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HBE BH KDL E (NOB) R EINR R A AT (ASD) K RAT A sk Mg et Z 5045 00 AL H  F7 3k T B Wistar K
RAEIRF12.5 R IEH 7 R IRAA 5 - FASDAER H F KA AR ALS A ASDAL  L-NOB#L \H-NOB4L \H-NOB+Compound C£8L% Cirl4A .
Wi AL F I 3R E Ao IR AE B K R AT A, R B IR G E LAY 24545 , B ELISAAR i 4 2y 40 4R % b 2n e 1)
F A BAL BB A5 AR, IF ] Western blotting AT AMP &AL & i (AMPK) /50245 B3R % B 1 (SIRT1) /33 BACH) B AR 3G 7040
FXHRyEHER T la (PCClo) 15 Tl BARK R G KX R HCulAak, ASDA X R a4 L4k A L @ s ieA-% (IL) 107K
it AL EEE (CAT) KT, p-AMPK/AMPK . SIRT142PGClad & & ik KT B F AR (P < 0.05) ;32 2k 4 ¥ AIL-6 IL-18 ., /3 =%
(MDA) # AAca HALEE (SOD) K-F BF3Em (P < 0.05) .5 ASDALAR  L-NOBLAA=H-NOBAL X 494 3L 4E ) \IL-10/KF CAT
K -F Zp-AMPK/AMPK . SIRT142PGC 1ok @ & ik K -F £ 353 A (P < 0.05), 3 2R 3 Z11-6.1L-18 MDAFSODK - 2 % A%,
BRI SR MM (P < 0.05) .5 H-NOBZEAA I, H-NOB+Compound CZ8 X R #9448 A1 IL-10 . CATAF, p-AMPK/AMPK . SIRT14=
PGCla® & &k RF B EBAK (P < 0.05) ;32 2k & AIL-6,1L-18 . MDAF=SODK-F B 532 /e (P < 0.05) Z5iE NOB At
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Nobiletin ameliorates behavioral deficit and neural injury in ASD model
rats through the AMPK/SIRT1/PGCla signaling pathway

HUANG Weina, TAO Chang, WANG Xiaoya, CAO Ru, WANG Xia
(Children’s Health Care Department (Psychological and Behavioral Department ), Hebei Provincial Children’s Hospital , Shijiazhuang 050000, China)

Abstract Objective To investigate how nobiletin (NOB) ameliorates behavioral deficit and neural injury in a rat model of autism
spectrum disorder (ASD). Methods An ASD model was established by intraperitoneal injection of sodium valproate into healthy
female Wistar rats on gestational day 12.5. The male offspring were randomly divided into five groups: ASD,L-NOB,H-NOB,H-NOB+
Compound C,and Cirl groups. Behavioral performance was evaluated using the three-chamber social test, marble-burying test,and
open-field test. Neural injury was assessed using Nissl staining. The levels of inflammatory cytokines and oxidative stress markers in
hippocampal tissue were measured. Western blotting was performed to analyze the expression of proteins associated with the AMPK/
SIRT1/PGCla signaling pathway. Results Compared with the Cirl group,the ASD group showed significantly decreased social ability,
interleukin (IL)-10 levels, catalase (CAT) activity,and protein expression of p-AMPK/AMPK,SIRT1,and PGCla (P < 0.05), whereas
the number of buried marbles and the levels of IL-6,1L-18, malondialdehyde (MDA ), and superoxide dismutase (SOD) were significantly
increased (P < 0.05). Compared with the ASD group, both the L-NOB and H-NOB groups showed significantly improved social ability,
increased 1L-10 and CAT levels,and enhanced expression of p-AMPK/AMPK,SIRT1,and PGCla (P< 0.05),alnng with a significant
reduction in the number of buried marbles and the levels of 1L-6,1L-13, MDA ,and SOD,in a dose-dependent manner (P < 0.05). Com-
pared with the H-NOB group,the H-NOB+Compound C group showed significantly lower social ability,IL.-10 and CAT levels,and
expression of p-AMPK/AMPK, SIRT1, and PGCla (P < 0.05), while the number of buried marbles and the levels of 1L-6,1L-18, MDA,
and SOD were significantly increased (P < 0.05). Conclusion NOB may improve behavioral deficit and neural injury in the ASD rat

