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PRHEIH T —a(tumor necrosis factor, TNF—o ) F1 NI A2 - 18 (interleukin, IL-18 ) ¥ B, 4% N3 72: (Western blot, WB) A 42 4H
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Effects and mechanism of nicotine

on cold ischemia reperfusion injury in rats kidney
Zhang Qilin ,Su Shuai , Wang Yunlong,Ran Ruitw,Yin Zhikang
(Department of Urology,The First Affiliated Hospital of Chongging Medical University)
[ Abstract)Objective ; To investigate the protective effect and mechanism of nicotine on cold ischemia reperfusion injury in rats.
Methods : Totally 30 male SD rats were randomly divided into sham operation group,IRI group and nicotine groups(40,400,4 000
pelkg),6 rats in each group. The left renal ischemia-reperfusion injury model was set up in IRI group,and the right kidney was
removed. The right kidney was removed only in the sham operation group. The nicotine groups injected nicotine into the abdominal
cavity before closing it,while the rest were the same as those in the IRI group. The concentrations of serum creatinine and blood urea
nitrogen were determined by colorimetric method. The concentrations of interleukin-1 B (IL-18) and tumor necrosis factor—a (TNF-
a) in serum were detected by ELISA. The concentrations of nuclear factor kB(NF-kB) in cell nucleus were detected by Western
blot and method of SP immunohistochemistry. HE staining was performed to observe the pathological changes of renal tissue. Results .
IRI can cause pathological changes of kidney in rats,increase the level of serum creatinine (P=0.005) and blood urea nitrogen (P=
0.003) ,increase the level of NF-kB p65(P=0.002) in the nucleus of renal tubular epithelial cells,and increase serum TNF-a (P=
0.011) and IL-1B (P=0.007). Compared with those in IRI group,the intraperitoneal injection of nicotine can reduce the content of
NF-kB p65(P=0.003) in the nucleus of renal tubular epithelial cells,reduce the level of serum creatinine (P=0.005),blood urea
nitrogen (P=0.004) , TNF-a (P=0.009) and IL-1B(P=0.007). But there was no significant difference between the three dose groups.

Conclusion ; Nicotine has protective effect on renal ischemia reperfusion injury,and its mechanism may be related to the inhibition of

VEE NGB KBt Email . 654402564@ the nucleation of NF—kB p65 in renal tubular epithelial cells,
ITZ[ RS, Email ; qq.com,

B B B bt B reducing the inflammatory reaction and reducing the level of
BIE1EE . 7 £, Email ; yinzhikang2005@sina.com,, TNF-a and IL-1.
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S 1L FRE VE 451495 (ischemia reperfusion injury,
IRD) 4K T 5 RO AE AR A B PR ve O IR MG
TG, [P A A D BRI S A 3R M
U2 A I TR S i 75 AP A P R A R i) A, A
B8 (nicotine ) & —FIEGR AE SZ A B 3] , BIF5E A AR
BRCAE RAEVE R T A B2 B, T AR sl 2
i 5 B VA 2 L PRLREAR, mT L2 % A g T 1
ANIE DR R T AT SN Rl T A A L
A ILPEFE A A R R PO VAR B8 0 il Nl . i
R R VS BAT PR AP PR I, A58
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1.1 2 EF XA

MR AR SR A O 14 e (LI R A A A A
FRAA D), EAREHT T H 65T, 95% 100 (2 IR LI Ak
L TAHBRAE ), ELISA A& WUEHH & R B R R &
( FIEEMNA DR AR ), e 4 AR50 & (SP-0023,
JE B AR A W H ARG B W) ), 2 4 B 2 1 i 4 ik
R & (P0027 , = RAEYFARAMRA W) H3 MA% K+ -«B
(nuclear factor—kB, NF—«kB)p65 G4t (b St B R4 W AR A
FRAHD
1.2 Sty ofabi iy

