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Research advances on mechanisms of sevoflurane-induced developing brain damage
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[Abstract] Sevoflurane is the most commonly used inhalation general anesthetic for induction and maintenance of anesthesia
in neonates and children. However, a large number of clinical and basic studies have pointed out that sevoflurane may cause damage
to the brain development of young children. Through consulting the relevant basic and clinical research data, this review
summarized clinical and basic research evidences of sevoflurane-induced brain damage in children, as well as possible mechanisms
including abnormal phosphorylation of Tau protein, inhibition of extracellular signal regulated kinase phosphorylation by oxidative
stress, Wnt/3 -catenin signaling pathway, PERK -elF2a -ATF4 -CHOP signaling pathway and the regulation of p53 -microRNA to
miRNA 34c. We also further discussed the possible mechanism of anesthetic damage to the developing brain so as to provide
reference for taking measures for brain protection in clinical practise.

[Key words] Sevoflurane; Inhalation anesthetic; Developing brain; Cognition impairment; Cerebral protection

Fund program: Funding Project of Basic Scientific Research Business Fee of Tianjin Medical University (11601501 -
2017KTO0174)

DOI:10.3760/cma.j.issn.1673-4378.2019.10.020

KRR IODGE % T, SRR | C TR BRI
7% HEAEANFL TR UG 1 1
Zﬁim&ngfﬁﬁjkigf%$ PEE e

FORRRE, LRI & S HASD - LR LAV S TR R )
DRI AL LT SRR 3 RERFR I OIS g5 ey s 5 PO R e S

AR o7 L JRRE , 7T R 2 SR L 300 i 4
Pz TR D, RN 5 2 ST RS % X
8T SRR A U/ LR R I R 5 L
TR RN 2 R 528 . it , 2 [ v
IR SR K2 I PRAFFSY , %L SRk 5 B I 3
W S AL FR AR G 2 HEA T 2550, LA A /N L JRR 1 00 A
BV IRIFSE R I PR 1] Bt Dl B 97 1 JL

W A BRI 2400 58/ | E LA E I R e 32 T 32 4y
JLFAREE .
12 LT & & R 5

FA I RSB FE T , BRI T A o] R 540 L%
B T A AR A S S 2 ST S R
Wilder 25" 55 3200, 16 4 % 2 0% 2RI T
ARIJLE, ATREEII B S KIS 3 iE 12K



[E PRBERR 5 2 725 2019 4F 10 H 45 40 %55 10 8] Int J Anesth Resus, October 2019, Vol. 40, No.10 087

ifii DiMaggio 2 e g ih,2 & Z M2 2
FREEFA (=3 OB LE , ZURMRBES I H R
B2 10N R8T o B, A2 M By e e il . 4
BRG] e 2%t 3 2 LARTSR4 LG & 7 R ki
HERPEEE T TR, Ing 45 S BFSEALAg Y B 4
Z 1 WA,/ NT 3 2 RJLEB KT 10 % 1L
BT A AR RE S AR e BB fE
KA LA S B IR H b R 22 ORI T BE AT
TEMZ 3 . Raper 28 LU TVE RTINS, 43 BIHE
HH A 6.14.28 d 45T 2% L FBERRIE 4 h, I-7EH
6 /1~ K HFI R 7 28 SO HIERAE o S5 38 45 T4
A 22 UL S Tk IR e T i ol L a7 0 19 4 S I S
INHITHREAS , AR R, X A 6 d /NS Tt
223 d BK 2 h 3% L BRI, AT 20 22 d J5
TR ITHAE , Hre A vz Jo0 S gefih & & 0

2 tHEBYREKBERGLE

R T R X 2k B A 5245 WL o
ST F 3 A AT A
2.1 Tau B H BRI

Tau 5 155 85 3 515 © S 0IE L R B /R 9k it
BRI A AL R DR R ISR B
L SEUBE T AR 6 I T X Tau 25 1154 BER
Al , DT i 40 RS A s e i 2O
H 6 d B 4 BRI Tau J5 940 BRI 2E4 71
SRR R A 3, T4 5000 2 W 240 B 51X Tau 25
FwEiR ik . BEIEA EE 38 (glycogen synthase
kinase 3B, GSK-3B).IL-6. % filtJ5 % 4 & 1195 /K
S ZER BN, SR Tau J5 0940 BRAR Y, 58 4
ZH Tau & AR AL I 5 , GSK 3B #2140 ,IL-6
Th e, % il 5 45 26 1195 U S il b3 ) FAIE , [l it
1 o MR s e E

1M Tau & ABEERIL L AR, DA GSK-3B 4 i
PRI 2A | JE TR PR MG 5 250 T (076 11
i H H A T AP E Y. GSK-3B A T
{ff Tau 2 (12 AL R AERERIL, A ST,
H B4 1 B B RR fL A8 Tau 25 1145 5
B S WAIE , Tau 25 11 7E 2570 9 SR B B0 28 7T 6l
GBI . 2R BRI L | 2 1 A
T ST RE RIS R U T R SO T
2.2 SRR R A M R M R R AL

