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ABSTRACT
Objective: To investigate the neuroprotective mechanism and effect of P2X4 receptor (P2X4R) inhibition on 6-hydroxydopamine
(6-OHDA)-induced Parkinson’s disease in rats.
Methods: Seventy-two clean, healthy male Wistar rats were randomly selected, and 6-OHDA was used to establish a rat model
of Parkinson’s disease. The rats were divided into control group, model group and intervention group, with 24 rats in each group. The
number of tyrosine hydroxylase-positive neurons was calculated by fluorescence microscopy. The mRNA and protein expression levels
of P2X4R, interleukin-18 (IL-18), interleukin-1β (IL-1β), caspase-1 and NLRP3 in the substantia nigra of each group were determined
by real-time fluorescence quantitative PCR.
Results: The number of tyrosine hydroxylase-positive neurons in the model group was significantly decreased compared to the
control group, and the mRNA and protein expression levels of P2X4R, IL-18, IL-1β, caspase-1 and NLRP3 in the substantia nigra
were significantly increased (P<0.05). Compared with the model group, the number of tyrosine hydroxylase positive neurons in the
intervention group was significantly increased, and the mRNA and protein expression levels of P2X4R, IL-18, IL-1β, caspase-1 and
NLRP3 in the substantia nigra were significantly decreased (P<0.05).
Conclusion: Inhibition of P2X4R has a neuroprotective effect on 6-OHDA-induced Parkinson’s disease, which may be a result of
inhibiting the inflammatory response and reducing the degeneration and death of tyrosine hydroxylase-positive dopaminergic neurons
in the substantia nigra of Parkinson’s rats.
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Introduction
Parkinson’s disease is the second-most-common neurodegenerative disease in the world, after Alzheimer’s disease. A significant pathological
change of Parkinson’s disease is that the midbrain
substantia nigra and striatum dopaminergic neurons
progressively die. As the midbrain substantia nigra
and striatum dopamine concentration decreases,
basal ganglia function adjustment disorder, which

takes the form of static tremor, slow movement,
myotonia, abnormal gait posture, cognitive/mental
disorder and sleep disorder symptoms(1). At present,
dopamine replacement therapy is used in the clinical
treatment of Parkinson’s disease. Dopamine replacement can make up for the lack of dopamine in the
brain, thus alleviating the clinical symptoms.
However, it is not effective in the treatment of
degeneration and apoptosis of dopaminergic neurons(2). Some studies have found that a neuronal
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inflammatory response in the brain is involved in
the occurrence and development of Parkinson’s disease, but the specific mechanism is still unclear(3).
The P2X4 receptor (P2X4R) is an ion channel-type
purine receptor controlled by the ligand adenosine
triphosphate, which is distributed in the respiratory,
circulatory, digestive and endocrine systems, and is
most widely distributed in the nervous system(4).
Damaged dopaminergic neurons can release
adenosine triphosphate to the outside of the cell,
which can bind P2X4R on the surface, accelerate
the activation of NLRP3 inflammasome, and thus
participate in the denatured death of dopaminergic
neurons in the substantia nigra(5). The purpose of
this study was to investigate the neuroprotective
effect of P2X4R inhibition on 6-hydroxydopamine
(6-OHDA)-induced Parkinson’s disease in rats and
its mechanism.
Materials and methods

