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2B/NFRATE [(40.140.7) °C] FAE R £ [(1.3+0.2) gl B F HS4H (P<0.05), HERBE R
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£HPE(E (P<0.05),
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Effects of NLRP3 inflammasome on heat stress-induced damage in mice ZHANG Hong-nan'**,
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Abstract:

[Background] Heat stress (HS)-caused systemic inflammation response can lead to injuries to vital
organs and even death in patients. NOD-like receptor family pyrin domain-containing protein 3
(NLRP3) plays an important role in mediating aseptic inflammation caused by tissue injury, but its
role in HS-induced damage is not clear.

[Objective] This experiment explores the role of NLRP3 inflammasome in systemic inflammatory
response and multiple organ damage in mice after HS.

[Methods] This experiment included three groups: control group (wild type C56BL/6 male mice
without HS), HS group (wild type C57BL/6 male mice with HS), and NIrp37*HS group (NLRP3 knockout
C57BL/6 male mice with HS), with eight mice in each group. HS was induced by exposure to an
ambient temperature of (41.0£0.5)°C with relative humidity of (65+5)%. Anal temperature and general
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mental and physical conditions were recorded every 15-20 min. When the anal temperature of the mice in the HS group rose above 42.0°C , the
HS group and the Nirp37'HS group were removed to room temperature and then anesthetized and dissected after 4 h. Selected organs of
the mice, such as liver, kidney, spleen, brain, and intestine, were stained with HE for histopathological examination. Levels of serum tumor
necrosis factor a (TNF-a), interleukin (IL)-1pB, and IL-6 were measured with ELISA kit; level of endotoxin was detected with endotoxin kit;
expression levels of intestinal Occludin and zonula occludens-1 (ZO-1), as well as NLRP3, caspase-1, and IL-1B in brain, liver, and intestine
tissues were analyzed by Western blotting.

[Results] After the heat exposure for 90 min, the HS group showed higher anal temperature [(42.1+0.2)°C ] than the control group [(36.6+0.2)°C,
and the NIrp37"HS group showed lower anal temperature [(40.1£0.7)°C] and less body weight loss [(1.3+0.2) g] than the HS group (P<0.05).
The pathological results after HE staining showed different degrees of injury to liver, kidney, spleen, brain, and intestine in the HS
group, while only mild histopathological changes in the NIrp3”HS group. The levels of serum TNF-a, IL-1B, and endotoxin were higher
and the expression levels of intestinal Occludin and ZO-1 were lower in the HS group than those in the control group, and the level
of IL-1B was lower and the expression levels of intestinal Occludin and ZO-1 were higher in the NIrp37HS group than those in the HS
group (P<0.05). The expression levels of NLRP3, caspase-1, and IL-1B in brain, liver, and intestine tissues of mice in the HS group were
higher than those in the control group (P<0.05), while the levels in the NIrp37HS group were lower than those in the HS group (P<0.05).

[Conclusion] The activation of NLRP3 inflammasome plays a key role in systemic inflammatory response and multiple organ function

damage during acute HS exposure.

Keywords: heat stress; body temperature; inflammatory cytokine; inflammatory response; NLRP3 inflammasome
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B ZE (interleukin, IL) -1p B BVER, RE BB
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1.2 FEMNBSAF

e R ERENR (BFERAZEARTIE
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=IRZ O (Beckman, XEH), /NEZINEER RS O
# (Eppendorf, fE[EF), ZINEEEEHRIY (Thermo Fisher
Scientific, 35[E) , EHE XY, F%EN#E (Bio-Rad, E[EH) ,
BREFNELINH R E RS (U-COR, EEH),

