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Abstract.
Background: The number of people with diabetes is increasing, and many patients have significantly impaired cognitive
function. For patients with diabetic encephalopathy (DE), simply lowering blood sugar does not improve learning and
memory. Studies have shown that �-asarone can significantly improve cognitive impairment in patients with DE, but the
specific mechanism of action is unclear.
Objective: This experiment hopes to use a variety of experimental methods to clarify the protective effect and mechanism
of �-asarone on brain neurons during the development of DE disease.
Methods: A high-sugar and high-fat diet and streptozotocin injection-induced DE rat model was used. �-asarone was
administered for four weeks. The experiment used the Morris water maze test, biochemical index detection, and many
methods to evaluate the neuroprotective effect of �-asarone on DE rats from various aspects and understand its mechanism.
Results: �-asarone reduced neuronal cell damage and significantly improved the learning and memory ability of DE rats. In
addition, �-asarone can reduce the oxidative stress response and amyloid-� accumulation in the brain of DE model rats and
increase the content of brain-derived neurotrophic factor (BDNF) in the brain tissue, thereby reducing neuronal cell apoptosis
and playing a protective role.
Conclusion: �-asarone can reduce the accumulation of oxidative stress and amyloid-� in the brain, increase the content of
BDNF, reduce the apoptosis of neuronal cells, and exert neuronal protection, thereby improving the learning and memory
ability of DE model rats.
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INTRODUCTION

Diabetes is a metabolic disorder resulting from a
defect in insulin production, secretion, resistance in
surrounding tissues, or all of these. One of its char-
acteristics is the high level of glucose in the blood
[1]. Type 1 and 2 are the two types, with the preva-
lence of type 2 accounting for the majority of diabetes
[2]. With the changes in people’s eating habits in
China, the incidence of diabetes is increasing year
by year, and its age group is gradually becoming
younger [3]. Long-term high blood sugar in the body
can cause damage to many tissues and organs of
the human body, including the feet [4], kidney [5],
skeleton [6], etc. The existing literature on diabetes
complications is extensive and focuses particularly
on damage to the central nervous system called dia-
betic encephalopathy (DE); it can cause cognitive
decline, learning and memory deficits, a lack of atten-
tion, and increase the risk of developing Alzheimer’s
disease (AD) [7]. With the fast-paced development
of society, this long-term increasingly serious com-
plication is a huge mental pressure for patients and
their families. In recent years, with the emphasis on
DE, research has gradually deepened, and it has been
found that the incidence of DE is affected by many
factors, such as alterations in the brain structure, elec-
trophysiological deficits, and so on. Although some
potential mechanisms have been proposed, there is
still a big knowledge gap in identifying protein levels
and molecular mechanisms of DE.

As we know, brain hyperglycemia can cause hyper-
glycemia, oxidative stress, inflammation, and damage
brain neurons. Previous research has established that
long-term exposure to a high-glycemic environment
will cause the death of brain neurons, which will
affect the cognitive function of the patient and form
DE [8]. In addition, studies have shown that insulin
resistance in diabetic patients can lead to the accu-
mulation of amyloid-� (A�), which continuously
accumulates to form plaques through the formation of
oligomers and fibers, thereby aggravating neurotoxi-
city and damage to the brain [7, 9]. And A� can also
induce neuronal death by increasing oxidative stress,
and oxidative stress will also increase the produc-
tion of A�, causing more oxidative damage [10, 11].
During the occurrence of DE, the brain is more sus-
ceptible to oxidative stress than other organs. Most
of the components of neurons (lipid, protein, and
nucleic acid) may be oxidized, thereby promoting the
apoptosis of related neurons [12]. The brain-derived
neurotrophic factor (BDNF) is the most prominent

neurotrophic factor in the human body, and it plays
an important role in neuronal development, survival,
and synaptic plasticity [13]. It is now well established
from a variety of studies that BDNF plays a critical
role in learning and memory by acting on hippocam-
pal long-term potentiation [14].

�-asarone is an effective active ingredient in the
traditional Chinese medicine acorus tatarinowii. It
belongs to the volatile oil component and has a wide
range of biological activities. Studies have shown that
it can reduce the destruction of Schwann cells after
peripheral nerve injury, accelerate their proliferation,
and have significant pharmacological effects on the
central nervous system [15]. In addition, �-asarone
can also exert neuroprotective effects on AD patients
in a variety of ways [16, 17]. �-asarone also showed
a good therapeutic effect in depression model rats. It
can significantly reduce the apoptosis rate of rat hip-
pocampal neurons and increase the levels of BDNF
and Bcl-2 in the hippocampus of rats [18]. However,
we do not know much about whether �-asarone can
play a protective effect on neurons and improve the
cognitive dysfunction of DE rats through a variety of
adjustment methods.

