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ABSTRACT 

Parkinson’s disease is the commonest motor neurodegenerative disorder which affects the 
dopaminergic neurons and causes significant loss of dopamine. 1-methyl 4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) is a selective neurotoxin in the nigrostriatal pathway leading to this motor 
disorder. Cholecalciferol (Vitamin D3) has been described as an active neurosteriod with antioxidant 
properties ubiquitously present in the brain. The study hypothesized that stimulation of vitamin D 
receptor by cholecalciferol could reduce autophagic cell death and degeneration following a state of 
drug induced parkinsonism in mice. The aim of the research was to observe the cytoarchitectural, 
histochemical, neurobehavioural and immunohistochemical effects of cholecalciferol on striatum and 
substantia nigra in mice model of MPTP-induced Parkinson’s disease. Fifty adult male C57BL/6J mice 
weighing about 25-35g were randomly selected and assigned into 5 groups for this study. The mice 
were then subjected to neurobehavioural, neurochemical and neuropathological evaluations. The 
results obtained showed a significant reduction (*p<0.05) in the estimated markers of oxidative stress 
with high dose of vitamin D3 following MPTP induction. There was also statistical significant reduction 
(**p<0.01, ***p<0.001) in the expression of GFAP-immuno-positive cells in the substantia nigra of 
the experimental mice when compared with the control group. It can be inferred that the 
administration of Vitamin D3 was associated with significant attenuation of focal effects linked with 
MPTP in mice model of Parkinson’s Disease. 
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INTRODUCTION 

Parkinson’s disease (PD) is the most common 
neurodegenerative movement disorder that 
affects approximately 1% of the population at 
65 years of age and increases to 5% at 85 
years (Van Den Eeden et al., 2003). The motor 
symptoms are collectively called Parkinsonism 
or Parkinsonian Syndrome (Shahed and 

Jankovic 2007; Poewe, 2008). Reports have 
shown clinically that PD is characterized 
principally by four major symptoms such as 
resting tremor, bradykinesia, rigidity and 
postural instability (Lieberman, 2006). 
Pathologically, PD is characterized by the 
presence of proteinaceous inclusions called 
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Lewy bodies and the biochemical hallmark is a 
profound deficit in brain dopamine due to the 
degeneration of dopaminergic neurons (DA) in 
the substantia nigra pars compacta (SNpc) of 
the midbrain leading to movement disorder 
which are poorly understood based on 
epidemiological survey in Sub-Saharan Africa 
using Nigeria as a case study and  this may 
contribute to reduction in the quality of life of 
people especially the elderly (Okubadejo et al., 
2010; Akinyemi, 2012).  It is important to 
stress that Parkinson’s disease is not restricted 
to the dopaminergic systems alone but involves 
widespread neuronal loss that can be detected 
in other catecholaminergic and non-
catecholaminergic nuclei (Braak and Braak, 
2000).  Environmental risk factors for PD have 
received significant interest especially in 
Nigeria (Akinyemi, 2012) but the importance of 
genetic factors underlying the likelihood of 
developing PD is increasingly recognized 
(Jason et al., 2005). Although most cases of PD 
are sporadic, specific mutations in some genes 
cause familial form of PD which has led to a 
new approach in the study of PD (Wang et al., 
2001, 2006). The identification of several 
mutant genes causing early-onset PD such as 
α-synuclein, UCHL1 (ubiquitin carboxy-
terminal hydrolase L1), parkin, DJ1 and PINK1 
(putative serine threonine kinase) has yielded 
crucial insights into the possible pathogenic 
mechanisms (Dawson et al., 2003; Dawson et 
al., 2010; Bras et al., 2015). Oxidative stress 
contributes to the cascade events leading to 
dopamine cells degeneration in Parkinson’s 
disease (Jenner, 2003; Chiu et al., 2012). A cell 
is said to be in a state of oxidative stress when 
the amount of reactive oxygen species (ROS) 
exceeds a certain threshold and the cell no 
longer functions effectively, leading to cell 
death (Wyrsch et al., 2012). However, 
oxidative stress is intimately linked to other 
components of the degenerative processes 
such as mitochondrial dysfunction, 
excitotoxicity, nitric oxide toxicity and 
inflammation (Jenner, 2003; Chiu et al., 2012).   
Recently, altered ubiquitination and 
degradation of proteins have been implicated 
in dopaminergic cell death in Parkinson’s 

