http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24) 3077

W -

A EEWEE T HIH mTOR/NF-«B 15 5 18 BB R £ R i SR T £ X FRIA AT e
X

k.4 AU, E o EmE,H K, ERT SRPH R 2 2 R B — B s EE B BRI, M B

(ZE] HE BT 2K E (dexmedetomidine , Dex) 2 753 12 i 12 1 3L 30 1 75 F1 85 EHL A 1
(mammalian target of rapamyecin, mTOR )/ # 55% H T--kB (nuclear factor kappaB, NF-«B) S, E L
FbE (sevoflurane, Sev ) 75 T BT A R RUAAIBESG . J5i8 B 50 H 6 Hitd SD R, A i (9. 5~11.5) g,
Fie B P T 2R 15504 (n=10) : TR (Sham) 41 B A (Model) 21 . Dex k5 it (Dex-L) 41  Dex (= i i
(Dex-H) #H & mTOR/NF-«B {5 5 18 #% 3 i 77 9% 1% f§ (phorbol12-myristate13-acetate, PMA) 2H ; H +p |
Model . Dex-L . Dex-H . PMA £H K SLALE S5 P A N 18 A 2%Sev+21%0, 317345 , Sham 2H 25 T 25 5 1
AR ET 2 h, Dex-L. Dex-H 21K BUMHE I T 5T 10 pg/ke 7130 pg/ke () Dex, PMA ZH K BUIS I 1 51
30 perkg 1Y Dex 15 mg/kg [ PMA ; Sham 411 Model 2H A FRUIE i 9 58 55 0% 52 ) A BRAER K o 3l B 4RI
S ANEE S IR DA A RN DI BE 27 > FNCAZ I RE 5 O R RLAGAS I i 1L 2 v 5 Je IR LB 5
B LS B 1 28 5T B 5 iR S 25 A 452 0 5 TUNEL 32571 8 2% (A6 D00 A e 40 2 5 S I 5O i 3R 5 Tl =X
JZ i (quantitative real-time polymerase chain reaction, qRT-PCR) ¥ il < Ui 20 22 &5 X mTOR ,NF-kB |
5 il J5 B0 W) 85 1 (postsynaptic density protein, PSD) 95 Fl1 %€ fiflt A= K % (synaptophysin, SYP) | % il &
(synapsin, SYN) | 2 fiilt 85 (1 1305 A 5& 25 11 -2 (microtubule associated protein-2, Map-2) . B I B 41 Jfd 983 -2
(B cell lymphoma-2, Bel-2) Fl Bel-2 #H 2 X £ 1 ( Bel2-associated x protein, Bax) i mRNA A9 3£ i5 ; Western
blot ¥ K6 K B 7AF 2 2H 23 % mTOR | 5 % & mTOR (phospho-mTOR, p-mTOR) , NF-«B ., # /i /& NF-«B
(phospho-NF-kB, p-NF-kB) \Bel-2 fl Bax )& iK . #5055 Sham A L, Model 21k FUBEIFE BBk £
TR 2 2 AR, B RO EIE N (P<0. 05 ), G il i 88 T oL, T Eh b 28 STyl /b, SR fih b A 45140, Y
%It , p-mTOR . p-NF-kB . Bax [) mRNA FI & [ 1935 L, i SYN . Map-2 .SYP . PSD95 ) mRNA [
K T (P<0. 05),Bel-2 ) mRNA FIZE Y ZA R (P<0. 05)o Dex THUR , biktEhrt ¥ (P<0. 05),
HmfESCR A, PMA A8 Dex-H B9 LRAPVE T, FHBHB0E mTOR/NF-kB {5 5, Jin i filt 28 5T 46
73 (P<0.05), &5 Dex i AEIM 12410 il mTOR/NF-kB {55 538 § , M1 Sev 5 T (17 T i 2 oG -, AT
T A R B A T BE R

(SRR ] A SEFEMOE s LaUE BT AE B IR DI RE A% s mTOR/NF-kB

[FREESZES] R741;R971.2;R971. 3 [XHARER ] A

[HETIR] SN TAEEERRAROR AT A (g2wkj2022-485) , 5] f B2 25 RS9 22 B Be 2% 5 H (HL2509002)
BEEE] AT, E-mail: 214459348@qq. com

2097-0927/Copyright © 2025, A2 K2 (5 =2 R %) o R IFHORICCEEG CC BY ¥ 7] FMY (https: //ereativecommons. org/licenses/by/4. 0/)
SIAE BRI, e, 4 SO, 45 . A7 SEFEIRE Il i 40 1) mTOR/NF-kB A5 5 it ik e b JUbe 5 S A8 A2 K O RIS RERRE R[], B 42 25 22440,
2025,47(24):3077-3088. DOI: 10. 16016/j. 2097-0927. 202509053.