model by activating the AMPK/SIRT1/PGCla signaling pathway, thereby suppressing inflammatory cytokine release and attenuating
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PIMAE §i% 25 [ 15 (autism spectrum disorder, ASD)
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R A2 RGPPSR PR R
ASDHIFZIR i AW . AMPI AL EE 19088 (AMP-ac-
tivated protein kinase , AMPK) /{jT £k {5 BT I F1
(silent information regulator 1,SIRT1) /i 48 1k ¥ i 1A
AT IS 2 ARG T 1 (peroxisome prolife-
rator-activated receptor gamma coactivator 1-alpha,
PGClo) {5 538 AR 19 A0 MR P PR AL T AR
T S SN H R XA S OB AE ' R 120
SGASDAY K AR VIM DG, T BB A& Y7 ASDHY 5L 2L
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3 32 T AMPK/SIRT1/PGC o 538 ¢ el % ASD R
BRUEIA T A e B A 22 455

1 HRE7®

1.1 #hK

111 2 shY) . EBSPFZ fd B B A Wistar K ffl24
HOH R 16 H -1 1A R (230 £10) g, MEPESH,
SEIIRE (280 £ 10) go JIrA K BUIE A0 48 245 =
YT AR BB FEBE , S5 B A 7 VR AT HIE S : SYXK
(%) 2023-010, 177 IG5 IR (22 £2) °CAHXS
MBI (50 £ 10) %, HREBEAUK IR 3 SR B0 1 HEEA T
P, 0T A B EUOK AR RS AL LE R
BEsh 1 B A 22 51 24 vfE (BB 7 55202407-05
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1.1.2 FZA5 . NI 4Y (sodium valproate, VPA)
T H 3 [ESigmaZ 7] ; NOBHIAMPKA il 7] (Compound

C) 1 B £ [EMedChemExpress 2\ 7] 5 B AR i 5 YL S
H 42 (interleukin, IL) -6 IL-18 .4 /% (malon-
dialdehyde, MDA). it F Ak A Bl (catalase, CAT) £l
R B 1 e R A B D 5 e A A B AL
fitf (superoxide dismutase,SOD) 157 & 14 ENRGIEE'S
YR BRZA 7] s AMPKHUAA . p-AMPKHTIA | SIRT1
PR PCCloditfA .GAPDHPUIARNY H & [E abcam A 1)
12 ik

1.2.1  ASDR FRAB A EE Ny K 44 - KRR 1 )38 1
WSS, P - HERE2 - 1 TFRIRAE, R H B
RAEBRIE TR i A SRS o 4 52 A B BRI 53R XoF B
H (n=4) M (n = 12) LB BRAEIT RS
125K %32 VPAE W IR 0 1 5, LA ST ASDRE R
Xof R 2 3 S A o A SR K XA R TR S
7~21 diff A7 & B, 765521 K B i UL g HoAt 22
7 A S 2 1 L PR R, A A A A
5 RN B SRR AR B 52 A ASDIS Wb v
AP AR R Ay S B AR , I B AL 6 B 48 43
FASDZH . L-NOB4 .H-NOBZH . H-NOB-+Compound C
2, AR 12 SRl (123, U5 A X B2 M FR
JeA ) A A XS IR SR I GPower 314847 R2F
LI REAS B, B AR 12 H (U HE=0.6,2=0.05,
SRS J11-8=0.85, fe /N K101, 5 & FE 1S &
125) AW 550 F 525 (WELISA \Western
blotting) FFLHFEAS T R0 A5G- SR, AT A 280K
MIZH 1) 2% 5. L-NOBZH MIH-NOBZH 73 9|45 H % B 25
mg/kgF155 mg/kglYNOB, H-NOB+Compound CZH % H
T H 55 mg/kgINOBIT- B i 13 5920 mg/kgf)) Compound
C,IELL 2928 A 25 275 SCHR [10-11] 4324545
WG PRI AT Ryl

122 Z4AAAC 5L SLRR AR S M A <50 dBIY R
B ENIFE, MHLA (70 em x 60 em x 50 em) K1Y
STIBETCIR, FREE20~25 Ix, BLFLL [ SR IR A F 10034
NSRS b s R ik TR ¢
B RA A KRR, TR e BB AR K 1L SR AT A o S B i
73 PN 25, S8 R M4 28 g 1 5 i, IF i 5%
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1.2.3  HEERSZEG ART 1 Bk BUE T4 Py
LR o FHT75% BRI A AR YR 4B 37 3 148 11
A ICEREES em/EHVEL, 424 x 577 Ry ik B 200 A%
1 em KFRATER A KBRS SEPAAE 35, 30 minfi U
R, T S R A A O R T B A AR
ok}, B QR R RN — R KR

124 0505 MK AE JEEE 20~25 Ix, R4 M
<50 dBRYRE & = NI T e TR R B T
WA ) H O Ak (L RE RS R AZ BRI HE R 2R 10 min.
SRIG B BIRAG SL R il SRR RAED A4 N 15
minfH{ SR .

