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Objective(s): Parkinson's disease (PD) is known for motor impairments. But often, there are non-motor 
symptoms such as cognitive deficiency and pain misperception, owing to possible role of nigrostriatal 
pathway. Antioxidants have protective effect on free radical-induced neuronal damage in PD. To further 
address, we examined the effects of ellagic acid (EA) in a rat model of PD induced by 6-hydroxidopamine 
(6-OHDA). 
Materials and Methods: Right medial forebrain bundle (MFB) was lesioned by injecting 6-OHDA (16 µg/2 
µl), in PD–animals. Sham operated animals received vehicle instead of 6-OHDA. PD was approved by 
apomorphine-induced contralateral rotation. EA (50 mg/kg/2 ml, PO, for 10 days) was administered to PD-
EA group. Some PD-animals received pramipexole (PPX; 2 mg/kg/2 ml, PO) as a positive control group. 
Analgesia was measured by tail-flick and hot-plate tests. Passive avoidance task was measured by shuttle 
box apparatus to record the initial and step-through latency. Spatial cognition task was evaluated by 
Morris water maze test, measuring the escape latency time, path length, swimming speed and time spent in 
target quadrant. 
Results: MFB-lesioned rats showed hyperalgesic responses to the stimulus in tail-flick and hot-plate tests. 
Also they showed memory and learning deficit in cognitive tests. These effects reversed by EA treatment. 
Conclusion: 6-OHDA can induce oxidative stress and can disrupt the neural mechanisms underlying proper 
integration of painful stimuli and cognitive processes in MFB-lesioned rats. Consequently, nigrostriatal 
pathway can play possible role in nociception and cognition. EA, a natural antioxidant, has neuroprotective 
effect on this pathway and can ameliorate this defect and be considered in PD management. 
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Introduction 
Parkinson's disease (PD) is a neurodegenerative 

disorder that affects more than 1% of people over 65 
years old (1). However, only 3% are less than 50 years 
old (2). Clinically, PD is recognized by resting tremor, 
rigidity, bradykinesia and postural instability (3). 
Although these motor symptoms are the most 
important criteria for diagnosis, non-motor symptoms 
such as sleep complaints, constipation, damaged 
olfaction and various neuropsychiatric appearances 
can become noticeable both before and during PD 
beginning and progress (4). Moreover cognitive 
deficiency is also common in PD. So as to, between 
15% and 20% of PD patients suffer from dementia (5).  
Cognitive deficiencies in PD are considered ranging 
from minor disturbances in learning and memory to 
various intellectual functions and dementia. In this 
regard, memory is recognized as one of the basic 

cognitive functions (6). Also PD patients complain of 
painful sensations which have been described in five 
different types: musculoskeletal pain (because of 
parkinsonian rigidity, rheumatological illness or 
skeletal abnormality), radicular-neuropathic pain 
(owing to a root lesion, focal or peripheral 
neuropathy), dystonic pain (associated with 
antiparkinsonian medication), central neuropathic 
pain (related to antiparkinsonian medication) and 
akathisia (under off period or drug induced) (7). 
Among sensory symptoms in PD, pain is observed in 
nearly 30-50% of PD patients; nevertheless, the 
incidence can increase to 68-85% when all types of 
pain are taken into account (8).  

Genetic and environmental elements are involved 
in the pathogenesis of PD. Usually, oxidative stress is 
a hallmark event where the oxidation of dopamine 
produces reactive oxygen species (ROS) and an 
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unbalanced production of ROS makes neuronal 
damage, thus leading to neuronal loss. These free 
radicals react rapidly with membrane lipids and 
cause lipid peroxidation (LPO) and cell loss (9). 
Selective loss of dopaminergic neurons in the 
substantia nigra pars compacta (SNc), projecting to 
the striatum, causes the reduction of dopamine levels 
in the striatum leading to motor and cognition 
impairments (10). Also, oxidative stress and 
reduction of hippocampal neurons may be involved 
in learning and memory impairments (11). 

