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24\ 36 A 48 h M9 AR E, FIR 18 ROAS4E E, CLP G 20 h it MR- F &k, Mg ™ EA2EFS, 17
L HARIRE L, BI120 ARG A AT R4, CLP 4L, VABJRAR 400, 200 F7 40w g/kg 41, B
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Abstract: Objective To investigate whether nicotine, a nicotinic acetylcholine receptor (nAChR) agonist, has
protective effect on septicemia. Methods A septicemia model was induced by cecal ligation and puncture (CLP).
Totally 65 female mice were randomly divided into 3 groups. The control group (15 mice) received sham operation,
the CLP group (20 mice) received cecal ligation and puncture (CLP), and the mice in nicotine group (30 mice) were
intraperitoneally injected with 400 pg/kg nicotine 30 min before CLP. The survival rates were recorded 24, 36 and
48 h after CLP. Additional 18 female mice were grouped according to the same method as above; at the 20th h after

operation, the septicemia severity score and the lung wet/dry weight ratio were evaluated and the liver and the lungs
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were histopathologically examined. Still 120 more female mice were randomly divided into 5 groups, i.e. control
group, CLP group, nicotine 400 pg/kg group, nicotine 200 pg/kg group and nicotine 40 pg/kg group. The mice were
sacrificed at the 1st, 2nd, 4th and 6th h after CLP. The plasma concentrations of proinflammatory cytokines including
tumor necrosis factor alpha (TNF-a) and interleukine 1 beta (IL-1f) were measured using ELISA. Results At the
24th, 36th and 48th h after CLP, the survival rate of the nicotine 400 pg/kg group was significantly higher than that
of the CLP group (P < 0.05). At the 20th h after CLP, the septicemia severity score and the lung wet/dry weight ratio
significantly decreased in the nicotine 400 pug/kg group compared with the CLP group (P < 0.05), the pathological
changes of the liver and the lungs were ameliorated compared to the CLP group. At the 2nd, 4th and 6th h after
CLP, the plasma levels of TNF-a in the the nicotine 400, 200 and 40 pg/kg groups were lower than those of the
CLP group (P < 0.05). The plasma level of TNF-a in the the nicotine 400 pg/kg group was lower than that of the
nicotine 40 pg/kg group 2 h after CLP (P < 0.05), and lower than those of the nicotine 200 and 40 pg/kg groups 6
h after CLP (P < 0.05). The plasma level of TNF-a in the the nicotine 200 pg/kg group was lower than that of the
nicotine 40 pg/kg group 2 and 4 h after CLP (P < 0.05). At the Ist and 6th h after CLP, the plasma IL-1p levels
of the nicotine 400, 200 and 40 pg/kg groups were lower than that of the CLP group (P < 0.05). At the 4th h aftr
CLP, the plasma IL-1f level of the nicotine 400 pg/kg group was lower than those of the nicotine 200 and 40 ng/kg
groups (P < 0.05). Conclusions Nicotine has protective effects against septicemia in mice through activation of the
cholinergic anti-inflammatory pathway to inhibit production of inflammatory cytokines.
Keywords: nicotine; cholinergic anti-inflammatory pathway; septicemia; tumor necrosis factor alpha; IL-1f

BUREARPUARIS, AP 592K E BB RE T £
WAL S S R BN S S5hi5¢, RIBBRRETR
W R IR 2 RS2 A o =7 SEEE (o7
nicotinic acetylcholine receptor, « 7AchR ) K MR
), 05 o TAchR 454G, HCMERRBRAT A A500 B
SR P ASBIF S AR R T IR B AR BT A E B, gL
X PUCILAE /N BRAE AR ORE S B AR, LU i
HERIAE | MIRAERAE PR A2, PR
RS VLI AE P PR 1 FH B L

