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nigra further suggested that capsaicin might protect against 
dopaminergic neuronal loss. Our results showed that TRPV1 
might be a novel therapeutic target for PD.
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Neuroprotection

Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disease characterized by the loss of dopaminergic (DA) 
neurons in the substantia nigra (SN) pars compacta [1]. One 
major goal of PD research is to explore potential disease-
modifying drugs that slow or stop the underlying neuro-
degenerative process [2]. However, no effective neuropro-
tective drugs or therapies have been found [3]. Recently, 
the potential mechanisms of promising drugs have mainly 
focused on protein aggregation, neuroinflammation, endo-
plasmic reticulum stress, mitochondria dysfunction and oxi-
dative stress [4].

Oxidative stress is one of the key biochemical abnor-
malities involved in the progression of PD [5], which can 
be caused by many environmental toxins, including MPTP, 
Rotenone and 6-OHDA [6]. So far, 6-OHDA has been 
widely used in experimental models of PD for in vivo and 
in vitro tests [7]. Apart from the direct toxicity of 6-OHDA 
on DA neurons, oxidative stress is thought to be the main 
mechanism involved in [8]. Insufficient antioxidants and 
excessive ROS, such as superoxide, hydrogen peroxide and 
hydroxyl radicals can lead to DA neuron degeneration and 
neuron network dysfunction [6, 9]. Furthermore, locomo-
tor activity decreases significantly in a 6-OHDA-induced 
hemiparkinsonian rat model due to the oxidative stress [10]. 
Drugs that can reduce oxidative stress might be useful to 
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rescue DA neuron and alleviate behavioral deficits effec-
tively in a rat model of PD.

Transient receptor potential vanilloid subfamily member 
1 (TRPV1) is a non-selective cation channel and a subfamily 
of TRP ion channels [11]. Although this channel can be acti-
vated by various types of endogenous and exogenous chemi-
cal ligands [12], the classical agonist is capsaicin [13], which 
is an alkaloid found primarily in the fruit of the Capsicum 
genus [14]. Traditionally, TRPV1 was considered to be 
involved in broad areas of disease, including pain (inflamma-
tory, visceral, cancer and neuropathic), inflammatory bowel 
disease, interstitial cystitis, urinary incontinence, airway 
diseases, pancreatitis and migraine [15]. Recently, research 
has demonstrated that TRPV1 is not only highly expressed 
in sensory neurons but also present in various brain zones, 
which suggests that it might be susceptible to neurodegener-
ative insults and contribute to the cellular processes involved 
in neuronal death [16]. Moreover, experiments have shown 
that TRPV1 can significantly reduce markers of oxidative 
stress and brain infarction as well as reduce deficits in motor 
and cognitive functions [17]. However, another in vivo study 
showed neuroprotective effects against the excitotoxicity 
of TRPV1 activated by endogenous cannabinoid ananda-
mides in rats [18]. The controversial effects of TRPV1 on 
cell survival might be dependent on the dosage of agonists 
used and the method of capsaicin administration [19], and 
further study are needed to confirm. Thus, TRPV1 might 
be an effective neuroprotective target for neurodegenerative 
diseases, especially for PD [20].

Accordingly, we determined whether TRPV1 could be 
activated and upregulated by capsaicin in the SN and stria-
tum. Our experiments showed that oxidative insults involved 
in the progression of PD could be diminished and behav-
ioral deficits could be improved in a 6-hydroxydopamine 
(6-OHDA) lesion rat model of PD. We further demonstrated 
that capsaicin was mainly involved in rescuing nigral neuron 
survival by inhibiting oxidative stress on the ipsilateral side, 
whereas the effect on antioxidant systems on the contralat-
eral side was limited.

Materials and Methods

Animals

Albino Wistar rats have been widely used for the induction 
of PD symptoms by 6-OHDA [21]. Male Wistar rats weigh-
ing 220–250 g (Experimental Animal Center of Shandong 
University, Jinan, China) were used. The rats were main-
tained in an animal room with water and food supplied ad 
libitum under controlled conditions and a 12-h light/12-h 
dark cycle at an ambient temperature of 22 °C.