disease. Mitochondria dysfunction has also 
been linked to inhibition of the electron 
transport chain and this inhibition may lead to 
generation of ROS and depletion of cellular 
energy level, which can consequently cause 
cellular damage or death mediated by oxidative 
stress and excitotoxicity (Dauer et al., 2002; 
Song et al., 2004).  Mutations to mitochondria 
can occur as a result of exposure to 
environmental toxins such as pesticides 
(maneb, rotenones) or they can occur as a 
result of genetics and this may directly affect 
cell’s ability to secrete dopamine (Ciccheti et 
al., 2005). A recent study postulated that low 
levels of Vitamin D during early life may be 
relevant to several brain diseases such as 
schizophrenia and multiple sclerosis (McGrath, 
2001; James and Asuni, 2013). Previous 
studies have confirmed that VDR is expressed 
in both developing and adult rat brain as well 
as in adult hamster brain (Burkert et al., 2003; 
James and Asuni, 2013). Vit.D3 may be 
synthesized locally within the brain via 
expression of the enzyme 1α- hydroxylase (1α-
OHase) which catalyses conversion of 25OHD3 
to 1,25(OH)2D3. Both the receptor and the 
enzyme (1α-OHase) required for the 
production of the active form of vitamin D were 
identified in neuronal and glial cells (Darryl et 
al., 2004; Groves et al., 2014). Studies have 
shown that dopamine is able to induce VDR-
mediated signalling in the absence of the 
ligand suggesting a complex interaction 
between Vitamin D and neurotransmitters 
(Dulla et al., 2016; Uberti et al., 2016). Vitamin 
D3 also play an important role in the 
pathogenesis of skeletal disorders and calcium 
homeostasis (Groves et al., 2014).  MPTP 
toxicity is due to inhibition of complex-1 of the 
mitochondrial electron transport chain, which 
leads to lack of ATP and causes cell death. In 
PD, there is a 30±40% decrease in complex-1 
activity in the substantia nigra pars compacta 
which likely adds to energy failure and also 
predisposes the pars compacta to toxic 
substances and increases its proneness to cell 
death (Kingsbury et al., 2001; Chung et al., 
2010; Kim et al., 2016; Brugnoli et al., 2016). 
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MATERIALS AND METHODS 

Animals and treatment  

50 Male adult C57BL/6Jw mice weighing 25-
35g were procured from Afe Babalola 
University Animal holding and used in the 
study. They were left to acclimatize for two 
weeks and were later randomly divided into 5 
groups (A-E) with light and dark cycle 
controlled. Food and water were made 
available ad libitum except during the 
experiments.  All experimental procedures 
were carried out in accordance with Ethical 
Committee of the Olabisi Onabanjo University, 
Nigeria and also in line with the National 
Institute of Health Guide for care and Use of 
Laboratory Animals (NIH Publication, 2011) as 
stated in the “Guide to the care and use of 
Laboratory Animal Resources. Efforts were 
made to keep the number of animals used to 
the lowest possible and to minimise animal 
suffering. Group A (n=10) received normal 
saline for 28 days, representing the control 
group (NS). Group B (n=10) was given MPTP 
at a dose of 20mg/kg BW intraperitoneally for 
14 days to induce PD, following which they 
were given Vitamin D3 (IP; 50mg/kg BW) for 
another 14 days as a post treatment of MPTP 
(MPTP/Vit.D3

L). Group C (n=10) were also 
administered MPTP intraperitoneally for 14 
days at a dose of 20mg/kg BW, following which 
they were treated with Vitamin D3 (IP; 
100mg/kg BW) for 14 days (MPTP/Vit.D3

H). 
Group D (n=10) received MPTP 
intraperitoneally at a concentration of 20mg/kg 
BW for 14 days after which they were given L-
DOPA (IP; 5mg/kg BW) for 14 days as post 
treatment with MPTP (MPTP/L-DOPA). Group E 
(n=10) received normal saline for 14 days after 
which MPTP intraperitoneally at a 
concentration of 20mg/kg BW for 14 days was 
administered (MPTP only). Cholecalciferol 
(Vit.D3), L-DOPA, MPTP, antibodies and all 
consumables were purchased from Sigma-
Aldrich, Canada and Medchem Express, USA.  
The water used was glass-distilled and other 
reagents were of analytical grade. 