Accordingly, in this study, we used an animal
model of type 2 diabetes and focused on the mech-
anism of action of �-asarone in improving DE to
investigate whether �-asarone improves cognitive
dysfunction by reducing A� deposition-mediated
oxidative stress and increasing BDNF levels to reduce
neuronal cell apoptosis. We found that �-asarone
exerts neuron protection in multiple ways that might
be an effective mechanism in DE model mice. The
entire experimental process is shown in Fig. 1.

METHODS

Establishment of DE model

There were 200 SPF male SD rats, weighing
between 240–260 g, provided by Jinan Pengyue
Experimental Animal Breeding Co., Ltd. (Certifi-
cate: SCXK (LU)20190003) and allowed free access
to food and water. All rats were randomly divided
into 10 rats as the control group, and they were
fed with ordinary basic diet. The remaining 190 rats
were given a high-sugar and high-fat diet (10% lard,
10% sugar, 2.5% cholesterol, 77.5% basic diet as
a model) and fed for 4 weeks, while recording the
body weight and blood glucose levels. After 4 weeks,
190 rats were given a one-time intraperitoneal injec-
tion of streptozotocin (STZ) (purity > 98%, Germany
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Fig. 1. The diagram for animal experimental design.

Biofrxx, EZ34148220) 35 mg/kg. After 3 days, blood
was collected from the tail vein of all rats to mea-
sure random blood glucose. If the blood glucose value
was higher than 16.7 mmol/L, the diabetic rat model
was established successfully, and the rest were elim-
inated. Then the weight and blood glucose of the rats
that successfully established the diabetes model were
continually monitored for 8 weeks. The Morris water
maze was used to observe the rats’ learning and mem-
ory abilities to determine whether the DE model was
successfully established.

Grouping and treatment

The rats that successfully established the DE model
were randomly divided into model group (puri-
fied water), �-asarone low-dose group (10 mg/kg),
�-asarone high-dose group (40 mg/kg), and Olac-
etam capsule positive drug group (200 mg/kg). Since
�-asarone (purity ≥ 95%, Hubei widelychemical,
2019121603) is a lipophilic compound, �-asarone
was dissolved in 1% sodium carboxymethyl cellu-
lose (CMC-Na), and it was intragastric introduced
to rats after conversion of the dose. There were 10
rats in each group. Ten normal male rats were taken
as the control group and were given purified water
intragastrically once a day. During this period, all rats
were allowed to drink and eat freely for 4 consecutive
weeks.

Morris water maze

The positioning navigation experiment was carried
out for 4 consecutive days, choosing 4 water entry
points outside the platform quadrant (different every
day), and gently putting the animal into the water
facing the pool wall during the experiment, without
disturbing the water surface, recording the rat from
entering the water to climbing. The time elapsed on
the platform is the incubation period of escape, and
then letting the rats stay on the platform for 15 s. If

the platform was not found within 120 s, the incu-
bation period of absconding was recorded as 120 s,
and the rat was placed on the platform to rest for 15
s. The arithmetic mean of the 4 absconding incuba-
tion periods was used as the score of this day, and
statistical analysis was carried out. The absconding
incubation period represents the spatial learning abil-
ity of rats. One day after the experiment, the platform
was removed for space exploration experiments. The
rat was put into the water from the quadrant opposite
to the quadrant where the platform was located, the
swimming path of the rat in the pool within 120 s after
entering the water was recorded, observing whether
the rat can enter the target area, and evaluating the
memory ability of the rat [19].

Hematoxylin-eosin (HE) staining

Rat hippocampal tissues were fixed in 4%
paraformaldehyde, and each group of tissues was put
into a dehydration box and numbered. They were then
dehydrated with different concentrations of alcohol
and waxed with xylene. Then the tissue was embed-
ded, sliced, and dried. For HE staining, the dried
tissue sections were deparaffinized and washed with
different concentrations of alcohol, then stained and
dehydrated with hematoxylin and eosin dyes, finally
mounted with neutral gum, dried, and observed.

