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[ Abstract] Objective To investigate the effects of calcitonin gene-related peptide (CGRP) on sevoflurane-induced
neurotoxicity and phosphatidy linositol 3-kinase (PI3k)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) signa-
ling pathway in neonatal rats. Methods Conducted the experiment in the Anesthesia Research Laboratory of the Second
Hospital of Shanxi Medical University from January 2023 to June 2024.The neonatal rat model induced by sevoflurane was
constructed, the model rats were randomly divided into model group (Model group),CGRP group and CGRP + LY294002
group, with 12 rats in each group, another 12 normal rats were taken as control group (Control group). The cognitive function
of rats in each group were detected by Morris water maze. The level of oxidative stress was detected by enzyme-linked im-
munosorbent assay (ELISA). The pathological damage of brain tissue was detected by hematoxylin-eosin (HE) staining, Neu-
ronal apoptosis was detected by terminal deoxynucleotidy! transferase mediated nick end labeling (TUNEL) staining. Through
the use of immunohistochemistry, the expression of proteins associated to autophagy was found. The PI3k/Akt/mTOR signa-
ling pathway and apoptosis-related proteins were detected by Western blot. Results The brain tissue structure of the M odel
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group was destroyed compared with Control group, the arrangement of neurons was disordered, the number of neurons was
reduced, the nuclear pyknosis was deeply stained, the escape latency of rats was prolonged, the residence time in the target
quadrant was shortened, the malondialdehyde (MDA) level and neuronal apoptosis rate, the expression of B-cell lymphoma-2
(Bcl-2)-related X protein (Bax) and recombinant human autophagy effector protein (Beclinl) were increased, the levels of su-
peroxide dismutase (SOD), glutathione peroxidase (GSH-px) and the expression of Bel-2, p62, Phosphorylated (p) -Akt/PI3k,
p-Akt/Akt, p-mTOR/mTOR were decreased (P <0.05). The brain tissue structure of CGRP group was relatively normal com-
pared with Model group, the neurons were arranged relatively neatly, a small amount of neurons were apoptotic, the phenom-
enon of nuclear pyknosis was significantly reduced, the escape latency of the rats was shortened, the target quadrant residence
time was prolonged, the MDA level and neuronal apoptosis rate, Bax, Beclinl expression decreased, SOD, GSH-px levels and
Bcl-2, p62, p-PI3k/PI3k, p-Akt/Akt, p-mTOR/mTOR expression increased (P <0.05).The brain tissue of CGRP + LY294002
group was more severely damaged than that of CGRP group, the pathological damage of neurons was aggravated, the escape
latency was prolonged, the target quadrant residence time was shortened, the MDA level and neuronal apoptosis rate, Bax,
Beclinl expression were increased, SOD, GSH-px levels and Bcl-2, p62, p-PI3K/PI3K, p-Akt/Akt, p-mTOR/mTOR expres-

sion were decreased (P <0.05). Conclusion

CGRP can reduce sevoflurane-induced neurotoxicity in neonatal rats, and its

mechanism is related to the activation of PI3K/AKT/mTOR signaling pathway .
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ZH) .CGRP 41 .CGRP + L.Y294002 41 , 441 12 H; % Ht
12 HOEH K BEAEX R4 ( Control 4H) , R A 3 L/min
ARAVERRES, IE# MESE . CGRP 41K HT 30 min #
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2.1 HHAKFONHMINEELLHE 5 Control 4 LK,
Model 21 ¥ 3% ¥ IR 0 4B < H b5 52 BR 15 B8 B 8] 46 0
(P <0.05) ;55 Model 414, CGRP 41 3k 36 v £R 3 4
5, B2 BRI RIZE K (P <0.05) ;5 CGRP 411t
45, CGRP + 1.Y294002 ZH ¥ VAR WIRE K | H b5 bR 12
BB AR5 (P <0.05) , £ 1,
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Tab.1 Comparison of cognitive function among groups of rats
i n 3 T AR 40 ARG BR A5 B I 1]
Control 41 12 18.56 +1.93 38.59 £3.98
Model 21 12 31.29 £3.22¢ 19.64 £2.07*
CGRP 41 12 20.67 +2.15" 35.23 £3.65"
CGRP +1Y294002 41 12 30.04 £3.17° 21.47 £2.23°
FH 69.591 114.441
P1a <0.001 <0.001

