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Abstract: Objective To explore the effects of dexmedetomidine (Dex) on cognitive function and HSP70
expression in mice models of sepsis, and to provide a basis for researches on brain protection in the setting of sepsis.
Methods Eighty C57BL/6 mice were randomly divided into control group (CON group), Dex-only group (DEX
group), sepsis group (LPS group), and Dex + sepsis group (D + L group), with 20 mice in each group. Firstly, DEX
group and D + L group received 25 pg/kg of Dex via intraperitoneal injection, while CON group and LPS group
were given the same volume of normal saline. Thirty minutes later, 5 mg/kg of lipopolysaccharide (LPS) was
injected intraperitoneally in LPS group and D + L group to establish models of sepsis, while CON group and DEX
group were given the same volume of normal saline. The Morris water maze was performed to assess the learning
and memory of mice. The serum levels of tumor necrosis factor- o (TNF- a) and interleukin-1p (IL-1B) were
measured by ELISA, and levels of superoxide dismutase (SOD), glutathione (GSH) and malondialdehyde (MDA) in
the hippocampus of mice were detected by chemical colorimetry. The hematoxylin-eosin (HE) staining was applied
to observe the pathological changes in the hippocampal CA1 region, and the immunohistochemical assay and qPCR
were used to determine the protein and mRNA expressions of heat shock protein 70 (HSP70) in the hippocampus.
Results The escape latency of mice in each group on the 1st, 2nd, 3rd, 4th and 5th day were compared via repeated
measures ANOVA, and the results revealed that the escape latency was significantly different among the time points
(P < 0.05) and the groups (P < 0.05), and that the escape latency in the LPS group was longer than that in the CON
group while that in the D + L group was shorter than that in the LPS group. Besides, the change trends of the escape
latency were different among the groups (P <0.05). There was no statistically significant difference in swimming
speed of mice among different groups (P >0.05). The time spent in the target quadrant in the LPS group was shorter
than that in the CON group (P <0.05), and that in the D + L group was longer than that in the LPS group (P < 0.05).
The number of platform crossings in the LPS group was lower than that in the CON group (P < 0.05), and that in the
D + L group was higher than that in the LPS group (P < 0.05). The serum levels of TNF-a and IL-1f in the LPS
group were higher than those in the CON group (P < 0.05), and those in the D + L group were lower than those in the
LPS group (P < 0.05). Compared with the control group, levels of GSH and SOD were decreased (P <0.05), and the
level of MDA was increased in the LPS group (P < 0.05). Compared with the LPS group, levels of GSH and SOD
were increased (P < 0.05), and the level of MDA was decreased in the D + L group (P < 0.05). The positive
expression rate of HSP70 protein in the LPS group was higher compared with that in the CON group (P < 0.05),
while that in the D + L group was higher compared with that in the LPS group (P < 0.05). There was no statistically
significant difference in the positive expression rate of HSP70 protein between the DEX group and the CON group
(P > 0.05). The relative mRNA expression of HSP70 in the LSP group was higher than that in the CON group (P <
0.05), while that in the D + L group was even higher compared with that in the LPS group (P < 0.05). There was no
statistically significant difference in the relative mRNA expression of HSP70 between the DEX group and the CON
group (P >0.05). Conclusions Dex can reduce inflammation and oxidative stress in mice models of sepsis, and
improve the cognitive function of the mice. The underlying mechanism may be related to the upregulation of HSP70
expression.

Keywords: dexmedetomidine; sepsis; oxidative stress; cognitive function; heat shock protein
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1.2 KF5F

