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.is study aimed to evaluate the possible mechanism of Ningdong granule (NDG) for the treatment of Tourette syndrome (TS).

.e rats with stereotyped behavior were established by microinjection with TS patients’ sera; then, the model rats were divided
into NDG and haloperidol (Hal) group, and the nonmedication model rats were regarded as treatment control (TS group). .e
stereotyped behavior of the rats was recorded, the level of dopamine (DA) in striatum, and the content of homovanillic acid
(HVA) in sera were tested, and dopamine transporter (DAT) expression was measured in the study. .e experimental results
showed that NDG effectively inhibited the stereotyped behavior (P< 0.01), decreased the levels of DA in the striatum (P< 0.05),
increased the content of sera HVA (P< 0.01), and enhanced the protein and mRNA expression of DAT in the striatum (P< 0.01).
Additionally, the results also revealed Hal could improve the stereotyped behavior as well but had no remarkable influence on
DATexpression and DAmetabolism. In conclusion, NDG attenuates stereotyped behavior, and its mechanism of action might be
associated with the upregulation of DAT expression to regulate DA metabolism in the brain.

1. Introduction

TS is a chronic neurobehavioral and neuropsychiatric dis-
order that is characterized by multiple, stereotyped, invol-
untary, purposeless, and repetitive movements and vocal tics
with a male gender bias, which waxes and wanes sponta-
neously for years [1–6]. .ere are approximately four to 10
per 1000 school-aged children and adolescents suffering
from TS [2, 4, 7, 8]. Attention deficit hyperactivity disorder
(ADHD) and obsessive compulsive disorder (OCD) are
usually associated with TS as common comorbidities
[2, 4, 9, 10].

.e full pathophysiological mechanism of TS is not well
understood. However, functional neuroimaging and neu-
robiological studies have provided evidence for the

involvement of a metabolic and transmission disturbance of
DA within the cortico-striatal-thalamo-cortical (CSTC)
circuits [11–13]. Furthermore, the presence of autoanti-
bodies reacting in the brain is also thought to be mecha-
nistically involved in the pathophysiology of TS. .e
presence of these autoantibodies strongly favors the auto-
immune and immune dysregulation hypothesis of TS
[14–17]. Haloperidol (Hal), a dopamine D2 receptor (DRD2)
blocker, is effective at improving tic symptoms [18]. Nev-
ertheless, a considerable number of TS children cannot
tolerate the adverse side effects of Hal [19, 20]. .is difficulty
calls for an alternative, safe, and effective medication for TS
children. As a traditional Chinese medicine (TCM) prepa-
ration, Ningdong granule (NDG) can reduce stereotyped
behavior and regulate metabolic DA in TS animals and
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ADHD patients [5, 21–24], but its full mechanism remains
obscure.

Several studies demonstrated that hyperfunction of the
dopamine system plays an important role in the patho-
genesis of TS, and dopamine transporter (DAT) is the key
transporter regulating the function of dopamine system
[4, 5]. NDG can effectively alleviate the clinical symptoms of
the children with TS [22–24]; therefore, we hypothesized
that NDG might modulate DAT expression to regulate DA
metabolism in the brain and, as a result, to attenuate ste-
reotyped behavior in TS model rats in the study.

2. Animals and Methods

2.1. Ethics Statement. Written consent was obtained from
children’s guardians to collect TS sera for use in this study.
.e whole research procedures were deliberated and ap-
proved by the Medical Ethics Committee of Shanghai
Children’s Medical Center, Shanghai Jiao Tong University
School of Medicine. .e animal study was also approved by
the ethics committee of experimental animal of committee
of Shanghai Children’s Medical Center, Shanghai Jiao Tong
University School of Medicine.

