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(Caspase-1) /3 & % D(GSDMD) 12 5 i@ % 31 g % #3 (LPS) i $ WM 2 L B T ¥h, Fixk Ha-amd s
b2t HT22 ta R AL o A £ % sF B4 (Ctrl 20) \LPS # $ 48 (LPS 41,10 mg/L LPS) . f&# & REM %1
(REM-1%48,160 pmol/L REM) | & # & REM 1 (REM-& 41,320 pmol/L REM) 4 REM-& -+ NLRP3 # & 7
J B A EEEM(REM-3+ & 8B A £ 420,320 pmol/L. REM+10 pmol/L & B A @ %), &% Ctrl 49, &
A& HT22 a3 B LPS #4745 F. BAmB ARG, %A MK 7 & 8 M2 HT22 ity B k&
(A15), &M Hoechst33342/sfewbrg (PD $ &4 HT22 @ fe £ — %, R A B 5 R WX an HT22
e LR G mieA & (L)-18.1L-6 M B EE F-«(TNF-O) K F, RAENRELTER S LK
M HT22 #afl s NLRP3 442 RNA(mRNA) ,Caspase-1 mRNA .GSDMD mRNA &k KF, KRB E G R
Fteml HT22 s+ NLRP3, Caspase-1,GSDMD #2848 ¥ 3£ £ # & 9 (ASC) A X K-F, &R LPS 4
HT22 Zaf2 48.72 h 89 A, A2 F4&F Ctrl 8(P<<0.05), m @i &= &, L& &+ 1L-18.1L-6 , TNF-a K,
A% NLRP3,Caspase-1 ,GSDMD mRNA Fo%& & £k K-F ASC EG REZKFHR2F ST Curl 42(P<0.05),
REM-{&28#» REM-35 4 HT22 28 48,72 h 44 A, AR %5 T LPS 41, H REM-5 4% F REMA&4 ., £ 73
H it 3 & L (P<0.05) . % REM-{&#8 4= REM-Z 4 HT22 @ e & % . L IL-18.1L-6 . TNF-o 7K F,
VA B NLRP3,Caspase-1.GSDMD mRNA #=& & £ ik K-F ASC & & A A KF 2 FIKT LPS 41, H REM-F 41
& F REMAR4E, £ F M A %t £ EL(P<<0.05), REM-&+ R B A ¥ %4 HT22 40 48,72 h #9 A, &
2 #/&F REM-5 4 (P<0.05), Mm@ &= %, ik P IL-18.1L-6 , TNF-a /& F, A & NLRP3, Caspase-1,
GSDMD mRNA #e & & £k KF ASC EOAZXKTFHEE ST REM-F4(P<0.05) ., £&i® REM THid
i F 8 NLRP3/Caspase-1/GSDMD 4% 5 i % &, % LPS i# $#4v 2 T & T,
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Effect of remimazolam on LPS-induced neurons necrosis by regulating
the NLRP3/caspase-1/GSDMD signaling pathway
GENG Changzhen ZWANG Li“ ,YE Lan
Department of Anesthesiology sShanghai Public Health Clinical Center ,
Shanghai 201500,China
Abstract: Objective To investigate the effect of remimazolam (REM) on lipopolysaccharide (LPS) in-
duced neurons pyroptosis by regulating the NOD-like receptor thermal protein domain associated protein 3
(NLRP3) /cysteinyl aspartate specific proteinase-1 (Caspase-1)/gasdermin D (GSDMD) signaling pathway.
Methods Iogarithmic phase mouse hippocampal neurons HT22 cells were randomly separated into a normal
control group (Ctrl group),an LPS induction group (LPS group,10 mg/L. LPS),a low concentration REM
group (REM low group,160 pmol/L REM) ,a high concentration REM group (REM high group,320 pmol/L
REM) and a REM high+ NLRP3 activator Nigerian antibiotic group (REM high+ Nigerian antibiotic group,
320 pmol/LL REM—+10 pmol/L Nigerian antibiotic). Except for the Ctrl group, HT22 cells in all other groups
were induced by LPS. After each group was treated with medication,the CCK-8 method was applied to deter-
mine the absorbancy (A value) of HT22 cells. Hoechst33342/pyridine iodide (PI) staining was applied to de-
tect the level of pyroptosis rate in HT22 cells. Enzyme linked immunosorbent assay (ELISA) was applied to
detect the levels of interleukin (IL)-18,1L-6 and tumor necrosis factor-a (TNF-a) in the supernatant of HT22
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cells. Real-time quantitative polymerasechain reaction was applied to detect the expression levels of NLRP3
message RNA (mRNA),Caspase-1 mRNA and GSDMD mRNA in HT22 cells. Western blot was applied to
detect the expression of NLRP3, Caspase-1, GSDMD and apoptosis-associated speck-like protein containing a
CARD (ASC) in HT22 cells. Results The A,; values at 48 h and 72 h in HT22 cells in the LPS group were
obviously lower than those in the Ctrl group (P<C0. 05),while the cell apoptosis rate,11.-18,11.-6 ,and TNF-«
levels in the supernatant, NLRP3,Caspase-1,GSDMD mRNA and protein expression levels,and ASC protein
expression level were obviously higher than those in the Ctrl group (P<C0. 05). The A,;, values at 48 h and 72
h in HT22 cells in the REM low group and REM high group were obviously higher than those in the LPS
group,which in the REM high group were obviously higher than those in the REM low group,and the differ-
ences were statistically significant (P <C0. 05). The cell apoptosis rate,11.-13,11.-6 ,and TNF-« levels in the su-
pernatant, NLRP3,Caspase-1,GSDMD mRNA and protein expression levels,and ASC protein expression level
in the REM low group and REM high group were obviously lower than those in the LPS group,which in the
REM high group were obviously lower than those in the REM low group,and the differences were statistically
significant (P<C0. 05). The A,;, values at 48 h and 72 h in HT22 cells in the REM high-+ Nigerian antibiotic
group were obviously lower than those in the REM high group(P <C0. 05) , while the cell apoptosis rate,[L.-1j,
11.-6 ,and TNF-« levels in the supernatant, NLRP3,Caspase-1,GSDMD mRNA and protein expression levels,
and ASC protein expression level in the REM high + Nigerian antibiotic group were obviously higher than
those in the REM high group (P <C0. 05). Conclusion REM may alleviate LPS induced neuronal pyroptosis by