Western &z IP&E B BUA FI &, & B B§ 0 &5
BEN BE, IH), BBIZ&IEEE (Millipore,
EE), RTINRPIFUAE (RBENTEA) (Novus, 3
[E), ¥ caspase-1 ik (csT, E£EH), BIMIL-1B I
& (R&D, 3 & ), z0-1 # Occludin (Proteintech, 3
), B H HE-3-5 B B S B8 (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) £ 5% [& 1 1K
(Proteintech, Z£[&) , IRDye 800CW F TR K Ft .
IRDye 700CW 3 371 F3 2% 3¢ — #7i. IRDye 800CW ¥z 371 3
I (L-COR, EE) o /NEIBIFFEEF a (tumor
necrosis factor a, TNF-a)« IL-1B. IL-6 ELISAIRFI&E (L&
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i, HE),
1.3 DA S5iEHE

EN SRR 14d 5, ERBIRFRAGEFER
INEF NI RIZEERLEMETSA, P AFER
INRECRXTERAE. HSHFM NIrp37HS 4B, SHE 8 s
—HNRIBZRAAEE, BRRHSERBERE
(410.5) °C. JZE (65%5) % = BIZICHITHS, &
P& 15~20 min WMALRHIER— MBS KRR, S
HS H/NR AR 42.0°C, M EPBEMA/NEBEIE
BERIFE, ERECHNIASE, (S FKNEYHET
2R, 5R20minidc RALE HSE R 4hfg, AN
RE=RZIE (2mgkg") BERERRER, B, BEE /S5
FAE, AR/, T2, BEEER
5cm VBl R, BEENBFIRE SRR IR E
BEERL, 595 BNER ) FFAE. A, BRAE AR BB TE R
RURRBFITEER, HT-80°CHLERTE, 5—25H
BT 4% LR BAREEG1T HE RE.
1.4 MiERERFEN

¥ 42 B8 3 o Bk DA R0 B SR EXAY IR VE N T B
1.5mLBOEWN, EF4°CKHE, B2E4h L, F1I
BOE, EFEBERLEE LN, 4°CLL4000xg B
0 15min, IREX EEMJE, & 100uL D EFILE 1.5mL
BILE, -80°CkFERT. REBELSA KT RWAH

&M R FEEF TNF-a 1L-1B 1 IL-60
1.5 ASHEN

RIBAFZHASE, FIRRAFSRENAEANS
ZRNAKEHARASERERAR. BT E
BER. BRAEF. R MmEERRINERSROR
MAERT, BEER, BRMARXT L 2. 3, BEE
F 545 nm B KMEEE R EFHIREIRE,
1.6 HERXBUREREHARBELSTN

FFAE. SRE. PRAEFIBA B AR R 4% Z REBEE
B 24hfa, EIHBEERIK. BA. AR, 1]
BT BRIEE, HE REBHINER,
1.7 REENSERNERARIEKFE

BUNERAELR. BTRE. BIEELR, RIRERR
BUAFI 2R P HITERIRE, T E3H=EKG2508
BREEMNZAHAERKRE, SZAERREEIE—K
FE, MO 5x ERFEFRE, 78585, 99°CHAF 10 min,
BBy B0 SRR S T -80°C1R 1. IRAIMI&&IER
E+ZREMBRMNERK, BAERERPERLESN
ERFMNIARRBIALIEE L, 5% TN =R
] 60 min, TBST /AR ZEHE, IMA— (—IHRELL
NLRP3, 1 : 1000 ; caspase-1, 1 : 1000 ; IL-1B, 1 :
500 ; GAPDH, 1 : 10000 ; ZO-1, 1 : 1000 ; Occludin,
1:1000) , 4°CilEBILRR, TBSTAREHE 5min, 37K, N
ANt (TR 13979 1:10000) , TBST A RIESL
5min, 3%, BEENGLAINEARERGNEER
1R, Image ) IHTTIREE Do
1.8 FitFE S

1M EIEY B +inEE (xts) R, M
GraphPad Prism 6.0 #H1TH 1T 947, ZHAYEELIRFK
FABEAZEAED (one-way ANOVA) , FIFILLIRF
LSD-t ¥ 5% (F5&5%) B Dunnett-t 1018 (FERTT). &
I87KE a=0.05