120 %A EhRA RN R (L
25 B A R AL it 22041031) , LPS (WA
TYEA PR R A BR A F] L it < abs42020800) ,
BCA & 1@ il 0 & (M5 A D BHE e A7 BR A
H) 45 abs9232) , i 4 AR W) B K B (superoxide
dismutase, SOD ) 7§ ¥4 . 25 Bt H Kk ( Glutathione, GSH) A1
P ¥ (Malondialdehyde, MDA )i % 5 (1 57 & 1 2k
V) TRERFSE BT, 5 1 A001-1-3-2 , A006-2-1 , A003 -
1-2) , I J% 3K %€ Bl F -  (tumor necrosis factor— o,
TNF-a) | F1 40 H8 /2 -1B (Interleukin—18, TL~1B ) fiff
156 G2 328 W B 5% (enzyme linked immunosorbent assay,
ELISA) 7 & ( L8 = RAEYH AR B RA A, M
5 : PI303 . PT512) , RNA $ U | Synthesis Super Mix
for qPCR 12 x SYBR Green qPCR Master Mix ( 7 &
HeIRBHE AR A AL S G3013,G3337.6G3320) ,
HSP70 5w TR | e 2l 24k 24 G a3 7] 8 (i
=AY EARAR LA, M5 66183-1-1g.
PK10018) .

122 FEME KRELSHE LN (S . KDC-
2046 , ZROT RN ERFE IS A BRA D) | B bR A
5 : Multiskan FC, FE Bk € /R ( i) (U & A RA
1, %6 2 PCR Y[ %5 : CPX96 Touch , {1 5k 4= i
Be 2 i (B0 ) A7 BRI, A9 W i (B
DM2500 , 7 [E ok R A A ) o
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131 #hdhom 588 54 4 C5TBL6 /N BEL
KX BEZH (CON 4 ) | B4l Dex 4H (Dex 2H ) | i 55 1ML
it 20 (LPS 41 ) Fl Dex + ME#E MAELL (D + L4L) , B4l

1.1

20 Ho B, Dex M D + L 41 ¥ 18 2 2% SCHik (8] 7
e, W8 B TE 5 Dex 25 pg/kg, CON ZH 1 LPS 41 18 Ji
T S5 45 3 4 A B ER UK 5 30 min Ji5 LPS 40 A1 D+L 41
SCOmk (9] BB OB O B 5 mekg IR 2B
(Lipopolysaccharide, LPS) & il It 25 1l fiE < Y , CON 2
1 Dex 2H I i T 55 46 7] o 19 A BEER K

132 Morris Kit & 8 AL )5 24 hFEHL
P& 8 H/NE AT SEH . Morris 7K 2825 4 142 100 em,
T30 em (9 BE KM, K IR AR HIE (22 1) C LK A
10 em W FE - G B R 2R, I B B T /K 1
T lemo 551 ~5KR#FEATENAATELR , B H KN
T [v1) Yl B DA 4 > 2 BRAR U A K o, il s B RIE |
V-5 A A] (6 RE VAR D)), #5 60 s IR E |-F- 5 10
60 s THE I S HEV6 [FR30s. 56 R
1723 R L, 0 & B /N B P 6 35 i
G B A K, i S /NER 60 s INFE H bR 5 R 1145
B N[ B 2 8T 5 I R

1.3.3  ELISA # i f2 7 TNF—oa A2 IL—-1B K F 4
4255 24 h B8 HU/NER AR BRI, = L H & 2 h,
4°C .3 000 r/min B.0> 10 min, B 75 , #2870 &
Ui B 4R AE L R FH ELISA K I /)N BRI 7 TNF-o 1L~
18 /K. AbFE/NEREUE D420, B A -80 CIKAH %
IR

134  ALF & FAem A L 20 SOD &A= GSH.
MDA K-F BUE I T 4] 20 Ve PR, 4% 0
=19 I A A= ER K FHEH VS AR TE VK 1 7853
F S 25 10% 1 2021 5) 9%, 4 °C .3 000 r/min 550>
10 min J&7 B E 35 7, R FH BCA 3290 5 g 5 4l 8L 2K 1
e S A2 e 6o 0 52 SOD % M FI GSH MDA 7K -,
1.3.5 T AR — 2 ( hematoxylin—eosin, HE) 4 &, 9L
BIRELAMBRETNL BHALGE 2404
/NERIBTBAL AL, UK b 53 5t 5 B g S 1 2, T 4%
Z B, 2 WK A S AL 38R ) A
4 pm BEWYI A TR SRR3R, &2
PRI RS IO 055 22 /K 5 28 47 HE L (5, T 400 1% 1215k
BN WLEEHE T CA1 XA LB &1L .

