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Effects of sevoflurane-mediated neuronal autophagy inhibition on neurogenesis,
learning and memory function in newborn rats
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Abstract: Objective To investigate the effect and mechanism of sevoflurane on the learning and memory function in newborn rats.
Methods 48 young rats were randomly divided into control group, sevoflurane-1 h group, sevoflurane-3 h group and sevoflurane-3 h+
rapamycin group, with 12 rats in each group. Before anesthesia, rats in each group were intraperitoneally injected with saline or
rapamycin (20 mg/kg) for three days. On the day of anesthesia, the newborn rats in control group were inhaled with oxygen and
nitrogen for three hours, and the newborn rat in sevoflurane group were anesthetized with 3% sevoflurane for one or three h. Morris
water maze was used to detect the learning and memory function of young mice after four weeks. Transmission electron microscope
was applied for observation of autophagosome. In addition, Immunofluorescence and Western blotting were used to explore the
expression of neuron regeneration and autophagy-related proteins in the hippocampus of newborn mice. Results Compared with
control group, sevoflurane increased the escape latency of newborn rats (P < 0.05), decreased the number of crossing platforms (P <
0.05), and reduced the residence time in the target quadrant (P < 0.05). However, the intervention of rapamycin significantly reduced
the escape latency of young mice (P < 0.05), increased the number of platform crossings (P < 0.05) and the target quadrant stay time
(P < 0.05). In addition, sevoflurane caused decreased neurogenesis in the dentate gyrus of newborn rats, and inhibited the expression
of neuron regeneration-related proteins NeuN and DCX. At the same time, sevoflurane mediated the decrease of PI3K expression in

the hippocampus of newborn rats (P < 0.05), and caused an increase in mTOR protein expression (P < 0.05), while the expression of
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LC3-1I/LC3-1 and Beclin-1 was significantly down-regulated (P < 0.05), resulting in a decrease in autophagosome (P < 0.05).

However, the administration of autophagy inducer rapamycin significantly increased the expression of PI3K (P < 0.05), down-
regulated the expression of mTOR (P<0.05), and up-regulated the expression of LC3-II/LC3-1 and Beclin-1 (P < 0.05) which

increased the formation of autophagosome. Conclusion Sevoflurane mediates down-regulation of PI3K, up-regulation of mTOR,

inhibition of LC3-II/LC3-I and Beclin-1, to reduce formation of autophagosomes and inhibit neurogenesis, which ultimately induces

learning and memory dysfunction in newborn rats.
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Table 1 Escape latency during Morris water maze training of young rats in each group(;ﬂ:s,n=12)
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maze test of young rats in each group(;ﬂ:s,n=12)
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Fig. 1 BrdU expression and quantitative statistics in hippocampal dentate gyrus of young rats in each group (x+s,n=3)



- 1886 -

$F44% FEH 2021F91 ’éiﬁ-‘:}a‘mﬁ % Drug Evaluation Research

Vol. 44 No.9 September 2021

A8 -1 h LEME3h LEE3
EEFS

DCX S S s, 19X 107

W A#EE-1h LEER-3h LHEBE-3 b
GBS

NeUN S s s a3 40X ()

1.04

0.84

T . #

0.64

0.44

DCX/B-actin

e -LHEE-1 h -B&EBE-3 h -bEB-3 ht
FmER

NeuN/B-actin

2.0+
1.54

T v
1.04 * T
0.5 *
0.0

A -GREES1 h -GREE-3 b -GERE-3 ht-
HIRER

x4 P<<0.05; 5 LA -3 h 41 L *P<0.05

*P < 0.05 vs control group; “P < 0.05 vs sevoflurane-3 h group

2 EZAHREIALFDCX . NeuN Rz 52U 5T (w15, n=3)
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Fig. 3 Formation and quantitative statistics of autophagosomes in hippocampus of young rats in each group(;:l:s,n=3)
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Expression and quantitative statistics of PI3K/mTOR in hippocampus of young rats in each group(;:l:s,n=3)