downregulating the NLRP3/Caspase-1/GSDMD signaling pathway.
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PE W B 50 CELISA) 3 & 0 [ sl i - A T
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LPS') ik ¥ ¥ REM 41 (REM-K 41, 160 pmol/L
REM) ., & #& J# REM 4] (REM-# 4. 320 pmol/L
REM"") Flm ¥ F REM + NLRP3 #4371 J& H F 1IE
W% 4 (REM- + J& H F W % 40, 320 pmol/L
REM+10 pmol/L J& HFIW #E") . Bk Ctrl 4141,
HARAd HT22 ¥ LPS %S 24 h J5 i AAH
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1.4 CCK-8 il HT22 413G 1 4541 HT22 41
MO hn AKH I 25 Ab B 24 .48.72 h J5 . 43 B im A CCK-
8 a5 I FH B AR UK I 25 L 2 h 5 450 nm T W6
EAE) ., HE 6 HBCEFHHE.
1.5 Hoechst33342/PT Qe o kil HT22 40 j A5 120K
o &4l HT22 A0 AAHR 2599 4b B8 48 h J5 , 5% 22
Frge 3, 0 m A 4 it 42 66 22 Wik Hoechst33342 44
WO PL Y B PR 4G TE 4 CHEALIFE 30 min, Ik
WRTEZ Ot W B T WS 115 PTOBH 4 46 MY 1 L 1)
(PT P %) 40 i 52 210 €5, Hoechst33342 FHE: B9 40 Jif &
W), wE 6 WEFHHE.
1.6 ELISA ¥:K0 HT22 40 7 %+ 11.-13.1L-6
A TNF-a KF 440 HT22 40 00 A K R 25 9 4k 33
A8 h J B W S A 1 3E W . R ] ELISA 57 &
il 2% 241 HT22 408 W b 1L-18.1L-6 Fl TNF-«
K. EE 6 KECEHIE .,
1.7 RT-qPCR ¥ & W HT22 40 il  NLRP3,
Caspase-1.GSDMD fEffi RNA (mRNA) % ik /K F
T Trizol 5 2 B4 40 HT22 40 il & RNA, & 1
FTve BE I A S5 8 RNA R S0 B A4 DNA, DU Ry 5
et 4T PCR ¥ 38 . 2 o B2 e ML AR & 3% 18 SYBR
Ex Taq I G BT E . 51975 &+
L 1R, RH 2 > F%IHE NLRP3, Caspase-1,
GSDMD mRNA R KKF, EE 6 IKHCFH1E .
®1  3l¥igitEs

