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Abstract: Objective To investigate whether butylphthalide regulates the expression of synaptic-related proteins through the
EphB2/ephrinB2 signaling pathway and thereby improves cognitive dysfunction in a rat model of Alzheimer's disease (AD) induced
by APi-42. Methods Male SD rats were randomly divided into seven groups: control group, sham operation group, model group,
empty vector group, solvent group, NBP (100 mg-kg™") group, and NBP (100 mg-kg ") + shEphB2 (EphB2 knockdown) group, with 8
rats in each group. After one week of adaptive feeding, rats in the empty vector group and NBP + shEphB2 group were bilaterally
injected with empty virus and EphB2 knockdown virus into the hippocampus, respectively. After waiting for four weeks for the virus
to take effect, except for the control group and sham operation group, AB1-42 oligomers (6.67 pug-uL™") 3.5 pL were bilaterally injected
into the hippocampus of rats in the model group, empty vector group, solvent group, and NBP + shEphB2 group; the sham operation
group was injected with the same volume of 0.9% sodium chloride solution 3.5 pL. Rats in the NBP group and NBP + shEphB2 group
began to receive ig administration of NBP for two weeks before the injection of APi.42 oligomers, once a day for a total of 28 days.
Water maze experiments were conducted on the 7th day after the injection of ABi-42 in all groups; hematoxylin-eosin staining was used
to observe the pathological changes of neurons in the hippocampus; transmission electron microscopy was used to observe the changes
in the structure of hippocampal neurons and synapses; Western blotting was used to detect the expression levels of EphB2, PSD95,
Syn, ephrinB2, and APP proteins in the hippocampus; ELISA was used to detect the levels of APi40 and APi42 proteins in the
hippocampus; immunofluorescence was used to observe the expression of EphB2 protein in the hippocampus of rats. Results
Compared with the model group, the escape latency in the water maze was shortened in the NBP group (P < 0.05), and the number of
times crossing the platform increased (P < 0.05); the escape latency in the NBP + shEphB2 group was longer than that in the NBP
group (P < 0.05), and the number of times crossing the platform was reduced (P < 0.05). In the hematoxylin-eosin staining experiment,
the neurons in the CA1/CA3 regions of the hippocampus in the control group and sham operation group were neatly arranged, with
complete cell structures, clear nucleoli, and distinct boundaries between the nucleus and cytoplasm; in the model group, empty vector
group, solvent group, and NBP + shEphB2 group, the neurons in the hippocampus were disordered and the cell structures were
abnormal; the pathological damage of the hippocampus in the NBP group was less severe than that in the above groups, but some
neurons were still necrotic. Transmission electron microscopy showed that the neurons in the hippocampus of the model group, empty
vector group, solvent group, and NBP + shEphB2 group presented typical apoptotic features, with blurred synaptic structures and
unclear three-layer structures; the pathological changes of neurons and synapses in the NBP group were less severe than those in the
AD model group: the nuclear morphology was basically normal, and a few synaptic structures were blurred. Compared with the control
group, the expression levels of EphB2, PSD95, Syn, and ephrinB2 proteins in the hippocampus of the AD model group decreased
(P<0.05,0.001), and the expression level of APP protein increased (P < 0.001); there was no significant difference between the model
group and the empty vector group, solvent group, and NBP + shEphB2 group. Compared with the model group, the expression levels
of EphB2, PSD95, Syn, and ephrinB2 proteins in the hippocampus of the NBP group increased (P < 0.05, 0.01, 0.001), and the
expression of APP protein significantly decreased (P < 0.01). Through the ELISA experiment, it was found that the contents of ABi-40
and APi1-42 in the model group, empty vector group, and solvent group were significantly higher than those in the control group (P <
0.001); The content of APi-40 and APi-42 in the NBP group was significantly lower than that in the model group (P < 0.001), while the
content of APi-40 and Ai-42 in the NBP + shEphB2 group was significantly higher than that in the NBP group (P < 0.001). In the
immunofluorescence experiment, EphB2 was distributed in the hippocampal tissue of all groups of rats, mainly expressed in the
cytoplasm of hippocampal neurons, and co-localized with PSD95. The level of EphB2 in the model group was lower than that in the
control group; the level of EphB2 in the NBP group was higher than that in the model group; the level of EphB2 in the NBP + shEphB2
group was lower than that in the NBP group. Conclusion NBP has an improvement effect on learning and memory impairment in AD
model rats induced by APi-42, and its mechanism may be related to the regulation of the EphB2/ephrinB2 signaling pathway, which
regulates the expression of synaptic-related proteins and thereby improves cognitive dysfunction in AD model rats.
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—) -JAHISRIEE (KO 7415 130386-1. 130387-1+
130388-1, Zi5 2058 V1. V2. V3). BAPEx iR
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B, DMRERIE R R EL, AR ERAE D IRFIRT R
FARHACUFFE T Z0MHE DL CAL XES 0.9%%FH 1k
BN 3.5 ul, X RERAANEST .

