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HE . HH KA o7nAChRE S FB A5 N R M R (ERS ) #8142 NLRP3 £ 7 Mk & 34 a4k B e do
JEdR4 (HIBD ) 8% A B TREIUE] . ik Bl A7 d A& SPFASD AR K R 48 R, MM ABF RKL(S4) |
BEAL 48 (HIBD 48 ) . HIBD+a7nAChR 307 PNU282987 2L(HP 21 ) , #2016 2, HIBD 28A= HP 8 K A3 #tAT
HIBD # A 5 4); SA#FMF R, RMEINL R AR, HPABEA F 4 R /E 1 h B ZH 0.8 mg/ke
PNU282987, HIBD 417 S 20 R o} A R iE 455 2 A 28 3ok, A B 4 48 h G R KRk B 23640 KR 52 T 320
Be 15 BBER IR R IR (ELISA ) Al dn 75 & fm oA~ & —18(IL—18) . & @ e A& -1 (IL—1B ) K-F; HEF &
VLR R IR B F AL ; TTC 4 & AN fuie st @ AR ; TUNEL &40 KR . %5 CAL R AV 2 it 8
Western blotting #- i 847 ¥ NLR P3 & & & 4] & #38 F &% & 78( GRP78) . C/EBP F] iR & & (CHOP ) #9484+ &
HRE,ER OKETERERE T, 3HERRABBRRI. FAR S AL, EFALTFEL(P<0.05);
ELISA ¥ 5 R 2=, HIBD 84 HP 20K R fo i IL—18, IL—1B K-TF2 S2AH 3 (P <0.05), HPA X K fif IL—
18, IL—1BK-FHEHIBD AMEAK( P <0.05) ; HEF &4 R 7, SLHMEETEK, @iy £%, LA ZANZTHR
A5, HIBD 4057 JLI B EA9 29N 4 A F 8L, MR R K5, MIeEas, HP AP 2O FEl, KPR,
WAL FHZHIBD A%, TTCEELR BT, SHULY BRI, HIBD AfHP LAY TG &2, P HP
AR S E AR & LA RAKT HIBD 42( P <0.05) ; TUNEL A% R 27, HIBD 28fe HP 4L K A w X EA=i I CA1 X
AP 22 a0 L8 T R S A B (P <0.05), HPALX R K EAw ik CA1 R AP 2 0 i o F 8 HIBD 4L E4& (P <
0.05); Western blotting %] £ R 277, HIBD 4= HPZL X R NLRP3., GRP78, CHOP& éAastf ik B SLF
%(P<0.05), HPZENLRP3, GRP78., CHOP % GAast & ik 4 HIBD A& (P <0.05) . 451 o7nAChR#
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Molecular mechanism of NLRP3 inflammasome regulated by
a7nAChR agonist via endoplasmic reticulum stress to
ameliorate hypoxic-ischemic brain damage*

Cai Qun', Zhang Xiao-qun', Zhang Zhi-jun®, Shen Li-yuan'
(1. Department of Pediatrics, Affiliated Hospital of Nantong University, Nantong, Jiangshu 226001, China;
2. Department of Anatomy, Medical College, Nantong University Nantong, Jiangshu 226001, China)

Abstract: Objective To investigate the effect of a7nAChR agonist on hypoxic-ischemic brain damage

