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Dopamine (DA) is a key neuromodulator in the brain that supports motor and cognitive functions. Here, we
use apomorphine (Apo) and 3,3’-iminodipropionitrile (IDPN) to develop two rat models of Tourette’s
syndrome (TS), a common neuropsychiatric disorder characterized by stereotyped repetitive involuntary
tics. The models enabled the assessment of unique ameliorative effects of Ningdong granule (NDG), a
traditional Chinese medicine (TCM) preparation dedicated to the treatment of TS, on the striatal DA
content of rats. By using high-performance liquid chromatography (HPLC), we found that long-term
administration of NDG could, at least partially, restore the striatal dopamine alterations, either by
increasing them after IDPN treatment or by decreasing them after Apo treatment. Taken together, our data
indicated that NDG could ameliorate the abnormal striatal DA content dually, and the unique therapeutic
property may be meaningful for the treatment of TS.

by stereotyped repetitive involuntary motor and phonic tics. Initial symptoms of TS usually start at child-

hood with a peak age between 7 to 15 years of age and persist to late adolescence or even early adulthood. Tics
are more prevalent in males than in females with the ratio of 3-9:1'. In some cases, tics can cause lifelong
impairment and about 5% of TS patients have life-threatening symptoms including mild self-injurious behaviors
and borderline personality disorder (BPD)>.

The fundamental pathophysiology of TS remains largely unknown, but a role for dysfunctions of dopaminergic
system is suggested by high efficacy of dopamine D2 receptor (DRD2) antagonists™. Evidence from recent
functional imaging studies and postmortem examinations suggest that increased D2 receptor density does play
a key role in the pathogenesis of TS>*. However, on the other hand, the role of DA in TS has never been clearly
elucidated. Even though increased DA content has been proved in some pathological studies”®. The increased DA
level as well as the well-accepted increased density of D2 receptors are considered potent evidence in support of
excessive dopaminergic activity as the potential pathogenesis of TS’. Other studies of the same kind have failed to
find differences between TS patients and normal controls or have yielded conflicting results'®''. More interest-
ingly, a number of studies have shown that DA agonists are also effective in suppressing tics'>'"*. These para-
doxical findings suggest that, through other mechanism, the decreased striatal level of DA might also play a
significant role in the pathogenesis of TS.

Apomorphine (Apo) and 3,3’-iminodipropionitrile (IDPN) are two manipulations used to develop TS animal
models'*™". Previous published data revealed that both Apo and IDPN manipulated dyskinesia of TS models have
demonstrated marked alterations in DA: intraperioneal injection of Apo to rats led to increased level of DA'S,
while rats exposed to IDPN demonstrated significant decreased alteration in DA content'*~*°. These TS models
with contrary alterations in DA content might provide us new way to explore the multiple therapeutic value of
anti-tics drugs on the neurotransmitter.

Ideal pharmacological treatment of TS are not presently available. The commonly used anti-tic drugs now-
adays include alpha-adrenergic receptor agonist, typical neuroleptics, and atypical neuroleptics. These agents,
either agonist or antagonist of monoaminergic systems, are thought to act primarily by effecting their corres-
ponding receptors thereby decreasing the output of the motor cortex. While the results are often highly variable
and unfortunately associated with a series of side-effect burden. Haloperidol (Hal), a typical member of conven-
tional neuroleptics, is thought to exert its clinical effects through striatal DRD2*. Although clinical trials have
shown its high potency in suppressing tics, side effects including sedation, electrocardiographic changes and
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extrapyramidal syndromes made Hal suboptimal in some patients
The newer atypical neuroleptics are devoid of these side effects, how-
ever, they are associated with other side disorders including weight gain
as well as diabetes*.

Despite the unfavorable limitations of the receptor intervention-
ists, the neurotransmitters of these systems have far from been fully
studied. In the current study, we focused on DA transmission in
striatum, an essential component of basal ganglia which is fun-
damental for the appropriate sequencing of repetitive stereotypic
movements®. As discussed above, striatal DA content, either in a
increased or decreased manner, would play a role in the patho-
physiology of TS. Perhaps, novel drugs with dual ameliorative effects
on DA content will have therapeutic potential for TS.

