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(FEZ] Hm R E-HE 6 R C OB L & 1 1 (ubiquinol-cytochrome C reductase core
protein 1,UQCRC1) [ H EAb 7 J2 5 5 & & /N LU R 88 T S A I D REREAG ARG . )51 SPFEK
fit e C57 /L 94 U MEREASBR , 6 H i, I 4~6 g0 R FHRAHLEC T 35500 741 X FRAL(Con 41 ,n=6) ,
L -6 h 4 (Sev-6 h4H ,n=6) , L FbE-24 h 41 (Sev-24 h 41 ,n=6) , %} BE+DMSO £H (Con+DMSO 4 ,n=19),
Kb B+ FH AR 4100 ) 59) 5- 220 4% I3 48U BEL 11 (5-aza-2' -deoxycytidine , 5-AZA ) 2H (Con+5-AZA 21 ,n=19) , & F %
+DMSO 41 (Sev+DMSO 41 ,n=19) , LSt +5-AZA 4 (Sev+5-AZA 4 ,n=19) . HiE 755 6~8 K Sev-6 h 2 Fll
Sev-24 h 4 A RIEAT 3% - ke 2 58 (WA IR E 100% , i i 2 L/min, 2 h/d) ; Con 2P T 100% )48 S %%
# (Jitt 2 L/min,2 h/d) . Con+5-AZA Con+DMSO 255 KAT 100% 42 #1111 30 min JE 5004 1 mg/kg
5-AZA S SFARFL DMSO ; Sev+5-AZA Sev+DMSO 25 KAT 3% L 9 22 B 1T 30 min I8 53 707 ES 1 mg/kg
5-AZA SRR DMSO, 7ERn 1 IR-EFRUEZ TR )G 6 h A1 24 hii}, Con  Sev-6 h,Sev-24 h 21 4bFE 6 H /N
AT AR AR T s e B G — IR B BB 52 5% )5 24 h B}, Con+DMSO  Con+5-AZA Sev+DMSO ,Sev+5-AZA 41 %
FHBEHLECFZFRIERIR 6 HU/N AL SEHEAT A A 23 B , il E 3 /N S AT IR 252700, T/ AR R 2
30~33 KAFEEALRI A3 10 HU/N R T A7 A R0, 7 B i — AT A 2# RS 24 h ARFE/N R . SR RT-
qPCR . Western blot &l /s f 8 2 41 21 UQCRC1 . DNA H B H R il (DNA methyltransferases, Dnmts) 1 H
B CpG 4548 11 2(methyl CpG binding protein 2, Mecp2) 357K, % F e 92 64 (4 W15 UQCRC 7
/N RO 1) o A S 325k, R A R Ak %% A6 J5 Y (bisulfite sequencing PCR, BSP) ;] UQCRC1
Ja B XA KOE R W5 B R R Y 28 8 S50 T/ B AR IS 5 30~33 RIFAL /N BROA M T BE
ZE 5 Con 4 I, Sev-6 h ZH Fll Sev-24 h 2 UQCRC1 mRNA FI4E [ F ik /K F 2 B 2 F 8 (P<0.05) ,
Dnmts mRNA #3582 iR (P<0. 05) ; H Sev-24 h41 UQCRC 15 31X 34K . & 18 (P<0. 05) . 5
Sev+DMSO 4 Fb , Sev+5-AZA 41 UQCRC1 mRNA Al [ #35/KF i 3 01 7+ (P<0. 05) , /N AN FI Th fig
BB ] 475 (P<0.05) o 8518 35 UQCRCL JF ) X 1y T EEAL /K P F i UQCRC1 mRNA K
RIA , AT R BAE/NRUR B W R B8R T L b5 5 /N RO D) BB A5 09 1 ZEALH 2 —
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reductase core protein 1 (UQCRCI1) is related to cognitive impairment caused by neonatal sevoflurane
exposure. Methods A total of 94 SPF C57 mice of either sex, aged 6 d, and weighing 4~6 ¢, were randomly
divided into 7 groups: control group (Con, n=6), sevoflurane-6 and -24 h exposure groups (Sev-6 and -24 h, n=6),
control+DMSO group (Con+DMSO, n=19), control+5-aza-2'-deoxycytidine (5-AZA, methylation inhibitor)
group (Con+5-AZA, n=19), sevoflurane+DMSO group (Sev+DMSO group, n=19), and sevoflurane+5-AZA
group (Sev+5-AZA group, n=19). From 6 to 8 d after birth, the mice of the Sev-6 and -24 h exposure groups
were exposed to 3% sevoflurane daily (with 97% oxygen, 2 L/min, 2 h per day), while those from the Con
groups were given exposure of 100% oxygen (2 L/min, 2 h per day). For the mice of the 5-AZA and DMSO
groups, 1 mg/kg of 5-AZA or an equal volume of DMSO was injected intraperitoneally 30 min before daily
exposure. In 6 and 24 h after the last exposure to sevoflurane, 6 mice from the Con, Sev-6 h, and Sev-24 h
groups were euthanized for biochemical analysis, and in 24 h post-exposure, 6 mice from the Con+DMSO,
Con+5-AZA, Sev+DMSO, and Sev+5-AZA groups were randomly selected for biochemical analysis, while
another 3 mice from above each group were also randomly selected for morphological analysis. The remaining
10 mice in these groups underwent behavioral testing (open field test, novel object test, and Y-maze test) at 30~
33 d after birth to assess cognitive function, and were euthanized in 24 h after the final behavioral test. RT-
qPCR and Western blotting were used to detect the hippocampal expression of UQCRC1, DNA
methyltransferases (Dnmts), and methyl CpG binding protein 2 (Mecp2) at mRNA and protein levels,
respectively. Immunofluorescence assay was employed to observe the distribution and expression of UQCRC1
in the hippocampus. Bisulfite sequencing PCR (BSP) was applied to measure the methylation in the UQCRC1
promoter region. Results Compared with the Con group, the mRNA and protein levels of UQCRCI were
down-regulated (P<0. 05), and the mRNA level of Dnmts was up-regulated (P<0. 05) in both the Sev-6 h and
Sev-24 h exposure groups, while the methylation level in the UQCRC1 promoter region was enhanced in the
Sev-24 h exposure group (P<0. 05). Additionally, the Sev+5-AZA group had obviously increased mRNA and
protein levels of UQCRC1 (P<0.05), and notable improvement in cognitive impairment (P<0.05) when
compared with the Sev+DMSO group. Conclusion Hypermethylation of UQCRC1 promoter region and thus
down-regulating its mRNA and protein expression might be the main mechanism by which repeated neonatal
sevoflurane exposure induces cognitive impairment later in life.
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WEEY, CABIIESE 2R UQCRCT FEUR
/NEESE, 5 87 AR BN BL(UQCRCT™ ) M HE , 24 & 1/
FL(UQCRCI™) Ay 2 2 FINCIZRE 7 WA , LA % ke 1f/
S A B8 SRy R B ke I S PR 8 T AR A S Ak rh B S
L SR, UQCRCT 7EH A /N Uk & 0L b B 2
JIT SO AT A5 P VR AN TS A . AR R T
UQCRC! H S0 7E & B -1 e 2 5 R A N D) e e
R VERT, IR o AL 2%