Ethics Statement

All animal care and experiments were performed in accord-
ance with the European community Council Directive 
(2010/63/EU), and were approved by Animal Experimenta-
tion Ethics Committee of Shandong University.

Experimental Design

The animals were randomly allocated to four groups as fol-
lows: Control (n = 20), sham operated group with stereotaxic 
injection of saline with saline treatment for 7 days after the 
operation (SOG, n = 20), 6-OHDA-induced group with-
out capsaicin treatment (6-OHDA, n = 40), and 6-OHDA-
induced group with capsaicin treatment for 7 days after the 
operation (CAP, n = 40). On the 4th week, apomorphine-
induced rotations were observed, and successful model rats 
were selected from the 6-OHDA and CAP groups for the 
subsequent tests.

Stereotaxic Surgery

Stereotaxic surgeries were conducted under chloral hydrate 
as previously described [22].The animals were anesthetized 
by intraperitoneal injection of chloral hydrate (1 ml/100 g). 
After the rats were deeply anaesthetized (loss of corneal 
and toe pad reflexes), they received a stereotaxic injection 
of the DA toxin 6-OHDA (8 μg; 2 μg/μl of 0.02% l-ascorbic 
acid, Sigma-Aldrich Co., St. Louis, MO, USA) in the right 
medial forebrain bundle (MFB) at two coordinates (from 
the bregma: right 2.5 mm; posterior 1.8 mm; depth 7.5 mm, 
and right 2.5 mm; posterior 1.8 mm; depth 8.0 mm). Sham 
animals were injected with 8 μl of saline (0.9% NaCl). Rats 
were injected intraperitoneally with capsaicin (1 mg/kg, 
a single injection/day for 7 days, Sigma) for 1 week after 
6-OHDA injection.

Behavioral Tests

All behavioral tests were performed during the 4th week 
after the stereotaxic surgery. These tests were conducted in 
an isolated room between 8:00 and 11:00 am.

Rotational Behavior Test

Apomorphine (1 mg/kg, injected intraperitoneally) induced 
rotational behavior that could determine whether the crea-
tion of the 6-OHDA-induced lesion had been successful 
[22]. At 4 weeks post-lesion, rotations were counted for 
30 min beginning at 5 min after intraperitoneal injection 
of apomorphine. Rats with at least 210 rotational turns in 
30 min were regarded as successful models and selected for 
subsequent tests.
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Open Field Test

The open field test was used to assess spontaneous locomo-
tor activity as previously described [23]. Each rat was placed 
in the center of a square cage (100 × 100 × 40 cm). The floor 
was divided by black lines into 25 squares of 20 × 20 cm. 
After the 1-min test, rats were returned to their home cages, 
and the open field was cleaned with 75% ethyl alcohol and 
dried between tests. The total distance, amount of rearing 
and time spent in the center area were recorded.

Western Blot

Western blot analysis was performed as previously described 
[24]. Rat brain tissues from the SN and striatum were 
homogenized on ice in RIPA lysis buffer (Solarbio, Bei-
jing, China) using a Diax 900 homogenizer (Sigma). The 
protein concentration was determined using a BCA Pro-
tein Assay Kit (Thermo Fisher Scientific, Rockford, USA). 
Homogenate samples were subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and immunoblot 
analysis with antibodies. The following primary antibodies 
and dilutions were used: rabbit anti-tyrosine hydroxylase 
(TH, 1:200, Abcam, Cambridge, UK), rabbit anti-TRPV1 
(1:1000, Abcam) and rabbit anti-GAPDH (1:5000, Abcam). 
Horseradish peroxidase-conjugated anti-rabbit IgG (1:5000, 
Abcam) was used as a secondary antibody.