Traditional Chinese medicine (TCM), developed and refined over
the course of thousands of years, has been widely used in the pre-
vention and treatment of various diseases in China, Japan, South
Korea and other Asian countries®. Even though haven’t been sys-
tematically studied, the benign ameliorative effects of TCM have long
been widely accepted among native people in these countries.
Ningdong granule (NDG), a compound preparation of TCM ded-
icated to the treatment of TS with the guidance of therapeutic prin-
ciple of TCM, has been used as an anti-tic agent for years in clinics in
China'***"?. Our previous double-blind placebo-controlled trial has
confirmed its clinical efficacy, with a reduction of 41.39% in tic
severity and frequency reported®’. Another open-label study has also
suggested benefits of NDG in treating tics: of a total of 60 TS patients,
up to 83.3% showed moderate to marked reductions in tic severity
and frequency as assessed by the Yale Global Tic Severity Scale
(YGTSS), and the long term (12 months) effective rate is 73.3%
(44/60) compared with 25% (15/60) in the Hal-treated group®. No
serious side effects were reported in both of the trials.

In further studies of the probable pharmacological mechanisms of
NDG for treating TS, a dual ameliorative effect of NDG on the striatal
DA content of TS rats came to our notice. Based on the aforemen-
tioned studies, we first developed two TS rat models to imitate dif-
ferent forms of dopaminergic dysfunctions: first, a TS rat model with
increased striatal DA content; second, a TS rat model with decreased
striatal DA content. Then, the potential dual values of NDG in rever-
sing striatal DA content could be examined by high-performance
liquid chromatography with electrochemical detection (HPLC-
ECD). Additionally, we also investigated alterations in the stereo-
typed behaviors, and correlated changes in DRD2 protein content
were further determined by western blot analysis.

Methods

Preparation of NDG. The NDG formulation includes 4 different plant species, 3
animal substances and human placenta (Table 1). All of these formulations were
provided by 999 Modern Chinese Medicine Co. Ltd. (999 Co. Ltd., Shenzhen, China),
and prepared as previously reported'®. After being dried, all of them were mixed in
proportion and then macerated with distilled water for 1 h at room temperature, and
the whole mixture was decocted twice for 1 h each time. The filtrates were mixed and
condensed and then dried by vacuum-drier at 60°C. The yield granule was stored at
4°C.

Experimental Animals and Behavior Recordings. All experimental procedures were
carried out in compliance with relevant guidelines and regulations of the American

Physiological Society. The protocols were also approved by the medical ethics
committee of Provincial Hospital of Affiliated to Shandong University.

Wistar rats (male, 4 weeks old, 100 = 20 g) were obtained from Laboratory Animal
Center of Shandong University, and they were housed in environmentally controlled
quarters, temperature at 22 = 2°C and humidity at 50 = 10%, witha 12 h:12 hlight/
dark cycle (lights on 6:00-18:00). Laboratory rat diet and water were available ad
libitum.

After a week acclimatization to their new quarters, a total of 70 rats were
randomly assigned to control group (n = 10) and TS model group (n = 60). Rats
in the control group received intraperitoneal infections of normal saline (NS)
(0.9%) at a dose of 5 ml/kg/day, and in the TS model group, two kinds of groups
were contained: Apo group (n = 30) and IDPN group (n = 30). The former was
intraperitoneally injected with Apo (Sigma Chemical Co., St. Louis, MO, USA)
(2 mg/kg/day) while in the latter, the rats were injected with IDPN (Sigma
Chemical Co., St. Louis, MO, USA) (150 mg/kg/day). Both Apo and IDPN groups
were further assigned to 3 groups (10 rats per group), and the associated rats
received intragastric administration with normal saline at 10 ml/kg/day (Apo +
NS group and IDPN + NS group), NDG at 370 mg/kg/day (Apo + NDG group
and IDPN + NDG group), and Hal (Shanghai Pharmaceutical Group Co. Ltd.,
Shanghai, China) at 1.0 mg/kg/day (Apo + Hal group and IDPN + Hal group)
respectively for 8 consecutive weeks'*"’.

On a weekly basis, the rats were rated for locomotor and stereotyped behaviors®®
(Table 2) by two independent blind observers. Each animal was monitored for 1 min
of every 5 min for 6 observation periods. The episodes accorded with the grades got
the corresponding score and the average score were calculated based upon the data
from observers as the objective indicator of behavioral alterations.