1 #REFZE

1.1 Shhey 54t ki R &

SPF G fi 3 C57 /N 94 H MEREAS R , 6 H i, {4
J i 4~6 g, W [ b 5t 230 A A S50 560 Sh W H AR A BRZA H]
(VA5 - SCXK (5%)2021-0006 ] . % FHBEAL BT 7212
Ay N TH X RRZH (Con2H ,n=6) , £ 9 4E-6 h ZH (Sev-6 h
2, n=6) , L B %E-24 h 4l (Sev-24 h 41 , n=6) , XJ it
+DMSO 41 (Con+DMSO £, n=19) , % B+ F IEAL 0341 751
5- & 24 Wi 48 M9 1Y (5-aza-2'-deoxycytidine,, 5-AZA ) 21
(Con+5-AZA 41 ,n=19) , L FLE+DMSO 41 (Sev+DMSO
H,n=19) , & F Lt +5-AZA 4 (Sev+5-AZA # ,n=19) .
HTHIBE 5T © Uk B A 5 56 6~8 K43 d, B K 3%
Lt 28 2 h )5, 4 R ki pH {E A& A4
B FE F3I 4 LE H YU B A A S 6 v 2 B s RR 1
B FERE — B RS 6 h 124 hitf,
Con ,Sev-6 hSev-24 h 2145 2HAME 6 H/INER, B S5 2
A 4T RT-qPCR . Western blot £ ; 7F 5z Ji — K £ i
e 7= 5% 5 24 h B, Con+DMSO. Con+5-AZA . Sev+
DMSO . Sev+5-AZA 41 % 21 R HBEHLEC T R Al i 6 X
/N AR, B 5 20 21 iE 1T RT-qPCR . Western blot
D, 25 20 2R FH BEATLER 7 2 4 3 3 /N BRA AE i 47 1
5 DG XA Em e g, T/ AR J5 55 30~33 KX
FEA A1 10 HU/NERBEFTH 5250 SR AR R ) 52 58
FY 2B S5 LLPEAR /N B DA D B 7 S5 e — IR AT
2T 24 h AR B/ RO S 2L A LG 5T
H T 3l ) A 6 B AR 38 28 i 2 A R KA S sh i fe
PR B2 E (AMUWEC20245262) .
1.2 FZAE LA

26 BB B H AR Olympus 23 A, SEH 28 &
PCR %4t (ABI7500) 3 4 3¢ [# Thermo 2\ W] ; £ 55 1)
E H ZX Maruishi Pharmaceutical 2\ 7 , 5-AZA W H 35
Sigma 2\ H] , TRIzol | % 55171 & . qRT-PCR X &
HE R A HR BGR ) 2 PMD18-T 24K 16 [ H 78 TaKaRa
3] RIPA 4 G RR BH 2% P . Triton \HRP FRic
1L 2P B T L Cy3 Anic i L EHT B TR DAPI

(L 58 6 T K F R 591 1 B Beyotime 23 A, HRP-
GAPDH I [ /1 [# Proteintech 28 & , —#1 47t UQCRC1
I [ 5% [ Abcam 23 7], PCR 7= 4y [l 57 &0 [ o [
Sangon A H] , W A R A £ i 7 &0 H H [E Vazyme
NI
1.3 DNA ¥ 4R