Until now, there is no effective therapy that can 
stop or at least slow down the neurodegeneration in 
this disease, so it is important to have a relevant 
animal model, in which new pharmacological agents 
and treatment strategies can be assessed before 
clinical trials are initiated (12). A rising attention has 
been involved to the complementary and alternative 
medicines including the plant-based medications, in 
recent years. Plants, similar to conventional 
medicines, are able to synthesize a wide variety of 
biologically active compounds which exert their 
effects through the interaction with biological 
pathways (13). Therefore, there has been abundant 
effort to develop beneficial agents from medicinal 
plants to achieve neuroprotection, and consideration 
has been paid on a wide variety of natural 
antioxidants that can scavenge free radicals and 
protect cells from oxidative damage (14). However, 
several  experiments  exhibited  that  many  plant  
extracts  have  neuroprotective  effect  against  6-
hydroxidopamine (6-OHDA) induced toxicity in PD 
animal models through anti-oxidative and anti-
apoptotic  activities  (15).  

In this regard, pomegranate (Punica granatum L.), 
is a polyphenolic fruit, which has been widely used in 
traditional medicine. Pomegranate juice extracts (PJE) 
protects neurons against the neurotoxic effects of 1-
Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). 
The likely mechanisms of this effect could be related 
to their phenolic constituents and antioxidant 
properties. Pomegranates enriched by phytochemicals 
for example polyphenols (comprising phenolic acids 
and flavonoids), have shown antioxidant activities and 
can inhibit inflammation and other damaging 
processes involved in neurodegenerative diseases. 
Furthermore, pericarp of pomegranate is much 
enriched with tannins such as gallic acid and ellagic 
acid, other potent antioxidants (16). 

Ellagic acid (2,3,7,8-tetrahydroxybenzopyrano 
[5,4,3-cde]benzopyran-5-10-dione) is an excretion 
product of many plant species, particularly fruits and 
nuts (17). It is found in strawberries, cranberries, 
walnuts, pecans, and red raspberry seeds (18). 
Animals with lesions of the dopaminergic system may 
be valued for studying of the pain and cognition 
properties as an animal model of Parkinson’s disease. 
Therefore, according to the role of nigrostriatal 
pathway in the pain perception and cognition beyond 

the anti-oxidative properties of EA, the aim of this 
study was to investigate the effects of EA on pain 
perception and the learning and memory in 6-OHDA 
induced rat model of Parkinson's disease. 

 

Materials and Methods 
Drugs 

6-hydroxidopamine (6-OHDA), desipramine, 
apomorphine, ellagic acid (EA) and pramipexole 
(PPX) were purchased from Sigma-Aldrich Chemical 
Co. (St. Louis, MO, USA). Ketamine/xylazine were 
obtained from Alfasan Co. (Woerden, Holland).  

 
Animals 

Adult male Wistar rats (250-300 g) obtained from 
Ahvaz Jundishapur University of Medical Sciences 
(AJUMS) central animal Lab (Ahvaz, Iran) were used 
in this study. Rats were kept in the same room under 
a constant temperature (22±2 ºc) and humidity (55-
60%) on a 12:12-hr light-dark cycle with food pellets 
and water, ad libitum. 

 
Experimental design 

All experiments were conducted during the light 
phase of the cycle (between 8:00 am and 5:00 pm) 
and were directed in accordance with the NIH Guide 
for the Care and Use of Laboratory Animals and with 
approval from the AJUMS Animal Care and Use 
Committee (AJACUC). We tried to minimize animals 
stress and reduce the number of rats used in this 
study. All animals were handled for 5 days (daily 5 
min) before beginning of behavioral tests. The 
animals were divided randomly into five groups 
(n=8): 
1) Sham group, received vehicle of 6-OHDA (2 µl 

normal saline containing 0.01% ascorbic acid) 
into right MFB. 

2) Sham-EA group, sham operated animals, received 
EA. 

3) PD+veh group, MFB-lesioned rats, received 6-
OHDA into right MFB + vehicle of EA (normal 
saline containing DMSO) 

4) PD-PPX group (Positive control), MFB-lesioned 
rats, received PPX (2 mg/kg/2 ml, PO, for 10 
consecutive days). 

5) PD-EA group, MFB-lesioned rats, received EA. 
In groups 2 and 5, EA (50 mg/kg, PO, for 10 

consecutive days) was administered 14 days after 
stereotaxic surgery (19).   