RS

1.3.6 SRR AFEERNEDHL HSPT0 KB
a9 Fas BURI R S Y A, B R 35k R, H R

I 1K A S5 BE R B (96 ~ 98 °C) 15 4 20 min, ddH,0
T Yk % s T 5 3 o st A BT 8 P9 1A 30 min
N 2 we/mL B HSP70 — 4% 50 pLiB & & 1 h,
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GZ R 2 K, 1 min/ YR TR N 2 ~ 47 PR &
W% 7 30 min, 2% MR 3 UK, 1 min/IR ; i Il DAB,
70, i % WO R, ddHL0 12 7 3 ~ 4 YK .30 /UK 5 T
HE SN, B E 5 min, 22 sRIEGE, B Y B A
OB SRR T CAL X, 1 FH Tmage J 84443 #r e
92 21 2 Ak 2 gl 25 L | BH P 2 i 5 =100 B P BH 4 4
HEES A A S5 x 100% .

1.3.7 KR RAE FRE B4R (quantitative real—
time polymerase chain reaction, qRT—PCR ) #& M| i% &
2022 HSP70 mRNA #i&  BUE # L4410 mg
HZ PN 100 WL RNA 2 B LA BIF B 3415, 42 i
S RNA AR 8 3K 500 6 16 W A5 F 47 395 4% 5 il qRT-
PCR. HSP70 IE[8] 5[4 : 5'~-CCGACAAGGAGGAGTTC
GTG-3", JZ [1] 5] %) : 5'~ACAGTAATCGGTGCCCAAGC—
3, K J& ¥ 4 249 bp; GAPDH IE [a] 5] 4 . 5
—CCTCGTCCCGTAGACAAAATG-3', JZ 8] 5| ¥ . §'
~TGAGGTCAATGAAGGGGTCGT-3', K JE A 133 bp.,
F R 2295 C TS PE 30 .95 CAEME 15 s .60 CiE

K IFFAEAH 30 s, H: 40 DEH . L GAPDH M NS, R
27443+ HSP70 mRNA X ik & .
1.4 SitEFZE

B Ay BT SR JH SPSS 22.0 88 f . i %okt
DAFEL + R 2 (x = s) R, LA R Oy 220
Mr 5% T I S T T 25 53 B, R EL AR LSD-+
K. P<0.05 hERHFIT¥E L,

#HR

& A /INR Morris 7k 3£ B LIS FEHREE IR
BN 1.2.3.4.5 Kk R i, &
AT O 200, 45 R O R[] A
eV L8R, 22 A Ge e A L (F =206.485,
P =0.000) ; @45 2 /N Bk bk vE R A L3, 2 R A
it ¢ 5 X (F=14.576, P =0.000) , LPS 41 % CON 41
FEK: , D+L 2 LPS 41 45 Ji 5 (345 21 /) B adk a1 £ 14
AL, E R G L (F=3877,P =
0.020). WLFE 1.

2

2.1

F1 JBANBRAERESREERILEE (n=8,s, xxs)

4151 EABN EVBN EPRPN EHEDN H5K
CON4 46.66+9.27 29.47 + 4.49 22304478 1133 £2.93 523149
Dex 41 46.86 + 10.04 30.88+3.76 2131597 14.53+5.79 6.67+2.00
PS4l 48.92+11.24 33.56+ 4.47 3021372 22.69+2.56 2005 +2.34
D+ L4l 47.98+9.52 33.45+3.18 2478 +2.93 17.18 + 6.08 11.18+2.95

25 AR R L g 45 R 7R, 25 2 /0N BRI VG B LG 2 BANNRTERRERILE (n=8,xts)
B, 2RI E X (P>0.05), S4/NRHirg rae | BreneE | Bhva
PR 452 B2 I [B] | 20 BF- 5 OB LA, 22 S YA Ge it 4 (em/s) il /s WK
B (P <0.05), LPS 4 H b5 5 {5 B i ] 4§ CON CON#L 2399£267  3165£563  8.13x155
A, D+L ALK T LPS 415 LPS A 57 F &5 > T Dex 4 2310£166 2906596  675x2.12
CONZL, D+LAIZ T LPS4l. W2, Lps 4 2459217 203323747 413+ 113"
2.2 FH/PMRMFTNF-a. L-18 KFLLE D+ L4l 2324+227  2805:428%  638x1.19%

