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Objective: Acupuncture is a commonly used method to provide motor-symptomatic relief for patients
with Parkinson s disease (PD). Our objective was to evaluate protective effects of acupuncture treatment
and potential underlying mechanisms according to the ‘‘gut-brain axis” theory.
Methods: We employed a 6-OHDA-induced PD rat model. The effects of acupuncture on disease develop-
ment were assessed by behavioural tests and immunohistochistry (IHC). ELISA, qPCR and western blot
(WB) were employed to measure inflammatory parameters and Fe metabolism in the substantia nigra
(SN), striatum, duodenum and blood, respectively.
Results: Our data show that acupuncture can significantly increase the expression of tyrosine hydroxy-
lase (TH), compared with untreated and madopa treated rats (P < 0.01 and P < 0.05, respectively).
Furthermore we could observe significantly decreased levels of pro-inflammatory markers in the duode-
num and serum (P < 0.05), reduced deposition of Fe in the substantia nigra (P < 0.05) and but no change in
transferrin expression after acupuncture treatment. The mRNA ratio of DMT1/Fpn1 in the SN of acupunc-
ture treated rats (1.1) was comparable to that of the sham group (1.0) which differed both significantly
from the untreated and madopa treated groups (P < 0.05). Furthermore, after acupuncture expression of
a-synuclein was decreased in the duodenum.
Conclusions: Acupuncture can reduce iron accumulation in the SN and protect the loss of dopamine neu-
rons by promoting balanced expression of the iron importer DMT1 and the iron exporter Fpn1.
Furthermore CNS iron homeostasis may be affected by reduced systemic and intestinal inflammation.
� 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Parkinson’s disease (PD) is the most common motor related
neurodegenerative disease up to date (Poewe et al., 2017). The
prevalence of Parkinson’s disease increases with age; it affects
2990 per 100,000 individuals over the age of 70, globally
(Pringsheim et al., 2014). As the aetiology and the pathogenesis
of the disease are not clear, the clinical diagnosis is based on the
symptoms, signs and drug sensitivity as reference, and due to the
lack of objective indicators, treatment is provided mainly to
improve the motor symptoms of PD (Goswami et al., 2017). In
addition, there is treatment of ‘‘honeymoon” and side effects,
whereas regenerated dopaminergic neurons cannot be repaired,
nor further degeneration of neurons be prevented (Harrison and
Dexter, 2013). Therefore, there is an urgent need for new strategies
for the treatment of PD (Choong et al., 2016). In addition to stan-
dard treatments, acupuncture is the most commonly used comple-
mentary and alternative therapy for PD patients, according to a
recent study (Chen et al., 2015; Zeng and Zhao, 2016).
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The ‘‘gut-brain” axis consists of a bidirectional endocrine com-
munication system between the central nervous system (CNS)
and the enteric nervous system (ENS) as well as a connection of
immune regulation between gut and brain (Mulak and Bonaz,
2015). ENS is a comprehensive network of gastrointestinal parietal
neurons and a major participant in the ‘‘gut-brain ‘‘axis (Cryan and
Dinan, 2012). In recent years, PD research has been focused on the
gastrointestinal tract and the related ENS (Clairembault et al.,
2015). The ENS is closely connected to the gastrointestinal myen-
teric macrophages (MM u) by internal and external neural mecha-
nisms to ensure an appropriate response to pathogens and
inflammatory stimuli (Yoo and Mazmanian, 2017). MM u is bipolar
or stellate in structure, similar to the stellate structure of microglia
in the brain (Gabanyi et al., 2016), and the function of MM u can
phagocytosis of neuronal fragments in order to maintain the stabil-
ity of the ENS structure (Kulkarni et al., 2017), MMu are similar to
the microglia of the brain in respect of structure and function. They
can be stellate in structure and phagocyte neural fragments in
order to maintain the structure of the ENS, analogous to the phago-
cytosis of apoptotic neurons by microglia in the CNS. (Fourgeaud
et al., 2016).

Gastrointestinal (GI) dysfunction is one of the most common
non-motor symptoms of PD, and constipation is one of the most
prominent, which precedes the movement symptoms for more
than 10 years, assuming that GI dysfunction is a pre-motion sign
(Fasano et al., 2015; Pagano et al., 2017). PD patients exhibit ENS
accumulation of a-synuclein, which may be the basis for gastroin-
testinal dysfunction. There is evidence that the PD originates in the
gut, then spreads to the olfactory bulb and the tail of the brain
stem and from there into the brain stem and the midbrain until
finally reaching the cerebral cortex (Sánchez-Ferro et al., 2015;
Jankovic, 2016).