Immunohistochemistry

Dried hippocampal tissue sections were sepa-
rately taken to be deparaffinized and washed with
water, then heat repaired and treated with 3% hydro-
gen peroxide deionized water. The treated sections
were incubated with primary and secondary antibod-
ies respectively. Diaminobenzidine method (DAB)
was used for color development, and finally hema-
toxylin was used for re-staining and mounting the
film for observation. Anti-mouse/rabbit two-step
detection kit (Ebiogo, 11162110), BDNF antibody
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Fig. 2. Changes in body weight and blood glucose of DE model rats. Weights (A), random blood glucose level (B). Data was expressed as
mean ± SD. N = 10. Compared with control group: ∗p < 0.05, ∗∗p < 0.01; compared with Model group: #p < 0.05, ##p < 0.01.

(Abcam GR3227037-1), and A� antibody (Abcam
GR3235744-9) were used.

Rat serum and brain tissue homogenate
biochemical analysis

Rat serum and brain tissue homogenate was taken
for biochemical analysis. Low-density lipopro-
tein (LDL-C) (Shanghai zhenke 201906211),
triglyceride (TG) (Shanghai zhenke 201907311),
and total cholesterol (T-CHO) (Shanghai zhenke
201906511), high-density lipoprotein (HDL-C)
(Shanghai zhenke 201911271), lipid peroxide
(LPO) (Nanjing jiancheng, 20190718) content, and
nitric oxide synthase (NOS) (Nanjing jiancheng,
20190711) activity were determined by content test
kit, according to the manufacturer’s instructions.

Total RNA extraction and qRT-PCR analysis

After weighing 50–100 mg of rat hippocampal
tissue and grinding with liquid nitrogen, 1 ml of
TRIzol homogenate (Life Technologies, 204403)
and chloroform (Shanghai Suyi Chemical Reagent
Co., Ltd., 20191013) were added to extract RNA.
Afterwards, the extracted RNA was subjected to
RT reaction, and cDNA Synthesis Kit (Thermo
Scientific, 00691399) was used to perform reverse
transcription to obtain cDNA. Finally, taking cDNA
as a template for fluorescence quantification, and
performing a fluorescence quantitative PCR reac-
tion. �-actin was used as internal control, with
the 2–��Ct values normalized to �-actin levels.
Primer sequences for qRT-PCR used in this study
are provided below: Bax (forward primer, 5′-ACTAA
AGTGCCCGAGCTGAT-3′, reverse primer: 5′-AT
GGTCACTGTCTGCCATGT-3′), Bcl-2 (forward
primer, 5′-GAGTACCTGAACCGGCATCT-3′, re-

verse primer: 5′-GAAATCAAACAGAGGTCGCA-
3′).

RESULTS

Effect of β-asarone on random blood glucose
and body weight of DE model rats

The most obvious feature in the development of
diabetes is not to drink and eat but to lose weight. With
the construction of the model experiment, the weight
of the DE model rat dropped rapidly, but its blood
sugar rose rapidly. In addition, we grouped the DE
model rats after the 12th week and found that the body
weight and blood sugar of the rats were not significant
compared with the model group, regardless of the
low-dose �-asarone group or the high-dose �-asarone
group. The difference is shown in Fig. 2. These results
indicate that in the course of DE disease, �-asarone
does not significantly improve body weight and blood
sugar.

The effect of β-asarone on the learning and
memory ability of DE model rats

Due to the long-term high blood sugar environ-
ment, the neurons of DE model rats are damaged due
to a series of internal reactions, and their external per-
formance is the lack of learning and memory ability.
Morris water maze was used to evaluate the cogni-
tive function of DE model rats. The spatial learning
ability of DE model rats was judged by recording
the time when the rats found a platform in the water
within a limited time. The experimental results show
that compared with the control group of rats, the time
it taken for the model group to find the platform was
significantly increased. After the DE rats were treated
with �-asarone, the time taken for them to find a



J. Cai et al. / Explore the Mechanism of �-Asarone on Improving Cognitive Dysfunction 199

Fig. 3. �-asarone improves learning and memory impairment in DE rats. Escape latency of rats (A) and swimming paths in different groups
(B). Data was expressed as mean ± SD. N = 10. Compared with control group: ∗p < 0.05, ∗∗p < 0.01; compared with Model group: #p < 0.05,
##p < 0.01.

platform was significantly shorter than that of the
model group, especially in the �-asarone high-dose
group, as shown in Fig. 3A. After that, the experi-
ment removed the underwater platform and observed
the path of DE rats to the designated area. We found
that compared with the control group of rats, the path
of the model group rats was more complicated and
could not reach the designated area within the spec-
ified time. Compared with the model group, after
�-asarone drug intervention treatment, the road map
showed that DE rats bypassed the target area signifi-
cantly less and could find the designated area faster, as
shown in Fig. 3B. After �-asarone intervention treat-
ment, the rats of DE exhibited better performance
than the model group. These results show that �-
asarone can significantly improve the learning and
cognitive ability of DE rats, and the high-dose �-
asarone group is better than the low-dose group.