- 1888 -

$F44% FEH 2021F91 ‘ﬁﬁ-#ﬁﬁtﬁ: Drug Evaluation Research

Vol. 44 No.9 September 2021

LB 4 LK B RO A a2 3
) REAZ e I LT Re PSR A . Morris 7K 28 F
& — A PRAl G A 2R S AT gL 2 AR R Dh RE Y
WEIE 7 . Morris 7K 2K B 45 5 i 5 1A g 16 ik v
PG & BB R 5P I gE ) R IEAH G, H
TR PR 2R v 2 Bk AR 4 K B A 5 PR v 5% B T
A B E AL T RE . Tia 57 RURT 5T R F Morris
ZKCRK B R I SRR I A 3 B 40 B R ik 2 2 5 d 42
RE ST PRAR AR A o BEAh , J 22 5 S50 2T Morris
KK B AW K LR FIR 512425 VDA G, BEEHIR 2 3 1
1CWE R B B VB RO KIE 2 . ARBFFT A
[ 751 2 S Tk S 32 o 4 B 8 A 9 AR ST 38 o, $ R b
SRR IS 4] B 5 ) e T B AG , HLIX 45 L5 SRR e pf
] 2 IEAH G . hAh, LG B 4 B 5 Bk & 0
LR IR v 45 B IS ) 2 25 k2D L 4RO B aRUE 3 BOR
R i A2 fe ) LA . DR, AR AT, B
Tk 401 B, 25 I ACAZ e 0B O AR B AL S B Dl . AR
W sl 7 R A AR A R T 40 SR AR B HL 3
BB SRR REENTE L R A%SS Th
AR ES) B A 2] St 2 D e R 1

LR 2] AL D R A0 A7 2 i B X 22 TR A
] 32 1, 2 B AR T R AR AE I XA R [
FORL T EY e M R AT RR R b T 4 B T S
T o3 B A TR AR L, I BT 1) D g X
B2 o3 O B 28 T 5 H A b 48 o 8 ST R ik K
RN EThEe" . O W T iE , LR
N BRI 2 3 B8 A8 A0 S TG I, 0T 98 S 8, 3k T
5 5 i L IV 0 PRI L LR 4 Ty f o B DA T 2 G
b 200 Jf0 25 g fe 453 405, FOAE 4 B BT N AR AS AT, I
METAMEE" . 252 a0 b T 20 e A 1Kk
DS BT TCVERE RN, 2 B E KR TI%
"' BrdU.DCX 5 NeuN %548 br 6 1 250 B 41 i
g Sy UPIR [B] X IR 22 e G B . AR T, B
- G0 Tk AR TR I 5 38 0, Brd U BH 4 41 i 250 &= ek 2L
DCX 5 NeuN F ik FEAIC 5 2 2 , 5273 - ek 400 ) of
20T A 5 RN [B] SR AEAH G . AR, BRI R
T R F BT T BrdU FHTE4H 4% . DCX 5 NeuN
Rk, Feon AW 52 e K .

L RIS LEZDIW TRasbu R ek /i ai =kl Ll
RO T 5 fk A AR AR B . Vazquez ST
T, /N B2 o 7 AL 3 IR G R BR v B IR Ok B
1 7 Cautophagy-related gene 7, Atg7) « Atg6 (Beclin-
DM LC3-I Y TF a3 5L , B e B bR ic ¥ FA7
W o R MRIRAT A B A A AR A B 3R IR T AL

75 B R LC3-I1 IR Ak AT W Jl = 14 i . Morgado
SRV IE L Mg 1R (B R 2 A B TR S B L 1k
ML R, Atg9a (1)K A 5 LC3-1/LC3-1 3R 1A
o) 55 2 Tt . BbAh, 28 3- FR R R 4 i 7 1 4
B WS R A R SR B b, S
B[RV AR 9, G EE 5 5 T 4 B IR B b £
JOHT A A SR, E RS R g =BT N, U
AREX I 2 e H e o DR, gk ) 1 Ao
ZoudiE S F WA G .

