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B R 2k 7 d 5 G 36 R SD K FRBENL T M 6 4. STIRZH(CNZH) . EHS4 . fik DEX =4 (EHS+{Ik DEX4). /& DEX
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[Abstract] Objective To explore whether dexmedetomidine (DEX) can alleviate exertional heatstroke (EHS) -induced
rhabdomyolysis (RM) in rats by activating adrenergic a2 receptors, and to explore its potential mechanism based on the reactive
oxygen species (ROS)/NOD-like receptor protein 3 (NLRP3)/interleukin-1B (IL-1B) pathway. Methods Thirty-six male Sprague-
Dawley (SD) rats, after a 7-day acclimatization training, were randomly divided into six groups: control group (CN group), EHS
group, low-dose DEX group (EHS+low DEX group), high-dose DEX group (EHS+high DEX group), DEX combined with yohimbine
(YOH) group (EHS+high DEX+YOH group), and YOH group (EHS+YOH), with six rats in each group. Before modeling, EHS+high
DEX+YOH group and EHS+YOH group were intraperitoneally injected with YOH at 1 mg/kg, while the other four groups were
injected intraperitoneally with an equal dose of physiological saline (0.9% NS). During modeling, except for CN group, the other 5
groups of rats were subjected to heat exercise in a high-temperature and high-humidity chamber to construct an EHS rat model. After
successful modeling, EHS+low DEX group was intraperitoneally injected with DEX at 10 pg/kg, EHS+high DEX group and EHS+
high DEX+YOH group were intraperitoneally injected with DEX at 30 pg/kg, and CN group, EHS group and DEX+YOH group were
intraperitoneally injected with equal doses of saline. After 6 h of observation, all rats were anesthetized, and their blood from the
abdominal aorta and gastrocnemius muscle tissue were taken. Enzyme-linked immunosorbent assay (ELISA) was used to detect the
expression levels of serum tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), IL-1B and myoglobin (MB) in rats; biochemical
assay kit was used to measure the level of creatine kinase (CK) in rat serum; HE staining was used to observe pathological changes in
rat gastrocnemius muscle tissues; transmission electron microscopy was used to observe ultrastructural changes in gastrocnemius
muscle; 2, 7"-dichlorofluorescent yellow diacetate (DCFH-DA) fluorescent probe was used to detect the level of reactive oxygen
species (ROS); and Western blotting was performed to detect the expression levels of NOD-like receptors 3 (NLRP3), aspartic
protease-1 (caspase-1) and adrenergic a2A receptor (ADRA2A). Results Compared with CN group, the levels of serum IL-6, IL-183,
TNF-a, CK and MB in EHS group rats were significantly elevated (P<0.01). HE staining results revealed that the gastrocnemius
muscle tissues of rats in EHS group had these pathological manifestations such as disarray of muscle fibrous structure, hemorrhage,
edema, and infiltration of inflammatory cells. Transmission electron microscopy results showed that the ultrastructure of the
gastrocnemius muscle in EHS group exhibited myofibroblasts with swelling and enlarging in size, cytoplasmic vacuolization, and
mitochondria with obvious swelling, degranulation, and disappearance of double cristae. Compared with CN group, the expression
levels of ROS, NLRP3, and caspase-1 in gastrocnemius of rats in EHS group significantly increased (P<0.01); Compared with EHS
group, the levels of TNF-a, IL-6, IL-13, CK, MB and the expression levels of ROS, NLRP3, caspase-1 in gastrocnemius tissue of rats in
EHS+low DEX group and EHS+high DEX group decreased in a dose-dependent manner (P<0.05), and the pathological damage
observed with HE staining and transmission electron microscopy was alleviated by DEX. After YOH pretreatment, compared with the
EHS+high DEX group, the serum levels of TNF-a, IL-6, IL-13, CK, MB and ROS, NLRP3 and caspase-1 in the gastrocnemius muscle
tissue of rats in EHS+high DEX+YOH group relatively increased (P<0.05), and the pathological damage observed with HE staining
and transmission electron microscopy was exacerbated. The expression of ADRA2A in gastrocnemius muscle of EHS group
significantly decreased compared with CN group (P<0.01), and the expression of ADRA2A in muscle of rats in DES+low DEX group
and EHS+high DEX group was higher than that in EHS group (P<0.05). Conclusions DEX can alleviate EHS-induced RM by
activating ADRA2A, potentially through inhibiting the ROS-dependent NLRP3/IL-1f3 inflammatory pathway.
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?E(yohimbine , YOH, 146—48—5)5]’5,1 B MedChemexpress
(MCE)AEWIBHL A Al A A58 1143 F i marker 14 [
X EFEB CHRBHE AT Pi-Bactin FLIR (NS
HRP Fric 0 1L 2E 0% 1gG Pl H b i@ BB A E
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SE A F--au(tumor necrosis factor-a, TNF-a), IL-6. IL-1B
AR IR A 28 % oA S 56 (BLISA) il 8 B ROS . JULZL 2K 1
(myoglobin, MB)G| &M A ERISAEYRHA
PR ] 5 2o A B el Aoz A i i35 & (g C-1 150 &) 1
H L2 = KA AR AT

