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Ischemic stroke brings a huge family and social burden. Although the reperfusion of ischemic cerebral
tissue is the most important way to rescue ischemic stroke, ischemia-reperfusion (I/R) injury further
results in brain damage and even lead to death. Recent studies demonstrated that Tongxinluo (TXL) helps
to protect the brain against focal cerebral I/R injury in rats by reducing neuronal apoptosis, and the
MEK1/2/ERK1/2/90 ribosomal S6 kinase (p90RSK) pathway may be involved in this protective effect.
Therefore, our present research was designed to identify the potential mechanisms involved. Adult male

_llf?r'lw;(’;iﬁo Sprague-Dawley rats (n = 108) were randomly divided into 4 groups: sham, cerebral ischemia and reper-
ME]?]zERI(lszORSK pathway fusion (I/R), I/R plus TXL (TXL), and TXL plus U0126, a highly selective inhibitor of MEK 1 and MEK 2 (TXL
Bad protein +U0126). Brain edema was measured by T2-weighted magnetic resonance imaging (MRI). Pathological

destruction of the blood brain barrier (BBB) ultrastructure was assessed by transmission electron micro-
scopy, and proteins involved in the MEK1/2/ERK1/2/p90RSK pathway were detected by immunofluores-
cence and Western blotting. Our results indicated that TXL significantly improved neurological function,
reduced brain edema, ameliorated the destruction of the BBB ultrastructure and markedly reduced neu-
ronal injury. However, these benefits were diminished when the MEK1/2/ERK1/2/p90RSK pathway was
inhibited by U0126. We also found that TXL upregulated the expression levels of p-MEK1/2, p-ERK1/2,
p-p90RSK and p-bad, which were all significantly reversed by U0126. Collectively, our data demonstrate
that TXL provides neuroprotection against cerebral I/R injury and neuronal injury, and that these effects
are mediated, in part, by activation of the MEK1/2/ERK1/2/p90RSK pathway.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Ischemic stroke, a common cerebrovascular disease, is not only
the main cause of death around the world, but is also the largest
cause of long-term disability, thus representing a huge social
burden (Ahmad et al.,, 2014; Pendlebury and Rothwell, 2009).
Reperfusion of ischemic cerebral tissue is the most important
way to rescue patients exposed to cerebral ischemia; however,
restoring blood flow to the ischemic brain can also lead to
ischemia-reperfusion (I/R) injury, which induces additional serious
injuries in the ischemic brain. Unfortunately, the pathogenesis of
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this type of injury is not yet completely understood. Therefore,
there is a critical need for explorative research aimed at discover-
ing effective drugs to ameliorate or prevent cerebral I/R injury.

As an important approach for human health, traditional Chinese
medicine (TCM) has a long history and is widely used across China.
A large number of traditional Chinese medicines, such as Xiao-Xu-
Ming Decoction (Lan et al., 2013a,b; Lan et al., 2014), Bu Yang Huan
Wu decoction (Zhao et al., 2012), Cerebralcare Granule (Huang
et al., 2012) and NaoShuan Tong (Xiang et al., 2010), have shown
beneficial responses in experimental animal models and could
ameliorate I/R injury. Furthermore, Tongxinluo (TXL) has been
widely prescribed across China to remedy cardio-cerebrovascular
diseases, including atherosclerosis, angina pectoris and ischemic
stroke (Chen et al., 2009; Cui et al., 2014; You et al., 2005; Zhang
et al., 2009).
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Our previous studies confirmed that TXL helps to protect the
brain against focal cerebral ischemia and reperfusion injury in rats
by activating the PI3k/Akt signaling pathway, reducing neuronal
apoptosis (Yu et al., 2016), alleviating brain edema and inhibiting
post-ischemic inflammation (Cai et al., 2016). However, when we
investigated the importance of the PI3K/Akt signaling pathway in
exerting the neuroprotective effect of TXL, we found that the
MEK1/2/ERK1/2/p90RSK pathway might also be involved. There-
fore, the present study aimed to investigate whether TXL modu-
lated the activation of the MEK1/2/ERK1/2/p90RSK pathway and
its downstream targets, 90 kDa ribosomal S6 kinase (p9ORSK)
and bad against focal cerebral I/R injury in rats.

2. Results
2.1. TXL improved neurological function

It was possible to evaluate the effects of TXL on the neurological
function of our experimental rats 24 h after reperfusion by analyz-
ing neurological deficit scores. Rats in the I/R group and the TXL +
U0126 group showed prominent neurological deficits which were
markedly diminished in response to TXL treatment, while rats in
the sham group performed normally after operation. These group
differences were statistically significant (*P<0.05; *P<0.05;
*P<0.05) (Fig. 1).