AL A ] 551 5-AZA T3 S 0 i) DNA H L% 75
fitf (DNA methyltransferases, Dnmts) 7% £ M 1 #1004l
DNA [ FI 34k . 208 FAN 25 ) )12 04 5-AZA T i
F DMSO 1, Con+5-AZA 2 . Sev+5-AZA 40 F /MR A
J5i 55 6~8 KL b 2 #2117 30 min, LA 1 mg/kg AY 7 E
AT s 3 S, %o B T S S IR ) DMSO
1.4 RT-qPCR#n|

1 FH 50 me/kg 13 EL Eb 22 #h JRR 15 J5 5 /0N BRI 5 Ak
HE A BT A /N BRI E 21 21, R TRIzol 5 42 B A
RNA , SR J5 {00 5 SRR 8 1 g 195 RNA S 5%
J8 cDNA, i qRT-PCR 5 & A1 5L I 8 1 PCR R 48
HEAT RT-qPCR #:1l UQCRC1 ., Dnmts F1 H %£ CpG 454
5 1 2 (methyl CpG binding protein 2, Mecp2) #J mRNA
FIKIK, AL B-actin HINZ: , BIWET LR 1,
K H 278 A T B A CUE AT

%1 RT-qPCR3|#F7

HEA S HI(5'—3")
L7 : AGATCAAGATCATTGCTCCTCCT

B-actin N

T : ACGCAGCTCAGTAACAGTCC

- ##: CAGTGTCTCCCGAGTGTATG
UQCRC1 N

T : GGTCACGTTGTCTGGGTTAG

¥ : AAGAATGGTGTTGTCTACCGAC
Dnmtl

T ##: CATCCAGGTTGCTCCCCTTG

9 : GAGGGAACTGAGACCCCAC
Dnmt3a N

T : CTGGAAGGTGAGTCTTGGCA

U : AGCGGGTATGAGGAGTGCAT
Dnmt3b N

T : GGGAGCATCCTTCGTGTCTG

¥ : ATGGTAGCTGGGATGTTAGGG
Mecp2

% : TGAGCTTTCTGATGTTTCTGCTT

1.5 Western blot #2 ]

W5 A /N BRUAG U T 4 20 F RIPA S b b A7 44
Ak, 375 4 CLL 14 000 t/min B0 20 min J5 B F T .
BCA 700 2 11k B, AR B (% 2 1 K/INE B 10%SDS
R e BERCHEAT LUK . WG BEI B R AR R
PVDF L, FH 5% BifgWkyE41 1 h, % GAPDH(1:10 000) .
UQCRC1(1:8 000) ,4 ‘CiI &M & —$i, TBST VM ,
i FIFEE HRPARiC Ay L4t Bl =9t 1 h(1:1 000) ,
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TBST YN , In A A2 R EHI AT B o ffH Image
Lab #2517 04T I BEAE 40 B, 7 H 55 H 0 8 A A
Xf Rk .
1.6 SRR IEE

B ENE (A 5% SHAN 25 059k . SR 50 mg/kg
P BE 22 0 RK BN B, 1 PBS 4% % 5 W
T /NG IR G, TS 52 5 i 20 210 49 22 58 g o [
FE 48 h, AT AL, TR HLLLS wm FHEY)
NG N Y e = 3 v Q5 T A T S R
R AT KA G TR EN 2R i (pH=6. 0) Th4L
JAE S, PBS 3 5 78 10% 1112 1L 7 A1 Triton H &t
[ 2 h, PBS % 5 4% UQCRC1 (1:100) % iRt & &
—PU, PBS IRV JG E iR T # M E Cy3 dnic i il 2E L
ZH1(1:500)3 h; PBSIEPE G H & DAPLAHLZE G K
BRI HEATE T REVOE WA T AT fif
H Tmage J 3R A4-%) B R 25475097
1.7 UQCRC1 &3+ X CPG & 9 FRm)

M https://genome-asia. ucsc. edu M3 F#k UQCRCI
Ja BP9, ARBIESE Th BE B UQCRCT #% S IR o5 I
JiiF 2 000 bp 2% SR IR 7 55 Ui 300 bp 9751 .
7515 A Methprimer % 38 BRIA 15 B X} UQCRC1 3
BT X CPG & HEFT T
1.8 A A 3% 415 M A (bisulfite sequencing

PCR,BSP)

fof FH 356 PR 21 1 B AR S 4 U BV TH 4141 DNA,
FH A7 R 3 350 85 08 AT DNA (I A7 R S AR 55 1k .
HRYETHI 508 FH 2XEpiArt HS Taq Master Mix X UQCRC1
FEH G 37X CPG B #1782 PCRY 14 . PCR ™)
(501 bp) £l 5 & 2E 1777y i, B K PCR 7= 91 4
TA 52 B2 5] PMD18-T #4A , B MEAR I 16 5 A5 A
H B9 DNA F Bt 9 BH P e B BORE oE 47 00 5, 4 BIQ
analysis T4 7317
1.9 WHx£i

