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[ABSTRACT]

interacting protein kinase 1 (RIPK1)/receptor-interacting protein kinase 3 (RIPK3)/mixed lineage kinase domain-like

Objective To observe the effect of acupuncture on inhibiting necroptosis mediated by the receptor-

protein (MLKL) signaling pathway in rat model of ischemic stroke, so as to reveal the mechanism underlying the
improvement of ultra-time-window thrombolysis safety by acupuncture. Methods Ninety-nine male successful
modeling SD rats were randomly divided into the model, 6 h thrombolysis, and acupuncture+6 h thrombolysis groups,
with 33 rats in each group. In addition, 33 SD rats were randomly selected as the sham-operation group. Except for the
sham-operation group, rats in the other groups were subjected to the autologous thromboembolism method to establish
the ischemic stroke model. Rats in the 6 h thrombolysis group were treated with intravenous thrombolysis using
recombinant tissue plasminogen activator (rt-PA) at 6 h after the successful modeling. Rats in the acupuncture+6 h
thrombolysis group were additionally treated with acupuncture at bilateral “Neiguan” (PC6) and “Shuigou” (GV26) for
20 min after the thrombolysis. Neurological function was evaluated by Bederson score. The cerebral infarction volume
was measured by 2, 3, 5-triphenyltetrazolium chloride staining. Blood-brain barrier (BBB) permeability was detected by
Evans blue permeability assay. Brain water content was measured by the volume specific gravity method. Hemoglobin
concentration was detected by spectrophotometry. The protein expressions of RIPK1, RIPK3, and p-MLKL were
detected by Western blot. The mRNA expressions of RIPK1, RIPK3, and MLKL were detected by real-time PCR. The
co-localization of p-MLKL and endothelial cells was detected by double immunofluorescence staining. Results After
modeling, the cerebral blood flow of rats significantly decreased, and the neurobehavioral scores increased (P<0.01).
At 24 h after successful modeling, compared with the sham-operation group, the model group had a significant increase
in neurobehavioral scores, percentage of infarct volume, and BBB permeability (P<0.01), as well as an elevation in the
protein expression level of RIPK1 (P<0.05) , and the mRNA expression levels of RIPK1, RIPK3, and MLKL in the
ischemic penumbra (IP, P<0.01, P<0.05) ; increased percentage of MLKL-expressing endothelial cells in the IP (P<
0.01). Following intervention and compared with the model group, the 6 h thrombolysis group had a further increase in
BBB permeability, brain water content, and cerebral hemoglobin concentration (P<0.01, P<0.05) ; elevated protein
expression levels of RIPK3 and p-MLKL in the IP (P<0.05) ; increased mRNA expression levels of RIPK3 and MLKL in
the IP (P<0.05); and an increased percentage of MLKL-expressing endothelial cells in the IP (P<0.01). Compared with
the model group, the acupuncture+6 h thrombolysis group showed decreased neurobehavioral scores, percentage of
infarct volume, BBB permeability, and brain water content (P<0.01, P<0.05) ; decreased protein and mRNA
expression levels of RIPK1 in the IP (P<0.05); and a reduced percentage of MLKL-expressing endothelial cells in the IP
(P<0.05). Compared with the 6 h thrombolysis group, the acupuncture+6 h thrombolysis group demonstrated a
significant decrease in all the aforementioned indicators (P<0.01, P<0.05). Conclusion Timely intervention with
acupuncture can improve neurological function, reduce cerebral infarct volume, lower BBB permeability, and decrease
the incidence of thrombolytic complications in rats with ischemic stroke after thrombolysis, thereby improving the safety
of thrombolysis. Its mechanism may be related to the inhibition of endothelial cell necroptosis mediated by the RIPK1/
RIPK3/MLKL signaling pathway.

[KEYWORDS] Acupuncture; Ischemic stroke; Necroptosis; Thrombolysis safety
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