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Abstract

Purpose: To investigate the effect of myricetin 3-glucoside (M3GLS) on middle cerebral artery
occlusion (MCAO)-induced cerebral ischemia in a rat model, and the mechanism of action involved.
Methods: A cerebral ischemia rat model was established using MCAO under 10 % chloral hydrate
anesthesia. Neurological severity score was determined by analyzing reflex, motor and sensory
functions, as well as balancing potential. Infarction volume was determined using triphenyl tetrazolium
chloride dye, while counting of Nissl bodies was done after toluidine blue staining. The protein
expression levels of Bax and Bcl-2 were assayed using western blotting, while cytokine levels were
determined by enzyme-linked immunosorbent assay (ELISA).

Results: Treatment of cerebral ischemia rats with M3GLS effectively reduced infarct volume, when
compared to vehicle-treated group (p < 0.05). Moreover, M3GLS treatment significantly increased the
population of Nissl bodies and effectively improved neurologic scores (p < 0.05). In M3GLS-pretreated
rats, cerebral ischemia-induced elevation of protein expressions of TNF-a, IL-6 and IL-18 were
significantly suppressed. M3GL treatment significantly reversed cerebral ischemia-mediated
downregulation of Bcl-2 protein level, but markedly reduced cerebral ischemia-induced upregulation of
Bax protein level (p < 0.05).

Conclusion: M3GLS exerts protective effect against cerebral ischemia-induced brain injury in rats via
downregulation of inflammatory cytokines. It reduces infarction volume in the brain of cerebral ischemia
rats, and regulates Bcl-2/Bax protein ratio. Thus, M3GLS has a potential for use in the clinical
management of cerebral ischemia.
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INTRODUCTION

Cerebral ischemia is one of the leading causes of
long-term disabilities, and it is globally associated
with high mortality. Reduced cerebral blood
supply is considered a major cause of ischemic
injury [1,2]. Decline in blood flow leads to

depletion of oxygen supply, Ca?* ion overload,
free radical formation, and mitochondrial and
DNA damage in neuronal cells [1,2]. These
cellular events result in necrosis and apoptosis of
brain cells. Studies have found that inflammatory
processes, excitotoxicity and depolarizations due
to infarcts and apoptosis are associated with

© 2020 The authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Ye et al

cerebral ischemia [3,4]. Ischemia causes
activation and accumulation of microglial cells
and leukocytes in brain tissues, leading to
inflammatory injury. Various molecular factors
secreted during cerebral ischemia activate
constituents of innate immunity and inflammatory
pathways [5]. The cytokines usually linked to
ischemia-mediated cell damage are tumor
necrosis factor-a (TNF-a), interleukin (IL)-18 and
IL-6. These cytokines promote leukocyte
accumulation, leading to elimination of nerve
cells via apoptosis or necrosis, which results in
cerebral infarction [6].

The B-cell lymphoma-2 (Bcl-2) protein family
plays a prominent role in cerebral ischemia and
brain cell damage. The regulation of apoptosis
involves protein expressions of Bcl-2 and Bax:
while Bcl-2 is anti-apoptotic, Bax is pro-apoptotic
[7]. Ischemia is followed by dephosphorylation of
Bax, and its subsequent translocation from the
cytosol to the mitochondria in the brain cells [8].
Oligomerization of Bax and its activation results
in secretion of pro-apoptotic proteins from inter-

membrane mitochondrial space, leading to
apoptosis [9].

Myricetin is a flavonoid with  various
pharmacological effects such as

anti-infammatory, radical-quenching and
anti-apoptotic properties [10,11]. Studies have
reported that myricetin exhibited protective
effects against ischemia-mediated acute injury
through diverse mechanisms [12]. The present
study investigated the effect of myricetin 3-
glucoside (Figure 1) on MCAO-induced cerebral
ischemia in rats.
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Figure 1: Structure of myricetin 3-glucoside
EXPERIMENTAL
Animals

Thirty-three 9-week old male Sprague-Dawley
rats weighing 230-255 g were supplied by the
Vital River Laboratories, Beijing (China). The rats
were housed under standard laboratory
conditions at temperature of 23 - 24 °C and
humidity of 56-63 % in an environment with 12-h
light/12-h dark cycle. Access to feed and water
was given ad libitum. The rats were assigned to
three groups: sham-operated, vehicle-treated

and M3GLS-treated groups. The animal
experiments were carried out in line with the
guidelines of the National Institute of Health,
China [1]. The study was approved by the Ethics
Committee for the Medical Ethics and Human
Clinical Trials, Xijing Hospital, China (approval
no. XHC/17/0076).