Neurobehavioural studies   

Motor activity and coordination was measured 
in the animals using different battery of tests 
such as open field, rotarod and parallel bar 
tests. These tests were carried out in a closed 
room with proper illumination and control in 
behavioural room. At the end of the 
treatments, all tests were done on mice using 
a digital video recorder and were analysed later 
for motor activity and coordination. 

 

Animal sacrifice 

Mice were sacrificed 24 h after the last injection 
and neurobehavioural studies, based on 
previous studies that revealed a significant 
activation of astroglia (Frau et al., 2012). Five 
(5) mice were sacrificed through cervical 
dislocation and transcardially perfused with 
paraformaldehyde (4% in 0.1 M phosphate 
buffer, pH 7.4).  The animals were then 
decapitated, skull exposed and brains excised 
out. The brains were then kept in a specimen 
bottle containing 10% formal saline for further 
processing (Histopathology and 
immunohistochemistry). Another 5 mice’s 
brains from each group were kept in a 
specimen bottle containing 30% sucrose in a 
frozen environment (4ºC) in order to carry out 
biochemical analysis for markers of oxidative 
stress. For immunohistochemistry studies, 
sections from the CPu and SNc (7 µm thick) 
were coronally cut on a microtome and 
immunoreacted with primary antibodies 
directed against GFAP (monoclonal mouse 
anti-GFAP, 1:400, Sigma, Italy). For 
diaminobenzidine (DAB) visualization of GFAP, 
the proper biotinylated secondary antibody 
(goat anti-mouse IgG for GFAP from Vector, 
United Kingdom) was used and the avidin-
biotin-peroxidase protocol (ABC, Vector, United 
Kingdom) was applied in accordance with Frau 
et al., (2012). Sections were mounted on 
gelatin-coated slides, dehydrated and cover 
slipped before the analysis. Analysis of GFAP 
immunoreactivity images were digitized under 
constant light conditions with a camera using a 
software called image J and captured at 400 x 
magnification. For each mouse, three sections 
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(A = 1.10 mm; 0.74 mm; 0.38 mm from 
bregma) according to Paxinos and Franklin 
(2008) were captured, then one portion from 
the dorsolateral CPu and one portion from the 
ventromedial CPu, left and right, were analysed 
in each section. The number of GFAP-positive 
cells in each section was manually counted and 
the single value obtained for each striatal level 
analysed was first normalized with respect to 

correspondent control group then values from 
different levels were averaged. 

Statistical analysis 

Data were presented as mean ± SEM; analysed 
using one-way ANOVA and Turkeys post hoc 
test. Statistical Significance was set as 
P<0.05*. Graphs were drawn with the aid of 
GraphPad Prism software. 

RESULTS 

Motor function test 

Motor coordination was assessed in the 
experimental animals using open field test, 
rotarod and parallel bar test. 

Open Field Test  

Locomotor activity was measured in the 
experimental animals using open field test for 
5 minutes. The animals were exposed to a 
large square box and allowed to move freely. 
The number of lines crossed plus number of 
rearing which is the assessment of locomotive 
behaviour was recorded and plotted in a graph 
(Figure 1). Statistically significant difference 
was seen when the number of line crossed 
within the treatment groups was analysed and 
compared with the control group using one-
way ANOVA (*p<0.05). MPTP/Vit.D3

H   group 

seems to be more significant when compared 
with normal saline and MPTP only group which 
implies that total locomotor activity was 
significantly affected by vitamin D3 at high dose 
(***p<0.001). MPTP/Vit.D3L was slightly 
significant in terms of total locomotor activity 
when compared with the control group and 
MPTP group only (*P<0.05). The figure 1 

below showed bar chart representing the total 
locomotive activities in the open field test 
among experimental animals. MPTP/Vit.D3

H   

group seems to be more significant when 
compared with normal control group and MPTP 
only group (***p<0.001). Vitamin D3 at high 
dose (MPTP/Vit.D3L) was slightly significant 
when compared with the control group and 
MPTP group only (*P<0.05). 

