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Effect of Anmeidan in Ameliorating Neuronal Synaptic Structural and Functional

Impairment in Aged Sleep Deprivation Model via EphA4/ephrinA3 Signaling Pathway

ZHANG Junlu', XIE Guangjing"*", WANG Ping'~
(1. Engineering Center of the Ministry of Education, Hubei University of Chinese Medicine, Wuhan
430065, China; 2. Hubei Shizhen Laboratory, Wuhan 430065, China)

[Abstract] Objective: To investigate the effects of Anmeidan (AMD) on protein expression of the ephrin type-A receptor
4 (EphA4)/ephrinA3 signaling pathway and synaptic structural function in an aged sleep deprivation model. Methods: Seventy-
two 18-month-old aged mice were randomly divided into a blank group, a model group, AMD high-, medium-, and low-dose
groups (26.26, 13.13, 6.565 g-kg'-d"', respectively), and a melatonin group (1.3 mg-kg'-d'), with 12 mice in each group.

Cognitive function was assessed using the novel object recognition test. Hematoxylin-eosin (HE) staining was used to observe cell
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number and morphology in hippocampal tissues, and Nissl staining was performed to examine cellular structure and quantify Nissl
bodies. Transmission electron microscopy was used to observe synaptic ultrastructure, with emphasis on changes in synaptic
morphology and structure. Western blot was employed to detect the expression levels of EphA4, ephrinA3, brain-derived
neurotrophic factor (BDNF) , glutamate aspartate transporter (GLAST) , glutamate transporter-1 (GLT-1) , growth-associated
protein 43 (GAP43) , postsynaptic density protein 95 (PSD95) , and synaptophysin (SYN) in hippocampal tissues.
Immunofluorescence double labeling was performed to co-stain EphA4 and ephrinA3 with glial fibrillary acidic protein (GFAP)
and neuronal nuclei antigen (NeuN) , respectively, to observe the colocalization of target proteins with neurons and astrocytes.
Results; Compared with the blank group, the model group exhibited increased exploration time of familiar objects (P<0.01) ,
while exploration time of novel objects and the recognition index were decreased (P<0.01). The number of neurons in the CA1,
CA3, and dentate gyrus (DG) regions of the hippocampus was reduced, Nissl bodies were decreased, and synaptic structures were
damaged. Protein expression levels of BDNF, GLAST, GLT-1, GAP43, PSD95, and SYN in hippocampal tissues were
decreased, whereas the expression levels of EphA4, ephrinA3, and GFAP were increased. Compared with the model group, the
AMD low-, medium-, and high-dose groups and the melatonin group showed increased exploration time of novel objects and
higher novel object recognition indices (P<0.01) , along with significantly reduced exploration time of familiar objects (P<0.01).
Neuronal damage in the CA1 and DG regions was ameliorated, the number of Nissl bodies in the CA1 region was increased, and
organelle and synaptic structural damage was alleviated. Protein expression levels of BDNF, GLAST, GLT-1, GAP43, PSD95,
and SYN were increased, and protein expression levels of EphA4, ephrinA3, and GFAP were decreased (P<0.05, P<0.01).

Conclusion: AMD can regulate protein expression of the EphA4/ephrinA3 signaling pathway in an aged sleep deprivation model,

enhance synaptic protein expression, and improve neuronal synaptic damage.
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4 5] /g kg TH P PR 4R R W (1) /s B R R T /s ARS8 B0/ %
EEE 32.87+0.59 44.49+2.24 57.50+1.35
LAY 2 43.39+0.72" 21.15+0.49" 32.70+1.35"
BEEFHIC ) 2 21 6.565 41.67+1.10% 31.88+0.63% 43.50+0.71%
TP b 2 13.13 37.88+0.90% 36.15+0.85% 48.80+0.92%
SRS e ) A 26.26 33.51+0.73% 44.81+1.60% 57.30+1.06%
i 0.001 3 33.10+0.67% 44.07+2.81% 57.10+1.66%

VB 52 4L B VP<0.01; 5 BRI ZH L 4% 2 P<0.05,3 P<0.01(F£ 2- 5[])