This study is based on the theory of ‘‘gut-brain-axis”, the early
warning of gastrointestinal symptoms in Parkinson’s disease, and
the circulation of the ‘‘stomach meridian”, and was designed to
determine if acupuncture can, in fact, regulate the immune func-
tion of the gut and iron homeostasis of the body, and thereby alle-
viate the microenvironment of inflammation in the brain, thus to
protect the loss of TH+ DA neurons in 6-OHDA-induced rats.
2. Material and methods

2.1. Rats

Sprague-Dawley male rats were provided by the Zhejiang Med-
ical Laboratory Animal Center, and subjected to experiments after
1 week of adaption. All experimental procedures strictly complied
with the regulations of Zhejiang University of traditional Chinese
Medicine on the management and protection of experimental
animals.
2.2. 6-OHDA lesion

6-OHDA lesions were applied as described elsewhere [Include
citation of Fabrizius et al]. Briefly, 8–10 week old rats with a weight
of 220–140 g were starved overnight and anesthetized by injection
of 0.3% pentobarbital sodium (Shanghai Rongbai Biotechnology Co.,
Ltd. Cargo number P3761) (i.p.) at 150 mg/kg. During surgery rats
were placed on a 36–37 �C heating pad in a stereoscopic locator
(below the horizontal coordinate sinus calibrator) then 8 lg of 6-
OHDA (Sigma-Aldrich-DK, added with 0.02% ascorbic acid solution)
was injected at a rate of 1 lL/min into the left SNc according to
Paxinos and Watson’s stereotaxic map of rat brain: TB, �2.3 mm;
AP, �5.2 mm; ML, 2.1 mm; DV, �7.8 mm. All animals were closely
monitored during surgery. The sham group was injected with 0.9%
NaCl and otherwise treated the same.
2.3. Treatment protocols

Lesioned animals were either left untreated (sham/model
group) or treated with acupuncture or madopa. Rats were ran-
domly distributed in these groups (n = 10–14) except for weight,
so that the average weight of each group was similar.

Acupuncture was performed for 15 min daily starting at day 15
post-surgery with an acupuncture needle model ofU0.18 � 25 mm
(Maanshan Bond Medical Instruments Co., Ltd. China) using the
following points: Zhongwan (CV12), Tianshu (ST25), Guanyuan
(CV4). During acupuncture rats were fixed by Self-made black cloth
bag.

6.25 mg/kg Madopa (Shanghai Roche) was intragastricly admin-
istered daily starting at day 15 post-surgery.

Control groups were left untreated but were given the same
binding force, 15 min daily starting at day 15 post-surgery.

Weight was measured in all groups once a week starting on day
15 post-surgery.
2.4. Isolation of blood and organs

Rats were sacrificed on day 46 post-surgery. Blood was taken
from the heart for serum samples, and together with duodenum
and SN tissue samples rapidly frozen in liquid nitrogen and trans-
ferred to �80 �C. For isolation of the SN, the intact brain tissue was
stripped off, and the substantia nigra and striatum were rapidly
separated according to the anatomical position. Whole brain sam-
ples were fixed with 4% paraformaldehyde.
2.5. Rotation test

On day 15 and day 45 post-surgery apomorphine hydrochloride
(Sigma-Aldrich, DK) was injected (0.05 mg/kg, i.p.) and after 3 min
rats were placed in a plastic basin (50 cm in diameter) and the
number of rotations per minute was counted for each rat.
2.6. Suspension test

Stainless steel wire of 60 cm length and 0.3 cm diameter was
hung on a foam pad 80 cm above the ground. The rats’ forepaws
were placed on the wire, and time was recorded during which
the rats were able to suspend the rope. Rats dropping the rope or
catching the rope with only one claw for less than 3 s were consid-
ered failure. Scores were assigned according to the citation:1 = 0–
4 s; 1 = 5–9 s; 2 = 10–14 s; 3 = 15–19 s; 4 = 20–24 s; 5 = 25–29 s;
6 = 25–29 s, each rat was tested three times and the average value
was obtained to evaluate the limb function of each rat. Suspension
tests were performed on day 15 and day 45 post-surgery.
2.7. Immunohistochemistry

Brains were fixed with 4% paraformaldehyde and embedded in
paraffin. Paraffin sections (20 mm) of the SN were sliced, starting
4.8 mm from the front fontanel. Immunostaining was performed
with a TH antibody (Sigma-Aldrich) and was utilized, according
to manufacturer‘s instructions. Three slices of the same site were
selected for each animal. The nigral area of the contralateral sub-
stantia nigra was counted using the image analysis software
IPP6.0 for the injured side under 40 x magnification. The TH posi-
tive area was counted, and the average number of positive cells
was calculated from three slides of each rat.
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2.8. Elisa

Elisa kits for TNF-a, IL-1b, IFN-c, Fe and transferrin were used
from Nanjing Jiancheng Bioengineering Institute, China and serum
samples and tissue samples from the SN and the duodenum were
prepared and measurements performed according to the manufac-
turer‘s protocol. Sample values were calculated according to the
OD value of absorbance.