(HIBD) by regulating NLRP3 inflammasome expression mediated by endoplasmic reticulum stress (ERS) and its
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possible mechanism. Methods Forty-eight SPF SD rats at about 7 days after birth were randomly divided into a
sham operation group (S group), a model group (HIBD group) and a HIBD + a7nAChR agonist PNU282987 group
(HP group). HIBD model was established in HP group and HIBD group, and sham operation was performed in S
group without ligation and hypoxia treatment. 0.8 mg/kg PNU282987 was injected intraperitoneally one hour after
successful modeling in HP group, and the same amount of normal saline was injected intraperitoneally in HIBD
group and S group. 48 h after modeling, the brain function of rats was detected by water maze test. The levels of
interleukin-18 (IL-18) and interleukin-1p (IL-1B) expression in peripheral blood were detected by ELISA, the
cerebral infarction area was detected by TTC staining, the pathological changes of brain tissue were observed by HE
staining, the apoptosis of nerve cells in the cerebral cortex and CA1 region of the hippocampus was detected by
TUNEL assay, and the expression of NLRP3 protein and glucose-regulated protein 78 (GRP78) and CCAAT/
enhancer binding protein (CHOP) in brain tissue was detected by Western blotting. Results The escape latency,
times of crossing round table, serum IL-18, IL-1f, proportion of cerebral infarction area, proportion of neuronal
apoptosis in cerebral cortex and hippocampal CA1l area, expression of NLRP3, GRP78, chop protein of s group,
HIBD group and HP group was compared, and the difference was statistically significant by analysis of variance
(P < 0.05); There was no obvious infarction in the brain of rats in group S, obvious white infarction was observed in
HIBD group, and the proportion of infarct size in HP group was significantly lower than that in HIBD group (P <
0.05). HE staining results showed that there was no obvious neuronal injury in group S, obvious neuronal lesions in
CAL region and cortex of hippocampus were observed in HIBD group, and the degree of brain tissue lesions in HP
group was milder than that in HIBD group. Compared with the S group, Escape latency, peripheral blood IL-18, IL-
1B, the proportion of neuronal apoptosis, NLRP3, GRP78, and CHOP protein expression in the cortex and CAl
region of the hippocampus were increased in the HIBD group and the HP group (P < 0.05), the number of crossing
round platform is reduced in the HIBD group and the HP group (P < 0.05); compared with the HIBD group, Escape
latency, peripheral blood IL-18, IL-1p, the proportion of neuronal apoptosis, NLRP3, GRP78 and CHOP protein
expression in the cortex and CA1 region of the hippocampus were decreased in the HP group (P < 0.05), the number
of times of crossing round platform were increased in the HP group (P < 0.05). Conclusions The mechanism of

a7nAChR agonist improving HIBD in rats may be related to the inhibition of ER stress pathway, the decrease of
NLRP3 expression, the alleviation of inflammatory injury and neuronal apoptosis in brain tissue.
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damage, HIBD ) 1 2y Ilffi K 5 UL 9 87 A= JL B 28 952 95 2
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RAENE A o NOD B 52 1R #1345 4 3 AH 56 28
M 3(NLRP3) J& —Fh g 9 2 #h AM I 9 5t Je I B s
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bt 28 22 G2 R 0E A DGR RD . I Ah PR B I K
(endoplasmic reticulum stress, ERS) £ 5 i 7 NLRP3,
(L ZE AN [7) 28 80 20 i v ) EL A 9 s LA AS TR AR A
5% AR 1T a7nAChR ¥ 3h ) 8 o 4 3 ERS i %
NLRP3 4 4iE /IMA F2 35 XF HIBD A 5% 1) &% AT REML i
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1.1 ZIEH ORI R EE

ST E Y . e BR AR 7 d A5 A SPEF 9% SD M
PERRL 48 H AT 11 ~14g, 5 12h BRI LR
R, BB R 22 ~ 24 °C, [l B Rk OK .
JT A7 K B8 H G o e 5 R AR sh W H R A B A A
AL B W A 7= VF AT IE S SCXK ((5T) 2019-0008 ;
Wy Ad T F AT 3E S SYXK (57) 2020-0024] . A< BF
T A% W SF 3R R U I 28 I B o ) 2% B4 At
IR : «7nAChR ¥4 35 %) PNU282987 ( |3 28 = K/
WHARARAFD), FAIH A2 -18 (1L-18) . [ 41
Jiti 4 Z -1B8 (IL-1B) ELISA i | & ( & JE3E /K £ W)
FHEA BRA R L TTC B 43057 & ( BRI AR Y)
TRARA D), RANE -2 g (EIEAE AR
YR A PR/ 7)), TUNEL #0142t 7 5 (25 [ Roche
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) ) , BCA 25 8 il R & (5 ISR A= Bl 4
AIRAT) o AL NI WAT R 50 1 &R 4e ( EIgE R
B A BB A BR A 7] XR—Xmaze B ) |, i b A2 (5
5 : ST-MBO6A , 111 AR = IR ALZE A FRA A ), 5 &
s (145 CKX53, H AR BB E Btk X 4t ) , B
WAL (75 16-8033, L E A R A H ) .
1.2 ZWHYHERBEEFIREH