2.2. Experimental Animals. Forty-eight male Wistar rats
(6-week-old, 160± 20 g) were purchased from the Shandong
Experimental Animal Center (Jinan, China) and were
housed in an air-conditioned animal room with a 12-hour
light/dark cycle, a temperature of 22± 2°C, and a humidity of
50± 10%..e rats were provided with free access to food and
tap water and were maintained for one week before starting
the experiment. Previous studies have also suggested that
there is an increase in stereotyped behavior in rats after the
infusion of TS sera rich in antineural antibodies into the
ventrolateral striatum [26–28]. .irty-six stereotyped be-
haviors were induced in the rats as the models by micro-
infusing TS patients’ sera containing antineural antibodies
according to the method of Liu et al. [26]. TS patients were
recruited from the pediatric department of TCM, Provincial
Hospital Affiliated to Shandong University. .e presence of
antineural antibodies in sera was completed by ELISA kit
(R&D, Shanghai, China) in the clinical laboratory at the
Provincial Hospital Affiliated to Shandong University.
Twenty-four rats with stereotyped behavior were randomly
and equally divided into a NDG group and a Hal group,
which were treated with IG administration of NDG (370mg/
kg/day) and Hal (1.0mg/kg/day) for eight weeks, and the
medication was started at the end of the 72-hour sera in-
fusion. .e rest of the 12 model rats without medication was
regarded as the treatment control (TS group), and 12 normal
rats were microinfused with normal sera as the model
control (CTR group).

Rats in the NDG, Hal, TS, and CTR groups all were
anesthetized by intraperitoneal (ip) injection of ketamine
(80mg/kg) and xylazine (10mg/kg) and placed in a ste-
reotaxic apparatus (Stoelting, USA) with the incisor bar set
at 3.5mm below the interaural line. .en, using an aseptic
surgical technique, the skull was exposed and holes were

drilled (anterior-posterior 2.0mm from bregma and medial-
lateral± 4.0mm), through which a 28-gauge guide cannulae
was passed and bilaterally implanted into the striatum
(cannulae implant dorsoventral depth 7.0mm from the
skull). An osmotic minipump (Alzet Corp., Palo Alto, CA)
was connected to each cannula by a polyethylene tube loaded
with 50 μL of undiluted TS or normal sera under sterile
conditions. Sera were microinfused at a rate of 0.5 μL/hour
for 72 hours.

.e sera were isolated to measure the HVA concentration
by ELISA at the start (week 0) and the end (week 8) of the
study. During the eight-week treatment period, the stereo-
typic TS behavior was recorded once a week according the
methods of Lv et al. [22, 27]..e first record started before the
sera infusion (week 0) and then recorded once a week after
medication. Finally, all the rats were euthanized under an-
esthesia, and the striatum was dissected and stored at −°C.

2.3. Preparation of NDG. NDG is a preparation used in
TCM, which consists of four different plant species, three
animal substances, and human placenta, as shown in Table 1.
.e extraction process was performed according to the
procedure of Li et al. [21–27]. .e formulation was syn-
thesized with 999 Single Chinese Herbal Extracts and
provided by China Resources Sanjiu Medical and Phar-
maceutical Co., Ltd. (Shenzhen, China).

2.4. Stereotyped Behavior. Rat movements were videoed for
30 minutes once a week after medication, but the first record
started before sera infusion (week 0). Several categories of
stereotyped behavior were selected from established ex-
perimental protocols [22, 29]. Stereotyped behavior included
bites (teeth touching the cage, wood chips, and vacuous
chewing of other objects except the body), taffy pulling
(raising the forepaws to the mouth and face), self-gnawing,
licking not associated with grooming, head shaking, paw
shaking, rearing, and episodic utterances. Scores ranged
from 0 to 5 and were averaged for each item according the
method of Lv et al. [22, 27]. In the study, testing for ste-
reotyped behavior was performed by a trained technician,
who was blind for enrolled groups.