30 HUerE SD KRR, PR 5 (250 +10) g, K ERIR
ZESLUGEI ORI 7E SPF i bl SR 1 RS bl
ML FHTF AL | B Sk ol — P T 497 20 (TR 21 ) AR A%
F (40,400 .4 000 we/kg) AbFRLH | 5 2H i 6 2, MR
A G ST BT HBENE 5 2 (40,400 .4 000 pgrkg) o fRF
AR LH T TR 21 J0) M 4 S 45 4 A ER /K TR 2E R A8 i 2 %o
WA T B R . AR SD R BB s K A4
T SRR B, USRI Pl 11, B2 TP WP, 7o Bk
LIS I Y Bl bk B 2 VK Ui S I R sk o FH i A e e A
i E sk EE=AESKOT O, T RSSO O, e i A2
Wk, I (25 UL) ZLER MRS IRV AAT B sh kA ik A | i
PR 0.1 ml/s, DAZE'S D ARERIKAE i i, & A
AR 1 S5FLATE B WK, VIR AT . BCGRE F 3k m 4
J&  JePAZE ' Bl Ik A BN 0~4 CAEFRER K VKE 1 B
Hl B AS T AT BRI 45 min, SRIGAAFF A PRE B IDE I i
W, MR ARG E T AR LRI, R4 T IEH IR
BYOK ARFARE BRIl F=, RIS A B, AT
BB . BT 24 h DUKS SRR R, B2
JE, BT 0 AR AR

1.3 ARAodkde

B2H K BUTE B FERE 1 24 h IS DL A SRR T L,
B ZITIE Bk, Sz B F 3T 3 000 r/min 2.0 15 min
J& BT T -80 CUKFHIRTE, T AY, A28 TZ
TP [ 22, LAY B A 27 B UK AT A0 A B (B, fhde
RN AR T -80 CHKAITRAT .
14 FlEmEsks

B B AR 22 5 S 11 5 S K B HE 268, J68E T
pUE S IRV RPN = gl LT
1.5 #mIEAe

Fi IR ELISA G0 & U0 FHR A E D08 R B R il e I |
T DR AR IR D B R R R
I 115 0 R PR SE R F—ac (tumor necrosis factor, TNF—o ) A1
AN Z-1B (interleukin, IL~1P) ALK, HT L (yE 0
I LT M AR 28 4075 o2
1.6 &G J 95 6Pk iR A B4 2% 4w itz 1 NF—kB p65 & ik

EUAEAN S WL 250 S0, 4 2T A B 1 A4 X7 4 vd AR
PR, LI AL AN, BCA TRINE B HR B S, ImA
| REZE MR S 5 min, FARE 40 pg, 7E SDS-PAGE BEIE | H
VKI5 %% A\ PVDF B, 5% MR - 95 ] 2~4 b, —$i (p65 H3
B-actin)1:1 000 F 4 Cif &, TBST LEME, — 4T (Fbife, 1
5 000)ZEHRMFE 1 h, PRI, ECL 1k % OC 85 . H Imagepro
Plus 6.0 #7554 10D fH, LA p65/H3 F/RNF-kB p65
EESLy T
1.7 &R 2240 5 k4 B 4n 22 4m it 1 NF-kB p65 & ik

B WED) 3 FUE T B 1 T RS e T
KA ATHPERREE B E A1) 2 85 TR0 & i v 45
A NP R p6s Bk 1:100 THE& N 4 Cit e, it
B P, i 20 min, DAB B0, HAEE YL, Bk, B,
B BT B PBS AU 40, B S i BE (400 x ) R
526 NI, LIP30 % B 2 m BHPE AR JE , H Image-
pro Plus 6.0 Z A4,
1.8 “it¥7rik

K SPSS 22.0 A AT 0 W, TR ORI
B BRI (v +5) TR, AL BRSOy 2250 W7
ZH A G AR ] SNK—q ¥, K36 7K 7 0=0.05,

2.1 ABAT K R o i IUEFFo & AR

S{BFARM L IRT ALENLUEF (¢=9.67, P=0.005) K IR
HAMH (¢=14.59,P=0.003) B BT, 5 IRT 41 HLH , ARk
ML LT G B A - 40 pe/kg (9=9.73, P=0.005) ,400 pg/kg
(¢=9.05,P=0.005) ,4 000 wg/kg(g=7.48,P=0.005),1H 3 7l
A RIZEF G L 5 IR AL A, MBI 3 PR %=
BB R .40 pg/kg (¢=11.78,P=0.004),400 pg/kg(g=
11.36,P=0.004) ,4 000 pg/kg(¢=8.70,P=0.004),3 521 4]
T B2ER, W1,
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F1 HEMBIEFRERFIEKFE
Tab.1 Expressions of creatinine and blood urea nitrogen
in each group