48 HRBLREHL 7 AT AR (S ) BRI
(HIBD #1 ) . HIBD +a7nAChR i 5/ 7] PNU282987 4
(HP4H ), %4 16 2 . HIBD 41 A1 HP 2 K B3 pE 47
HIBD # R A ] S AT TR, Al 4L Ak
AL, HIBD 2 Fil HP 20 2 5% F 2t R Rice 15 & il
HIBD MY . 8 s vk 5 29% 1 B4 LU 2 ARRR R, A0 Bl 1
SEAESLE G b, BRI 1 SR, S0 O e AL
175 mm YIFF Rk, GRS 85 ) FAHBRLN, 2
RNk =AM, R AEER L, RHI5-0 44
S5 FL A0 B k3 O v M O v, ERTH . RE
K 2 B Il BE BSE AR R Th S CE R B AR
(92% N, + 8% O,) 1k AL 3 2.5 h,  dR AT 78 K R
WPk . dhdE, Bl AL BELE HE B A e |
S ARRR L PURCRFSh . R Joik A B A7k AE
RAR A 80 A5 4 2l . HP ZHA R A Rl o s 1 h I8
J¥E 7 51 0.8 mg/kg PNU282987, HIBD ZH 1 S £ [7] i []
i 1 5 0.02 mL/g 2R FRER K
1.3 KEELWKNARFEICIZEE

KI5 48 h B4 K R IF K ok F 905, ¥ —
AR 7K W (142 = 180 em, 5= 50 cm) %43 Jy 44>
SR, b e S E — IR T KT 1T em 1Y HE F-
H(EA=9cm), KPIAGRBRER 5, KRG
FETE 22 ~ 25 °C, R/NEIAT R o0 B R G200 K
B2k B P R 301 0 2 min P 205 5 A VR B
1.4 EEBLRE I MHRLE (ELISA) M IL-18.1L-1B
7KF

KBS ZERIG 2 h, 4T RKREEH O
TR R, Al IBCHC A1 R, R B
e I ELISA R & Ud B B BEA T8 0E R0 A5 o S RN
BEAE S A Bm A BB AL, PR ES A ME A
PEAME XTI, EfLR R AR, EEmNE
2hE# LA AR I e, BEIE In A A R AL
PUAK | Streptavidin—-HRP £ 100 wL, % i % & J5 &
W, WIS WA, 7E 450 nm P KA SE OD fE, JEAR

PEbn e M e AR A MR B, PSR LIAR BT £, it
B IL-18 ., IL-1B SEPRyE E
1.5 HELEBNRMALRFENT

BUR G217 4% PP e i, Ak
HOUI R, 2 W OR FNEDRS I S K S 2EAT HE Yy
o, SheE R T AR Il U S AR
1.6 TTC F XM fmiEsLmR

