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Abstract: Background: Parkinson's disease (PD) is a neurodegenerative disorder featured with
motor and non-motor deficits. Using 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
induced dopamine neuron degeneration has been widely used to produce reliable animal models
of the PD. However, most of previous preclinical studies focused on the motor dysfunctions, few
non-motor symptoms were evaluated. So far there is a lack of comprehensive investigation of the
non-motor symptoms in animal models. Objectives: In this study, we aim to use a battery of
behavioral methods to evaluate the non-motor symptoms in MPTP-induced non-human primate
PD models. Methods: Cognitive functions, sleep and psychiatric behaviors were evaluated in
MPTP-treated cynomolgus monkeys. The tests consisted of delayed matching-to-sample (DMTS),
physical activity monitor (PAM), apathy feeding task (AFT), human intruder test (HIT), novel fruit
test (NFT) and predator confrontation test (PCT). In addition, we tested whether the dopamine
receptor agonist pramipexole (PPX) will improve these non-motor symptoms. Results: The present
results show that the MPTP-treated monkeys exhibited cognitive deficits, abnormal sleep, and
anxiety-like behaviors as compared to the control monkeys. These symptoms were relieved partially
by PPX. Conclusions: These results suggest that MPTP-induced PD monkeys displayed non-motor
symptoms that were similar to those found in PD patients. PPX treatment showed moderate
therapeutic effects on these non-motor symptoms. This battery of behavioral tests may provide a
valuable model for future preclinical research.
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1. Background

Parkinson’s disease (PD) is one of the most severe neurodegenerative disorders worldwide [1].
PD affects 3% of population over the age of 65 and more effective treatment strategies are still needed
[2]. The diagnosis of PD is currently dependent on the presence of motor deficits including
bradykinesia, rigidity and resting tremor, unilaterally or asymmetrically [3,4]. In fact, non-motor
symptoms (NMS) such as cognitive deficits, sleep disorders, anxiety etc., co-occur or even precede
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the onset of motor symptoms [4]. Remarkably, NMS is also the key factor that contribute to low
quality of life and progression of overall disability [5-7].

In the past decades, neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced
non-human primate (NHP) PD model has been recognized as a reliable preclinical animal model [8].
MPTP-lesioned monkeys exhibit neuroanatomical and behavioral signs simulating symptoms in PD
patients, particularly the motor deficits [9]. However, non-motor symptoms in MPTP-induced PD
monkeys have not been fully investigated [4]. Most studies only involved one or two specific non-
motor symptoms [10]. Compared to rodents, the NHPs are more suitable for comprehensive
assessment of the non-motor symptoms [11]. In this study, we investigated a battery of the non-motor
symptoms in MPTP-induced PD cynomolgus monkeys. The non-motor assessment includes
cognitive function, sleep and psychiatric behaviors. One of the reasons that non-motor behaviors
were not well studied is that these behaviors often rely on normal motor function. The present data
were collected eight years after the MPTP administration, thus the monkeys had eighter years of
adaption to motor dysfunction.

Pramipexole (PPX) is a non-ergot D2/D3 dopamine receptors agonist [12]. The neuroprotective
effects of PPX have been reported in several studies [13]. For example, PPX improved motor
symptoms, psychiatric symptoms and unified Parkinson’s disease rating scale (UPDRS) scores in PD
patients [14-18]. In the current study, we tested the effects of PPX on non-motor symptoms in NHP
PD models.

2. Materials and Methods

2.1. Animals

Ten male cynomolgus monkeys (age: 15+1.5years, weight: 8.5+1kg) were used in this study. All
experiments were conducted at Wincon TheraCells Biotechnologies Co., Ltd., Nanning, China. A
group of five monkeys were injected with MPTP unilaterally through left internal carotid eight years
ago. Another group of five age-matched naive monkeys were injected with vehicle. All animals were
individually housed in standard laboratory condition (room temperature of 23~27C, humidity
40%~75%) in a 12hr light/12hr dark cycle (lights on from 7 AM to 7 PM) with ad libitum access to
water. The primate diet [China standard (GB) 14924. 8-2001] was provided twice daily and fresh
fruit/vegetables were given once daily at noon. The health condition was monitored daily, and the
environment was enriched with various rubber toys. All efforts were made to limit animals” stress.
All experimental protocols were approved by the Institutional Animal Care and Use Committee.

