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Remifentanil alleviates renal ischemia/reperfusion injury by activating PI3K/Akt/eNOS pathway
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[Abstract] Objective To explore the effect and mechanism of intraoperative remifentanil (RF) on renal
ischemia/reperfusion (I/R) injury. Methods Fifty male C57/BL mice were randomly divided into 5 groups: sham group, I/R
group, I/R+1LY294002 (a phosphatidylinositol 3-kinase [PI3K] inhibitor) group, I/R +RF group and I/R +RF +LY294002
group, with 10 mice in each group. Venous blood or renal tissue samples were collected from the mice of each group 6 h after
I/R operation. The levels of blood urea nitrogen (BUN) and serum creatinine (SCr) were detected using automatic biochemical
analyzer. The expression levels of PI3K/protein kinase B (Akt)/endothelial nitric oxide synthase (eNOS) pathway-related

proteins in renal tissues of mice were detected using Western blotting. The aggregation of inflammatory cells was observed by
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H-E staining. The expression levels of tumor necrosis factor o (TNF-a), interleukin (IL)-1p, IL-6 and IL-10 in renal tissues
of mice were detected by enzyme-linked immunosorbent assay. The mRNA expression levels of anti-apoptotic factor Bcl2
and apoptotic factor Caspase-3 in renal tissues were determined by real-time quantitative PCR. Results Compared with the
sham group, the BUN and SCr levels in venous blood were increased in the I/R group, the PI3K expression, phosphorylated-
Akt (p-Akt)/Akt ratio and phosphorylated-eNOS (p-eNOS)/eNOS ratio in renal tissues were decreased, the release levels of
inflammatory factors (TNF-a, IL-1p, IL-6 and IL-10) were increased, BcI2 mRNA expression was decreased, and Caspase-3
mRNA expression was increased; and the differences were significant (all 7<<0.05). The mice of the I/R group had increased
inflammatory cell recruitment in renal tissues. After RF treatment, the mice of the I/R + RF group had decreased levels
of BUN and SCr in venous blood, increased PI3K expression, p-Akt/Akt ratio and p-eNOS/eNOS ratio in renal tissues,
decreased release levels of inflammatory factors (TNF-o, IL-1B, IL-6 and IL-10), increased Bc/2 mRNA expression, and
decreased Caspase-3 mRNA expression; and the differences were significant compared with the mice of the I/R group (all
P<<0.05). The inflammatory cell recruitment was decreased in the I/R +RF group. Moreover, compared with the mice of the
I/R +RF group, the mice of the I/R +RF +LY294002 group had increased levels of BUN and SCr in venous blood, decreased
p-eNOS/eNOS ratio in renal tissues, increased IL-1p and IL-6 release, and increased Caspase-3 mRNA expression; and the
differences were significant (all P<<0.05). The inflammatory cell recruitment was increased in the I/R + RF +LY294002

group. Conclusion RF exerts protective effect on kidney with I/R injury by alleviating renal inflammation and cell apoptosis

through activating PI3K/Akt/eNOS pathway.

[Key words] remifentanil; phosphatidylinositol 3-kinase; protein kinase B; endothelial nitric oxide synthase; renal

ischemia/reperfusion injury; inflammation; apoptosis
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/P rh AR AR, R S L P
ER TR E A N R 22— A PI3K REWS
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ANVE (IR 20~30 g) 50 2, I HIBEZEEKR
OB THEER) LRy [h A
Al E 5. SCXK (7' ) 2018-0006], /N L 7E 12 h/
12 h SEIE SR = N 5, %R 22~25 C,
B 40%~60%, HAHIEKMEY. K/ ERBEL
TR S A ARTFAR . s/ FEEE A (VR
20 ) o i/ FEE TR A+ PI3K B R LY 294002
Ab PR (/R +L1Y294002 2H ) . i ifi/ 75 7 73 44
Ui+ F 25 KRG AL BRZH (/R +RF 40 ) . i/ 7
VTR 05 +1Y294002 4b BE A+ Fi oF K JE ab B 41
(/R+RF+LY294002 41 ) , &H 10 K.,