1 RS

1.1 KR RSA

R II/INEL, MEPE, 1KEE 20 ~ 25 g (FIE R
FREAERE S SO AR ). RITE A LI AL
( cecal ligation and puncture , CLP ) V252 AL I ARE B 4 A
. 65 H/NEEEHL T At IRZE( 15 ). CLP 4120 H)
FRBR 400 w g/kg 2 (30 ), TS A AR AL SR
PR 318 FUNRAY A L, R 6 R
FHFMEE—MIRGL, 20 h A FESh i s KARIE A&,
AR T E L WOfAE ™ EA oy, U, i
ZUTHBR AR AT S3H 120 H/NEUBEAL A3 X B
CLP 41, DL S A8 400,200 F1 40 w g/kg 41, B4 24 H,
JH T W0 7€ 1 2% A2 2 4E 20 fi A5 i g IR AE I -
( tumor necrosis factor—alpha, TNF-« IR
% -1B (interleukine-1B, IL-1B ) 7K, FEHILE H]
WIS, 7 RV T S AN Tl v FoE i i <5 A B K

ZIJE Bk 8 hiB A, #L2 3 d 9Kk,
1.2 PMREMEREERREH

225 SCHK (3] &l i o /s BB, RpT2s &
12 h, MRS 7% K6 ARE (350 meke) BREE. T
L TFIEMEKA 1.5 em V10T, B REE , LU
4 S o T EALE IS, H 12 S TR U
1 em AbSTIEZER, Hr il 2 VF, B0 R
BIZEER RN, WMURTEER O . REER SRR
K 3 ml/100 g, FFMLN IS E R R 2 77 u T U FRG
YRR BRITIE . W R R B . 486 K
Fb, AT CLP, HARAb 3R] CLP 4.
1.3 MERAEFR R A 77 7%
131 AA%F  iCEX IR CLP 4 FHHE 400 p g/kg
H/NE 24, 36 Fl1 48 h A7 T G158 S A= A7 %, R %
7d.
132 MR-F &l CLPJF 20 h Ab%Esh%), 43 E5xL
MIAGZA LY, B M2 22040 g i e, FRie
JaF 65CHEF T 24 h BfEE, FRTE, IFEMET
g
1.3.3  WhgEEA2EF 0 /DR CLP J5 MOfhE ™
FRE TR R R A PP bt 64T o I —EIE T
WAL . JEAKIEDL . 5L E IS kSO
JHF AR R e 7 A A T IEE . Wk 1.
13.4 JR¥EF#HE  CLPJ5 20 h BUIF. AitHZ1Z 4%
FE VAR, A S |, HE Yoo 55t i



5141

BN, S5 o NN I M SR I L/ B A A H B HAL 5

F1 R CLP FMME™EREITESiRE

WEEAR IR B4 hrife I3{E WREEHEHR B PP oM SHE
— R AE L BN A RMA

IERHEE, RS 1 K, W 3

D, Pt Gl 2 WIE, AR Sk 4

KEer, VEME, i) 3 USTARDE S IRIA

BRI, X AR AR 4 Kfugt, JAFEHRIE, Bl 1
7R=RIEA BER IR / P f 2 R 2

2L, WEEh RAF 1 Kfugt, JFEAVBIRGE, Bl 3

FEML, REEYIK, W R AT 2 R, FEAE 4

RG, hpEEYK, Whah Rk 3 IR (X RZLAH L )

REE, YK, AR 4 >0%~20% 1
AR AL >20%~40% 2

<Bml, WKW, JTCREK 1 >40%~60% 3

3~6ml, /KM, TCRMK 2 >60% 4

>6ml, IPEIEK, R 3 Jifi 4T 2 LY

>6ml, FREEMK, MR 4 <4.5 1
SALEIE LR 4.5~5.0 2

KB, et 1 >5.0~5.5 3

L, e 2 >5.5 4
(DG AP 7120 H/NEARSE 24, 36 F148 h 20 HIFETG 8. 5 M4 H,
135 BB IR M % (enzyme—linked immunosorbent HEAE RS R 40.0% . 25.0% F120.0% 5 HHAK 400 . g/kg