2.5. Striatal DA and Sera HVA Expression Levels. .e levels
of HVA in sera and of DA in striatal homogenates were
measured using a Sandwich enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s instructions
(USCN, Wuhan, China). In brief, the striatal tissue was
washed twice with ice-cold PBS, and each 100mg of ho-
mogenized striatal tissue was diluted with 1mL of normal
saline (0.9%). Antigen standards and samples were dis-
tributed into 96-well plates precoated with the primary
antibodies. After adding Biotin Conjugate Reagent and
Enzyme Conjugate Reagent into each well, the plates were
incubated at 37°C for 60 minutes. .en, the plates were
rinsed three times with distilled water. After the chromo-
genic reaction, absorbance was measured at 450 nm using a
microtiter plate reader within 30 minutes.
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2.6. Immunohistochemical Detection of DAT in the Striatum.
Striatal tissue in 4 rats randomly in each group was excised,
fixed in formalin overnight, and embedded in paraffin. .e
fixed striatal tissue was cut into 10 μm slices in the coronal
plane. .e slices dissolved the paraffin in turpentine and
washed three times in PBS (pH 7.4) for 5minutes each..en,
the slices were incubated with a blocking solution (10% goat
serum in PBS) at room temperature for 30 minutes. .e
endogenous peroxide activity was quenched with a 0.3%
hydrogen peroxide solution. Next, the pretreated slices were
incubated overnight at 4°C with a primary antibody for
rabbit polyclonal DAT (dilution 1 : 600; Chemicon, USA)
and with PBS instead of the primary antibody in the null
group. .e following day, the slices were washed three times
in PBS (pH 7.4) for 10 minutes and then incubated with a
goat anti-rabbit secondary antibody (dilution 1 :100;
Zhongshan, Beijing, China) for 2 hours at room tempera-
ture. Color detection was performed by the addition of
0.05% 3,3′-diaminobenzidine (Sigma, USA) and 0.01%
hydrogen peroxide at room temperature. Sections were then
lightly counterstained with 0.1% hematoxylin. .e OD value
of DATexpression in the positive area was determined using
Image-Pro Plus 6.0 software (Media Cybernetics, Inc., USA).

2.7.ProteinAnalysis byWesternBlotting. .e tissue of the rat
striatum (approximately 30mg) was homogenized at 4°C.
.e tissue was cut, homogenized, and washed in ice-cold
PBS twice for 10 minutes at 4°C, and then, the debris was
removed by centrifugation for 10 minutes at 20,000×g at
4°C. .e protein concentration in the supernatant was de-
termined with a BCA-100 Protein Quantitative Analysis Kit
(Shenneng, Shanghai, China). Equal amounts of protein
(30 µg) were subjected to electrophoresis on 10% SDS-
polyacrylamide gels and then transferred to polyvinylidene
difluoride membranes by electroblotting. .e membranes
were first incubated in blocking solution (5% skim milk) for
1 hour at room temperature and then incubated overnight at
4°C with the primary antibodies anti-DAT (1 : 500-dilution,
Chemicon, USA). After washing three times with TBST
(10mM Tris-HCl, 0.15M NaCl, 8mM sodium azide, 0.05%
Tween-20, pH 8.0), the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies (1 :
5,000 dilution, Zhongshan, China) for 1 hour and then
washed three times with TBST. Finally, the protein bands
were visualized with the ImageQuant LAS 4000 detection
system (GEHC, Sweden). As an internal control,

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
detected with anti-GAPDH antibodies. .e results were
quantified using Image-Pro Plus 6.0 software (Media Cy-
bernetics, Inc., USA).

2.8. mRNA Isolation and Quantitative Real-Time PCR
Analysis. Total RNA was extracted from the striatal tissue of
the rats (approximately 30mg) with Trizol (Invitrogen, CA)
reagent according to the manufacturer’s protocol. First-
strand cDNA was generated with a commercial Takara RT
kit (Takara, Dalian, China) and amplified by real-time PCR
with the Quantitest SYBR Green kit (Takara, Dalian, China)
and the ABI Prism 7500 real-time PCR instrument and
software (Applied Biosystems, CA). .e DAT forward
primer was 5′-TTGGGTTTGGAGTGCTGATTGC-3′, and
the reverse primer was 5′-AGAAGACGACGAAGCCA-
GAGG-3′ (126 base pairs). All quantifications were per-
formed with rat (GAPDH) as an internal standard. .e
GAPDH forward primer was 5′-GGTCGGTGTGAACG-
GATTTGG-3′, and the reverse primer was 5′-
TCGCTCCTGGAAGATGGTGATG-3′ (226 base pairs).
.e reaction of reverse transcription was performed for at
37°C for 15 minutes, 85°C for 5 seconds, and 4°C for 20
minutes. .e PCR was performed for 40 cycles at 95°C for 15
seconds, 60°C for 30 seconds, and 72°C for 30 seconds. .e
relative quantification of mRNA expression was analyzed
using the 2-Delta Delta C(T) method [30].