R oF R JE IR (S Sigma AR] ) FAHE
KR, RPLLIT pg/ (kgemin) B EHIKE
30 min; LY294002 ( 3£ [ Sigma A w] ) % T = H
FETH ( dimethyl sulfoxide, DMSO) J&, ARFif 1 h
L 0.2 mg/kg WIS, SEge b T —Hi s bt
PI3K P 57 B 470K ( 5 [ Abcam 23 H], i B L 1
1:1000) . =Pi p-Akt ZriFEHIA (F[E Abcam
ZyFEl, 1:5000) . BRPL Akt v PR (95
Abcam AH], 1:1000) . BRI p-eNOS £ DT
& (F2[E Abcam AF], 1:5000) . /NREIL eNOS
PTE B PR (3 E Abcam Y L, 1:1000) |
/N BT H Il -3 2 B &= ( glyceraldehyde-3-
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phosphate dehydrogenase, GAPDH; 3¢ [ CST A
A, 1:5000) , —HialdEdise —br ( £ CST
ONE], B 12 5000) . HiNER T (EHE
CSTAF], 1:5000) o /NRIIEIRFEH F o ( tumor
necrosis factor o, TNF-a ) . [1ZH/iti/ % (interleukin,
IL) -1B. IL-6. IL-10 A A% (enzyme-
linked immunosorbent assay, ELISA ) ik 7] & 14 1y
H 92 [E Abcam 2 .

1.2 Bokde/FRERGHEAGES  JBIEESIT
ELEEZ40 (50 mg/kg) BRGNS, AR ZEEAUNE
JIE, 4 B WA Sl K, TSR Bl ke B B XL
' Sk 60 min FEULEE B B0 A1k, Bl 5 FATT 3
Jok e Wk B2 037 o A T AR /) RS 25 8 UM 5 O, 43
B SR K, AN P Stk R A A U,
LD 7 5 5 55 25 BB VI s . 440 AR 45
H 6 h JE UK I B B A 2 2 T A DA

1.3 BEhaeale 4/ Rk, 4 Cobas
Integra 800 4= H #1416 (#ii+ Roche 24F] )
K K Z & (blood urea nitrogen, BUN) . IfiLA]L
I ( serum creatinine, SCr) /KF.

14 EEGRMpdEen  AAH/NRAEEIGE =
FIELIZL, T RIPA B0 75 213K JE ARG HRIR
4 °C TZ# 1 h, TALIE 3 000Xg B> 20 min, HL |-
o KA BCA WLillE 8 ik B, L 30 pg &1
FEM RS YE,  EAERS 60 V 30 min, 90 V 120 min
HLUK, 300 mA 100 min #5 23R 2 h, In—$t,
T4 CWESKR. KHBEE, A= R
# 2 h, PEMES ] Image Quant LAS4000 5 114
1 (SEE GE A ) Mg, 88, >k H Photoshop
BRI i B AR K BEAE,  E B AR B
= HIHE M KEH/GAPDH JKJE{H .

1.5 H-E#é& B4, H—HZER%E 30 min,
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RIS AT ANE Y 4 2 10 min, A 1%
ERFRVAR S s Jo FHZRIB/K Mk, i AP 21 e g 2 G
5 min, SRJ5 RS R B 1) BV T 43S0 Ak 2
K 2 ming A ZFRIEFT B B AL B, SR R
AT E R, fEGA AR T AR,

L6 XMRE-FalE HEES B4, HBEE5%K
AP 4 °C 3 000X g B0 10 min, B ETH . 45
Fie B TNF-or, IL-1B. IL-6. IL-10 ELISA 7] & 15
B ASEC AR ARE S, 0 P REA R i in A

AR LA, FEAL 100 pLo PR 2 N2 1L, FEA
B3 ANESL, HEHRA=EEMER N AL, 37 C
% & 90 min J5 fil A 350 pL ¥R, WEH 3 K.
FALT A ZEABUA TR (4L 100 uL ) |
37 C W H 60 min, Ve, HEALHINARGL AW
TAEW (4FL 100 uL) , 37 ‘C ¥ & 30 min, ¥k
Mo IRATAF] (4L 100 uL ) , 37 C #OLHE
20 min, JIAZ R (4F4L 100 pL) , R 275 B 20l
FHBGARCN A 450 nm K ANGE B, BAES IR
HE AR A B 2 TR AR AR I A M R VR
B3 NI R e 2k

