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ABSTRACT Objective: The aim of this study was to investigate the effects of Flunarizine
hydrochloride on oxidative stress, expression of inflammatory factors, and neurological function in rats
with cerebral hemorrhage, as well as to explore its preliminary mechanisms of action. Methods: Rats were
divided into the sham surgery group, model group (rats with cerebral hemorrhage), low-dose treatment
group (rats with cerebral hemorrhage, treated with 0.6 mg/kg of Flunarizine hydrochloride), medium-dose
treatment group (rats with cerebral hemorrhage, treated with 1.2 mg/kg of Flunarizine hydrochloride), and
high-dose treatment group (rats with cerebral hemorrhage, treated with 2.4 mg/kg of Flunarizine
hydrochloride). After intervention, neurological function was first assessed using a neurological function
score. Subsequently, brain tissue water content was measured, and the levels of SOD, MDA, and
GSH-PX in brain tissue were detected using assay kits. Flow cytometry was used to evaluate neuronal
apoptosis, qRT-PCR was performed to measure TNF-a, IL-6, and IL-13 mRNA levels in brain tissue,
and Western blotting was conducted to assess the protein expression levels of Bax, Bcl-2, and NF-«kBp65
in brain tissue. Results: Compared with the sham surgery group, rats in the model group showed
decreased neurological function scores, increased brain tissue water content, decreased SOD and GSH-PX
levels, increased MDA levels, increased neuronal apoptosis, elevated mRNA levels of TNF-a, IL-6, and
IL-1B, and increased protein expression levels of Bax and NF-kBp65, along with reduced Bcl-2 protein
expression. In comparison to the model group, rats in the low-dose, medium-dose, and high-dose
treatment groups exhibited improved neurological function scores, reduced brain tissue water content,
increased SOD and GSH-PX levels, decreased MDA levels, reduced neuronal apoptosis, lowered mRNA
levels of TNF-a, IL-6, and IL-1B, and decreased protein expression levels of Bax and NF-kBp65, while
Bcl-2 protein expression was increased. Notably, the high-dose treatment group showed the most
significant intervention effects. Conclusion: The Flunarizine hydrochloride ameliorates oxidative stress,
reduces the release of inflammatory factors, and attenuates neuronal apoptosis in rats with cerebral
hemorrhage, thereby lowering brain tissue water content and improving neurological function. The
mechanism could be potentially associated with the inhibition of the NF-«kB signaling pathway.
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Table 1 Neurological function scores and brain tissue water content in rats after treatment with flunarizine hydrochloride

Groups Modified Garcia score Brain tissue water content
Sham surgery group 17.83+ 0.39 0.71+ 0.03
Model group 5.25+ 0.62* 0.83+ 0.03*
Low-dose treatment group 8.33+ 0.89* 0.77+ 0.01*
Medium-dose treatment group 13.33+ 1.07*%* 0.74+ 0.02"

High-dose treatment group

15.92+ 1.5]*%

0.71% 0.01%

Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, *P<0.05;

Compared with the low-dose treatment group, *P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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Table 2 SOD, MDA and GSH-PX levels in rat brain tissue after treatment with flunarizine hydrochloride

Groups SOD (U/mg) GSH-PX (U/mg) MDA (nmol/mg)

Sham surgery group 196.05+ 13.01 271.91+ 21.82 5.29%+ 0.38
Model group 101.24+ 9.37* 164.85+ 13.17*% 12.49+ 1.01*
Low-dose treatment group 124.90+ 9.52%* 182.86+ 14.06* 9.65% 0.58*

Medium-dose treatment group 156.56+ 12.39%#%

High-dose treatment group 182.58+ 14.55%

204.16% 12.74* 7.58% 0.79*%

243 .53+ 20.00%* 5.81% 0.44%:

Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, *P<0.05;

Compared with the low-dose treatment group, #P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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Fig.1 Western blot detection of Bax and Bcl-2 protein expression in rat brain tissue
after treatment with flunarizine hydrochloride
Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, “P<0.05;
Compared with the low-dose treatment group, “P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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Table 3 Neurocyte apoptosis rate and, Bax and Bcl-2 protein expression levels in rat brain tissue after treatment with

flunarizine hydrochloride

Groups Cell apoptosis rate (%) Bax Bcl-2
Sham surgery group 4.02+ 0.24 0.24+ 0.03 0.89+ 0.08
Model group 42 .44+ 3.12% 0.94% 0.09* 0.15+ 0.02*
Low-dose treatment group 31.30% 2.21% 0.63+ 0.05* 0.27+ 0.02%
Medium-dose treatment group 22.21% 1.20%*% 0.43% 0.04*% 0.39% 0.03**
High-dose treatment group 13.06+ 1.28%%: 0.32% 0.02%: 0.70% 0.06%*":

Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, “P<0.05;

Compared with the low-dose treatment group, “P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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Table 4 mRNA expression levels of TNF-a, IL-6 and IL-1B3 in rat brain tissue after treatment

with flunarizine hydrochloride

Groups TNF-a mRNA IL-6 mRNA IL-13 mRNA

Sham surgery group 1.01£ 0.11 1.00% 0.10 1.00+ 0.10
Model group 2.68+ 0.30* 3.20% 0.23* 1.86% 0.12*
Low-dose treatment group 2.13% 0.16* 2.35% 0.13* 1.46% 0.12*
Medium-dose treatment group 1.54% 0.12%% 2.04% 0.11%% 1.25+ 0.10%*
High-dose treatment group 1.18% 0. 11" 1.48+ 0. 13%% 1.04% 0.09%:

Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, *P<0.05;
Compared with the low-dose treatment group, “P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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Fig.2 Western blot detection of NF-kBp65 protein expression in rat brain tissue after treatment with flunarizine
hydrochloride
Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, “P<0.05;
Compared with the low-dose treatment group, “P<0.05; Compared with the medium-dose treatment group, ¢ P<0.05.

RS RBAEAMNKRBTEAXRMALRF NF«Bp6s BB RIEKF

Table 5 Expression levels of NF-kBp65 protein in rat brain tissue after treatment with flunarizine hydrochloride

Groups NF-«Bp65

Sham surgery group 0.25+ 0.02
Model group 0.84+ 0.08*
Low-dose treatment group 0.67+ 0.04**
Medium-dose treatment group 0.46% 0.04*<
High-dose treatment group 0.33+ 0.03**%

Note: Compared with the sham surgery group, *P<0.05; Compared with the model group, “P<0.05; Compared with the
low-dose treatment group, *P<0.05; Compared with the medium-dose treatment group, * P<0.05.
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