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Abstract Sophora japonica has been shown many benefi-
cial pharmacological activities, including the neuroprotec-
tive effects. Flavonoids, isoflavonoids, triterpenes, alka-
loids are bioactive compounds identified presence in
Sophora japonica. The present study aimed to evaluate
the neuroprotective effects of ethanolic extract of
Sophora japonica flower buds on scopolamine (SCP)-in-
duced cognitive deficits in mice. The modulatory effect of
Sophora japonica on memory impairment was investigat-
ed using Y-maze and the Morris water maze tasks.
Acetylcholine (ACh) levels and acetylcholinesterase en-
zyme (AChE) activity were measured in brain tissue to
investigate the cholinergic effect of Sophora japonica.
Pro-inflammatory tumor necrosis factor alpha (TNF-«),
interleukin 1 beta (IL-1(3), and anti-inflammatory interleu-
kin 10 (IL-10) were also evaluated in mice brain tissue to
investigate the anti-inflammatory effect of Sophora
Jjaponica. Scopolamine induced the cognitive deficits in
Y-maze and Morris water maze test along with reducing
ACh level and increasing AChE activity and inflammation
in brain tissue. Treatment with ethanolic extract of
Sophora japonica flower buds reduced the SCP-induced
memory impairment in both behavioral tests along with
reducing inflammation and AChE activity, and increasing
ACh level in brain tissue. Our data demonstrated that
ethanolic extract of Sophora japonica flower buds en-
hanced cognitive deficits in mice induced by scopolamine,
and it is a promising source for the treatment of Alzheimer.

>< Tung Thanh Bui
tungasia82 @yahoo.es

School of Medicine and Pharmacy, Vietnam National University,
Hanoi, 144 Xuan Thuy, Cau Giay, Hanoi, Vietham

Keywords Sophora japonica, Scopolamine, cognitive
deficits - Y-maze test - Morris water maze -
Acetylcholinesterase

Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease
and leads to cognitive deficits in the older people. AD has
characteristics with the presence of A} plaques and neuro-
fibrillary tangles formation, over oxidative stress status and
excess of inflammatory processes (Bonda et al. 2010;
Hardy 2006; Heppner et al. 2015). It also showed a decrease
of cholinergic transmission, behavior disorders and pro-
gressive memory loss. The AD’s pathogenesis remains still
not completely understood until now. To explain the AD’s
pathogenesis, there are various hypothesis that have been
proposed. One of them is the cholinergic hypothesis. The
cholinergic hypothesis states that the AD’s pathogenesis is
associated with the cholinergic deficits (Davies 1999). The
improving of cholinergic function may decrease the process
of AD. Enhancing the acetylcholine (ACh) level into the
neuronal synapses has been used for increasing cholinergic
transmission. Some acetylcholinesterase (AChE) inhibitor
such as physostigmine, tacrine, have been used for the treat-
ment of Alzheimer’s symptoms (Mukherjee et al. 2007).
However, these drugs have been shown several adverse
reactions including diarrhea, nausea, abdominal pain,
vomiting (Birks 2006). Therefore, there is a need to find
out others inhibitors of AChE with stronger effects, more
selective and less adverse reaction for the treatment of
Alzheimer. Many researchers have tried to find the AChE
inhibitors from medicinal plants with the aim of enhancing
the inhibitory effect, selectivity and without adverse reac-
tion for the treatment of AD (Bui and Nguyen 2017).
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Medicinal plants have been used in traditional medicine to
treat cognitive impairment and memory loss. Sophora japonica
(Fabaceae) has been used in traditional medicine for treatment
of many disorders such as hypertension, arteriosclerosis,
hematemesis, intestinal hemorrhage, leukorrhea, metrorrhagia,
conjunctivitis, pyoderma and dizziness (He et al. 2016). The
main compounds of Sophora japonica are flavonoids,
isoflavonoids, triterpenes and alkaloids. Kaempferol,
isorhamnetin, quercetin, genistein and rutin are some flavo-
noids which have been isolated from Sophora japonica
(Abdallah et al. 2014; Sun et al. 2007). Previous study showed
that rutin is the most abundant compound of Sophora japonica
(Chua 2013). These compounds provided for Sophora japonica
various pharmacological activities, including anti-inflammato-
ry, antioxidant, antitumor, antibacterial, antiviral, hemostatic,
and anti-atherosclerotic effects (Chua 2013; Kim et al. 2003;
Kimura and Yamada 1984; Krishna et al. 2012; Wang et al.
2006). However, there are very few reports about the neuropro-
tective effect of Sophora japonica plant (Chen and Hsieh
2010). In the present study, we investigated the neuroprotective
effects of ethanolic extract of Sophora japonica flower buds to
alleviate cognitive deficits induced by scopolamine in mice, by
using the Y-maze and Morris water maze tests in mice and
evaluating the AChE activity, ACh level and pro-
inflammatory TNF-«, IL-1[3, and IL-10 in mice brain tissue.