125 JeRG A7 Ak 58 i 5, Ab A8 TR
B, B A AL 20T B T oK b 43 B i Sh 20 40, BGER
AT T-80°C, F T J5 £ Western blotting & ELISA ; H:
AREB I 4% 2 B W T W1 S A s B, 2
& 2K RIS kgt fe BB R B R 0
N NGRS | 7 T

1.2.6  ELISA: Ht1.2.57 ()i 5 2l 21, e B e i
B4 AE , M ETL-6 . IL-18. . 1L-10 MDA .SOD .CAT/K
1.2.7 Western blotting: £% 21 ¥ 55 21 21 fiINRIPA 24 fiit

VRATHE SO I L TR B R L 40 pe (AR
P, 2210%SDS-PAGEJF % ZNCJE . it 5 4545 Bt 1412
h, in—4t,4 CHFF R . TBSTIHYER , In — s
2 ho b2 KGR, 2R Fl Image 85 1F 20 Hr 26 1 4517
JKEEAH
1.3 Seit2#adr

KHISPSS 21.0 FAFH AT G508, TR Bk
PAX + s , Z2 41 [ B HL R B R 207 25000
Y [ Geit2r 22 5538 i — 25 PR R FHSNK-g K6
5. P<0.05 AZEFAGIEE L.
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2.1  NOBXFASDK AT M 24 A5

5 Curld] K BRURH L, ASDZH K B 22 i A 6
B K rh e X G2 Bl R B B YRR A5 B ]y
B REAR, BB E W 238 (P < 0.05) 5 L-NOBZH
FIH-NOBZH K FRUELASDZ A Bk 16 b i 5 ok 3%,
H S F AR (P < 0.05) 5 1ifH-NOB+Compound C
2 K U H-NOBAL K Bt 38 BB 77 A fef- i 45 S sl
X 02 Sh B IR AR YRR 5 R I ) R B, MR
BN (P<0.05) WKL,

®1 NOBXMEHKXRITAFHIRM

Tab.1 Effect of nobiletin on the behavior of rats in each group

G Social ability ind Social preference  Number of buried ~ Motion distance of ~ Number of central ~ Central area resi-
roup octal abiiily mdex index beads central region (em) region explorations dence time (s)
Ctrl 431+0.26 2.36+0.22 3.94 +0.81 88.01 = 16.45 12.16 = 1.02 27.58 £5.19
ASD 0.87 £0.09" 0.08 £0.03" 17.05 +2.27" 537 +£1.04" 0.76 +0.24" 1.63 £0.47"
L-NOB 2.05+0.19” 1.03 +0.10” 14.28 +2.30” 31.48 £4.97% 3.63 £0.70” 7.91 £0.84”
H-NOB 3.83 0307 2.14 £0.19" 7.66 = 1.052" 67.89 +8.13%"Y 9.49 + 1.19*" 19.48 + 4.437Y
H-NOB+Compound ¢ 223 +0.24" 1.19 +0.16" 12.97 +1.39” 38.93 +4.72" 4.05+0.83" 10.32 £2.69"”

1) P <0.05 vs. Cirl gmup;Z) P < 0.05 vs. ASD group; 3)P < 0.05 vs. L-NOB gmup;4) P < 0.05 vs. H-NOB group.

2.2 NOBXJASDK A Z8458 477 1) 5 0l

5 CuldI K FUHLEE , ASDZL K BRI ph 28 03
FEAG, mT DLARAT AR, JE FC AR /b, HAh g giids . 5
ASDZH K L He A, L-NOBFITH-NOBZL K Bl i th 21 41
iR MR OTH 2, AR VED, e /M .
H-NOB+Compound CZ K U H-NOBZH K R 1 29T
AP, Je B/ IMATSD  WLIE 1,
2.3 NOBXFASD K BR A 248 b A - 1) 5 i

5CirlH KB AH L, ASDZH K FRIL-6 FIIL-187K
R T IL-107K - 8 2 K (P < 0.05) ; L-NOB
ZH FHIH-NOBZ K FIL-6 FITL- 187K - F4 AR , IL-107K
T, HEFE R (P <0.05) 5 5H-NOBZL K
AR F , H-NOB+Compound CZH K FIL-6FIIL-187K
4R BT IL-107KF 23 F % (P < 0.05) L3
2,
2.4 NOBXFASDAK FREE AL I Y 520
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.
A, Cirl group; B, A

SD group; C,L-NOB group; D, H-NOB group; E, H-NOB+Compound C group.The arrows show the cytoplasmic Nissl bodies.