Immunostaining

Rats were anesthetized with chloral hydrate and transcar-
dially perfused with phosphate buffered saline (PBS) fol-
lowed by treatment with 4% paraformaldehyde in PBS. 
Brains were carefully removed from the skull, post-fixed 
overnight in buffered 4% paraformaldehyde at 4 °C and 
stored in a 30% sucrose solution for 24 h until they sank. 
Coronal Sections (40 µm thick) of SN were collected using 
a microtome (Leica, Germany). Immunohistochemistry was 
performed as previously described [25]. The sections were 
incubated with the following primary antibodies: rabbit anti-
TH (1:1000, Abcam) and horseradish peroxidase-conjugated 
anti-rabbit IgG (1:5000, Abcam). Slide digitization was used 
to estimate the TH+ cells in the SN with Pannoramic Scan 
(3DHISTECH, Budapest, Hungary). And images at ×1 and 
×40 magnification were captured.

Biochemical Estimations

Determination of SN and Striatum MDA

The amount of MDA was used as an indirect measure of 
lipid peroxidation. MDA content was determined in the stri-
atum and SN using a commercially available kit (Nanjing 

Jiancheng Bioengineering Institute, Nanjing, China) that 
determined the thiobarbituric acid (TBA) reactivity. The 
assay was conducted according to the manufacturer’s 
instructions. The absorbance of samples was determined at 
532 nm using a spectrophotometer.

Determination of SN and Striatum SOD and CAT Activity

SOD and CAT activity were determined by SOD and CAT 
kits (Nanjing Jiancheng Bioengineering Institute, Nan-
jing, China) according to the manufacturer’s protocols. 
The absorbance of samples was determined at 550 nm for 
SOD and 405 nm for CAT at the end of the reaction on a 
spectrophotometer.

Statistical Analysis

All statistical analyses were carried out using GraphPad 
Prism 6.0 software. The data were presented as mean ± stand-
ard error of the mean (SEM). The statistical significant dif-
ference of rotational behavior test between groups was cal-
culated by t-test (two groups). We used one-way analysis of 
variance (ANOVA) analysis followed by Sheffè post-hoc test 
to correct for multiple comparisons (≥3 groups). P values of 
less than 0.05 were considered statistically significant.

Results

Capsaicin Alleviated Behavioral Deficits and Enhanced 
Motor Ability

Rats that received apomorphine (1 mg/kg) intraperitoneally 
exhibited contralateral rotations. Unilateral MFB lesions in 
rats in the CAP group led to a significant decrease in the num-
ber of contralateral rotations compared to rats in the 6-OHDA 
group (n = 10, P < 0.05). In the open field test, the CAP rats 
spent a shorter time in the central area (n = 10, P < 0.05), 
displayed more rearing movements (n = 10, P < 0.05) and 
traveled over a longer total distance (n = 10, P < 0.05) than the 
6-OHDA model group. No differences were found between 
the SOG and Control groups in the indexes mentioned above, 
(n = 10, P > 0.05). These results indicate that capsaicin treat-
ment can ameliorate behavioral deficits and enhance motor 
ability in a rat model of PD (Fig. 1).

TRPV1 Activation by Capsaicin Prevented 
Degeneration of DA Neurons

TRPV1 expression levels in the rat SN and striatum are 
shown in Fig. 2. Compared to 6-OHDA rats, a higher level 
of TRPV1 was observed in the SN (n = 6, P < 0.05) and 
striatum (n = 6, p < 0.05) of the CAP group. As shown in 
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Fig. 2, the protein expression of TH in the SN and stria-
tum of the CAP rats was higher than that in the 6-OHDA 
group (n = 6, P < 0.05). No differences in TH expres-
sion in the SN and striatum (n = 6, P > 0.05) were found 
between the SOG and Control groups. The immunostain-
ing results showed that capsaicin increased the number 
of TH+ cells in the SN of the CAP group compared to 
the 6-OHDA rats (Fig. 3). These results indicated that 
capsaicin can alleviate degeneration of DA neurons by 
activating TRPV1 in vivo.