2.9. Quantitative

2.9.1. RNA isolation and quantitative real-time PCR
Total RNA was extracted according to the manufacturer‘s

instructions with Total RNA BioTeke (TaKaRa) then cDNA was syn-
thesized with PrimeScriptTM RT reagent Kit (TaKaRa). cDNA was
amplified by qPCR with SYBR Premix Ex TaqTM Ⅱ (TaKaRa) on a
Bio-Rad iQ5 PCR thermocycler. The CT values were measured and
calculated by computer software (Bio-Rad IQ5 Date Analysis),
and the transcriptional level was calculated by formula the 2-44
CT formula. The following primers were used:
Primer
 Sequence (50to30)

Fpn1F
 GCCTTGTTCGGACTGGTCTGTTC

Fpn1R
 CCAGGCATGAACACGGAGATCAC

DMT1F
 CCTGTGGCTAATGGTGGAGTTGG

DMT1R
 GGAGATTGATGGCGATGGCTGAC

b-actin-F
 GGAGATTACTGCCCTGGCTCCTA

b-actin-R
 GACTCATCGTACTCCTGCTTGCTG
2.9.2. Protein extraction and western blot
1–2 ml frozen tissue (three tissue is tested here, SN, striatum

and duodenum) was placed in homogenizer, and was shredded
with clean scissors. Then 400 lL lysis buffer (Keygen whole cell
Lysis Assay, include: 1 ml Lysis Buffer, 5 lL phosphatase inhibitor,
1 lL protease inhibitor and 5 lL PMSF) was added in homogenizer
to homogenize and then put on the ice. Tissue was grinded 15
times and after 30 min of pyrolysis, the lytic fluid was centrifuged
at 4 �C for 12000 rpm for 5 min. The supernatant was separated
and packed in 0.5 ml centrifugal tube, that is, whole protein
extract, protein quantification (BCA method). The supernatant
was stored at �70 �C.

3. Statistical analysis

The statistical analysis was carried out by SPSS13.0. The data

were expressed as mean ± standard deviation (x
�
±S). One-way

ANOVA analysis was used for multi-group comparison, and Dun-
nett was used for post-test correction. P < 0. 05 was considered sta-
tistically significant.

4. Results

To analyse the effect of acupuncture on neural damage we
applied the 6-OHDA lesion PD model to rats, which were either left
untreated (model group), daily treated with madopa (madopa
group) or daily treated with acupuncture (acupuncture group)
from day 15 to day 45 post-surgery. Weight levels were similar
for all rat groups throughout treatment (Fig. 1A). IHC staining on
day 45 revealed reduced TH expression in the CSN of the model,
madopa and acupuncture group, verifying the onset of neural dam-
age. Of note, TH expression in the acupuncture group was signifi-
cantly less diminished compared to sham, showing 24,6% less
TH + staining than sham, as compared to the model (82,8%)
madopa group (68%) (Fig. 1C). In behavioural tests we measured
elevated rotation scores in all 6-OHDA lesioned rats on day 45
compared to day 15, but significantly lower rotation scores in
acupunctured rats on day 45 compared to untreated and madopa
treated rats, indicating a less severe damage of SN neurons
(Fig. 1B left). In accordance with rotation test results, acupunctured
rats showed no significant drop of suspension scores on day 45,
other than rats of the madopa and model group rats, who displayed
significantly lower capability of performing the suspension test on
day 45 (Fig. 1B right). These data suggest that acupuncture may
delay the onset of neuron damage and ameliorate motor
symptoms.

To evaluate the impact of acupuncture on the inflammatory
response along the ‘‘gut-brain” axis which may be involved in
mediating neuronal damage, we measured the levels of the pro-
inflammatory cytokines, TNFa, IL-1b and INFc, in serum, duode-
num and the SN (Fig. 2A-C). While there were no elevated levels
of proinflammatory cytokines after application of 6-OHDA lesion
in the SN (Fig. 2C), we observed an increase for serum (Fig. 2A)
and duodenal (Fig. 2B) TNFa and IL1b in the model group, there
is statistical significance (P < 0.05). But, there were no changes in
INFc levels in any tissue, whereas cytokine levels of acupunctured
rats were comparable to the sham group. These findings suggest
acupuncture may have an impact on a 6-OHDA-induced inflamma-
tory response in the duodenum.

