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ABSTRACT 
 

Aim:  This study investigated the neuroprotective role of green tea polyphenols on the superior 
colliculus of MPTP mice model of Parkinson’s disease. 
Study Design:  Twenty-five adult male mice (Mus musculus) weighing between 20-30 grams were 
used for this study. The mice were randomly placed into five groups of five mice each: A (Control; 
mice pellets), B (MPTP 10mg/kg, IP), C (MPTP + GT; 300 mg/kg GT orally), D (GT + MPTP), E 
(GT; 300 mg/kg).  
Place and Duration of the Study: Department of Anatomy, Babcock University. Between 
February and May 2016. 

Short Research  Article  
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Methodology: The brains were removed weighed and the midbrain excised processed histology 
and stained routinely with H&E and silver stains. 
Results: The results showed significant (P<0.005) reduction in the relative brain to body weight 
and neuronal density in the superior colliculus; characterized by neuronal atrophy as signaled by 
vacuolations and pyknosis in the MPTP and green tea only groups. Whereas pre-treatment with 
green tea polyphenol resulted in significant (P<0.005) increase in the relative brain to body weight 
and increase in the superior colliculus neuronal density when compared with the MPTP and green 
tea only groups. 
Conclusion:  From our results we can conclude that pre-treatment with green tea polyphenols 
confers greater protection on the superior colliculus in MPTP mice model of Parkinson’s disease. 
 

 
Keywords: Parkinson’s disease; superior colliculus; MPTP; green tea polyphenol. 
 
1. INTRODUCTION 
 
Parkinson's disease (PD) is classically 
characterized by cardinal motor signs such as 
bradykinesia, muscular rigidity, tremor and 
postural instability. In addition, other non-motor 
symptoms have been reported, such as cognitive 
and perceptual changes. The perceptual 
changes reported include visual, olfactory, 
auditory and somatosensory impairment which is 
a direct reflection of disturbances in higher order 
processes affecting these basic sensory systems 
[1]. Other research reported that the massive 
burden of prioritizing visual stimuli from the 
environment lies with the superior colliculus [2]. 
This part of the brain may provide clues 
regarding the mechanisms leading to Parkinson’s 
disease. The superior colliculus is a layered 
structure with the superficial layers receiving 
primary inputs from the retina and the deeper 
layers involved with subconscious guidance of 
eye movements and communicate the same 
information to other brain regions via corollary 
discharges to guarantee stability of the visual eye 
field [3,4]. The superior colliculus also receives 
numerous feedback stimuli from other brain 
regions such as basal ganglia and the frontal 
visual eye fields [5]. Parkinson’s disease is a 
progressive, degenerative disorder, resulting 
from the loss of dopaminergic neurons in the 
substantia nigra, and presently has no cure. 
While the current treatments for Parkinson’s are 
associated with serious side effects [6].  In the 
1980s, PD prevalence was found to be low in 
Asian countries when compared to Europe and 
North America, which had significantly higher 
rates [7,8]. Apart from genetic factors, dietary 
habits like green tea consumption, which is more 
consumed by the Chinese population when 
compared to Caucasian, could explain this 
attribute [9 and 10]. Due to this possible link, in 
recent years, there were more studies devoted to 
exploring the effects of tea consumption on PD 

risk. Three case–control studies (in the US, Hong 
Kong and Singapore) and a cohort study of male 
health professionals in the US have all reported 
an inverse association between tea drinking and 
PD risk [11-13]. One study found such an effect 
for men but not for women [14]. On the other 
hand, a hospital based case-control study in 
France reported tea consumption to be a 
paradoxically risk factor for PD [15]. 
 
Considering the popularity of green tea 
beverages worldwide, there is enormous public 
interest in the health effects of its 
consumption.From the above perspective, 
Parkinson’s disease might actually be a unique 
opportunity to study the role of green tea 
polyphenol on the superior colliculus. 
 
