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Liu et al.: Effect and Mechanism of Beta Asarone from Acorus tatarinowii Schott

To analyze the protective effect and mechanism of beta-asarone from Acorus tatarinowii on neuron
injury in rats with Parkinson's disease. Thirty five male Sprague Dawley rats were randomly selected
to establish the rat model of Parkinson's disease. The rats were divided into 5 groups as sham operation
group, model group, low dose beta-asarone group, medium dose beta-asarone group and high dose beta-
asarone group, with 7 rats in each group. Rats in the sham operation group and model group were injected
with the same amount of normal saline, while rats in the low dose group, middle dose group and high
dose group were injected with 10 mg/kg, 20 mg/kg and 40 mg/kg beta-asarone respectively. The behavior
and the expression of tyrosine hydroxylase, alpha-synuclein, superoxide dismutase, catalase, glutathione
peroxidase, interleukin-1 beta, interleukin-6, tumor necrosis factor-alpha, B-cell lymphoma 2-associated
X protein, B-cell lymphoma 2 and caspase-3 in brain tissue were detected level detection. Compared with
the sham operation group, the number of autonomic activities, roll down time, forelimb activity time, the
expression levels of alpha-synuclein, superoxide dismutase, catalase, glutathione peroxidase and B-cell
lymphoma 2 were significantly decreased and the expression levels of tyrosine hydroxylase, interleukin-1
beta, tumor necrosis factor-alpha, nitric oxide, interleukin-6, B-cell lymphoma 2-associated X protein
and caspase-3 were significantly increased in the model group (p<0.05) The expression levels of alpha-
synuclein, superoxide dismutase, catalase, glutathione peroxidase and B-cell lymphoma 2 were significantly
decreased, while the expression levels of tyrosine hydroxylase, interleukin-1 beta, tumor necrosis factor-
alpha, nitric oxide, interleukin-6, B-cell lymphoma 2-associated X protein and caspase-3 were significantly
increased (p<0.05). Low dose of beta-asarone may inhibit oxidative stress and inflammatory reaction,
inhibit cell apoptosis, inhibit the decrease of tyrosine hydroxylase expression and the overexpression of

alpha-synuclein, so as to play a certain neuroprotective role and reduce neuron damage.

Key words: Acorus tatarinowi, beta-asarone, Parkinson's disease, neuron damage, bradykinesia

Parkinson's disease is a degenerative disease of
the nervous system. Its main clinical features are
movement disorders such as tremor, bradykinesia,
abnormal posture and gait and non-motor disorders
such as cognitive disorders, sleep disorders and
olfactory disorders!!l. According to relevant statistics,
the incidence of Parkinson's disease is about 0.3 % and
the prevalence rate in elderly people over 70 y old is
more than 2 %. And the condition will gradually worsen
over time, until the loss of motor function, which
will have a serious impact on the patient's quality of
life™. The pathogenesis of Parkinson's disease is more
complicated. Studies have found that the interaction
of mitochondrial dysfunction, Lewy body deposition,
immune inflammation, oxidative stress and apoptosis
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can all lead to the formation of Parkinson's®). At present,
Parkinson's treatment mainly uses levodopa, dopamine
receptor agonists and other drugs, but long term use will
cause complications such as "switching phenomenon"
or dyskinesia. Therefore, finding other drugs with
neuroprotective effects has become a clinically
important issue. Traditional Chinese medicine has the
advantages of multi-target effects and low side effects,
which has gradually attracted people's attention. Beta-
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asarone (B-asarone) is one of the effective ingredients
of Shichangpu. Studies have found that it plays an
important role in the treatment of central nervous
system diseases®. However, its mechanism of action
is still unclear. The purpose of this study is to explore
the effect of B-asarone, a component of Shichangpu, on
reducing neuronal damage in Parkinson's disease rats
and its related mechanisms.

MATERIALS AND METHODS

Experimental animals:

Thirty five male Sprague Dawley (SD) rats were
randomly selected [Zhejiang Weitong Lihua Laboratory
Animal Technology Co., Ltd., production license SCXK
(Zhe) 2020-0002, use license SYXK (Zhe) 2019-0003].
Body weight (40+10) g, age of 6 w, all rats are free to
eat and drink in the laboratory temperature (23°£2°),
humidity (56 %+12 %), 12 h d and night.