The effect of β-asarone on related indexes in DE
rats’ serum

DE model rats have long-term consumption of
high-sugar and high-fat feeds and are in a state of
high blood sugar, and their blood lipids and other
related indicators will also change. The detection of
four indicators of serum lipids in different groups of
rats found that compared with the control group of
rats, the model group’s LDL-C, TG, and T-CHO was
significantly increased. After �-asarone administra-
tion, this phenomenon was reversed. Compared with
the model group, the three indicators of �-asarone
administration group were significantly decreased,

and the effect of �-asarone high-dose group was bet-
ter, as shown in Fig. 4A-C. However, different groups
expressed the opposite in terms of HDL-C content
as shown in Fig. 4D. Compared with the control
group, the HDL-C content of rats in the model group
was significantly reduced. The HDL-C content of
DE rats in the administration group was significantly
increased, compared with the model group. There-
fore, the results show that the intervention treatment
of �-asarone can reduce the content of LDL-C, TG,
and T-CHO in DE rats, and increase the content of
HDL-C, thereby improving the blood lipid level of
DE rats.

The experiment also tested the content of serum
insulin in DE rats. The results showed that com-
pared with the control group, the serum insulin of
the model group was significantly increased, but there
was no significant difference between the administra-
tion group and the model group, as shown in Fig. 4E.
In addition, �-asarone in the serum of DE rats can
inhibit the activity of acetylcholinesterase (AChE) in
DE rats in a dose-dependent manner, as shown in
Fig. 4F.

β-asarone exerts a protective effect on the
neurons of DE rats

Since the hippocampus is essential in learning and
memory, we next examined changes to the neurons
in DE rats. Neuronal changes were investigated in
control group and model group in the CA1 and CA3
regions of the hippocampus. The reason is CA1 and
CA3 areas play an important role in spatial learning
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Fig. 4. The effect of �-asarone on LDL-C (A), HDL-C (B), TG (C), T-CHO (D), insulin (E) in DE rats. Data was expressed as mean ± SD.
N = 10. Compared with control group: ∗p < 0.05, ∗∗p < 0.01; compared with Model group: #p < 0.05, ##p < 0.01.

and memory retrieval. At the same time, in the hip-
pocampus injury process, CA1 area is one of the first
affected areas, and then transferred to CA3 and other
areas [20]. The results of HE staining showed that
the neuronal cells in the CA1 and CA3 areas of the
control group were arranged neatly, densely, evenly
distributed, and the cell outline was clear, and the
nucleus was round and obvious. Compared with the
control group, the number of neurons in the CA1
and CA3 areas of the model group was significantly
reduced, the arrangement structure was disordered,
the cell outline was unclear, and the morphology was
abnormal. In addition, a large number of neuronal
cells in the CA1 area showed obvious degeneration
and necrosis, and the coloration deepened. The neu-
rons in the CA3 area showed sparse cell arrangement,
obvious gaps, irregular shape and swelling, a large
number of vacuole-like cells were observed, and the
coloration was lighter. The intervention of �-asarone

improved this situation, and significantly increased
the number of normal neurons in the CA1 and CA3
areas. The morphology of neuronal cells was rela-
tively normal, and the nuclei of some neuronal cells
were round and obvious, and the structure was rela-
tively complete, and the arrangement was relatively
orderly. The result is shown in Fig. 5.

β-asarone reduces oxidative stress in DE rats

Oxidative stress has been considered as an impor-
tant factor in the pathogenesis of AD, and it can
promote neuronal cell apoptosis through a variety of
ways. We observed the occurrence of oxidative stress
in the body by detecting NOS and LPO in the brain
homogenate of DE rats. As illustrated in Fig. 6A,
B, compared with the control group, the LPO con-
tent and NOS activity in the model group increased
significantly. Compared with the model group, after
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Fig. 5. HE staining of pathological sections of rats’ hippocampus. The expression of neurons in CA1 (A) and CA3 (B) areas in different
groups. In the control group, neurons in CA1 and CA3 areas were neatly arranged, dense and evenly distributed, with clear cell outlines and
obvious rounded nuclei. The number of neurons in the CA1 and CA3 regions of the model group was significantly reduced, with abnormal
morphology and disordered arrangement. The cells in the CA1 and CA3 areas of the �-asarone group and the positive drug group were
arranged neatly and evenly, the cell outline was clearer, and the shape returned to normal.