2. MATERIALS AND METHODS 
 
2.1 Experimental Animals 
 
Twenty-five adult male mice (Mus musculus) 
weighing between 20-30 g were used for this 
study. The animals were housed in clean plastic 
cages, well ventilated environment with 
temperature ranging between 24-28ºC in 12 
hours light and 12 hours dark cycle. The animals 
were given standard mice pellets and water ad 
libitum, and were allowed to acclimatize for four 
weeks before commencing the experimental 
protocols. MPTP was bought from Adooq 
Bioscience, while Lindberg Standardized Green 
Tea Extract purchased from Nutrition Express, 
CA, USA was used for the study. Each capsule 
contained 500 mg of decaffeinated green tea 
extract standardized to contain 200 mg of EGCG, 
95% polyphenols, 75% catechins, 40% EGCG. 
The extract was dissolved in distilled water to 
obtain a concentration of 300 mg/kg (300 
mg/1000 g) body weight of the animal. While 
MRM Vegetarian Quercetin Extract was also 
used in the study to supplement the GTE and 
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increase its bioavailability. It was purchased from 
Nutrition Express Torrance, CA, USA. Each 
capsule standardized to contain 500mg of 
QU995 (The world’s purest Quercetin) which 
ensures superior bioavailability. The capsule was 
dissolved in distilled water to obtain a 
concentration of 6mg/kg (1:5; Quercetin:      
GTE) [16]. 
 
The institutional committee on Animal Care and 
Use in Research, Education and Testing 
(ACURET) approval (16/BU-ACURET 45) was 
obtained and the animal experiments were 
conducted according to the NIH Guide on 
Laboratory Animals for Biomedical Research 
(NIH, 1978) and ethical guidelines for 
investigation of experimental pain in conscious 
animals [17]. 
 
2.2 Experimental Design 
 
Following the four weeks of acclimatization, the 
animals were randomly divided into five (5) 
groups of five (5) animals each as follows: 
 

• Group A: (Control Group) Mice were given 
dry food pellet and clean water ad libitum. 

• Group B: (Negative Control Group) Mice 
were given 10 mg/kg of 1Methyl -4-phenyl-
2,3,6-tetrahydropyridine (MPTP) per body 
weight intraperitoneally for 2 consecutive 
days; four times per day with two hour 
intervals [18]. 

• Group C: (Curative Group) Mice were 
given 10mg/kg of MPTP per body weight 
intraperitoneally for 2 consecutive days 
followed by a seven (7) day oral treatment 
with 300 mg/kg of Green Tea Extract 
supplemented with 6 mg/kg of Quercetin 
(GT). 

• Group D: (Protective Group) Mice were 
given 300 mg/kg of Green Tea Extract 
orally supplemented with 6 mg/kg of body 
weight of Quercetin for seven (7) days 
consecutively followed by a two (2) day 
administration of 10 mg/kg of MPTP 
intraperitoneally four (4) times per day with 
a\ two (2) hour intervals. 

• Group E: (Treatment group) Mice were 
given 300 mg/kg of Green Tea Extract 
supplemented with 6 mg/kg of body weight 
of Quercetin orally for 7 consecutive days. 

 
2.3 Tissue Sample Preparation 
 
At the end of four weeks the mice were 
euthanized by administering 10 g/kg body weight 

of Pentobarbital. The mice brains were carefully 
dissected out and weighed, some were fixed in 
10% formal-saline for routine histological 
procedures. 
 

2.4 Preparation of Histological Slides  
 
Tissue preparation was carried out using the 
conventional paraffin embedding method. Tissue  
sections were stained with Haematoxylin and 
Eosin (H&E) to determine the general 
morphology [19] and Silver stain to show 
neuronal processes [20].  
 

2.5 Photomicrography 
 
Photomicrographs were taken using Omax led 
digital Microscope. 
 
2.6 Cell Count 
 
The neuronal cell count was done using image j 
software. 
 
2.7 Statistical Analysis 
 
Data were analysed by comparing values for 
different treatment groups with the values for 
individual controls using analysis of variance 
(ANOVA). Results were expressed as mean ± 
SE. The significant differences among values 
were analysed using Graph Pad version 7 at P-
value = 0.05. 
 