2.9. Statistical Analysis. All data are presented as the
means± the standard deviations in the text. Statistical dif-
ferences among groups were evaluated by one-way ANOVA.
Stereotyped behavior score among groups was analyzed by
repeated-measures ANOVA. Correlations were analyzed
with Pearson correlation coefficients. All analyses were
performed with the SPSS statistical software package
(Version 18.0, SPSS Inc., Chicago, IL, USA), and P< 0.05
was considered statistically significant.

3. Results

3.1. Stereotyped Behavior. Stereotyped behavior of rats was
assessed for an eight-week period. .e stereotyped behavior
scores among groups were analyzed by repeated-measures
ANOVA (Figure 1). By the second week following treating
with NDG, the stereotyped behavior scores of TS animals
were significantly reduced. Moreover, the NDG-treated

Table 1: Composition of Ningdong granule.

Components Production lot Part used Amount used (g)
Uncaria rhynchophylla (Miq.) Jacks 201009121 Ramulus 20
Gastrodia elata Blume 201004031 Root 6
Ligusticum chuanxiong Hort 200912241 Rhizome 6
Buthus martensii Karsch 201004161 Dried body 3
Scolopendra subspinipes mutilans L. Koch. 201005091 Dried body Single band
Haliotis diversicolor Reeve. 201006171 Shell 20
Dried human placenta 201008221 Dried placenta 3
Glycyrrhiza uralensis Fisch. 201002291 Rhizome 3
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animals continued to improve until week 8. Statistical result
showed that the stereotyped behavior score decreased sig-
nificantly in the NDG group compared to the TS group
(P< 0.01). However, no significant differences existed be-
tween the NDG and Hal groups from week 0 to week 8
(P> 0.05). In addition, significant score was higher in the TS
than in the CTR, Hal, and NDG groups (P< 0.01).

3.2. Striatal DA and Sera HVA Expression Levels. .e ex-
pression levels of DA and HVA were measured by ELISA.
DA levels were found significantly lower in the NDG rat
striatum (87.2± 12.4 ng/L) related to Hal (127.8± 18.0 ng/L)
and TS (130.9± 25.6 ng/L) groups of rats (P< 0.05)
(Figure 2(a)).

.e concentration of HVA in the sera was measured at
week 0 and week 8 (Figure 2(b)). Compared to week 0
(411.5± 84.4 ng/L), the expression level of HVA in the sera
significantly increased at week 8 (704.4± 79.1 ng/L) in the
NDG (P< 0.01). However, no significant differences existed
for sera HVA concentration at week 0 and week 8 in each
group of Hal (week 0 : 412.7± 56.1 ng/L and week 8 :
464.8± 82.7 ng/L), CTR (week 0 : 486.4± 57.2 ng/L and week
8 : 460.9± 61.6 ng/L), and TS (week 0 : 422.3± 58.5 ng/L and
week 8 : 448.7± 78.6 ng/L).

3.3. DAT Protein Expression Levels. To determine whether
NDG could promote expression of DAT in TS rats, we
performed immunohistochemistry andWestern blotting for
DAT at eight weeks during medication. Positive expression
appeared as fine particles in weakly expressing areas and

brown stain in strongly expressing areas (mainly localized in
the cytoplasm)..eOD calculation of DATexpression in the
positive area was performed with Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Inc., USA) (Figures 3(a)–3(c)).
Among the four groups, the OD value in the TS group was
the lowest (1.12± 0.12) at week 8 (Figure 3(c))..e OD value
of positive area was higher in the NDG (2.73± 0.30) than in
the TS group (P< 0.01), but there was no significant dif-
ference between the Hal (1.52± 0.14) and the TS group
(Figure 3(c)). Furthermore, the OD value of DAT positive
area in the CTR group (2.23± 0.25) was significantly higher
than in the TS group (P< 0.05). .e developed bands for
positive DAT expression in Western blots tests were shown
in Figure 3(d), and the OD value of developed bands for
DAT expression in the positive area was analyzed with the
Image-Pro Plus 6.0 software (Media Cybernetics, Inc., USA)
shown in Figure 3(e). .e OD value of developed bands for
DAT positive expression was higher in the NDG group
(3.86± 0.21) than the Hal group (1.84± 0.15) and the TS
group (0.98± 0.11) (P< 0.01). However, there was no dif-
ference of OD value of developed bands between the Hal and
TS groups (Figure 3(e)).

