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17 B2 JAE AT BRI . Jo3E S8 PO SRR A b I 1% R B AR AT BRASRY , O 43 S IR R AU 20 215 KP4 4050 R
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JKFFIHMGB1 . RAGE 2 1335 K T4 55 (P<0. 05) , # £ T HA HURIIR L 5 5 IAAE RS TR 2 A B, 7357 AT 2 AT B v o0 DX 345 7 Ak i)
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Mechanistic study on the effects of salidroside on neuroinflammation and behavioral disorders in rat pups with
autism spectrum disorder

DONG Jing—yi ,DU Wen-ran, WANG Dan—ping ,LIU Xin (Department of Child Health Care, Tangshan Maternal and Child Health
Hospital, Tangshan Hebei 063000, China)

Abstract: Objective To explore the effects of salidroside on neuroinflammation and behavioral disorders in rat pups with autism
spectrum disorder by regulating the high-mobility group box 1 (HMGB1)/receptor for advanced glycation end-products (RAGE) pathway.
Methods Rat pups with autism spectrum disorder models were established by sodium valproate, and the rat pups were divided into the
autism model group, the salidroside group, and the salidroside+activator group, with 12 pups in each group. An additional 12 healthy rat
pups were taken as the control group. Open field testing, three-chamber social preference test, elevated plus maze testing, and novel object
recognition testing were used to assess behavioral disorders of rat pups. HE staining was performed to detect the histological changes in rat
pups hippocampal tissue. ELISA was performed to detect the serum levels of inflammatory factors, including interleukin (IL)-10, tumor
necrosis factor-alpha (TNF-«), and IL-6 in rat pups. In addition, Western blot was performed to detect the HMGB1 and RAGE protein
expression levels in hippocampal tissue. Results Compared with the control group, the autism model group showed reduced central area
dwell time (P<0.05), decreased social ability index (SI), social preference index (SPI), anxiety index (AI), discrimination index, and
[L-10 level (P<0.05),increased I1-6 and TNF-a levels, as well as HMGB1 and RAGE protein expression levels(P<0. 05) ,loose arrangement
and necrosis of neurons. Compared with the autism model group, the salidroside group showed increased central area dwell time (P<0.05),
increased SI, SPI, Al, discrimination index, and IL-10 level (P<0.05), and decreased 11.-6 and TNF-« levels, as well as HMGB1 and
RAGE protein expression levels (P<0.05) , attenuated neuronal atrophy. Compared with the salidroside group, the salidroside+activator
group showed reduced central area dwell time (P<0.05), decreased SI, SPI, Al, discrimination index, and IL-10 levels (P<0.05), and
increased IL-6 and TNF-a levels, as well as HMGB1 and RAGE protein expression levels (P<0.05) , aggravated neuronal necrosis.
Conclusion Salidroside alleviates neuroinflammation and behavioral disorders in rat pups with autism spectrum disorder by inhibiting the
HMGB1/RAGE pathway.

Keywords: salidroside; autism spectrum disorder; rat pups; neuroinflammation; HMGB1/RAGE pathway; behavioral disorders
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G5RP, RAECAH Z MY AN TSR S AT N T
T TR B B AT TR @ =Y. I,
AR R IR 7 5 B85 09 Ko ML OF S22 f
R T 25 ) BAT B R 5L