NBP 4171 NBP+shEphB2 41 KR 1E AP IF

SIHT 2 AT UAHEAT NBPig 4B, &K 1 K, HE:E
SER AR, et 28 ds WWEEAH R EREER ig 45 T5RA
FUE KM - 7E ABra S G55 7 KIF U Morris 7KK
B, AT NENRIIERR ig J5 1 h 3H7T.

NIRRT TS, BEXIRA., SE A
V1. V2. V3 (Rl ENES V1L V2, V3) 4,
4 JHJEEEE 2, SRAH Western blotting A4
EphB2 & 3Rk,
2.3  Morris KX E1TAZRM KR IAFIThEE

BEAT Morris 7KK E AT Ay, KK ib kil 7y
NANZRIR, EHA 1 ADGIRE E EERETFS.
TEAET 24 h BEATERIPEDIZR, Kbk & [ e
T5 3 RIR, P& T s HKH, AR R BB
4 ADNRIE, WEHAE 120 s WRATRER [ FR3F
G, HRKRABEMCH NG, W5 55
WmFE I EEED 10 s. FESRKE 1~5 RitfT
ENMUTINER . REKRE R EAE, KikEFa
BHTKIT 2om 4o BRI, H4 K 5 [ i B
N BECRE R Guid 38 KRR s shihid
F AR BB T & B it 1) BRI« BTl KRR IR
FERL 4 DN ZBRMAR. 7ESEI0E 6 RIAT S MERER
MR BRI A R A & HRFA R
EUE KA R Guid s R OKRAE 120 s W IiE s,
gt H g R 6 BT e X .
2.4 HARAHRESHE

1T NZESEIG A5 R 5, LRI EEAT I 2L 2R o 5 I
JEEEANEE . T, K AN E T R PR P R AR [
EWH, AT RS R R (HE) Jefh, el
JESES . [RIE, 5y B B A 245 R 2 ik
FE T IA M BT e, fERDEFA T EE
JEHB R 4 CUKFERAT, DL&ES BT RREN
R, FRBLHALGHAR GG, ET-80 CRIK
BOKFEHKIILRTE, it Western blotting. ELISA
Mg .
2.5 HE #8855 XHETHNRETL

LR AT A A SR S 4 um ELY) A
2 T HOR LS bR B EERL K . VIR AR Rt
5min, 1% BRIEKE )5 LiCOs Je ¥, e jefh
3min, BAEEZBEMLAK. THER, FrEm g s
R KU R BT R R,
2.6 BHBHRETNEEIME T RIMEWTK

Y L2 I, RN AR R U EE 31 5 I, SR R
PR B 7K o B8 J5 4 YK FH TR B/Epon-8 12 TR A TRUBR 15



FA8EFE 128 2025F 12 8

%¥r38ak A Drug Evaluation Research

Vol. 48 No. 12 December 2025 - 3509 -

i, AR IBIER, 60 CEA 48h, ) A
R geta e i fa, il 60~90 nm M),
CE T TR A R T A BR A U EE et  RUZE /K P J Tk
R
2.7 Western blotting &85 ¢H41+ EphB2.
PSD95. Syn. ephrinB2. APP EHFRIAKF

g S 2R 2 55 SR TR 1R RIPA 243005
KgEO0m i, BCA e EEARE. M
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TBST Peifk)s W & MM 4t 1 h. ECL B5)5,
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Fig. 1 Screening of EphB2 knockdown virus transfection status and knockdown rate (X £s, n=3)
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xR 1 FEXREEBRBERL (X £, n=8)
Table 1 Escape from latency in groups of rats ( X £s, n=8)
1) &/ 3t T AR/

(mgkg™) DS 2R 3R AR ERPS
payis — 41.44£5.39 30.99+3.32 21.02£2.84 17.88£2.51 12.37£2.99
BFAR — 45.04+5.95 33.81£3.01 22.69+3.03 15.54£3.70 15.26£3.60
it — 54.59+8.32" 43.38+4.94" 40.29+2.99" 39.90+3.15 39.03+4.33"
T — 56.83+7.50" 40.68+4.50" 41.44+3.09" 37.13+5.31" 36.51+2.27"
prayid — 51.91+2.54" 44.28+3.69" 41.35+6.17 35.7746.08" 33.3145.06"
NBP 100 49.27+4.26" 36.7216.51 28.80+7.01% 21.64+3.71*% 19.06 +4.50"
NBP+shEphB2 100 52.97+5.19" 41.79+2.19" 37.59+5.16" 32.71+£6.92" 30.25+6.08"¢

Sxf MR "P<<0.05; SHEMALLE: #P<0.05

; 5 NBP 4t £P<<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs NBP group.

F*x2 BHARFHIEXH (X£s, n=3)
Table 2 Number of times rats in each group crossed the

platform ( X *s, n=38)

2H 5 7l & /(mg-kg™) T & IR
paylis} — 6.25+0.94
(EER%N — 5.94+099
it — 3.19+0.85"
HEH — 241+1.32"
a3 — 3.06+0.54"
NBP 100 4.91+0.62*
NBP+shEphB2 100 3.09+1.18%¢
SR thER: "P<<0.05; HBIRALLE: *P<0.05; 5 NBP 4
b 4p<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs
NBP group.

N (P<0.05); 5 NBP 1ALk, NBP+shEphB2
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