AT 2 L SRR BRI T 2R A 1 A 1 3
S 20 ML AME 55 8T B (extracellular signal -

regulated kinase, ERK) B2 1L SR E IR X EAN
JAT AR 0 A 6 d /NS ERK B
Rt SL327, 2l Al 2GR T /K F- B B 34

ERK 6 0 J5 7T LS i Z R 240 B T 68 , A4 41 i
BB AFTE AT B AR TER 2 R
e AE AR Ak s Y S B A
ERK R Ak 200 1 177 s e A A g 1
2.3 Wnt/B-EAE M (B-catenin ) {5518 i

Ma 25035 | Gk AT A S S ¥ T X Winy/
B-catenin 5 518 B 2 2T FCACAHSCSE R . #4h
A7 d EIERETT 6 h 5L SRR IRAL B, ] 0/ B
T I T RERH 2. T %, HIB 55X Wnt3a . GSK -3
B-catenin A mRNA FIEE 1R IE7K-B A7 %200 o 1
H0A Wt #5157 XAV 939 40 BURT DUB 8500 5%+
SRR FTEU 2T T M A RIS RERERS . XN
Wit BEERILAE A 2 CI TR &+ A
2.4 PERK-elF2a-ATF4-CHOP {523 i

Liu 28 SEIO R ST 3 Y - Rk 2 388 2o N I
WK BTG AT B 2R A SO, (2R O RNA AR
PN IS elF2oc FOREARAL , (AT F ATF4
CHOP /K3 FiH (PERK -elF2a-ATF4-CHOP {5 518
). HRFSEIEH elF20 BERRL AR L0 A B fif
TR RERT AR (YRS | Fe kTR L v
PNl elF2e R IL PTG PERK eIF2a i %, M fif
Xof - SR R Al 2 IR TR B
2.5 p53 XF miRNA-34c By

FL A WF5EHE H p53 PE¥E miRNA 34c, il i 4k
RS TR EN R A RN [ F 9 E Ak S TR N
AR E R Bel2 FWRE MR, i
P8 T2+ Bel -2 F1 40 Mg 97 T 98 95 A+ Bax, M
miRNA 0 B8 F B2 Bel-2 MR 11 9ahab 5
Pt Uk R FE R HL G 5R T pS3 myKIE, B
T miRNA-34c FFRIRAKF-, FEN T Bel 2 Kk
EEHHHEIE TR F Bel2 FEFET-HF Bax 093
I, SRR Z G T e~ G RE R

3 kR B

L S 2 U % K I R BRI T REAR A5 /N LR B
DN B AR = LB BTal VA= B B 5 & E A
TR G 2R AR . H RIS UESE , I ARG Q
Y rE 2 K2 B PR SR b T A AR L U 2k
R 36 A1 6 3 A R T BB RS ) T o £ vk e
(O AL — AR L oL b 22



988

BRI 5 52 o2 2 2019 4F 10 A48 40 38455 10 14

Int J Anesth Resus, October 2019, Vol. 40, No.10

BEEASEHLH I ERTT , A  IR b R/ L
DRI AR AR OGS
FIBTE A {EH AR 2 o

[10]

[11]

[12]

[13]

Flick RP, Katusic SK, Colligan RC, et al. Cognitive and behav-
ioral outcomes after early exposure to anesthesia and surgery|[J].
Pediatrics, 2011, 128 (5): €1053-1061. DOI:10.1542/peds.2011 -
0351.
Sun L. Early childhood general anaesthesia exposure and neuroc-
ognitive development[]J]. Br J Anaesth, 2010, 105(Suppl 1): i61 -
168. DOI:10.1093/bja/aeq302.
TREE, AR, LIREERYIR RN ERE [J]. FEBRERI 5 5 95
Z& &, 2009, 30 (1): 63-66. DOI:10.3760/cma.j.issn.1673 4378.
2009.01.017.
Lu H, Liufu N, Dong Y, et al. Sevoflurane acts on ubiquitination-
proteasome pathway to reduce postsynaptic density 95 protein
levels in young mice[J]. Anesthesiology, 2017, 127(6): 961 -975.
DOI:10.1097/ALN.0000000000001889.
Wilder RT, Flick RP, Sprung J, et al. Early exposure to anesthesia
and learning disabilities in a population -based birth cohort [J].
Anesthesiology, 2009, 110 (4): 796 -804. DOI:10.1097/01.anes.
0000344728.34332.5d.
DiMaggio C, Sun LS, Kakavouli A, et al. A retrospective cohort
study of the association of anesthesia and hernia repair surgery
with behavioral and developmental disorders in young children|J].
J Neurosurg Anesthesiol, 2009, 21 (4): 286 -291. DOI:10.1097/
ANA.0bO13e3181a71{11.
Flick RP, Katusic SK, Colligan RC, et al. Cognitive and behav-
ioral outcomes after early exposure to anesthesia and surgery[J].
Pediatrics, 2011, 128 (5): €1053-e1061. DOI:10.1542/peds.2011-
0351.
Ing C, DiMaggio C, Whitehouse A, et al. Long-term differences in
language and cognitive function after childhood exposure to
anesthesia[]]. Pediatrics, 2012, 130(3): e476-e485. DOI:10.1542/
peds.2011-3822.
Raper J, Alvarado MC, Murphy KL, et al. Multiple anesthetic
exposure in infant monkeys alters emotional reactivity to an acute
stressor [J]. Anesthesiology, 2015, 123 (5): 1084 -1092. DOI:10.
1097/ALN.0000000000000851.
Wei H, Xie Z. Anesthesia, calcium homeostasis and Alzheimer’s
disease[]]. Curr Alzheimer Res, 2009, 6(1): 30-35. DOI:10.2174/
156720509787313934.
Wang X, Dong Y, Zhang Y, et al. Sevoflurane induces cognitive
impairment in young mice via autophagy [J/OL]. PLoS One,
2019, 14(5): €0216372. DOI:10.1371/journal.pone.0216372.
Zhang C, Zhang Y, Shen Y, et al. Anesthesia/surgery induces
cognitive impairment in female Alzheimer’s disease transgenic
mice[]]. ] Alzheimers Dis, 2017, 57(2): 505-518. DOI:10.3233/
JAD-161268.

