circulation, 2004, 109(24): 3042-9.

[18] Date T, Mochizuki S, Belanger AJ, et al. Expression of consti-
tutively stable hybrid hypoxia-inducible factor-lalpha protects
cultured rat cardiomyocytes against simulated ischemia-reperfusion
injury[J]. Am J Physiol Cell Physiol, 2005, 288(2): C314-20.

[19] Erler JT, Cawthorne CJ, Williams KJ, et al. Hypoxia-mediated
down-regulation of Bid and Bax in tumors occurs via hypoxia-
inducible factor 1-dependent and -independent mechanisms and
contributes to drug resistance [J]. Mol Cell Biol, 2004, 24(7):
2875-89.

[20]Zhou J, Schmid T, Frank R, et al. PI3K/Akt is required for heat
shock proteins to protect hypoxia-inducible factor lalpha from
pVHL-independent degradation [J]. J Biol Chem, 2004, 279(14):
13506-13.

(i - PR