Main instruments and reagents:

Brain stereotaxic instrument (Beijing Jinuotai
Technology Development Co., Ltd., model: INT-DTY);
inverted fluorescence microscope (Shanghai Wumo
Optical Instrument Co., Ltd., model: WMF-3580); low
temperature high-speed centrifuge (Shanghai Hetian
Scientific Instrument Co., Ltd., model: TG18G); ultra
low temperature refrigerator (Meiling Biomedical,
model: YCDELA450); electronic balance (Shenyang
Longteng Electronics Co., Ltd., model: JD-2); micro
syringe pump (Shenzhen Nuoshen Technology Co.,
Ltd.,, model: NOTON-16); 6-hydroxydopamine
(6-OHDA) (Dalian Meilun Biological Technology
Co., Ltd., specification: 200 mg); blocked goat
serum (Shanghai Hengfei Biotechnology Co., Ltd.);
immunohistochemistry kit (Shanghai Jingke Chemical
Technology Co., Ltd.); Bicinchoninic Acid (BCA)
protein detection kit (Beijing Soleibao Technology Co.,
Ltd.).

Modeling and grouping:

Establish a rat model of Parkinson's: Anesthetize the
rat, fix it on a stereotaxic device, prepare the skin and
fully expose the skull and bregma. In the past, fontanelle
was the origin to mark the coordinates of the lateral
ventricle. A dental drill was used to drill a hole on the
surface of the skull and then the tube was buried and the
needle was accurately inserted into the substantia nigra
dense part. Directional injection of 2pg/pl of 6-OHDA
SuL at a rate of 1pL/min. The needle was stopped for 5
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minutes, then slowly withdrawn, and the rat scalp was
sutured.

Division into groups: The rats were divided into sham
operation group, model group, B-asarone low dose
group, B-asarone middle dose group and -asarone high
dose group, with 7 rats in each group. Rats in the sham
operation group and the model group were injected
with the same amount of normal saline, the low dose
B-asarone group, the middle-dose (-asarone group and
the B-asarone. The high dose group was injected with
10 mg/kg, 20 mg/kg and 40 mg/kg B-asarone for a total
of 7 d.

Observation indicators:

Behavioral testing: Using field experiments (making
a transparent box of 35 cmx35 ¢cmx20 cm in a quiet
and dark environment, engraving a grid of 6 cmx6 cm
at the bottom and adapting the rat to the environment
for 5 min. Observe the number of moving grids and
standing times of rats within 5 min and take the average
of multiple measurements), roller experiment (place
the rat on a rotating rod instrument with a radius of 3
cm and a rotation speed of 25 r/min, adapt to 3 times,
with an interval of 60 s each time, to detect the time
required for the rat to fall down), forelimb activity time
(fix the hind limbs of the rat and lift it, fix one of the
forelimbs and the rat adapts 3 times, with an interval
of 60 s each time, to detect the time required for the
movement of the rat's forelimbs and take the average of
the measurements) the behavior of the rats is evaluated.

After the mouse behavior test, the rats were put to death;
the brain tissues of the rats were taken, fixed with 4 %
formaldehyde and routinely made 4 um thick paraffin
cuts. Immunohistochemical method was wused to
determine the expression levels of Tyrosine Hydroxylase
(TH) and alpha-synuclein (a-syn) in the brain tissues of
rats in each group. Routinely deparaffinize to water and
use citrate buffer for antigen retrieval. Incubate with 3
% hydrogen peroxide for 30 min at room temperature
to inactivate endogenous enzymes. 5 % Bovine Serum
Albumin (BSA) at room temperature for 30 min. Add
a-syn and TH antibody, overnight at 4°. Biotinylated
goat anti-rabbit Immunoglobulin G (IgG) was incubated
at room temperature for 40 min, Diaminobenzidine
(DAB) developed color and the positive color was
brown-yellow. Wash with phosphate buffer solution 3
times between each step. Lightly counter stained with
hematoxylin, dehydrated, transparent, mounted and
observed under optical microscope. Using a computer
image processing system, 10 fields of view were
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randomly taken from each slice, and the average optical
density of the positively stained cells was determined.

Determination of oxidative stress indicators: Take
brain tissue, put it in a homogenizer, add an appropriate
amount of lysis solution and place it on ice to grind
the tissue until it is fully lysed. Centrifuge and take
the supernatant. Strictly follow the determination of
Superoxide Dismutase (SOD), Catalase (CAT) and
Glutathione Peroxidase (GSH-Px) assay kit methods.
Set up a standard tube group, a measuring tube group
and a blank control tube group. The components of the
measuring tube are the tissue sample before the reaction
and the tissue sample after the reaction for comparison.
The absorbance value at 470 nm is measured by
ultraviolet spectrophotometry.