1.7 S8FE % PCR &M HUEAEAHZUMA 1 mL
TRIzol iIX 7| 724323, % % 1.5 mL JC RNA i
EP &P, RS 10 min J5 A 0.2 mL 44,
4 °C 3000Xg B5.0> 15 min, HU W n A S5k
FUSNEE, R )5 3 000X g B0 10 min, # b
s A1 mL 75% & BV I UE U, 3 000X g &
L5 min, 3¢ _L3; AJC RNA B K 7850 1 i ;
FHAMEEEE TR RNA e B4t 0 sk 3ids
cDNA, R &A:: 37 °C 15min. 85 °C 15s, 4 °C
10 min #3401 %K. LI cDNA WA, i F PCR 1Y
PEATP G, i 95 °C 15 min, 95 C 15 s,
60 ‘C 15s. 72 °C 40 s fH¥F 40 K. 5I¥F5: Bel2
iE X 51 % 5-GAT TGT GGC CTT CTT TGA GTT-
3, % X 5] ¥ 5-AGT TCC ACA AAG GCA TCC
CA-3'; kWA R E A ( Caspase ) -3 1E X519
5'-AGT TGG ACC CAC CTT GTG AG-3', & X5|¥)
5"-AGT CTG CAG CTC CTC CAC AT-3'; GAPDH
1E X314 5-CCA CTC CTC CAC CTT TGA CG-3',
5 X 5| ¥ 5'-TAG CCA AAT TCG TTG TCA TAC
CAG G-3'. I BANFEARN ACHE, I HLAARXT
Fikar,

1.8 %itsabz@ i ff] SPSS 21.0 #4788 2%
3T BUELL xts TR, ZAMRELECRHRHE R )7
00T, SRIGUEAT Tukey Fr. R /KAE () 4 0.05.

2 & R

21 BHaes®  IURY/NEE KL BUN, SCr
KFTHE, SHFRAMEZESHAESIT ¥R
(P ¥3<<0.05) , Bk i/ 45 9 0 w] S B0
U S e 45 5. UR +RF 2H /)N Ui ik 1. BUN
SCr /K V¥4 UR L FRAK, ZSF WA G IT¥E XL
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Fig1 Renal function of mice in each group

LY294002 is a PI3K inhibitor. I/R: Ischemia/reperfusion; RF: Remifentanil; BUN: Blood urea nitrogen; SCr: Serum creatinine;

PI3K: Phosphatidylinositol 3-kinase. P<<0.05 vs sham group; “P<<0.05 vs I/R group; *P<<0.05 vs I/R+RF group. n=10,x*s
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B2 ZFERELEEST/NRBEALAS PI3K/AKkt/eNOS & HHEXEBKRIE
Fig2 PI3K/Akt/eNOS pathway-related protein expression in renal tissues of mice detected by Western blotting

LY294002 is a PI3K inhibitor. PI3K: Phosphatidylinositol 3-kinase; p-Akt: Phosphorylated-protein kinase B; Akt: Protein kinase B;

p-eNOS: Phosphorylated-endothelial nitric oxide synthase; eNOS: Endothelial nitric oxide synthase; GAPDH: Glyceraldehyde-3-

phosphate dehydrogenase; I/R: Ischemia/reperfusion; RF: Remifentanil. "P<<0.05 vs sham group; 4P <0.05 vs I/R group; *P<<0.05

vs I/R+RF group. n=10, x*s
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(P 17<<0.05) 5 B 325 K JE 5 UR +RF d/hEVE

@

WELH AU b R e M PR B Rl s /0, 5 /R d1AHLE
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b ¥ 5 B I/R +RF +1LY294002 26 3t 25 K Je i 7>
IL-1B. IL-6 BR85S, 5 /R +RF AHIE 2
SE G (P Y)<<0.05), #ERERZS KB @
i B3R PISK/Akt/eNOS 3 6 s 2 15 e i/ -V 8 43
e (R 9 AE IV

©
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Fig3 H-E staining of renal tissues of mice

A: Sham group; B: I/R group; C: I/R+RF group. I/R: Ischemia/reperfusion; RF: Remifentanil. Original magnification: X400
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Fig4 Inflammatory factor expression in renal tissues of mice detected by enzyme-linked immunosorbent assay

LY294002 is a PI3K inhibitor. I/R: Ischemia/reperfusion; RF: Remifentanil; PI3K: Phosphatidylinositol 3-kinase; TNF-a: Tumor
necrosis factor a; IL: Interleukin. "P<<0.05 vs sham group; “P<0.05 vs I/R group; *P<0.05 vs I/R+RF group. n=10,X+s
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Fig5 mRNA expression of anti-apoptotic factor Bcl2 and apoptotic factor Caspase-3 in renal tissues of mice

detected by real-time quantitative PCR
LY294002 is a PI3K inhibitor. I/R: Ischemia/reperfusion; RF: Remifentanil; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
PI3K: Phosphatidylinositol 3-kinase. "P<<0.05 vs sham group; “P<<0.05 vs I/R group; “*P<<0.05 vs I/R+RF group. n=10, x*s
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