Rotarod Test 

Motor coordination of the experimental animals 
was measured using rotarod test for 5 minutes. 
Animals were placed on rotating bar of the 
rotarod and the time it takes the animals to fall 
off the rotating bar or cling to side wall of the 
machine was recorded (Latency of Fall - LOF). 
Animals with good motor coordination are 
expected to spend more time on the rotating 
bar. Group C animals (treated with 20mg/kg 
MPTP and 100mg/kg Vit.D3) had an increase in 
LOF value (Figure 2), which is statistically 
significant when compared to the control group 
(NS) and MPTP group only (*p<0.05, 
**p<0.01). 
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Latency of fall in the Rotarod test carried out 
on the experimental animals (Figure 2). The 
Bar chart showed that there was a statistical 
significant difference in the latency of fall (LOF) 
in MPTP/Vit.D3

H (treated with 20mg/kg MPTP 
and 100mg/kg Vit.D3) when compared with 
MPTP treated group only (*p<0.05) but no 
statistical significant (ns) difference were 
observed in all the treated groups except MPTP 
only when compared with the control group in 
terms of the latency of falls. 

Parallel Bar Test 

In this test a significant increase or decrease in 
latency of turning (LOT) scores were 
considered as abnormal motor coordination 
when the treatment groups were compared 
against control. Although there was no 
significant LOT in any of the group except the 
MPTP only group when compared with the 
control group (NS), there was significance in 
the time needed to reach edge.  

 

Figure 2: Bar chart showing the latency of fall of the experimental animals in Rotarod Test. The bar chart below represents 
the passive rotation recorded in rotarod test (Figure 3) for motor function in the mice of the treated group as compared 
with the control group. No statistically significant difference was observed in all the treated group except MPTP only group 
when compared with the control group in terms of number of passive rotation recorded in the rotarod test. MPTP induced 
PD by causing a decline in motor function as seen in MPTP only group (*p<0.05). 

Figure 1: Bar Chart showing TLA 
by the experimental animals in 
the OFT 
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Figure 3:  Bar chart showing the Passive rotation recorded in Rotarod test for motor function.  

The motor coordination was assessed in the 
treatment and control group in the parallel bar 
test to determine the latency of turning (LOT) 
and significant  increase was observed in MPTP 
only group when compared with control and 
other experimental groups (***p<0.001) 
(Figure 4) which implies increased in the 
number of time (sec)  it will take the animals 
in the group to turn either left or right for 
certain period and that implies significant 
reduction in motor function recorded in MPTP 
group as compared to others. A slight 
significant difference was observed in the 
MPTP/Vit.D3 L when compared with the control 
group (**p<0.01) and no statistically 
significant differences were seen when 
comparing MPTP/Vit.D3H, MPTP/L-DOPA and 
control group which indicate that Vitamin D3 at 
high dosage greatly help to increase motor 
function better than the low dosage when 
compared to the control group. 

 

Biochemical assay  

Markers of oxidative stress such as monoamine 
oxidases, superoxide dismutase, catalase and 
lipid peroxidation were quantitatively analysed, 
and the results of the control group were being 
compared with all the treated groups using 
one-way ANOVA and post hoc comparison test. 
The results were graphically represented using 
bar chart and level of significant were given as 
p<0.05. From the graph below for Monoamine 
oxidase assay (Figure 5) using One-way 
ANOVA and Turkeys Multiple Comparison test, 
no statistically significant difference was 
observed when the Vit.D3H and L-DOPA groups 
were compared with control group. However, a 
very statistically significant difference can be 
seen in the MPTP/Vit.D3L and MPTP treated 
group in terms of increase level of monoamine 
oxidase activities when compared with the 
control group (***p<0.001). 
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Figure 6: Graph representing the concentration of MDA (Units) per mg in brain tissue. 

