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[ Abstract] Objective To observe the effect of acetylcholine (ACh) on lipopolysaccharide (LPS) induced
inflammatory model of rat alveolar macrophages, and to observe the effect of the acetylcholinesterase inhibitor
physostigmine (Phy ) on the anti-inflammatory effect of ACh. Methods  The rat alveolar macrophages NR8383 were
cultured in vitro, which were divided into five groups: blank control group, LPS group (stimulated with 1 mg/L LPS for
12 hours), LPS + ACh group (0.01, 0.1, 1, 10, 100 pumol/L of ACh were added for 5 minutes before LPS stimulation),
LPS + Phy group (1 mmol/L. Phy was added for 5 minutes before LPS stimulation ), and LPS + ACh + Phy group
(1 mmol/L Phy and 10 umol/L. ACh were added for 5 minutes before LPS stimulation). The supernatants were collected
in each group, the enzyme-linked immunosorbent assay (ELISA) was used to assay the contents of tumor necrosis
factor— o (TNF-a), interleukins (IL-13, and IL—6). The activity of acetylcholine esterase (AChE ) in the supernatant
was also determined. Results (D The contents of TNF-a (ng/L: 605.09+57.13 vs. 34.07+£8.62), 1L-1B
(ng/L: 377.09+28.55 vs. 32.33+10.62) and IL-6 (ng/L: 558.04 +77.45 vs. 42.62+11.21) in the LPS group were

DOI : 10.3760/cma.j.issn.2095-4352.2015.10.006
HATH : FEK ARRFAIES (81101410, 81460292) ; iR 223l R EEAARHA L TUIL S IH (13091500535)
5 B4 - 330006 VTPHE £, B B KA — B B2 B T B4R (XIS BT VIR BRsiR EZRE T B ), i
MR (ZE7RIE)
THIRAEE AR5, Email : giankejianicu@163.com



* 812 -

rhA s FR B BESE 2015 4F 10 A%5 27 %5 10 81 Chin Crit Care Med, October 2015, Vol.27, No.10

significantly higher than those in the blank control group (all P < 0.05). These results indicated that the inflammatory
model of rat alveolar macrophages was constructed successfully. @ ACh with the final concentrations of 0.01, 0.1, and
1 umol/L had less influence on the production of TNF-a, IL-1B and IL-6 in the culture supernatants of alveolar
macrophages stimulated with LPS compared with LPS group (all P > 0.05). Nevertheless, 10 umol/L and 100 pmol/L
ACh notably reduced the production of TNF-— o (ng/L: 451.19 £30.67, 332.19+32.19 vs. 604.96 +22.56), IL-18
(ng/l: 261.08+24.78, 143.98£28.39 vs. 367.06+£10.44) and IL-6 (ng/L: 342.75+54.60, 235.48 £29.75 vs.
562.69 +63.34) in the culture supernatants compared with the LPS group (all P < 0.05). @ The activity of AChE in
the LPS group was significantly higher than that in the blank control group (kU/L: 5.21 +0.63 vs. 3.09 +0.10, P < 0.05).
The activity of AChE was successfully inhibited by 1 mmol/L acetylcholinesterase inhibitor Phy pretreatment compared
with that in the LPS group (1.51+0.12 vs. 5.21£0.63, P < 0.05). @ The level of TNF-« (ng/L: 183.17 +35.44 vs.
451.194+30.67), IL-1B (ng/L: 91.49 +12.27 vs. 261.08 ==24.78 ) and IL-6 (ng/L: 108.17 £22.82 vs. 342.75 +54.60)
in the culture supernatants of LPS + ACh + Phy group was significantly decreased as compared with LPS + ACh
group (all P < 0.05). Conclusions  ACh with the final concentrations of 10 umol/L and 100 umol/L can inhibit the

LPS induced inflammatory reaction in alveolar macrophages. The acetylcholinesterase inhibitor Phy can reinforce the

ACh-mediated anti—inflammatory effect on alveolar macrophages inflammatory model.