HPLC analysis. Regional concentration of DA was analyzed by high-performance
liquid chromatography with HPLC-ECD (Waters 2465, Meliford, MA, USA) as
previously described®. Briefly, the rats were sacrificed and the striatum tissues were
dissected and immediately homogenized with 0.1 M perchloric acid, homogenates
were centrifuged at 12,000 rpm for 15 min at 4°C and the resulting supernatants were
stored at —80°C until analysis.

Before detection, the supernatants were collected and filtered through microcen-
trifuge filters. Compound separation was achieved on a C18 reverse-phase analytical
column (50 mm X 2.1 mm, 1.9 pm particle size, Thermo, Rockford, IL, USA) with a
mobile phase consisting of 150 mM citric acid, 150 mM trisodium citrate dihydrate,
100 mM ethylenediamine tetraacetic acid disodium salt (EDTA - 2Na), 1 mM
sodium 1-heptanesulfonate and 10% methanol (v/v). Elution was carried out at a flow
rate of 0.2 ml/min, and the working electrode potential of the electrochemical
detector was set at 0.8 V. The column was maintained at 28°C.

Western blot analysis. Rat striatum tissues were dissected and quickly homogenized
on ice in RIPA lysis buffer (50 mM Tris-Hcl (PH 7.4), 150 mM NaCl, 1% NP-40,
0.1% sodium dodecyl sulfate (SDS)) containing protease inhibitors (PMSF) and
centrifuged at 12,000 rpm for 15 min at 4°C. After determined by BCA protein assay
kit (Comwin Biotech, Beijing, China), the protein amounts in the supernatant were
diluted in 5 X loading buffer (Beyotime Inst Biotech, Haimen, China) and then boiled
at 100°C for 5 min. SDS polyacrylamide gel (SDS-PAGE) electrophoresis was carried
out on 10% Tris-glycine gels. The separated proteins were then electrophoretically
transferred to PVDF membranes (0.45 pm Millipore, Bedford, MA, USA) that were
treated previously with methanol and blocked with 1% BSA (Sigma Chemical Co., St.
Louis, MO, USA) in TBS-T (Tris-buffered saline containing 0.1% Tween 20) for

1 hour at room temperature. After washing in TBS-T, the membranes were incubated
with primary antibody against D2R antibody (1 : 1,000, Millipore, Chemicon, MA,
USA) overnight at 4°C, and then were further incubated with peroxidase-conjugated
affinipure goat anti-rabbit antibody IgG (1:10,000, ZSGB-BIO, Beijing, China) for
1 hour at room temperature. Blots were developed with enhanced
chemiluminescence detection system (Pierce, Rockford, IL) and analyzed
semiquantitatively using the National Institutes of Health Image ] program. To
confirm equivalent loading of samples, the same membranes were incubated with
anti-d-actin antibody (1 : 1,000, ZSGB-BIO, Beijing, China) and visualized via
enhanced chemiluminescence as mentioned earlier.

Statistical analysis. Data are presented as mean * SEM. A repeated measurements
analysis of variance (ANOVA) was employed to evaluate the stereotypic behavior

Table 1 | Composition and active ingredients of Ningdong granule

Components Voucher specimens number Part used Amount used (g)
Uncaria rhynchophylla (Miq.) Jacks 0706011 Ramulus 20
Gastrodia elata Blume 0705081 Root 6
Ligusticum chuanxiong Hort 0704081 Rhizome 6
Buthus martensii Karsch 0704021 Dried body 3
Scolopendra subspinipes mutilans L. Koch. 0707021 Dried body Single band
Haliotis diversicolor Reeve. 0701041 Shell 20

Dried human placenta 0708021 Dried placenta 3
Glycyrrhiza uralensis Fisch 0706011 Rhizome 3
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Table 2 | Scales for weekly ratings of locomotor and behavioral stereotypies

Score Stereotypic behaviors

Asleep, resting in place or normal activity in place
Increased sniffing and head raising
Discontinuous increased sniffing with body raising

WN — O

of locomotor activity (2—5 steps)

(S, IF>N

counts at different time points. Groups were compared using one-way ANOVA. All
data were analyzed by the SPSS statistical software package (Version 17.0, SPSS Inc.,
Chicago, IL, USA), and p < 0.05 was considered statistically significant.