2 4
2.1 —fRER

SHRBA/NRHBHKEE, TREERN. BT
mE A (41:0.5) °C EE H (655) % BIRIE A, 1
40 min BY HS 4/NRR AR FF 88 41.0°C, HFELH IR
o, REEE. RO MG INHFER, B/ NEEI
7Bk ZEEETH ; TEe0min B NEETNRL, %
RFEREMRE, o/ REIEE. FREREEX
EXEER, BB ; £ 90 min BY HS 4H/)\ R ALR
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79 (42.120.2) °C, BRXTBRLA S, NIrp3/HS LA/ AL
B (40.1+0.7) °C, EF HS4H (P<0.05) , FrE+EXT
%18, HOEERMN, HSANBAERE (2.3203) g,
B NIrp37HS 28 [(1.3:0.2) g] /NE& (P<0.05) (R 1),
B fE, /R AV AR IR TP, 607120 min RRIFIE
35°CAF, ZBEERE EFH. NahfgE, HSHNRALRE
MEEIEFEKTF (36.80.2) °C, REME, BHEFHE ;
Nirp37HS H/NER M E = (36.720.2FC, R ENIENT,
SETRL

xR1 ZHANDBADEURIFENRZER (n=8, Xts)
Table 1 Changes of anal temperature and body weight of mice
before and after heat stress (n=8, xts)

=t xR

-
Index Control HS Nirp37HS

EA VA TR

FARLABIRE /g , 221102 221303  22.0:0.3

Pre-heat stress body weight

ARLEISAE /8 _ 221503 19.8:04  20.7:0.3

Post-heat stress body weight

Ty AHATIE /o

RELRELE/C 36.6:0.2 42.1:0.2°  40.1:0.7

Anal temperature at the end of heat exposure

AR /8 0.4:02  23:0.3° 1302

Body weight loss

[E] a: S33EBALLE, P<0.05 ; b : 5 Nirp37HS 4LELE, P<0.05,

[Note] a: Compared with the control group, P<0.05; Compared with the
NIrp37HS group, P<0.05.

2.2 EEREHANFETK

FER TER, HS H/NRATAE = BRI AT 4RREAH
¢, ARORERBKMABRRTRPEZE. ¥ ok ; SR REEL,
BERMEY K, S/ NEKIFIEELT ; BRATAR/ NS5
&L, AN, THBEHIRE, L8EE%, 8
BERR 2, REARRE ; B3ERE (be) X
HIAERREN®ETRELSE ), ZE%E, HERD,
AR EMEY K, KRR ; BAERTLE, &
FEARREIRIE, BIRMEY K. M Nirp37HS A/ _Eik
BEREmRE (B1),
2.3 MEPRERFRASZSRKF

HSfE4h, HS4H/NES AV IM 75 TNF-a. IL-1BFI A E
FKFLEXTERAB/NEFA S 5 Nirp37/HS 28 IL-18 7K IR
HS £HBE1E (P<0.05) , AERKFES HS AL R B
EHT ; -6 KFERAZELHEETN (B 2),
2.4 F%3E Occludin #1Z0-1 MRE

Nirp37HS A/ NIV BE R B MR HSHAE, R
79 20-1 1 Occludin RIZAER HS A= (P<0.05), M
HS £B 9 20-1 F Occludin FRIAZRFXIHR4A (P<0.05) ,
ILE 3,

CE]A BT ;B SHE; C:BRF ;D85 ;b AREE ; F: &,
1: S48 ;2 1 HS ; 3 1 NIrp37HS, BEEFARARMBENRE, BAMK
RATRIRY KA RERK ; B/ IKRREE, BRMEY K, &
INRIRIBEE L BR/IMAGEN, DRI, EBELLBIEK ; B
Do XMETZES ; ARRELEY K, MBRR ; N
BAERE, BIRMET Ko

