5532 B4 2 0 FEXRAFFERE Vol. 32,No. 2
202641 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2026

7S R iy B R A R 2 RE A B I 4 IOMUAE DR B A 28 JRE B
1 20 B A5 AL A

ﬁ‘}wﬁ]}}"la %Bjj}ﬂl, %:‘ﬁfla ﬁl?;}ﬁﬂl, Ekl!afala *i'u}%29 ;ﬁ/“‘g}?Z*
(1.AAFPEHRF F—FPEGERFR, KV 410208;
2. MEPTEBRF E—WMBEER, K 410007)

[(FEZE] BN IR b 3 LT I K R AT o B A 2 i, B8 AR LT . D33k sl ad %t 12 H SD 22 Rk A7 A %
FRAN(VPA) (10 ) sl AR B 7K (2 J0) 10 2 S5 A% O 1k ok BOME P 7 1 b s I 3% 2R 85 65 ( ASD ) 5 18 K BRURIT s 14 20 K R, Bt L
Ay IRV, 7S ok M B LIS R R 41 (0.75. 1.5 g-kg) JHEAE R DAL(3.7-10° g-kg ') M I, 45 41T LUK R VR B 24 ) % 4%
AR K HE 2 /. TSRS , A4 38 S0 40 PP AL 4138 38 B 5 438 I 4 g 0 s W SE g W58 1 R AT N AN IOIR S 5 90 K
PP AT (HE ) Y& 8310 00 5 i 45 41 2005 2 A8 1L ; 375 565 A 50 00 45 10 40040 26 0 2 b 1A 8 B0 45 A4 5 6 948 ¢ Sl A U iy 800 201 20 v 8 455 285
A A 4 T -1 (Iba-1) 235 K Ao 92 W BRHIT 502 7 (BLISA ) K6 i b 9 38 38 B F - TNF-) . 1 41 -6 (IL-6) KA K F 3 2K
1 8 BN E vk (Western blot) K6 0 il 12 Ak B 11 19 0 16 25 1 0 (p-AMPK) | R 11 92 1 1k 25 1 3 (AMPK) @5 2 fk Unc-51 K¢ B
W 0 B 1(p-ULK 1) \Unc-518F H W 0% i 1 (ULK 1) JFUN 14 45 #0800 5 85 11 1(FUNDC1) £k 2 %, &R 5% A4
A BRI K RUAE =46 Ak 28 S 06 o LR BE A BR1 L RE AR B 2 00 B ) 20 (P<0.01) s W37 50 86 vp iz 3h B RR T2 Bl
rh R X GE S B R | rp g DX 6 BRI R AR (P<0.01) 5 R BT AT 41 2R 7S Al 228 0 A B A kR T, 00 R A T 4 O 4T
P28 T AN M IR B 5 A 28 7 1A T D SRR AR fi i , R T %R R AU 06 DT 4 L L IR VY T AR A E 5 AT Tba- 1 FH M 0 % D S
Jn(P<0.01), TNF-a . IL-6 7K - it 3% FF 55 (P<0.01) , p-AMPK/AMPK . p-ULK 1/ULK 1 .FUNDC1 & [ £ 3k . F K (P<0.01) . 5
B2 AR, 75 R b 3 L 4% 550 20 4 R 20k 74 36 D 41 ASD R BRAE = A 4k 58 S 06 op LA B A B 1 LB R B 2 B4 R ) 1 3 22 (P<0.05,
P<0.01) ; 7E0™ 3 5256 v 12 2h SRR 1 3538 sl b e X Sz gh B AR | o g X ek 455 B s JE) B 8 49 in (P<0.05, P<0.01) 5 K BT
B L 2 2 DU AN A5 KR R T A NS T U /5 ol 2 s PN R A B i, R T R B R SRl A AR 2
Tl 451 Toa-1 BH P 40 i 5% 2 35 A1k (P<0.01) , TNF-a \IL-6 & & 2. 3 0k /> (P<0.01) , p-AMPK/AMPK ,p-ULK 1/ULK 1 ,FUNDCI % 4
FR B RN (P<0.01) . £518 : N PR ML HE L0 ASD K BURACRE BEAT Sy, vk 2 4o 20 200 i A 2 0 ol 22 R 48 47, FEML I PT RE 55
£ 3 AMPK/ULK 1/FUNDC 1 38 B/ 5 (0 20 B4R 1 154 5