B — R ZAETEZART, 2 5%
RE o REMEZ AT RE. HALH 212
T 1 Wt /N B T A B R 7 I T R
1% WA PR 1 o 8 2 0 L 8 R — L R o A 1 2 1
YT B W R T 5 A Atg A R W /NS R B
. N, E W EOE I, Beclin-1 2 A % ik KFTF
w1 LC3 M2 5 12 F WV I 2 1, 5 I
A RS R A, T VA T A P o8 A 3 52 1) A4 B 88 B % G
EE . 4 E WA RS, LC3-11 2 7 AtgdB HIfE
RSB JF K LC3-10, [A B, 41 i 7 Beclin-1 & 1A
5 LC3-1/LC3-1 g % [ B 40 i H BOIR & o A B 5T
A R T i S 2H 23 Beclin-1 RIS FFIK, A
LC3-II/LC3-1 [, 1 5 1 4 i | w0, HL - ek
XoF W PR 5 M) 7 R T N D) 2 0E AH O . SR R I 2
RIBIT G, 2 B 5 240 217 Beclin-1 R 15 5 LC3-11/
LC3-17 s, 3 — B E s 7iX—451k .

W /N 1 T B R 7L 340 mTOR A PI3K i
F I IR A OC . STl R B B RS R
A5 252 IR 3% mTOR 25 [ p70S6 W B4 55 7%
755 B WM R T E W 7 3-MA
R0 PISK, ik /b PI3K 5 Beclin-1 il 2 & 43
T 90 ) 35 5 0 Tl R T L -3- R IR 10 7 2, AT
BEL W 0 2 T AR R B R R 2 T A
Jif B A PISK R p-Akt 2 H 7K, AT 375 5 4 22 6 1
T2, i PI3K/AK 3 42 30 W) AT 2 vy -4 i ik o 1
RSN AR CEZDI (e i s B IR TSR VAR 1o s
I, G SR 2 H ] PIBK &k, {2 i mTOR
CASE S N RN = N NN OB A NI R )
Sl

3% L AT BRI 2 5 804 B 5 X 48 0B AR
WD i Al R 2 2 502 /8 R, HHL) S 0
il PI3K 3 , BiE mTOR £ [ A Jk /b ifg 5 X
IMERITE A G TR I R EAE S LT AR
AR LA A 24540155 5 BRI, 980 G U ) 5

FlarR HAKEAFARAEEA TR



$F44% FEH 202191 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 44 No.9 September 2021 - 1889 -

SE

(1]

(2]

(3]

(4]

(6]

(7]

(9]

[10]

(1]

[12]

Schlunzen L, Juul N, Hansen K V, et al. Regional
cerebral blood flow and glucose metabolism during
propofol anaesthesia in healthy subjects studied with
positron emission tomography [J]. Acta Anaesth Scand,
2012, 2(54): 603-609.

Du Y, Cui H W, Xiao Y F, et al. The mechanism of
lipopolysaccharide — administration-induced  cognitive
function
disorder in adult rats [J]. Saudi J Biol Sci, 2019, 26(6):
1268-1277.

Zhu J, Zhang Z, Jia J, et al. Sevoflurane induces learning

impairment caused by glucose metabolism

and memory impairment in young mice through a
reduction in neuronal glucose transporter 3 [J]. Cell Mol
Neurobiol, 2020, 40(6): 879-895.

Wilder R T, Flick RP, Sprung J, et al. Early exposure to
anesthesia and learning disabilities in a population-based
birth cohort [J]. Anesthesiology, 2009, 4(110): 796-804.
Jia M, Liu W X, Yang J J, et al. Role of histone
acetylation in long-term neurobehavioral effects of
neonatal exposure to sevoflurane in rats [J]. Neurobiol
Dis, 2016, 91: 209-220

Barry D N, Commins S. A novel control condition for
spatial learning in the Morris water maze [J]. J Neurosci
Methods, 2019, 318: 1-5.

Jia J K, Zhu J P, Yang Q Y, et al. The role of histone
acetylation in the sevoflurane-induced inhibition of
neurogenesis in the hippocampi of young mice [J].
Neuroscience, 2020, 432: 73-83.