 
Medial forebrain bundle lesion  

Right MFB was lesioned in a rat model of PD by 
Tadaiesky’s (2008) method with some modifications 
(20). First, rats were deeply anesthetized with 
combination of ketamine/xylazine (90/10 mg/kg, 
IP). Then, rats were placed in a stereotaxic apparatus 
(Narishige, Japan). 6-OHDA (16 µg/2 µl normal saline 
containing 0.01% ascorbic acid) or its vehicle (in 
sham groups) was infused into right MFB using a 5 µl 
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Hamilton syringe according to the coordinates in 
Paxinos and Watson atlas: AP: -4.4 mm, ML: +1.3 mm 
from bregma and DV: -8.4 mm from skull surface (21). 
Following injection, the cannula was left in place for 5 
min before being retracted to allow complete diffusion 
of the drug. All animals were treated with injection of 
desipramine (25 mg/kg IP), 30 min before surgery, in 
order to protect noradrenergic terminals depletion by 
6-OHDA. Sham-operated rats underwent the same 
protocol but vehicle was injected instead of 6-OHDA 
(22, 23). 

 
Apomorphine induced circling behavior 

All the animals were tested for rotational behavior 2 
week after MFB lesioning (before treatment) and 4 
week after lesioning (after treatment). Contralateral 
rotations of each animal were recorded after 
subcutaneously injection of apomorphine (0.5 mg/kg in 
normal saline containing 0.01% ascorbic acid) to 
confirm the dopamine depletion in nigrostriatal system 
(24, 25). The rotational behavior was counted over a 
period of 60 min. The results were expressed in 
rotations/30 min.  

 
Tail-flick test  

The tail-flick (tail withdrawal) latency was 
detected by standard tail-flick test (26). Rats were 
located on the analgesia meter apparatus (M.T 9500, 
Borj Sanat Co. Tehran-Iran), equipped by a radiant 
infrared heat source focused on 3 different parts of 
the tail 4 to 7 cm distal end (with 3 min intervals) 
and mean was selected as latency. When the animal 
flicked its tail, a photocell was activated and the time 
between activation of the heat source and tail flick 
latency was recorded as a pain sensitivity index. The 
stimulus intensity was adjusted to a baseline tail flick 
latency of 3 to 4 sec; a cut-off time of 10 sec was used 
to avoid tissue injury. One day before the test, 
animals were allowed to acclimatize the apparatus, 
for two min (27). 

 
Hot-plate test 

The hot-plate apparatus (MH 9500, Borj Sanat Co. 
Tehran, Iran), involved a 25 × 25 cm Plexiglas cage 
fitted over the hot plate and a foot switch timer. Pain 
thresholds were measured by latency time to 
nociceptive responses (hind paw licking or jumping 
out of the beaker), expressed as hot plate analgesic 
index. One day before experiment, animals were 
allowed to acclimatize the apparatus, for two 
minutes. Rats were individually placed on the center 
of a metal hot plate, heated to a mean temperature of 
52 ± 0.2°C and the reaction time was recorded. The 
cut-off time was 40 sec to avoid tissue damage (27). 
After each trial the plate was cleaned to minimize 
lingering olfactory cues. Feces or urine were first 
removed and the central platform was cleaned with 
ethanol and the apparatus was further allowed to air 
dry for about two min before another test.  
 

Passive avoidance task 
The two-way shuttle box instrument (ST-5500, Borj 

Sanat Co. Tehran-Iran), was used for this test, which  
was composed of two adjacent Plexiglas boxes of 
identical sizes (27 cm × 14.5 cm × 14 cm) with plexus 
floors. The floor of the two compartments has been 
covered with stainless steel bars (2 mm diameter) 
spaced 1 cm apart. The bright compartment was 
lightened by a 5 W lamp attached on its wall just under 
a mobile transparent Plexiglas ceiling. Tamburella’s 
method with little modification was used for the 
passive avoidance memory test (28).  

This procedure was performed in three days, at 
the first day rats were adapted to the acquisition 
compartment. Each  rat  was allowed a 10 min 
adaptation period with free access to either the light 
or dark compartment of the avoidance training box 
after being placed in a shuttle box (to make familiar 
with tools). At the second day, rats were placed into 
the illuminated compartment and 10 sec later the 
descending door was elevated, and latency of step-
down was recorded as learning phase (initial 
latency). After entrance the dark compartment, the 
door was closed and when all four paws touched the 
grid, a low level electric shock (0.3 mA, 3 sec.) was 
applied. After 3 min, the rat was removed from the 
dark compartment and placed into the home cage. 
On day 3, in order to test short-term memory, the 
rats were placed in the illuminated chamber again, 
and 10 sec later the sliding door was raised, and 
latency of entering the dark compartment was 
recorded again, as step-through latency (STL). The 
cut-off time was 300 sec and no shock was delivered 
in this day (29). 