TE4 2N B AR 5 55 30 RVEAL /N B A & 1 5
TN BN SCIGEEE 4 40 emx40 cmX40 cm
7 TCAT AR 5 4 TR B A AN Sl AT Sk R A AR
SR RGN . VAR ISR 2R 43 16 >/
(10 cmx10 em) , B 3756 70 R A0 A X BI AR ] 12 A7 H
DX A R e X g 4 AN X K /N B 2 i
SIS HR O R RIS R 4R A I 545, S8 4 ANY -
maze F IS/ BRUZE VA N H A2 3l R i R R
B g XA AR AR 10 min 5 A S L, 52
YR 2E R . AR UR SRR 45 A 75% BT R X S R A
g EE, Dt /NGO R T, DU/NRAED 34 N A
FH 96 Sl 0 R S PR A /N BRI B R TS shA TR, e X4

P S TR Sy ) 5 P 2 ) 8 o
1.10  # ks s =5

FHFVPAL /N B r 23 =5 W 1) 2 2] Fe4c e g L 78
F /N AR G5 31 RTS8 . 43 2 BB : D3
BB W 2 AR 53 B CE AR AR E M EE 10 em
[ 24X Fa 4k b K s A RNEAR , R H F R R
10 min, iCSE B PAIX 2 A PR ER R B @t
Bt , R B 45 5 24 b, FH— D R R [y
By — ik, It kN RAE ROV A T A AR 10 min,
/N BROGE B AR FTH AR B HR A B T) o R UK S 5
SE BT 75% BTG X B g A A T B LA AR XS/ BR
PP T S BHRE=H W R R BT R G iR R &
B[] + 1 H 9 A3 R 15 8] ) X1009% , 43 B F8 K08 = | 3R
IINER )27 2 e I RN RE kT
111 YikZ 5k

TEA /N B AR T 50 33 RV /N BUAY 23 [R) 212
AET. YRRERASH I NAEY ARV (A B.C)il
A, PR 22 [8] B AR B 120° 0 /N B SRt i Ak
e JEAEH E AR 8 min, fHi ] ANY-maze #1%
e 5/ BE BN B 0T AR B R IR SR 4
B FH 75% BT A %) s g AR A T I L, A XN B AR
T ARICEFR=[ AEZERE B IRE-2) 1x
100% , A & 388 Zilkmy , /N UG 23 [ 12 B 1By
1.12 %itF 454

K H Graphpad Prism 9. O 54 #4754 o br o 11
i TR AT A IE R, UL s R, 4] LA
KR R 22500, 2 4L 18] FL R AR FE XS ¢ K56
P<0. 05 W2ZERA G E L.

2 HR

2.1 kAR KAEBRKTH AR EL AR P

UQCRC1 mRNA Fe & & ¢ & ik K-

SAFFE UQCRC #2814/ BRUE B 1 L e 2 5%
It S50 T i B A B9 A4E T, SR Western blot 1 RT-
qPCR A I X B 20 A0 b 980 Je 48T A /) BT 25 41 21
UQCRCI 1y#ik, Z5REW], 5 Con HAH L, Sev-6 h 41
F1Sev-24 h#H UQCRC1 mRNA 14K [ 5K 44 1 3%
FEA (P<0. 05,81 1) .
2.2 kABRBAERETTHADREL AL P Dnmts

F= Mecp2 w EA

R TS SRUGE PR IR 7 2L UQCRC1 mRNA
R 1 3k 1l 0 J2 75 5 DNA B LAk a6 B b A7
K, i F RT-qPCR A8 037 A /N R 25 20 20 Dnmis Al
Mecp2 B35, 45 R WN, 5 Con HAH L, Sev-6 h ZHFll
Sev-24 h #H Dnmt1 .Dnmt3a 1 Dnmt3b ) mRNA F ik K
- T (P<0. 05, 81 2A~C) o #RT , 5 Con 2H #H
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It , Sev-6 h 2 F1 Sev-24 h ZH Mecp2 A mRNA 3 ik /K F
I TR IFERE IR LR ARG 24 h
A S B B3 25 5 (P<0. 05, 81 2D) .
2.3 LAKREEFFH AR AL ML P UQCRCI
BT R &AL
NERFE UQCRCI 1Y R 35 T 72 15 5 - Ut JhR e
Tk 58 T BORT A /N BRI S A 4L v R A 06 i — 20
R0 58 A /N B Sh 4 20 UQCRC L S 3 1 IX B JE Ak i
o 38 1T Methprimer %3 150 /N B UQCRC 1 8l 7 X
CPG B4R, FEZ B S 8hF XA — 1 K/NA 431 bp 1)
CPG &, Horp 45 17 34 1~ CPG A A5 (1 3A) . 34k
e 45 SR AR 7R, - RUBE R I 2 88 5 8 2B /)N Ui E5 2H 21
t UQCRC1 J& 3+ X H Ak /K1 5 28 15 i (P<0. 05,
#3B).
2.4 5-AZATRAFiFE T L I E TR Rk
2,28 22 UQCRC1 mRNA F=%& & A K-F 69 T
 E— 5 56 3F UQCRCL By 635 F i & &