assay, ELISA ) 2R F ELISA M€ I 3% TNF-« | IL-18
B E, T CLP RJG 1. 2. 4 M6 h4bsEshY), fH
MR BRI, 28 850 5 4R 15 13 . TNF- o F11L-18
ELISA &7 &0 [ i8R N wl . B 2D 3R
s F IREGR S WA B kAT . T CurveExpert 1.3 FfF
AR E I IS M AR S VR BE(E, ) pg/ml 2
TRo B REINAE i BbRE S R AL
1.4 SGitEFE

By B 1 SPSS 17.0 Geit#kdt:, HHE%RU
B = brifEE (xxs) Fon, B ZE I 25047
s E MR T 2208, 2= i LA
SNK—q K%, H Kaplan—Meier 3226447 HiZE, 417
BRI Log-rank x* K5, P <0.05 W2ZERAEGI#

2 #R

EERIEE
S 7 d KR 15 H/NRIC—BIBETS 5 CLP

2.1

2 30 HU/NRARSG 24, 36 Fl1 48 h 43 HIAFTE 24 19 Al
17 2, AFER5 518 80.0% . 63.3% F1 56.7%. KT
400w g/kg 415 CLP P AAFR LA, £ Log-rank x°
g, Z9A501E X ( x’=8.599, P=0.003), A
Bl 400 p g/kg A7 T CLP 41( P <0.05 ), WLIA 1.
22 PmETEL

XTHRAL. CLP 41, MHBH 400 p g/kg 2/ BUHE T
LA (2.71£1.58), (5.10£0.39) F1 (230 +

1.0 3 el
. CLP 4

0.8 - Xif R
T 64
%
E 0.4

0.2

00 T T T T

10 20 30 40 50
A fa] /h
B1 3HE/NREGFRME



THEBURE R

o 28 %

1.03), SN R T 250, ZRASRITFEX
(F =25.867, P =0.000), YE—LPP] 4 SNK-q 1
55, CLP 21 20 h il T 5 bh s TXTIRZE (P <0.05) 5
S % 400 w g/ke 2H 20 h fifi {8 T & A F CLP 4
(P <0.05 ).
2.3 MMiE™EREITS

XTHRZH . CLP 4. MHBK 400 p g/kg 2 /)N BRIl 5
FE R 4 o (6.47+0.74), (21.00+2.37)
il (15.00£3.58) 4, SRR 2500, ZRAL
e X (F=28.760, P=0.000), #F—F WM R
SNK—q 255, B 400 p g/kg 2 20 h Wi /= B AR 2
AT CLP 4 (P <0.05 ),

24 HREFT
241 e WAL, FNHES
B, FFmSEICy kA SAE AR . CLP 4140
PV LN = ey i SO /Y S W 557/ 97 S e 2 e o=
(LI 2A ), MK 400 . g/kg ZF T4 A DL BH S e fi
AR A, RO IRFEAL . TPk = T
FEAcE% (UL 2B ),
242 JfiZaZR WAL R AHMOB AR IE R, JflE]
B DL B8, AN A JC TSI AR I, i A AL
I, 7K K SR AR, Bl R/INS ST, SRR
CLP Zfifiyfa 256k AE , (PR ERAARE 58, il yed o & 4 1l
EIRITIL, PRI, R EK A, SAEAN
J i B R (UL 3A ). ARBK 400 p o/kg ZH AR 25 4
[ Qe N3 I N ST %2140 1= 11 A ST i =235 A
KA IR (ULIE 3B ),
2.5 I3 TNF-o iRE

ARJF 1.2, 4F6h XA, CLP4, LA
B 400, 200 1 40 w o/kg 2H IfL 3¢ TNF- o W AL,
FKHEZ MR T 245001, 4558« QAR T[]
JUAIMHK TNF- o YA 2200 (F =41.439, P =0.000 ),

