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Eye acupuncture improves learning and memory in middle cerebral artery occlusion/
reperfusion rats by modulating the o7nAChR-mediated cholinergic anti-inflammatory
pathway
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[ABSTRACT] Objective To evaluate the cognitive benefits of eye acupuncture in a Middle Cerebral Artery

Occlusion/Reperfusion (MCAO/R) rat model and to determine whether its neuroprotective effects involve modulation of
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the a7-nicotinic acetylcholine receptor (a7nAChR) -mediated cholinergic anti-inflammatory pathway. Methods Fifty
male SD rats were randomly assigned to a normal group, a sham-operated group, a model group, an eye acupuncture
group, and an eye acupuncture with antagonist group. The MCAO/R rat model was induced by the modified Longa
suture method. At 24 h after modeling, rats in the eye acupuncture group received bilateral periocular acupuncture at

” ¢

the “Liver area” “Kidney area”, “Upper Jiao area” and “Lower Jiao area”, with needles retained for 30 min once daily
for 7 consecutive days. In the eye acupuncture with antagonist group , methyllycaconitine citrate (1 mg/kg) , an
a7nAChR antagonist, was administered intraperitoneally at 30 min before acupuncture; other procedures were identical
to those in the eye acupuncture group. Spatial learning and memory were assessed using the Morris water maze. Infarct
volume was evaluated by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining, and hippocampal histopathological
changes were examined by hematoxylin-eosin (HE) staining. The levels of tumor necrosis factor (TNF-o) , interleukin
(IL)-1B, and IL-6 in serum and hippocampal tissue were measured by ELISA. The mRNA and protein expression levels
of a7nAChR, choline acetyltransferase (ChAT), acetylcholinesterase (AChE) in hippocampal tissue were assessed by
gRT-PCR and Western blotting. The protein level of nuclear factor (NF)-kB-related markers was detected by Western
blotting, and the expression ratio of p-NF-kB p65/NF-kB p65 protein was calculated. Results Compared with the
sham-operated group, the model group exhibited prolonged escape latency and reduced platform crossings in the
Morris water maze (P<0.01), increased relative infarct volume (P<0.01), and hippocampal histopathological changes
including disorganized neuronal arrangement, shrunken neuronal somata, pyknotic nuclei, widened intercellular
spaces, and scattered transparent vacuolar areas. Additionally, the model group showed elevated levels of TNF-a, IL-6,
and IL-1p in serum and hippocampal tissue (P<0.01); the mRNA and protein expression levels of a7nAChR and ChAT
in the hippocampal tissue were downregulated, while the mRNA and protein expression of AChE was upregulated, and
the phosphorylation of NF-kB was enhanced (P<0.01). Compared with the model group, the eye acupuncture group
significantly reversed all the above abnormalities (P<0.05, P<0.01). After administering the inhibitor on the basis of the
eye acupuncture intervention, the effect of the eye acupuncture was weakened ( P<0.05, P<0.01). Conclusions Eye
acupuncture significantly improves learning and memory in MCAO/R rats and mitigates brain injury and hippocampal
neuronal histopathology. These effects are associated with modulation of the a7nAChR-related cholinergic anti-
inflammatory signaling pathway and inhibition of NF- kB-related inflammatory responses, supporting both
neuroprotective and anti-inflammatory actions. The findings provide preclinical experimental evidence supporting eye
acupuncture for post-stroke cognitive impairment (PSCI) and further support a pivotal role of the a7nAChR-mediated
cholinergic anti-inflammatory pathway in PSCI.

[KEYWORDS] Post-stroke cognitive impairment; Eye acupuncture; Middle Cerebral Artery Occlusion/
Reperfusion; Cholinergic anti-inflammatory pathway; Nuclear factor-kB; a7-nicotinic acetylcholine receptor
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Fig. 2 Comparison of the percentage of cerebral infarction volume of rats in the 5 groups(TTC staining,z+s, 3 rats/group)
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Fig.3 Comparison of the histopathological morphology of the hippocampal tissues of rats in the 5 groups(HE staining)
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