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Background: Based on ‘‘gut-brain axis” theory, we employed a rat 6-OHDA lesion model to examine the
impact of gut-acupuncture on motor symptoms, the abundance of DA neurons in the SN, the hemody-
namic characteristics of the carotid artery and SNH.
Methods: 6-OHDA-induced PD rats were treated with gut-acupuncture daily, starting day 15 after sur-
gery. Mobility of the limbs was evaluated, abundance of TH + DA neurons in the SN detected, The diam-
eter of carotid arteries and hemodynamic parameters measured by cervical vascular ultrasound CVUS,
and TCS utilized to examine SNH.
Results: Our data show that gut-acupuncture correlates with significantly increased abundance of TH, a
marker of DA neurons compared to untreated rats. Furthermore the area of SNH in the injured side of the
acupuncture group was significantly reduced. PSV of LCCA, LICA, RICA showed that were significantly
improved i.e. decreased in the acupuncture group, while the diameter of LICA and RCCA in acupuncture
group was narrower. We also found that the PSV was significantly increased and the vascular diameter
narrowed in LCCA and LICA during treatment, whereas after removing the acupuncture needle the PSV
decreased and the vascular diameter widened.
Conclusions: Gut-acupuncture can reduce SNH and influence TH abundance in the SN which correlated
with changes of hemodynamic characteristics of the lesioned side. We suggest a regulatory mechanism
which may affect the vagus nerve through the ENS and cause the change of cervical hemodynamics. It
further induces low oxygen tension microenvironment conducive to the proliferation of neural stem cells,
which leads to the enrichment of TH in PD model rats of acupuncture group.
� 2020 The Authors. Published 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
disorders up to date (Poewe et al., 2017). Globally affecting 2990
per 100,000 individuals over the age of 70, its prevalence increas-
ing with age (Pringsheimet al., 2014). The typical pathological pro-
cess is the progressive loss of TH+ DA neurons in the SN region of
the midbrain (Goswami et al., 2017). Since the discovery of levo-
dopa half a century ago, which may cause a ‘‘honeymoon period”
as well as side effects, there has been no further progress in treat-
ment. Recent studies have reported that acupuncture is the most
commonly used complementary and alternative therapy (CAM)
for a large number of PD patients besides standard treatment
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(Zeng and Zhao, 2016). Acupuncture can increase the amount of DA
in the striatum and the expression of TH, a key enzyme in dopa-
mine synthesis (Kim et al., 2014).

The bidirectional endocrine communication and immunological
regulation system between the CNS and ENS is designated the
‘‘gut-brain”axis (Mulak and Bonaz, 2015). ENS is a comprehensive
network of gastrointestinal parietal neurons and a major partici-
pant in the ‘‘gut-brain ‘‘axis (Dinan and Cryan, 2015). In recent
years, the development of PD research has been focused on the
gastrointestinal tract and the related ENS (Clairembault et al.,
2014). Combining findings from gut-brain axis studies about early
warning gastrointestinal (GI) symptoms in PD and the course of the
‘‘stomach meridian” in Huangdi Neijing, we employed a 6-OHDA
rat model, to elucidate the mechanisms of acupuncture – mediated
amelioration of PD symptoms.
2. Material and methods

2.1. Rats

Male Sprague-Dawley (SD) rats were provided by the Zhejiang
Medical Laboratory Animal Center, and were fed under standard
environmental conditions (temperature 22 ± 1� C, humidity
60 ± 5%, 12 h light: 12 h dark cycle), with free access to water
and food. Animals were subjected to experiments after 7 days 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. Experimental animal groups

According to the success rate (80%) of the 6-OHDA lesion PD
model, 40 8–10 week old rats (240 ± 20 g) were divided the follow-
ing way: normal group (n = 8), sham group (n = 8) and 6-OHDA-
group (n = 24). In 19 out of 24 rats the 6-OHDA PD model was suc-
cessfully established and those rats were further sub-divided into
model group (n = 8) and acupuncture group (n = 8). Rats were dis-
tributed into groups according to random number tables and even
distribution of similar average body weight in each group.