  
Morris water maze (MWM) test 

This test was performed to evaluate the spatial 
memory, and apparatus (Maze Router V3.1, Techniq 
Azma Co, Tabriz-Iran) consisted of a dark circular 
pool (120 cm diameter ×60 cm height) filled with tap 
water (27±2◦C) with a depth 60 cm that was not 
opaque was used. The pool divided geographically 
into four equal size quadrants and release points 
designed in each quadrant as north (N), east (E), 
south (S) and west (W). A hidden circular escape 
platform (12cm in diameter) was emerged 2 cm 
under the water surface and was placed in the center 
of the northeast quadrant. Some fixed visual cues 
such as computer, desk, posters and illumination 
lights placed on the walls around the pool. A camera 
located above the center of the pool that connected 
to a computer to record the rat movements. An 
automated monitoring system (Radiab ver. 2, 
Tehran, Iran) used to measure the escape latency, 
swimming distance and speed (30). 

One day before the beginning of training 
procedure, rats were adapted to the pool by allowing 
them to perform a 60 sec swimming without the 
platform. Training procedure involved 4 trials daily 
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Figure 1. Apomorphine induced circling behavior. The results were 
expressed as mean ± SEM (n=8). Data analyzed by one-way ANOVA 
followed by Tukey’s post hoc test for among multiple groups 
comparison. ***P<0.001 vs. sham group after 2 weeks post-surgery, 
+++P<0.001 vs. PD+veh group after 4 weeks post-surgery 

 
for four consecutive days. In each trial, the rats 
released facing the side wall at one of four quadrants 
and were allowed 60 sec to find the platform; and 
release positions were randomly arranged. If they 
did not find the platform within 60 sec, they were 
gently guided to the platform. They were allowed to 
remain there for 30 sec. After the completion of a 
trial, animals were returned to a holding cage for an 
inter-trial interval of 60 sec. The time to reach the 
platform (latency), speed and the length of swim 
path were recorded by a video tracking system. At 5th 
day as a probe trial, platform was removed and the 
rats were released from southwest (consisted of a 60 
sec free swimming time) and the time spent in the 
target quadrant was recorded (30). 

 
Statistics  

The results were expressed as mean±SEM. The 
statistical analysis was performed by SPSS version 
22, and one-way ANOVA followed by Tukey’s post 
hoc test for inter groups comparisons. Repeated 
measures ANOVA was used for analyzing the data of 
Morris water maze test at days 1 to 4, followed by 
Tukey’s post hoc test. A P-value less than 0.05 was 
considered as a significant difference. 
 

 

Figure 3. Tail-flick test. The results were expressed as mean ± 
SEM (n=8). Data analyzed by one-way ANOVA followed by Tukey’s 
post hoc test for among multiple groups comparison. **P<0.01 vs. 
sham group after 2 and 4 weeks post-surgery 

 

Figure 2. Hot-plate test. The results were expressed as mean ± SEM 
(n=8). Data analyzed by one-way ANOVA followed by Tukey’s post hoc 
test for among multiple groups comparison. *P<0.05 and **P<0.01 vs. 
sham group after 2 and 4 weeks post-surgery (respectively) 
 

Results  
Apomorphine induced circling behavior 

As shown in Figure 1, two weeks after surgery 
(before beginning of treatments), apomorphine 
induced contralateral turns were increased 
significantly in 6-OHDA lesioned groups (PD+veh, 
PD+PPX and PD+EA groups) when compared to sham 
group (***P<0.001). Four weeks after surgery (after 
treatments), the number of contralateral turns 
observed in treated groups (PD+PPX and PD+EA 
groups) decreased significantly as compared with 
PD+veh group (+++P<0.001). 
 
Hot-plate test  

As shown in Figure 2, before MFB-lesioning, there 
was no significant difference between groups. But two 
weeks after lesion, there was a significant decrease in 
withdrawal latency of PD+veh group as compared with 
sham group (**P<0.01). Also, there was a significant 
decrease in withdrawal latency of PD+EA and PD+PPX 
groups versus sham group (**P<0.01 and * P<0.05, 
respectively). Whereas, four weeks after lesion, animals 
underwent treatment returned to before lesion values, 
in addition lesioned rats which were treated with EA 
and PPX had no significant difference with sham-
operated animals, and only lesioned rats received 
vehicle significantly differ from sham group (**P<0.01). 