W 45 20 A R BT Sk i Ab AT, B S8 R ik
BT 20 CUKA A R 20 min J5 B, PR IR A
W VAT VIR BE 2 2 mm BRI R, B HOCA
TTC Y REEIF F 20 min, 5P S min B4 80 A
1w, Je@s5as e, PBS migk T, AL
PR S BRI AE IR 0 b (% ) = A AT T AR/ DT A A
AL x 100% .
1.7 TUNEL AR KR R85 CA1 XHEH
AT IER

iz BB 1.6 H 5 1 R B4 41 A U 2 40 % 7
TR A7 Y A, SR FH TUNEL 3 60338 50 &0 k6 I b 28
AT, BRI A BRI T S CALIX
B, G WAEE T WSS, FREE . AR g U
oML, WA IR R AIAE . BENLERE 5 m A B
B, HEME T, A0 TR (%) =18 T Al i A
LT 240 0 < 100% o
1.8 Waestern blotting # il fig 48 22 1 NLRP3,
GRP78.CHOP EQ K%

B4 41 R B 22 1A 25 4 20 7 vk AR i A
20 ML B AR, BB L T VR F BCA B o 2 11 H Ak
W B W, A R BUS0 L BE S aE AT SDS-
PAGE HLK , B, B, 2350 A NLRP3 | 4 %)
B 5 2 A 78 (glucose regulated protein78, GRP78) |
C/EBP [H] J #5 H (C/EBP homologous protein, CHOP )
— P (F B EE 2 R 1:1000) B E 8 . bt
FIRMEE 2 h, A ECL B @R AER % N IR R5Y,
Pl B-actin W2, 118 NLRP3. GRP78. CHOP %
P A X 285 o
1.9 #FitEHE

O 23 1 R FH SPSS 22.0 i 4k 4k . TR
DAEL = bl 2E (xxs) Fon, ZUIMHLE T2
ST, W L 3R] SNK-q K 50 . P<0.05
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JK KB S 45 B R, S 21  HIBD 4H & HP 4H ik
VR SRR S B R, S E T, E R
A G512 78 L (P<0.05) , HIBD 20 I HP 21 3k 3 ¥ R
WAz S HAEK (P<0.05) , 2 # 5] 5 R g S 4l />
(P<0.05) 5 HP 2H 3k 3k 75 £ 19 ¢ HIBD 2H 46 % (P<
0.05) , 2 # [B 5 W % ¢ HIBD 41 34 Jin (P<0.05)
JUE 3

R 1 BEKRRKE ST MkEEER I M E &R EH
k% (n=16, x+5)
TR T C

S# 6.82 +1.84 10.63 +£2.42
HIBD 21 26.04 +5.727 2.23 £0.54Y
HP# 16.08 + 4132 6.53 +1.58%
F{4 26.024 15.054
P1H 0.000 0.000

W Q5 S, P<0.05; @5 HIBD 4 H K, P<0.05,

2.2 SHAKXRMFIL-18.IL-1B KFELE

ELISA £ I 25 % 1 7R , S 41 . HIBD 41 1 HP 41
1L-18 IL-1B KV Lh i, &7 2400, Z 5 A 4 it
225 X (P<0.05) , HIBD £ F1 HP 41 11.-18 . TL-1B 7K
T S 4 i (P<0.05) , HP 4 11L-18 | IL-1B /K ¥
4 HIBD 4RIk (P<0.05) . WL 2.
2.3 3AKRMARRIELE

HE e 25 S0 WoR, S 2585, 40k
SVIEH , T WM& ity ; HIBD 28 ] UL fis J )2
PR T HES B R 2L, A0 R R AR B, 4
24 HP A& ITTHES ZETL, KRR | SRIEFE
WHIBD %%, WK 1.