3.2 EEEFE R A R B R A AL R A & TR S
SERG R 23 AL T 41 2R 4 T 4N i HE 5 8
FEA T, S50 S8 R A0 A S L SR R 2,
JCBA 5 4% i 5 0 R R K M 5 s A b A, R
/N B D CAL X \CA3 X FI DG X i 28 0 41 it %%
D B TT WK M A RV MR R S HE
G TR AR R 2 L AR, RR R ER 2 R PRI
i R R 2N B B 414 CALIX R DG X #4800
Y Jif 45 4 FH X 58 B, 40 R 05 A B0 e, MR E
B A5 B A ) AR B 22 i, L v 22 R PH v R o 2 R AR
M S SO AT BIR T 4 4 CA3 XM & JT 4
M2 R EGIFE L. WE 1,

3.3 EEFE R A i AR R 2 AR LN BRI T 2 2 e
R sZm 25 H4Lnl Wi S 8UVH B 2 & oo
A, HES B A N AR Z e IRk B
CBREACIRT B A R B AT CALIX (CA3
X F1 DG X HE 14 21 B %5 i 2% % 2k (P<0.01), JB [
PR B KM B AR TR SRR LR, 22
BEFE L AR R A R R R R AL B T A4
CAT X Pf 28 70 4 i 45 5 AR U3 22 (P<0.01) , 48 B 9
Je IR/MERCE S 2 SRR B RIS A S
CA3 X 5 DG X JE [R/IMASU i 2 R T g it & L,
HRR 20 CA3 X 4 ML % 25 5 HA it 2% & L (P<

0.05). WWKl2.5&2,
3.4 LR PR R AT R R SR A N B 28 00 2 i
ABTRAE R R R S AL ROk R 75 45 F T Il o
ML BT R TR A A A, 5
25 VA L3, RS T A R A i ik, A A T AR L LY
2 L 25 3 20 v R AT B IR0 Rl 2R T 2 il g el AR
B 5% RN B 28 T 58 AR S AR e, 28 kIR BUR )
JoT Y I8 A i, % S A 00 % R I S R A R AL A L
B, R A PR b AR A ORI 45 75
FI N [R] ) 28 gt , U T 41 205 fio R ok 245 A8 41 405 o
T2 fifk 5 fiuh 505 ) J5T 0 /D 5 B P A L i 2 A R AR IR A
EH s, WK 3,
3.5 % RRF X AF R IR E) ZF B A )N B EphA4/
ephrinA3 5 5B K T RAWFEW S04
B MR 20 ¥ Th 2H 41 EphA4  ephrinA3 2 [ % ik K F
WBETE (P<0.01) ; SERIA o, R FHIK P &
I 5 2H FIBR B 3R 2t 3 B IR EphA4 2R 1 Y R 3A K
- (P<0.01) 542 5 PHIK L o 5% 5 21 ephrinA3 8 H &
IKIKAF- 22 S5 TR GE i 2R B X, 2R PF v R e A1 AR 2R
4 W] B %K ephrinA3 % (£ 35 /K F (P<0.05,
P<0.01). WLE4. %3,
3.6 LR FE X A B U R 2 AR AR )N B2 g T i AH
KEAREIMFEW S5 HE, KBS
. 39 .



32 B 6 W
202643 H

HESXBARFRE

Chinese Journal of Experimental Tradmonal Medical Formulae

Vol. 32,No. 6
Mar. ,2026

A B C

25 4 B AL  C 2SR PHIRN B 4L DL 2R P D5 ik 20 5 B 22 S0 770 ek 2 5 FL AR PR R AL (11 2= 7 [l )

E1 ZHEAMNZEEBRINFEENRBINRFEHHIM (HE, x400)

Fig. 1 Effect of AMD on hippocampal region in mouse model of elderly sleep deprivation (HE, x400)
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Fig. 2 Effect of AMD on results of Nysted staining in hippocampal region of mice in elderly sleep deprivation model (Nissl, x400)
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Table 2 Effect of AMD on number of neuronal cells in hippocampal regions of aged sleep deprivation model mice (x+s,n=3) A
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B3 ZREAMNZEERIFEENREDSHETRMBDEEHRM GBS, =10 000)
Fig. 3 Effect of AMD on synaptic microstructure of neurons in hippocampal tissue of mice with aged sleep deprivation model
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Fig. 4 Electrophoresis of EphA4 and ephrinA3 protein
expressions in each group of mice SYN -“ --. 38 kDa
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Fig. 5 Electrophoresis of expression of synaptic function-related