2 VANBRARREAME TNF-o iRELE

@5 AiMmHK TNF- o« YREEA 25 (F=79.356,P =0.000 ),
ARG 2, 4H16h i}, CLP 48 % B 2H I3 TNF- o
WRETHE (P <0.05), MG 400, 200 Fl 40 w g/kg 2H
B CLP 4L 3K TNF- o WAL (P <0.05) ;5 6 h B
HABE 400 . o/kg 2048 200 p g/kg 2H TNF- o ¢ JiE P A
(P <0.05); 2 F16 h i, G 400w o/kg ZHHE 40 p of
ke 21K TNF- o WEEREAL (P <0.05) ;2 fil 4 h B,
S B8 200 . o/ke 52 40w ofke 41 1M1 3¢ TNF- o He B [
it (P <0.05), @5 AEIMIK TNF- o AL
25 (F=44.172, P =0.000 ), W3 2 FIKl 4,
26 MmM¥IL-1p KE

RJG 1. 2, 4F16 h XTHZL, CLP 41, LIKJHGK
400, 200 140 p o/kg ALIMAKE 1L-18 WA LA, R

A: CLP#; B: MK 400 p o/kg 41
E2 WHEFAARELSERE  (HEX200)

A: CLP#; B: JHBK 400 p g/kg 2H

E 3 WhHAMMALNKFELERE (HEx200)

(n =24, pg/ml, x+s)

X HRZH 242.06 +9.64 260.02 + 19.75 245.74 + 12.60 256.53 + 14.82
CLP#H 248.89 + 10.76 435.26 +20.91 869.76 +24.61 731.11 +42.56
JHAR 400 p g/kg 21 252.66 + 11.61 351.24 +25.63 680.94 +29.09 531.79 +8.14
i 200 p o/kg 2H 237.90 + 10.49 360.77 +31.96 646.80 + 18.78 561.63 +20.53

HA 40 p. g/kg 20 236.75 + 14.44

389.13 +11.21

709.53 +50.33 589.54 +24.27




5141

BTN, A« RO S A /N B P FH B L 5

FE MR 2200, 455 . OAE ] &S A i
WIL-1B WA 29 (F=53692, P=0.000), @54
M3 1L-18 HEA 25] (F=78.062, P=0.000), &

— X

— CLP 4
800 ik 400 b kg 2 ,‘
= — JIHAK 200 . g/kg 41 A
3 — K 40 4 \
2600 AEIGH; 40 . kg 21 \0
E
|
Z 400
=

!
200 -

1h 6h

B4 FHHNBRARESLME TNF-o RETLES

®3 BHENMRAERESMIE IL-1B RELLK

JG 1. 2. 4F16hmf, CLP HHX A M TNF- «
WHEETE (P <0.05); RJF 1.2, 456 hHf, A
B 400 w g/kg #H %5 CLP 41 Il 3% TNF- o ¥ FE % I
(P <0.05); RJ5 1. 4F06hMt, 6 200w g/ks
41 %5 CLP 41 1Ml %% TNF- o ¥ B % K (P <0.05) ;
AR J5 16 h B, A B 40 wg/kg 4 B CLP 4 1fi
W TNF-o ¥ JE FE AL (P <0.05); 4 h B 40 6%
400 w g/kg 4 %5 200w g/kg 41 I TNF- o ¥R FE [
i (P <0.05) ;2 Fl 6 h i, #5400 w g/kg 2H 55
40 p g/kg ALIMHE TNF- o HeJEFFAR( P <0.05 );4 h B,
JRBE 200 w g/kg 35 40 W o/kg 4 IML3K TNF- o & 2 R AK
(P <0.05), @ 5 #EIM3E TNF- o HeFEA LA 22
5t (F=11.758, P=0.000 ), W.3 3 F1 5.