¥ : 5 Control #H %8 ,*P <0.05; 5 Model 4 IL%:,"P <0.05; 5
CGRP #H L%, P <0.05,

2.2 HHKBAEKFHE 5 Control £H H
B, Model 41 MDA 7K°F-Ft 5, SOD |, GSH-px 7K F- B ik
(P<0.05) ;5 Model 41 H.%:, CGRP 41 MDA 7K F-F%
fi%,SOD ,GSH-px 7K F-F+ i (P <0.05) ; 5 CGRP 4l [t
¢, CGRP + 1.Y294002 21 MDA /KF-F+& , SOD ,GSH-px
KRR (P <0.05) , L3 2,

R2 BHRBALIBEART LE (x25)

Tab.2 Comparison of oxidative stress levels among groups of rats

q . MDA SOD GSH-px
(nmol/mL) (U/mL) (U/L)
Control 41 12 0.61+0.07 7.22+0.75 5.530.58
Model 21 12 0.95+0.10* 3.89 +0.40° 3.11 =0.33*
CGRP 4 12 0.66+0.07" 7.03+0.72" 5.28 +0.54"
CGRP +LY294002 41 12 0.91 +0.10° 4.16 £0.43° 3.39 +0.35°
F 1 47.826 108. 453 87.772
P1{E <0.001 <0.001 <0.001

1.5 Control #H I #2,°P <0.05; 5 Model 4 [L%:,"P <0.05; 5
CGRP 4 Hb#4,°P <0.05,
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2.3 HAKBWALGEBGIE N LA Control 4 2.4 AR ICIA T I T-HI L E A R sEN
MRZH 2R 25 44 1E 5, #h 2 oe T2 A5 80, HE 5 5 %5 ; Model 5 Control 4H 3%, Model ZH#Z8 G 2%  Bax
I EEF T B IR, W2 oo HEF 3100, B>, RIATHE, Bel2 FIRFEIK (P <0.05) ;5 Model 41 1t
4R G ; CGRP N R ZE M A XS IR M ocHE 8, CGRP M TCIH T3 Bax RIAFEAK, Bel-2 K1k
GIFAXTHE ST, A i T R T, A% 1 46 B0 4 BH g Dk TJHE (P <0.05) ;5 CGRP 41 He %8, CGRP + LY294002
CGRP + LY294002 ZH X202V 30 )™, ph 2 on B AP oni T3 Bax RiAFHi, Bel-2 RIKFFIN (P <
e, WK 1, 0.05),WLE 23 K3,

B A4UR UK SO BB 0L (HE JE 6, x400)

Fig. 1 Pathological damage in brain tissues of rats from different groups (HE staining, x400)

B2 #HHKBMLICHT-HH(TUNEL J4£2, x400)
Fig.2 Detection of neuronal apoptosis in rats from different groups by TUNEL staining ( x400)
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B3 &4 KEK Bax,Bel-2 SRk
Fig.3 Expression of Bax and Bel-2 in rats from different groups

detected by Western blot

R3O SHERBMAEITTHT AL TAOCE A B (vxs)
Tab.3 Comparison of neuronal apoptosis rate and apoptosis-relat-

ed proteins among groups of rats

Hom n fhzeT T Bax Bel-2
(%)

Control £ 6 2.25+0.26 0.36+0.04 0.77 +0.08
Model 41 6 26.17+2.71* 0.89 +0.10* 0.28 £0.03"
CGRP H 6 9.83+1.02" 0.47+0.05" 0.69 +0.07"
CGRP +LY294002 41 6 23.76 +2.45° 0.81 £0.09¢ 0.33 +0.04¢
F 14 215.731 71.523 107.290
P1H <0.001 <0.001 <0.001