41/ BT TNF-a TL-1B K #2225 3 FAi 0.779 7.632 9.190
H it 5 L (P <0.05), LPS 204 CON 20 1, D+L Pfi 0515 0.001 0.000

A LPS A FEMR, WHK3,

2.3 HHANREDZHASOD.GSH.MDAKFELLE
21 /N BT I 2 21 SOD . GSH . MDA 7K 3 [t

B, 223 HH S8 X (P <0.05), LPS 41 GSH .

SOD 7K F-# CON 4Bk , MDA 7K “F- 4% CON 40 Tt i

D+L 20 GSH ., SOD 7K - % LPS 40 Ft /& , MDA 7K - %5

LPSZH AL, W34,

. W5 CON4H#, P<0.05; @5 LPS4H 4L, P<0.05

24 FJHENMRBECAIRFEEWL

HE 4 5,45 5 7%, CON 2 Al Dex 47 & CAL X
M TTEE I S8R HEF A 5, % U 6T I 5 LPS 4
Ih CAL DXPf 28 T HCE 9 /b, HE S 25 L, R it 40 i e
AN A 4 D+L AL CAT X iR B 45
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APE P, 45« A7 SRR X IR EEAE /N BUAKI DI AE T HSP70 K IA RS

R3 KBHANRIME TNF-o IL-1B /K EELER
(n=8, pg/mL, X+s)

CON4 57.12+12.29 25.50 = 5.90
Dex 2 57.38 +15.07 26.26 = 6.58
LPS% 154.80 + 17.50” 65.85+9.057
D+ L% 86.13 +9.15% 41.94 +4.58%
F8 88.232 63.101
PE 0.000 0.000

. D5 CON4ILLEE, P<0.05; @5 LPS4 4, P<0.05,

LPS 5% , SZ 4 A i W] i osi /b . LRI 1.
25 HHENMRBDHLAHSP7TOEAHEMERIER
b3

CON 4 . Dex 41 .LPS 41 .D + L4 /)N flifE &5 CA1
X HSP70 £ 11 FH 1 3R 35 28 43 50l Oy (15.55 £ 1.67) % .

Dex 2
1

Eoe b N

o | -
..J-‘.‘

E£HNRIED CA1 XFEITL

“ ) “ﬁ : 1 l‘v’. e 5

ik 6. é :.—*, g n‘ 2

,i«?tgt;‘i?; f' ~s‘ é{ pﬁz‘ e ‘*!? e

g .\J 3 ‘ b

o §

': !'. 2 t ‘ £l ) -“.’ f< ‘.#'. o {
CONZH Dex 2H

2.6 HAH/NMREDHLHSP70 mRNA 3 &KX
=i

CON 4 Dex 2 \LPS 4 . D+L 21 /)N BRL Vi 5 21 41
HSP70 mRNA A X} 2 ik &t 43 il 24 (1.03£0.29) |
(1.30£0.19) . (1.97+0.11) . (3.24 £ 0.54) , LK FE
T, ZRA G E X (F=73.024, P =
0.000) , LPS 41 # CON 41 Ft & (P <0.05) , D+L 41 %%
LPS 40 T} (P <0.05) , Dex 20 5 CON 2 [ #% , 22 %
Gt E X (P>0.05).