Reagents

Myricetin 3-glucoside (M3GLS, CAS number =
529-44-2) and dimethyl sulfoxide (DMSO) were
purchased from Sigma-Aldrich, USA. A stock
solution of M3GLS was prepared in normal saline
and kept at —40 °C before administration to the
rats.

Rat model of middle cerebral artery occlusion

A rat model of MCAO was successfully
established using previously reported
methodology [13,14]. Under 10 % chloral hydrate
anesthesia, the rats were subjected to MCAO for
2 h prior to 24 h of reperfusion [15]. Rats in the
treatment group were intragastrically
administered M3GLS at a single dose of 5 mg/kg
for 1 h before MCAO exposure. The sham and
vehicle control rats were given equivalent
volumes of normal saline in place of drug. After
24 h, the rats were sacrificed via decapitation
procedure under pentobarbital anesthesia (35

mg/kg).
Neurological severity score

The neurological severity score of rats was
independently determined by 3 observers after
24 h of MCAO treatment. Each of the observers
carried out 3 assessments prior to assigning the
neurological severity score. Other parameters
determined during scoring were reflex, motor and
sensory functions, as well as balancing potential.
The grading scale used consisted of scores from
0 - 18, with higher values indicating more severe
injury [16].

Measurement of infarct volume

After 24 h of MCAO exposure, the rats were
sacrificed via decapitation under pentobarbital
anesthesia (35 mg/kg), and their brains were
excised immediately and cut into 2-mm sections.
The sections were stained with 1 % triphenyl
tetrazolium chloride (TTC; Amresco, LLC, USA)
in the dark for 20 min at 37 °C, followed by fixing
in formaldehyde (4 %). The presence of waxy
areas without staining in brain samples indicated
infarction; the volume of infarction relative to total
sample area was determined [17].
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Nissl staining test

The rat brain samples were excised and
immersed for 30 h in 10 % neutral-buffered
formalin, after which they were embedded in
paraffin. The samples were sliced into 2-mm
sections, dewaxed and then rehydrated in ethyl
alcohol. Thereafter, the sections were stained
with 0.5 % Toluidine Blue (Sigma-Aldrich, St.
Louis, MO, USA), and visualized under Eclipse
Ti-U Inverted Microscope (Nikon Corporation,
Tokyo, Japan). Nissl bodies in the brain samples
were counted using Image-Pro Plus version 6.0
(Media Cybernetics, Inc, Rockville, MD, USA).
Determination of expression levels of
inflammatory cytokines

Rat brain homogenates were prepared at 4 °C
and the homogenates were centrifuged at the
same temperature for 20 min at 5,000 x g. The
supernatants obtained were subjected to
measurement of inflammatory cytokines using
ELISA kits (Cusabio Biotech Co. Ltd) as per the
manufacturer's protocol. The ELISA kits used
were for TNF-a (CAS number CSB-E11987r), IL-
6 (CAS number CSB-E04640r) and IL-13 (CAS
numberCSB-E08055r).

Western blotting assay

Rat brain tissues were excised and subsequently
homogenized in RIPA-lysis buffer (Beyotime
Institute of Biotechnology, Haimen China). The
homogenates were centrifuged at 4 °C for 25 min
at 12,000 x g, and their protein contents were
assayed using bicinchoninic acid assay kit. Then,
protein samples (50 pg per lane) were resolved
on 10 % SDS-PAGE and subsequently
transferred to PVDF membranes. The
membranes were incubated for 1 h with 5 % skim
milk powder solution containing TBST at 37 °C.
Thereafter, the membranes were incubated at 4
‘C overnight with primary antibodies for Bax
(1:1000 dilution; cat no. 50599-2-lg); Bcl-2
(1:1000 dilution; cat no. 12789-1-AP), and
GAPDH (1:1,000 dilution; cat no. 60004-1-Ig).
Following washing with PBS, the membranes
were incubated for 1 h at room temperature with
horseradish peroxidase-conjugated goat anti-
mouse IgG secondary antibody. Visualization of
the immuno-positive bands was performed using
BeyoECL  Star (Beyotime Institute  of
Biotechnology).

