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[Abstract] Objective: To observe the effects of Tongmai Kaiqiao pills on the hypoxia-inducible factor-

la (HIF-la)/adenovirus E1B 19 kD-interacting protein 3 (BNIP3) signaling pathway and mitochondrial
autophagy in the hippocampus of the rat model of vascular dementia (VD). Method; Ninety male SD rats
underwent adaptive feeding for one week before the study. Ten rats were randomly assigned to the sham group,
where the common carotid artery was isolated without ligation. The remaining rats were subjected to sequential
ligation of the common carotid artery for the modeling of VD. The successfully modeled rats were randomly
assigned into the following groups: model, high- , medium- , and low-dose (27.6, 13.8, 6.9 g-kg',
respectively) Tongmai Kaiqgiao pills, donepezil hydrochloride (0.45 mg-kg"), and combination (27.6 g-kg'
Tongmai Kaiqiao pills + 2.5 mg-kg"' HIF-1a inhibitor YC-1) groups. After 4 weeks of treatment, samples were
collected. Nissl staining and hematoxylin-eosin staining were performed to observe the loss of neurons and
pathological changes, respectively, in the hippocampal region. Western blot was employed to determine the
protein levels of HIF-1a, BNIP3, Beclin-1, and microtubule-associated protein 1 light chain 3B (LC3B) in the
hippocampal tissue. Transmission electron microscopy was used to observe the mitochondrial ultrastructure and
the number of autophagosomes in the hippocampal tissue. Immunofluorescence was employed to observe the
fluorescence intensity of HIF-1a, BNIP3, and LC3B in the hippocampal tissue. Result: Compared with the
sham group, the model group showed prolonged escape latency (P<0.01) , decreased number of platform
crossings (P<0.01), reduced and disarranged neuronal layers in the hippocampal region, decreased number of
Nissl bodies, disrupted mitochondrial cristae, damaged mitochondrial double-membrane structures, increased
number of autophagosomes, upregulated expression of HIF-la, BNIP3, beclinl, and LC3B (P<0.05, P<
0.01), and enhanced fluorescence intensity of HIF-1ae, BNIP3, and LC3B (P<0.05, P<0.01). Compared with
the model group, Tongmai Kaiqiao pills and donepezil hydrochloride shortened the searching time for the
platform (P<0.01) and increased the number of platform crossings ( P<0.01). Moreover, the drugs increased the
number of neurons with normal morphology and orderly arrangement and the number of Nissl bodies, alleviated
the damage, increased the number of autophagosomes, upregulated the expression of HIF-1aw, BNIP3, Beclinl,
and LC3B (P<0.05, P<0.01), and enhanced the fluorescence intensity of HIF-1ae, BNIP3, and LC3B (P<0.05,
P<0.01). Compared with high-dose Tongmai Kaigiao pills, the combination group prolonged the escape latency
(P<0.01), reduced the number of crossing platforms (P<0.01), decreased the number of hippocampal neurons,
aggravated the damage, decreased the number of Nissl bodies and autophagosomes, downregulated the
expression of HIF-la, BNIP3, beclinl, and LC3B (P<0.01) , and decreased the fluorescence intensity of
HIF-1a, BNIP3, and LC3B (P<0.01). Conclusion: Tongmai Kaigiao pills may activate the HIF-1a/BNIP3
signaling pathway to promote the occurrence of mitochondrial autophagy, clear damaged mitochondria, provide
energy for healthy cells, reduce neuronal cell death, and restore the brain function, thereby reducing ischemic
damage to the hippocampal tissue, improving learning and memory abilities, and exerting therapeutic effects on
VD in rats.
[Keywords] Tongmai Kaiqiao pills; vascular dementia; mitochondrial autophagy; hypoxia-inducible

factor-lae (HIF-1a)/adenovirus E1B 19 kD-interacting protein 3 (BNIP3) signaling pathway
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Table 1 Effect of Tongmai Kaiqiao pills on evasion latency and

crossing platform times in VD rats (x+s,n=10)
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E1 BERFFANVDAREDSXFERGAZNE (HE,*400)

Fig. 1 Effect of Tongmai Kaiqiao pills on pathological damage in hippocampal region of VD rats (HE, x400)

E2 BEHRASANVDARREBEIXRBRMEAHZI (JERY A, x200)