3.4. mRNA Isolation and Quantitative Real-Time PCR
Analysis. As shown in Figure 4, the result of real-time PCR
was analyzed using the 2-Delta Delta C(T) method [30], and
mRNA expression for DAT in the striatum was higher in the
NDG group (1.72± 0.28) than in the TS group (0.81± 0.24)
at week 8 (P< 0.01). However, there was no significant
difference among Hal (0.91± 0.21), CTR (0.92± 0.19), and
TS groups.

3.5.CorrelationAnalyses. As shown in Figures 5(a) and 5(b),
correlations of the NDG group were determined with the
Pearson correlation coefficients for stereotyped behavior
(week 1 score–week 8 score), the concentration (week 8
concentration–week 0 concentration) of sera HVA and
striatal DAT protein expression at week 8. .e increased
HVA sera concentration positively correlated with the de-
creased score of stereotyped behavior after 8 weeks’ medi-
cation with NDG (P< 0.01). .e increased HVA sera
concentration also positively correlated as well as higher
DAT protein expression at week 8 (P< 0.01). Moreover,
higher protein DAT expression was also associated with
improved score for stereotyped behavior (Figure 5(c))
(P< 0.01). However, these correlations were not found in the
Hal group.

4. Discussion

Accumulating evidence indicates that hyperfunction of the
DA system in CSTC circuits plays an important role in TS
[16, 29, 31–33]. Additionally, autoantibodies reacting in the
brain and immune dysregulation may also accompany the
pathophysiology of TS [14–16]. Interestingly, sera enriched
with antineural antibodies can induce TS stereotyped be-
havior in rats [26–28]. In our present study, we also found
the similar stereotyped behavior in rats with microinjection
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into striatum, which might be concomitant with the path-
ophysiological changes in immune dysregulation in TS.

As a type of transmitting glycoprotein localized exclu-
sively in the presynaptic membrane of DA neurons, DAT is
responsible for modulating the concentration of extra-
synaptic DA by neuronal reuptake. .erefore, DATplays an
important role in maintaining the phasic tonic balance of
DA release [29]. Our previous finding indicated a lower
expression of DAT in the TS animals compared to healthy
controls [27]. Homovanillic acid (HVA) is the main DA
metabolite, and its plasma levels have been widely used to
study the function of central DA in psychiatric disorders
[34, 35]. .erefore, we deduced and tested whether NDG
could regulate DATexpression and mediate the metabolism
of DA in the CSTS circuits of TS rats.

Hal, a blocker of DRD2, is effective in improving tic
symptoms [18]; however, a considerable number of TS
children cannot tolerate their adverse reaction [20, 36].
.erefore, these children need an alternative, safe, and ef-
fective medication. TCM is widely used for the treatment of
diseases, including TS, in China. NDG, a TCM preparation,
can reduce stereotyped behavior and regulate metabolic DA
in TS animals and ADHD patients [5, 22, 26, 37, 38].
However, its mechanism remains obscure.

In the current study, we evaluated the efficacy of NDG on
stereotyped behavior in rats. We compared NDG treatment
to Hal because Hal is known to be effective in treating TS
symptoms by inhibiting the excitability of cortical motor
areas and restraining the activity of DA receptors as a
blocker of DRD2. However, Hal is not widely used to treat TS
children because of its toxic side effects, including sedation,
weight gain, extrapyramidal symptoms, and QT interval
prolongation evidenced by electrocardiogram
[19, 20, 36, 39]. A small number of TS children do not
respond to Hal. .ere was also an inconsistent report with
the foregoing illustration that Hal could not improve