Results

Assessment of stereotypic behaviors. The effects of NDG on the
stereotyped behaviors of the rats are shown in Figure 1. Using
repeated measurements ANOVA, we found that both Apo and
IDPN induced models had significant group effects (Apo: F,,, =
22.73, p < 0.01; IDPN: F,,; = 42.25, p < 0.01), indicating vary
degrees of differences among Apo and IDPN groups. Compared to
the same control rats shared by Apo and IDPN groups throughout
the study, both of the pharmacological manipulations, Apo and
IDPN, were associated with marked behavioral stereotypies in rats
(Apo: p < 0.01; IDPN: p < 0.01). After being treated, in the rats
exposed to Apo, long-term administration of NDG as well as Hal
effectively rescued the Apo-induced stereotyped motor deficits
(NDG: p < 0.01; Hal: p < 0.01) (Figure 1a). Meanwhile, in the rats
subjected to IDPN, a steady reduction in stereotypies was also
observed in stereotypies compared to the IDPN + NS group, after
being treated by NDG and Hal respectively (NDG: p < 0.01; Hal: p <
0.01) (Figure 1b).

Effects of NDG on striatal DA concentration. The effects of NDG
on the striatal DA content of the rats are shown in Figure 2. The
ANOVA revealed significant effects for both groups (Apo: Fs 35 =
30.79, p < 0.01; IDPN: F; 35 = 16.07, p < 0.01). Our data revealed
that Apo and IDPN produced completely opposite effects on striatal
DA content of the rats: manipulations of Apo significantly increased
the DA concentration in striatum (p < 0.01), while the IDPN
exposures were associated with marked decrease in DA content (p
< 0.01), both compared with the same control rats. (Figure 2a)

As tested by HPLC, we found that, long-term administrations of
NDG significantly reduced the up-regulated striatal DA content in
Apo-induced rats (Apo + NDG group vs Apo + NS group p < 0.01),
and increased the down-regulated striatal DA content in IDPN-
induced rats (IDPN + NDG group vs IDPN + NS group p <
0.01). In contrast, Hal failed to produce any modification of striatal
DA alterations in either Apo- or IDPN-treated rats (Apo + Hal
group vs Apo + NS group, p > 0.05; IDPN + Hal group vs IDPN
+ NS group, p > 0.05). (Figure 2b)

Effects of NDG on DRD2 protein content in striatum. The effects
of NDG on the striatal DRD2 protein content of the rats are shown in
Figure 3. The ANOVA revealed a significant effect for groups (Apo:
Fs36 = 24.69, p < 0.01; IDPN: Fs 55 = 29.73, p < 0.01). Apo and
IDPN exposures were associated with significantly increased DRD2
protein content in the striatum compared with the same control
group (Apo: p < 0.01; IDPN: p < 0.01). After being treated, in the
Apo groups, both NDG and Hal treatment prevented the Apo-
induced elevation of DRD2 protein content in striatum (Apo +
NDG group vs Apo + NS group p < 0.01; Apo + Hal group vs
Apo + NS group p < 0.01) (Figure 3a). Meanwhile, results similar
to Apo groups were also observed in the IDPN groups after being

Discontinuous increased sniffing, licking with head and body raising primarily in one place, with occasional rapid burst

Continuous sniffing, biting, head bobbing and repetitive body raising/wall climbing in place
Continuous sniffing, biting, licking, head bobbing, and continuous body raising/wall climbing wherein forepaws do not touch cage floor

treated with NDG and Hal respectively (IDPN + NDG group vs
IDPN + NS group p < 0.01; IDPN + Hal group vs IDPN + NS
group p < 0.01) (Figure 3b).

(a)

-~ Apo+NS
* - Apo+NDG
= Apo+Hal

Evaluations of
Steretyped Behaviors

_—
(=)
—

*
=+
*

- |[DPN+NS
4 -= |[DPN+NDG
= |[DPN+Hal

Evaluations of
Steretyped Behaviors
N
L

Figure 1 | (a and b) Evaluations of stereotyped behaviors of experimental
rats during an 8-week period. Data are expressed as the mean = SEM.