Fig. 6. The effect of �-asarone on LPO content (A) and NOS (B) in brain tissue homogenate of different groups of rats. Data was expressed
as mean ± SD. N = 10. Compared with control group: ∗p < 0.05, ∗∗p < 0.01; compared with Model group: #p < 0.05, ##p < 0.01.

the administration of �-asarone, both indexes of DE
rats were significantly reduced, and the performance
of the high-dose �-asarone group was more obvi-
ous. The results show that �-asarone can significantly
improve the oxidative stress level in DE rats, thereby
exerting a certain protective effect on neuronal cells.

β-asarone exerts neuron protection in many ways

It is well known that the accumulation of A� in the
brain will damage the ability of learning and memory,
and then gradually develop into AD. In addition, there
is an interactive relationship between oxidative stress
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Fig. 7. A� deposition in hippocampus CA1 (A) and CA3 area (B) of rats in different groups. In the control group, there was no A� deposition
in the neuronal cells of CA1 and CA2 regions, and the neuronal cells were clearly outlined. In the model group, the outlines of neurons in
the CA1 and CA2 areas were blurred, most of them were in a necrotic state, the brown granules were significantly increased, and the A�
deposition was obvious. In the �-asarone and positive drug groups, some neurons in the CA1 and CA2 regions had clear outlines, and the
A� deposition was significantly reduced.

in brain tissue and the production of A�. Based on the
special function of CA1 and CA3 regions in the hip-
pocampus, the experiment focused on the observation
of the accumulation and deposition of A� in CA1 and
CA3 regions. The experimental results showed that
the A�-positive particles were brown, the neurons of
the rats in the normal group were arranged neatly and
densely, and there was almost no deposition of A�. In
contrast, the rat neuronal cells in the CA1 area of the
model group showed obvious degeneration and apop-
tosis, and the neuronal cells in the CA3 area showed
swelling and sparse arrangement. The production of
A� mainly existed in the Golgi apparatus and the
cell membrane area. The staining results showed that
there was a large amount of A� in the cell mem-
brane and cytoplasm of neuronal cells in CA1 and
CA3 areas. After the administration of �-asarone, the
condition of neuronal cells and the deposition of A�
improved, and it was dose-dependent, as shown in
Fig. 7.

BDNF stands out for its high level of expres-
sion in the central nervous system. It regulates the
survival and differentiation of neurons and plays a
role in activity-dependent plasticity, such as learning
and memory [21]. Therefore, we have done further
research on the protective effect of �-asarone by
regulating BDNF neurons. After immunohistochem-
ical staining, the BDNF-positive particles showed a
brown color as shown in Fig. 8. The results showed

that BDNF is an important substance that promotes
neuron growth. There was a significant expression
in the hippocampus of rats in the normal group,
while it was significantly reduced in the model group.
After administration of �-asarone, the expression of
BDNF in the hippocampus of DE rats was signifi-
cantly increased, which played an important role in
the restoration of the normal morphology of neuronal
cells.

β-asarone reduces the expression of apoptotic
genes in the brain of DE rats

During the pathogenesis of DE, the production of
oxidative stress and the deposition of A� will affect
the neuronal apoptosis in the brain of model rats. In
order to understand more clearly how �-asarone can
improve the neuronal apoptosis in the brain of DE
rats, we tested the apoptotic genes in different groups
of rats. The results showed that compared with the
control group, the expression of Bcl-2 mRNA in the
model group was significantly reduced, on the con-
trary, the expression of Bax mRNA in the model
group was significantly increased. Compared with
the model group, �-asarone intervention can signif-
icantly increase the expression of Bcl-2 mRNA and
reduce the expression of Bax mRNA at the same time,
thereby exerting an anti-neuronal apoptosis effect as
shown in Fig. 9.
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Fig. 8. The expression of BDNF in hippocampus CA1 (A) and CA3 (B) of different groups of rats. In the control group, the neuronal cells in
the CA1 and CA2 regions were clearly outlined, and the expression of BDNF was active. In the model group, the outlines of neurons in CA1
and CA2 regions were blurred, most of them were in necrotic state, and the production of BDNF was significantly reduced. In the �-asarone
and positive drug groups, some neurons in the CA1 and CA2 regions had clear outlines, and the production of BDNF was significantly
increased.