[RER] ANIRME I, JRAMIE; LORAK B, f g 20 IR MR AL IR B (AMPK)/Unc-51 #F B Wi 8005 Wt 1
(ULK1)/FUN 14 %5 #3843, 7 % 4 1(FUNDC1)

[hE453S] R289;R259;R285 [XEftRiIRF] A [XEHS] 1005-9903(2026)02-0052-09 [Eg:m]
[doi] 10.13422/j.cnki.syfjx.20251202 ‘i@l‘%
[F4& MRt ] https://link.cnki.net/urlid/11.3495.R.20250710.0942.001 [=]t

[MEHMBE] 2025-07-10 13:04:40 [HEsm HARBEE] AR W http: //www.syfjxzz.com BX http : /cnki.net

Liuwei Dihuangwan Promote Mitophagy to Modulate Neuroinflammation and

Behavioral Impairments in Rat Model of Autism Spectrum Disorder (ASD)

HUANG Pengjue', JIANG Mingyue', WU Ji', YIN Niya', OUYANG Lei', ZHU Qinquan’, ZHANG Di*
(1. The First School of Clinical Medicine, Hunan University of Chinese Medicine, Changsha 410208,
China; 2. The First Hospital of Hunan University of Chinese Medicine, Changsha 410007, China)

[KF#mABH] 2025-04-22
[(EE&TB] WA AARER &0 H (2024)78233) 5 W1 FE 4 14 fd b 25 51 2 BHIF IR (202206010043) 5 1 7 24 # B5 25 BHAFF 31 390 H
(A2023036) ; 11 B 45 2 2 B3 Bk DI 2531 R 51 H (S202410541157 ) 5 151 15 45 1048 £t BE w5 J2 A AT H (20230448)
[E—1EE] TSR, WL, BT, NG5 EE 25 B iR JLRHE W BF 5T, E-mail : 2426209962@qq. com
DEEMESE] ki, BRI A P =207 6 LR IF 5T, E-mail : 2655357548@qq. com
. 52 .



5532 5 2 RELEFFFEHRE Vol. 32,No. 2
202641 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2026
[Abstract] Objective: To observe the effect of Liuwei Dihuangwan on behavioral impairments in the rat model of autism

spectrum disorder (ASD) and explore the mechanism of action. Methods: Twelve SD pregnant rats were intraperitoneally injected
with valproic acid (VPA) (10 rats) or normal saline (2 rats), and male offspring were selected to establish the model of ASD and
the control rats. Rats were randomly assigned into model, low-dose (0.75 g+kg") and high-dose (1.5 g-kg"') Liuwei Dihuangwan,
vitamin D (positive drug, 3.7x10° g-kg"'), and blank groups. Each group was administrated with the corresponding concentration
of drugs or the same volume of normal saline by gavage for 2 weeks. After the intervention, the three-chamber social test was
conducted to evaluate social interaction and social preference. The open field test was carried out to observe spontaneous behavior
and anxiety state. Hematoxylin-eosin staining (HE) was used to observe the pathological changes of the prefrontal tissue.
Transmission electron microscopy was employed to observe the ultrastructure of mitochondria in prefrontal neurons.
Immunofluorescence was used to detect the expression of ionized calcium-binding adapter molecule-1 (Iba-1) in the prefrontal
tissue. Enzyme-linked immunosorbent assay (ELISA) was adopted to measure the levels of tumor necrosis factor-a (TNF-a) and
interleukin-6 (IL-6). Western blot was employed to assess the expression differences of phosphorylated adenosine monophosphate-
activated protein kinase (p-AMPK) , adenosine monophosphate-activated protein kinase (AMPK) , phosphorylated Unc-51-like
autophagy-activating kinase 1 (p-ULK1) , Unc-51-like autophagy-activating kinase 1 (ULK1) , and FUN14 domain-containing
protein 1 (FUNDC1). Results: Compared with the blank group, the model group spent less time sniffing stranger 1 and stranger 2
in the three-chamber social test (P<0.01) and showed reductions in the total distance traveled, average speed, distance traveled in
the central area, and time spent in the central area in the open field test (P<0.01). In addition, the model group showed extensive
apoptosis of neurons, with shrunken nuclei and red-stained cytoplasm, and extensive necrosis of neurons in the prefrontal tissue,
mitochondrial swelling, decreased matrix density, disrupted cristae, and autophagic lysosomes in neurons, increases in the rate of
Iba-1 positive cells in the prefrontal area (P<0.01) and the levels of TNF-« and IL-6 (P<0.01), and down-regulation in the
expression of p-AMPK/AMPK, p-ULKI/ULK1, and FUNDC1 (P<0.01). Compared with the model group, low-dose and
high-dose Liuwei Dihuangwan and the vitamin D prolonged the time spent sniffing stranger 1 and stranger 2 in the three-chamber
social test (P<0.05, P<0.01), increased the total distance traveled, average speed, distance traveled in the central area, and time
spent in the central area in the open field test (P<0.05, P<0.01), restored the morphology of neurons in the prefrontal tissue,
decreased the number of apoptotic cells, alleviated the swelling of mitochondria in neurons, increased the matrix density, mitigated
the fragmentation and disorder of cristae, and increased the number of autophagosomes. Moreover, the drugs decreased the rate of
Iba-1 positive cells in the prefrontal area (P<0.01) , lowered the levels of TNF-« and IL-6 (P<0.01) , and up-regulated the
expression of p-AMPK/AMPK, p-ULKI1/ULK1, and FUNDC1 (P<0.01). Conclusion: Liuwei Dihuangwan ameliorate autism-
like behaviors and reduce neuronal apoptosis and neuroinflammatory damage in the rat model of ASD by promoting mitophagy
mediated by the AMPK/ULKI/FUNDCI1 pathway.
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Table 2 Effect of Liuwei Dihuangwan on total distance traveled, average speed, distance in central area and time spent in central area of