B SIS 5131 (5'-3"

NLRP3 F:GCTTGCCGACGATGCCTTCC
R:GCTGTCATTGTCCTGGTGTCTTCC

Caspase-1 F: TCCTCAGGCTCAGAAGGGAATGTC

R:GTGCGGCTTGACTTGTCCATTATTG
GSDMD F:GCCTCCACAACTTCCTGACAGATG
R:GGTCTCCACCTCTGCCCGTAG
GAPDH F:CAATGTGTCCGTCGTGGATCT

R:GTCCTCAGTGTAGCCCAAGATG

E:FFRRIEMSIYR R 549,

1.8 HEEREEEEI HT22 40 b E T2l fs 5
W % NLRP3.Caspase-1.GSDMD K 7= AH ¢ B &S5k
HHCASC) Fik KPSk & 2k W52 B 45 4
HT22 4 & A JF R — 2 v 7R (BCAD 35 &2
i, 1090 1 b 5 A R B SR TN M T e BE IC HE UK
(SDS-PAGE) 43 B R AN FE & i 9 8 1 BT, 300 A fE 3
eI, IR AN EM)E . A NLRP3, Caspase-1,
GSDMD,ASC.GAPDH(F& B L8 1 1 000) —4iL
FEIRWE B o % (4 C %M. m AFE R ZH0 (1 :
40000, FIRIFE 2 ho A AL 22 KOG (ECL) i 71 i
e, L GAPDH EAE NS R HERE AW
KEEAH . HE 6 WHCEBIME.

1.9 SGit2#ab3¥ R Graph Pad Prism 7. 0 #{4:
AT AT . AF A ERS M EE x5 &
IS Z A CBCR BRI R 5 25 0 0 s it — 2D P LA
FKH LSD: #5, L P<<0.05 HZESAHEGI¥E X,
2 % e
2.1 54 HT22 4 AR B[] A5 Ay fH RS 5 4
HT22 41 24 h i) A LR, ZR LR ITFEE X
(P>>0.05),fH 48.72 h 1y A, 1l I3, 22 %A 51t
Y (P<C0.05), LPS4 HT22 40/ 48.72 h Y
Ao {8 F AR T Ctrl 4 (P <<0. 05); REM-Ik 41 Al
REM-=4H HT22 410 48.72 h i A, B E & T
LPS 4 (P<0.05), H REM-=4 HT22 4ijfl 48.72 h
B Ao fH R T REMAK4 (P <<0. 05) ; REM-i& + J&
HAFEHEA HT22 4000 48.72 h B9 A, 18 B &%
T REM-E#H(P<<0.05), W2,

x2 54 HT22 M A E R E = A, B

b8 (x +5,n=6)
253 24 h 48 h 72 h
Ctrl 20 0.2340.02 0. 6440, 06 1.07£0. 11
LPS 41 0.240, 04 0.3140.03" 0.5940. 06"
REM-£41 0.234+0.03 0. 4470. 047 0.74=0.077
REM- 541 0.2240.03 0.58+0.06%% 09340097
REM-fFi+ 2 HFE I 0.2340.04 0. 400, 044 0. 690, 074
=4
F 0.278 48.000 33.375
P 0. 890 <0. 001 <0. 001