Z1 5 R e IAEL S5 R W A 25 v 32 B 19 26 4k
B BAPUEEA SR PO IR 2 O SR M
A WS, £L5 I T 30 B 7R 2 T 38R /) B el
ZRIUERAE T, L AT R I AT A R A BB e 2 A8
FE, B AT R X PICMUAE 1% 2R R Ao H AT T AE Y T 100
W8 B AR SCAE R ML 1 AS B A, AT 2 — 2D AR 9T .
= i % K % & H B1 (high-mobility group box 1,
HMGB1) j& —Fh e (4 i 45 5 A% 3 1, 7R 4R A0 n] 5
A BE LA 2K 7= W) 52 1K (veceptor for advanced glycation
end-products, RAGE) . Toll £ 5% 14 (Toll-like receptors,
TLR) 456 LA JAE SN, B2 — R 00 ) 7] v 3
1 5 HMGB1/RAGE 3 52 /N S5 A M S AR
FFEPP I 40 A 2 (interleukin, IL)- 18 55 2 AE K+ /9 7~
Az, TSR AE o & #0178 5T 1 400 i
AJ 3 5 PR % HMGB1/RAGE fil i 42 ek o JBE T 5 113 it Ji
FIAT R FA N D e AT . 4545 BT A £ 5 K v] s
PILAE R Bl o 22 9 A ) BIF5E BEAity, 4HE000 JHG T e i 9
2 HMGB1/RAGE 3 4 & #5 XoF JIUAE 135 5% o 45 (1) 140 35
VEM o BT I AR TR R 90 21 5 KA X I AE 33 R
TR UM 28 9 E B AT o R 19 52 0 J2 HMGB1/RAGE
T TR G B AR T L LU S IO 1% 28 B A5 (03R4 2
PEHT R SLIAR T

1 MR 57E*®

1.1 %zhh

SPF 2% fd ¢ Wistar M KB 12 H e 6 H (8 JH]
I% ,280~300 g) LA A7 0 5255 BT H SPF 2 f B Wistar
PR 2 H I T3k 5 MG A YRR BR T2 A
[4F 72 V8 AT E 5 - SCXK (3 ) 2024-003, Jii 5 A K IE
42010200006837]. K EL 18 % T SPF 94 55 40 5 ) 1 58
o CRLBE 20~24 °C, A X B 50%~60% , 75 3% 1
T CHREPEI 12 W/12 h) 3G MR 7 do ARSLER
KR MG AR A R TR A rl SR AR SR, 48
0N F) S B By 2SI (FHEHES 1 2024-12-1005) .
1.2 FZEAN

AERT(HFES HY-NO109; 45 ¥ . 99. 90% ; 4t
5:22060993) A7 FEFEKE (H 55 : HY-12719; 40
99.93%; #it 5 . 22030621) W [ 3% [ Med Chem
Express; 75 A Z - 21 (hematoxylin-eosin,, HE ) 4% {2,
& (45 :25110206) 1 H 22 05 ( FIE) YR A
PR S H] 5 1L-6 ELISA i) & (4t 5 : 20241106) . fgd IR

Bt K - - o (tumour necrosis factor-alpha, TNF-a) ELISA
A& (A5 . 20241013) (1L-10 ELISA 357 & (it 5
20241219) W F 310 56 4 W RH5 G BR 2 7] s RAGE $it
(5 :25331069) \HMGB1 Hi & (45 : 25010696 )
GAPDH Hi#& (4t 5 : 24151015) F 111 “F- 41 4 1gG —H©
(#t*5 :24060915) ¥4 [ H&[E] Abcam, K/ W™ 52
K A5 M 2 48 (RS . DBO1S) AR 5143 By
R4 (T4 :DB023) | B 48 T R B LI BT R 5
(B4 : DBO15) W A A6 4 B 2 5 B W BH A7 BR 54T
3] IE B B (A5 ECLIPSE S H AR JE
] 5 O ML (B Centrifuge CPTOONX) I [ 72 [
Eppendorf 23 #) ; A5 23 7 {1 (-5 : HBS-1096A) 1 H
BB A YRR AT BR A R A TK R G (B
Criterion) 4 H 2€ [E Bio-Rad 2\ @ ; 4 H 3h ZH 21 3 HL
(745 : HistoCore Arcadia) ¥4 [ 7% Leica Biosystems 2y
Al /N ZDIRETFAR & (5 . ST-100) 4 H 134 1E
BHERRRAH]
1.3 Ik dd 2 AR AEAHE L A