Wang JZ, Liu F. Microtubule -associated protein tau in develop-

[21]

[24]

ment, degeneration and protection of neurons[J]. Prog Neurobiol,
2008, 85(2): 148-175. DOI:10.1016/j.pneurobio.2008.03.002.
Wang JZ, Grundke-Igbal I, Igbal K. Kinases and phosphatases
and tau sites involved in Alzheimer neurofibrillary degeneration
[J]. Eur J Neurosci, 2007, 25 (1): 59-68. DOI:10.1111/j.1460 -
9568.2006.05226.x.

Wang JZ, Grundke-Igbal I, Igbal K. Restoration of biological
activity of Alzheimer abnormally phosphorylated tau by dephos -
phorylation with protein phosphatase 2A, 2B and -1 [J]. Brain
Res Mol Brain Res, 1996, 38 (2): 200-208. DOI:10.1016/0169 -
328x(95)00316 k.

Tian Q, Lin ZQ, Wang XC, et al. Injection of okadaic acid into
the meynert nucleus basalis of rat brain induces decreased
acetylcholine level and spatial memory deficit [J]. Neuroscience,
2004, 126(2): 277-284. DOI:10.1016/j.neuroscience.2004.03.037.
Zhang Y], Xu YF, Liu YH, et al. Peroxynitrite induces Alzheimer-
like tau modifications and accumulation in rat brain and its
underlying mechanisms [J]. FASEB J, 2006, 20 (9): 1431-1442.
DOI:10.1096/1j.05-5223com.

Yufune S, Satoh Y, Akai R, et al. Suppression of ERK phospho-
rylation through oxidative stress is involved in the mechanism
underlying sevoflurane -induced toxicity in the developing brain
[J/OL]. 2016, 6: 21859. DOI:10.1038/
srep21859.

Zb. ERK il B e S AR XT GRASPOS T i /R ZE TR 25
FIFEIR[D]. Kb HHEG K%, 2013. DOL:10.7666/d.y2423470.
Ma JF, Li CG, Sun MY, et al. Isoflurane and sevoflurane affects

Scientific reports,

Wnt/B catenin signaling pathways in hippocampal formation of
neonatal rats [J]. Eur Rev Med Pharmacol Sci, 2017, 21 (8):
1980-1989.
Liu B, Xia J, Chen Y, et al. Sevoflurane-induced endoplasmic
reticulum stress contributes to neuroapoptosis and BACE -1
expression in the developing brain: the role of elF2a []].
Neurotox Res, 2017, 31 (2): 218-229. DO1:10.1007/s12640-016-
9671 4.
Blasko I, Beer R, Bigl M, et al. Experimental traumatic brain
injury in rats stimulates the expression, production and activity
of Alzheimer' s disease P -secretase (BACE -1)[J]. J Neural
Transm (Vienna), 2004, 111(4): 523 -536. DOI:10.1007/s00702 -
003-0095-6.
Zhou X, Xian D, Xia J, et al. MicroRNA-34c is regulated by
p53 and is involved in sevoflurane -induced apoptosis in the
developing rat brain potentially via the mitochondrial pathway
[J]. Mol Med Rep, 2017, 15 (4): 2204 -2212. DOI:10.3892/mmr.
2017.6268.
Ouyang YB, Giffard RG. MicroRNAs affect BCL-2 family proteins
in the setting of cerebral ischemia [J/OL]. Neurochem Int, 2014,
77: 2-8. DOI:10.1016/j.neuint.2013.12.006.
Xu G, Liu H, Dong Y, et al. Coenzyme Q10 reduces sevoflurane-
induced cognitive deficiency in young mice [J]. Br J Anaesth,
2017, 119(3): 481491. DOI:10.1093/bja/aex071.

(Al 7V