FR2 BHAKRIMEIL-18.IL-1p K TEHIEL B
(n=16, pg/mL, xX+s)

sS4l 4723 +8.24 28.15 +4.02
HIBD 41 155.36 = 14.38" 9234 +10.26"
HP# 109.26 + 11.37%% 58.6 +7.25%
FAg 125.084 26.258
P1E 0.000 0.000

. 5S4, P<0.05; @5 HIBD 41 LE#, P<0.05,

2.4 3HAKBREIEFREMRLE

TTC Y25 5 o, S 41 HIBD 4 A1 HP 2 figi #F
BE T AL L 4 Bk (0.02£0.01)% | (27.16 +
4.38)% . (18.29+3.96)% , 2 5 2243 M7 , 22 554 Gi it
25 Y (F=256.158, P=0.000) , H: S 4 Jc W i3 A3
SEkt, HIBD 28 F1 HP 41 24 0] UL 1 48 S8 &t , HP 20 4
HE 1 AR H B A T HIBD 41 (P<0.05) . LA 2,
25 BHEXRMER.BSCA1XHMEHAMATE
2%

TUNEL #5460 4% 53 7R, S 2 HIBD 44 1 HP 4
I i 2 RV T AL XA 28 20 R T2 R M A, 407 22
T, ZRA G E L (P<0.05) , HIBD 41 il HP 41
Fiki g J2 R B CAT DX R 22 40 M 0R 1 R 48 S 4L T
(P<0.05) , HP 20 i 52 J22 Rl Hy CA DX P 2 41 i g 7
A HIBD 4 FEAIR (P <0.05) . W33,
2.6 3AHAAXRMALHNLRP3,.GRP78,CHOP &
BARILLLE

Western blotting K 4t W 5 o, S 46 HIBD 45 Fi
HP 20 NLRP3 . GRP78 . CHOP & [ AH X} & ik & b 4%,
7 2510, R A G FE L (P<0.05) ,HIBD 4 |
HP 2 NLRP3 . GRP78 . CHOP % {4 #H %f £ 1k 45 S
2 7+ (P<0.05) , HP 41 NLRP3 ., GRP78 . CHOP % [
HH X 26 35 i A8 HIBD 4 F% fIK (P<0.05) o UL % 4
A 3.

S#H
1

HIBD 4
SHEKXRMALRIENE (HE (1 x 400)
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S4 HIBD 41 HP 41
B2 XRRHEEER (TTCH)

#x3 BAKXBREE./EDCA1 XHEHMARETZR
EbE: (n=16, %, x+s)

4151 i 1 J2 M CATIX
sS4l 0.97 + 0.43 1.03 +0.54
HIBD 21 4324+ 6.83" 43.72 +6.05"
HPZH 23.86 + 52202 17.83 + 42672
FiH 92.056 124.056
P1H 0.000 0.000

. @5 S, P<0.05; @5 HIBD 4 4, P <0.05,

x4 SHKRKAL$ NLRP3.GRP78.CHOP&EH
HXRIEELLE (n=16,x+5)

bl CHOPZE GRP78#HEH NLRP3 % [
S 111022 0.97 £0.18 1.04+0.28
HIBD 41 2.05+0.51" 6.16 + 0.54" 775+ 1.32%
HP# 153204272 238+032"%  536+087"%
Fg 3.264 7.264 26.251
P1E 0.018 0.000 0.000

W Q5S4 i, P<0.05; @5HIBDA L, P<0.05,

SH HIBD £ HP 2

crop R SR S 70

crrrs | D s | ;0

CAPDH S W— — 57 L)

B3 3HEXRMALHNLRP3.GRP78.CHOP & H&ix

3 it

HIBD 2 iy [l A= 1 25 8 i 5| 24 1438 A LG 4 0
PR, Ho B 5 98 A I 51 A B9 i 28 T8 A AE X
15 R 0 O T DD AR OGP, AT HIBD 7

TCW PN IR IT vk, e IR R R B ARG
J7 . BURIHA T #AY, M AT # HIBD &%
BLDA - a7 ik B B L.