Material and methods
Reagents

5,5'-dithio-bis-(2-nitro) benzoic acid (DTNB) (Himedia,
India), scopolamine hydrobromide (Sigma, Singapore),
acetylthiocholine iodide (ATCI) (Sigma, Singapore). Solvent
ethanol was analytical grade.

Plant material

The Sophora japonica flower buds were collected in Hoa
Binh, Vietnam during 2015 and authenticated by
Department of Pharmacognosy and Traditional Pharmacy,
School of Medicine and Pharmacy, Vietnam National
University, Hanoi, Vietham (SMP-VNU). A voucher speci-
men has been deposited in the SMP-VNU. Dried samples
(3 kg) were extracted with 96% ethanol (10 L) by ultrasonic
at 40 °C for three hours for three times. The extracts were
filtered, combined and evaporated under low pressure to af-
ford the EtOH extract (354.8 g) (yield: 11.83%).

Animals and experimental design

Eight-week-old male C57BL/6 J mice were used in our study.
Animals were housed in enriched environmental conditions in
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groups of 5 animals per polycarbonate cage in a colony room
under a 12 h light/dark cycle (12:00 AM — 12:00 PM) under
controlled temperature (25 + 3 °C) and humidity. All animals
were maintained accordingly to a protocol approved by the
Ethical Committee of the Vietnam National University, Hanoi
and following the international rules for animal research.
Animals were received water ad libitum as a vehicle and stan-
dard diet administration. After adaptation for five days, the
mice were randomly divided into four groups of ten mice each,
as follows: The SCP group was treated with scopolamine
(1 mg/kg,i.p.) without any treatment. Ex-100 group received
orally Sophora japonica extract (100 mg/kg) and was treated
with scopolamine (1 mg/kg, i.p.). Ex-200 group received orally
Sophora japonica extract (200 mg/kg) and was treated with
scopolamine (1 mg/kg, i.p.). The normal control (NC) group
was treated with saline. For Y-maze test, the treatment was as
follows: thirty minutes after oral administration of Sophora
Japonica extract, each mouse was injected intraperitoneally of
1 mg/kg of scopolamine (Yahaya et al. 2013). For Morris water
maze test, the treatment was as follows: mice were given daily
extract for fourteen days. At the 15th day, after 60 min of
administration extract, mice was injected intraperitoneally sco-
polamine for four consecutive days (Tung et al. 2017).

Y-maze test

Spontaneous alternation is a behavioral test which shows the
capacity of spatial learning and memory. Spatial working
memory performance was assessed by recording spontaneous
alternation behavior in a Y-maze as previously described (Ma
et al. 2007). The Y-maze is a three—arm (assigned as A, B and
C) horizontal maze (40 cm long and 5 cm wide with walls
10 cm high) in which the three arms are symmetrically sepa-
rated at 120°. Twenty minutes after administration of scopol-
amine, each mouse was initially placed within one arm (A).
The sequence and number of all arm entries were recorded for
each mouse over a 8 min period. Alternation was determined
from successive entries into the three arms on overlapping
triplet sets in which three different arms are entered. An actual
alternation was defined as entries into all three arms consecu-
tively (i.e. ABC, CAB or BCA but not BAB). The maze arms
were cleaned with 70% ethanol between tasks to remove re-
sidual odours. An entry was defined as placing all four paws
within the boundaries of the arm. The percentage of alterna-
tion was calculated using the following formula

Alternationrate (%)

= 100 x Numberofalternations/(Numberoftotal arm entries—2)