Bl REREWENOBI AKX RMEHRGRIFN x 200
Fig.1 Effect of nobiletin on neural injury in rats of each group observed by Nissl staining x 200

&2 NOBX&HKRAK L EFRIZZM (ng/L)
Tab.2 Effect of nobiletin on the inflammatory cytokines of rats in each group (ng/L)

Group IL-6 IL-1B 1L-10
Ctrl 12.82 £2.64 16.08 + 3.51 4594 £5.42
ASD 50.35 +7.14" 46.91 +3.89" 15.33 £ 1.74"
L-NOB 37.18 +3.27% 35.80 +2.88” 26.76 + 2.06”
H-NOB 16.69 = 2.087 20.03 £ 2.36”7 37.48 £ 4.287Y
H-NOB+Compound C 30.54 +3.50" 33.67 +3.23" 27.23 +3.64"

1) P < 0.05 vs. Ctrl group;2) P < 0.05 vs. ASD group;3) P < 0.05 vs. L-NOB group;4) P < 0.05 vs. H-NOB group.

5 Culd] K B E, ASDA K MDA . SOD7K -
WFETHE, CATIGRME B EFEIK (P < 0.05) ; 5ASDZH K
FUEL AL, L-NOBATH-NOBZL K FRMDA \SOD/K - i 3%
FEAG, CATIG M TR, HLH-NOBZH AR B ol i % (P <

0.05) ; 5H-NOB4L K FUAf L , H-NOB+Compound C41
K MDA . SOD/K - 2 2 [ T, CATIG 4 . % T B¢
(P<0.05) L33,

2.5 NOBXJASDK FRAMPK/SIRT1/PGClofF 5 i 4%

#3 NOBI &K R AR H 2
Tab.3 Effect of nobiletin on the oxidative stress of rats in each group

Group MDA (nmol/mg) SOD (U/mg) CAT (U/mg)
Curl 0.66 +0.19 1236 + 1.04 12.13+1.26
ASD 2.86+0.31" 29.74 +2.37" 3.49+0.47"
L-NOB 1.92 +0.26” 20.19 +2.29” 7.92 +0.66”
H-NOB 0.84+0.15 14.85 £2.16” 11.45 +1.25”
H-NOB+Compound C 1.75 £0.23" 19.96 + 1.88" 8.12+0.95"

1) P < 0.05 vs. Ctrl group;2) P < 0.05 vs. ASD group;3) P < 0.05 vs. L-NOB group;4) P < 0.05 vs. H-NOB group. MDA , malondialdehyde ; SOD , super-

oxide dismutase ; CAT, catalase.

FHIC R L ZRB 1 52

5 CirlZH K FURH HE , ASDZH K Blp-AMPK/AMPK
SIRT1HIPGC 1otk [ 3k 7K i 35 F A% (P < 0.05) ;
L-NOBZ{ FTH-NOBZ K FRELASDA - iR $5 b ik 3 144
fn, B2 K E (P < 0.05) ; 5SH-NOBZL A I,
H-NOB+Compound CZL [ I iR $ghr i E R (P <
0.05) . UWLIE2,