[Key words] Acetylcholine; Lipopolysaccharide; Alveolar macrophage; Inflammatory response

JHEBEAE A2 P A5 o A B 5 RS 11 4 B R SR
N, B RREERE A 2 B IR AN A WA A
R BEAE e e e by 52 BRI ER B, o n] kR Sk Sk
WE LA IE (ARDS), &G B H LT 1) 2R
Pz —0 B e PR R i B B B R B
TR MR i 3 1) i SR — AR R IR,
PR RE BT 9¢ 108 [ A2 FEL Bl R ot 2 e sk ot . T L sk
(ACh) V5 f 9 ) 7 1938 1%, 25 T IR AE 57
PEZE I 2 (L / PV R A0 S AR U 1 A
PO AT RSME T K I AR . B AR A B A
A AN i B WA F S e T BE S (H ACh Xt
JIg 224 (LPS) 175 5 1 A BRI 74 15 05 240 ik 2 95 J=2 7
(M VE F AR DL ARGE . ARBIF5E R FHAS [V B ACh 1 H
T LPS 155149 NR8383 I Ry 5 05 200 ifd 9 i S5 1z
BRARY, WL ER H R KL F — o (TNF- o ). 4 4
M2 (IL-1B . IL-6) (520, JF-6 2 ACh X ifi il
5 200 7™ A= 470 9V P 1 e I A 2800 o, ik — 20 0
S N PR AT 11 790 55 S8 (Phy) X ACh HT 94
TR EZ , SRt 7 I 2 A B BE 0 98 3 3R 97 e 7
it O AL S 6 A AR
1 #FRFAE
1.1 FESEAORE: NR8383 K BUI . M4 bk
W F rp R 22 B 4 i 7 5 LPS. ACh )2 Ham F-12K
R F 30 T 26 [ Sigma—Aldrich 23] 5 Phy W%+
Enzo Life Sciences 2~ ) 3 Ja 45 135 M T-3E [ Gibeo 2y
Al KB TNF- o | IL-1B | TL—6 it 15 G0 2 W Bt 56
(ELISA) 150 &0 T b ZR AR Sl A FRA
ZIERRGE TR (AChE) 15 PR &0 [ e mt ik
) TARRRSERT

1.2 M3 A& 15% MRA- 1T (1.5 o/ L BRiR
S Ham F-12K 58 285553, BT 37 °C. 5%CO0,
RiFRA 557 NR8383 4lfE, A56% 2 ~ 3 d 7
B YA RS KT 80% IR 1 Ik, 7E
P 7 L R Al B 228 2B AR

1.3 SCEeordH AT R4 AR KUY NR8383 4
4% 2} 10° A / FLIEF TN FLAR . SE8 5k S 4
@O 28X B2 5 LPS 4H - 7E 40 8 3R 3 rp o A&
WIE 1 mg/L LPS $l3# 12 h ;3 LPS+ ACh 40 : 53 1#
ZKIE 0.01, 0.1, 1. 10, 100 pumol/L 1) ACh Jin AZH
HsEFE 3 A AERT 5 min, B 1 mg/L LPS H3#4 12 b ;
@ 1.PS + Phy 20 : 7E 4 Be 55 7= L H A 1 mmol/L (1
Phy YEH 5 min, F5/ 1 mg/L LPS $[3# 12 h ;5 LPS+
ACh + Phy 20 : 7EAH B35 57 B 1 mmol/L () Phy
YEAH 5 min J5 A 10 umol/L #9 ACh /£ 5 min, £
FH 1 mg/L LPS #1138 12 ho W45 AN BT as £
1.4 RME 0 : R FH ELISA 230 46 0 40 i |
W TNF-o | IL-1B ., IL-6 7K, # 18 ELISA iz
G i B, T 450 nm ARG (A)
{H ARYEPRHE I 2R AR AR B i

1.5 AChE 3P - 2 G ] B4, TR
412 nm ZM5E A {E . AChE 1%k (kU/L) = (ES
A — XS A 1 (B A —S A AMH) X
FRUE S (1 mmol/L) X REATIA AT BAEL
1.6 GuiteForbr: R0 SPSS 17.0 B gk A 1858 40
B B AR + hrifE2E (R +s) 3R, AL LR
KIS REAS ¢ K550, Z 4 L BCR FH SRR R 220
By, FitE—20 R H Dunnett— #5055 LSD—¢ ¥ 561547
[, DL P<0.05 AZESAGIT2EE L.