Inflammatory factor level determination: The brain
tissue inflammatory factors Interleukin-1 beta (IL-1p),
Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha
(TNF-a) level. The operation was carried out strictly
in accordance with the procedures of the operation kit.

Western blotting was used to determine the expression
levels of B-cell lymphoma 2-associated X protein
(BAX), B-cell lymphoma 2 (Bcl-2) and caspase-3 in
the brain tissues of rats in each group. Take the brain
tissue to fully lyse and homogenize, centrifuge, take
the supernatant, prepare the BCA working solution,
add it to each well and mix well and determine the
total protein content obtained. After Sodium Dodecyl
Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) electrophoresis, transfer membrane, block,
add primary antibody, wash with Tris-Buffered Saline
with Tween 20 (TBST) and shake at 4°. Add secondary
antibody and rinsed Polyvinylidene Difluoride
(PVDF) membrane for antibody incubation, drop
Electrochemiluminescence (ECL) developer solution
and use gel image processing system to analyze the
band optical density value.

Statistical methods:

Thisstudy wasapprovedbythemedical ethics committee.
According to the Shapiro-Wilk test, to test whether the
data is normally distributed, the measurement data
conforming to the normal distribution were compared
between multiple groups by single factor and multiple
samples, and the independent sample t test was used
between the two groups. In this group of studies,
Statistical Package for the Social Sciences (SPSS) 20.0
statistical software was used for statistical analysis
and the statistical results were regarded as statistically
significant at p<0.05.

RESULTS AND DISCUSSION

Compared with the sham operation group, the
number of autonomous activities in the model group
was significantly reduced, the roller falling time was
significantly shortened and the forelimb activity time
significantly prolonged (p<0.05). Compared
with the model group, with the increase of the dose
of B-asarone, the number of voluntary activities was
significantly reduced, the roller falling time was
significantly shortened and the forelimb activity time
was significantly prolonged (p<0.05) as shown in
Table 1.

was

Compared with the sham operation group, the
expression level of a-syn in the model group was
significantly reduced and the expression level of TH
was significantly increased (p<0.05); compared with the
model group, with the increase of the dose of -asarone,
the expression level of a-syn decreased significantly
and the expression level of TH increased significantly
(p<0.05) as shown in fig. 1, fig. 2 and Table 2.

Compared with the sham operation group, the expression
levels of SOD, CAT and GSH-Px in the model group
were significantly reduced (p<0.05). Compared with
the model group, with the increase of -asarone dose,

TABLE 1: BEHAVIORAL INDEX DETECTION OF RATS IN EACH GROUP (xts)

Group Cases Field experiment (times) Roller experiment (s) Forelimb activity time (s)
Mock surgical group 7 78.52£10.23 176.26£52.19 3.58+0.72

Model group 7 14.76+3.122 33.58+7.862 87.96+17.332
B-asarone low dose group 7 48.55+3.58% 125.84+8.58* 18.46+2.84%°
B-asarone medium dose group 7 37.87x2.41%¢ 97.42+5.47%¢ 34.69+5.13%¢
B-asarone high dose group 7 30.15+2.843b< 63.41+7.832d 46.47+5.942><

F 141.17 36.3 97.89

p <0.001 <0.001 <0.001

Note: Compared with the sham operation group, 2p<0.05; ®p<0.05 compared with the model group; °p<0.05 compared with the low dose
B-asarone group and 9p<0.05 compared with the middle dose B-asarone group
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the expression levels of SOD, CAT and GSH-Px were
significantly reduced (p<0.05) as shown in Table 3.

Compared with the sham operation group, the
expression levels of IL-1B, TNF-a, Nitric Oxide (NO)
and IL-6 in the model group were significantly increased
(p<0.05). Compared with the model group, as the dose
of B-asarone increased, the expression levels of IL-1p,
TNF-a, NO and IL-6 increased significantly (p<0.05)
as shown in Table 4.

Compared with the sham operation group, the expression
levels of BAX and caspase-3 in the model group
increased significantly, while the expression levels
of Bcl-2 decreased significantly (p<0.05). Compared
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Fig. 1: The expression level of a-syn in the brain tissue o

with the model group, with the increase of the dose of
B-asarone, the expression levels of BAX and caspase-3
increased significantly and the expression levels of
Bcl-2 decreased significantly (p<0.05) as shown in
fig. 3 and Table 5.