[Note] A: Liver; B: Kidney; C: Spleen; D: Hippocampus; E: Cortex; F:

Intestine. 1: Control; 2: HS; 3: NIrp37'HS. The black arrows indicate
typical pathological changes, including dilated central vein;
disordered glomerular cortex, dilated interstitial vessels, and
glomerular vitreous degeneration; shrinking splenic corpuscles
with irregular distribution, and increased red/white pulp ratio;
pyknosis of neuronal nuclei in DG region of hippocampus; dilation
of cerebral cortical vessels and blood stasis; and exfoliation of
intestinal villi and dilatation of interstitial vessels in mice.
1 AEEENREEE SAANRENT (HERE)
Figure 1 Pathological changes of selected organs and tissues in
mice after heat stress (HE staining)
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Figure 2 Serum levels of inflammatory factors and endotoxin in
mice at 4 h after heat stress (n=8)
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Figure 3 Expressions of ZO-1 and Occludin of intestine in mice
after heat stress
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Figure 4 Expressions of NLRP3, caspase-1, and IL-1pB in liver (A), brain (B), and intestine (C) in mice after heat stress
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FES52SRERNESESENIRKRRIEMN, 2
B RIEA HS SER G E ER B TIETIEEERS,
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MMiEE LB RIERNIZSEINEERER 7, R4
KMEMABEF, WNTNF-a. ILIBFIIL-6 FEELE W 72
IEBB S HS IR I M BB 2 EE A >k 1519, NLRP3 ZJiE/)N

EKIEAFEILIBHNEHZFRZ —, BEFEREZEH
E81K, & caspase-1 VB FKEIY], MR WAL IL-
18, AREFAIESE NLRP3 R/ MEIS EBUE S I8 A
ERIRE X, BIANF/R%EEIRE. VERE 2 F, 11K
FEBEDPRIXLHET HS RS EAR ¥ H IR 2
ZEMBBERERN, FBE 2, EVEERTES
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SEHS SRS R ER NN Z 2B EEERH
EIEER.

BT J ER IR R AT L Mt S A R P R R R IR
WEMAL 2, RTINS T c578L/6 /N HS IR
S TR REE, B/ NRETF (41:05) °C, BE
(6545) % WWIFIR 5, EBLRET 42°C, HEAEAHX
BERFIBIER, WMIBEFN X, AIHIEE RS
J% © 2240 RS NIrp37HS A/NRALRME T HS 4H, B
HIFRABE, BERRERHS AiF, WIRRE R, Xt
b3 BR4H A] & 1 HS 4H/NER A EE BE B PR, —ARFE 1
RERE, BEE2h A, HSA/NERALEETF 35°C
FEL, BHERE, GEEMEEZERRER, KIEY
B 2R, B FIHEBA, Hs A/NEHNAFREN—EE
B, BiEHREIkY K, Ak, 5 LET
HiRE—, EREMIYIERF, FHAMGTE HS FFiE
B AETE, EHSIREHREIH I, EH#HN, SHR
MRE HS A/ NE S IEERXBRAERR, BBk
HU—ERERBET, SeifflakRmekRE > Hh
HSIERAIEM B RNE—H. SIMEANBRELREE
(AR ER D B/ NELEMZEEL, KINA—, BETEMR
BANBEEEMERED 1, 8BS, BR
HS 1x 2 HA/ )N BR B R 78 HH R P2 B B9 R 5 HS /N R ATHA
KMAIRR. 7Bk, EAHEEN MBEERELESE
FRER, RPMPEEXIFHR TS E—EREEN
BifE, N REES D6 XKMEE A THIRG, N
BERXMEY %, mR&RNRIR, BESRETHig, KNI
BB IRFE It HS AR ELEMBH, RMANERINGK
ALRKE, MMEY 5K, HEAERGIE. BRI HS
1T, STEEHS 4, Nirp37HS AT RN E 50,
RREEKEY KERWBEREMBIZNE ; BiEk
ROPAE I, B/ NEREME ] 5 BRAER] Dl MF LI 40
BURAR, ARBERRMNEFEE ; BSXMAMRE R E
MRE—EHENHETIRG, BT RXERMIEK
7, BARPARIEERR, BHERIEE. 1€
MMELZI HS HRARIERF TNF-a. IL-1IBFAE. B
MAKRBILe SHERGTERERXHADT LA
DA e 2 REIRE WA I IL-6 K TNF-o ZIRBEERRY
NEEFERBEENIACESTHEEER/NRY, &L
Wrh=4A2 816 KFERIBAEZH, ATeES/ MR
FHSMEH, KEETEARERGE X, EHARK
M7 HS[FahARNFRFRIAKTF, HSHBRE EF, B5
Nirp3”HS AR F R /K FEMELL TR E ZE A, HSH/INER