2.3. 6-OHDA lesion PD model

6-OHDA lesions were applied as described elsewhere [Include
citation of Fabrizius et al]. Briefly, 8–10 weeks old rats with a
weight of 220–260 g were starved overnight and anesthetized by
injection of 0.3% pentobarbital sodium (Shanghai Rongbai Biotech-
nology 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 stereo-
scopic locator (below the horizontal coordinate sinus calibrator)
then 4 mg (Concentration 4ug/ul) of 6-OHDA (Sigma-Aldrich-DK,
added with 0.02% ascorbic acid solution) was injected at a rate of
1 ll/min into each of the following two points, according to the
rat brain in stereotaxic coordinates (Paxinos and Watson): first
the left MFB: TB, 3.4 mm; AP,-4.0 mm; ML, 0.8 mm; DV, 8.0 mm,
second the left SNc: 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. To test the onset of the 6-OHDA lesion model, rotation
behavior was observed on the 15th day after surgery. Animals with
cycle numbers higher than 7 were regarded as successfully treated.
Weight was measured weekly starting day 15 after surgery. Rats
were sacrificed on day 45 post-surgery. After behavioral observa-
tion, the rats were fasted for 24 h, then anesthetized with pento-
barbital sodium and sacrificed. Brain tissue was isolated and
fixed with 4% paraformaldehyde.
2.4. Acupuncture

Lesioned animals were either left untreated (sham and model
group) or treated with acupuncture. Rats were randomly dis-
tributed in these groups (n = 8), except for weight, so that the aver-
age weight of each group was similar.

Acupuncture was performed for 30 days, 15 min daily starting
at day 15 post-surgery with an acupuncture needle of U0.18 � 25
mm (Maanshan Bond Medical Instruments Co., Ltd. China), using
the following points: Zhongwan (CV12), XiaWan (CV10), Tianshu
(ST25), Qihai (CV6), Guanyuan (CV4). In the course of acupuncture
treatment, the rats were drilled into a black cloth bag and fixed on
the back on a operating table with adhesive tape. After 15 min of
acupuncture treatment, rats were released. Rats were not anes-
thetized during the whole process.

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

2.5. Limb function test

2.5.1. Rotation test
On day 15 and 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.

2.5.2. 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 rope 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 literature (Kuribara
et al., 1997):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; 6 � 30 s, and the average value was
taken to evaluate the limb function of each rat. Each rat was tested
three times on each occasion and the average value was taken to
evaluate the limb function of the test rats. Suspension tests were
performed on day 15 and day 45 post-surgery.

2.6. Immunohistochmistry (IHC)

Animals were deeply anesthetized with pentobarbital and euth-
anized via transcardial perfusion with heparinized saline and
paraformaldehyde-lysine-periodate fixative. Brains were removed,
fixed with 4% paraformaldehyde and embedded in parafin. Paraffin
sections (20 mm) of the SN were sliced, starting 4.8 mm from the
front fontanelle. Immunostaining was performed with a anti-TH
antibody (1:100, sigma–aldrich) for 72 h, washed and treated with
anti-rabbit IgG (1:200). Subsequently, sections were treated with
Avidin-HRP (1:500), developed through a DAB reaction, mounted
and coverslipped before microscopic evaluation and photography.
Stereological counts using optical fractionator was used to esti-
mate TH+ SNc neurons. Three slices of the same site were selected
for each animal. The injured sites of the nigral area of the contralat-
eral SNc were counted with the image analysis software IPP6.0
under 40 � objective lens. TH positive areas were counted, by
IPP6.0 (unit: pixel), and the average number of positive cells
calculated.