rhA s FR B EESE 2015 4F 10 A%5 27 555 10 81 Chin Crit Care Med, October 2015, Vol.27, No.10

* 813 -

2 & R

2.1 LPS 75 it 5 A At S R S A A (&1 1) -
i HZRE 1 mg/L LPS Hll3% NR8383 Jifi i i Wi 2l ifd
12 h, 400 F S TNF- o IL-1B . IL-6 &84
25 O IR R 3 TR (3 P<<0.05), 2 B i i 15
2 B S S A A A B

700 r 605.09+57.13" 558047745
600 7 Wi W LPsal
s
g 0 377.09+28.55"
E
i
el 300
200
100
TNF—a IL-18 L6
RIEFF
T TNF- o ARIRIEN T -, IL-18 HHEAMIEANZ 18,
IL-6 S I AHMIA 28 -6 5 525 I IR Lh AL, *P<0.05
B 1 1 mg/LigZHE (LPS) iS5 K Rt
W52 98 7 52 Iy A5 78

2.2 REIHREE ACh X LPS i3 /ifd 5 W4 il S 4
RN R (1 2): 5 LPS 4 AR L, 244k B 0.01 |
0.1 F1' 1 umol/L 4 ACh X LPS Hill3# 1) iyl 1w 441 i
WP TNF=- o IL-1B [ IL-6 F i M 800N (3
P>0.05) ; MZHFE 10 umol/L K 100 wmol/L ) ACh
AR E RSN D TNF-a  TL-18 L T1-6 7%
i (3 P<0.05). #AfixE 10 umol/L 2 ACh X} LPS
YL W A 6 A B R A FH I e I A 25

2.3 JEEEE 0 R ) AT 3 SR ACh X LPS 5 S ifi
76 W A E S I A BB R AE < [ 3 S5
7N, LPS 2 AChE {5 VR3S O FRZL IR B3 (P<
0.05) 5 1 1 1 mmol/L JIFL Gk P il 411 1) 771 Phy 1 b 2

608.15+

367.062360.60

AL LPS 35 S0 AChE 7P (P<0.05). K4 4%
IR, LPS+ ACh+ Phy ZH40f L35 H TNF-« |
IL-1B . IL-6 &% LPS + ACh 2H B E A% (X P<
0.05), $&/ IR B ) 57 Phy AT 3958 ACh Xl
5 24 L S A s oy B RS PR R A o

6 - 5.21+0.63
5 -
3 4 -
S 3.0940.10
A4
~ 3 -
m
Sl 1.51+0.12"
& 5140,
1 | .
0 . .
23 (R LPS4l LPS + Phy#
2451
VE: Phy M3 00 555 O IRZH LA, 2P<<0.05 5

5 1LPS AL b#:, PP<0.05

3 JIAGEEEEHNTIR Phy XA 20 (LPS) 3R
i F R 2 A £ e AR AR T (AChE) T PRI

750

[ Lpsgl [ LPS+ACh4l [ LPS+ ACh+ Phy4l
604.96+22.56 562.69 +63.34

600 |
=
s o
3 .
i
2g 300

108.17+
150

TNF- « IL-1p IL-6
RYEH T

1¥: Phy WEER 508, TNF- o R IRRIEH T - o,
IL-18 NHAMIANZE -18, IL-6 N HAIHEANZ -6
5 LPS 412 ,*P<0.05;5 LPS + ACh 41145 ,PP<0.05

4 MRS AR5 Phy n] 3% 58 ZBEARGK (ACh)
XERRZHE (LPS) 75 S Uit 60 5 s 40t 58
SRR BT R A

N .