20 51 MIEHLEF (wmol/L) MR ZE 4 (mmol/L)
RFARA 417+7.6 74+09
IRIZH 130.2 +41.1° 17.8 +2.3°
JARZH (40 pgrkg) 46.4 £20.3" 94+15
JHBRZH (400 pg/kg) 474 745 9.7+ 14"
JRBRZL (4 000 pe/kg) 61.7+17.3 11.6 2.2
FAY 16.267 31.193

PIH 0.000 0.000

o ra, IRLAL S BT ARAIELAL, P<0.01 ;b AHBRAL S TRI 41 UL, P<0.01

2.2 JABST BRI R 6w R

BTFARAR WY RIEASBCE, IRIZH5E T B 2H 2L i 7
TR, MBS, AMAENETE IRBE, R ZRIE e, vT W
AT G/ INEREEREIR | BICEE S 4R MR, ARZE P DL /)
B AN MIRSEE D | T 5 7 I s A, 2 DA AR AR e mT s
IRIF B B R AR (18] 1)

4%, T W T
E. HHH (4 000 pg/ke)
1 BEXRBIEREREQ0X)

Fig.1 Pathological changes of kidney in rats in each group(200 x )

2.3 JEARST B 48 I A BAZ 9 NF-kB p65 4 4%
TFARL AT WA S AN, R PRGN, SR
FARYIE TR 21 B BEL 24N P9 NF-kB p65 V35065 BE
E ] AN (¢=33.88,P=0.002) , ¥ /N I~ B 4 i B4 2235 B
A SR ETAR Y . S R RGL LR IRT 4 B 2 2
A% N NF-kB p65 MK B4 (¢=8.57, P=0.005) , &
JIELHZR AL NF—kB p65 V-3 5085 BEE A M2 5 IRT 41

AR .40 pef/kg(¢=23.43,P=0.002),400 pe/kg(g=27.23,P=
0.001),4 000 wg/kg(q=16.47,P=0.003) , ] UL 2H & Ik 20
ZURMI PN NF-xB p65 “F-H450%5 B (A W] i FR A1 5 3 /7 et 2 )
He#s 40 we/kg 5 4 000 pe/kg(g=6.96,P=0.006),40 wgkg 5
400 pg/kg(q=3.80,P=0.023),400 wg/kg 5 4 000 pg/ke(g=
10.76,P=0.004) , "B NEZHZUANAEAZ PN NF-kB p65 JK S8 {H 454
B2 5 IRT 2H Hb %8, 40 we/kg(q=15.63,P=0.003),400 pg/kg
(¢=19.77,P=0.003) ,4000 pg/kg(q=13.02,P=0.003) , {55 2
W T LH R AN BEIAZ ) NF—B p65 K B 1 B TR AIG ;3 5k 2
[T JKEEMELL 400 pe/kg AR, 5 HAL N L2 A 5
P12 2,400 wg/kg 55 40 pgkg(g=4.14,P=0.009),400 pg/kg
5 4 000 png/kg(g=5.82,P=0.008) (# 2,k 2 K 3),

F2 HHBEHARMIZAN NF-kB p65 FikkF
Tab.2 Expressions of NF-kB p65 in the nucleus of renal tissue
in each group

25 S8 A NF-kB/H3

e FARH 0.042 1 +0.008 2 0.507 8+ 0.140 9
IRIZH 0.1803+0.0341*  0.839 6+0.059 9"
JRBRAL (40 pg/kg) 0.084 7 + 0.008 8 0.234 8 £ 0.066 3
JRBHA (400 perke) 0.068 9 + 0.009 7° 0.074 7 £0.032 2"
JRBRZ (4 000 werkg)  0.1131+0.013 1° 0.300 1 £0.130 4
FAY 53.168 56.808