Figure 6 above showed a slight significant 
difference in malondialdehyde (MDA) level per 
mg protein when comparing control group with 
the MPTP/L-DOPA (**p<0.01). Also, a 
statistically significant difference was seen 
when the MPTP/Vit.D3H, MPTP/Vit.D3

L and 
MPTP treated group was compared with the 
control group (***p<0.001). No significant 
difference was seen when compared with the 
MPTP/Vit.D3H and MPTP/L-DOPA group. 

From the figure below (Figure 7), there was a 
statistical significant difference in the catalase 
activities level in terms of increase which is a 
marker of oxidative stress in MPTP/Vit. D3L 
group and MPTP group only when when 
compared with control group (***P<0.001). 
Also, no statistically significant difference was 
observed when control group was compared 
with the MPTP/Vit.D3H and MPTP/L-DOPA 
Group 

 

Figure 4: Motor coordination was assessed in the 
treatment and control group in the parallel bar test 
to determine the latency of turning (LOT).  

 

Figure 5: Graph showing the level of Monoamine 
oxidase activity in experimental animals.  
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Figure 8 showed no statistically significant 
difference in the percentage level of 
superoxide dismutase activities (SOD) when 
the control group (NS) was compared with 
MPTP/Vit.D3H and MPTP/L-DOPA but a 

statistical significant increase was observed in 
the level of SOD of MPTP group only and 
MPTP/Vit. D3L group when compared with the 
control group and other experimental groups 
(*p<0.001).  

 
 

 

Figure 9: Photomicrograph of sections of a Striatum 
(CPu) H&E. Mgx400. Np: neuropil, NSB: Nigrostriatal 
bundle fibres (edge arrow), K: Karyorrhexis, Pn: Pyknotic 
nuclei, pointed arrow – Healthy neuron, Pointed arrow – 
Degenerated neuron 
G: Glia cells 

 

Figure 7: Bar chart representing the 
concentration of CAT (units) per mg in brain 
tissue homogenate.  

 

Figure 8:  Bar chart showing percentage 
change of SOD in brain tissue homogenate.  
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Figure 10: Photomicrograph of CPu sections 
immunostained for GFAP Mgx400. N: Neuron, 
Np: Neuropils, pointed arrow/A: Astrocytes, Edge 
arrow: Nigrostraital bundles. There is a significant 
increase in the astrocytic processes in MPTP only 
group. The administration of Vit. D3 in some group is 
evident to reduction of activated astrocytes when 

compared with the control and MPTP/L-DOPA group. 

 

Figure 11: Photomicrograph of SNc 
sections immunostained for GFAP 
Mgx400. N: Neuron, Np: Neuropils, pointed 
arrow/A: Astrocytes. There is a pronounced 
increase in the number of activated astrocytes 
in MPTP only group. The administration of Vit. 
D3 both at high and low dosage showed 
evident reduction of activated astrocytic and 
neuropils when compared with the control 
and MPTP/L-DOPA group. 
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Immunohistochemical studies of section of 
Striatum (CPu) and Substantia nigra (SNc) 
from the figure 4-5 revealed the 
neuroinflammatory effects of MPTP and 
ameliorative roles of vitamin D3 on the glial 
cells. Increased expression of activated 
astrocytes seen in MPTP only group is an 
indication of exposure of neurons in the brain 

to toxic substances or oxides such as the MPTP 
which may cause neurodegeneration and 
motor dysfunction but astrogliosis was reduced 
significantly in the group treated with Vit.D3 at 
high dose (100mg/kg BW) as compared with 
the normal control and L-DOPA treated groups 
(*p<0.05, **p<0.01, ***p<0.001). 

Fig 12: Bar chart showing the Striatal Glial/neurons ratio and number of Striatal GFAP-positive cells. 