700 9(2)‘2"227»01.0& 46.61 400 F1g 44 20.20343.03+339-88% 700 [562.69 +

0217 562.12+ 0 22.59 63.34535.05 %555 89+500.38 +
600 | 18.39 r 600 37.22 4 62.92
451,19+ 261.08+ %8
2500 30.67" _300F 24.78 so0 b
N 3 = 342,75+
332,19+ < 250 F N 54.60"
£ 400 | 32.19° % o 400 ;
— el 143.98+ 80
= £ 200 F et E 235.48+
I 300 | = 7 © 300 29.75°
£ T 150 + LS
L = = L

= 200 = 00 b 200

100 50 | 100 |

0
LPS4l 0.01 0.1 1 10 100 LPS4l 0.0l 1 10 100 LPS4l _0.01 0.1 1 10 100
ACh (umol/L) ACh (umol/L) ACh (umol/L)
4150 Bl Eivll

H: TNF- o HMRIRIER F - o, IL-18 HHAIMIAZE -1B, IL-6 AN -6 ;5 LPS 414, “P<0.05
B2 AREMEZBERGE (ACh) XTHEZ4E (LPS) 755 By . s 41 B 8 5 5 A 750 (14 5 i)



- 814 -

rhA s FR B BESE 2015 4F 10 A%5 27 %5 10 81 Chin Crit Care Med, October 2015, Vol.27, No.10

R I B

R BEAE A2 B R ) SO R T R — R %
A RAEPIR SN, 7] FE TNF- o | IL-18 ., IL-6
S5 9 IR 4 B R, TP 4 B 90E SN 25 B AT
(SIRS ), H: it 453 473 Ja JER g 5 foc it B L A S i
FERYFE R TR MR E AR 43 6 98 E I v
It 7 5 5 40 A Ay =B L) RAE U sh AN K ¥ K
FEELAER, PR, AR R 45 il 960 510 40 i 2R AE S
N KA BT AR YT M RE E il 45 405 $ A S B0 A 4R
AWK I LPS il i NR8383 fili it [ Wk 41 it 12 h
DAYl 0 E I I AR , 3 Ao 4G A0 e 97 Y R
A TNF- o, IL-1B . IL—6 ) f 2028 , Tk S AR A4l
PR

NRBR BEAT 48 38 [ S — SR A — G siE U738
S SN I FFRK R 28 22 5 o B BB RE Ao 25 4% 141 1%
b, A% ok G A 2 Bl it ACh, ACh 5 F %
20 0 255 £ AR L R T Y o 7 MR R EY 2 T LR A2 1A
(«7nAChR) Z54 , i Z R 48 iy,
UL AE A Sh W) SEUR AT % B, BRI BE 32 (A Bh37) Je iy
TR A L R A SRR A B1 (HMGB1)
IR, B AR A Y0 78 T TNF— o | L I 400 i A P 2R
F =2 (MIP-2) & &2, 3D PRk 4 g i, 4 ves fie
/NI R WA A B, A
PN 7 2 I A B = Lm0 o 2 TNF - o
K-, BT S 35 T 0 D A BOSUA k RE f 2 m BH Ip
o 7TnAChR I 5 35 TH B F B 03 e R AR T, 26 B
FL T SR = LT o e A Rl R 3 el N
ZMAE R A JAE S . Borovikova %n”lﬁ@ﬁﬁ%ﬁ
PR, T H N B 2R PR SR R R R A 2R
PR 2R 0 IR AR R DT A B, T 30 I TNF- e
A B, AR LTS TNF- o 55 55 R H AChE 17 i 551
TR T A BV T A0 I A% B AN L, K B
ACh 7T DLF s AR H 0 Mk /D LPS 55 A 12 R 1
TNF-a . [L-1B . IL-6. IL—18 F&Jl, {H A 52 41 48
R IL-10 195 . AR S RAESE, 10 pmol/L
100 umol/L 1Y ACh FJ A %A LPS H3% ) NR8383
Jili 760 5 20t L 3 W TNF- o | TL-1B  1L-6 &
i, FE WY ACh AT 10 i 76 500 40 B 19 RRE SR, 5
Borovikova FIRFFE 45 SRAHAT o

AChE RAL3 A TR 41 40, A7 TS e 4
Ji b, Herr e B A A Rk B o, AT RS K
ACh 2723 T ARSRRIFSE & B, S8 e L BEIE AChE 3%
PRI AT HEhIXE ACh A K, BELAS ACh B9HT R L