Morris water maze test

Morris water maze test has been widely used for study the
learning and memory deficits in Alzheimer’s disease model
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in mice (Bromley-Brits et al. 2011). Morris water maze task
was performed 30 min after SCP injection to evaluated
memory-related behaviors. Morris water maze is a large cir-
cular tank (110 cm in diameter, 35 cm in height), filled to a
depth of 20 cm with water at a temperature of 25 + 1 °C. Water
was made opaque by adding powdered milk to prevent the
mice from seeing the platform. The platform (10 cm x 10 cm)
was made of clear acrylic and was hidden 2 cm below the
water surface in a fixed location. The training of mice was
during four consecutive days, in each day the mice were given
four trials during which they were allowed to find the sub-
merged platform. The starting position was randomized over
the four days and was the same for all mice. If the mouse
successfully found the platform within 90 s, it was allowed
to rest on the platform for 10 s. The time from the mouse being
placed in the water to finding the platform was recorded as the
escape latency in each trial. If the mouse failed to find the
platform within 90 s, its escape latency was recorded as
90 s, and it was physically placed on the platform for 10 s.
On the fifth day, mice were subjected to a probe trial session in
which the platform was removed from the pool for examining
the retention of spatial reference memory. The mice were
allowed to swim freely for 90 s. The number of platform
crossings and swimming time in the ‘target quadrant’, where
the platform had previously been placed, was recorded as
indices of spatial memory.

Collection and processing of brain samples

The brain samples were collected and homogenized ac-
cording to the method described in previous studies, with
minor modifications. At the end of the MWM task, the
mice were sacrificed by decapitation. Immediately after
decapitation, the brains were carefully removed from the
skull and were washed twice with cold normal saline so-
lution. The tissue of brain was homogenized in 9 volumes
of ice-cold tissue lysis buffer containing 150 mM sodium
chloride, 1.0% NP-40, 50 mM Tris, pH 8.0 and 1 mM
PMSF (phenylmethanesulfonylfluoride) with protease in-
hibitors (Sigma, Singapore). Homogenates were centri-
fuged at 1000xg for 10 min at 4 °C. The supernatant
was used for the estimation of AChE activity and ACh
level. Protein concentration was determined by Bradford’s
method (Bradford 1976).

ACHhE activity determination

The AChE activity in the brain homogenates was estimated
using commercial Acetylcholinesterase Activity Assay Kit
according to the manufacturer’s protocols. AChE hydrolyze
the neurotransmitter acetylcholine (ACh) to acetate and cho-
line. AChE activity determination was evaluated by Ellman’s
method (Ellman et al. 1961). This method based on

thiocholine, which is produced by AChE, reacts with 5,5'-
dithio-bis-(2-nitro) benzoic acid (DTNB) to form a colorimet-
ric (at 412 nm) product, proportional to the AChE activity
present. AChE activity was expressed as U/mg protein.

ACh level determination

The level of ACh in the brain homogenates were estimat-
ed using commercial Acetylcholine Assay Kit according
to the manufacturer’s protocols. The method consisted in
ACh is hydrolyzed by AChE to choline which is oxidized
by choline oxidase to betaine and H,O, (Gilberstadt and
Russell 1984). The resulting H,O, reacts with a specific
dye reagent to form a pink colored product. The color
intensity at 570 nm is directly proportional to the ACh
concentration in the sample. The ACh level in the brain
tissues was normalized and expressed as pg/mg protein.