Parkinson's disease is the second largest degenerative
disease of the central nervous system in the world after
Alzheimer's disease. With the improvement of medical
standards, the social population is gradually aging and
the incidence of Parkinson's disease is increasing year
by year and it has gradually become one of the most
serious diseases threatening mankind. In recent years,
traditional Chinese medicine has gradually been used
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Fig. 2: The expression level of TH in the brain tissue of rats in each grou[;, (A): sham operation group; (B): model group; (C):
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TABLE 2: EXPRESSION LEVELS OF A-SYN AND TH IN THE BRAIN TISSUE OF RATS IN EACH GROUP (x#s)
Group Cases a-syn TH

Mock surgical group 7 118.29+11.74 901.25+86.57
Model group 7 224.16£17.842 176.58+22.162
B-asarone low dose group 7 140.16+7.33%® 514.45+48.47%
B-asarone middle dose group 7 159.37+16.712¢ 408.69+41.712%¢
B-asarone high dose group 7 180.55+18.69%<d 345.85+36.1230<d
F 50.51 191.77

p <0.001 <0.001

Note: Compared with the sham operation group, 2p<0.05; °p<0.05 compared with the model group; <p<0.05 compared with the low dose
B-asarone group and 9p<0.05 compared with the middle dose B-asarone group

TABLE 3: COMPARISON OF OXIDATIVE STRESS INDICATORS IN THE BRAIN TISSUE OF RATS IN EACH
GROUP (xts)

Group Cases SOD (U/mg) CAT (U/mg) GSH-Px (U/mg)
Mock surgical group 7 14.42+2.11 189.43x4.17 78.54+4.02
Model group 7 4.43+1.682 63.68+2.872 21.59+2.742
B-asarone low dose group 7 12.29+1.19% 121.58+4.41% 53.69+3.582°
B-asarone middle dose group 7 9.93+1.25%c 94.13+3.67% 35.07+£3.04%¢
B-asarone high dose group 7 7.28+1.473d 71.64+£3.20% 27.48+2.76%°<
F 44.17 1309.51 350.88

p <0.001 <0.001 <0.001

Note: Compared with the sham operation group, 2p<0.05; °p<0.05 compared with the model group; <p<0.05 compared with the low dose
B-asarone group and 9p<0.05 compared with the middle dose B-asarone group

TABLE 4: COMPARISON OF THE LEVELS OF INFLAMMATORY FACTORS IN THE BRAIN TISSUE OF RATS
IN EACH GROUP (kts)

Group Cases IL-18 (pg/mg) TNF-a (pg/mg) NO (pmol/g) IL-6 (pg/mg)
Sham operation group 7 1.13+0.24 84.29+4.35 4.86+0.25 1.48+0.38
Model group 7 5.97+0.522 324.28+7.972 13.17+1.74° 4.74+0.472
B-asarone low dose group 7 3.12£0.35% 168.89+5.58% 6.22+0.83% 1.98+0.24%
B-asarone middle dose group 7 3.98+0.58%¢ 219.47+5.64%¢ 7.58+1.223%¢ 2.68+0.48%¢
B-asarone high dose group 7 4.94+0.433cd 279.36+5.173cd 10.34+1.163> 3.97+£0.35%
F 122.71 1795.32 58.84 83.66

p <0.001 <0.001 <0.001 <0.001

Note: Compared with the sham operation group, ?p<0.05; ?p<0.05 compared with the model group; °p<0.05 compared with the low dose
B-asarone group and 9p<0.05 compared with the middle dose B-asarone group

Bax

Bel-2

Caspase-3

GAPDH
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TABLE 5: THE EXPRESSION LEVELS OF APOPTOSIS-RELATED PROTEINS BAX, BCL-2 AND CASPASE-3
IN THE BRAIN TISSUE OF RATS IN EACH GROUP (xts)