W5 Cul @AM, P<T0.05; 5 LPS @AM L, ™ P<0.05; 5
REM-IC4LH 1L, © P<C0. 05; 5 REM-g& At .~ P<<0. 05,

2.2 S HT22 fufET- K IbE  Ctrl 4 HT22 4
MIBET R Ky (3. 75+ 0. 87) %, LPS 4 (27. 66 +
3.05) % ,REM-IL £ Jy (19. 26 =1. 96) % , REM-f= 4H
H(8.52+0.97)% . REM-& + J& H F W # R 4 K
(22.3842.72)%,5 40 HT22 difi e T-E b &, 2 R
HY it %3 X (F =132. 500, P <C0. 001); LPS 4#H
HT22 il fE 1o W & & T Cul 41 (P <<0. 05),
REM- K41 fl REM-&40 HT22 4 T- R B FH /K T
LPSZ4H(P<0.05), H REM-i5 41 HT22 4l 5 177 %
{&F REM-R4 (P <C0. 05) ; REM-& +J& H F) I 1§ &%
4 HT22 A T-REFE &S T REM-S 4 (P <
0.05), WK 1,

2.3 54 HT22 i B IL-18.1L-6 Al TNF-«a
KR 54l HT22 40 i & W 1L-18.1L-6 A
TNF-a KF LA, 22 5 B A Ge it 5 3 L (P <<0. 05);
LPS 4 HT22 4 FiE W IL-18.1L-6 Fl TNF-o 7K
R ERET Cul 41 (P<<0. 05); REMK 41 f1 REM-
w4 HT22 40 b3 1L-18.1L-6 Al TNF-a 7K
WBEMMT LPS4H (P <0.05), H REM-&4 HT22 4i
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Mo b WP 1L-18.11-6 #1 TNF-a /KK T REM-i&
ZH(P<0.05); REM-f= + Jé H # . 2 44 HT22 40

Hoechst33342

Ctrl4R

LPS¢H

REM-{%£H

REM-=4H

REM-Z+R HF B =4A

Mg b3 WP 1L-1B8. 1L-6 A1 TNF-o /KF 8 ¥ & F
REM-f 4 (P<<0.05), W% 3,

Pl Merge

A1 Hoechst33342/PI M2 HT22 HEE T-( X 200)

x3 540 HT22 #fa LiF &+ 1L-18.1L-6
F TNF-o KELE (2 +5,n=56)

I-18 -6 TNF-a

ZH 5

(pg/mL) (pg/mlL) (pg/mlL.)
Ctrl 4 1. 460,17 146, 88+3.73 14.3241.76
LPS 41 5.4240.33"  108.28+7.49"  38.4943.11"
REM-{ik4 4,0240.357 83.49+8.807 28.164-2.457
REM- 54 2.24-+0,27%% 56,6845 147%  16.59+1,73%°
REM-#+R HFRIW R 4.36+0.50°  89.1746.56°  34.7543.10°
Ei|
F 134. 331 86. 053 110. 230
P <0. 001 <0. 001 <0. 001

H. 5 Curl HA . P<<0.05; 5 LPS@H M, P<<0.05; 5
REM-ELH ML, & P<C0. 05; 5 REM-E 4 M L, © P<<0. 05,

2.4 5 2 HT22 408 NLRP3, Caspase-1, GSDMD
mRNA FikKFHE 541 HT22 402 NLRP3 mR-
NA . Caspase-] mRNA,GSDMD mRNA ik /K b
B.ESHAES ¥ E L (P<<0.05); LPS 4] HT22
40 i -h NLRP3 mRNA ., Caspase-] mRNA, GSDMD
mRNA Fik/KF 8 #E 5 T Cerl 4 (P <<0. 05); REM-