 

 

 
 

Figure 4. Passive avoidance test. The results were expressed as 
mean ± SEM (n=8). Data analyzed by one-way ANOVA followed by 
Tukey’s post hoc test for among multiple groups comparison. 
*P<0.05 vs. sham group 
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Figure 5. Escape latency time. The results were expressed as 
mean±SEM (n=8). Data analyzed by repeated measure ANOVA 
followed by Tukey’s post hoc test for among multiple groups 
comparison. The difference between PD+veh, PD+PPX and PD+EA 
groups versus sham group showed by *, #, + symbols 
(respectively). The difference between PD+PPX and PD+EA groups 
versus PD+veh group showed by &, $ symbols (respectively) 
 
 

Tail-flick test 
According to Figure 3, before MFB lesioning there 

was no significant difference between groups. But two 
weeks after lesion, there was a significant decrease in 
withdrawal latency of PD+veh group versus sham 
group (**P<0.01). Also, there was a significant 
decrease in withdrawal latency of PD+EA and PD+PPX 
groups versus sham group (***P<0.001 and ** P<0.01, 
respectively). Whereas, four weeks after lesion, 
treated animals returned to before lesion values, in  
addition lesioned rats which received EA and PPX had 
no significant difference with sham-operated animals 
and only lesioned rats received vehicle significantly 
differ from sham group (**P<0.01).          

  
Passive avoidance test 

As shown in Figure 4, in PD+veh group, the initial 
latency that takes rats going away from light to dark 
compartment of shuttle box (before exposing               
to electrical shock) was increased significantly 

 

 

 

 

 

 

 

 

Figure 7. Swimming speed. The results were expressed as 
mean±SEM (n=8). Data analyzed by repeated measure ANOVA 
followed by Tukey’s post hoc test for among multiple groups 
comparison. The difference between PD+veh group versus sham 
group showed by *symbol. The difference between PD+PPX and 
PD+EA groups versus PD+veh group showed by &, $ symbols 
(respectively) 

 
Figure 6. Path length. The results were expressed as mean±SEM 
(n=8). Data analyzed by repeated measure ANOVA followed by 
Tukey’s post hoc test for among multiple groups comparison. The 
difference between PD+veh group versus sham group showed by 
*symbol. The difference between PD+PPX and PD+EA groups 
versus PD+veh group showed by &, $ symbols (respectively) 

 
 

compared sham group (*P<0.05). Treatment with EA 
and PPX closed initial latency to the sham values, so 
there was no significant difference between treated and 
sham groups. Step-through latency was decreased 
significantly in PD+veh group versus sham operated 
rats (*P<0.05). Treatment of MFB-lesioned groups with 
EA and PPX closed the step-through latency to the sham 
values, and there was no significant difference between 
treated and sham groups. So, STL in treated groups has 
increased, but it is lower than control levels. 

 
The spatial cognition test (MWM test) 

Escape latency time; as shown in Figure 5, the 
latency time to find and locate on hidden platform 
between the non lesioned groups (sham and 
sham+EA) do not indicate any differences during 4 
days in water maze test (P>0.05). On the other hand, 
there was significant difference (*P<0.05) between  
the sham and lesioned groups during all of the 4 
training days. Over the time, this difference was 
enhanced and latency time of sham group was showed  

 

 

 

 

 

 

 

 
Figure 8. Time percent spent in target quadrant. The results were 
expressed as mean±SEM (n=8). Data analyzed by one-way ANOVA 
followed by Tukey’s post hoc test for among multiple groups 
comparison. **P <0.01 in PD+veh group vs. sham groups, &P <0.05 
in PD+PPX group vs. PD+veh group 
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more decrease, compared to PD+veh group. At 1st to 
3rd days, there was no significant difference between 
PD+PPX and PD+EA groups versus PD+veh group, but 
at 4th day, the latency time in PD+PPX and PD+EA 
groups was decreased significantly compared to 
PD+veh group (respectively P<0.001, P<0.01). 

Path length; as shown in Figure 6, path length to 
find the platform was decreased across days in all 
groups, but there was differences between groups; 
and at 3rd and 4th days, path length in PD+veh group 
was significantly greater than sham group (**P<0.01). 
While, at 3rd day it was decreased in PD+EA group 
significantly versus PD+veh group ($$$P<0.001).   