Statistical analysis
Data are presented as mean = standard

deviation (SD) of triplicate measurements. The
data were analyzed using SPSS, version 17.0

(SPSS, Inc., Chicago, IL, UA). Statistical analysis
was carried out with one-way analysis of
variance (ANOVA), followed by Dunnett's test.
Differences were assumed statistically significant
at p <0.05.

RESULTS

M3GLS mitigated cerebral ischemia-induced
brain injury in rats

Infarct volumes were significantly higher in
vehicle-treated rats after 24 h of cerebral
ischemia than in M3GLS-treated rats (Figure 2).
Treatment of cerebral ischemia rats with M3GLS
effectively reduced volume of infarcts, when
compared to vehicle-treated group.
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Figure 2: Effect of M3GLS on brain injury. (A) M3GLS
pre-treated rats were subjected to MCAO, and
volumes of infarcts were measured at 24 h using TTC
stain. (B) Degree of TTC staining in brain tissues; *p <
0.049; **p < 0.009 vs. untreated group

M3GLS increased population of Nissl bodies
in rats with cerebral ischemia

Cerebral ischemia caused significant reduction in
the count of Nissl bodies in rat brain tissues at 24
h (Figure 3). The count of Nissl bodies
decreased to 178.19 £ 17.23 in vehicle-treated
group, when compared to 498.65 + 23.72 in
sham-operated rats. However, treatment of the
cerebral ischemia rats with M3GLS significantly
enhanced the count of Nissl bodies, when
compared to vehicle group (p < 0.05).

M3GLS suppressed cerebral ischemia-
induced increase in neurological scores

Neurological scores of rats were determined by
measuring behavioral deficits during 120 min of
cerebral ischemia (Figure 4). The vehicle-treated
cerebral ischemia rats showed high neurological
scores which were evident in their inability to
walk successfully, failure to balance on beams,
and occasional circling towards the right.
However, M3GLS pre-treatment of cerebral
ischemia rats effectively reduced the increases in
neurological scores.
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Figure 3: Effect of M3GLS on Nissl staining in brain
tissues of cerebral ischemic rats (A). Rats pretreated
with M3GLS were subjected to MCAO and then
analyzed for Nissl-positive cells. (B) Nissl-positive cells
in the brain tissues. *P < 0.049; **p < 0.009 vs.
untreated group
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Figure 4: Effect of M3GLS on neurological scores in
cerebral ischemia rats. Rats pretreated with M3GLS
were subjected to MCAO, and neurological scores
were determined during 120 min of cerebral ischemia.
*P < 0.049; **p < 0.009 vs. untreated group

ischemia-

M3GLS suppressed cerebral

induced inflammation

Cerebral ischemia significantly upregulated the
expressions of TNF-a, IL-6 and IL-1f in the brain
tissue, when compared to sham-operated group
(Figure 5). However, the cerebral ischemia-
induced increases in expressions of TNF-a, IL-6
and IL-1B proteins were significantly suppressed
in M3GLS-pretreated rats.

M3GLS suppressed cerebral ischemia-
induced activation of apoptotic signaling

Cerebral ischemia significantly decreased the
protein expression level of Bcl-2, when compared
to the sham-operated rats (Figure 6). However,
M3GLS treatment markedly alleviated the
cerebral ischemia-mediated suppression of Bcl-2

protein level, when compared to the untreated
group. Moreover, cerebral ischemia significantly
increased Bax protein level in rats, when
compared to the sham-operated group. However,
the cerebral ischemia-induced upregulation of
Bax protein expression was significantly
suppressed in rats on treatment with M3GLS.
Thus, M3GLS treatment regulated the protein
ratio of Bcl-2/Bax in cerebral ischemia rats.