Table 3 Effect of AMD on protein expression levels of EphA4 and

ephrinA3 in aged sleep deprivation model mice (x+s,n=3)
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[E S 0.001 3 0.98+0.03" 0.75+0.02% WY o0 T R O 2K FF P BOAY B AR 2

O ESERRE . TP AS KA TR A AL
4 41 EphA4  ephrinA3 Il GFAP % 1353k B 35 T+ R g5 A7 B 5 A A R ) AR i DA £ L T
NeuN £ FH %5 % 0 EphA4/NeuN L Je R ik DIARA H RERE 58 45 ST 0 & 2 )5 I PSR
L FE BN (P<0.01) ,{H ephrinA3/GFAP & [tk Y % ik 111 O e W S = L i e = I Rl Ve o
ZER TG L AL LR, AR P EphA4. A A MR R S 2 AU A< ot B PH 25 B B R o Bt
ephrinA3 fl GFAP 5 (R A it 0 HFEAL, NeuNE AR Z I B R0, 25 1 o0 < 7 m L B BE 4% i 2 ) A
KB E S EphA4/NeuN R L 63k B W/ (P< IR — R B0 A B Ak, i 58, R IR % . &
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x4 RHEAWNEFEEFSHEE/NER BDNF.GLAST.GLT-1.GAP43.PSD95.SYN E AR IXHF MM (¥+s,n=3)
Table 4 Effect of AMD on expression levels of BDNF, GLAST, GLT-1, GAP43, PSD95, and SYN protein expression in aged sleep

deprivation model mice (x+s,n=3)

215 /g kg BDNF/GAPDH GLAST/GAPDH GLT-1/GAPDH GAP43/GAPDH PSD95/GAPDH SYN/GAPDH
25 H4 0.95+0.04 1.05+0.12 1.08+0.02 1.3140.05 1.30+0.08 1.05+0.01
LR 4] 0.27+0.08" 0.42+0.03" 0.35+0.06" 0.280.06" 0.65+0.03" 0.52+0.03"
LS HIL ) A 6.565 0.33+0.02 0.56+0.08 0.54+0.01> 0.66+0.01% 1.01£0.02” 1.12+0.08>
GRS lEA 1313 0.34+0.03 0.60+0.04> 0.50+0.07> 0.67+0.07> 1.08+0.06> 1.14+0.05>
GHEPFE A d 2626 0.47+0.07% 0.88+0.03" 0.60+0.05" 0.84+0.07 1.21£0.03Y 0.48+0.03
MR A 0.001 3 0.56+0.01" 1.01+£0.05V 0.62+0.06" 0.85+0.06 1.30+0.04” 1.42+0.029

£S5 ZHRAMZFEIRFFEE/NER NeuN . EphA4 . GFAP . ephrinA3 E B RIABFIM (x+s5,1=3)
Table 5 Effect of AMD on expression of NeuN, EphA4, GFAP, and ephrinA3 proteins in aged sleep-deprived model mice (x+s,n=3)

21 5 FlH /g kg NeuN EphA4 GFAP ephrinA3 EphA4/NeuN  ephrinA3/GFAP
ekl 49.64+2.82 6.11+0.65 3.40+0.12 6.23+0.16 1.26+0.02 0.02+0.01
T I 2] 13.5240.51" 48.89+0.72" 27.23+0.23" 25.98+0.21" 21.23+0.23" 0.03+0.02
LR PHIG R R A 6.565 23.01£0.44>  39.37+0.61% 14.78+0.83% 18.27+0.33% 12.03£0.16% 0.01+0.01
LR R A 13.13 25.56=1.26"  29.80+0.82” 10.63+0.26% 13.09+0.72% 11.42+0.18Y 0.02+0.01
g SR R 26.26 28.84+0.94"  20.38+0.11% 8.92+0.58% 9.82+0.39" 9.84:+0.20% 0.03+0.01
BB A 0.001 3 28.10£0.70  21.73+0.53% 6.23+0.92% 8.22+0.67% 9.89:0.67% 0.04+0.01

DAPI

NeuN

EphA4

Merge

A B C D E F

6 REANEEBIRFZTHEUNT EphAd 5 NeuN F AR IZHI I (HE29¢6, x500)
Fig. 6 Effect of AMD on expression of EphA4 and NeuN protein in aged sleep deprivation model mice (IF,x500)
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Fig. 7 Effect of AMD on expression of ephrinA3 and GFAP protein in aged sleep deprivation model mice (IF,x500)
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