Pro-inflammatory cytokines determination

The level of proinflammatory cytokine IL1{3, TNFx and
IL10 in the brain homogenates were determined with com-
mercially available Enzyme-Linked ImmunoSorbent
Assay (ELISA) kits according to the manufacturers’s in-
structions. Determination of IL-13, TNF-«, and IL-10
were performed using a sandwich ELISA method.
Briefly, 96-well plates were coated overnight at 4 °C with
100 pl of monoclonal antibody against IL-1 (2,0 pg/ml)
or TNF-« (1,0 pug/ml) or IL-10 (2,0 pg/ml) in PBS1x
buffer (pH 7.2). The plate was then washed four times
with wash buffer (PBS1x + 0.05% Tween-20), blotted
dry, and then incubated with blocking solution
(PBSIx + 1% bovine serum albumin) for 1 h. The plate
was then washed and 100 pl of each homogenate sample
or standard was added. Then the plate was incubated at
room temperature for 2 h, followed by washing, and added
100 pl of detection antibody IL-13 (0,5 png/ml) or TNF-o
(0,25 pg/ml) or IL-10 (0,5 pg/ml). The antibody was in-
cubated at room temperature for 2 h. Following additional
washing, 100 ul of avidin-HRP conjugated (1:2000) was
added to each well, followed by a 30 min incubation. After
thorough washing, plate development was performed
using ABTS (2,2'-Azinobis [3-ethylbenzothiazoline-6-sul-
fonic acid]-diammonium salt) liquid substrate solution.
Then the plate was incubated at room temperature for col-
or development and the color was monitored using a mi-
croplate reader at 405 nm with wavelength correction set
at 650 nm. The standard curve for the ELISA was
established by using murine standard IL-13 or TNF-« or
IL-10 diluted in PBS 1x buffer. All standard curves ob-
tained an r* value between 0.98 and 1. Results were nor-
malized to total protein content in the brain samples. Data
are reported as pg cytokine per milligram protein.
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Statistical analysis

All data are shown as the mean + standard error of the mean
(SEM) using SigmaPlot 10 (Systat Software Inc., US). The
data were checked the normality before choosing the statisti-
cal test to use. Multiple comparisons were made by one-way
analysis of variance (ANOVA) followed by Dunn’s test. For
escape latency test in the Morris water maze, data were ana-
lyzed by two ways analysis of variance (ANOVA) followed
by Dunn’s test. Statistical significance was set at p < 0.05.

Results

Effect of Sophora japonica extract
on scopolamine-induced cognitive deficits in the Y maze
task

We have found that the percentage of spontaneous alternation
in SCP group significantly lower than NC group. Extract of
Sophora japonica at dose 100 mg/kg tends to increase the
spontaneous alternation and at a dose of 200 mg/kg signifi-
cantly increased the spontaneous alternation as compared with
SCP group (p < 0.05) (Fig. 1a). We did not find any difference
significant between the numbers of arm entries in all mice
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Fig. 1 Effect of Sophora japonica extract on spontaneous alternation
performance (a) and total arm entries (b) in scopolamine-induced cogni-
tive impairment mice in Y-maze test. Data are expressed as mean + SEM
of 10 animals. “p < 0.05 vs. NC group. *p < 0.05 vs. SCP group
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groups, demonstrating that the general locomotor activity
was not affected by the extract (Fig. 1b).

Effect of Sophora japonica extract
on scopolamine-induced cognitive deficits in the Morris
water maze task

Our data showed that the escape latency decreased gradually
during the acquisition training; this means all mice were able
to locate the platform (Fig. 2a). The mice in SCP group
showed a significantly slowed the learning speed as compared
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Fig. 2 Effect of Sophora japonica extract on Escape latency of
acquisition trial over 4 days (a); swimming time in target quadrant of
probe trial (b) and crossing numbers over the platform position (¢) in
scopolamine-induced cognitive impairment mice in Morris water maze
test. Each bar with vertical line represents the mean of 10 animals £ SEM.
*p < 0.05 vs. NC group. #p < 0.05 vs. SCP group
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with those in NC group. The mice were treated with Sophora
Jjaponica extract significantly decreasing the escape latency on
the fourth days as compared to SCP group (p < 0.05) (Fig. 2a).

The swimming time in the target quadrant and the
crossings number have been used to evaluate retention
of spatial memory. The swimming time spent in the target
quadrant significantly decreased in the SCP group as
compared with NC group (Fig. 2b and 2c¢). Interestingly,
the extract of Sophora japonica at dose 100 mg/kg tends
to increase the swimming time in the target quadrant and
the crossings number. Moreover, at dose 200 mg/kg mice
exhibited a significantly increasing these values as com-
pared with mice in SCP group (Fig. 2b and 2c). These
data indicate that extract markedly improved the cognitive
deficits in mice induced by scopolamine.