3 g

VPAYE Sy — Fift i 3% S0 (K], ml e 25 38 i JL
A8 R S ASDIXURS: , L7 5 1) s A LI AT 5
ASDHLA i T BE TR AR gt 2 B s v
VPAR I ASDAE Y, TR AR B A A2/ |
ZIR S VERS 2 5 AU ASDR I 4122 RR 7t BB,
PRI o
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#* P < 0.05 vs. Ctrl group; # P < 0.05 vs. ASD group; A P < 0.05 vs. L-NOB group; A P < 0.05 vs. H-NOB group.
E2 NOB3FASDX RAMPK/SIRT1/PGC1cds S BRI SN
Fig.2 Effects of nobiletin on AMPK/SIRT1/PGC1a signaling pathway in ASD model rats
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AMPKSE AE+5 240 il i 71 DR P 40 i A A S
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AL PR A F A . AMPKAE A% {4 57 ASD
U B 2 e G s AR | %A v R At
05 o AMPKAE A {7 538 A% 0, il $2 T 200 i 7y
NAD*/NADHEL A, #76 F W#SIRT1. SIRT13 1% &
PFPCClads ZWEAL, IFI# 55 HIE 4 , AMPK/SIRT1/
PGC o553 PR LA S AL A SC 8 7 3 %,
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/N RS rh 208 % 32 10T B B bR D e i
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FELE R BN, ASDR B S 240 21 rpp-AMPK (SIRT1
PGCladl FH3RBKF B2E TF I, NOB Tl LA |4
R g i e . AMPKAN il 351 Compound CIUJ 7] i,
& U SEINOBXTASDIR FRAT Ay ik B A K A 28 o 3443
Ptk A 1, [R) s G 1 5 20 A% S0E S A
P HEIINOB AT G 328 1 77 240 Jfd N AMP/ATP LE {33
{5 AMPKGHE [ o 15 hy 4 ff 58 22 J8% 0 #F , AMPKTE RE 12
[ = ISP A0S , 2T RS S AR SO, DA & e
5 s NOB ] G 1 (2 E ATPIS FE I | HL A B, [R]142
$2 = AMP/ATP FL AR, 38016 AMPK ; 75 ] E B RE A8 KA
R U AMPKBEBR L , AR 3 HLy v A 4 3%
B, AMPK/SIRT1/PGClafi 53 12 5 ASDI) K 4
R, MINOB ] 38 i3 8T 1238 I Ak 2 R AP VR

25 E TR, NOBA 41 ] 5 14 240 Jifd PRI 5~ R e, ik



ST BTRAE. IR R ZRE T AMPK/SIRT1/PGC Loefi 3 I b 35 VBT 375 28 Rk FUAT S BB AR 45100 - 649 -

AAEAR N, L PR ASD R BURAT R B , I8
P2 07, HALE] AT RE S5 30 AMPK/SIRT1/PGCla
T B G AR T A ] T M R BB AL, R
il %5 45 M 1) 22 S 4T ASDY B K2 245 ) = I 1 W i 5
M) o J SE AT AR KRR AS it (9 St I, R I 2 Ff
ASDBIIISHY I AMEM: Sh W EA T L3 b, it —
R G VINOBIYAE FHL, S ASDRY I IR IR YT 12
HEHRHS AR

SH 3k

[1] PARK G,JANG WE,KIM S, et al. Dysregulation of the Wnt/3-catenin
signaling pathway via Rnf146 upregulation in a VPA-induced mouse
model of autism spectrum disorder [Jl Exp Mol Med,2023,55 (8) :
1783-1794. DOI:10.1038/s12276-023-01065-2.

[2] PANGRAZZI L.,BALASCO L,BOZZI Y. Oxidative stress and im-
mune system dysfunction in autism spectrum disorders [J]. Int J Mol
Sei, 2020,21(9) :3293. DOI: 10.3390/ijms21093293.

(3] T oz, B 7, INELTT , AR AR AT IVIAE 335 2R e it 114
5T e [J7OLL o 115 IR 25 3 2% 53R 97 %, 1-13. (2025-01-07)
[2026-04-08]. https: /link.cnki.net/urlid/34.1206.1.20250106.1722.
006.

[4] PANG YS,XIONG J,WU Y,et al. A review on recent advances on
nobiletin in central and peripheral nervous system diseases [J]. Eur J
Med Res,2023,28 (1) :485. DOI: 10.1186/540001-023-01450-7.

(5] #135, EIt, F67%. 115 WRIR 5 SIRTL/AMPK/PGC 1oof5 53 1 %]
A Sk 3 R FRUERURE £ Bz oot ety s [0, R HEpR 24,2023,
51(4) :382-387. DOL: 10.11958/20220873.

[6] ZAHEDI E,SADR SS,SANAEIERAD A, et al. Valproate-induced
murine autism spectrum disorder is associated with dysfunction of
amygdala parvalbumin interneurons and downregulation of AMPK/
SIRT1/PGCla signaling [J]. Metab Brain Dis,2023,38 (6) :2093-
2103. DOI:10.1007/s11011-023-01227-1.