2.7. Transcranial sonography (TCS)

To observe SNH, rats were anesthetized (0.3% sodium pentobar-
bital, 150 mg/kg, i.p.), shaved on the head and ultrasound coupling
agent was applied to isolate air interference. Images were scanned
and stored at all levels of the SN region of the midbrain. After
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freezing the image, semi-quantitative evaluation of the echo signal
in the SN region was performed: the detected SNH flake echo signal
was manually depicted with a cursor, and then the respective area
calculated. Abnormal flaky hyperechoic signals were defined by
area size, and the SNH area of each group compared. Two doctors
with more than 5 years experience in ultrasound diagnosis were
selected to collect images and analyze data. Both doctors were ran-
domly double-blind. Ultrasound detection was detected on day 15
and 45 after surgery.

2.8. Cervical vascular ultrasound (CVUS)

The diameter of carotid artery and hemodynamic parameters
were measured by CVUS. The vascular diameter, the PSV and spec-
trum of LCCA, LICA, RCCA and RICA were recorded. In the acupunc-
ture group the probe was held in one position during acupuncture
and for the following 10 min after which PSV, vessel diameter and
spectrum were measured again at the same position. Due to the
long performance time, the data of 4 rats were obtained, and image
analyses were recorded for qualitative analysis, without statistics.

2.9. Statistical analysis

The statistical analysis was carried out by SPSS13.0. The data
were expressed as mean ± SD. One-way ANOVA analysis was used
for multi-group comparison,Dunnett and Bonferroni were used for
post-test correction. Paired T-test was used for two-group compar-
ison. P < 0.05 was considered statistical significant.

3. Results

To investigate the mechanism of gut-acupuncture mediated
influence on PD development, we applied the 6-OHDA lesion
Fig. 1. Impact of acupuncture on weight and m
model to rats, which mimics the physiological symptoms of PD.
Starting day 15 after surgery the acupuncture group was treated
with gut-acupuncture daily for 30 days (Fig. 1A).

Of note, the 6-OHDA lesioned rats showed significant loss of
weight compared to the sham group and the acupuncture group
tended to recover faster from weight loss than the model group
(Fig. 1B).

Regarding limb function we could observe on day 45 signifi-
cantly prolonged suspension time (1C) and significantly less rota-
tion (1D) in the acupuncture group compared to the model group.

Legend 1A: 6-OHDA model treatment scheme. Rats were
injected with 6-OHDA after 7 days of adaptation. The onset of of
the model was confirmed by rotation tests on day15, followed by
CVUS of the arteries and suspension tests. All three experiments
were performed again on the day 45 before mice were sacrificed
and brain tissue was isolated for IHC.

1B: Body weight was measured weekly starting day 1, in each of
the 3 control groups and in acupuncture group. Motor symptoms
were tested in all groups by suspension tests (1C) and in model
group and acupuncture group by rotation tests (1D) on day 15
and day 45, respectively.

Data are expressed as mean ± SD, n = 8, vs normal group, ^

P < 0.05, ^^ P < 0.01; vs sham group, * P < 0.05, ** P < 0.01; vs model
group, 4 P < 0.05, 44 P < 0.01.

On histological level we found that in the SN DA neurons and
TH abundance was significantly increased in the acupuncture
group compared with the model group (Fig. 2A, B). These histolog-
ical characteristics correlated with decreased hypoechogenic areas
in the midbrain on day 45, which was examined by transcranial
sonography. While no abnormal echo could be detected in the nor-
mal and the sham group (data not shown), similar SNH was
observed in the model and acupuncture group on day 15, however
on day 45 significantly less areas of hyperechogenicity could be
otor characteristics in 6-OHDA lesioned.



Fig. 2. Acupuncture leads to higher abundance of TH+DA neurons and decreased areas of SNH in the SN.
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detected in the acupuncture group compared with the model
group (Fig. 2C, D).