_.
W
|

UQCRC1 mRNA HHXJ 2235 7K -
G =
1 1

o
|

D b\‘ DN \\”Xx
%@\ A
a:P<0.05,%5 Con 2B }L & ; A . RT-qPCR #aml &

o

I
Iy
(.)0‘\/

% J

B R EGH A KB S A% P UQCRCT mRNA %9 & &

UQCRC1 J& 8+ X 1 /& H IR AL PR, T RREE AT 30 min
XoF A /INEREAT 1 mg/kg 5-AZA B IE ST, /N U T2
21 RT-qPCR Hl Western blot 45 S /R 5-AZA 1 DL 33i %
LB T BB A /N B S 4141 UQCRCT mRNA F
B KER T (P<0. 05, K 4) [0 5-AZA Huph/E
FHAR 2512 UQCRC #J mRNA F4E 14 £ 35 K & 4
At RPEVOCY AR L 2R 5 S /N BRI H DG
X UQCRC1 By %5 B FEAIG , 117 5-AZA Filib # ] L3
Bl ARk (P<0. 05,81 5) .
2.5 5-AZA FRAF B E T X #Ub Rk BRIk 5 BT B #7

A RN G T B T AT

VA FE A i B0 2 B T U K e 2 A
HIDIRE R, F /N A 0 26 30~33 KiEAT T
ST GHr U ARIR G SI R A Y KBS R LR
o, LR AR EE AR T /N ERTEW S48 P i B R R
FAE e X452 B2 B RHE] (P<0. 05) , T Al Sev+DMSO £H
FHEE, Sev+5-AZA 2H /)N R B0 KRR BE B8 AR Hh e IX 45

1.5 7

7
L& N

RIS 104
" et #K
=y
E

o 0.5
2]
(&)
(=4
=

0-

B BB
B Y C

7K’F ;B.C:

Western blot #3 & #7555 )6 #7 A R S b UQCRC1%& & #Y KR K F

1 tERFERFENREIEHLFUQCRCIFTRIEKFHZN (n=6,7+s)

H_ E]'_ 20 . a
kY2 % .
S, a
%J iﬁﬁ) 1 S =
® o
= =
jusag o
* =101
z z
= =
= Z 0.5
E e
= =
a & oA

%5’6\\”%»

A eV B

A~
1
=
n

1

Dnmt3b mRNA X KK
=
G
]

Mecp2 mRNA ARXF FE kK-
=
1

o
1
(=]
1

oD B B oD B B
T ¥ eV e 2>
T = C he) & D

a:P<0.05,%5 Con2a b

2 RT-qPCRENtRmEERZREHE/NRIED AL S Dnmtl (A) . Dnmt3a(B) . Dnmt3b(C)F1Mecp2(D) mRNA Hj

FRIEKE (n=6,x%s)
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Lc w0
el [ e
é of W /-'M..,.,
%
0 500 bp 1000 bp 1500 bo 2000 ho 2.0
CpG | LM [ ~n
Fi—r By
B 1.5
F2—r2 Hlﬁﬁ
F3sl—r3 = L0
fuiss
Fal—rd ~ 0.5
Fsl———lrs 5
g o
Input Sequence Bisulfite PCR primer HSP Primer Set CoG Island L&» H/\‘&
I s e | Methylated-Specific ()00 ’Lb‘\\
Unmethylated-Specific O—— o g
— A % B

a:P<0.05,%5 Con 28}k 4% ; A : Methprimer 1 UQCRC1 B 33 -F X CPG 8 7= CPG 4% % ; B: BSP A4 -t flke 2k 585 47 4 D &

LA UQCRCL B 3 F K W RAUAKF (n=6,x+s)

3 tRREERMENREDIARAHN UQCRCIEFFXRAEMNKE

815 - 57
oy .
N ; PGP :
D N 2
K o B8 2]
= 10 SO 0 10 2
B . RIS e LN =
> (WO VSN Efz
= e 3 -
UQCRC1 (4510 | S — | =
% 05 ¢ — 2 997
= GAPDH(36x10°)—> S
5 )
S oA 0-
B BB o B
2 2 2 AN Q7 2 o -
A S T
OV oY e e A B N YT e e C

a:P<0.05, %5 Con+DMSO 28}t 45 ;b P<0. 05, 55 Sev+DMSO 28 Yo 45 5 A : RT-qPCR A2 ] 5-AZA AL 3 A b bz o 55 UG 47 4
RS2 UQCRC1 mRNA # & i K F ;B C: Western blot #i] 5-AZA T 38 Fo ks fbt 3B )6 # A D HOE L 8

UQCRC1 & & 4 £i5 KT

B4 5-AZAFLIEX UQCRC1 FKixKFEHEM (n=6,x+s)

B4 1% B5F R B 9 0 (P<0. 05, Bl 6A .B) . TEFTWIIARIR
LK, 5 Con+DMSO ZHAH Lt , Sev+DMSO £H 14 43 ¢
FEECI B REAR (P<0. 05) , #E4T 5-AZA FAL #L 5 | Sev+
5-AZA 4 B4 HEFE O & 111 T (P<0. 05, 1 6C) o Y 2F
B S S LA 25 L RUbE AR R L TN
) & 38 B % (P<0. 05) , 5 Sev+DMSO 41 Lt , #E47
5-AZA TAL BRI , Sev+5-AZA Y % 5285 2 01 4 184 o
(P<0.05,K16D), k&5 RR, Frad /Nl 2EE T L
FE T B2 T BUL R KM 0 £ RS FC 12 NN 1
AEfE M UEAT S-AZA PiAb BE AT DLokcsE e AN 0 2 i
(R