2.2. Drugs

Pramipexol hydrochloride (Booehringer Ingelheim Pharma GmbH & Co KG, Germany) was
purchased from Nanning Hospital (Nanning, Guangxi, China). Doses used in the current study were
0.375mg for 3 days, 0.75mg for 3 days, 2.25mg for 5 days and 3.375mg for 7 days. The treatment plan
was modified from the directions of using this drug in human patients.

2.3. Methods

The behavioral tests in the current study include Delayed Matching-To-Sample (DMTS),
Physical Activity Monitor (PAM), Apathy Feeding Task (AFT), Human Intruder Test (HIT), Novel
Fruit Test (NFT) and Predator Confrontation Test (PCT).

2.4. Delayed Matching-To-Sample task

The delayed matching-to-sample (DMTS) task was modified from the Wisconsin General Test
Apparatus (WGTA) which is often used to test learning and memory in monkeys [19]. DMTS was
performed in a quiet testing room. The apparatus has three food wells with cover for hiding food
reward and presenting cues (Fig 1a). The monkey was transferred into a testing cage equipped with
a sliding opaque board. Monkeys were well trained to perform DMTS task (correct rate was > 80%)
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before the tests. Each trial comprised three phases, cue presentation phase, delay phase and
responding phase. During cue presentation phase, a visual cue was presented on the middle cover
and the opaque board was lifted for ~5 seconds to make sure that the animal saw the cue. The delay
phase started from the drop of the opaque board and lasted for 5, 10, 15, or 30 seconds, randomly.
During the delay, food reward (a small piece of fruit or nut) was placed in the left or right well
(randomly selected). The previously presented cue was put on top of the food well cover. A
distractive cue was placed on top of the other cover. After the delay, the opaque board was lifted.
The monkey was able to open the cover and take the food reward. There were 80 trials in the DMTS
test (20 trials for each delay). The correct responses were recorded, and correct rate was used to
evaluate the performance of DMTS.
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Figure 1. Correct rate at each delay in DMTS task. PD monkeys showed much lower correct rate.
PPX treatment did not improve the performance in PD monkeys. %, p < 0.05.

2.5. Physical Activity Monitor

Physical Activity Monitor (PAM) measures the locomotor activity which indicates the sleep
status indirectly during night. PAM was recorded using omnidirectional accelerometers (Actical
Activity Monitor; MiniMitter Inc., Bend, OR). The accelerometer was placed in a small stainless-steel
box, and the box was attached to a loose-fitting collar on the neck (Fig. 2a). The accelerometer was
deployed one week before the test. The data in accelerometer was downloaded using ActiReader
(MiniMitter Inc., Bend, OR), and three consecutive days of data were analyzed. Locomotor activity

count was determined by the total number of moving counts per minute. Nocturnal activity between
7:00 PM and 7:00 AM was analyzed in this study.
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Figure 2. The nighttime activities in PAM experiment. A. PD monkeys showed a little more total
nocturnal activity than control monkeys, but not statistically significant. *, p < 0.05, PD group vs
Control group. B and C. Hour by hour analysis showed that the nocturnal activity of PD monkeys
was significantly higher between 21:00 and 23:00. PPX treatment decreased the activity to control
level. D. Hourly activity from 19:00 to 7:00. *, p <0.05.

2.6. Apathy Feeding Task

The Apathy Feeding Task (AFT) measures the degree and frequency of coaxing required to
motivate the animal to attempt[20]. The animal was restrained in a primate chair. A piece of food was
offered by a research assistant the animal familiar with (Fig. 3a). The food was put on the two sides
alternatively. If the monkey failed to reach for the food in 5 seconds, the food was discarded and
substituted with another piece of food. If the monkey failed to reach for the fruit again, then the fruit
was placed in the monkey’s hand. One successful trial was defined as fetching the food from
experimenter’s hand. The tests were videotaped, and the behaviour was scored offline later. The
duration of observation was the time from food presentation to the onset of reaching out for the food.
Duration of execution was the time from reaching out for the food to the time of putting the food into
the mouth.
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Figure 3. The latency in AFT task. A. The observation time in the AFT task. PD monkeys spent
relatively longer time to observe (A) and grab the food (B). PPX treatment significantly decreased
both latencies. *, p < 0.05.