I8, ACKE (e 3 3% 1k nl B S P B R i st L ik
REHL 48 18 I D BE B AR O B ML =2 — 0 ARWFSE
S5 SR, LPS B3 NR8383 filijfs i Wi 41 ity - v
W AChE PR 25 (G HE 4 B S 39 n s IRV B 1)
ACh (0.01 ~ 1 pmol/L) X} LPS 755 filivfu 5 W40 g |
TR INF-o | IL-1B . IL-6 & 528 /)N, il fig
55 AChE T P 38 58 A7 5 5 1717 JIEL Bl 1 it 4000 <61 550 7T R 1K
AChE %1%, 98/> AChE X} ACh /K fVER

Hofer 252 {01 58 K& B, 45 F e 854 /1N B Phy
AR 5 SR T B (NF—xB) 1% 1k, B AR 76 2R
TNF-a , IL-1B | IL-6 /KT, 2 mi /N U6 . AR
FF 5T 25 FEUESE , AR R B A0 157 Phy AI385% ACh Xt
it 4 55 I A4 L R A 5 o7 A AR P B R A, 47 310
AChE JEPEMIG R ACh ML 5 VEF il e A 1R YT e
BERE 05 0877 1]
Sk

[1] Guirgis FW, Khadpe JD, Kuntz GM, et al. Persistent organ
dysfunction after severe sepsis : a systematic review [ J ]. J Crit
Care,2014,29 (3) : 320-326.

[2] Matthay MA, Ware LB, Zimmerman GA. The acute respiratory
distress syndrome [ J ]. J Clin Invest,2012,122 (8) : 2731-2740.

(3] 2=, A=k, IORE 45 . 5 ol 22 OGS e 2 AR K P ki
LAY R A L) T AR A B SR 27,2015, 27 (6) : 509~
513.

[4] AT, ZE AR, Wk W] . ™ o e REAE NE O BT 0 B B AL 1
BT | PRI, 2015,31 (3) £ 217-219.

[5] Lakhan SE, Kirchgessner A. Anti-inflammatory effects of nicotine
in obesity and ulcerative colitis [ J J. J Transl Med,2011,9 : 129.

[6] Zhang R, Wugeti N, Sun J, et al. Effects of vagus nerve stimulation
via cholinergic anti—inflammatory pathway activation on myocardial
ischemia/reperfusion injury in canine [ J ]. Int J Clin Exp Med,
2014,7 (9) : 2615-2623.

[7] Nizri E, Irony=Tur-Sinai M, Lory O, et al. Activation of the
cholinergic anti—inflammatory system by nicotine attenuates
neuroinflammation via suppression of Thl and Th17 resp()nses[ 7.
J Immunol ,2009, 183 (10) : 6681-6688.

[8] Koval LM, Yu Lykhmus O, Omelchenko DM, et al. The role of
alpha7 nicotinic acetylcholine receptors in B lymphocyte activation
[J]. Ukr Biokhim Zh (1999),2009,81 (4) : 5-11.

[9] Nouri—Shirazi M, Guinet E. Evidence for the immunosuppressive
role of nicotine on human dendritic cell functions [ ] ].
Immunology, 2003, 109 (3) : 365-373.

[10] Gahring LC, Osborne AV, Reed M, et al. Neuronal nicotinic
alpha7 receptors modulate early neutrophil infiltration to sites of
skin inflammation [ J ]. J Neuroinflammation,2010,7 (1) : 38.

[11] Takahashi HK, Iwagaki H, Hamano R, et al. The
immunosuppressive effects of nicotine during human mixed
lymphocyte reaction [J]. Eur J Pharmacol,2007,559 (1) : 69—
74.

[12] SR4RME, BERT, BRI, % I - B IS LAEMeEEAE 2
05K T B E I . TR AR S E A B BE %, 2000, 12 (6)
334-337.

(131 FE—WA, D78, S0 FH L 45 AN TR)R iR 2 R A A [ £ ]
TSN AN G RG] PR PR 2
7%ik,2015,22 (2) : 142-146.

[14] Wang H, Yu M, Ochani M, et al. Nicotinic acetylcholine receptor
alpha7 subunit is an essential regulator of inflammation [ J].
Nature,2003,421 (6921) : 384-388.

[15] Tracey KJ. Physiology and immunology of the cholinergic



rhA s FR B EESE 2015 4F 10 A%5 27 555 10 81 Chin Crit Care Med, October 2015, Vol.27, No.10

* 815 -

antiinflammatory pathway [ J ]. J Clin Invest,2007,117 (2) :
289-296.