3. RESULTS  
 
Fig. 1 shows the mean ± SE of relative brain 
weight of groups A (control) (1.540 ± 0.060), B 
(MPTP) (1.295 ± 0.025), C (MPTP +GT) (1.345 ± 
0.075), D (GT+ MPTP) (1.375 ± 0.035), E (GT) 
(1.555 ± 0.035). The results of the one way 
ANOVA showed a significant effect of the 
treatments on the relative organ weight of the 
brain (F (4, 5) =537.3, p<0.0001), while Tukey’s 
multiple comparisons test at α < 0.05 showed 
significant weight decrease between the Control 
(1.540 ± 0.060) versus MPTP(1.295 ± 0.025); 
Control (1.540 ± 0.060) versus MPTP +GT 
(1.345 ± 0.075)and Control (1.540 ± 0.060) 
versus GT + MPTP(1.375 ± 0.035). Significance 
differences were also observed between the 
MPTP group and the intervention groups (GT+ 
MPTP and GT+ MPTP). 
 

4. DISCUSSION 
 
The superior colliculus is not only responsible for 
subconscious guidance of eye movements, it 
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also informs several brain regions about the     
on-going eye movement [2,3]. Corollary 
discharges from the superior colliculus                
to different brain regions are essential to 
guarantee the stability of the visual field.       
Many studies have been conducted without         
a specific focus on superior colliculus in     
patients with Parkinson’s disease. Therefore    
this study was designed to investigate the role      
of green tea polyphenol in MPTP model             
of Parkinson’s disease on this unique  
intracranial visual relay centre; The superior 
colliculus. 

 
 

Fig. 1. Graph showing the mean relative brain 
weight 

 

 
 
Plate 1. Showing the photomicrographs of mice super ior colliculus stained with H&E X400: (a) 

Superior colliculus of control group showing neuron al cell bodies (red arrow). (b) Superior 
colliculus of MPTP treated mice with vacuolated neu rons (yellow arrows). (c) Superior 

colliculus of MPTP+GT treated mice showing severe s igns of necrosis characterised by 
vacuolations (yellow arrows) and pyknosis (blue arr ows). (d) Superior colliculus of GT+MPTP 

treated mice with relatively preserved neuronal arc hitecture. (e)  Superior colliculus of GT 
treated mice showing severe signs of necrosis chara cterised by vacuolations (yellow arrows) 

and pyknosis (blue arrows). (f) Bar diagram showing  the mean cell count in the superior 
colliculus of experimental groups; groups A (contro l) (174 ±2.8), B (MPTP) (136±2.8), C (MPTP 

+GT) (100 ± 2.8), D (GT+ MPTP) (154 ± 2.4), E (GT) (86 ± 2.6). The results of the one way ANOVA 
showed a significant effect of the treatments on th e neuronal cell count of the superior 
colliculus (F (4, 10) =338.1, p<0.0001), while Tukey’s multiple comparisons test  at α < 0.05 

showed significant increase in the neuronal cell co unt between the Control  (174 ±2.8) versus 
MPTP (136±2.8); Control (174 ± 6.8) versus MPTP + G T (100 ± 2.4); Control (174 ± 6.8) versus 
GT + MPTP (154 ± 2.4) and Control (174 ± 6.8) versu s GT (86 ± 2.4). Significance differences 

were also observed between the MPTP group and the i ntervention groups  
(GT+ MPTP and GT+ MPTP) 
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Plate  2. Showing the photomicrographs of mice supe rior colliculus Silver stained X400: (a) 
Superior colliculus of control group showing neuron al cell bodies (black arrows). (b) Superior 
colliculus of MPTP treated mice with severe signs o f necrosis characterised pyknotic neurons 

(blue arrows). (c) Superior colliculus of MPTP+GT t reated mice showing severe signs of 
necrosis characterised pyknosis (blue arrows).  (d)  Superior colliculus of GT+MPTP treated 

mice with relatively preserved neuronal architectur e. (e)  Superior colliculus of GT treated mice 
showing mild signs of necrosis characterised by pyk nosis (blue arrows) 