a7nAChR J& — i R IE 76 Pl 2L A1 L . Ho %3 40
5 22 240 M 3% TR ) T AR R PR R 2 AR,
BAPRIERTY, MHEHFRE R, a7nAChR 3]
FFI) FE 8 2 00 ) 8 RE R - 3R 38 RO R R 5] A R
SR8 495, {E7E HIBD H A4 i AS Bl . AR AR5
25 W on, HIBD BEAYAE i s D f5 ., HIBD 21 K %k
wEVE ORI SE G, 2R (R 5 OB D, 3R B R K
MATNRES &, M AEE S a7nAChR J357 5 HP 41
KR SR VAR 0 4 e, R Rl RO i, $ROR
o 7nAChR 3 3l 37 a] B8 Ok ORIl #f 22 D RE . HE 3%
B RMUEST TiX— 5. M4, HIBD4L . HP 41 ik
FERC AL 5 L . 0B 2 RTE T CAT X A 2 40 i A 7
Ll S e Tk, HP 4 A5 90 1 AR o b L I 2 2
FIEE B CAL X #2541 B 94 T 232 4% HIBD 20 B A%,
W] «7nAChR 3% 20 57 AT fig 38 3 s 20 #2540 1
R UE ML TIRE, M RAER T K ERIEATRES
5T et #,

NLRP3 J& NLR Z % i 5% 5 2 ) R e /M, H
MO& A LS5 T HIBD &4 . &R,
FHOCWF R IR, WA L e o 4 i 55 5 A
JHL AT FE Z2 i 58 PR 149 SRS TS 48 BT NLRP3
RAE/NAK, QAR AREAF 5175 5 (1 ERS W) o K
AN VA BERBOG R RTE PR (ROS) iR AR IS
NLRP3., A% % L, HIBD 41 . HP 4] NLRP3,
GRP78. CHOP#E HAHX KA HB SH T, HPA
NLRP3. GRP78. CHOP & [14H X} 3% ik & % HIBD 41
FEAR, #2785 a7nAChR ¥ 305 7] G il o 7 6 ERS &
2 5 GRPT8/CHOP 3 [H 7 14 2 35 e [ 1K fii 41 21
NLRP3 #AE/MA R 338 o 5 B 75 5 E B, o«TnAChR
Psh R BE AN ] ERS if 12 e LR iR T g, b
ROS B il ; 1Ml ROS K f B i v] il ¥ NLRP3 42 i /)N
K RN, X ] fig & o 7nAChR B 3 7 fiE B G
NLRP3 ik iy i [ 2 — . 1fif NLRP3 48 i /NA B 5
Jo Al A A S SR U 1L-18 , TL-1B %5 R AE N T
() R R i ek, B TL-18 , TL-1B 7] 5546
B 2 HA 0 R AE T AN M, 5 00 2 20 R E i
Bl AR AE 45 B R, HIBD 41 . HP 41 1L 7
IL-18 . IL-1B /K F-# S 4 Fhvm, HP 4Ll id [L-18 .
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IL-1B 7K ~F- % HIBD ZH [ ik, $2/K o« 7nAChR J#{ 3l 5
HE R AIC HIBD K BRAK A A R AE 7K P LEAVY ZEMHA
N, L2 7 4 el 2 g i RE AR I R ALRE A
PMUA K 4 ERS, i BAS BRI & AR 47 & 9 11 3R
£, WO NLRP3 FUR G R AE I F Ry Rk, RECR
BRI A= fii A5 5 A 28 1) i F A . BECKMANN S5
5T B, HrAE KBS B4R K BUZE HIBD 55 5
NLRP3 2 ik 1 B A i) 0] ££ 7E 22 5%, AR5 HIBD
AN TR) K J by Be A7 O, HARIE DL AT Fop ik — 2D i 5%
W

25k FPTR, o7nAChR 3 3h 77 AT 2l K B HIBD
Midsi 45, HCHLHI AT AE S5 0% ESR i 4% . FEMIK NLRP3
PAE/IMEZIKA 2, NLRP3 KoM 6 e i 26 1k
TE R A 2 ou 0 Ko 2 0 g8 T R B T R

fERT, X AT BE N HIBD 677 25 W) ik 52 $2 Lo 4 S8
7T
& % X W
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