3 Wit

ARG A BB A /N UK W RO 3 8 T 3% £

Jot AT A/ BRI 5 20 20 UQCRCT 5 mRNA FEE
Fk K, A ERE 2 UQCRCT S 31 X & FH 34k
Dnmts 235 L, i & EUNR AN DI BE R AT . X
Szt LR RIS S (0 2 WL AL R T B2 & B I
AN B A A
3.1 UQCRCI ¥ AuA545 42 & sk 3 & 8ot £ D &,
g I A AT P AL & E AR A

AR R, A R 2 R 5 T IR R
)L B LR 2 > BB KR 38 > AR B
RIMK T T LR bt =40 RAED 56
SR B CRR /N BUFE Hp e XA5E RE  RFE]  [R] ES RR ARG /N
Y S FER RN A A ASE 3, ik S s 7R A A R0 s R
5% T LR Al e i F W RN R g2
INHITIRE , 3R 2 1T KUBIK 25 mrge 45 52— 3%



http : //aammt. tmmu. edu. cn Rl 422218 RAp2E 4R, 2025,47(8) 781

UQCRCI1 / Merge

Con+DMSO 21

Con+5-AZA H

H 8
z | -
= il
a ]
+ H5 67 I
% R )
o #
50 wm _% 4
— = < a
o
g 21
= =
SN =
S 0 -
= DN N
I-? »50 X q }LL} c;’QJL/‘ p xu’k\
3 S X X
9] ()o“ ()\“\X %e“* %eﬁx
50 pm 50 pm B

a:P<0. 05,5 Con+DMSO B }6 % ;b P<0. 05, 55 Sev+DMSO 21 bk 2%
A SRR F e F A RS DG X UQCRCT 89 & A K-F ;B #7 & F L DG R UQCRC1 A8 52 5% B 69 o3t 52 547

5 BRERALEBRNS-AZATLEMELRRRZBRHTENRED DG XK UQCRCIRIEKF (n=3,x+s)

b
25007 80 80
2000 = b L
£ a = , < 60 b
= = ® g
£ 15004 BE a = a M a
& L o 404
1 000 X & ®
x= = % £
14 + = pugpr
500
0_
1 2 3 4 1 2 3 4 1 2 3 4 12 3 4
2153 A 415 B 215 C 25 D

1: Con+DMSO 48 ; 2: Sev+DMSO 2H; 3: Sev+5-AZA 28; 4: Con+5-AZA %8 ; a: P<0. 05,5 Con+DMSO 28 b4 ;b: P<0. 05,5
Sev+DMSO 2836355 A \B: 037 23040 5-AZA TRA B G R E T L AUz eh ) R B A 5 30 Rted A L ESh 7 HhF= £ &
W2 Co AR IR A LRt ] 5-AZA AL )G R E T L Abeed N RAE R 2B H 32 RatedF Jnieee /3D Y ik 5 £tk
M 5-AZA TRA 22 )5 B E T 50600 SE B A JE % 33 RET6Y = A 9T 103k

El6 S5-AZATAMIEXTH A /NREAEIIBERI M (n=10,x+s)