Experimental animals
Seventy-two healthy, male Wistar rats of clean
grade were randomly selected (purchased from
Shanghai Kai Student Material Technology Co.,
Ltd., production license SCXK (Shanghai) 20170001), with a weight of 214±25 g and a temperature
of 22±3 ℃.
Main instruments and reagents
Inverted fluorescence microscope (Shanghai
Wumo Optical Instrument Co., Ltd., model: WMF3580); low-temperature high-speed centrifuge
(Shanghai Hetian Scientific Instrument Co., Ltd.,
model: TG18G); ultra-low temperature refrigerator
(Meiling Biomedical, model: YCDEL450); electronic balance (Shenyang Longteng Electronics Co.,
Ltd., model: JD-2); micro-injection pump (Shenzhen
Nuoshen Technology Co., Ltd., model: NOTON-16);
real-time fluorescence quantitative PCR instrument (Beijing Shengke Xinde Technology Co., Ltd.,
model: CFX96); brain stereotactic locator (Beijing
Ji Nuotai technology development co. Ltd., model:
jNT-DTY); 6-OHDA (Dalian Meilun Biotechnology
Co., Ltd., specification: 200MG); tyrosine hydroxylase antibody (Shanghai Xinyu Biotechnology Co.,
Ltd.); goat P2X4R polyclonal antibody (Shenzhen
Xinbosheng Biotechnology Co., Ltd.).
Establishment of Parkinson’s rat model and
experimental grouping
First, the rats were anaesthetized. Then, after
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brain stereotaxic instrument, the skin, the skull was
fully exposed, and the anterior fontanelle was used
to mark the origin coordinates of the lateral ventricle
anterior fontanelle.
A dental drill was used in the skull surface.
drilling before they are buried pipe, Using a microsyringe, from 5μg/μL P2X4R inhibitors (5-BDBD) or
0.9% NaCl solution at 0.5μL/min to locate injection,
injection speed of retreat at a rate of 1 mm/min after
injection. The scalp of the rats was sutured for 7 d,
and penicillin was injected continuously for 3 d to
prevent infection.
The coordinates of the substantia nigra were defined, and the rats were divided into a control group,
a model group and an intervention group, with 24
rats in each group. Control group rats were raised
normally without treatment. Rats in the model group
were pretreated with 0.9% NaCl solution for 7 d and
injected with 8 g/kg 6-OHDA at the location of the
substantia nigra. The rats in the intervention group
were pretreated with P2X4R inhibitor 5-BDBD for 7
d and injected with 8 g/kg 6-OHDA at the location
of the substantia nigra. All rats were killed after the
experiment.
Observation indicators
The number of tyrosine hydroxylase positive
neurons: the rats were anaesthetized, and the brain
tissues of the rats were put into 4% formaldehyde
solution for fixation, then dehydrated, and frozen
sections were made. Each slice was 10 μm thick.
After rinsing, the anti-rabbit fluorescent secondary
antibody was added and cultured for another 2 h.
After rinsing, 60 g/L glycerophosphate buffer was
added to seal the tablets, and the number of tyrosine
hydroxylase positive neurons was calculated by fluorescence microscopy.
P2X4R, interleukin-18 (IL-18), interleukin-1
(IL-1β), caspase-1 and NLRP3 mRNA expression
levels in the substantia nigra of rats in each group
were detected by real-time fluorescent quantitative
PCR. The expression levels of P2X4R, IL-18, IL-1β,
caspase-1 and NLRP3 in the substantia nigra were
determined by Western blot.
Statistical methods
The SPSS20.0 software package was used for
statistical data analysis, in which the measurement
data were compared by independent sample t-test between the two groups, and the single factor and multiple data means were compared between the groups.
The counting data were compared using test.
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Results
Comparison of the number of tyrosine hydroxylase positive neurons in each group
Compared with the control group, the number of tyrosine hydroxylase positive neurons in the
model group was significantly decreased (P<0.05).
Compared with the model group, the number of tyrosine hydroxylase positive neurons in the intervention group was significantly increased (P<0.05). See
Figure 1 and Table 1.
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and NLRP3 in the nigra of rats in the intervention
group were significantly decreased (P<0.05), compared to the model group. See Figure 3 and Table 3.
Group

Case (n)

P2X4R
mRNA

IL-18
mRNA

Caspase-1
mRNA

NLRP3
mRNA

Control

24

1.02±0.11

1.01±0.05

1.01±0.04

0.97±0.03

1.00±0.02

3.44±0.12

3.94±0.12

4.01±0.11

a

Model

24

3.36±0.26

3.97±0.10a

Intervention

24

2.68±0.11b

2.61±0.12b

3.01±0.06b

3.11±0.07b

3.01±0.06b

F

1136.42

3509.44

8234.57

9808.63

11813.66

P

<0.001

<0.001

<0.001

<0.001

<0.001

a

IL-1β
mRNA

a

a

Table 2: mRNA expression levels of P2X4R, IL-18, IL1β, caspase-1 and NLRP3 in the substantia nigra of rats in
each group (x̅±s).

Note: a means compared with the control group, aP<0.05; b represents compared with the model group, bP<0.05.

Figure 1: Comparison of the number of tyrosine hydroxylase positive neurons in each group.
A: control group; B: model group; C: intervention group.
Group

Case (n)

Number of tyrosine
hydroxylase-positive neurons

Control

24

7269.37±67.65

Model

24

5095.32±39.95a

Intervention

24

6386.71±49.65b

F

9965.59

P

< 0.001

Figure 2: mRNA expression levels of P2X4R, IL-18, IL1β, caspase-1 and NLRP3 in each group.

Table 1: comparison of the number of tyrosine hydroxylase positive neurons in each group (x̅±s).

Note: a means compared with the control group, aP<0.05; b represents compared with the model group, bP<0.05.

mRNA expression levels of P2X4R, IL-18, IL1, caspase-1 and NLRP3 in each group
Compared with the control group, the mRNA
expression levels of P2X4R, IL-18, IL-1β, caspase-1
and NLRP3 in the model group were significantly increased (P<0.05). Compared with the model group,
the mRNA expression levels of P2X4R, IL-18, IL1β, caspase-1 and NLRP3 in the intervention group
were significantly decreased (P<0.05). See Table 2
and Figure 2.
Expression levels of P2X4R, IL-18, IL-1β,
caspase-1 and NLRP3 in the substantia nigra of
rats in each group
Western blot results showed that compared with
the control group, the expression levels of P2X4R,
IL-18, IL-1β, caspase-1 and NLRP3 in the model
group were significantly increased (P<0.05). The expression levels of P2X4R, IL-18, IL-1β, caspase-1