Ji 25 2, ke T I T Rt bR AR 2 R R < 4T B2
CAZ IR R FC [J]. A [ PR 25 327 0 A, 2021, 36
(6): 703-706.

Zhou L Y, Zhang Y F. Effect of total glycosides of
Acanthopanax senticosus on learning and memory of
young rats with rapid eye movement sleep deprivation
[J]. Chin J Clin Pharmacol, 2021, 36(6): 703-706.

Zhao Q Y, Peng C, Wu X H, et al. Maternal sleep
deprivation inhibits hippocampal neurogenesis associated
with inflammatory response in young offspring rats [J].
Neurobiol Dis, 2014, 68: 57-65.

Drew L J, Fusi S, Hen R. Adult neurogenesis in the
mammalian Hippocampus: why the dentate gyrus? [J].
Learn Mem, 2013, 20(12): 710-729.

Wang X N, Dong Y L, Zhang Y Y, et al. Sevoflurane
induces cognitive
autophagy [J]. PLoS One, 2019, 14(5): €0216472.

Chen L B, Yao H, Chen X B, et al. Ginsenoside Rgl

impairment in young mice via

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

decreases oxidative stress and down-regulates akt/mtor
signalling to attenuate cognitive impairment in mice and
senescence of neural stem cells induced by d-galactose
[J]. Neurochem Res, 2018, 43(2): 430-440.

Vazquez P, Arroba A I, Cecconi F, et al. Atg5 and Ambral
differentially modulate neurogenesis in neural stem cells
[J]. Autophagy, 2012, 8(2): 187-199.

Morgado A L, Xavier J M, Dionisio P A, et al.
MicroRNA-34a
differentiation by regulating expression of synaptic and
Mol Neurobiol, 2015, 51(3):

modulates neural stem cell
autophagic proteins [J].
1168-1183.

Yi L T, Dong S Q, Wang S S, et al. Curcumin attenuates
cognitive enhancing autophagy in
chemotherapy [J]. Neurobiol Dis, 2020, 136: 104715.

Frederic D, Giovanni S. Impairment of lysosome function

impairment by

and autophagy in rare neurodegenerative diseases [J]. J
Mol Biol, 2020, 8(432): 2714-2734.

Ding Y, Zhu Q L, He Y Q, et al. Induction of autophagy
by Beclin-1 in granulosa cells contributes to follicular
progesterone elevation in ovarian endometriosis [J].
Transl Res, 2021, 227: 15-29.

Xiang H G, Zhang J F, Lin C C, et al. Targeting
autophagy-related
therapeutic purpose [J]. Acta Pharm Sin B, 2020, 10(4):
569-581.

Liu S, Huang L, Geng Y, et al. Rapamycin inhibits

protein  kinases for  potential

spermatogenesis by changing the autophagy status
through suppressing mechanistic target of rapamycin-
p70S6 kinase in male rats [J]. Mol Med Rep, 2017, 16(4):
4029-4037.

Miao X D, Cao L, Zhang Q, et al. Effect of PI3K-
mediated autophagy in human osteosarcoma MG63 cells
on sensitivity to the chemotherapy drug cisplatin [J].
Asian Pac J Trop Med, 2015, 8(9): 718-724.

T, PR, KR, L IR B -ERURRE I VEGF/
PI3K/AKT{5 T3l SR AR CRIwHIE [J]. shea
W5 T4mp e, 2018, 8(5): 284-291.

Yi N, Yan E S, Liu L, et al. High concentration
sevoflurane induces apoptosis of neural stem cells by
inhibiting VEGF/PI3K/AKT signaling pathway [J]. Chin
J Cell Stem Cell, 2018, 8(5): 284-291.

Liu T J, Wang B, Li Q X, et al. Effects of microRNA-206
and its target gene IGF-1 on sevoflurane-induced
activation of hippocampal astrocytes in aged rats through
the PI3K/AKT/CREB signaling pathway [J]. J Cell

Physiol, 2018, 233(5): 4294-4306.

[ 23]