ASD rats in open field test (x+s,n=6)
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Fig. 1 Effect of Liuwei Dihuangwan on HE staining results of frontal tissue in ASD rats (HE, x200)
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Fig.2 Effect of Liuwei Dihuangwan on mitochondrial structure in forehead of ASD rats (TEM, x6 000)
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# D 41 p-AMPK/AMPK ,p-ULK1/ULK ,FUNDC1 %
235 5 #E 7S (P<0.01) ; 48 4= % D 4 p-AMPK/
AMPK .p-ULK1/ULK .FUNDC1 % 1 # ik 5 H 4 2y
W 2H 35 T (P<0.01) . WL 4 .35,
4 iFig
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3 ABRME A ASD K R ATH/N R R AR W Iba-1 £ EEIHME (IO, x400)
Fig. 3 Effect of Liuwei Dihuangwan on staining of forehead microglia marker Iba-1 in ASD rats (IF, x400)

R3 AURHE A IS ASD K BRATHU/NR B4R B AR R W Iba-1 B R
EHIEM (+s,n=3)
Table 3 Effect of Liuwei Dihuangwan on fluorescent expression

of forehead microglia marker Iba-1 in ASD rats (x+s,n=3)

21 5 /g kg Iba-1 FHE /%
A 7.67£1.20
A2 19.67+0.58%
A FE DAL 3.7x10° 9.00+1.00
7 M Hl B LA i 2 0.75 16.00+1.00*%
75 WA b B S v 59 k40 1.50 10.67+1.16

x4 NKEHEAI ASD KR BTEIA L TNF-a.1L-6 7K F K 5
(X+s,n=3)

Table 4 Effect of Liuwei Dihuangwan on levels of TNF-«a and

IL-6 in forehead tissue of ASD rats (x£s,n=3) ng- L
25 /g kg TNF-a IL-6

2 H A 52.11£0.98 30.39+0.48

700 28] 157.00£1.28”  83.11x1.34”

iR DAL 3.7x10°  73.42+2.18Y  41.07+0.51%

AR E LA AL 0.75 123.04+1.36"%  72.53+1.17%%

ANEHE LA R4 1.50 99.06+38.40"% 48.69+0.51"¢

ASD f FEAR ARG e R B 2 Rk i 4
WRESSHENE 5 & ARG AR H, N
ASD /LR HLEE AL , e 2 R IR IR %
PerE L H OGHE N 3 3 A2 AR AE IR

ABESEHE TR B o, I AE O 5 T B, 4
AN UK £ B B9 R0 R I RO B Y 22 i 44
Tr N R M B ALREATIRIT o AR BILIE ALy
CNILZGUE AR ), 2 B TS PR (2R

p-AMPK [ B | 63kDa

AMPK S S S S e 63 kDa

p-ULK1 - M e | 113 kDa

ULKL | i A a— 11 (D

FUNDCI | s B | 17kDa

practin M M S A S 2 D:

A B c D E
Bl 4 HMHKXRWEH AR p-AMPK, AMPK. p-ULKI, ULKI1.
FUNDC1E B RiEH%
Fig. 4 Electrophoresis of p-AMPK, AMPK, p-ULK1l, ULK1

and FUNDC1 protein expression in forehead tissue of rats in each

group
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I, B3t P 28 T 2R R Ty BB T 5 Rl 25 AN 1 O
PE . 7S WK b ¥ 17 BB 0% R T DD R BUSE M i
X1 48 Ak 7 3K S, B AMPK 8% 55 5 I T E, Al

.57.
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£5 AKMBEHIT ASD K RBTHAL p-AMPK/AMPK . p-ULK1/ULK1.FUNDC1 E B R EWEIE (x+s,n=3)
Table 5 Effect of Liuwei Dihuangwan on expression of p-AMPK/AMPK, p-ULK1/ULK1 and FUNDCI protein in forehead tissue of ASD

rats (x+s,n=3)

4153 fl /g kg'  p-AMPK/AMPK AMPK/B-actin p-ULK1/ULK ULK 1/B-actin FUNDC 1/B-actin
=4 2.36+0.01 0.16+0.01 1.59+0.01 0.84+0.02 794.78+1.16
0 2 0.48+0.01> 0.19£0.01> 0.34+0.01> 0.88+0.03" 168.95+0.83>
4 R D4 3.7x10° 1.89+0.01% 0.18+0.01 1.05+0.01% 0.91+0.02" 555.01+0.76"
7N IR b B HLALR ) A 21 0.75 0.79+0.01+% 0.19+0.01 0.52+0.01%% 0.98+0.02* 252.03+0.50%°
7N W b B L v 7 A A 1.50 1.15+0.0149 0.17+0.00** 0.81+0.01*% 0.90+0.01 346.93+0.54%%

K 2(Nrf2) 3R IA W00 B 5 10 R - 38
(GSK-3 )W MK, TR AR AT R

LORLAR A WA T 0 2R A R AE A AR
2 2 R R 3 AR Y, B MR AR AR T B AR
oAz 2] [ L A P RLE T, AMPK 2 5 | R 1R
55 R R B I T A AR Y AN B RE K T T R
B, AMPK 28 b i s 9% X 0 5 R A= A8 B 00G o I
b i) AMPK G i i A6 7 56 5 ULK 1 B 3245 A fE 4y
FE ST ULK L F 47 85 8 1h - 38 ik L 380l 7% 4
YOI Y ULK L DA 40 i o 55 0 2 1] 8 3% 014l 2 T 2k biE
A AR R T, L C i 1) 2R AR S 37 25 4 358 5 A1 B
POk TSR 0 45 4, S ULK L A5 2ok AR 19 45 S5 1k
B AL T ZORLR S IR ULK L 3 — 25 85 R 1k
FUNDCI1, % & H C o i i A C 8 1 1 B 55 3
(LC3)AH B A/E H X 3, iz X3 0] 5 [ bR B 1A
LC3 R A6 LR S A BB AR
WG S5 G, IF R A WA R Y A e 5 e B L OGS Y
SEA DY R AR v, SRR F w2 i p 22
U3 R i E ST ANy 51 AT R TR O R P R b
AR AR 3 e 22 g E ASD R B CE

VPA J& — Fl 21 8 11 & £ T A i 00 3 550 R s
-3 T8 BH A R I DR 322 TR BRI Rk e
FEIRITEY . ASD I A% 0 i BHLRRAIF 40 2 ORE 1R T B B
B g fah S R R R 5 VPA B AE
B B G, WS AR WL, VPA AT o A
/RN =W (AT AN~ o VA NI A T
AMPK # 1M 45 H W5 iR 42 . 53 5b, VPA I S ASD
FE AR Y BRAE T 47 Hb AR B /3R WL 35t AR Y R
ASD R 12, HAT 5 N2 ASD AR B9 MR 40 i L9
HER AL RN A B B Sh A L AT R
W3 5 T VPA H AR =4 41 28 S 560 56 4G U
s EE 2RI AEER
I HAEA 5 ASD A I B E 45 LA S0 B A
A WFSE 38 i VPA JE 0 TE TR #E ASD R BB A, 45
S I 7R B Y 2 R B3R B 4RSS AT Ol Ak B R A

. 58 .
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BT e 18 B 25 R — 2. %A K BRUET A p-AMPK/
AMPK ,p-ULK1/ULK1 .FUNDCI1 & H £k T [, 4%
B B2 WL 56T UL AR AR b e s T 2R K | W A
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