Swimming speed; as presented in Figure 7, the 
swimming speed to find and locate on hidden 
platform between the sham and sham+EA groups 
indicated no significant differences during 4 days 
(P>0.05). Also, there were no significant differences 
between groups at 1st day. On the other hand, at 3rd 
and 4th days, results showed a significant increase in 
sham group swimming speed compare to PD+veh 
group (***P<0.001); moreover,  in PD+PPX group it 
was increased significantly versus PD+veh group 
(&&P<0.01). Similarly at 3rd and 4th days, in PD+EA 
group it was increased significantly compare to 
PD+veh group (respectively $$ P<0.01, $ P<0.05).  

Time percent spent in target quadrant (probe 
trial); as displayed in Figure 8, at 5th day during 
probe trial while escape platform removed, the 
percent of time spent in goal quarter evaluated. 
There was no significant difference between sham, 
sham+EA, PD+PPX, and PD+EA groups, but it 
decreased significantly in PD+veh group compared 
to sham operated animals (**P<0.01). Also it was 
increased significantly in PD+PPX group in 
comparison with PD+veh group (&P<0.05). 

 

Discussion 
Our results showed that unilateral injection of 6-

OHDA to right MFB significantly increased 
apomorphine induced contralateral rotations. 
Whereas, after treatments, these contralateral turns 
decreased significantly to sham values (Figure 1). 
Therefore, it can be concluded that 6-OHDA has 
impaired the dopaminergic system and an animal 
model of PD was induced. Because apomorphine 
induced rotational behavior is used to confirm the 
occurrence of PD (24, 25). Moreover, administration 
of the ellagic acid to lesioned rats has diminished the 
6-OHDA induced impairment of the dopaminergic 
system that can be considered as an improving effect.   

In addition, we showed that unilateral lesion to right 
MFB significantly reduced the pain sensation threshold 
in both hot plate (Figure 2) and tail flick (Figure 3) tests 
and induced hyperalgesia which corresponds with 
other's studies. For example; bilateral 6-OHDA lesions 
decreased the latency to the hind paw lick in the hot 
plate test (31) and enhanced sensitivity to a wide range 
of thermal and mechanical painful stimuli (32). Hence, 

despite the major roles of basal ganglia in controlling 
voluntary movements, neurophysiological, clinical and 
behavioral data designate that it is involved in central 
pain processing (33). Although pain is one of the major 
clinical signs of PD, it is often neglected. Thus, changes 
in the experience of pain as a result of cognitive 
impairment are addressed by this study. We treated 
unilateral 6-OHDA lesioned rats with ellagic acid to 
evaluate the possible effect of ellagic acid on pain 
misperception in animal model of PD. As shown in 
results, ellagic acid improved 6-OHDA induced 
hyperalgesia such a way that enhanced the pain 
sensation threshold in both hot plate (Figure 2) and tail 
flick (Figure 3) tests, compared to PD+veh group. 
Whereas, these evidences indicate that dopamine 
depletion in the mesostriatal system has an influence 
on withdrawal response to the mechanical stimulus, 
and dopamine may be involved in pain sensation. The 
neural bases underlying pain misperception in PD are 
incompletely understood.  

Beside the motor disturbances and pain 
misperception, the cognitive impairments such                  
as learning and memory deficits are common in PD              
and the idea that a degenerated nigrostriatal 
dopaminergic system plays a role in cognitive 
deficiencies in PD has been further confirmed by 
studies from other researches using animal models of 
PD. These patients complain executive dysfunction 
and deficiencies of working memory which resemble 
that created by frontal lobe injury (34). In this regard, 
our results showed that unilateral 6-OHDA lesioned 
rats experienced deficits in memory and learning that 
significantly compensated by ellagic acid treating.  

In passive avoidance test (Figure 4), the initial 
latency (as a learning criterion) in PD+veh group was 
increased significantly compared to sham groups that 
EA and PPX returned it to a level in control. Means, 
despite the fact that rats are darkness interested 
animals, PD rats delayed entering to dark chamber of 
shuttle box; consequently it may be due to impaired 
learning that improved by EA and PPX administration. 
Moreover, step-through latency (as a short term 
memory criterion) was decreased significantly in 
PD+veh group compared to sham groups, while 
expected because of shock memory they delay to 
entering the dark chamber. Indicating, PD animals lost 
their memory. Mutually, treatment improved the 
memory, as well there was no significant difference 
between treated and sham groups.  