Fig. 9. �-asarone regulates the mRNA expression of Bcl-2 (A) and Bax (B). Data was expressed as mean ± SD. N = 3. Compared with
control group: ∗p < 0.05, ∗∗p < 0.01; compared with Model group: #p < 0.05, ##p < 0.01.

DISCUSSION

More and more evidence shows that the rapid
increase in the prevalence of type 2 diabetes is closely
related to obesity and blood lipids [22]. Experimental

studies of DE have shown that through the feeding
of high-sugar and high-fat diets and the induction
of STZ injection, the blood sugar of rats will rise
rapidly, and long-term hyperglycemia will damage
the cognitive function of rats and develop DE [23].
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Experimental studies of DE have shown that through
the feeding of high-sugar and high-fat diets and the
induction of STZ injection, the blood sugar of rats
will rise rapidly, and long-term hyperglycemia will
damage the cognitive function of rats and develop DE
[22]. In the DE rat model, as expected, �-asarone can
significantly improve the spatial learning and mem-
ory ability of DE model rats. Interestingly, during the
entire experiment, we have been testing the weight
and blood sugar of the rats and found that �-asarone
did not significantly change their blood sugar and
weight. In addition, by testing the serum insulin in
different groups of rats, there was no significant dif-
ference in the insulin content of the administration
group compared with the model group. Therefore,
we speculate that �-asarone does not improve the
learning and memory ability of DE model rats by
promoting the release of insulin and lowering blood
sugar. This also provides an idea for the combination
of �-asarone and hypoglycemic drugs.

DE model rats are often accompanied by abnormal
blood lipid levels. The dysfunction of blood vessels
and the development of neurodegenerative diseases
have a certain synergistic effect, which can aggravate
cognitive dysfunction in AD [24]. And HDL-C has
potential neuroprotective effects under conditions of
hyperglycemia [25]. In addition, the central choliner-
gic neurons are important in the learning and memory
performance of a variety of learned behaviors. AChE
inhibitors can play a better neuroprotective effect, and
this is currently the first drug for the treatment of AD
[26]. In fact, we also found that �-asarone has a good
regulatory effect on related blood lipid indexes and
AChE.

Protecting neurons from death during oxidative
and neuroexcitotoxic stress is key for preventing cog-
nitive dysfunction [27]. Oxidative stress can promote
the production of A�, promote cell apoptosis, and
reduce the expression of LDL-C receptor related pro-
tein 1 [28]. On the contrary, A� can also induce
oxidative stress, and there is a close relationship
between them [29, 30]. By improving the lipid per-
oxidation reaction and reducing the deposition of
A�, reducing the apoptosis of nerve cells, signifi-
cantly improving the cognitive deficits of rats [31,
32]. BDNF regulates many different cellular pro-
cesses involved in the development and maintenance
of normal brain function [33]. Increasing the expres-
sion of BDNF in the hippocampus can significantly
improve the neuroprotective effect of the brain [34].
BDNF increases the level of Bcl-2 by acting on
its high-affinity receptor tropomyosin-related kinase

B (TRKB), which can reduce cell apoptosis and
improve neuronal damage [35]. Bcl-2 and Bax are
important apoptotic proteins, the balance of these pro-
teins has an important role in the death or life of a
neuronal cell [36]. Studies have shown that higher
ratios of Bcl-2/Bax can provide significant neuropro-
tection [37]. However, the current drug treatment of
diabetes cannot prevent the development of DE, so
there is an urgent need for an effective and low side
effect therapeutic drug. �-asarone is derived from
traditional Chinese medicine, and our research has
proved its remarkable efficacy in the treatment of
DE. It reduces A� and oxidative stress, increases
the content of BDNF, thereby increasing the expres-
sion of ratio of Bcl-2 and Bax genes, and plays a
role in protecting nerves from many aspects. There-
fore, it cannot be replaced by only AChE inhibitors
or antioxidants.

Conclusion

In summary, the evidence provided in this study
shows that �-asarone can regulate the four indica-
tors of blood lipids in the serum of DE rats and the
activity of AChE, reduce oxidative stress and A�
deposition, and increase the neuroprotective effect
of BDNF, thereby increasing the expression of anti-
apoptosis gene Bcl-2 which reduces the apoptosis of
neuronal cells, exerts the protective effect of neurons,
and improves the cognitive ability of rats.
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