B 2 215 JEL I U o M N R B L 20 1 H A
R, K H BB YR R, Bk & BRSSO U IR 2
0K o Rl A R R SR AR HESR T o 9 HUlEdE:
IR K BT AL URER 12. 5 S I 1 600 me/kg N R
#1150 mg/mlL, ¥ FAEHER 7K ) | 3 HOfEPE R UM M 7 S
S Jo B A FRER K, SR AU BT I AR S R 21 R
WO X B AT BT AT 2 A I £ B R R A
RS L ZIARAT R I 38 B R S R N R A A )
ARG A AT BRI . 3 AR i R AR
FHER K R BUR AR P 48 12 JAE X IR 59 RNk
PR 4N 45 25 1 R BUR AR TESS 22 K5 R FHBENLEL 7 2 1%
43 R OIOMRE AR R 20 | 27 S5 RAT AL 20 5 K AT+ 77
LA 12 L s R AT S 452530 mg-kg'+d ™
A RES AR RAE+HERNATRES A
30 mg-kg'd™ L0 5K, [ I TS 2.5 perkg
HMGB1/RAGE i B30T 7 47 SEFERK ™ s A 4 AT B
VHE RIS 2 AR R K L 45245 30
1.4 FF33% Homl X,

B EVE T 100 emx100 emX40 em 1) 2 €4 75 4} &
o BT o v e s R A T X e, AR R 2 BR
il HL G 25 10 mine T2 SRAT BUZE FhoOs DX 452 B3 B ]
1.5 =ik ma

S AE I W = w= v e AT, DL AR A7 B A
B M AEE AT BUE TP B & 1 2 he 7420
S B G 1T R AF B ST, AR S ERAT B 10 min.
¥32RE 1358 (social ability index, SI) K SEE AT ELAI S1
(18422 fik BF ] 55 FCAE 25 8 45 B8 A IF IR 22 L o FE A2
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145 5 (social preference index, SPI) A SZ 56 11 Bl 5 S2
A AN ST SRR Z H .
1.6 ®mRTFETMK
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1.7 #2473 ] X

AT BB T 000 % 0a 0 1 do B R AR
SRS = A B 1 58 K A A R ik (TH )
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Je K I — AW AR BEDLE S R A, RS R
AP B TR TP AR R S min, FEBIHEECH H IR IR R K
BB IH Y AR R BB Al
1.8 BUH

A7 R A BRI IS o I BB, , S [ A B
THEEE T M6 e PN 28 SR I, 1k 105 S DR A I
FEAS SRS DL STk A RRT , W7 Sk Ab2E , B I 2H 21,
A= N R S s
1.9 HE # &mnis R Lm Tk

BEAT B SR H B E T 4% 2 R WP A 0
A, VIS wm JE Y] R, B 54T HE Qe o, ffi e
LG R G ER Y A
1. 10  ELISA #&m4F R fo i b £ 2 B -F KT

T A7 B Ab BB T b B K I, 3500 /min 2 0
15 min J& WCAE IML3 , 25 IR ELISA 357 & id W 54600 ifit
T H TL-6 \TL-10 Fll TNF-o [ 7K F- .
1.11  Western blot#m HMGB1 4= RAGE 48 % % & & ik

RIPA %4 fiff W £ BUE S AR 2 11, SR FH BCA 5 22
FEWE . Hl & SDS-PAGE &¢I 143 B 26 11 T FE i
W AR 8 PVDF B 1. B Ik dERe S rE4E & L
H 5% 4= 135 F & % B . S I HMGB1 . RAGE #il
GAPDH—¥ifE4 " C I E LR . H TBSTHREEFE 31K .
A — B 1 h, ECL 5 , L GAPDH {4 N3 %
G R S E Sy
1.12 %3t F 54

BT AT BE 34 R SPSS 25. 0 8t 47 0 #r o B dis
DI B AR 22 (x2s) 3R . 41 IH] LR FH R R O
LT AN R T Tukey K36 . P<0. 05 0 2% 524