3 it

SAE J& i 7 I AE fe % WL B 28 B DO RE e i 2 —

‘ ‘

®4 FHBDA[PEUMHKFLE (n=8,xzs)

CON4{ 127411722 26.72+4.62 1.11£0.27
Dex 41 12621 £1598  23.60+4.74 1.25+0.24
LPS4H 56.58 + 6.80" 9.75 +2.297 2.60 +0.327
D+ L4l 97.79 +842%  1650+3.022  1.85+0.26%
F{H 52.816 31.614 49576
Pl 0.000 0.000 0.000

1 D5 CONLHES, P<0.05; @5 LPS4 [, P<0.05,

(17.80£3.13)% . (43.13+2.55)% . (63.63 £3.17) %,
GHRHNE T ENN, ERASRITFEL(F=
285.419, P =0.000) , LPS 41 CON 41 F} /& (P <0.05) ,
D+L 2H %5 LPS 20 JH /& (P <0.05) , Dex £ 5 CON 41 It
B, ERTHEITEEL(P>0.05). WK 2,

LPS#
(HE Z4{% x 400)

oA .' t
LPS 4

D+ L4
B2 &AEAMNRIEFDCAIRHSP7OEBMMRIZER (AL ML x 400)

g5 BRAIL I &2 2% , 32 2 36 B A DA E I B RN
P 511, 9% ~ T1% [k 7 95 8 & A A 6 72 W

/\X?J\ o

SAE, %5 i B H R B 1 il KR 5. HSP70 f&: 41
JILAE L SR 4 s 1 F IR AR R L AR N Y
HSP70 i [ AT Ji 3 5 19 48046 03K SF- , k2D LPS 5
S 14 /0 e T A0 T Ak e I P U RN TNF - o 2 B,
Vol /> Ao 28 40 M R 6 R R T, % ik B RE AH DG B A
JE 5 INHTGE 1 B0 B 58 R, Dex XF SAE
BT G 4 H (A 2R AR AL AR 3. ZHANG
% B Dex RT3 13 1 IV 55 20 21 HSP70 , 77 il 1 22
JCIETS, iﬂzﬁﬂwﬁkmjﬁﬁﬁﬂﬁﬂﬂﬁﬁﬁ%-LU%%“S]EIEL
i FH 5 B 24 W 1Bk A I s E 4 Dex 1E4T CPR B, 1B 3%
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TNF-o B $ 55, 1 5 20 21 v SOD i M Fll GSH 7K ~F-
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T2/ T A AT 1, D0 ™ A, DT 4 v 4
LI 4 A2 B 7, D/ A 2 i B R 450, 5 AR O
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HSP70 2k 35 SAE /NN AT T BE
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(1) 9 A S I R AR AR N SR | D842 il B 2 295 15 7
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& % X W

—_

1 SREFE, BVE, Bk, S5 MRTEREAHDCIE RS MBI S D). Wi
VLEEZE, 2019, 41(19): 2121-2124.

M, doat, FRI5E, %5 . Hsp70 7P ZB AT s T /R F AL
TP RL]. LE L2, 2021, 33(8): 931-938.

R, HIFFR, IME, 55 BURTCEE 1170 XPh 28 S AE m I 1 /R
JHII. 245272441, 2015, 50(8): 945-950.

KIM J'Y, KIM J W, YENARI M A. Heat shock protein signaling
in brain ischemia and injury[J]. Neurosci Lett, 2020, 715: 134642.
JIANG S F, BAI L, ZHANG X X, et al. Preexposure to heat stress

[

(2]

(3]

(4]

(5]
attenuates sepsis-associated inflammation and cognitive decline in
rats[J]. Neurosci Lett, 2022, 780: 136647.

WRAHAR, ZRBRAE . A SEFEIRE I DRV B AL SIS e 0],
R EAL 52, 2020, 18(2): 20-22.

LANKADEVA Y R, SHEHABI Y, DEANE A M, et al. Emerging

benefits and drawbacks of a2-adrenoceptor agonists in the

(6]

(7]

management of sepsis and critical illness[J]. Br J Pharmacol,
2021, 178(6): 1407-1425.
ZHANG M H, ZHOU X M, CUI J Z, et al. Neuroprotective

effects

(8]

of dexmedetomidine on traumatic brain

injury:
Involvement of neuronal apoptosis and HSP70 expression[J]. Mol
Med Rep, 2018, 17(6): 8079-8086.

ANDERSON S T, COMMINS S, MOYNAGH P N, et al.