 

 

 

Fig 13:  Graphs showing the SNc Glial/neurons ratio and SNc GFAP-positive cells 
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DISCUSSION 

This study was designed to test the impact of 
cholecalciferol (Vit.D3) stimulation on motor 
behaviour and immunohistochemical changes 
in the striatum and substantia nigra after 
administration of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) and cholecalciferol 
(Vit.D3). Parkinsonism as a symptom is a 
hallmark of Parkinson’s disease and this 
disease can be induced by selective neurotoxin 
called MPTP because of its integrating effects 
and its ability to inhibit complex I activity in 
mitochondria at the nigrostriatal nerve 
terminals thereby interfering with adenosine 
triphosphate (ATP) synthesis which results in 
augmented production of superoxide anion 
radicals which is in agreement with Michael and 
Robert, (2002) and Bazzu et al., (2010). The 
inhibition is followed by progressive 
neuroinflammation, neurodegeneration and 
changes in number of the activated astrocytes 
in the brain and significant loss of dopamine 
caused loss of motor function and co-
ordination in mice that received MPTP. 
Therefore, it is evident from this study that 
MPTP- induced PD gives rise to degenerative 
changes in the CPu and SNc which involves loss 
of neuronal cells and well-marked expression 
of astrogliosis with impaired motor function 
which was in line with research done by 
Langston et al., (1984) and Sai et al., (2013). 
Furthermore, it was observed that post 
treatment with Vitamin D3 and L-DOPA relieved 
the toxic effects of the chemical induced PD. 
This was seen as there was improved motor 
function in mice that received Vit.D3 and L-
DOPA compared to the group of mice that were 
given MPTP only for the two weeks of 
administration. In addition, the Vitamin D 
therapy seemed to be more effective like that 
of L-DOPA as demonstrated in the behavioural 
studies which were further supported by the 
immunohistochemical analysis where 
expression of activated astrocytes was 
minimally reduced in the group of mice that 
received Vit.D3 at high dosage when compared 
with the control and MPTP/L-DOPA group and 
this results was in agreement with Wang et al., 
(2001), Liu et al., (2013), Ogundele et al., 
(2014); Ishola et al., (2015). Also, there was a 
statistically increase in the expression of 

number of GFAP positive cells and percentage 
glia/neuron ratio of section in both striatum 
and substantia nigra with the group that 
received MPTP only which proves its neurotoxic 
effect as seen in depletion of dopaminergic 
neurons and increased activated astrocytes 
(increased astrogliosis) as supported by Frau 
et al., (2012), Costa et al., 2013 and James and 
Asuni, (2013). Four neurobehavioural studies 
were carried out to assess motor function and 
co-ordination in mice during the study. The 
Open field test (OFT) which was done to test 
exploratory motor activity from figure 1 
showed that there was a statistically significant 
difference when compared the total locomotive 
activities (TLA) of mice in control group (NS) 
with the MPTP only and MPTP/VitD3

H groups 
(***p<0.001). It can also be seen that slight 
statistical significance difference was observed 
when comparing control group (NS) with 
MPTP/Vit.D3

L group. The rotarod test also 
showed a statistical significance difference 
when the control group was compared with the 
MPTP/Vit.D3

H group, MPTP/L-DOPA and MPTP 
only group (*p<0.05, **p<0.01). With this 
test, animals with good motor coordination are 
expected to spend more time on the rotating 
bar and therefore have a high LOF. No 
statistical significance was observed when 
vitamin D3 were administered at low dosage 
(MPTP/Vit.D3

L) with the control group (NS) and 
MPTP/L-DOPA. The result from the rotarod test 
implies that the role of MPTP in motor 
dysfunction is linked to its effect on the 
nigrostriatal dopaminergic pathway where it 
causes DA depletion in the brain (Burns et al., 
1983; Langston et al., 1984; Bankole et al., 
2015). There were no significant differences in 
all the groups when compared with the control 
group (NS) except with the group that received 
MPTP only as seen in the passive rotation 
recorded in rotarod test for motor function. 
This implies that MPTP may practically induce 
Parkinson disease which cause a decline in 
motor function as seen in the group that 
received MPTP only. Parallel bar test is another 
neurobehavioural test used to assess motor co-
ordination in experimental mice through the 
latency of turning (LOT) as seen figure 4. 
There was only a slight statistical significant 
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difference in the latency of turning when 
comparing the control group (NS) to MPTP/L-
DOPA group. Also, there was a reduction in 
motor function in group E which may be as a 
result of treatment with MPTP only as noticed 
in the mice with increase time spent to turn 
from one side to the other when compared 
with the control and other experimental groups 
(*p<0.05, **p<0.01, ***p<0.001). There was 
also a statistically significant difference when 
comparing MPTP/Vit.D3