Citation: CHEN Y, YANG M, YANG Y H, et al. Dexmedetomidine alleviates sevoflurane-induced cognitive dysfunction in neonatal rats by inhibiting the
mTOR/NF-kB signaling pathway[J]. ] Army Med Univ,2025,47(24) :3077-3088. DOI: 10. 16016/j. 2097-0927. 202509053.



3078 B 475 R K2 2A 4, 2025,47(24) http: //aammt. tmmu. edu. cn

Dexmedetomidine alleviates sevoflurane-induced cognitive dysfunction in neonatal

rats by inhibiting the mTOR/NF-kB signaling pathway

CHEN Ying, YANG Mei, YANG Yishan, WANG Hong, REN Liwen, HAN Xu, TANG Songjiang Department of
Anesthesiology, the First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang,
Guizhou, China

[Abstract] Objective To explore whether dexmedetomidine (Dex) improves sevoflurane (Sev) -
induced cognitive impairment in neonatal rats by regulating mammalian rapamycin target protein (mTOR)/
nuclear factor-kB (NF-kB) signaling pathway. Methods Fifty neonatal SD rats (aged 6 d, weighing 9. 5~
11.5 g) were randomly divided into 5 groups: sham operation (Sham) group, model (Model) group, low-dose
Dex (Dex-L) group, high-dose Dex (Dex-H) group, and phorbol 12-myristate 13-acetate (PMA) group (an
activator of mMTOR/NF-kB signaling pathway), with 10 animals in each group. The rats in the Sham group were
placed in a sealed chamber containing fresh air, while those rats from the other 4 groups were exposed to 2%
Sev+21% 0O, for modeling. In 2 h before chamber placement, the Dex-L and Dex-H groups received an
intraperitoneal injection of 10 and 30 pg/kg Dex, respectively, and the PMA group received an intraperitoneal
injection of 30 pg/kg Dex and 5 mg/kg PMA. The rats in the Sham and Model groups were given an
intraperitoneal injection of equivalent volume of normal saline. Cognitive function and learning and memory
abilities were evaluated with novel object recognition test and step-down inhibitory avoidance test. Laser
speckle contrast imaging (LSCI) was used to observe cerebral blood flow; Nissl staining and transmission
electron microscopy were employed to observe the ultrastructure of hippocampal neurons and synapses.
TUNEL staining was perform to detect the cell apoptosis. Quantitative real-time polymerase chain reaction
(qRT-PCR) was applied to measure the expression levels of mTOR, NF-kB, postsynaptic density protein 95
(PSD95), synaptophysin (SYP), synapsin (SYP), microtubule-associated protein-2 (Map-2), B-cell lymphoma-2
(Bcl-2), and Bel-2-associated X protein (Bax) in the hippocampal tissue. Western blotting was conducted to
detect the protein levels of mTOR, p-mTOR, NF-kB, p-NF-kB, Bel-2, and Bax in the hippocampal tissue.
Results Compared with the Sham group, the Model group exhibited significantly lower discrimination index
and shorter platform jumping latency, increased number of errors (P<0. 05), reduced cerebral blood perfusion,
decreased number of hippocampal neurons, damaged synaptic structure, raised apoptotic rate, enhanced
expression of p-mTOR, p-NF-kB and Bax at mRNA and protein levels (P<0. 05), while down-regulated mRNA
levels of SYN, Map-2, SYP and PSD95 (P<0.05), and reduced mRNA and protein expression of Bcl-2
(P<0. 05). After the intervention of Dex, all the above indexes were significantly improved (P<0. 05), and the
effects of high dose were better. PMA partially reversed the protective effects of Dex-H, reactivated the signal
of mTOR/NF-kB, and aggravated the neuronal damage (P<0. 05). Conclusion Dex may alleviate cognitive
dysfunction in neonatal rats by inhibiting the mTOR/NF-kB signaling pathway and suppressing Sev-induced
hippocampal neuronal apoptosis.
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V&5 4L A Y] R T U R P B
i B 2 B (70% . 80% . 90% . 100%) 7K £k, il A
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x1 ZFEEHSIYET
Table 1 Primer sequences for qRT-PCR

Gene Primer sequence(5'—3")

Forward: ATCAACTCCACGCGCTACAA
Reverse: GGCAGAAGCCGATGGTATGA
Forward : TGAGAACTGTCCTTACGTGACC

mTOR

NF-«kB
Reverse: AGAGCACCAAGACTGGCTCT
Forward: CGCGCTAGCTTATCAGACTGA
SYP
Reverse: CGGCCCAGTGTTCAGACTAC
Forward : CTCGCTTCGGCAGCACA
PSD95
Reverse: AACGCTTCACGAATTTGCGT
Forward: CCAAAATTGGGTCCAGTGGTTT
SYN
Reverse: GACAAGGGCTCCACACAAGA-3’
Forward: AGAAAATGGGGTGGAAGCAGA-3'
Map-2
Reverse: CAGGCACCTTGGTCATTCCT
Bl Forward : CGTGCTCTCAGCCAACCA
ol—
Reverse: TGCCAACTGCTCGGATTTCT
Forward: AAAAACGCAATGTCCCTGCT
Bax
Reverse: CTTCTGTGGTAACGGGGTCC
Forward : TTGGTATCGTGGAAGGACTCA
GAPDH