The Effects of Capsaicin on MDA, CAT and SOD 
Levels in 6‑OHDA‑Induced PD Rats

The results indicated that treatment with capsaicin pro-
duced a significant (n = 6, P < 0.05) decrease in MDA 

levels in the right SN and striatum compared to the 
6-OHDA rats. Treatment with capsaicin significantly 
increased CAT (n = 6, P < 0.05) and SOD (n = 6, P < 0.05) 
activity in the right SN and striatum compared to 6-OHDA 
rats. In the left SN and striatum, these four experimen-
tal indexes exhibited no differences between model rats 
treated with capsaicin and 6-OHDA rats (n = 6, P > 0.05). 
Similarly, no differences in these four experiment indexes 
were observed between the SOG and Control groups in the 
right or left SN and striatum (Fig. 4).

Discussion

The present work indicates that capsaicin might have 
potential neuroprotective effect on PD and rescues 

Fig. 1   Capsaicin alleviated behavioral deficits and enhanced motor 
ability. a Apomorphine-induced circling in rats in the 6-OHDA and 
CAP groups, which was measured for 30  min. b–d The open field 
test results, duration of movement in the central area, number of rear-
ing movements and total distance were measured and analyzed for 

rats in each group (n = 10). These three indexes showed significant 
differences between the CAP and 6-OHDA groups and between the 
6-OHDA and SOG groups. No differences were observed between the 
SOG and Control groups. *P < 0.05, NS (no significance, P > 0.05)
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dopamine neurons in midbrain. Our study identified that 
the protective effects of capsaicin are mediated via acti-
vation of TRPV1 and reducing oxidative stress. In this 
study, we observed that in 6-OHDA-induced rat models of 
PD, rats presented motor deficits, including apomorphine-
induced rotations and abnormal behaviors in the open-
field test. Consistent with this result, the expression lev-
els of TH in the SN and striatum decreased significantly. 

Furthermore, the antioxidant system was also involved in, 
which included the downregulation of SOD and CAT and a 
higher MDA level. Interestingly, if capsaicin, an agonist of 
the TRPV1 receptor, was applied immediately after injec-
tion with 6-OHDA, rats presented less severe behavioral 
deficits and higher levels of TH and TRPV1, accompany-
ing by reducing of oxidative stress.

Fig. 2   Capsaicin increases the protein expression of TH in the SN 
and striatum in the 6-OHDA group. a, c, e Protein levels of TH and 
TRPV1 in the SN of rats. b, d, f Protein levels of TH and TRPV1 
in the striatum. a, b Western blot analyses of the immunoreactive 
bands of GAPDH, TH and TRPV1 are shown. c, d Decreased TH 
protein expression was observed in both the SN (c) and striatum (d) 
in rats from the 6-OHDA group compared to the SOG group, whereas 
expression of TH was increased in the CAP group compared to the 

6-OHDA group. No significant differences were observed in the SN 
and striatum in the SOG and Control groups. e, f Increased TRPV1 
protein expression was observed in both the SN (e) and striatum (f) 
in rats of the CAP group compared to the 6-OHDA group. No sig-
nificant differences were observed in the SN and striatum in the SOG 
and Control groups or in the 6-OHDA and SOG groups. *P < 0.05, 
NS (no significance, P > 0.05)
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In 6-OHDA lesioned rat models of PD, rats exhibited 
contralateral rotations after administration of apomorphine 
(1 mg/kg), indicating that rat models of PD had been estab-
lished successfully. The open field test was conducted to 
evaluate locomotor activity. We found that rats in 6-OHDA 
group showed longer time in the central area, displayed less 
rearing movements and traveled over a shorter total distance, 
which were in parallel with the current study [23]. In con-
trast, rats in CAP group (capsaicin treated group) showed 
a significant decrease in the number of contralateral rota-
tions and better locomotor activities in the open field test. 
These results indicated that capsaicin significantly alleviated 
behavioral deficits and enhanced motor ability in a rat model 
of PD. Previous studies have revealed that TRPV1, a recep-
tor of capsaicin, might be a therapeutic target to ameliorate 
levodopa-induced dyskinesia [26, 27], however, the underly-
ing mechanism needs to be further elucidated.