2.1 Z2aF RI A e mlik

E0F HRZH Ll A, IO AR A8 28 A B s DX g 7
B 1) 455 %0 (P<0. 05) 5 AHAS TR AE AR AR 2 | 21 50 KA
ZH A B 0 DX B e ) SE G (P<0. 05) 5 H 2050 K
ZH B3, 21 50 KA+ 70 2 A B0 DX S 7R sk (]
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1004 _:LL 4
=% Elrf A
= *
&g 60
b
Z 40+
]
pa|
£ 204
MEEE IURE  AEK ORKH+
IETCTIE T ¢
ko 5 3 B ZE ML 4R, P<0.05; #: 5 I8 g AL AN 48 1b 4%, P<0.05;

A B RF ks, P<0.05
E1 FAFRPOXIGEERE
2.2 BT REIEAAR M XL R
BT REZH L, DI A5 78 4 £ BR ST AT SPT 3
ik (P<0. 05) ; 55 Pl i A AR 2 BE A, 20 5 R 44T
ST A SPTH) T} 11 (P<0. 05) s 405 AT LU i, 40 5
T+ F 2 A B ST SPI F R (P<0.05), L& 1.,
£1 KAFESIFISPILLEL (X+s)

215 n SI SPI

Xt HRZL 12 4.14+0. 47 0. 84+0. 10
PR AR 2] 12 2.03+0. 24" 0.24+0. 03"
AR=S N S| 12 3. 86+0. 41% 0. 78+0. 09"
L1 R AT HE T 4 12 2.35+0. 28" 0.29+0. 04°
F 102. 598 233. 068
P <0. 001 <0.001

*. 5 3y BB 20 4R, P<0. 05;#: 5 I8k g2 A2 AL 28 1k 4%, P<0. 055
A 5a i R e kE, P<0. 05
2.3 2R sR+TFHRFHKER

56 B be B, IR E A R 21 £F BRLAT R B
(P<0.05) ; 590U BRI 20 LA, 21 52 R AT AL R AT
FHiE (P<0. 05) ; 52050 R T4 P A, 2050 R AT +30
AT AL FRE(P<0.05), ILIK 2.,
2.4 B24F R AT A AR K 45 R

B BRAH b, DIOAAE A5E 0 20 A R BRI 48 K0T B
(P<0. 05) ;5 I i AR R 21 38, 21 5 R AT AL BUBE
NGB (P<0. 05) 5 540 5 R AL LA, 405 KT+
PR LA RPN EC T B (P<0. 05) , ILIEI 3,
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. 5ot BRI 4R, P<0.05; #: 5 IR kg2 A2 A 40 b 4% |, P<0.05;
A5 XA E, P<0.05
2 RAFRAIELER
2.5 AMIFRHELIRHE 3 &
5 WR L A, IOMURE RS 7R 20 47 B T A e R o
FAHICE P 2 TE R BE 1 2 Eﬁlﬁﬁﬂ 'ammrwueﬂw

DELRAG
E4 FHFREDEHEDRE(x200)

2.6 AT R P K aE BT KR AR
A A AR 28 A BRI 55 7 TL-10 7K S 00k e 26

Ik (P<0. 05) ,1L-6 TNF-ce 7K F-J 5 F X HE 2 (P<0. 05) 5
G PIOMIE AR A 2] H R, 21 55 AT AT BRI Y b 9 A 4R
FR7S Ak #4495 (P<0. 05) 3 54T 5 R AF 4 i,

135 RAT -+ AL BT A TL-10 7K SRR TL-6.
TNF-a 7KF-F+ 5 (P<0. 05), WL 2.

F2 KEFRIEAEEFKE L (F5, pg/mL)

217 n 1L-10 1L-6 TNF-a

X HEZH 12 40.24+4.63  412.27+42.83  208.46+23. 12
POPHRERS BRI, 12 23.54+2.72°  482.58+49.35"  276. 34+29. 35"
LI RFF4 12 37.46+3.96°  415.64+43. 84"  215.38+22. 96"
a%ﬁﬁ%ﬁ 12 25.85+2.93% 479.37+48.59% 259.82+2.76%
7520