K40 Fl REM-%5 41 HT22 4 i b NLRP3 mRNA,
Caspase-1 mRNA ,GSDMD mRNA £ ik /K i Z 1K
F LPS 41 (P <C0.05), H REM-= 4 HT22 40
NLRP3 mRNA | Caspase-1 mRNA, GSDMD mRNA
Fk K AR F REMAKZH (P <<0. 05) ;REM-& +JE H
MW E A HT22 40l NLRP3 mRNA , Caspase-1
mRNA .GSDMD mRNA #£ik/KF &3 & T REM-&
H(P<<0.05), W4,

£4 54 HT22 B NLRP3 mRNA,Caspase-1 mRNA,

GSDMD mRNA FixEKFLLE (x+s,n=56)

25 NLRP3 mRNA Caspase-1 mRNA GSDMD mRNA
Ctrl 4 1. 00=£0. 10 1. 00=£0. 10 1. 00£0. 10
LPS 4 1.874£0.19° 2.1040.21" 1.9740.20"
REM-ik4 1.5740.167 1.8340. 187 1.6840.177
REM- 41 1.2840.137%  1L50+0.15%%  1.46+0.157°
REM-F -+ HAW R 1.6340. 162 1.8740.19" 17440177
g0

F 29. 724 38,078 32. 694

P <20. 001 <20. 001 <20. 001

W5 Cul HHE, P<<0.05; 5 LPS A H,” P<<0.05; 5
REM-{& 2404 1, & P<C0. 05; 5 REM-E 4146 1, © P<C0. 05,

2.5 54 HT22 408 NLRP3,Caspase-1,GSDMD
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K ASC EHFIRKF e 541 HT22 40 NL-
RP3/Caspase-1/GSDMD 15 5 i #% #H >¢ 8 H £ 57K
P, 25 WA G2 E X (P <<0. 05); LPS 4
HT22 4 s tf NLRP3,Caspase-1,GSDMD,ASC &[4
FkKF W & T Col 4 (P <0, 05) ; REM-{R 41 il
REM-i 40 HT22 40 i " NLRP3, Caspase-1, GSD-

MD,ASC & H KL KF R FMT LPS 4 (P <
0.05), H REM-E540 HT22 4 s NLRP3. Caspase-
1.GSDMD,ASC #H H £ ik KK T REM-R4 (P <
0.05), REM-i= + J& H Fl W. I R 241 HT22 41 jf1
NLRP3.Caspase-1.GSDMD.,ASC & [1 ik 7K F 7 3
BT REM-FH4(P<0.05), W#* 5.4 2,

x5 548 HT22 #Hf1 NLRP3,Caspase-1.GSDMD & ASC BEARIEKFELLB (T E£s,n=6)

2190 NLRP3 Caspase-1 GSDMD ASC

Ctrl 4 0.2040. 02 0.2440.02 0.2740.03 0.3140.03
LPS 4l 0.7940.08" 0.85-0.09" 0.9340.09" 0.984+0.10"
REM-{£ 41 0.5840.067 0.6740.077 0.724+0.077 0.754+0.087
REM-# 41 0.33+0.03%¢ 0.36+0.047% 0.42+0.047% 0.49+0.05%¢
REM- -+ J& H W0 1 2 41 0.614+0.06" 0.7040.074 0.764+0. 08" 0.7940. 08"
F 111.483 97. 281 98. 699 79. 790

P <<0. 001 <£0. 001 <0.001 <<0. 001

T Cul 44, © P<C0.05; 5 LPS 4141k, © P<<0.05; 5 REM-E4LAH . © P<C0. 0555 REM-i5 414 e .~ P<C0. 05,
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B MPET- A %A e 2D R I PR 54k
050 200 LA T R A S 25 90 L X T 0S5 R 5 RE R L
HETE L, AUFsEEd LPS i S 20 HT22 41
fil & AR A AR T, R IR LPS S E HT22 40 48,
72 h I A, (E RS, 40 M £ TR K bV W R A N T
IL-1B.IL-6 \TNF-a /K F-Ftm . X UEH LPS G875
P2 TR A A MR T, i R A LT ) AR RN 9 E T
)BT