We demonstrated that the expression of TH significantly 
decreases in both the SN and striatum in 6-OHDA lesioned 
rats. Furthermore, we observed that capsaicin administra-
tion increased the protein expression of TH. In addition, 
TRPV1, a receptor of capsaicin, was examined by Western 
blot analysis of the SN and striatum in capsaicin-treated 
6-OHDA lesioned rats. We investigated a higher level of 
protein expression both in SN and striatum in consistent with 
that of TH and alleviation of behavioral deficits. Therefore, 
we hypothesized that TRPV1 played a vital role in protecting 
against DA cell death. Although accumulating evidence has 
suggested that TRPV1 involvement in the neuroprotection 
of PD is complex and remains unclear, in vitro and in vivo 

research all indicates that activation of TRPV1 mediates cell 
death of mesencephalic DA neurons [28–30]. Furthermore, 
another in vivo study showed neuroprotective effects against 
the excitotoxicity of TRPV1 activated by endogenous can-
nabinoid anandamides in rats [18]. The controversial effects 
of TRPV1 on cell survival might be dependent on the dosage 
of agonists used and the method of capsaicin administration 
[19]. We observed that capsaicin at the doses of 1 mg/kg for 
7 days alleviated degeneration of DA neurons by activating 
TRPV1 in vivo.

The current study shows that oxidative stress is one of 
the key mechanism in the progression of PD [8]. In this 
study, rats in the 6-OHDA group presented abnormalities 
of antioxidants system, resulting in a significant rise in 
MDA levels and decrease in the activities of anti-oxidant 
enzymes, including SOD and CAT. On the other hand, we 
observed that capsaicin decreased the levels of MDA and 
increased the activities of SOD and CAT. Thus, the anti-
oxidants system was effectively enhanced by capsaicin. An 
previous in vitro study [31] showed that capsaicin enhanced 
neuroprotection by upregulating antioxidant enzymes. Our 
in vivo experiments also demonstrated antioxidative prop-
erties of capsaicin. Interestingly, oxidative stress measure-
ments showed no significant differences in the contralateral 
hemisphere in 6-OHDA lesioned rats regardless of whether 
capsaicin treatment was given. This result suggests that the 
reactive antioxidant system might be enhanced by the activa-
tion of TRPV1 in only certain situations, such as the toxicity 
induced by 6-OHDA.

Fig. 3   Capsaicin protects against the loss of DA neurons in the 
SN. a–d Tyrosine hydroxylase (TH) immunohistochemistry of SN 
pars compacta (SNpc) sections from rats in the Control (a), SOG 
(b), 6-OHDA (c) and CAP (d) groups. a–d TH+ neurons of SNpc 
at ×1 magnification. e–h Images were obtained at ×40 magnification 
from the pane areas shown in images of a, b, c and d respectively, 

and showed the ipsilateral TH+ neurons. The number of ipsilateral 
TH+ neurons was significantly higher in the CAP group (h) than in 
the 6-OHDA group (g), whereas a lower number of TH+ neurons was 
observed in the SOG (f) and control (e) groups. No significant differ-
ence was observed between the SOG (f) and control (e) groups
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Taken together, we investigated the neuroprotective role 
of capsaicin in a 6-OHDA-induced rat model of PD and 
found that capsaicin led to DA cell survival and behavioral 
recovery. In addition, greater expression of TRPV1 in both 
the SN and striatum in capsaicin-treated rats was observed, 
accompanied by activation of the reactive antioxidant sys-
tem in the ipsilateral hemisphere. Although 6-OHDA is a 
relevant tool to mimic the symptoms of PD, it does not show 
the complete pathophysiology of PD. Thus, future research 
with capsaicin in genetic models is needed.

Conclusion

This study shows that TRPV1 activated by capsaicin could 
protect against DA neuron loss and enhance TH enzyme 
activity, which suggests that TRPV1 is a promising ther-
apeutic target for alleviating the progression of PD. We 
demonstrated that TRPV1 activation by capsaicin protects 

against loss of DA neurons and promotes behavioral recov-
ery in the 6-OHDA rat model of PD by inhibiting oxidative 
stress.
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