12 Jiik

12,1 SEEshW K rdl 45 HUfEYE SPE 4L SD KRR,
AT 180~200 g, W [ L ETHT DR A= W14 R A BRA F
(S s A P~ Al iIES . SCXK(51)2019-0010], 5
B L PR AT A 1 R A O S Bl 4 v A X fel
A o T S0 7 28 158 2 B8 5 22 A 30 il 55 T L
A7 FR 2 ] 52 55 2l ) ¢ PR 2% 51 2 B 41k (MDL2023-03-25-
02), Hro LR TS, 536 Rt KR T
ZE(22.022.0) °C . TREE $5%+5% S51F T 280 7 i
PNk (F 1) JERENL R 6 4 . XTHE(CN)4H . EHS
4 . X DEX j| & (EHS+ Ik DEX) 24 . /& DEX jfl| &
(EHS+ = DEX)4H . DEX B A # il 5% (EHS+ 5 DEX+
YOH)4H . #5Pri (EHS+YOH)4H , 44l 6 H ., Ak
B, EHS+YOH £ & EHS+ = DEX+YOH 41 I Ji& 132 5F
LA ZIRFEUR YOH(1 mg/kg), HAh 44145 755w
PRERIK . AT, PR CNZHAN, HAh s 4 EHS K
FUSAL, RNl , EHS+I DEX 26 57 BIVIE i 1 5
DEX(10 pg/kg); EHS+ (= DEX 41 J EHS+ (5 DEX+
YOH 21 7. RVIE i v 5 DEX(30 pg/kg), CNZH. EHS
21 N EHS+YOH 41 4 745 AR #ilEh K
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Tab.1 The schedule of 7 days adaptive training for rats
H1 B2 3 4 s e 7
X X K X X X X
BUEHLEE (m/min) 10 1S 20 22 22 22 22
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122 EBHS KRUERE SR RE 1d, HoX
TP AR IEA S o 7RI AT 30 min,  JHOK SR
AR, JFASIEHPOK. BrRCNZLAL, HAbs 4R

BB A e Y PR B AL (IR (39.5+0.3) °C, MR JE
55%+5%] o KR BUE T AP AL B LA 1S m/min BYE
FEEE ML, S min KR 1 min, 24K RAS AT E
1o $8 VLG 9KGEE K L. EHS K B B A 2 A
HED KA TR UKGEE ™ BASRE S S . 38 shiTs)
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HRAEREIR, H Tcik343.0 °C. 7 EHS & I,
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BB EIFFRE, HARRER [PAEERE S (2242) C,
TR RE R 559%+5%], KR AT A akBEY AR, FRss
MK iz g BRIk A, 0l Fos. 1. 2. 4,
6 il 2 R B B IR AR . 6 hJE R T 22 3
SHFKEUL, I FE B A 2R AR
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Tab.2 Lovett grading method for locomotor rating in rats
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TNF-a, IL-1B. IL-6 /K F, LIAARE RAE K i 1Y
A, 5 SR ST 2 R e s 8] A . SR FH ELISA 357
FE Il ¥ TNF-«, IL-6. IL-1B. ML B2 i fif§ (creatine
kinase, CK)7/K°F, XR220 Plus 4= [ 314 L0 HrX (
LLITT BT B0 B 28 B FR 2 w ) A I MB /K-, ™ A& %
R S U B 5 A

1.2.4 HEEUEK A IAZUREAA . I
F KRB NAL, R 4% 25 B AR E E
WK . AR YR MES)E, fTHEY M, B
FJ& T Leica DM300 S5 { i 5% (12 [ Leica {X#5A FR
5w AR A WAL S0 FEAR AL