(n = 10 rats/group). The initial scores before treatments showed no
differences among groups (p > 0.05). However, after 3 weeks of treatments,
both NDG and Hal made a significant decrease in ethological recording
scores compared with the TS model rats treated with NS (Apo + NDG
group vs Apo + NS group, p < 0.01; Apo + Hal group vs Apo + NS group,
p <0.01;IDPN + NDG group vs IDPN + NS group, p < 0.01; IDPN + Hal
group vs IDPN + NS group, p < 0.05), while there was no remarkable
differences in score recording between these two treatments in either Apo
or IDPN induced group. (Apo + NDG group vs Apo + Hal group,

p > 0.05; IDPN + NDG group vs IDPN + Hal group, p > 0.05).

a: *p < 0.05, significant difference between Apo + NDG group and Apo +
NS group; *p < 0.05, significant difference between Apo + Hal group and
Apo + NS group. b: *p < 0.05, significant difference between IDPN + NDG
group and IDPN + NS group; *p < 0.05, significant difference between
IDPN + Hal group and IDPN + NS group.
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Figure 2 | (a and b) Effects of NDG on striatal DA content in experimental
rats. Data are expressed as the mean = SEM. (n = 10 rats/group).

(a): Effects of NDG on striatal DA content in Apo-induced TS rats.

p < 0.01 represents when compared to the control group; *p < 0.01
represents when compared to the Apo + NS group. (b): Effects of NDG on
striatal DA content in IDPN-induced TS rats. p < 0.001 represents when
compared to the control group; *p < 0.01, represents when compared to the
IDPN + NS group.

Discussion

From the unique theoretical and therapeutic system of TCM, people
with TS usually suffer from insufficiency of yin in heart and liver®.
According to the pathological changes, the ingredients of NDG were
strictly chosen on the basis of the compatibility theory of TCM, and
TS patients would be treated for a particular nourishment of the yin
in heart and liver”.

Our data showed that, similar to Hal, long-term administrations of
NDG significantly mitigated the stereotyped abnormalities and
reversed the up-regulated striatal DRD2 protein content in both
Apo- and IDPN-treated TS rats. While in terms of striatal DA con-
centration, the effects of NDG and Hal are completely different. The
present study demonstrated that, for the first time, long-term admin-
istrations of NDG could, at least partially, restore striatal DA altera-
tions, either by increasing them after IDPN treatment or by
decreasing them after Apo treatment. In contrast, Hal failed to pro-
duce any modification of the DA changes in either Apo or IDPN
treated rats.
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Figure 3 | (a and b) Effects of NDG on striatal DRD2 protein content in
experimental rats. Data are expressed as the mean * SEM. (n = 10 rats/
group). (a): Effect of NDG on striatal DRD2 protein content in Apo-
induced TS rats. p < 0.01 represents when compared to the control group;
*p < 0.01 represents when compared to the Apo + NS group; “p < 0.01
represents when compared to the Apo + NS group. (b): Effects of NDG on
striatal DRD2 protein content in IDPN-induced TS rats. "p < 0.01,
represents when compared to the control group; *p < 0.01, represents
when compared to IDPN + NS group; “p < 0.01, represents when
compared to the IDPN + NS group.

Based on achievements of previous investigators'*™'”, two phar-
macological manipulations, Apo and IDPN, were selected to develop
TS rat models. Early studies revealed that injection of dopaminergic
agonist (e.g. Apo) to rodents led to behavioral stereotypies like lick-
ing, sniffing and biting, which could be blocked by DA antago-
nists'®*'. Administration of Apo to healthy humans was also found
to result in yawning and increase blinking®. Consistent with these
findings, our data indicated that Apo exposure was associated with
significant repetitive stereotyped movements of rats that could be
attenuated by Hal treatment. Systemic administrations of IDPN to
rats produced a dyskinetic-hyperkinetic syndrome characterized by
choreiform movements and tic-like jerks of head and neck similar to
that of TS for the life of animals®**. In this study, as expected,
marked stereotyped motor deficits were observed after IDPN injec-
tions, and that could be reliably suppressed by Hal as previously
described'>".
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Validity of animal models is evaluated on three levels: face, pre-
dictive and constructive'®. A wide spectrum of abnormal movements
have been classified as tics in animal models®¢, and the definition of
complex motor tics has broadened tic-like movements in animals to
include stereotypic behaviors®>*. Given these findings, the repetitive
behavioral abnormalities developed by Apo and IDPN in our experi-
ment could be related to TS. Predictive validity is usually dependent
on the responses to neuroleptics and/or o,-adrenergic agonists,
which are commonly used pharmacological treatments of TS". In
this study, both Apo and IDPN induced TS rats models responded
well to Hal, achieved good predictive validity. Establishing construct
validity is largely dependent on the strength of currently prevailing
achievements or hypotheses concerning pathophysiology underlying
human disorder. More than work on any other neurotransmitters,
DA hypothesis still has greatly influenced our understanding of the
etiology of TS. Apo, a direct dopaminergic agonist, has complex
actions on striatal dopaminergic functions®. The present results
confirmed and extended prior views that, exposed to Apo signifi-
cantly increased DA concentration and DRD2 protein content in
striatum. IDPN is known to interfere with several neurotransmitters
including DA'®°, and evidence suggests that D2 receptors is also
involved in the IDPN-induced dyskinesia'®. Our data validated that
IDPN exposure was associated with decreased DA as well as
increased DRD2 protein content in striatum as compared to the
saline-treated control rats.

