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Consequently, considering the involvement of mitochondrial 
dysfunction and inflammatory responses in the expansion of cerebral 
I/RI, we aimed to evaluate the protective impacts of SONL on cerebral 
infarction outcomes, mitochondrial function and biogenesis, and the 
levels of pro-inflammatory cytokines, and explore the role of mK-ATP 
channels in these effects.

Materials and Methods
Animals and ethics

Thirty-six Sprague-Dawley rats between 250 and 300g for each 
experiment were obtained from the University Laboratory Animal 
Center and kept at standard animal house temperature of about 
24℃ and humidity of 55% in a 12-h cycle of lightness/darkness. All 
procedures of animal research and handling were performed based on 
the approval of the University Animal Ethics Committee.

Modeling of cerebral ischemia/reperfusion injury and animal 
grouping

The middle cerebral artery occlusion (MCAO) model was 
performed to establish cerebral I/RI based on the previous study 
[15]. At a brief, the rats were anesthetized with chloral hydrate (400 
mg/kg, intraperitoneally). After exposing the right carotid arteries, a 
monofilament thread with 0.234 mm in diameter and a rounded tip 
was guided into the internal carotid artery through the trunk of the 
external carotid artery and mildly advanced for a length of 18-20 mm 
from the bifurcation to block the middle cerebral artery origin. The 
thread was kept in place for 2 hours and then it was withdrawn to start 
reperfusion. A heating pad was utilized to keep body temperature at 37-
37.5°C throughout the experiment. Rats were sacrificed 24 hours after 
postoperative recovery under anesthesia for sampling. Sham-operated 
rats went through the same surgery except for artery occlusion. Rats 
with considerable bleeding and hemorrhage and premature death were 
excluded from the study.

Rats were randomly allocated into the following six groups 
(n=6): 1) Sham; 2) I/R; 3) I/R + SONL10; 4) I/R + SONL50; 5) I/R + 
5HD; and 6) I/R + 5HD + SONL50. In the SOLN-receiving groups, 
sonlicromanol was intraperitoneally administered to rats at the dosages 
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to β-actin intensities.

Statistical analysis

The data were reported as mean ± SD. One-way analysis of variance 
(one-way ANOVA) and Tukey post hoc test was employed to analyze 
the statistical differences between the groups. The minimum level of 
significance was considered at the alpha level of 0.05.

Result
The neuroprotective action of SONL
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μM significantly elevated I/R-induced reduction of MnSOD (p<0.001). 
However, administration of 5HD to inhibit mK-ATP channels 
significantly hindered the effect of the drug on the MnSOD level, as 
compared with the IR+SONL50 group (p<0.05).

Effect of SONL on the mitochondrial biogenesis proteins

Following in vivo cerebral I/R injury in rats, the protein expression 
of proteins regulating mitochondrial biogenesis (PGC-1α, NRF1, and 
TFAM) decreased significantly (p<0.001). Administration of SONL at 
10 μM was not capable to reduce I/R-induced reduction of proteins 
expression. However, the expression levels of PGC-1α (p<0.001), NRF1, 
and TFAM (p<0.01) were significantly upregulated after administration 
of SONL at 50 μM, compared to the I/R group. Blocking of mK-ATP 
channels by 5HD significantly prevented the effects of SONL at 50 μM 
on the expression of these proteins as compared with the I/R+SONL50 
group (p<0.05) (Figure 4).

Effect of SONL on the proinflammatory cytokines

As shown in Figure 5, the production of proinflammatory cytokines 
TNF-α, IL-6, and IL-1β was significantly amplified after induction 
of cerebral I/R injury in rats compared with that in the sham group 
(P < 0.001). SONL at 10 μM did not affect the level of TNF-α, but it 
significantly reduced the production of IL-6 and IL-1β, in comparison 
to the I/R group (p<0.05). Compared with the I/R group, a significant 
downregulation of the proinflammatory cytokines was observed in 

brain tissues of the rats after administration of SONL at 50 μM group 
(p<0.01 and p<0.001). Furthermore, blocking of mK-ATP channels 
remarkably eliminated the antiinflammatory actions of SONL 50 μM 
in the cerebral I/R setting (p<0.05 and p<0.001).

Discussion
Post-conditioning of rat brains with SONL significantly diminished 

the I/RI-induced cerebral infarcted volumes and neurological deficits 
in a dose-dependent manner. SONL at 50 μm markedly improved 
mitochondrial function and upregulated the expression of PGC-α, 
NRF1, and TFAM biogenesis proteins. It also reduced the production of 
cerebral inflammatory cytokines and inhibited mitochondrial oxidative 
stress. Blockade of mK-ATP channels by 5HD significantly suppressed 
the neuroprotective, anti-inflammatory, and mitochondrial boosting 
effects of SONL. Our findings provided evidence that strengthening 
mitochondrial activity in cerebral cells by SONL may be a promising 
strategy to prevent cerebral I/RI.

Owing to extensive function, mitochondria in cerebral tissues 
have a special role in protecting them against fatal I/RI outcomes 
[4]. Under normal activity of mitochondria, cellular oxygen is used 
mostly for mitochondrial reduction-oxidation processes, reducing 
the likelihood of high mitochondrial ROS production and increasing 
the expression of endogenous antioxidative enzymes like MnSOD 
[18]. Otherwise, mitochondria become dysfunctional with the 

Figure 3: The actions of SONL on mitochondrial MnSOD level following cerebral I/R injury in each group (n=6).
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