(A) (B} 500

— 8o L -

E T a0

& o o

o o

a ) EE 300

a4 = 200

2 Z

% 20 " % 100 -
g . mm mm | - (] |

Sham Vehicle M3GLS Sham \ehicle M3GLS

Relative TNF-a (pg/ml) ©
= 51
(=] (=]

w
(=}
=]

=
=]
[=]

Sham Vehicle M3GLS

o

Figure 5: Effect of M3GLS on brain inflammation in
cerebral ischemia rats. Levels of (A) TNF-a, (B) IL-6
and (C) IL-1B in rats pretreated with M3GLS and
subjected to MCAO exposure, as measured using
ELISA assay; *p < 0.049; **p<0.009 vs. untreated
group
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Figure 6: Effect of M3GLS on levels of Bcl-2 and Bax
in cerebral ischemia rats. (A) The M3GLS pre-treated
rats were subjected to MCAO and protein expressions
in brain tissues were measured using western blotting.
(B) Protein expression levels, with GAPDH as control.
(C) Bcl-2/Bax ratios. *P < 0.049; **p < 0.009 vs.
untreated group

DISCUSSION

Ischemic stroke leads to inflammation which is
associated with development of lesions through
poorly understood mechanisms [18]. Cerebral
ischemia-mediated neuronal degeneration
initiates immune response aimed at elimination
of cell debris and regeneration. Inflammatory
response generally leads to cerebral damage
which results in secondary injuries [19, 20]. The
present study investigated the protective
potential of M3GLS against cerebral ischemia-
induced brain injury. Results from TTC-staining
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showed larger volumes of infarcts in vehicle-
treated cerebral ischemia rats than in rats in
sham group. The volume of infarcts was
markedly lower in M3GLS-treated cerebral
ischemia rats than in vehicle-treated group.

The count of Nissl bodies in brain tissues of rats
was reduced significantly by cerebral ischemia,
relative to sham group. However, the cerebral
ischemia-mediated decrease in count of Nissl
bodies was significantly reversed in rat brain
tissues by M3GLS treatment. Moreover, cerebral
ischemia significantly increased neurological
scores in vehicle-treated rats. However, M3GLS
pre-treatment of cerebral ischemia rats
effectively suppressed the increase in neurologic
scores. These findings indicate that M3GLS
exerts neuro-protective potential against cerebral
ischemia-induced brain injury in rats.

Activation of glial cells and cerebrovascular
endothelial cells by various inflammatory
mediators leads to ischemic injury [21].
Cytokines are the main inflammatory mediators
with well-established roles in ischemic injury
[22,23]. Cytokine expressions are enhanced by
ischemic injury which subsequently leads to
neuronal cell necrosis [22,23]. Stroke-induced
tissue injury is modulated by various cytokines
such as TNF-a, IL-1B and IL-6 which are
considered important targets in development of
treatments for stroke [24]. Infarction volume in
brain samples is associated with the viability of
cytokines in ischemic penumbra at early stage of
stoke [23]. The neuroprotective properties of
various bioactive compounds are significant in
animal models of stroke [22].

In the present study, cerebral ischemia
significantly increased levels of TNF-a, IL-6 and
IL-1B in the brain tissues, when compared to the
sham-operated group. Pre-treatment with
M3GLS significantly suppressed the cerebral
ischemia-induced elevations in protein
expression levels of TNF-a, IL-6 and IL-1B. The
Bcl-2 protein level in cerebral ischemia rat brain
tissues was lowered significantly, while Bax
protein was elevated. However, pre-treatment
with M3GLS reversed cerebral ischemia-induced
lowering of Bcl-2 protein and elevation of Bax
protein level in rat brain samples. Myricetin 3-
glucoside treatment maintained Bcl-2/Bax protein
ratio in rats with cerebral ischemia.

CONCLUSION

The results obtained in this study indicate that
M3GLS exerts protective effect against cerebral
ischemia-induced brain injury in rats by inhibiting
inflammatory cytokines. Moreover, M3GLS

lowers infarction volume in the brain of cerebral
ischemia rats, and regulates Bcl-2/Bax protein
ratio. Thus, M3GLS is a potential drug candidate
for the management of cerebral ischemia.
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