78 B EZEZEEH 20-1 ] Occludin TR E 3T 7
2H BA & P&, 1 Nirp37HS £H 7 18 20-1 # Occludin &
KGR EF, X5 X EARIE NLRP3 R/ MARRBR/)N
RERSAERET, z0-1 60 AE PS8 —3, 1
BXEPIEHEEM 37°CHE E 41°CAI 5|2 Occludin
REMIEM, EAEFRPY, BEfeERERSEaH
HIAENE ), BHNEESHEEEERELAR
K2 EEXEEEFE—TRRIRER. HS A/ R,
FF#1B7 4R 43 ®0 NLRP3. caspase-1#1IL-18 RIATFH S,
M Nirp37HS 4B/ NER IR LHLR HR caspase-1 FI IL-1B | H
FIRFER, X5 MBEREREF IL-18 RIAPFE—

ARSI E L MEFR R A = ZOvE
i (AR KRIRAATRYN) BRI R EF
IX$HZ R G IR BT RE S NLRP3 RE/) MAEUEAIBTIZR
—, LA BTHASE 04 RANSCERIRIE "> ), NLRP3 &
ENERRIERFEHS G 276h AREHEHS, W
AR RGBT (8] sRIETE T HS 5 4ho Biedenkapp & ¥
ERRARHEIHS G E 2h Z WAL RERFE
AFRERZOERIEERS, BREaANEERY
WIERE L. RBEANAEEF BT ERBIR
ERF. ARERFHRELUEFESHANEREET
. (SNPFERF caspase-184E IL-1B) , LUEFBXERHEE
BT HS WEIBRITTABRRPHIERIER.

Bl AR SR B A1 & T HS e [ 3 Bk, BfE
B HSIFIE, HSSHMRGEREIFSEE—T
BfiEl, B RPIEH 30 N E2EEEETLERER
M= B IMFRENREINEEER ), P2 (ENF
ROV RE. MESEBRHS £ 14E) T arhERY,
59, BB XMIREN AR HS LR FRERG
B, RKLRPRNERNER, HBRERGREE
MEXTREE , 5t RASREN R HAR BRI IE. R OVRE
L1618, AR BYIEBR HS SYMLARRIIR(E, MMBRESET
ENRBRENEZER, R HS REBBANAERGH
TRIE ARG AR 2T RATT IR R,

ARSI TR ERE N (4140.5)°CLSEE N (65£5) %
BIFFIR A 60~90 min BIiE S R EF A BV C57BL/6
INER & A FAETR, BRER NLRP3 B] LURLZE HS 2 N i##7E,
BERBERAAMRERLN, £iF7HENTESEHRE
Z 2B, HEANLRP3 R/ NMAMBUES 5 7 HS
SRR BRIEABR HS T2 EIIAENS,
B 5T 45 R 79 NLRP3 R E/IMATE HS BR8] Y R E [ 2
MZBRERGTPNERRETEENIEHE. T—5%
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BUREERIT NLRP3 RE/MABUETE HS A RBI BRI
=SBk, NRZRVTAEAATIRERERAN&EE.
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