P 0.000 0.000

¥ a, IRVAL S IR S, P<0.01 ;b MHARZHL 5 IRT 20 Hedss, P<0.01

B2 fwEalT&EEERMIMA NF-xB p65 24 (200 x )
Fig.2 Changes of NF-«B p65 in the renal tissue in each group
under IHC(200 x )
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Fig.3 Changes of NF-kB p65 in renal tissue cells in each group

under Western blot

2.4 AR ik A SR B TR L W

SEFARA AL IR A3 TNF—o IR (g=3.41,
P=0.011), SEF AR E IR 41 1L-1p {6 Y 238 0
(q=5.40,P=0.007)., 3 TRT 41 L%, HHBRAILILITT TNF-oc 12
16,40 pg/kg(g=4.59,P=0.010),400 pg/kg(q=5.20,P=0.009),
4 000 pg/kg(g=5.65,P=0.009) 11 3 A~ B4R 2257 o4t it
PR IR B MR ML 1L-18 W W, 40 pg/kg
(¢=7.31,P=0.007) ,400 ngkg(q=6.07,P=0.007),4 000 ngkg(q=
6.21,P=0.008) ,{H 3 5l ] 22 S o e 5 . WAR3,

£ 3 FBAMF TNF-a A IL-1p FRikKFE(ng/L)
Tab.3 Expressions of Serum TNF-x and IL-1

in each group(ng/L)

2151 TNF- I-1B

i FARLA 322.8 £31.3 690.5 + 125.7
IRIZH 390.1 £ 17.7° 910.6 + 73.5"
JHBKZH (40 pe/kg) 299.5 + 67.4 612.3 +96.9°
JHAZH (400 pg/kg) 287.6 + 66.9 663.0  124.7°
HABHZH (4 000 pg/kg) 278.6 +36.9° 6572 £73.5°
FAE 5.143 7.947
Pl 0.004 0.000

W ca, IRT4H S5 T R4 3, P<0.05;b: IRT 4H 518 T AR 4 i,
P<0.01;c: M4 5 IRI 4 H K, P<0.01

3 3 i

R 2 o TR AL A DX e L PR U o UK
el — B 18] i BRI, AN BB 4 21
SR FNDIRENRAZ | By 22 5 R W A 2 AR 45 R At 47
AN BERRRT | RIS JIE SR L P T, B a4
JRE A5 0 T 5 250 IE 2 R 7™ F 2 AR JUE o B ek
AN, T I R AR R, 2l
HY IO V2 St L PR A 1 o ASBIRSE ST AR T
PR ROt B v S I PERE B, R B TRT 41K

SR I Y LT (creatinine , Cr) A1 1L K 2 % (blood urea
nitrogen , BUN) ZK-F-A i AR AW 5 i, BEIITE B
JEGR ML 45 min f5ARE: 24 h A LU RE AR Y ]
A2, A5 TRT 4R RV S0 Bk As , 36 TRI
RSN ), TN R BUMLYE Cr AT BUN 7K
AL TR 2 WY 5 R AT 4705 AR OO0 A B ke 1 -
T HA —E AR

21 22 W] Borovikova S5E4E H “ IHAH BEPT 2% 18
B AIME S o LB AE ST A 0 % 1 o R b i 3 Al
25 BN P HHRK 1 2 52 AR Bl 50 A5 X S R SN
PSRRI, IERRBEST A E B a4 A7
T > K AEHT A AE - QO3 20 B A5~ Rk R 1
PSR-, @] NF-xB A% . LPS Hl34 5
NF-«B 764k, FTHE5R TNF- 1 1L-18 BE SRR ;
ARAK EVL 55 LPS AT 2 NF—«B i B 1k , X — %00
F= By MR RE £ B IH A AZ 1A (a7 nicotinic acetyl-
choline receptor,a7nAchR) Fr4 - AHHE ] NF-
kB I PE IS, AT AT A0 HMGB1 K H Al {2 &
I pR LA 1) R B R, RELIE T 4t i oAk
R O AR 2 R A 2 A ) R A )
REN, [ 2 A PR TNF—oc A1 IL-18 76 B IEH i Ff
TE T A0 0 K 2 O R ok R rp R R L A AR
FHI TL-13 Rl rh Mok 40 i B H 2, e
Wi, TNF-a AMUEA HHEAANIEEVE 1 H AR
PR TL-18 FIH A 20 A PR 77 2 | 7P AR TR
DT I 208 A 240 L P d e A SR 4