 
Our results showed that Parkinson disease in 
mice is characterised by reduction in the relative 
weight of the brain which in part reflect neuronal 
atrophy and degeneration in the superior 
colliculus as evidenced by pyknosis and 
vacuolations of neurons [Plate 1, Fig. b and Plate 
2, Fig. b] whereas consumption of green tea 
polyphenol before induction of Parkinson’s 
disease confers greater protection against the 
adverse effect of the disease [Plate 1, Fig. D and 
Plate 2, Fig. D]. These findings are further 
amplified by the significant decrease in neuronal 
cell count in the Parkinson’s disease mice and 
corresponding significant preservation of 
neurones in the green tea pre-treated group 
[Plate 1, Fig. F]. Atrophy as seen in the MPTP 
group in this study may not only be the 
consequence of local Lewy body pathology as 
predicted by Braak’s hypothesis on ascending 
degeneration in Parkinson’s disease, but also a 
consequence of pathological deactivation, during 
or before visual perception [21] and, more 
fundamentally, as part of malfunctioning of the 
default mode network [22,23]. EGCG reduced 
neuronal cell death and induced nitric oxide 
synthase (NOS) expression in an MPTP mouse 
model of PD, thus providing further evidence for 

its neuroprotection via NO reduction [24]. Oral 
pre-treatment with EGCG prevented 
dopaminergic neuron loss in MPTP-treated mice 
[25]. With regards to specific tea polyphenols, the 
most important plausible mechanisms cited that 
may be exhibiting neuroprotective effects in PD 
are: (i) anti-oxidant and anti-chelating activities; 
(ii) inhibition of ’S aggregation; and (iii) 
modulation of cell signalling pathways [26-28] 
Since iron burden and ROS are attributed to 
neuronal damage, iron chelation and 
antioxidative strategies are useful to protect 
neurodegeneration. (-)-Epigallocatechin-3-gallate 
(EGCG) is an antioxidant used to counteract 
neurotoxin and oxidative damage due to its iron 
chelation and free radical scavenging 
capabilities. EGCG can induce the expression of 
several antioxidant enzymes, and eliminate ROS 
and electrophile generation in the progression of 
neurodegeneration. EGCG has also been shown 
to inhibit the inflammatory reactions against 
cancer and neurological diseases [29]. The 
implication of our results is that in untreated 
patients with PD the loss of dopaminergic 
neurons in the substantia nigra may be expected 
to result in increased inhibition of the superior 
colliculus with the resultant reduction of reflexive 
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saccades to irrelevant stimuli. On the other hand 
our results also showed that treating healthy 
mice with green with caused severe neuronal 
structural derangements [see Plate 1e and f] in 
the superior colliculus with corresponding 
functional consequences. This finding could be 
attributed to the dosage of green tea consumed. 
Previous works suggested that consumption of 
EGCG at high doses may promote, rather than 
attenuate, the inflammatory response in healthy 
adult mice [30]. Another study observed 
increased tumorogenesis by EGCG. In that 
study, the authors found that in an 
azoxymethane-induced tumor model, rats fed a 
high dose of green tea extract (3600 ppm) for 43 
weeks had significantly higher tumor multiplicity, 
while those on a low dose (360 ppm) showed no 
difference compared to the control animals [31]. 
 
In summary it can be argued that far from being 
a bystander in the aetiology of PD, the superior 
colliculus has the massive burden of prioritizing 
visual stimuli from our environment and therefore 
functions as a pivotal ‘gate keeper’ to and from 
the basal ganglia and the frontal eye fields.  
 

5. CONCLUSION 
 
Based on our results, we can therefore conclude 
that pre-treatment with green tea polyphenols 
confers greater protection on the superior 
colliculus in MPTP mice model of Parkinson’s 
disease via its beneficial biological effects as an 
antioxidant used to counteract neurotoxin and 
oxidative damage due to its iron chelation and 
free radical scavenging capabilities. However 
given the sharp contrast of our findings between 
the neuroprotective role of green tea in the 
diseased mice and the pro-inflammatory role of 
green tea in healthy mice; caution should be the 
watch word in recommending the consumption of 
green tea. 
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