Fig. 2 Effect of Tongmai Kaiqiao pills on Nissl bodies in hippocampal region of VD rats (Nissl staining, x200)
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s B c b E r G 9 SR 3 A 2, R DU 5 A T DL XU 2

E3 &EKXHREDHIF-1a.BNIP3.Beclin-1.LC3B & & % ik B ik LA Ry i ke R RS R NG R T QN RSN
Fig. 3 Electrophoresis of protein expression of HIF-1a, BNIP3, %%%ﬁl_‘ \Hﬁ%&{ﬁ 5!% \éjz *ﬁﬁiﬁﬁﬂ’}\ , gjz *jzﬁg%} 193

Beclin-1, and LC3B in hippocampus of rats in each group

TR = = VAN NS T At I =N | B |
Z AR ST 4 LR, 3 DK I 55 b ) 1 4 K R ML 2 BWRSFAHL R RIS IER AT WLEEWA
*2 BERASHANKREDEAL HIF-1a .BNIP3,Beclin-1.LC3B. B AR EMZM (X+s,1n=3)

Table 2 Effect of Tongmai Kaiqiao pills on expression levels of HIF-1a, BNIP3, Beclin-1, and LC3B proteins in hippocampal tissues of

rats (x+s,n=3)

2151 Fl /g kg HIF-1e/GAPDH BNIP3/GAPDH Beclin-1/GAPDH LC3B/GAPDH
BF A4l 0.30+0.19 0.30+0.12 0.42+0.05 0.29+0.04
F R 2 0.61+0.18" 0.68+0.13% 0.720.05% 0.62:0.05%
38 Jhk FF 25 AL A 4 27.6 1.11£0.12% 1.15+0.08" 1.14+0.07Y 1.20+0.13¥
30 kT 25 AL A 13.8 1.00+0.17¥ 0.91+0.13¥ 1.01£0.04" 0.94:+0.14%%
3 kT B LA A 6.9 0.91+0.08" 0.73+0.07" 0.86+0.05>% 0.83+0.20>%
PN EZNE g 4.5x10™* 1.00+0.12% 0.99+0.04" 1.11+0.10% 1.22+0.10"
A N] 27.6+2.5%107 0.71£0.217 0.52+0.15" 0.85+0.16" 0.71+0.15"

DAPI

HIF-1

BNIP3

LC3B

Merge

B4 @ERKFEAN VD AREDE HIF-1a . BNIP3 LC3B RE WK REMHM (HE50, x400)
Fig. 4 Effect of Tongmai Kaiqiao pills on immunofluorescence expression of HIF-1a, BNIP3 and LC3B in hippocampus of VD rats
(TF, %400)
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R3 BERFSFAN VD KXRiESX HIF-1a .BNIP3LC3B RE WX RIAFMR (x+5,n=3)
Table 3 Effect of Tongmai Kaiqiao pills on immunofluorescence expression of HIF-1a, BNIP3 and LC3B in hippocampus of VD rats (x+s,

n=3)

20 51 F 4k /g kg HIF-1a BNIP3 LC3B
BF AR 4 19.55+0.76 28.13+3.06 20.61+3.74
HEL IR 2 29.35+2.07% 37.42+3.55" 38.2242.07%
38 KT 75 e ) kA 27.6 49.27+4.94 64.92+4.91% 58.11+1.22Y
T K 5 R 4 13.8 42.30+5.0249 56.31+7.33% 50.05+3.04%>
T VK 55 AR k41 6.9 36.64+1.759 46.47+3.48>% 45.00+£2.15%9
R EZ AR U 4.5x10™ 50.85+4.13" 62.35+3.62" 58.79+3.03"
BeA A 27.6+2.5%x107 38.48+2.987 45.50+5.487 46.11+7.027

s /N A, R A s A Sy WY ., 400 40 R R 2 5 3 ik O
75 LA B 2 B 2 A D B A A B (H 2R

LA B i, RURRE 25 K AN T, ke R (R U 1 3T
K AR IR TR R . WL S,

B5 BEEASAINVDAXREIREHEBMERR BENEAIFM GF S HE, <20 000)
Fig. 5 Effect of Tongmai Kanggqiao pills on mitochondrial ultrastructure and autophagosomes in hippocampus of VD rats (TEM, x20 000)
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