Reverse : TGTCATCATATTTGGCAGGTT

PLSYP(1:500) F1PSD95(1:500) ,4 “Ci it i , i H ,
FEAEYE IS I AGE B 19 Alexa Fluor® 594-2F4 % IgG
ZOETHL(1:1000) , BEECHEE , B F, WA R WA,
1.11 Western blot 5 3

B4 4K BT 01 o X ZH 4, 4 FAR BURE A v
MM, BCA KA G HETE fE, LA S0 wg BE S iEA T FELTK
Gy, RGN BT E W T 60 min, T A —dt (bt
p-mTOR .p-NF-kB. mTOR .NF-kB ., Bcl-2 Fl Bax §L {41
H1:500) ,4 CHER LA, I ABRAL L A AL Y bR L
FHrRTHU(1:1 500 MRS , = IRFE ARG T 60 min,
VEREE 3R Ak 27 R OGTEFE 10 min, 25 5 UL GAPDH
HZ R Gt oA B AR EE AR X R A
1.12 %it 54

K FH SPSS 16.0 % 4 #F 17 48 if 4 . R H
GraphPad 8. O FEAT1E ] 455 T3 A (8 R s
TR, ZAH B BRI 2 07 2200 Fr , A 21
1] A R 1T LSD-1 K 6, P<0. 05 F7m 22 5% B G2

2 #R

2.1 Dex*F XK R #9ik%m 3 T ATl 4L 69 %o
VAL 45 B 7R L 5 Sham 40 BUAH EE , Model 21 .
Dex-L 2 .Dex-H ZH .PMA 20 K U3F 548 BN v R 359



http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24) 3081
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2.2 Dex 3 &40 K K20 L7 e A 2 LAY ok
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2 PMA KA Wi mEEE W BT &, 5
Dex-L A H , Dex-H 20 R SR 2H 280 4 I 3 7 v o BH i
ThE . 5 Dex-H 4 AH EE, PMA 240 K BN 2H 237 1 i v
A I B (P<0. 05,82) .
2.3 Dex XK AMARAELRXAYZTERLTLY

#h
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CA3 X il 2 TT 20 I 25 56 8 L ot 57 BIR 07 I, &40 g HE
GIFAE P22 0N I JE TG/ MA F= 5 s Model 41K BRI 5
X CAT X R CA3 X H % 4 i JE A8 A A, HES 25 L

80 - 5 - A
8 44
% 60 abc 0
= S
£ o 34
= abd e
g 404 ab °
[
£ S 2-
E S
S 20 a z
= 11
0 0

Sham Model Dex-L Dex-H PMA

ab

Sham Model Dex-L Dex-H PMA

BT A% o7 SRR AN BT, 2 o o 41 447 7™ ., 448 A ) B ) 3
Ham, Je F/MASES B BH 2 T R 5 5 Model ZHAH L, Dex-L
2 . Dex-H ZH .PMA 2H 1 B [X 41 28 0 28 o i 483 497 HH S i,
1% T 5 Dex-H 4 AH L, PMA (94 A N4> %% T Dex
PR oA i p e e . Bt 4 R 8RS Sham
ZHAH L, Model 21 . Dex-L 41 . Dex-H 244 . PMA 41 K [ 7%
L X CAT XA CA3 DX 28 0 20 it 1) 45 e BH (/b 5 5
Model ZHAH L, Dex-L#H . Dex-H 2 . PMA 2H K Bl i 25 [X.
CA1 X CA3 XA 2 TT 4 M 19 B0 B 8 T 157 5 5 Dex-L
AL, Dex-H 41K BRI 55 X CA1 X AT CA3 X #4800
20 M 1 K IH B T 5 5 Dex-H 41 A HE , PMA 41K KL
M X CAT X FI CA3 X A 28 o0 41 A 174 250 B g s >
(P<0.05,K3),
2.4 Dex A RKAHL X R ARG RILLE A 0935
HiL B2 T, Sham 21 1 25 28 0 40 i 1) e i 5 8
FE ARSI Y B8 SO B | e 6o 5T o A 3 5, i
HEN 1 20 8 25 R e 2R AR () DR 25 4 S B B
Fm, TR | AR AR DL R A A 2 A T T e e, %
fih 235 4 52 B, TR BT BT AT 9F , 2 il s FEE T DL 45 A B
(1) 205 ) 5T 5 Model 2H R BT 25 DX A it 4465 40 AN ] i