F 62.340 8.423
P <0. 001 <0. 001

*. 5 3t BB 2E PR 42, P<0. 055 #: 5 I8k o A2 AL 20 1L 4%, P<0. 05;
A5 REFMLE, P<0. 05

2.7 B4AF R B G4R T HMGB1/RAGE i@
b
550 BEZ AR B, I AR A 2 AT ROV S A rh
HMGB1 5 RAGE 8 Rk /K8 3 i# (P<0.05)
ZLL R TR, RIS U] R T (P<0. 05) .
SR, YIRII 25 T 2150 R 538 B 715, HMGB1 5
RAGE &35 X B 3 BT (P<0. 05), WAL 5. 36 3,

27. 466
<0.001

BB G kik

254
20
ﬁ 157
ﬁ 104
" A
0
X RALH MZEE T TRRA
TR ﬁéﬂ BE 2L

. 15 3t BB 4 b 4, P<0.05; #: 55 I8 Bk E A A 40 b 4% | P<0.05;
A 54 R34k, P<0.05

B3 HBAFRPEANIEHLLE
B 20 5 R AT AT RO SR bk 2 s HES T K%, 4l i
FEAEVNEE s S0 KA A He A, 20 5 KA+ 7 AT
SV SR TR FE N &, DL 4.

ﬁ%ﬂ%ﬁﬂ%ﬁﬂ?ﬁ]éﬂ o

TREHEE

HMGBI -. -- 28kDa
GE -. -. 42kDa
oA

XHEZL  PUIAE  ZLFK LK+
REAYZH ﬁfﬂ feerpilkc]

5 Western blot #£ill HMGB1/RAGE B EARIA

x3 KBAFRIEIAEFHMGBU/RAGE BB ERRILLE

(xxs)
215 n HMGBI RAGE
X R4 12 1.05+0. 11 1.03+0. 11
PR A 2] 12 2.58+0.31" 2.47+0. 29"
R 12 1. 1420. 13* 1.16+0. 14*
FAI T O NS R A 12 2. 46+0. 28" 2.38+0.27%
F 160. 541 151. 046
p <0. 001 <0. 001
*. 5 3t BAL PR AR, P<0. 055 #: 5 I8 fk o A2 AL 20 1L 4%, P<0. 05;
A 54 R34k, P<0. 05
3 it

PIOhAE 335 2% R 0552 0 3 2Bk 2 1. 5% RN, H
B R L BAR T E o R R S8 2 W, A7k
Z W 12 Wi b i WD FAT 2y s R, TR AR
AT 1 7 B R AL, O 18 4 A S8 iR 7
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i, 0l 5 — RPN R W ELRSS & e 2 R Al i -8k
Be A -RAGE il ] fil & 5 #2832 G AH O A5 5
0 A ST, 04 HMGB1/RAGE %l ] 41 1) 45 86
P05 )5 A2 R 15 W 4t e /N e I A LA A, & # ph Z R4
PR, 35 Sty EEL bR AT 3 3 410 o] 6 S 5 B 40 v v
HMGB1 15 538 4 A D 5 /)N e ot 40 a3 £k Fn i 8 5 46
522 I, A BFSE N HMGB1/RAGE i % 7 11 2635 3k
TR, e BRI AT 135 2R B A1 BRI Eh i HMGBL
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BF U 22 S FNA T M B o R BRI 08 B VR
AR FEAELL 5 K AT T WA [ B 457 HMGB1/RAGE i
PRISH FIALBR, 45 5 78 HMGB1 Ml RAGE 75 4 % 1k5 1
Fhim, [FIB 0 28 50 K AT R Wi N . iz g AL ik — 2
WESE , HMGB1/RAGE 38 [ 9 3006 & PIUMURE 33 2 e AT
BRI 28 RE 51T Ry B kA & R E ML 2 — 41
S R AT A 0 7 9% 30 I ) S O L A O T
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25 BT Z150 K H s e 0 HMGB1/RAGE i #%
I I % 2R B A AT BB 28 RORE S AT W BEfR . AR

HIF5E 245 AL Ry TR B IO RE 1% 2% e 5 1) 22 s L
il P4 BT I S AR AL S T R IIUAE 1 2R B A1
IR 2 AR 1T R SR B S R R A
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