Effect of Sophora japonica extract on scopolamine
-induced AChE activity and ACh level in brain tissue

Figure 3a showed the effect of Sophora japonica extract on
ACHhE activity in brain tissue. The scopolamine significantly
increased the AChE activity in SCP group as compared with
NC group (p < 0.05). Treatment with different doses of extract
significantly reduced the AChE activity as compared with
those in SCP group.
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Fig. 3 Effect of Sophora japonica extract on brain acetylcholinesterase
(AChE) activity (a) and ACh level (b) in scopolamine-induced cognitive
impairment mice. Each bar with vertical line represents the mean of 10
animals = SEM. “p < 0.05 vs. NC group. *p < 0.05 vs. SCP group

Figure 3b showed that the ACh level in the brain was sig-
nificantly lower in the SCP group than those in the NC group.
The mice were treated with extract at a dose of 100 mg/kg
tended to increase the ACh level compared with those in the
SCP group. Interestingly, treated mice with a dose of 200 mg/
kg exhibited significantly increasing the ACh level as com-
pared with those in SCP group.

Effect of Sophora japonica extract on scopolamine
-induced proinflammatory cytokines in brain tissue

We found that IL-13 and TNF-« level significantly increased
in SCP group compared with control group as shown in
Fig. 4a and 4b. Interestingly, treatment with extraction of
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Fig. 4 Effect of Sophora japonica extract on brain proinflammatory
cytokines level: IL-1f3 (a), TNF-« (b) and IL-10 (¢) in scopolamine-
induced cognitive impairment mice. Each bar with vertical line represents
the mean of 10 animals + SEM. “p < 0.05 vs. NC group. *p < 0.05 vs. SCP

group
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Sophora japonica at dose of 100 mg/kg showed a tendency to
decrease and at dose of 200 mg/kg significantly decreased
those proinflammatory cytokines in mice (Fig. 4a and 4b).
Moreover, we found the level of IL-10 decreased in SCP
group as compared with the control group. Treatment with
different doses of extract significantly increased this cytokine
as compared with those in SCP group (Fig. 4c).

Discussion

AD is a neurodegenerative disease characterized by an accu-
mulation of AP plaques and neurofibrillary tangles.
Cholinergic transmission deficits, increasing the oxidative
stress and inflammation process in the brain have been consid-
ered main causation and development of AD (Bonda et al.
2010; Davies 1999; Heppner et al. 2015). Medicinal plants
have been used in traditional medicine for treating neurode-
generative diseases. Among them, Sophora japonica was tra-
ditionally used for calm and improving the memory. In the
present study, we examined the effects of Sophora japonica
extract on scopolamine-induced cognitive deficits by using the
Y-maze task, and the Morris water maze task in mice.
Scopolamine, a nonselective muscarinic antagonist, has been
widely used to induce the cognitive deficits (Stone et al. 1988).

The ACh level plays an important role in improving the
cognitive functions. AD patients have shown a markedly de-
creased the cholinergic functions and lowed the ACh level in
brain (Muir 1997). Therefore, behavior disorders and progres-
sive memory loss are main clinical manifestations in early
stage of AD (Mega et al. 1996). Y-maze test is widely used
to investigate the drug’s effect on spatial short term memory.
The spontaneous alternation behavior is an indicator of spatial
memory (Lalonde 2002). We have shown that SCP signifi-
cantly reduced the spontaneous alteration behavior, whereas
Sophora japonica extract reversed SCP-induced reduction in
spontaneous alternation behavior. This data suggested that
Sophora japonica extract might improve the short-term mem-
ory. The total arm entries in all mice group were not signifi-
cantly different shown that there was not alteration in general
locomotor activity of animals.

The Morris water maze test is widely used to evaluate the
effects of drugs on spatial learning and memory (Bromley-
Brits et al. 2011). Escape latency, number of platform cross-
ings and swimming time spent in the target quadrant were
used to investigate cognitive deficits and spatial retention.
Our results showed that SCP continuously increased the es-
cape latency, illustrating that cognitive deficits were induced
by SCP. This result is agreed with a number of platform cross-
ings and swimming time spent in the target quadrant decreas-
ing in SCP group as compared with NC group. Interestingly,
the treatment with Sophora japonica extract not only in-
creased the escape latency, but also enhanced the number of

@ Springer

platform crossings and swimming time spent in the target
quadrant. Results of the behavioral study demonstrated that
Sophora japonica extract may protect mice from SCP-
induced learning and memory impairment.