2.7. Behavioral tests for anxiety

We used Human Intruder Test (HIT), Novel Fruit Test (NFT) and Predator Confrontation Test
(PCT) to measure the anxiety level of the animals.

2.8. Human Intruder Test

HIT was modified from Kalin and colleagues’ study to assess behavioral responsiveness to a
potential threatening or a nonthreatening social stimulus in rhesus monkeys[21]. The test consisted
of four phases, baseline, profile, stare and back, 2 min for each phase (Fig. 4a). A camera was used to
record the behavioral responses. Follow baseline phase, a human intruder wearing masks and cloaks
entered the testing room. The human intruder presented obliquely a profile to the monkey (profile),
then turned to the monkey (stare). During the back phase, the intruder turned the back to the monkey.
The intruder left the testing room after the tests.
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Figure 4. The behavioral responses to each phase in HIT tests. A. Sitting time during HIT tests. PD
monkeys showed less sitting time in the profile and stare phases. B. Time spent in the back of cage
during tests. PD monkeys showed less time staying in the back of the cages. C. Movement duration
during tests. PD monkeys moved more during the tests. D. Anxiety-like behavior during tests.
Accumulation scores showed that PD monkeys were more anxious during the tests. x, p < 0.05,
Control vs PD; #, p < 0.05, Control vs PPX treatment; @, p < 0.05, PD vs PPX treatment.
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Video was processed using Squared5 (MPEG Streamclip software) and compressed to 30
frames/s for behavioral scoring. The HIT induced anxious behavior depends on the orientation of the
human intruders and the specific threat level posed by each orientation[22]. Increased vigilance,
excessive fear and other context dependent anxiety-like behaviors were scored to evaluate the anxiety
level [23]. The scored behaviors were movement (the whole body moves from one position to
another), sitting up (put the buttocks on the cage, support the body weight), tactile/oral exploration
(tactile or oral manipulation of the cage with finger/mouth), self-groom (pick up dirt or brush hair
with hands or mouth), lip-smack (pursing and moving the lips together to produce a smacking
sound) [24], backing of cage (subject positioning itself with at least three limbs in the back half of the
cage), freezing (remaining immobile for longer than 2sec)[21,25], scratching (moving digits quickly
through fur), growling (grunt, short, understated vocalization), cage shaking (grab and shake the
cage with hands or feet), mouth-opening (open-mouth in an "O" shape stare), screaming (a high-
pitched, loud sound), and the total times of fear grimace (a large grin-like facial expression showing
the teeth) [24], grinding teeth (upper and lower teeth moving noisily together), yawn (opening mouth
and showing clenched teeth)[25]. The behaviors scored were shown in Table 1.

2.9. Novel Fruit Test

NFT was performed after HIT to assess of the monkey’s motivation to explore novel objects. The
assumption of the test is that animals with lower anxiety will exhibit more explorative behaviors. The
paradigm used in this study was modified from Williamson et al (Fig. 4b)[26]. During each trial, a
piece of novel fruit (the animals never had before) was placed in the cage for 2 min. Afterwards, a
piece of a familiar fruit (fruit used as food enrichment) was placed in the cage for 2 min. There were
five trials in the test. The behaviour of the monkey was videotaped. The consumption rate,
observation time and execution time was calculated offline.

2.10. Predator Confrontation Test

PCT was performed right after the NFT test. Barros and colleagues have shown that stimulus
with specific features of natural predators induced fear and anxiety-like reactions in non-human
primates[27]. A potential predator model (i.e., snake model) and a familiar object (i.e., fruit) was
placed in the front part of the cage, one on the left side the other on the right side (Fig. 4c). There were
five testing trials for each monkey. The responses of animal were videotaped and scored. Withdrawal
behavior (retreat to the back of the cage) and consumption rate of fruits were used to determine the
fear and anxiety level.