In MWM test, the escape latency time (Figure 5) 
showed progressive decrease in sham groups 
compared to PD+veh group, during all of the days. On 
the other hand, the latency time in PD+PPX and 
PD+EA groups were decreased significantly 
compared to PD+veh group at 3rd and 4th days. Thus, 
MFB lesioning prevented from reducing of latency 
over the time, suggesting that there is a learning and 
memory deficiency in PD rats, which is in accordance 
with previous evidences. For example, injection of 6-
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OHDA to SNc produced alterations in cued and 
spatial memory versions of water maze, reflecting 
memory deficits similar to PD’s early phase (35).  
Also, ellagic acid closed latency time in MFB-lesioned 
animals to control values that can be considered as a 
learning and memory improvement criterion.    

Path length (Figure 6) in PD+veh group was 
significantly greater than sham group, at 3rd and 4th 
days. But, there was no difference between treated 
and sham operated rats. Also at 3rd day in PD+EA 
group, it was decreased significantly compared to 
PD+veh group. Hence, MFB-lesioning has caused a 
significant increase in distance traveling to reach the 
platform, and EA has closed it to control values. So, it 
can be suggested that there is learning and memory 
deficiency in MFB-lesioned rats that improved by 
ellagic acid. 

Swimming speed (Figure 7) at 3rd and 4th days 
significantly increased in sham, PD+PPX and PD+EA 
groups compared to PD+veh group. Taken together, 
PD animals had learning impairments that ellagic 
acid treatment improved it. 

In MWM test, during probe trial (Figure 8) at 5th 
day, time percent spent in target quadrant not 
significantly differ between sham, sham+EA, 
PD+PPX, and PD+EA groups, but it decreased 
significantly in PD+veh group compared to sham 
groups indicating that 6-OHDA induced MFB lesion, 
caused memory deficit that improved by ellagic acid 
administration. Similarly, studies have shown both 
procedural and working memory impairments in PD 
rats, proposing as well the involvement of the 
prefrontal cortex–basal ganglia loop in the observed 
failures (36). Since both structural and functional 
anomalies of this area had been observed in PD 
patients, the hippocampus is involved in memory 
insufficiencies observed in PD (37). 

On the other hand, maybe there is a relationship 
between pain misperception and cognition 
deficiencies in PD. So that, several studies attempted 
to better reveal the association amongst chronic pain 
and cognition. These studies provided evidence for 
lower cognitive performance in chronic pain patients 
on tests of memory, attention, speed and executive 
functions (38). Moreover, many studies reported the 
inverse relationship between pain strength and 
cognitive performance. Therefore, the presence of 
pain contests with the attentional resources causes 
decreased cognitive performance as the level of pain 
increases (39). 

Several studies suggesting that the reaction of 6-
OHDA with oxygen leads to the production of 
superoxide anion radical, H2O2 and hydroxyl radical, 
which can generate ROS, and eventually oxidative 
stress damages dopaminergic neurons and induces 
cell degeneration through apoptosis (40). Because of 
possible susceptibility of Substantia Nigra neurons to 
oxidants, the oxidative metabolism of DA can 
generate cytotoxic free radicals. So, 6-OHDA can 

imitate human pathological condition of PD and 
induce striatal DA depletion (41). Polyphenolic 
compounds such as EA have antioxidant properties 
and can prevent damaging processes involved in 
neurodegenerative diseases (16). Therefore, the 
results of this study suggested that EA can be 
considered as a new approach in management of 
cognitive and nociceptive deficiencies in PD and also 
it is valuable to further investigations. 

 

Conclusion 
This study showed that, 6-OHDA can impair              

the nigrostriatal dopaminergic pathway and cause 
animal model of Parkinson's disease that 
accompanied with pain misperception and cognitive 
deficiencies. Ellagic acid can significantly improve 
this pain misperception and cognitive deficiencies             
in 6-OHDA induced rat model of Parkinson's disease. 
Maybe, ellagic acid as a natural antioxidant can               
play neuroprotective role and improve the noxious 
oxidative effects of 6-OHDA in nigrostriatal pathway 
and recover the pain misperception and learning and 
memory parameters. Consequently, perhaps                
ellagic acid can be considered as a valuable natural 
component in Parkinson's disease management. 
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