[16] s, &1k, 4= a2 [ % AR o Be e 28 3 B 58 A IR0 1.
A fE TR 2R A, 2012,24 (3) : 185-188.

(17] s, T H . IOBRedT s B mroe il e [ 1 . PR FaFoT
F47,2014,41 (6) : 637-640,647.

[18] Wang H, Liao H, Ochani M, et al. Cholinergic agonists inhibit
HMGBI release and improve survival in experimental sepsis [11.
Nat Med,2004,10 (11) : 1216-1221.

[19] Su X, Matthay MA, Malik AB. Requisite role of the cholinergic
alpha7 nicotinic acetylcholine receptor pathway in suppressing
Gram—negative sepsis—induced acute lung inflammatory injuryl J |.
J Immunol,2010,184 (1) : 401-410.

[20] WAZR A, £45,55 . WA X4aNpRE TR M BE X IN R R 5 i
R AR PR R ORI D R B T /IR IR T ). sl v o e b
HafiZR 2008, 15 (4) : 205-208.

[21] 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.

[22] Meshorer E, Soreq H. Virtues and woes of AChE alternative
splicing in stress—related neuropathologies [ J |. Trends Neurosci,
2006,29 (4) : 216-224.

(23] E40, T2, XL, 45 . BRG0S0 114 I
REARZELT ). e phiz B2zl 2005,4 (1) : 28-31.

[24] Das UN. Acetylcholinesterase and butyrylcholinesterase as possible
markers of low—grade systemic inflammation [J]. Med Sci Monit,
2007,13 (12) : RA214-221.

[25] Hofer S, Eisenbach C, Lukic IK, et al. Pharmacologic
cholinesterase inhibition improves survival in experimental sepsis
[ J . Crit Care Med,2008,36 (2) : 404-408.

(i H 39 - 2015-08-03)
(ARG )

ATE AN EERE R ERRIE

AR 25 AE (Middle East respiratory syndrome, MERS)
ZVEMiifi (acute lung injury, ALL)
(] R f (interstitial lung disease, ILD)
WA AILAH SCPEM 4% (ventilator induced lung injury, VILI)
WG HLAH CAENT 48 (ventilator—associated pneumonia, VAP)
X ARAFPEN 28 (community acquired pneumonia, CAP)
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(systemic inflammatory response syndrome, SIRS )
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(acute physiology and chronic health evaluation, APACHE )
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H A2 (interleukin, 11)
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NOD BEZAAREH 3 (NOD-like receptor 3, NLRP3)
FTAPERR IR 32 R

(soluble tumor necrosis factor receptor , sTNFR)
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(extracellular signal-regulated kinase , ERK)
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AN AR AR EL ( systemic vascular resistance index, SVRI )
T N I 25 =35 5% (intrathoracic blood volume index, ITBVI)
I R PFEEL (rapid shallow breathing index , RSBI)
RS E (maximum inspiratory pressure, MIP)
PFEMYIE S, (prone position ventilation, PPV)
SJBIEE (peak inspiratory pressure, PIP)
KI5 (platform of the airway pressure, Pplat )
AR IEE (positive end—expiratory pressure, PEEP)
[F 2 [ B4 1 <

(synchronized intermittent mandatory ventilation, SIMV )
PRAME %4 (extra corporeal membrane oxygenation, ECMO)
U 7 i B U I

(pulse index continuous cardiac output, PiCCO)
] 35 PR 3 56 (spontaneous breathing trial , SBT)
ok (Z202) AR A (percutaneous oxygen saturation, SpO,)
HhC K L 4R PR R

(central venous blood oxygen saturation, ScvO,)
TR T ILESEAE (mixed venous oxygen saturation, Sv0,)
eG54 (left ventricular ejection fraction, LVEF)
AR (oxygenation index, Pa0,/Fi0,, OI)
B4R 5% (arterial partial pressure of oxygen, PaO,)
Sl —E ALK

(arterial partial pressure of carbon dioxide, PaCO,)
PR U R

(end tidal carbon dioxide partial pressure, Py,CO,)
Wi — Shfbk i 4o 22

(difference of alveoli-arterial oxygen pressure, P,_,0,)