Group Cases BAX Bcl-2 Caspase-3
Sham operation group 7 1.00£0.01 1.01£0.01 1.00£0.01
Model group 7 3.1240.27° 0.24+0.03° 3.14+0.62°
B-asarone low dose group 7 1.5320.09% 0.82+0.12% 1.43+0.08%
B-asarone middle dose group 7 2.11£0.13%¢ 0.71£0.042c 2.01£0.173¢
B-asarone high dose group 7 2.73+0.26% 0.44+0.0732< 2.55+0.303°<
F 157.05 149.48 50.18

p <0.001 <0.001 <0.001

Note: Compared with the sham operation group, 2p<0.05; °p<0.05 compared with the model group; <p<0.05 compared with the low dose
B-asarone group and 9p<0.05 compared with the middle dose B-asarone group

in the treatment of Parkinson's disease. Studies have
found that traditional Chinese medicine has the effects
of anti-oxidant stress and protection of nerve cells. It
can not only improve the clinical efficacy of Parkinson's
disease, but also reduce the side effects of chemical
drugs!®. As a traditional Chinese medicine, Shichangpu
has the effects of resuscitating and removing phlegm,
rejuvenating the mind and strengthening the brain and
is widely used in the treatment of stroke and senile
demential”. B-asarone, as an effective component of
the traditional Chinese medicine Shichangpu, plays an
important role in many central nervous system diseases
such as epilepsy, senile dementia, cerebral ischemia
and hypoxial®. This group of research takes SD rats as
the research object, and establishes a Parkinsonian rat
model induced by 6-OHDA. The aim was to observe
the effect of B-asarone on neuronal damage induced
by 6-OHDA in Parkinson's disease rats and its related
mechanisms.

The main clinical manifestations of Parkinson's
disease are movement disorders such as resting tremor,
bradykinesia, abnormal posture and gait, and muscle
rigidity. In this study, methods such as field experiment,
roller experiment and forelimb exercise time were used
to evaluate the behavioral changes of rats in each group.
It was found that B-asarone can improve the dyskinesia
of Parkinson's rats and the effect of low dose -asarone
is better.

The main pathological changes of Parkinson’s disease
are degeneration of dopaminergic neurons in the
substantia nigra and striatum, decreased dopamine
transmitters in the striatum and the formation of lewy
bodies in the remaining cells and a-syn is the main
component of lewy bodies?.. Studies have found that
o-syn mutation or over expression can accelerate
mitochondrial dysfunction, enhance sensitivity to
oxidative stress and dopamine transporter-mediated
toxicity, thereby promoting cell death!'’l. TH is a rate-
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limiting enzyme of catecholamine active substances,
which plays an important role in the synthesis of
dopamine and its expression level is closely related
to the occurrence and development of Parkinson's
disease!'". The results of this study found that 3-asarone
can significantly inhibit the decrease of TH expression
and the overexpression of a-syn and the effect of low
dose B-asarone is more obvious.

According to reports, oxidative stress is closely related to
the occurrence and development of Parkinson's disease.
Oxidative stress can significantly down-regulate the
level of the midbrain antioxidant system, leading to
the degeneration of substantia nigra dopaminergic
neurons'?, CAT and SOD are the main enzymes for
scavenging oxygen free radicals. GSH-Px can protect
the structure and function of cell membranes from the
interference and damage of peroxides. Apoptosis is a
kind of autonomous cell death, which plays an important
role in the deformation and death of dopamine neurons
in moles, and is also an important mechanism for the
pathogenesis of Parkinson's disease!'’l. Zhu et al!'¥
found that the oxidative stress of dopaminergic neurons
in Parkinson’s disease patients was significantly
increased. Oxygen free radicals in the cell can enter
the cell through a variety of receptor signals, leading
to neuronal cell apoptosis. The results of this study
found that B-asarone has obvious anti-oxidative stress
and anti-apoptotic effects. In addition, some scholars
believe that inflammation is involved in the occurrence
of the disease!'™. When Parkinson’s disease occurs,
neurons and endothelial cells are activated, and the
levels of inflammatory factors such as TNF-a and IL-
1B are significantly increased, which promotes the
release of other cytokines and forms a series of cascade
reactions. Causes inflammation, damages neurons and
promotes the occurrence of Parkinson's disease!'®’. In
this study, by detecting the expression levels of IL-1p,
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TNF-a, NO, IL-6 and other inflammatory factors in
the brain tissue of each group of rats, it was found that
B-asarone has obvious anti-inflammatory effects.

In summary, low dose B-asarone may inhibit oxidative
stress and inflammatory response, inhibit cell
apoptosis, inhibitthe decrease of TH expression and
the overexpression of a-syn. So as to play a certain
neuroprotective effect and reduce neuronal damage.
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