JRBRAE A AELEPEMERY a7nAchR BL8hH], T4
AHBRAEDL Je e, A N K BE B /INVE L A b
KT REMEHRRESZ A, X UL a7nAchR S W] &
FEAE T B /NG b B A 00T IR RE T 2% 3 %
TS E el AR PR 5K SF SIE 22 IR T AR e, AR
WFFEIE I 28 TR b Y K BRI s 13 SR AR R R Y
o7nAchR N7 BRI TS 0T IE0% BT 48 i 1%, &%
TATRZH T T8 2 A I RE i BRI 3 J2 1L R A
T R IRT AH B SR, 1 B IE A RE ST A 1 i
T B R 0L PR T O h A HE T hURVERT . AR
W7 T2 25 SR (B AR Y J L EF U 4
(FZNBE/NE R A ) BN p65 76 FH AR B e
A 38 RAAEG 1T 400 R P B p65 28 1 0 AR Ak
PR YT RAEHI T eSS NF-«B 3 BN 6 p65 (4%
ARG,

NF-«B J& i 4% Ak 22 B¢ 4 g I S Ho A 52
FEAT RIR AL S R AE 22Tl 8 B e 5 |
JHe BERE B2 WOLAE kA AR T 3 NF-kB 7] LAZE
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it 2GR JAE UV o NF—kB ZEJ5 1 5 AN [R] 7 5L
ZH 1% : Rel A (p65) \RelB .c—Rel NF-kB1 (p50/p105) Fl
NF-kB2(p52/p100) , AT JE AN [ 1) [R) 5 5 S 5 — 2R
PR0S FH AL p65/pS0 SR R H UL, FE A Z
PR AN NF-B AR S5 #l 1 E H -«B (in-
hibitory kappa B, IkB) 45 & AFAE T b . M4
SR B 5% SN | TkB R R L A R
k., B JE Bl B R A, AT R 2% NF-kB 1A%
SENLFS , B Y NF—kB 28 BQ7 B IR A E A 4N i
P09 S 3 pSO FA A% 2 0P 51 5 4% Y L X)) 3l 1
IR kB FPINEE G A TAR R I PR S )15 5, fil
RAEAH OGN F KB BT ) Rk, i IL-6,
TNF—a I TL-1B, [RIAS X IkB 5 (0047 Zmtith , i 20
PO A FRASRY, BFGE 2 BRI AT 4 NF-B ik,
NF-kB FHHEF 12 h 56T, T 2~3 d J5 3k
TP, AHRIE KB, A LR TR AL, SC 50 A E
H AN (F 2N B/ INE R AR ) BN p6s B
Thisr, iX R W] IRL B g 5 H 1Y NF-B #8075 , IkB
T IR T NF—kB 1145 G R A8 i Bk 25
A LA, AT 45 98 5 R 40 IL-6 \ TNF—ac F1
1L-18 A5, A RFIE A TE B IE SR il P 42 4
o NG AN NF-kB & 45 T IEH T 01E
FHEN ABIFFE AR & BUAH LA TRT 41, KRB 751 F 2
JUEZE 2V A L ( Sk B /NS R A ) A% P p6eS
3 BTG, 150 B KA AT LA 3 RS AR e B 4 3
Hil#% P NF-kB 192 2, JEmi 0] NF-wB 3l J% 1975
ik, 2P R B, 5 3 A FEAZ I 5
225, THES 3 AN Z )5 2 Bl A o,

ZE LTI  JRBE AT A 2 3 i S AR AT 4%
%080/ INE b R A p65 & i NF-xB
BTG 8 K BRI TNF-o & TL-18 e JE |, 2%
' DY RE R RS B 2 DA T el e o, - e 4%

2 £ X M

[1]  Kusch A,Hoff U,Bubalo G,et al. Novel signalling mechanisms
and targets in renal ischaemia and reperfusion injury[J]. Acta Physiol
(0xf),2013,208(1) :25-40.