REM J& — P B i 28 — R i 28 B IR 265 )

HAEE ) y- S TR a A2 AR X ML R B P Rk
P A 5 R A A R L HL 28 4 P v Sk I R 0 S A 2 )
NGB TT B AR R A A RR B AE L 38 X M 2 R B R
i B AR 45 45 B — E B T SHT %5 B g Kk
P REM ] 838 53 70 ) NLRP3 4 5E /A B A § 19
20 T X i P 3 A LA s A s v
ZINRERERG . BoMEE i A N St 9T & B REM
FIE 02 D3 0 M e ot P9 3 4 5 1 AR 1 S RE I N 5 R
i A 28 A B L 3k AT RE 55 ) R 4 R P S B/ AZ A
F-«BE ZHEMEA K., AR ARLT REM TH)5
B LPS 41 HT22 40 A 48.72 h 19 A, 8T, 40 fe £
TR ] 1L-18.11L-6 \ TNF-o /K FREAK . 31X 5 JE 1 A9 0F
FAN LB REM X i # 28 H A P9 /E F— 20, X il
fiEs& T REM RE 38 i 41 il #il £ o0 £ 12— R 51 0
IR B

NLRP3/Caspase-1/GSDMD J2& 4 jd £5 T- A0 5 19
2 (5 500 1%, NLRP3 2 AE /MK fE 42 135 Caspase-
Lo U0 A 1 41 PR il 2, [R] Bk 470 %) GSDMD , ik 1
o B2 2 2R 1 40 B I F L GSDMID-N ¥ 1 i 25
P AL ik, F T O A0 AR T K RN, ASC
NLRP3 & 4E /M B 41 B AL 53 5 40 M A5 12 i kA
WA, YANG 2 WF 58 R B Ak &) L it
# NLRP3/Caspase-1/GSDMD {5 33 % % o Ax pf 25
FR G0 10 A Bk i PR T B 5 T R PR R OE B R
VET . FFMEZ 0 B 5T & BUAE ) 2% 4 2k Wy i v B
118 4% NLRP3/Caspase-1/GSDMD {5 5 i §% . I 2>
A PR3 W 410 4l B 48 o0 £ T, DT R 8 Y R
)P M K BRR BIR T AE . AR ST R B LPS i
5 HT22 40 )5, 4 e f NLRP3, Caspase-1, GSD-
MD . ASC MM AT HAEAYEE LM, K. &K
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F REM T i 5 4 ifs ' NLRP3.Caspase-1,GSDMD,
ASC EEHFEIXKFE T, X5 YANG %Y Frf 2
S g 4 R — B X BB ) NLRP3/Caspase-
1/GSDMD {5 5 38 [ B8 98 W 4% #h 28 JC 40 i i £ 1, F
T X — 22 80 Jiki 3508 95 9 40 sSOK v 5 s B IR 9T AR
. 1 H NLRP3 #7675 ¢ H A B £ Wk 55 7 REM
X LPS SR M & uETRMSIEH . XUl REM
W HEIE i T NLRP3/Caspase-1/GSDMD {5 5 i@ %
WA LPS IS MM L InET.

ZE iR . REM Al 838 33 T # NLRP3/Caspase-
1/GSDMD {5 5 # Ul 4%2 LPS i S & o1,
AHEFE N REM X T 28 58 i B2 AH 5 X il 48 3R e 9
I I I DRIB TT B4 T 87 19 = 25 AR 24 AR 30 L (B LK 1
IT RGA T A2 R P 7K P 4 3l 1 5258 L R 5 T gk AT
E— L BE .
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