1 : 5 Control ZH L% ,*P <0.05; 5 Model 4 [lL#:,"P <0.05; 5
CGRP 41 H#5,°P <0.05,

2.5 HBHKXKEAGAREARELE 5 Control 41
Fb# , Model 4H Beclinl ik T+, p62 FiEFEMK (P <
0.05) ; 55 Model 2H [t.%%, CGRP 4 Beclinl 723k &1,
p62 FiETFHE (P <0.05) ;5 CGRP 41 L%, CGRP +
1.Y294002 #H Beclinl %%jiﬂ‘f%, p62 223K FEAIG (P <
0.05), WK 4 %4,
2.6 £ KE PI3BK/Akt/mTOR {5 5@ i ik 1
B 5 Control 4 H#, Model 4 p-PI3K/PI3K , p-Akt/
Akt p-mTOR/mTOR FKikFEMK (P <0.05) ;5 Model 4
%, CGRP 40 p-PI3K/PI3K ., p-Akt/Akt, p-mTOR/
mTOR FKiETHE (P <0.05) ;5 CGRP 41 L4, CGRP +
1Y294002 4 p-PI3K/PI3K . p-Akt/ Akt , p-mTOR/mTOR
FHREAL (P <0.05) , WLE 5 3 5.
3 3 i

K B s s oo A B s 2 B 5 S
Hh X e 2 R Y REP F , L RUEEE D B YL E 4
SRR Z5 ), FOn] b 2 oo SR B R 2 Al A,
FECBRLILH B Z AT 2R A TR AR S AT
SpE o b R T A S AR T, 5k
Mz, BEE S IeZEE N B REE S
SRR Z T TS AR KR, SN I e
BREAR L Rk A ML T RS A AR 3 o e 2 i
JHT PIZEITIAT | [ MRS AR DG, (H LB FIALH
AREFE ) NTREMZ K CGRP Rk TR R

4 AR p62 Beclinl FKIKFHL (BEAMLGE, x400)
Fig.4 Expression of p62 and Beclinl in rats from different groups
detected by immunohistochemistry ( x400)

R4 FARBAMHREALE (vs)

Tab.4  Comparison of autophagy-related proteins among groups
of rats

H 5 n po2 Beclinl
Control 21 6 0.82 +0.09 0.44 £0.05
Model ZH 6 0.35 +0.04° 0.92 +0. 10
CGRP 4 6 0.73 £0.08" 0.56 £0.06"
CGRP + LY294002 41 6 0.42 £0.05° 0.83 £0.09°
F1H 68.215 50.207

P1H <0.001 <0.001

;5 Control ZH H4E,*P <0.05; 5 Model 41 H%8,°P <0.05; 5
CGRP 41 Ib#¢,°P <0.05,

4t , ] ECEAN S WS RGN RPN R AR SR A
A R, JH AR g S 8 R s A el 22 L 05
R SRR, I ANERIRE SN & R
B A O, R I X HR R b 2 AR g R R E
FHUST BFSE SRR, CGRP 7848 5 5 /N BURE B 3 35 3k
BRI, TH iR HL Rk T DB 4R 2 5/ B A AT
AT Il iR A CORP R4 B TR
TR, B P (8 G (R ph 22 A 5K, B
A3 DR S L e g A T AR AR T 4 AR R
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5  Western blot #i I p-PI3K. PI3K, p-Akt, Akt p-mTOR ,
mTOR #ik

Fig.5 Expression of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, and
mTOR detected by Western blot

£5 KUK PBK/Aky/mTOR {5538 B A
e (xxs)
Tab.5 Comparison of PI3K/Akt/mTOR signaling pathway-related

proteins among groups of rats

A= R n p-PBK/PI3K  p-Akt/Akt p-mTOR/mTOR
Control £ 6 0.76+0.08 0.85+0.09 0.68 +0.07
Model 41 6 0.29+0.03* 0.34£0.04* 0.23 +0.03°
CGRP 4 6 0.68+0.07" 0.76 £0.08" 0.61 +0.07"
CGRP +LY294002 21 6 0.35+0.04° 0.41 £0.05° 0.27 £0.03¢
F i 95. 652 82.323 109. 845
P <0.001 <0.001 <0.001

.5 Control 4 FL#Z,*P <0.05; 5 Model 41 FL#2,°P <0.05; 5
CGRP 4 H.#5,°P <0.05,
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BIEALEERL G PI3K B3 , SR J5 A0 I 3R T B R IR AL
FE4,5- WL (PIP2 ) R fL Y B B BENLEE 3,4, 5-
SRR (PIP3 ), IAE A58 A5 i 4L 1 22 & R/ 75 A R
B Akt DEIE N FEHS S0 AR 6 5 B iR 1L
SR A £ R 1L mTOR | B4T% mTOR fifk— &
G [ W AR B R IR 1k, T I W R, AT
7, FELT PI3K/ Akt/mTOR {55538 i v] it 2 oo M T
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