(n =24, pg/ml, X+s)

ZH3) 1h 2h 4h 6h
X HRZH 267.34 £27.10 261.23 £29.13 221.95 +30.45 245.19 +35.03
CLP 4 327.63 +21.27 337.63 +19.50 456.17 £7.08 556.12 +7.08
S 400 p. g/kg 41 272.60 + 13.94 305.99 + 14.44 384.75 +20.81 245.19 + 35.03
JRBE 200 W g/kg 41 278.75 + 12.86 311.68 £4.22 421.27 + 15.64 263.93 +17.11
S 40 . o/kg 41 290.06 + 5.23 314.66 + 6.27 432.92 £ 16.67 254.92 +16.36
600 { —xf A4l DR A B 2R INURE I 42 B PE SRR SO o 2 A i A%
B A 1 AEAERG MO N 2 B ZBRIRAZ (e, N 2 i
e ZREMIRRSE A5 . AT TNF- o (04, EDIBRAE

IL-1B/( pg/ml )
4 B

S

(=}

1

©

=3

=)
L

200 =

llh zlh 4h 6Ih
B 5 KANRAERESMEIL-1p iRET/HBERE

3 i

25— S BT BRSO )k
il BB, T B B
AR AR, A 2R SO AR
AL, T TN, 57 e
AL o TACKR 254, HVRAEANILI T AR,
MBS AVNL T 2R, TSRS I, M
A R

PRSNE IR FEA I A CTBEIRGR,  REAS Y]
S TNF- o B4R, I ELALRI N 2

P I BRI N SZ R BOE AR S 7 R
I RR A 5 PCR &P, IATRAEMA RSG5 K
SRAIE R G VIR 2 (1) 73 1 BERIE T B W2 B 55 b g2s
YA E A N Y o — R PR 2K BB £ R IR RS2 A
(o7 WHE ), BN E MELH 5 8% T HIEL £ ARG
AL TNF- o o TL-1 A1 IL-18 (YRR, REMZNY
JEAEM T PAFAE TL-1 24K, 1L-1 5HE G5, Fl
& R E MR CTRAREE, 2 BEADIRS E e 4n i L
() o7 LIRSS A, DI 2 e 4 pa 7= A

2 W AR RS A 38 B 5 A RIS, Bl
B RO 2 B 25 A B it . AR A5 IR By
kTR S Al — RO S A R B LB L -
PRy I, 285 AR 3 N AR T sk O LA 463453
e 1T 2 W 7 R N e 2 O S W 1 o 3 %7 8
JEB BT A8 1, A AT AAR PN S8 RE A B R 7K

OB 7% VLG R 47T 4% 3 I o) B G Pk AR v AR AP A
PRI . CUESEHI N 1 R R v K RS Hh ik e
P, AT AR I PR e i A AR B AR, BELIE i

.11.



THEBURE R

528 4%

PEATPE R, SR NPT SCRE AN TR R, FRAR
F AR ALSURIM S b TNF- o« &8, A ERZY)
WD B 2 TN EE TNF— o X RAE A R, A s %t
PN RE R W BAEAN H U, CLP 35 4530 F s R
SPER 28 Pk BRI P IR R 58 T 5 SR I A / S
PR e H AR BT A . AR SEBG AT IR CLP ¥5 52
VL INLAE SHAI AR, 8% 0 s SR e W IAUE /DN BRUTF . il
ALV PR P Y AT AT CLP MUIfLE
SRR . —RIRA . WOARE AR . A
LV A A2, JIE ST AE R e N I BRI i
INEIAETE R, SR A AFA fR),  FACAER ML i i ™ o
JEMPESY, IR A R E . R, AR
W it AE S HAT PR AE