Figure 3: Expression levels of P2X4R, IL-18, IL-1β, caspase-1 and NLRP3 in the substantia nigra of rats in each
group.
Group

Case (n)

P2X4R

IL-18

Caspase-1

NLRP3

Control

24

0.95±0.01

0.96±0.01

0.93±0.01

0.93±0.01

0.92±0.02

1.18±0.02

a

Model

24

1.18±0.01

1.31±0.02

1.23±0.01

1.26±0.02a

Intervention

24

1.07±0.01b 1.10±0.01b 1.06±0.01b

1.09±0.02b

1.05±0.01b

a

IL-1β

a

a

F

3176.00

3724.00

1876.00

2704.00

2354.67

P

<0.001

<0.001

<0.001

<0.001

<0.001

Table 3: Expression levels of P2X4R, IL-18, IL-1β, caspase-1 and NLRP3 in the substantia nigra of rats in each
group (x̅±s).

Note: a means compared with the control group, aP<0.05; b represents compared with the model group, bP<0.05.
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Discussion
Parkinson’s disease is a common, chronic, progressive neurodegenerative disease characterized by
slow movement, abnormal posture gait, static tremor and increased muscle tone(6). The pathogenesis of
Parkinson’s disease is still unclear, and it is thought
that the disease is related to oxidative stress, age-dependent mitochondrial dysfunction, elevated neurotoxicants, reduced neurotrophic factors, calcium
overload, excitatory poisoning, immune disorders,
inflammation and apoptosis. The affected neurons
are able to form a chain reaction to cause abnormal
or even death of cell function(7). 6-OHDA is a drug
used to induce Parkinson’s disease in animal models
that causes dopamine neuronal cells to die rapidly in
a relatively short time(8). This study used 6-OHDA to
induce Parkinson’s in a rat model to explore whether
inhibition of P2X4R had neuroprotective effects.
P2X4R was first cloned in the brain and expressed specifically on microglia and neurons(9). Microglia are the primary immune cells in the brain,
found mainly in the substantia nigra. The results of
this study showed that the number of tyrosine hydroxylase-positive neurons in the model group was
significantly decreased. The number of tyrosine hydroxylase-positive neurons in the intervention group
was significantly higher than that in the model group.
It was suggested that inhibition of P2X4R significantly inhibited denaturation and death of tyrosine
hydroxylase-positive neurons. P2X4R plays an important role in the pathogenesis of 6-OHDA-induced
Parkinson’s disease. This role may be related to the
activation of microglia when stimulated, the release
of a variety of inflammatory cytokines such as interleukins, mediation of blood-brain barrier damage or
amplification of inflammatory responses leading to
the degeneration of dopaminergic neurons(10-11).
IL-1β, IL-18 and so on are members of the
interleukin family, and some studies have found
that interleukin has a crucial role in the pathogenesis of Parkinson’s disease(12). IL-1β in the brain is
produced by a variety of cells, including glial cells,
which combine with IL-1 I receptors to play a variety of roles such as enhancing the oxidative stress
response, exacerbating the inflammatory response,
promoting calcium overload and promoting the formation of Lewy bodies(13). IL-18 can induce the formation of interferon, promote the proliferation and
differentiation of CD4+T cells, and increase the formation of inflammatory factors. Some scholars have
found that microglia-mediated neuroinflammatory
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response plays a role in the pathogenesis of Parkinson’s disease. IL-18-607C/A locus polymorphism is
a risk factor for sporadic Parkinson’s disease in the
Chinese Han nationality(14). NLRP3 inflammasome
is a polyprotein complex. S et al. found that when
the body has an immune activator, NLRP3 can be
oligomerized and activated, while the downstream
apoptosis-associated spotted protein can bind to
the caspase-1 precursor to form a NLRP3 inflammasome, thus activating caspase-1 and promoting
the mature release of precursor molecules such as
IL-18 and IL-1β(15). The results of this study found
that the expression levels of P2X4R, IL-18, IL-1β,
caspase-1, NLRP3 mRNA and protein in the model group were significantly increased, while the expression levels in the intervention group were significantly decreased. P2X4R, IL-18, IL-1β, caspase-1,
NLRP3 may be involved in the pathogenesis of Parkinson’s disease. The P2X4R inhibitor 5-BDBD can
alleviate the damage to neuronal cells by inhibiting
the expression of P2X4R, IL-18, IL-1β, caspase-1
and NLRLRP3.
To sum, inhibition of P2X4R has a certain neuroprotective effect on 6-OHDA-induced Parkinson’s
disease, which may be achieved by suppressing the
inflammatory response to reduce the degeneration
death of tyrosine hydroxylase-positive dopaminergic
neurons in the substantia nigra of Parkinson’s rats.
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