1.2.5 BT AL BT ER Ik L2 2088 8 fele s #g el 72
A 1R BB HERA WLZH 2125 0.1 mm®, £82.5% 10—
RS VR W TR 72 . 0.1 mol /L W MR EEE YE MR TSV 3 VK, 1%
BRSO, WK, BE . G B A (R
JE 70 nm), R4 3% B RR Al AR WU )5, T
JEM-1400 Flash % Jf L 8% ( H A8 1 PR 4h) T g
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1.2.6 B S CA I HE A LA 21 b i 4 4 (ROS) 7K
P ar KERHEZIASUA D R, BREEVRE &
R, ZE MK e, A H B TAEW, T37C
FT 60 min, PBS M3 U, FHAS min, MAEIH IR
N9 E 60 min, P PBS Mk, #% M DCFH-DA %
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1.3 Siit2#hb P R A GraphPad Prism 8.0.2 5 SPSS
27.0 A AT AT . THRERRI U aesFoR, £
ZH [ Lo 350K P BRLIR 2R 5 22 930 M M Tukey K056, 30E—
A W A EE R LSD-t 6 58 . A 77 R 2R ] Kaplan-
Meier 7377, P<0.05 } 25 541 Geit 2% 5 3o

2 &% R

2.1 SAKRR T AT fF 3L fFEHS 1
BRI, B CN414h, Hifth s 240 KB Tc 38 i
43.0 “C(P<0.001), Jit 2 i SR IR B8 J5 R B T iR
MK, JFRFEE TR, Ho1. 2 hBffE) S R B
iR G; B CNZLAh, oAt s 4l R BRI AR fb
2 RIS 5 L (P>0.05) (K 1A). EHS &K )5
6h, CNZH. EHS#{. EHS+{ik DEX#H . EHS+5 DEX
211 . EHS+ 5 DEX+YOH 41 M EHS+YOH 41 K U7 i
0 B A 100.0%(6/6) . 33.3%(2/6) . 83.3%(5/6) .
100.09%(6/6) . 83.3%(5/6). 50.0%(3/6). 5 CN 4t
A, EHS A KA B 465, DEXJRITA KR
A= A7 ] B g 4E K (P<0.05, &l1B).

1003 , oongl

—— EHSH

— EHS+{IXDEX4
50 b

—+ EHS+/%DEX4]
+ EHS+{H DEX+YOHZ]
— EHS+YOHZ]

(EI 2R (%)

T T T 1
0 100 200 300 400
Fif 1] (min)

Te BRIk CNZL. XHRAL; DEX. 47 E4EMKAE s YOH. B ¥ 5 EHS. 55 JITERINMG 3 Tyye 557 IPERSR BRI 205 T, #E A
Bl Toq BEE0.5hs T MHUE 1h; T, E8UG 2h; T, RIS 4h; T80 6h; A DEX S HAEHUR YOH X BHS KB Te FR2 (n=6) 5

B. DEX 2 HAE 7] YOH XF EHS K FUAF R AU S (n=6)

B 1 DEX M HAEHH YOH X B LK Te, AAFRIN N

Fig.1

2.2 AU KBRIMTE TNF-a. IL-6. IL-1B FUZSfL T
ST T 0.5, 2. 6. 24 h k4~ Esf ] LT R
LR F TNF-a. IL-18. IL-6 7K3F, 75 EHS 41 K Bl
B CN AR R4 B AAE KW i &, H 6 h 4E7K
Fhim (K1 24) o PRI SIS0 B 6 h A LA [] 4
ELISA KGN 45 R s, 5 CN4L &S, BHS 4K Rl
HRMEN T IL-6. IL-18. TNE-a 7K F 2 W] i 7 5
[(67.86+2.08) pg/ml vs. (10.94+0.37) pg/ml, (52.24%
6.58) pg/ml vs. (11.49£0.95) pg/ml, (47.65+2.55) pg/ml vs.
(19.49+0.95) pg/ml, P<0.01]. 5 EHSAIIAE, EHS+IK
DEX 4}z EHS+{= DEXZH Kl TNF-a, IL-6, IL-1B 5
A [ I [(38.18+1.50) pg/ml vs. (29.30£0.61) pg/ml

Effects of DEX and its antagonist YOH on core body temperature and survival rate of rats in each group

vs. (47.65+2.55) pg/ml, (45.50+3.57) pg/ml vs. (23.03%
0.55) pg/ml vs. (67.86+2.08) pg/ml, (39.54%3.04) pg/ml vs.
(22.41£2.61) pg/ml vs. (52.24%6.58) pg/ml, P<0.05]. 5
EHS+ 75 DEX 41 HL 4%, YOH 4k ¥ 5 1Y) EHS+ i DEX+
YOH 2H K Bl TNF-a. IL-6. IL-1B 7K V3418 &8 7 &
[(37.08+1.68) pg/ml wvs. (29.30£0.61) pg/ml, (37.17%
1.58) pg/ml vs. (23.03+0.55) pg/ml, (35.02+3.78) pg/ml vs.
(22.41£2.61) pg/ml, P<0.05, [¥12B).