H to MPTP/Vit.D3
L and 

MPTP only group. Vitamin D3 intervention 
shows improvement in motor coordination at 
high dose (100mg/kg) as it has also been 
shown to improve motor deficit in another 
model of Parkinsonism (Ogundele et al., 2014; 
Ishola et al., 2015; Bankole et al., 2015). PD is 
the most common cause of parkinsonism, 
accounting for ∼80% of cases and the 
pathological hallmarks of PD are the loss of the 
nigrostriatal dopaminergic neurons as well as 
the presence of intraneuronal proteinacious 
cytoplasmic inclusions, termed “Lewy Bodies” 
(LBs) (Dauer and Przedborski, 2003). MPTP is 
said to induce PD by selectively destroying first 
SNpc neurons that consequently leads to 
striatal DA deficiency, which is responsible for 
the major symptoms of PD such as behavioural 
deficit (Dauer and Przedborski, 2003; Meredith 
and Redemacher, 2011; Blesa et al., 2012).  It 
was observed from this study that animals 
given MPTP has low motor coordination, 
evidence shows reduced LOF and LOT and this 
is similar to what has been reported that MPTP 
leads to loss of dopaminergic neurons leading 
to motor impairment (Dauer and Przedborski, 
2003). Animals post treated with Vit.D3 showed 
improvement in motor coordination as they 
stayed longer on the rotating bar. VDR 
activation is said to improve motor and 
cognitive decline in other models of PD (Eyles 
et al., 2014; Durk et al., 2014; Ogundele and 
Sanya, 2014; Brown et al., 2003). It is 
hypothesized that VDR activation helps in 
alternative activation of DA neurons by calcium 
signaling. MPTP induced PD caused a decline 
in motor function when compared with the 
control.  MPTP, when administered into the 
body crosses the blood brain barriers (BBB) 
and is converted into activated MPP+ by the 
actions of MAO-B and other oxidative 
processes. These trigger the formation of 

reactive oxygen species (Tatton et al., 1997) 
which accumulate inside the mitochondria 
impairing the mitochondrial respiration and 
indirectly leading to inhibition of complex I 
thereby initiating cell death-related signaling 
pathways. L-Dopa which is a conventional drug 
for PD also shows improvement in motor 
coordination as it produces all supply of DA in 
the brain. There was a significant increase in 
the LOF in rotarod used for motor test on the 
mice treated with high dose Vit.D3. This shows 
that the high dose Vit.D3 treatment which was 
safe for consumption could leads to the 
maintenance in motor coordination of the 
mice; there was also significant increase in LOF 
for mice treated with L-Dopa. This inability of 
dopamine to activate D2 receptors directly 
leads to the lack of modulation of motor 
symptoms seen in Parkinson disease patients 
(Ogundele et al., 2014). Subsequent Vit.D3 in 
high dose is seen to relieve motor impairments 
caused by neurotoxin called MPTP after a short 
period of time. There was a significant 
decrease in time needed to turn for mice 
treated with low and high dose Vit.D3 when 
compared with MPTP only in parallel bar test. 
Reduction of monoamine oxidase B (MAO-B) 
activity and lipid peroxidation may provide 
protection against oxidative 
neurodegeneration caused by MPTP treatment. 
Monoamine oxidase is actively involved in 
mapping up monoamines from the synapse. 
Monoamine activities are not significant when 
MPTP/Vit.D3H and MPTP/L-DOPA groups were 
compared with control group, but increased 
level of monoamine activities observed were 
statistically significant when MPTP/Vit.D3L and 
MPTP only group were therefore compared 
with the control group (***p<0.001).  Since 
the control animals do not have 
hyperactivation of the monoamine system, 
MAO activity will not be high. Animals treated 
with MPTP should have lost dopaminergic 
stimulation thereby reducing the amount of 
dopamine in the brain. Since DA is already low 
in animals treated with MPTP, MAO activity 
should also be reduced. Intervention with 
Vit.D3 at high dose after MPTP administration 
did not show significant increase or reduction 
in MAO activity; this may be due to the fact 
that vitamin D receptor is involved in Ca2+ 
signalling in the brain and not DA synthesis 