The neurotransmitter cholinergic plays an important role vital
role in the regulation of cognitive function (Giacobini 2003).
The memory impairment is closely associated with deficits of
neurotransmitters. The neurotransmitter ACh, which is hydro-
lyzed by AChE after its release, is important for learning and
memory functions. Strategy to inhibits the AChE has been used
for the treatment of AD (Massoud and Léger 2011). SCP has
been widely used to induce the cognitive deficits and memory
loss by inhibiting cholinergic signaling (Liu et al. 2017).
Previous study showed that SCP markedly augmented the
ACHhE activity and reduced ACh level (Liu et al. 2017). In our
study, we used SCP to evaluate the effects of Sophora japonica
extract on the neurotransmitter cholinergic system. Our study
demonstrated that the treatment with Sophora japonica extract
significantly inhibited AChE activity and increased ACh level,
therefore improving cognitive function in mice.

Many studies have shown that systemic inflammation is
associated with AD and stimulates the cognitive deficits
(Lee et al. 2010). The neuroinflammatory processes play a
critical role in AD’s pathogenesis. In details, proinflammatory
cytokines play an important role in the development of AD’s
pathogenesis (Swardfager et al. 2010). IL-1{3 level has been
showed elevation in brain tissue from patients who suffered to
brain injury or stroke and has implicated in AD’s pathogenesis
(Shaftel et al. 2008). TNF-« is a central mediator of amyloid 3
protein (Af3) action and can be targeted for AD drug develop-
ment (Medeiros et al. 2007). TNF-« has been showed increas-
ing in serum from patients with AD compared to healthy per-
son (Fillit et al. 1991). On the other site, IL-10 is a potent anti-
inflammatory cytokine that mediates the inflammatory pro-
cess. IL-10 can regulate A 3-induced production of the inflam-
matory cytokines, therefore it may alleviate the risk of AD
(Agostinho et al. 2010; Azizi and Mirshafiey 2012). In order
to determine if inflammation increases in mice brain and the
effect of Sophora japonica extract, we have evaluated the
levels of proinflammatory cytokines in whole brain homoge-
nates. In our study, treatment with Sophora japonica extract
significantly reduced IL-13, TNF-o levels and enhanced IL-
10 level in the brains of SCP group mice. Our findings suggest
that Sophora japonica extract may maintain the balance be-
tween pro-inflammatory and anti-inflammatory mediators and
may improve memory function in AD.

Our results showed the Sophora japonica extract produced
effects in both the cholinergic and inflammatory pathway. In
details, the Sophora japonica extract increased the ACh level,
reduced the AChE activity and at the same time decreased the IL-
13 and TNF-« levels and enhanced the IL-10 level. Our data
provide evidence to prove the link between the cholinergic path-
way and the inflammatory pathway since the extract acts in both
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pathways. This data may be explained by using cholinergic anti-
inflammatory pathway hypothesis. Many studies have shown
that ACh may suppress the cytokine release through a choliner-
gic anti-inflammatory pathway (Rosas-Ballina and Tracey 2009).
Indeed, the cholinergic anti-inflammatory pathway has been well
explained link between parasympathetic and innate immune sys-
tem (Pohanka 2014; Rosas-Ballina and Tracey 2009). The cen-
tral nervous system reduces inflammation mediated by macro-
phages or any other immune cells having 7 nicotinic acetylcho-
line receptor (nAChR). Ach, an agonist of «7 nAChR, was re-
leased from the vagus nerve termination and then opens the
central channel allowing an influx of Ca** into cells (Pavlov
et al. 2009; Pohanka 2012). Increasing levels of Ca”* trigger
the mitogen-activated protein kinases (MAPK) and nuclear fac-
tor k B (NF kB), induce the suppression of cytokine production
including TNF«, IL-6 (Sun et al. 2013). Our findings suggested
that the mechanism of anti-inflammatory effects in mice brain
tissue of Sophora japonica extract may be related to suppress the
cytokine production by the activation of cholinergic pathway.

Conclusion

Sophora japonica extract exhibits neuroprotective effects, by
improving cholinergic neurotransmission and reducing neuro-
inflammation. Further studies are needed to investigate the
detailed mechanism of the Sophora japonica extract on neu-
roprotective effect.
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