To determine if acupuncture had any influence on iron home-
ostasis, we measured the levels of iron and Transferrin Receptor
(TfR) in tissue homogenates of the SN 46 days after 6-OHDA lesions
by ELISA. Fe levels were increased (P < 0.05) in the model group
compared to sham, which could be prevented by acupuncture
treatment (Fig. 3A). TfR levels were (P < 0.05) decreased in all 6-
OHDA lesioned rats (Fig. 3B). Next, we analysed Fpn1 and DMT1
expression in SN and duodenum. The ratio of Fpn1/DMT1 mRNA
was comparable for all four groups (Fig. 3C). In contrast, Fpn1/
DMT1 ratios in SN were differing significantly in the untreated rats
(1, 53) and madopa treated rats (0, 45) from the sham group (1, 0),
whereas acupuncture treated rats displayed a similar ratio (1, 1).
This was also reflected in qPCR results for Fpn1 and DMT1 in the
SN (Fig. 3D). Taken together, we conclude that acupuncture may
influence on nigral iron homeostasis by promoting balanced
expression of Fpn1 and DMT1.

To analyse the expression of a-synuclein we performed western
blots of the striatum and the duodenum. Expression levels were
similar in all four groups in the stratium (Fig. 4A and 4B). In the
duodenum we observed significantly decreased expression after
acupuncture treatment by almost 80% compared to the model
group, which indicates that acupuncture may influence on
TH + DA neuron by duodenum.
5. Discussion

Parkinson’s disease is a rapidly growing health problem in an
aging society. Genetic risk has been identified, and furthermore
environmental factors and epigenetic events may be the cause
for the onset of the disease in most PD patients (Ritz et al.,
2016). Environmental factors may have an effect on the occurrence
and progression of PD through the gastrointestinal tract (GI)
(Kieburtz and Wunderle, 2013). The physiological function and
movement of the GI are affected by the neurotransmitter and
immunological signalling produced by the central nervous system
as well as by the intestine. hormones and neuropeptides, which
may in turn affect the brain (Selkrig et al., 2014), as is the case
for dopamine of which almost half of the total amount is produced



Fig. 1. Acupuncture ameliorates motor symptoms and delays onset of neuron damage in 6-OHDA lesioned rats. (A) Weight curve; sham n = 12/model n = 12/madopa n = 11/
acupuncture n = 13. (B) Left: Rotation score. Rotation test was performed for each rat on day 15 and day 45. Right: Suspension score. Suspension test was performed for each
rat on day 15 and day 45. Sham n = 5/model n = 5/madopa n = 11/acupuncture n = 13; SPSS13.0. One-way ANOVA analysis was used for multi-group comparison, and Dunnett
and Bonferroni were used for post-test correction. *Compared with model on day 45 P < 0,05. (C) IHC: TH staining of the SN. Left: whole brain sections and representative
images of the SN (40x magnification). Arrows indicate lesioned brain areas. Right: Quantification of TH + areas. 3 sections of 4 rats of each group were quantified and
means ± SEM were calculated out of 12 sections in total for each group. One-way ANOVA analysis was used for multi-group comparison, and Dunnett and Bonferroni were
used for post-test correction. **Compared with sham: P < 0,01; D compared with model: P < 0,05; DD compared with model: P < 0,01.
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in the gastrointestinal tract (Wall et al., 2014). Therefore, regulat-
ing gastrointestinal function may affect neuroinflammation, iron
homeostasis and dopamine loss in PD.

The accumulation of iron in the SN is an early characteristic of
PD (Belaidi and Bush, 2016), and the amount of nigral iron is
related to the severity of motor symptoms in PD patients (Guan
et al, 2017). The destruction of iron homeostasis may lead to disor-
der of the iron metabolism and the degeneration of DA neurons in
PD patients. Glial cells play a key role in the regulation of iron
homeostasis (Rathore et al., 2012). On the one hand, activated
microglia release proinflammatory cytokines such as IL-1b and
TNF-a, but are also involved in, regulated the import of DMT1 from
microglial cells and down-regulated ferritin exportation via Fpn1,
which results in the accumulation of iron in microglial cells
(Wang et al., 2015). Activated microglial cells can synthesize and
release lactoferrin (LF) to further enhance iron overload. These
findings suggest that the synergistic effects of neuroinflammation
and iron accumulation promote degeneration of Parkinson’s