2.11. Statistical Analysis

All data were analyzed using SPSS 22. 0, the data of the AFT, PAM, NFT and PCT were log
transformed, and passed normal distribution test (Shapiro-Wilk test, p > 0.05), Multi-way ANOVA
was used to analyze the duration of observation data in AFT. One-way ANOVA was used to analyze
PAM data, and data are expressed as mean + SD. Nonparametric tests were used to analyze DMTS,
the duration of execution data in AFT and HIT data (Shapiro-Wilk test, p <<0.05). The effects of PPX

treatment on DMTS, HIT, NET, PCT and the duration of execution in AFT were assessed using the
Kruskal-Wallis H Test, and data were expressed as median (interquartile interval). A p-value of less
than 0.05 was used to determine the statistical significance.

3. Results

3.1. PD monkeys showed working memory deficits in DMTS task

Four of five healthy monkeys were successfully trained to complete DMTS task, the correct ratios
were above 80% without delay. The PD monkeys had noticeable unilateral limb disabilities. Four of
five PD monkeys were successfully trained before the tests. Two of them complete the task using only
the normal limbs. The correct ratio of control monkeys was significantly higher than PD monkeys for
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all delays (5s delay: 0.90(0.11) vs 0.53, H=-2.160, p = 0.031; 10s delay: 0.97 (0.17) vs 0.60, H=-2.160, p
=0.031; 15s delay: 0.87(0) vs 0.40, H (0.000) = -2.366, p = 0.018; 30s delay: 0.90(0.06) vs 0.47, H=-2.181,
p = 0.029). After PPX treatment, the correct ratio was modestly improved (5s: 0.53 vs 0.75(0.36), H =
0.825, p=0.031; 10s: 0.60 vs 0.70(0.32), H=1.101, p = 0.487; 15s: 0.40 vs 0.50(0.37), H=0.741, p=0.261;
30s:0.47 vs 0.65(0.34), H=1.080, p = 0.268). These data indicated that working memory in PD monkeys
was impaired, and PPX treatment did not improve the performance significantly (Fig.1b).

3.2. PD monkeys showed more nocturnal activity

The activity was continuously monitored in the home cage. The total nocturnal activity in PD
monkeys (2752.40 + 1906.57) was higher than that in control monkeys (2000.55 + 1363.78), but not to
a significant level (F (2,53) = 1.289, p = 0.114, Fig. 2c). From 21:00 to 23:00, the hourly activity in the
PD monkeys was significantly higher (21:00 - 22:00: 92.10 £126.42 vs 257.30 + 284.26, F (2,53) = 3.482,
p = 0.044; 22:00 - 23:00: 98.05 + 138.42 vs 278.60 + 230.03, F (2,53) = 7.094, p = 0.004, Fig. 2d-e). After
PPX treatment, the total nocturnal activity in PD monkeys decreased (2752.40 + 1906.57 vs
2042.56+1060.97, F (2,53) = 1.289, p = 0.440, Fig. 2c). Specifically, and the activity 21:00 - 22:00 and 22:00
- 23:00 decreased significantly (257.30 +284.26 vs 127.75 +169.27, F (2,53) = 3.482, p =0.202; and 278.60
+230.03 vs 102.56 + 104.06, F (2,53) =7.094, p = 0.01, Fig. 2d-e).

3.3. PD monkeys showed deficit in AFT task

The duration of observation in the AFT task was significantly longer in PD monkeys (0.99 +1.13),
compared to healthy control monkeys (0.530 + 0.165, F (2, 142) = 5.954, p = 0.001, Fig. 3b). Similarly,
the duration of execution was significantly longer in PD monkeys (0.830 (0.200)) than in control
monkeys (0.53 (0.13), H (2) =87.75, p=0.000, Fig. 3c). After PPX treatment, the duration of observation
and execution were significantly reduced (0.67+ 0.25, F (2, 142) = 5.954, p = 0.020, Fig. 3b; 0.53 (0.14),
H (2) = 87.747, p = 0.000, Fig. 3c). Note that when food was on one side, PD monkeys only use the
normal limb no matter which side the food was. Control monkeys use both limbs to get the food. The
monkeys got the food every time.