stereotyped behavior [40], which may have been the result of
differences between the sample statistics or interspecies
differences between human and rat. Based on our present
clinical trials, NDG has a significant effect in TS and ADHD
patients without apparent toxic side effects
[5, 22–24, 37, 41, 42]. Lv et al. reported that NDG could
effectively inhibit the stereotyped behavior in TS rats, and
the mechanisms may be related to the improved metabolic
disturbance of dopamine by increasing the content of sera
HVA, decreasing the content of DA and repressing the
expression of DRD2 mRNA in the striatum [22]. However,
the mechanism by which NDG increases sera HVA and
decreases striatal DA concentrations remains unknown.
Elucidating the definitive mechanisms of NDG on DATand
DA metabolism may help identify potential targets for the
treatment of TS. Furthermore, we induced stereotyped
behavior by microinjection into striatum with TS children’s
sera, which was different from the report of Lv et al. [22].

Proper dopaminergic neurotransmission can mediate
many physiologic processes, including addiction, move-
ment, and lactation [27, 43]. In the process of DA meta-
bolism in CSTC circuits, DAT is also an important
monoamine neurotransmitter transporter, which is involved
in the metabolic pathway of DA [27, 44, 45]. DATplays a key
role in shaping neurotransmission mediated by removing
extracellular dopamine and recycling it back into the neuron
in the dopaminergic nigrostriatal pathways [44]. After
reuptake by DAT, DA is transformed into HVA in the
neuron and released into the blood [22, 27]. .us, according
to our data, we presumed that NDG increased HVA content
in the sera and decreased the DA content in the striatum of
the TS rats, which could be associated with NDG upregu-
lating the protein andmRNA expression of DATin striatum.
Following DAT upregulation, redundant DA was taken up
into the neuron, and the content of DA was significantly
reduced in the synaptic cleft of neurons in the striatum.
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Because redundant DA was taken up into the neuron,
transformed into HVA, and then released into the blood,
this led to increase in HVA in the sera.

Correlation analyses in our studies demonstrated that a
positive correlation existed between the improved stereo-
typed counts and increased HVA concentration in sera and
upregulated DAT expression in the striatum after an eight-
week treatment course with NDG. .e results reveal that
NDG could regulate DAT expression and mediate DA
metabolism in the striatum and finally improve TS symp-
toms. Although Hal also improved the score of the ste-
reotyped behavior, it had no effect on sera HVA content or
DA concentration and DAT expression in the striatum.
More importantly, the correlations between stereotyped
behavior score and the concentration of sera HVA or striatal
DAT protein expression were not found in the Hal group,
which implied that NDG and Hal had different therapeutic
mechanisms on TS.

NDG is effective for TS and may have multiple target
action for its mechanism as a compound TCM preparation.
Additionally, another research byWang and Li reported that
NDG improved stereotyped behavior and its working
mechanism involved in regulation of DA metabolism for
binding D2R decrement and DAT increment by PET, which
was conducted by different experimental methods and
models [46]. Interestingly, Wang et al. reported that another

different TCM formula “Jian-Di-Zhi-Dong Decoction”
(JPZDD) could effectively inhibit the abnormal behavior in
mice and had similar mechanism for increment of DAT
expression in striatum although they chose the different
research methods and different models and interventions
[47].

In conclusion, NDG attenuates stereotyped behavior,
and its mechanism of action might be associated with the
upregulation of DATexpression to regulate DA metabolism
in the brain, which may also promise implications for drug
development in the treatment of TS in the future.

Data Availability
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Figure 5: .e relationship among the expression of DAT and HVA and score of stereotyped behavior in the NDG group. Scatterplot of
correlative analysis between the increased HVA concentration in sera and the DAT protein expression at week 8 showing a positive
correlation in the NDG group (r = 0.917, n = 12, P< 0.01) (a). Scatterplot of correlative analysis between the improved score of stereotyped
behaviors and the DAT protein expression at week 8 showing a positive correlation in the NDG group (r = 0.895, n = 12, P< 0.01) (b).
Correlative analysis scatterplot between the improved score of stereotyped behavior and the increased HVA concentration in sera showing a
positive correlation upon an 8-week period of medication in the NDG group (r = 0.936, n = 12, P< 0.01) (c).
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