2.2. TXL reduced brain edema

Nowadays, MRI is one of the most non-invasive and promising
approaches for examining brain edema formation, and T2-
weighted MRI is always used to evaluate the edema induced by
cerebral ischemia and reperfusion. Consequently, this technique
was used to investigate cerebral edema under each experimental
condition. As expected, no edema was detected in the Sham group.
However, the extent of brain edema area was diminished in the
TXL group in comparison with the I/R group. Furthermore, a larger
area of brain edema was observed in the TXL + U0126 group com-
pared with the TXL group. These differences were statistically sig-
nificant (Edema volume Ratio: *P<0.05; #P<0.05; *P<0.05)
(Hemisphere intensity: *P < 0.05; #*P < 0.05; *P < 0.05) (Fig. 2).

2.3. TXL ameliorated destruction in the BBB ultrastructure after
ischemia-reperfusion

We evaluated ultrastructural destruction of the tight junction
(T]) to investigate whether TXL treatment ameliorated damage
caused to the BBB. The cerebral cortical microvessels of the sham
group and TXL group were normal, with a continuous basal lamina,
regular microvascular endothelial cells, and a dense and firm TJ.
However, a loose connection between the two endothelial cells
layers with an impaired T] were observed in the I/R group and
the TXL + U0126 group, and we also found that the basal laminas
of rats in these two groups were swollen and deformed in the
penumbra region (Fig. 3).

2.4. TXL blocked the neuronal injury induced by ischemia and
reperfusion

Neuronal injury in the ischemic penumbra of the cortex was
evaluated by the double staining of DAPI and immunofluorescence
labeling with NeuN at 24 h after reperfusion. As depicted in Fig. 4
(A) and (B), the number of surviving cells in the I/R group was
lower than that of the Sham group, and TXL significantly improved
the number of surviving cells. In addition, double staining showed
that neuronal injury was strikingly induced in the I/R group,
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Fig. 1. Effects of TXL on neurological deficit scores. TXL treatment markedly
improved the neurological deficits score, while U0126 reversed the benefits of TXL
treatment. Data are reported as means * standard error of the mean (SEM). n = 6;
*P < 0.05 versus Sham group; #P < 0.05 versus I/R group. *P < 0.05 versus TXL group.

whereas the number of cells double-stained with DAPI and NeuN
were significantly increased in the TXL group. However, a marked
increase in the number of surviving neurons was observed in the
TXL + U0126 group. These differences between them were statisti-
cally significant (*P < 0.05; #¥P < 0.05; *P < 0.05) (Fig. 4).

2.5. Effects of TXL on the expression of p-ERK1/2 (Thr202/Tyr204) and
P-PIORSK (Ser380)

To identify whether p-ERK1/2 (Thr202/Tyr204) and p-p90RSK
(Ser380) signals participate in modulating the neuroprotective
effects of TXL on focal cerebral ischemia and reperfusion injury
in rats, we respectively evaluated p-ERK1/2 (Thr202/Tyr204) and
P-p90RSK (Ser380) positive cells in the ischemic cortical penumbra
using fluorescence microscopy. As depicted in Fig. 5, data indicated
that the expression levels of p-ERK1/2 (Thr202/Tyr204) and p-
PIORSK (Ser380) positive cells in the I/R group were significantly
reduced at 24 h after reperfusion (*P < 0.05). However, TXL treat-
ment was able to markedly increase the levels of these phosphory-
lated proteins in the TXL group (¥P<0.05), which were all
significantly blocked by UO0126 in the TXL+U0126 group
(*P<0.05).

2.6. TXL improved the expression of proteins in the MEK1/2/ERK1/2/
P9ORSK pathway

To elucidate whether the MEK1/2/ERK1/2/p90RSK pathway par-
ticipated in the neuroprotective effect of TXL, the expression level
of proteins related to the pathway in the ischemic cortical penum-
bra were carefully detected by Western blots. As depicted in Fig. 6,
data indicated that the expression levels of p-MEK1/2(Ser221), p-
ERK1/2(Thr202/Tyr204), p-p90RSK (Ser380) and bad (Ser112) in
the I/R group were significantly reduced at 24 h after reperfusion
(*P < 0.05). However, TXL treatment was able to markedly increase
the levels of these phosphorylated proteins in the TXL group
(*P < 0.05), which were all prominently suppressed by pretreat-
ment with U0126 in the TXL+U0126 group (*P<0.05). In
addition, there were no changes in the expression levels of total
proteins, such as MEK1/2, ERK1/2, p90RSK and Bad.



Download English Version:

https://daneshyari.com/en/article/8839860

Download Persian Version:

https://daneshyari.com/article/8839860

Daneshyari.com


https://daneshyari.com/en/article/8839860
https://daneshyari.com/article/8839860
https://daneshyari.com/