Legend 2A: IHC: Representative brain sections of the SN stained
with an anti- TH antibody (dark purple). 2B: Average numbers of
TH+ DA neurons in control groups and acupuncture group. Num-
bers were obtained by counting 3 TH-stained slices of the SN area
per animal. 2C: Representative images of SNH flake echo signal in
the midbrain (green circles) measured by transcranial sonography.
2D: Quantification of SNH areas in rats of the model group and the
acupuncture group on day 15 and day 45. Data are expressed as
mean ± SD,n = 8, vs normal group, ^ P < 0.05, ^^ P < 0.01; vs sham
group, * P < 0.05, ** P < 0.01; vs model group, 4 P < 0.05, 44 P < 0.01.

Taken together we observed typical symptoms of PD in OHDA
model rats which could be ameliorated by gut-acupuncture

To elucidate a putative mechanism of gut-acupuncture medi-
ated improvement of PD symptoms, we measured the PSV and
the vascular diameter of the LCCA, LICA, RCCA and RICA by CVUS.
We found that on day 45, the PSV of LCCA, LICA and RICA was sig-
nificantly improved, i.e. decreased in the acupuncture group after
treatment compared with the model group (Fig. 3A, 3C, 3G), while
the diameter of the LICA in the model group and the acupuncture
group was significantly narrowed after surgery on day 15 com-
pared with the normal group and sham group (Fig. 3D). Further-
more, the diameter of the LICA in acupuncture group after
treatment was significantly wider than that of the model group
on the day 45, whereas RCCA was narrower than that of the model
group on the day 45 (Fig. 3D, 3F)
Legend 3: The PSV and vascular diameter of LCCA (3A, 3B), LICA
(3C, 3D), RCCA (3E, 3F) and RICA (3G, 3H) were measured in each
rat by CVUS on the indicated days. Diagrams show average values
of the PSV and of the vascular diameter for the control groups and
the acupuncture group on day 15 and day 45. Data are expressed as
mean ± SD,n = 8, vs normal group, ^ P < 0.05, ^^ P < 0.01; vs sham
group, * P < 0.05, ** P < 0.01; vs model group, 4 P < 0.05, 44 P < 0.01.

Furthermore, we could show that the number of TH± DA neu-
rons was negatively correlated with the area of SNH (Fig. 4A), as
well as a positively correlated with the PSV of LCCA and LICA,
respectively (Fig. 4B, C).

Legend 4: Diagrams show the average numbers of TH + DA neu-
rons in each rat of the acupuncture group (x-axes) plotted against
SNH (4A), the PSV of the LCCA (4B) and the PSV of the LICA (4C),
respectively. Each dot represents values obtained from an individ-
ual rat.

To examine the observed effects of acupuncture on hemody-
namic changes in more detail, we measured the PSV and the vascu-
lar diameter of the LCCA and LICA via CVUS before, during and after
acupuncture treatment in four rats of the acupuncture group. As
shown in Fig. 5, we found that the vascular diameter narrowed
and PSV slowed down during the treatment. But vascular diameter
became wider and PSV increased after treatment (Fig. 5).

Legend 5: In four rats of the acupuncture group, the PSV and the
vascular diameter of LCCA and LICA were measured xxx minutes
before, during and 10 min after acupuncture in the same position.
Representative images of the frequency spectrum (upper panel)



Fig. 3. Peak systolic velocity of LCCA, LICA and RICA is decreased by acupuncture.

Fig. 4. Frequency of TH + DA neurons in acupuncture treated rats correlates with SNH and hemodynamics.
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and ultrasound measurements of the arteries (lower panel) of one
rat are shown.

4. Discussion

Parkinson’s disease is a rapidly growing health problem in aging
generations. Environmental factors may be the cause of PD in most
patients (Ritz et al.,2016) and also may have an effect on the occur-
rence and progression of PD through the GI tract (Kieburtz and
Wunderle, 2012). The physiological function and movement of
the GI tract are affected by signals of the central nervous system
as wells as of the enteric nervous system and the inner intestine
where neurotransmitter and immune signals are produced. GI-
produced horrmones and neuropeptides may in turn affect the
brain (Selkrig et al., 2014). Along this line almost half of the dopa-
mine is produced in the gastrointestinal tract (Wall et al., 2014).
Therefore, deregulated GI functions may affect dopamine loss in
PD via the ‘‘gut-brain” axis. In order to study whether due to these
effects, gut-acupuncture could ameliorate PD symptoms, we trea-
ted 6-OHDA-induced PD model rats with gut-acupuncture and
analyzed putative therapeutic effects by examining the abundance
of TH+ DA neurons.