2.3 LUK EUHERA AL Bk AR R S il p el AR
HE YL (25 0L B, BHS J5 6 h B HER ILZH S 473
EHS AR BUHE L B RM, SR B0R WILET- 4 2 LR AT
Yo BN AL . HEIPH L. MRk, JREfE
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CN4L. XFHE4L; DEX. 47 E4E0KAE; YOH. B 125 EHS. 97 SRR ; TNF-o. BMRIRSEH F-a; IL-6. HAMIAFK 6; IL-18. (4N
NZ1B; A TR IR ZH SR 20 K BRI 28 PE R T IL-6. IL-1B8. TNF-o BN AR5 (443 ; B. 4420 KB 6 h 5 B LIS 28 P [ T TNF-a |

IL-1B8, IL-6 /KFH4E; *P<0.05; **P<0.01

2 DEX MHAEHIH YOH X420 K RUMSE TNF-a. IL-6, IL-1B 7K F-AI52 IR
Fig.2 Effects of DEX and its antagonist YOH on the levels of TNF-a, IL-6. IL-1f3 ofrats in each group of rats

A L, DEXALFR 5 EHS+MIX DEX 41} EHS+ 5 DEX
AR EHEA IR B s, B EHS+= DEX 41414
IR O I A R B A A R, EHS KRR
JHE 17 LR ol 45 40 s LT 24 240 i o ik« AR FR AR K
MRS WAk, SRR S i . BASORE . XU
DEX 4B (1Y) EHS+{IX DEX 20 & EHS+ /5 DEX 21 K FUHE
AWUB S F R 3, U BHS+ /5 DEX 2H i1
it T IER . AP YOH BiAb# S, 8K
DEX Kb H A il (K 3A) . 5 CNZH &S, EHS4H
KR CK & MB UK F ¥ B & Tt & [(2352.0%
149.2) U/L vs. (323.7+14.3) U/L, (27.99£0.35) ng/ml vs.
(12.13+0.74) ng/ml, P<0.01]. ‘5 EHS 41 lL# , 1E
EHS F 1R} 37 BN 2457 DEX (1Y EHS+{IX DEX 2H & EHS+
15 DEX 41 K BUIML G 7 CK. MB 2 71 AR i 1 T [
[(1470.0+82.8) U/L vs. (919.3+150.5) U/L vs. (2352.0+
149.2) U/L, (21.81£0.77) ng/ml vs. (16.37£0.68) ng/ml
vs. (27.99£0.35) ng/ml, P<0.01). 5 EHS+/ DEX4 Lt
B, SRR AFE DI YOH AY EHS+/ DEX+YOH 4H
KERWLA H cr. MBAIXS 1 [(1324.0£108.8) U/L vs.
(919.3+150.5) U/L,  (18.28+0.81)ng/ml ws. (16.37%
0.68) ng/ml, P<0.01, [X[3B).

2.4 FBAHKREHEZUIROS KFEHAEL 5 CNA L
¥, EHSJ& 6 h EHS 41 K BUHEA WL ROS (4% ) F2 ik W
5 W4 £ (0.4740.18 vs. 0.10£0.08, P<0.01), EHS+ &
DEX 4 }% EHS+ = DEX 41 K il ROS % ik 5 EHS 41 b

55 ) AR AP T 6 (0.47+0.18 ws. 0.2120.05 vs. 0.17+
0.09, P<0.05). 5 EHS+ DEXZ AR, ERETmA
FEPUH YOH 1) EHS+ DEX+YOH 2H K il ROS 63k 7K
SEAHXT T 55 (0.40£0.08 vs. 0.17£0.09, P<0.01)(E14A. B).
2.5 25K EUHEM ILZH 24P NLRP3 45 1 )% caspase-1
HEAEKIBKFERALL Western blotting G 2% S I
N, S CoN4l g, EHS 4K BUHES LA 2.
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