AW IS5 Rk — A B, WO AE /)N BRI 2%
TNF-o FIIL-1 WBETHR, . IlZH 25 0E s PRk AR
M. M TR, M2 TNF- o F1IL-1 3 &
i, HF. gl 2L RE G PR AR ek s, ¢ IR AR ] i
VL ILAE s 19 4 B PR S RE S, A R . BB
FIVERT . ML o] BRI AR RS A E ML, BEOR
B O, SAE7E T Kupffer 00 . S22 4000
B BRI Z AR o 7 WIEE S, i — R 5 1
Kupffer 0 FIRAZANREL TNF- o 1 TL-1, MIMiHE
PURFBEA 215 2 4 G RAE N, 5 ZABRODSKII
AR I A R

U, AR L AE Sh 4 VR R AL 7
Tl S AE LML A 7 TNF— o I TL—-1 BB, BRARAS A A
PUREN . I H, PP R R HAS PR AEAN T
BN, PR AT — A DG

JEBR AEMHAT A0 B 0 KB, A AT — 77 AE T4
g, KAk — B AT A B 08 A DA B
PEMY . 30 I F A8 T REAE BT AR B B 9 T
JiE /YR b, AR N X — 2D AT KRBT 4 R
JEN TR A EUHE S0 F, WRHF - x B, Toll #3214
IR, AT L AR SZ AR S 25 o F AR ELAE
FHRIMLE, FE & s IOAR RET 88 6, Al X
o 7TAchR 132y

& £ X #:

[1] BONAZ B, SINNIGER V, PELLISSIE S. Anti-inflammatory
properties of the vagus nerve: potential therapeutic implications of
vagus nerve stimulation[J]. J Physiol, 2016, 594(20): 5781-5790.

DI G M, BOSMANS G, MERONI E, et al. Vagotomy affects the

development of oral tolerance and increases susceptibility to

[2]

develop colitis independently of the alpha-7 nicotinic receptor[J].
Molecular Medicine, 2016, 22: 464-476.

[3] WILLENBERG I, RUND K, SONG R, et al. Characterization

of changes in plasma and tissue oxylipin levels in LPS and CLP

induced murine sepsis[J]. Inflammation Research, 2016, 65(2):

133-142.

[4] JING F, LI M, REN H, et al. Effects of atorvastatin combined with
low-molecular-weight heparin on plasma inflammatory cytokine
level and pulmonary pathophysiology of rats with sepsis[J].
Experimental Therapeutic Medicine, 2016, 12(2): 1048-1054.

[5] SUNY, LI Q, GUI H, et al. MicroRNA-124 mediates the

cholinergic anti-inflammatory action through inhibiting the

production of pro-inflammatory cytokines[J]. Cell Res, 2013,

23(11): 1270-1283.

[6] KAWASHIMA K, FUJII T, MORIWAKI Y, et al. Critical roles

of acetylcholine and the muscarinic and nicotinic acetylcholine

receptors in the regulation of immune function[J]. Life Sciences,

2012, 91(21/22): 1027-1032.

MALDIFASSI M C, ATIENZA G, ARNALICH F, et al. A

new IRAK-M-mediated mechanism implicated in the anti-

[7]

inflammatory effect of nicotine via a7 nicotinic receptors in human

macrophages[J]. PLoS One, 2014, 9(9): DOI: 10.1016/S0014-

5793.¢108397.

BN, ART, oA, A . AR 0 BT 48 8 e R

SRC LR I, - PHEEAR OO BRAP T (0], P E 2 =2, 2013,

33(2): 168-171.

(91 BESEME , AT, BRASH, , 45 . WA/ BUITIZH 20 MDA #1 SOD
Foifs 3 A E AL A A BRI TS D], ThE SRR R 2R3,
2012, 22(7): 17-21.

[10] ZABRODSKII P F, GROMOV M S, MASLYAKOV VV. Effect of

a7n-acetylcholine receptor activation and antibodies to TNF-o on

(8]

mortality of mice and concentration of proinflammatory cytokines
during early stage of sepsis[J]. Bulletin of Experimental Biology
Medicine, 2015, 159(6): 740-742.

(FEHT i)

- 12 -