TH is a key enzyme in dopamine synthesis and a marker for DA
neurons (Khan et al., 2012). Shahnawaz et al could show that in a
MFB model the striatum completely lost its dopamine content
within 3 weeks after unilateral MFB injury, while the number of
DA neurons gradually decreased. About 5 weeks later, neurons
were nearly completely lost (Sarre et al., 2004). This is perfectly
in line with our observations, as we detected a significantly higher
abundance of TH+ DA neurons in acupuncture treated rats on day
45 after model initiation, while the acupuncture untreated model
group showed a severe loss of TH+ DA neurons. In addition, this
study revealed a tendency for gut-acupuncture to possibly improve
the limb function.

Regarding the impact of gut-acupuncture on the neuronal
changes, we could show that SNH was affected in the SN after



Fig. 5. Real-time effects of acupuncture on hemodynamics.
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acupuncture treatment. Clinical studies confirmed the presence of
SNH in PD patients (Walter et al., 2007). The cause of SNH forma-
tion in PD has not been fully elucidated. Both autopsy and animal
studies have found that SNH formation may be associated with an
increase in iron content, and iron accumulation in SN is an early
feature of PD (Belaidi and Bush, 2016), which is associated with
the severity of the motor symptoms in PD patients (Guan
et al.,2017). Along this line, in our model, the numbers of TH± DA
neurons show a negative correlation with the area of SNH, which
may be due to the decreased iron accumulation, however, we did
not further investigate iron accumulation in the SN.

Analyses of hemodynamics revealed that the PSV and the vascu-
lar diameter of the LCCA and the LICA on the lesioned sidewas chan-
ged in the acupuncture group and restored to normal level, while it
had little effect on the PSV and the vascular diameter on the healthy
side. However, the CVUS before, during and after a single acupunc-
ture treatment showed that during the gut-acupuncture treatment
not only the PSV increased, but also the vascular diameter narrowed.
However after acupuncturewe found thePSV lower and the vascular
diameter wider than before the treatment. Furthermore, we
observed a positive correlation between the number of TH± DA neu-
rons and the increase of the PSV of the LCCA and the LICA.

This regulation of cervical hemodynamics may be caused by the
ENS of gut-brain axis by gut-acupuncture, and the changes of cer-
vical hemodynamics, the decreased PSV of LCCA and LICA, may
induce the proliferation of neural stem cells through a low oxygen
tension micro- environment, a low oxygen tension (<1–6%) is ben-
eficial to the proliferation of neural stem cells (Prozorovski et al.,
2015). thus mediating the reduction of SNH and the increase of
TH in SNc. It has been proved that acupuncture can promote the
proliferation of neural stem cells in substantia nigra compact
region of PD mouses (Yin et al., 2008), This may be a mechanism
that acupuncture promotes the proliferation of neural stem cells
and induces the increase of TH.
5. Conclusions

As shown above, gut-acupuncture had an impact on reducing
the loss of DA neurons and the area of SNH, changed the internal
blood flow velocity of PD rats, and the correspondingly improved
limb function. Since we did not detect DA in striatum, we do not
know whether TH± DA neurons secret DA in the SN. We suggest
that acupuncture contributes to a balanced body state by stimula-
tion of the vagus nerve through the ENS which might lead to a neg-
ative feedback effect thereby affecting the blood flow state and
vessel diameter of the arteries on the lesioned side. However, the
mechanism by which ENS acts on the CNS remains to be analyzed
in future studies.
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