[2] Glodowski SD,Wagener G. New insights into the mechanisms of
acute kidney injury in the intensive care unit[]J]. J Clin Anesth,2015,
27(2):175-180.

[3] Thomas GA,Rhodes J,Ingram JR. Mechanisms of disease:nicotine—
a review of its actions in the context of gastrointestinal disease[J]. Nat
Clin Pract Gastroenterol Hepatol,2005,2(11):536-544.

[4] Costa R,Motta EM,Manjavachi MN et al. Activation of the alpha—

7 nicotinic acetylcholine receptor (a7nAchR) reverses referred me—

chanical hyperalgesia induced by colonic inflammation in micelJ].
Neuropharmacology,2012,63(5) : 798-805.
[5] Karban A, Eliakim R. Effect of smoking on inflammatory bowel
disease ; Is it disease or organ specific?[J]. World J Gastroenterol,2007,
13(15):2150-2152.
[6] van der Heide F,Dijkstra A, Weersma RK, et al. Effects of active
and passive smoking on disease course of Crohn’s disease and ulcera—
tive colitis[J]. Inflamm Bowel Dis,2009,15(8):1199-1207.
(71 BTS00, sk A AR, A5 BRI A BB BT 2 i A YT O
JULR M A5 0T O S BAIFE L. v [ ER 24 R, 2012,10(24) : 4-6.
[8] Borovikova LV ,Ivanova S,Zhang M, et al. Vagus nerve stimulation
attenuates the systemic inflammatory response to endotoxin[J]. Nature,
2000,405(6785) :458-462.
[9] Parrish WR,Rosas—Ballina M, Gallowitsch—Puerta M, et al. Modu—
lation of TNF release by choline requires a7 subunit nicotinic acetyl—
choline receptor—mediated signaling|J]. Mol Med,2008,14(9-10).567-
574.
[10] Wang H,Liao H,Ochani M,et al. Cholinergic agonists inhibit
HMBI release and improve survival in experimental sepsis|J]. Nat Med,
2004,10(11):1216-1221.
[11] Wang H,Yu M,Ochani M, et al. Nicotinic acetylcholine receptor
o7 subunit is an essential regulator of inflammation[J]. Nature,2003,
421(6921):384-388.
[12] Lloyd GK,Williams M. Neutronal nicotinic acetylcholine recep—
tors as novel drug targets[J]. J Pharmacol Exp Ther,2000,292(2).461-
467.
[13] Tracey KJ. Physiology and immunology of the cholinergic antiin—
flammatory pathway[J]. J Clin Invest,2007,117(2):289-296.
[14] van Westerloo DJ,Giebelen 1A, Florquin S,et al. The vagus nerve
and nicotinic receptors modulate experimental pancreatitis severity in
mice[J]. Gastroenterology,2006,130(6) : 1822—1830.
[15] Prieto-Moure B,Lloris—Carsi JM,Belda—Antoli M, et al. Allop—
urinol protective effect of renal ischemia by downregulating TNF —a,
IL-1B,and IL—6 response[J]. J Invest Surg,2017,30(3):143-151.
[16] Yeboah MM, Xue X,Duan B,et al. Cholinergic agonists attenuate
renal ischemia—reperfusion injury in rats[J]. Kidney Int,2008,74(1):
62-69.
[17] Sadis C,Teske G,Stokman G,et al. Nicotine protects kidney from
renal ischemia/reperfusion injury through the cholinergic anti—inflam—
matory pathway[J]. PLoS One,2007,2(5) :e469.
[18]  Ghosh S,Hayden MS. Celebrating 25 years of NF-«B research
[J]. Immunol Rev,2012,246(1):5-13.
[19] Hinz M, Arslan SC,Scheidereit C. It takes two to tango:lkBs,the
multifunctional partners of NF—kB[J]. Immunol Rev,2012,246(1):59-
76.
[20] Natoli G. NF-kB and chromatin:ten years on the path from basic
mechanisms to candidate drugs[J]. Immunol Rev,2012,246(1).183—
192.
[21] Marké L, Vigolo E,Hinze C,et al. Tubular epithelial NF-kB ac—
tivity regulates ischemic AKI[J]. J] Am Soc Nephrol,2016,27(9) :2658-
2669.

FERE. T )