3.4. PPX reduced anxiety-like behaviors in PD monkeys

The behavioral responses during HIT tests were shown in Fig. 4. Overall, the anxiety-like
behaviors were related to the human intruder’s face orientation. Compared to the control monkeys,
PD monkeys spent less time sitting during profile, stare, and back phases (profile: 120.00(2.56) vs
51.93(60.27), p = 0.014; stare: 118.87(12.93) vs 66.90(97.30), p = 0.139; and back: 120.00(10.50) vs
80.00(77.22), p=0.100; H (11) = 21.695, p = 0.027; Fig 4e). Instead, they had more locomotor movement
((profile: 0.00(2.57) vs 15.53(33.09), p = 0.153; stare: 1.13(8.98) vs 0.00(39.29), p = 0.342; and back:
0.00(3.67) vs 36.47(65.10), p=0.009; H (11) = 16.350, p =0.129; Fig 4d). They spent less time in the back
of the cage when facing the human intruder (profile: 120.00(51.77) vs 51.93(61.01), p = 0.455; stare:
111.27(38.94) vs 0.00(64.70), p = 0.007; and back: 120.00(114.69) vs 0.00(0.00), p = 0.007; H (11) = 35.411,
p = 0.000; Fig 4f). After PPX treatment, the total movement, sitting time, or time in the back of the
cage in PD monkeys did not change (Fig. 4d-f).

Accumulation score of anxiety-like behaviors was used to evaluate anxiety level in each test
phase (see Table 1). PD monkeys showed higher anxiety-related accumulation scores across testing
phases, especially during the profile and stare phases (profile: 0.00(2.00) vs 5.00(7.00), p = 0.006; stare:
2.00(5.00) vs 6.00(10.00), p = 0.246; back: 0.00(1.00) vs 5.00(5.00), p =0.003, H (11) = 25.978, p = 0.007;
Fig 4g). PPX treatment didn’t significantly decrease the score (profile: 5.00(7.00) vs 3.00(3.00), p =
0.140; stare: 6.00(10.00) vs 5.00(5.00), p = 0.963; back: 5.00(5.00) vs 1.00(4.00), p=0.046, H (11) = 25.978,
p =0.007; Fig. 4g).

In the NFT test, the consumption rates of novel fruit in the control monkeys and PD monkeys
were 100% and 80%, respectively. The consumption rate of familiar food was 100% in all monkeys.
After PPX treatment, the consumption rates of PD monkeys increased to 100%. The observation time
and execution time was calculated, no difference was found between the control monkeys and PD
monkeys (data not shown).
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In the PCT test, when the predator model (a snake model) was presented, the consumption
rates for the control monkeys and PD monkeys were 80% and 40%, respectively. The withdrawal
rates were 20% and 60% respectively. PPX treatment did not change the consumption rates (data not
shown).

4, Discussion

The NHP PD models play important roles in PD drug discovery and development. Although
new animal models are emerging during the past years, such as virus-based transgenic techniques or
genetic editing monkey models, the MPTP-induced PD model is still the most widely used animal
model to mimic the PD symptoms, especially motor deficits. Beside of motor deficit, cognitive or
other non-motor deficits have been found here and there. However, it is still not clear MPTP-induced
animal model can reliably mimic the non-motor symptoms in PD patients. In the current study, we
quantitatively investigated the non-motor symptoms in MPTP-induced monkey PD model. Our
results showed that these PD monkeys had various degree of non-motor deficits including working
memory, novelty seeking, abnormal sleep and anxiety-like behaviors. After pramipexole (PPX, a
dopamine receptor agonist) treatment, these deficits were reversed partially.

The current findings that PD monkeys showed working memory deficits and sleep disorders
were consistent with clinical observations in PD patients [4]. In fact, we reported previously that these
monkeys had difficulty to learn DMTS task [18]. Eight years later, four out of five PD monkeys
completed the task. We believe this improvement is due to the years of adaptation to unilateral motor
dysfunction.