782 Bl 25 % R 2241, 2025, 47(8)

http ://aammt. tmmu. edu. cn

UQCRC1 F %2 5 2ok K fa 55 1% 38 Tl e = AR
W AR X UQCRCT 2 5.0 U508 7Y
MURIEAT TIRABFSE ', UQCRCT R T xF0 WLAR A
SR HA B VE AN, UQCRCT B 3 38 Xof 2 5 i
25 20 1 1 A 2O R i 2 A AN I DA T ) g Al
wEES ) GG KB UQCRC F2ik /K 7 K4k /k
S5 B % 0 R A AR 5T HR UQCRCT
AT RES 5 A/ Bk & - o 28 B8 BT B0 R
Bl o AR R Sk, B T R — IR R R S
6 h 124 h 2N [a] S PEAT W7 AR BFFY 45 5L
£ e 2 78 T R A /N BB T 41 2L UQCRCT mRNA
FIEE 1 235 7K O, R BF 39 UQCRC 1 i 87 X i 3
K-, #2275 UQCRC1 W g e & B W2 58 T-L e i
SN e AT R % AR
3.2 WHALIPH A S-AZA TR TR EL R R E
B 88 s Rl B 4842 UQCRC & A 7R T 88 4K
Fe s RIS T BT AT
DNA H AL 721812 BTV RN 4 45 v 45 S B AE
o SR F AL AR R A AR O] e S BLE 2T
RERETE I 5 2R P& RGN X AR
B}, Ak Pr 50 ) 56 PR e Tk /KPR T BB ARSI 2
5T B0 A R AR K R ) 41 2R 2 EE M Y R R
Z Y LERFLE Y T DNA F R4k 3 Ff DNA FP
SERLBEAEAL , HorP Dnmt3a A1 Dnmt3b i1k M Sk F 564k
T Dot 100 35 5 4 15 K 5 Hh 2 iR S0 10 7 5
AT EE AR, B A/ B L FUbE 5 B8 2552 Dnmtl
Dnmt3a Fll Dnmt3b 523k, R X = HILFEEH , 15
UQCRC1 1y B B4k, IF 5% S UL B UQCRC1 1 R ik .
Mecp?2 i 1F S — F i s il B 5 5 T 34k CpG 45
G IS 5 4R 2L sh i N 114 2 gk ] SR R T
fiE. HLAh, 47 W58 IE W BDNF 78 Mecp2 i3 235 /) BT
8, 7E Mecp2 B /N B R 9, 2 B MecP2 13 AT LA
M o S SR AN BB W S A T S —3, A
SEYR A5 AR OR LR B #E T, Mecp2 B R IE T M,
Mecp2 RJ BEAE A 5% si 30 A4 UQCRCT 13Kk .
5-AZA 38 32 fff Dnmts 2% 36 PTG & #5400 i) DNA H
FEACITER . A WFFE A B, 5-AZA W] LUZE K 2% B Ak
B S50 P g /N B 25 012, H 5-AZA WiAb B AT I
b SR SRS 2 AREFSE t , 5-AZA
Sm-E UbE SR ER 5 UQCRCT ARk (H Bl {d F 5-AZA
WAL AR 52 UQCRC Rk . bAb, 5-AZA Fikb
P25 ol st A A U 2R R TR RURE 5 R Y TA R ) g
fig, B UQCRC 1% /55 HY LA TE A= i 10 -L ol e 2 R
SR AN T RERE AT th & T EZAEM .

3.3 ARFFR B IR

ARG AT — 2L Ry BR A« O AR B IR T
UQCRCT —AMJE A, Hofth 5 PR 75 38 1o F b i 2 &
b Gt B 22 OB B /N R TN ) RE s i v AT 2
@5-AZA AL A AR R S5 B LA B0, E e £
UQCRCT HE[A iy HH AL 47 R M .- DL HUBEAR G
BERSA 2 RLH] , A5 R 2 RAE AR OAs | o AR BEAR
fE%5 , DNA B 34kt ] fig i i 2 5 s i 7 R $5E 4E
H, i T AT

g bk WA /N R R T 3% Lt s
I UQCRCT Y Ji 3 7 X H 3 k7K 7, B Ik 1 5
UQCRCI1 ik, i it — 2 BOHE W & A2 I 2 e
BE A% . S-AZA WAL B AT DL BB R b A S
UQCRC1 mRNA FlZE [ 235 19 T I A 0 2 RE B it
A5 N - U B RS T B A /N BRI 28 B PR AR
T DNA B AR VAR TR TR A
FIRIREE A SO 15 75 AR A7 76 R 2 nh %

SE -

[1] WANDERER J P, RATHMELL J P. Complex information for

clearly [J].
Anesthesiology, 2014, 120 (6) : A23. DOI: 10.1097/01.
anes.0000450088.98178.61.

[2] FLICK R P, KATUSIC S K, COLLIGAN R C, et al.

anesthesiologists  presented  quickly and

Cognitive and behavioral outcomes after early exposure to
anesthesia and surgery [J]. Pediatrics, 2011, 128 (5) :
€1053-61. DOT: 10.1542/peds.2011-0351.

[3] WILDER R T, FLICK R P, SPRUNG J, et al. Early
exposure to anesthesia and learning disabilities in a
population-based birth cohort[ ] ]. Anesthesiology, 2009, 110
(4): 796-804. DOL: 10.1097/01.anes.0000344728.34332.5d.

(4] ALELU-PAZR, GONZALEZ-CORPAS A, ASHOUR N, et al.
DNA methylation pattern of gene promoters of major
neurotransmitter systems in older patients with schizophrenia
with severe and mild cognitive impairment [J]. Int J Geriatr
Psychiatry, 2015, 30(6): 558-565. DOI: 10.1002/gps.4182.

[5] CAO W, PAVLINEC C, GRAVENSTEIN N, et al. Roles of
aldosterone and oxytocin in abnormalities caused by
sevoflurane anesthesia in neonatal rats [J]. Anesthesiology,
2012, 117(4): 791-800. DOI: 10.1097/aln.0b013e318266¢
62d.

[6] FAN X Y, SHI G, ZHAO P. Neonatal sevoflurane exposure
impairs learning and memory by the hypermethylation of
hippocampal synaptic genes [J]. Mol Neurobiol, 2021, 58
(3): 895-904. DOI: 10.1007/512035-020-02161-4.

[7] JU L S, JIA M, SUN J, et al. Hypermethylation of



http://aammt. tmmu. edu. cn P 2275 R 2 mR 3R, 2025,47(8)

783

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

hippocampal synaptic plasticity-related genes is involved in
neonatal sevoflurane exposure-induced cognitive impairments
in rats [J]. Neurotox Res, 2016, 29 (2) : 243-255. DOI:
10.1007/512640-015-9585-1.