To date, neuroleptics, among which Hal is commonly used,
remain the cornerstone of TS treatment’. The efficacy of Hal is
associated with its potency in blockage of DRD2 so as to decrease
dopaminergic input to basal ganglia**. The basal ganglia is a brain
area through which the cerebral cortex release desired behaviors and
inhibit potentially unwanted ones. Blockage of D2 receptors removes
dopaminergic suppression of basal ganglia and allows it to inhibit the
undesired movements, however, that might otherwise interfere with
the intended behaviors at the same time*.

With the unique dual ameliorative effects, NDG might have its
superiority compared with the single-target pharmacological func-
tion of Hal. In this study, we concentrated on only two pathogenic
forms of dopaminergic dysfunction, however, because of the highly
heterogeneous nature of the human body there would be large dif-
ferences in the pathophysiological changes among TS patients. The
chief pathological changes of the TS patients who respond well to Hal
might be the hyperfunction of dopaminergic system, while in some
other patients, DA agonists have also been shown to suppress tics.
Based on the prevailing theory of dysfunctional dopaminergic basal
ganglia circuitry®®, DA agonists acting at postsynaptic D2 receptors
should facilitate tics rather than suppress them®. In light of these
discrepancies, investigators have therefore postulated presynaptic
inhibitory of DA receptors, which would impair DA release and
sensitize the associated receptors*>*'. The intriguing results of the
clinical observations pointed out the fact that, the pathophysiology of
TS may be more complicated than we expected. The involvement of
multiple mechanisms of TS make it rather hard to get ideal responses
with single-target anti-tic agents. While the unique properties of
NDG in reversing the dopaminergic dysfunction caused by more
than one mechanisms may have therapeutic potentials for treating
these complex cases.

Although the goal of this study was not to examine TS with comor-
bidities, the IDPN-induced rat model, with the decreased striatal DA
content as well as the increased DRD2 protein content, may provide
some insight into a particular pathological form of TS: tics with the
coexisting disorder of attention deficit hyperactivity disorder
(ADHD). ADHD and obsessive-compulsive disorder (OCB) are
the most common psychiatric comorbidities in TS****. The presence
of comorbidities can add greatly to the complexity of the therapies
whose treatments may conflict with the management of tics***.
Consensus suggests that dopaminergic activity is lower than normal

in children and adolescents with ADHD***’, while excessive dopa-
minergic activity is still the most commonly accepted hypothesis for
TS. Psychostimulants (e.g. methylphenidate and dextroamfetamine)
are the most effective agents for uncomplicated ADHD, these drugs
could be used with impunity in some individuals with TS, while in a
few cases they could precipitate de-novo tics or aggravated pre-exist-
ing tics®. In these incompatible conditions, which are intractable to
simple therapeutic principles, a single medication that could improve
both ADHD and tics would be clinical useful. One of our previous
open-label trials have proved the clinical efficacy of NDG in TS
patients with ADHD with significant improvements in 25 of 30 TS
children with ADHD, no serious side or toxic effect was reported*.

In summary, the present study has demonstrated that long-term
NDG treatment significantly reversed stereotyped abnormalities and
up-regulated DRD2 protein content in both Apo- and IDPN-treated
TS rats. More importantly, long-term administration of NDG could
make a dual reversion in striatal DA content from both increased and
decreased level. In a word, the results of our data suggests that NDG
is a potential therapeutic intervention for TS.
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