The present results suggest that the MPTP-tread monkeys display cognitive deficits which
mimic some core symptoms in Parkinson's patients. It is difficult to clarify that whether cognitive
deficits were due to the motor dysfunction or dopamine systems disruption. Studies have suggested
MPTP-induced putamen dopamine depletions is irreversible, and MPTP-induced cognitive deficits
are due to disruption of fronto-striatal circuits, which is independent of clinical manifestations of
motor dysfunction [28,29]. A longitudinal study of Rhesus macaques showed that the animals
continued to exhibit spatial deficits ten years after receiving low doses of MPTP, although they
displayed no obvious motor impairments [30].

It has been reported that monkeys with prefrontal cortical ablations displayed varying degrees
of apathy, increased distractibility, and poor attentive capacity for relevant stimuli [28]. The MPTP-
treated monkeys in current study showed no obvious apathy. The observation and execution periods
in the AFT task were significantly increased in PD monkeys. In addition, the MPTP-treated monkeys
did not use their ipsilateral limbs at all, and movement of the normal limbs were slower than the
normal monkeys.

In the physical activity monitor test, the nocturnal activity of the MPTP-treated monkeys in each
hour was higher, especially at 21:00 hour and 22:00 hour. This is consistent with previous findings
which showed that the MPTP-induced monkeys replicated fragmented sleep observed in PD [31,32].

We used human intruder test to assess anxiety-like behaviors by presenting the animals with an
unfamiliar human intruder [22]. When the monkeys faced the intruders, they showed defensive or
aggressive behaviors. For example, they moved more and spent less time sitting during profile, stare,
and back phases. Accumulation score of anxiety-like behaviors indicate that PD monkeys were more
anxious across testing phases, especially during the profile and stare phases.

The novel food test showed that MPTP-treated monkeys consumed less fruits. Remarkably, they
took significantly less food in the predator confrontation test (40% compared to 80% in control
monkeys). Monkeys usually show no fear of rubber snakes. However, most of the time, MPTP-treated
monkeys in our study showed fear of rubber snakes and did not take food. These results indicated
that the MPTP- treated monkeys were more anxious than control monkeys.

PPX has been shown to be able to prevent MPTP-induced loss of nigrostriatal dopaminergic
neurons [33]. In addition to relieve motor symptoms, PPX was also found to have anti-anxiety, anti-
depression and paresthesia effects in PD patients [34]. However, PPX did not improve working
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memory in PD patients [35]. Consistently, our results showed that working memory deficit in DMTS
task was not improved significantly after PPX treatment.

Nighttime activity was lowered to the control level after PPX treatment, especially at 21:00 hour
and 22:00 hour. This indicates that PPX improved sleep quality in the MPTP-treated monkeys. In the
AFT task, PPX significantly decreased the duration of execution in PD monkeys. Lastly, PPX
treatment decreased the anxiety accumulation scores modestly.

PD is a complex neurodegenerative disease, and the causative factors are still not well
understood [36]. Non-motor symptoms in PD are known for a long time. But there is still no effective
treatment. Most of previous studies using animal PD models have focused on motor deficits.
Relatively little attention has been paid to the non-motor symptoms such as cognition decline [9] or
sleep deficits [37,38]. Interestingly, studies have shown that anxiety-like behaviors did not appear in
MPTP-treated rodents [10,39-41]. MPTP-induced marmoset PD model exhibits abnormal
psychotomimetic behaviors [42], but not mood-related behaviors [43], or social behaviors [39,44]. Our
results showed that mood-related disorders can be induced in MPTP-treated cynomolgus monkeys.
This may further suggest that MPTP-induced non-human primate models are of great significance
for studying non-motor symptoms of PD [45].

We used unilateral MPTP-induced model in the current study. Because systemic MPTP
treatment would result in difficulty of the monkeys to eat, drink and performing the behavioral tasks
due to dysphagia. In summary, we quantitatively evaluated the non-motor symptoms in MPTP-
treated monkeys. Our results showed that these monkeys expressed non-motor deficits similar to
those found in PD patients. We believe this MPTP-induced PD monkey model will play important
role in future drug discovery and development targeting non-motor symptoms.
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