HUNG Y C, HUANG K L, CHEN P L, e al. UQCRC1
engages cytochrome C for neuronal apoptotic cell death [J].
Cell Rep, 2021, 36 (12) : 109729. DOI: 10.1016/j.
celrep.2021.109729.

SHAN W R, LI J, XU W H, et al. Critical role of UQCRC1
in embryo survival, brain ischemic tolerance and normal
cognition in mice[ J]. Cell Mol Life Sci, 2019, 76(7): 1381-
1396. DOI: 10.1007/s00018-019-03007-6.

ZHANG M Q, JIM H, ZHAO Q S, et al. Neurobehavioural

abnormalities induced by repeated exposure of neonatal rats

to sevoflurane can be aggravated by social isolation and
enrichment deprivation initiated after exposure to the

anaesthetic [J]. Br J Anaesth, 2015, 115 (5) : 752-760.

DOI: 10.1093/bja/aev339.

KUBIK S, FENTON A A. Behavioral evidence that
segregation and representation are dissociable hippocampal
functions| J |. J Neurosci, 2005, 25(40): 9205-9212. DOT:
10.1523/jneurosci.1707-05.2005.

ZHOU Z B, YANG X Y, YUAN B L, et al. Sevoflurane-
induced down-regulation of hippocampal oxytocin and
arginine vasopressin impairs juvenile social behavioral
abilities [J]. J Mol Neurosci, 2015, 56 (1) : 70-77. DOI:
10.1007/512031-014-0468-3.

LIN D, LIU J, KRAMBERG L, et al. Early-life single-
episode sevoflurane exposure impairs social behavior and
cognition later in life [J]. Brain Behav, 2016, 6 (9) :
€00514. DOI: 10.1002/brb3.514.

YI T, CHEN H, ZHAN J, et al. Ubiquinol-cytochrome
Creductase core protein 1 contributes to cardiac tolerance to
acute exhaustive exercise [J]. Exp Biol Med (Maywood) s
2022, 247(2): 165-173.DOI: 10.1177/15353702211046546.
YITT, WU X X, LI H. Ubiquinol-cytochrome C reductase
core protein 1 overexpression protects H9¢2 cardiac cells
against mimic ischemia/reperfusion injury through PI3K/Akt/
GSK-3B pathway [J].
2020, 529(4): 904-909. DOI: 10.1016/j.bbrc.2020.06.089.
YIT, WU X, LONG Z, et al. Overexpression of ubiquinol-

Biochem Biophys Res Commun,

cytochrome ¢ reductase core protein 1 may protect H9¢2

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

cardiac cells by binding with zinc [J]. Biomed Res Int,
2017, 2017: 1314297. DOI: 10.1155/2017/1314297.
GIANNOS P, PROKOPIDIS K, RALEIGH S M, e al.
Altered mitochondrial microenvironment at the spotlight of
musculoskeletal aging and Alzheimer’ s disease [T]. Sei
Rep, 2022, 12: 11290. DOI: 10.1038/s41598-022-
15578-9.

LIANG L, YAN J, HUANG X, et al. Identification of
molecular signatures associated with sleep disorder and
Alzheimer’ s disease [J]. Front Psychiatry, 2022, 13:
925012. DOT: 10.3389/fpsyt.2022.925012.

MA S L, TANG N L S, LAM L C W. Association of gene
expression and methylation of UQCRC1 to the predisposition

of Alzheimer’ s disease in a Chinese population [Jl.J

Psychiatr Res, 2016, 76: 143-147. DOI: 10.1016/j.
jpsychires.2016.02.010.
EHRLICH M. DNA hypermethylation in disease:

mechanisms and clinical relevance [J]. Epigenetics, 2019,
14(12): 1141-1163. DOI: 10.1080/15592294.2019.1638701.
IR, T, 2FM, % RF R KR S H 2R 2
HE DK 2H DNA YRR 22 52 40 BT (7). 45 = 22 B2 Rl
2020, 42 (4) : 359-366. DOIL: 10.16016/j. 1000-5404.
201909139.
TAN Q, WANG J, LI C L, et al. Genome-wide differential
DNA methylation in hippocampus of rats after benzo (a)
Pyrene exposure[ﬂ. J Third Mil Med Univ, 2020, 42(4):
359-366. DOI: 10.16016/j.1000-5404.201909139.
FENG J, CHANG H, LI E, et al. Dynamic expression of de
novo DNA methyltransferases Dnmt3a and Dnmt3b in the
central nervous system[]J]. J Neurosci Res, 2005, 79(6) :
734-746. DOI: 10.1002/jnr.20404.
CHAHROUR M, JUNG S'Y, SHAW C, et al. MeCP2, a
key contributor to neurological disease, activates and
represses transcription [J]. Science, 2008, 320 (5880) :
1224-1229. DOI: 10.1126/science.1153252.
ZHANG X L, XIE Y B, XU W Q, et al. Effects of 5-Aza on
p-Y1472 NR2B related to learning and memory in the mouse
hippocampus [J]. Biomed Pharmacother, 2019, 109: 701-
707. DOI: 10.1016/j.biopha.2018.10.090.

(%8 :2024-11-09; 18 ] : 2025-02-12)

(i xHkl)