Fig. 2. Acupuncture has an influence on proinflammatory cytokine levels in serum and duodenum of 6-OHDA lesioned rats. ELISA for TNF-a, IL-1b and INF-c, measured in
serum (A), duodenum (B) and SN (C) of sham and 6-OHDA lesioned rats on day 46. Means ± SEM were calculated of: Sham n = 7/model n = 7/madopa n = 6/acupuncture n = 8,
ELISA for each individual rat were done in triplicates. *compared with sham P < 0,05; Dcompared with model P < 0,05. SPSS13.0. One-way ANOVA analysis was used for multi-
group comparison, and Dunnett and Bonferroni were used for post-test correction.
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Fig. 3. Acupuncture has an impact on nigral iron homeostasis in 6-OHDA lesioned rats. ELISA for Fe (A) and transferrin (B) in SN. Means ± SEM were calculated of: Sham
n = 7/model n = 7/madopa n = 6/acupuncture n = 8, ELISAs for each individual rat were done in triplicates. Expression of Fpn1 and DMT1 and the ratio thereof in duodenum
(C) and SN (D) was measured by qRT-PCR. Means ± SEM were calculated out of: Sham n = 7 /model n = 7/madopa n = 6/acupuncture n = 8. *Compared with sham P < 0,05;
**compared with sham: P < 0,01; Dcompared with model P < 0,05; DDcompared with model P < 0,01. SPSS13.0. One-way ANOVA analysis was used for multi-group
comparison, and Dunnett and Bonferroni were used for post-test correction.
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disease neurons. Therefore, to inhibit neuroinflammation and to
balance the ferritin import transporter DMT1 and ferritin export
transporter Fpn1 is particularly important in improving the degen-
eration of PD dopamine neurons.

TH is a key enzyme in dopamine synthesis and a marker for
dopaminergic neurons (Shahnawaz Khan et al., 2012). In the MFB
model, the number of TH+ DA neurons in SN is close to complete
loss (10% compared to untreated) in 6-OHDA-induced rats with
complete unilateral injury (Fabricius et al., 2017). Within 3 weeks
after unilateral MFB injury, the striatum completely loses its dopa-
mine content, while the number of dopaminergic neurons is grad-
ually decreased. About 5 weeks later, the neurons are nearly
completely lost, indicating that neurodegenerative activity contin-
ued when the total dopamine denervated in the striatum was



Fig. 4. Acupuncture mediates down-regulation of a-synuclein expression in the duodenum of 6-OHDA lesioned rats. Western blot analysis of a-synuclein (18 kDa)
expression in the stratium and duodenum (A). Intensities of western blot signals were quantified by b-actin (43 kDa) and normalized to b-actin values. Means ± SEM were
calculated from independent western blot analyses for startium (B) and duodenum (C). Sham n = 7/model n = 7/madopa n = 6/acupuncture n = 8, *Compared with sham
P < 0,05; **compared with sham: P < 0,01; DDcompared with model P < 0,01. SPSS13.0. One-way ANOVA analysis was used for multi-group comparison, and Dunnett and
Bonferroni were used for post-test correction.
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stable (Sarre et al., 2004). This is perfectly in line with our observa-
tions. We measured the number TH+ DA neurons on the 46th day
after initiation, and the acupuncture group showed that it can pro-
tect the loss of TH+ DA neurons, as there was significant difference
(P < 0.01) to the untreated model group. It has been reported that
the frequency of rotational behaviour induced by apomorphine
can be used as a good indicator of the severity of dopaminergic
neuron damage in substantia nigra (Hoban et al., 2013). In our
experiment, we found that the rotation score increased on day
15 and on day 45, indicating that the loss of neurons was progres-
sive, but the score of the acupuncture group was significantly
lower than that of the untreated group and the madopa group,
which is consistent with the TH immunohistochemical results.
Through acupuncture treatment, we found that the levels of IL1-
lb, TNF-a, IFN-c in serum and duodenum decreased compared with
the untreated group (p < 0.05), balanced the ferritin import via
DMT1 and ferritin export via Fpn1 in SN and reduced the accumu-
lation of Fe in the SN. However, the expression of a-synuclein in
acupuncture group was obviously decreased in the duodenum.
Therefore, acupuncture may influence the inflammatory state
and iron homeostasis to protect the loss of TH+ DA neurons in
6-OHDA-induced PD rats.

Therefore, acupunctural regulation of the GI may be a new tool
for Parkinson’s disease treatment, as thereby amelioration of the
neuroinflammatory state and iron homeostasis, and in conse-
quence apoptosis of neurons may be mediated, which may slow
DA neurodegenerative degeneration and delaying disease
progression.
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