200+

1504 abc

abd ab abd

1004

latency/s

504

o-
Sham Model Dex-L Dex-H PMA

a: P<0.05, compared with the Sham group; b: P<0.05, compared with the Model group; c¢: P<0.05, compared with the Dex-L

group; d: P<0.05, compared with the Dex-H group

E1 HAKXBREPAE. ZIMBIZIHEERMEZL (n=10, ¥xs)

Figure 1 Changes in cognitive, learning, and memory functions of rats in each group (n=10, x+s)
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Figure 2 Cerebral blood perfusion of rats in each group
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abd
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Sham Model Dex-L Dex-H PMA

Number of neurons in CA1 area

Sham Model Dex-L Dex-H PMA

a: P<0. 05, compared with the Sham group; b: P<0. 05, compared with the Model group; c¢: P<0. 05, compared with the Dex-L

group; d: P<0.05, compared with the Dex-H group

B3 RRECKRMNSAXRMEALEIXMETEY (=10, 1)

Figure 3 Nissl staining showing neuron activity in the hippocampus of rat brain tissue in each group (n=10, x+s)

JEE B AR MBI B, b 28 T A T A AN A i AR
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P Z 450 B S, [ B384 o, 2 il 5 R 100 B805% 0 I B i A%
. 5 Model 14 [t , Dex-L2H . Dex-H £ . PMA 41 i3
DX fole 4t 4 L B 5 Sk 1) R Al 45 440 1) 46343 B 8 sl 5 5
Dex-H ZHAH [t , PMA (% 47 A NS 53386 5 1 Dex X i 28
JCANMLII VR . S 45 R BoR . 5 Sham ZH M EE
Model 41 . Dex-L 4 \ Dex-H 2 \PMA 41 K FifE 5 [X 58 itk
25 ke Y 0 B B0 20 5 5 Model 20 AH EE , Dex-L 2H |
Dex-H 21 . PMA 41 K 5 25 X 5 fish 45 #4114 % i BH i 7
1,5 Dex-LAHAH L , Dex-H 2 K BRI T X 2 fih 25 4 )
B W B 5 5 5 Dex-H 20 AT EL , PMA 2H K BT S5 X
& i 5 440 A B I 0/ (P<0. 05, 11 4)
2.5 Dex &K R 695D L8 F 0B 69 %@
TUNEL ZL 25 1 7 , 5 Sham Z1AH LE , Model 41

Dex-L 20 . Dex-H 41 . PMA 20 K BUIAE 25 20 40 4 41 3
TR B T 5 5 5 Model HAH L, Dex-L2H \ Dex-H 2 |
PMA 21 K Ui 25 4 20 rp (%) 40 6 08 T B 8 RIS 5
Dex-LZHAH L, Dex-H 41K SR D2 20 rb ) 4 i i 1%
A 3 A1 5 5 Dex-H 24 AH HE, PMA 21 K BUTE Eh 24 40
) 240 B T B I T R (3% P<0. 05, 1815) .
2.6 Dex3d K RA#yipLmy bk EAR xkey
EAC)

qRT-PCR 45 # 5.7 , 5 Sham 20 A HE , Model 4
Dex-L 2 . Dex-H 2 . PMA 4 K fRF S 4141 mTOR .
NF-kB . Bax iy mRNA 11 ik B i 7+ 55, SYP . PSD95 .
SYN . Map-2 il Bel-2 B mRNA A9 35 1k W] i B AIK ; 5
Model ZHAH H , Dex-L 20 . Dex-H 4 .PMA 20 K fli6E S 21
Z1H mTOR \ NF-kB ., Bax i) mRNA 19 3 1k 0 & PG,
SYP.PSD95.SYN Map-2 1 Bel-2 f) mRNA #7634 B ik
TFE 3 5 Dex-L 4 AH [t , Dex-H 2H K B i 5 20 48
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group; d: P<0.05, compared with the Dex-H group
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Figure 4 Ultrastructural damage of hippocampal synapses of rat brain tissue (n=10, ¥+s)
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Figure 5 TUNEL staining displaying hippocampal apoptosis of rat brain tissue in each group
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Figure 6 Expression of related genes in the hippocampus of rat brain tissue (n=10, x+s)
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Figure 7 Immunohistochemical assay showing the expression of SYN and Map-2 in the hippocampus of rat brain

tissue in each group (n=10)
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Figure 8 Immunofluorescence staining showing SYP and PSD95 expression in the hippocampus of rat brain tissue (n=10)
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Figure 9 Expression of p-mTOR/mTOR, p-NF-«B/NF-«B, Bcl-2 and Bax in the hippocampus tissue in each group (n=10, x+s)
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