Lipopolysaccharide-induced sepsis induces long-lasting affective

(9]

changes in the mouse[J]. Brain Behav Immun, 2015, 43: 98-109.
[10] BIRCAK-KUCHTOVA B, CHUNG H Y, WICKEL J, et al.
light to
encephalopathy: the
implementation?[J]. Crit Care, 2023, 27(1): 214.

SULZBACHER M M, LUDWIG M S, HECK T G. Oxidative

stress and decreased tissue HSP70 are involved in the genesis of

Neurofilament chains assess  sepsis-associated

are we on track toward clinical

[11]

sepsis: HSP70 as a therapeutic target[J]. Rev Bras Ter Intensiva,
2020, 32(4): 585-591.
[12] KACIMI R, YENARI M A. Pharmacologic heat shock protein
70 induction confers cytoprotection against inflammation in
gliovascular cells[J]. Glia, 2015, 63(7): 1200-1212.
[13] YURINSKAYA M M, GARBUZ D G, EVGEN'EV M B, et al.
Exogenous HSP70 and signaling pathways involved in the
inhibition of LPS-induced neurotoxicity of neuroblastoma cells[J].
Mol Biol (Mosk), 2020, 54(1): 128-136.
AR, 730, WAL 55 . AR A7 S FEIR e 0 IR REAE AR DG
Wi B RAE BN | G T RE KN S RE AR IR (1], S R~
7%k, 2022, 38(20): 2580-2584.
LU J, LIU L J, ZHU J L, et al. Hypothermic properties of

[14]

[15]

dexmedetomidine provide neuroprotection in rats following

- 34 -



% 24 1)

BApEl e, S A7 SEFERKE X e TEAE /N BIA I D RE X HSPT0 K IK AR

[16]

[17]

[18]

[19]

[20]

cerebral ischemia-reperfusioninjury[J]. Exp TherMed, 2019, 18(1):
817-825.

LANA D, UGOLINI F, GIOVANNINI M G. An overview on the
differential interplay among neurons-astrocytes-microglia in
CA1 and CA3 hippocampus in hypoxia/ischemia[J]. Front Cell
Neurosci, 2020, 14: 585833.

JEONG N, SINGER A C. Learning from inhibition: functional
roles of hippocampal CAl inhibition in spatial learning and
memory[J]. Curr Opin Neurobiol, 2022, 76: 102604.

SEEMANN S, ZOHLES F, LUPP A. Comprehensive
comparison of three different animal models for systemic
inflammation[J]. J Biomed Sci, 2017, 24(1): 60.

WRtAR, fI2gte, soPhRe, A5 ISR PR e R U2 41
PI3K/AKT {553t it M AR ST A 1 70 TSI, P PR &S 150
G A 25, 2021, 19(12): 2010-2015.

TULAPURKAR M E, RAMARATHNAM A, HASDAY J D, et
al. Bacterial lipopolysaccharide

augments  febrile-range

hyperthermia-induced heat shock protein 70 expression and

35

extracellular release in human THP1 cells[J]. PLoS One, 2015,

10(2): e0118010.
[21] KANG Q X, CHEN Y, ZHANG X, et al. Heat shock protein
A12B protects against sepsis-induced impairment in vascular
endothelial permeability[J]. J Surg Res, 2016, 202(1): 87-94.
BLLEF, a2, WA, 45 A SUMHTRLE 31 19 2 200 i
PRI B IR S B AN AR AU PR I 2278 FR TN 13RIk Y
AA[I]. R EA T RFS, 2023, 27(2): 264-269.

(ZF} i)

[22]

AR5 g Xl b, BRAR, 252, 45 . A SRFEMRE X IR AR
/NEUARITIRE K2 HSP70 F3h 520 [T]. v I AR R 24k, 2023,
33(24): 29-35.

Cite this article as: ZHAO Y Y, QIU G L, CAI W, et al. Effect of
dexmedetomidine on cognitive function and HSP70 expression in
mice models of sepsis[J]. China Journal of Modern Medicine, 2023,

33(24): 29-35.