[7] LONE J,AHMAD PARRAY H,YUN JW. Nobiletin induces brown
adipocyte-like phenotype and ameliorates stress in 3T3-L1 adipocytes
[J]. Biochimie, 2018, 146:97-104. DOI: 10.1016/j.biochi.2017.11.
021.

[8] BB, JHuik , s Ak, A5, B BRI UI ARG G Sk 7O I
TR BRI BT A s ()], e B g 5 9k, 2024,
30(2) : 176-182. DOI: 10.3969/j.issn.1006-9771.2024.02.006.

(9] JAZk Sy, SEARR, 1K, 4. IRANAE §% 52 RS o)) P 4 A AT 50
[J]. S8 Eh #2447 , 2019, 27 (3) - 380-386. DOI - 10.3969/J.lssn.

1005-4847.2019.03.017.

(10 AT RAER. IR B 22 X5 &5 25 R JE R R BN B % 21 1812 g
FAGIIEZEALAE] ()] WA R4 (PREARR), 2024, 41 (1)
6-10. DOI: 10.13501/}.enki.42-1590/r.2024.01.010.

(110 W TR, 238, e O, A58, B S 5 94115 AMPK/SIRT1/PGC 1y
{75 30 S X ik AR L P R B 28t ) Sy (D ] il
Ji%,2023,29 (6) :573-576,579. DOI: 10.16695/j.cnki.1006-2947.
2023.06.004.

[12] TUNCAK S,GOREN B,UZBAY T,et al. Assessment of empa-
thy-like behaviour in valproic acid-induced rat model of autism 7l
Int J Dev Neurosci,2025,85(2) :70008. DOI: 10.1002/jdn.70008.

[13] SAVINO R,MEDORO A,ALI S,et al. The emerging role of flavo-
noids in autism spectrum disorder:a systematic review [J1. T Clin
Med, 2023, 12 (10) :3520. DOI: 10.3390/jcm12103520.

[14] NAKAJIMA A,OHIZUMI Y. Potential benefits of nobiletin, a Citrus
Flavonoid ,against Alzheimer’s disease and Parkinson’s disease 7l
Int J Mol Sci,2019,20 (14) :3380. DOI: 10.3390/ijms20143380.

[15]SEO TB,JEON YA,KIM SS,et al. In vitro and in vivo effects of
nobiletin on DRG neurite elongation and axon growth after sciatic
nerve injury [J]. Int J Environ Res Public Health,2021,18 (17) :
8988. DOI:10.3390/ijerph18178988.

[16] JIANG CC,LIN LS,LONG S, et al. Signalling pathways in autism
spectrum disorder: mechanisms and therapeutic implications [Jl
Signal Transduct Target Ther,2022,7:229. DOI: 10.1038/s41392-
022-01081-0.

[17] USUI N,KOBAYASHI H,SHIMADA S. Neuroinflammation and oxi-
dative stress in the pathogenesis of autism spectrum disorder [J] Int
J Mol Sei,2023,24 (6) :5487. DOI: 10.3390/ijms24065487.

(18] T, Tk A, B, 45, L TRUNRNA-146a1R 5 )1 BREC R
X W AR AR B A PR 22 OR AP A T [ ] IR — R R (I 2R
B EAERRRBE) 241, 2023, 44 (4) :254-259. DOL: 10.3969].issn.
2097-0005.2023.04.003.

(19] X1 50Hs , 45 51 28 R 2. He T AMPK/SIRT L3 B #5034 2 et il
IR PR R BRI AB25-35175 T PC.1 241 Ml S ALA 45 R T A 52w ()
Hh PR R 242441, 2024, 53 (8) :741-746,751. DOT: 10.12007/
J.1ssn.0258-4646.2024.08.012.

[20] ALHAMAMI HN,ALBOGAMI AM,ALGAHTANI MM, et al. The
effect of inhibiting hindbrain A2 noradrenergic neurons by 6-hydro-
xydopamine on lipopolysaccharide-treated male rats autistic animal
model [J]. Saudi Pharm J,2024,32 (3) :101964. DOI: 10.1016/
J.jsps.2024.101964.

[21] XIAO J,LI WJ,LI GJ,et al. STK11 overexpression prevents glu-
cocorticoid-induced osteoporosis via activating the AMPK/SIRT1/
PGCla axis [J]. Hum Cell, 2022,35 (4) :1045-1059. DOI:10.1007/
513577-022-00704-6.

(5E EXX%)