Anatomy Journal of Africa. 2018. Vol 7 (2): 1258 – 1273 

1270 
 

(James and Asuni, 2013; Groves et al., 2014). 
MAO-B activity also showed some slight 
statistically significant increase when the 
control group values were analysed using one-
way ANOVA and with MPTP/Vit.D3

L and MPTP 
only groups. As a result of its role in oxidative 
stress, MPTP facilitated the increase in lipid 
peroxidation (MDA) and in due course, Vit.D3 
intervention helped in the reduction of lipid 
peroxidation production caused by MPTP 
treatment. This was seen by an increased 
significant difference in MDA level when the 
control group (NS) was compared with the 
MPTP/Vit.D3

H and MPTP/Vit.D3L group 
(***p<0.001). Also, the use of L-DOPA as a 
drug therapy for the MPTP/L-DOPA group 
showed a statistical significance difference 
when compared with the control group 
(**p<0.01). In summary, it can be inferred 
that the use of Vit.D3 and L-DOPA can reduce 
oxidative stress and toxicity caused by MPTP in 
vivo but a statistical significant increase 
observed in catalase activities in group with 
MPTP/Vit. D3

L and MPTP only (***p<0.001). 
The study revealed that Vit.D3

H significantly 
reduced the level of catalase activity in the 
brain. As a result of the reduction in the level 
of catalase activity in the brain of the treated 
animals (MPTP/Vit.D3H and MPTP/L-DOPA), 
this could lead to a significant reduction in 
oxidative stress which could protect 
dopaminergic neurons and activated 
astrocytes, and this was in agreement with 
Brioukhanov et al., (2006). Increase in the free 
radicals in the brain has been reported to result 
in the decrease in density of dopaminergic 
receptors in the brain and this will result in 
having low dopamine in the system for longer 
period of time which in turn result in cell death 
and glial activation in the dopamine neurons 
(Michael and Robert, 2002; Bazzu et al., 2010). 
Furthermore, superoxide dismutase activity 
(SOD) was represented and the percentage 
change of SOD in brain tissue homogenate 
revealed no statistically significant difference 
when control group was compared with 
MPTP/Vit.D3

H MPTP/L-DOPA. However, a 

statistically significant difference in the SOD 
activities was observed when control group 
(NS) was compared with MPTP/Vit.D3 and 
MPTP group in terms of increase of superoxide 
dismutase level which are signs of oxidative 
stress (***p<0.001). In addition to the results, 
H&E stains demonstrate general 
histoarchitectural design of the neurons and 
this helped to check for structural changes in 
the striatum (CPu) as well as substantia nigra 
(SN). Mild neural cell death with appearance of 
pyknotic nuclei, nuclear fragmentation and 
increase gliosis was observed with the MPTP 
treatment groups. From these observations, as 
stated earlier in this study, it can be said that 
MPTP caused neurodegeneration which led to 
loss of dopaminergic neurons in the CPu while 
the group that received Vitamin D3 at high 
dosage showed an improved presence of 
neurons, reduced gliosis and preserved 
nigrostriatal bundles. This means that the 
Vit.D3 treatment has a neuroprotective effect 
on the motor function by increasing the 
number of dopaminergic neurons and reducing 
glia activation.  

 

In conclusion the role of Cholecalciferol (Vit.D3) 
and L-DOPA in drug development can be seen 
in this study as both drugs helped to improve 
motor function following MPTP induced PD. 
This was further supported when Vit.D3 

intervention helped in the reduction of MDA 
production caused by MPTP treatment and 
significantly reduced oxidative stress at a high 
dose (100 mg/kg BW Vit. D3). Thus, reduction 
of lipid peroxidation production by stimulation 
of vitamin D receptors present in the brain with 
Vit. D3 will reduce oxidative stress, gliosis and 
neuroinflammation caused by MPTP. It could 
be inferred that Vit. D3 which is dose dependent 
has a potent antioxidant effect to reduce the 
intensity and expression of the activated 
astrocytes (GFAP) that can lead to 
neuroinflammation. 
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