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Objective(s): Parkinson's disease (PD) is a progressive neurological disorder associated with motor 
disabilities and cognitive dysfunction as well. Evidence indicates that PD occurs less frequently in 
women than men, confirming a role for steroid hormones in protection of dopaminergic nigrostriatal 
neurons. It is reported that soy genistein, an estrogen agonist phytoestrogen, display neuroprotective 
effects against neuronal death. In this study we evaluated the effect of genistein in animal models of 
Parkinsonism (P) and Parkinsonism + ovariectomized (OP).  
Materials and Methods: The experiments were carried out on the control, P and OP animals. Learning 
and memory abilities were evaluated using Morris water maze. The latency and speed of locating the 
platform were measured as cognitive indices. Motor behaviors were assessed by testing the animals in 
rota rod and the latency to fall from the rod was scored.  
Results: We found that Parkinsonism leads to the cognitive and motor disabilities; ovariectomy 
intensified these disorders. Whereas genistein treatment improved the maze performances in both P 
and OP animals it failed to influence the kinetic problems. Genistein displayed a neuroprotective effect 
on dopaminergic neurons.  
Conclusion: Positive impact of genistein on the spatial learning and memory may reflect its effects on 
the nigrostriatal pathway and striatum. Nevertheless, ineffectiveness of genistein on the motor 
disorders, despite its neuroprotective impacts, led us to conclude that the cognitive improvement by 
genistein may also contribute to its effects in other areas of brain. 
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Introduction 
 Parkinson's disease (PD) is a progressive neuro-

pathological disease which is known as the second 
most frequent type of neurodegenerative disorder (1). 
PD is characterized by degeneration of dopaminergic 
neurons in substantia nigra pars compacta (SNpc) with 
a subsequent depletion of dopamine in striatum (2). A 
well-known hallmark of the disease is motor deficits as 
a result of loss of inhibitory circuit’s function (3). The 
motor symptoms cause both hypo- and hyperkinesia 
including muscular rigidity, brady-kinesia, resting 
tremor and postural instability (4-6). Progressed 
conditions of the disease, however, is also accompanied 
with cognitive deficiencies (7). Severity of disease and 
age underlie the cognitive capacity in Parkinsonism. 
The pathogenetic mechanisms of PD are broadly 
described, however, inflammation, apoptosis, aging, 
mitochondrial dys-function and oxidative stress are 
known as key factors contributed in the nigrostriatal 
pathway neuronal death (2-8-9).  

A large body of evidence indicates neuropro-
tective effects of estrogens (10, 11). The role of 

estrogens in dopaminergic transmission in basal 
ganglia is well proved. It is shown that estrogen reduces 
dopamine depletion of striatum in the animal models of 
PD (12). However, positive effects of estrogen therapy 
in treatment of PD have been covered by unwanted side 
effects of the hormone such as breast and uterine 
cancer (13).  

Phytoestrogens have been considered as appro-
priate replacements for synthetic estrogens. They are 
plant-derived non-steroidal compounds that resemble 
the effects of endogenous estrogen both structurally 
and functionally without undesired side effects.  Along 
with estrogens, phytoestrogens are also found to 
display neuroprotective effects (14, 15). It is reported 
that soy phytoestrogen genistein display neuropro-
tective effects against neuronal death and decreased 
dopamine release in striatum (16).  

This study was designed to assess if the phyto-
estrogen genistein underlies cognitive impair-ments as 
well as motor deficits in animal models of Parkinsonism 
and also replace estrogen in ovariectomized animals 
with Parkinsonism. 
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Materials and Methods 
Animals  

Thirty two female Wistar rats (170-200 g) were 
obtained from animal breeding center of Kashan 
University of Medical Sciences. Animals were kept in 
room under standard conditions with a 12 hr 
light/dark cycle, temperature 22 °C and air humidity 
of 55—60%. Efforts were made to minimize the 
number of animals used and their suffering.  
 
Nigrostriatal pathway lesion   

6-hydroxydopamine hydrochloride was used for 
lesion of the nigrostriatal pathway (17). The neurotoxin 
provides useful animal models of PD by inducing 
degeneration of the dopaminergic neurons in the 
substantia nigra pars compacta (SNpc) (18). Neurotoxic 
effects of 6-OHDA occur through a two-step mechanism 
involving accumulation of the toxin into catechola-
minergic neurons, followed by alteration of cellular 
homeostasis and finally neuronal damage (19).  

The animals were anesthetized with intraperi-
toneal injection of ketamine (100 mg/ kg) and xylazine 
(10 mg/kg IP) and fixed in a stereotaxic frame. Bilateral 
lesion was made by injection of 6-OHDA (10 µg/µl in 
normal saline containing 0.2% ascorbate) via a 25 µl 
Hamilton syringe into the SNpc  at the coordinates:  AP, 
-5.3 mm from bregma; ML, 1.6 mm; DV, -8 mm (20). 
Fourteen days after injection of 6-OHDA the rats were 
entered experiments. 
 
Animal groups 

The animals were randomly divided into 4 groups 
with 8 rats in each. Parkinsonism was induced in 
three groups of animals (as just mentioned). The 
control (CON) animals and one 6-OHDA injected 
group (P) received vehicle. Also two groups of rats 
were subjected to bilateral ovariectomy and then 
received 6-OHDA. These two groups were pretreated 
with either genistein (OPG) or genistein solvent 
dimethyl sulfoxide (OP). The daily treatments with 
genistein were occurred for one week after 
ovariectomy.  
 
Rota rod test 

Rota rod test is a suitable method to check the 
motor coordination (21). In this study the animals 
were introduced to the rota rod test for evaluation of 
their locomotor function. The animals were trained 
three trials/day with 30 min intertrial interval for 
two consecutive days (22). Each trial lasted 5 min. 
The acceleration of rod was firstly set at 5 rpm and 
gradually increased to 45 rpm during 120 sec. The 
experiment continued for a total duration of 5 min 
with the same acceleration. The latency to fall from 
the rod was scored.  
  

Learning and memory performance 
All groups were tested for their ability of spatial 

learning by performing Morris water maze behavior-
ral experiment. A circular galvanized tank (140 cm in 
diameter × 60 cm in depth) with four quadrants was 
used. Water was added to the maze up to 20 cm 
below the rim. Water temperature was maintained at 
approximately 22 °C. The pool was randomly divided 
into four equal quadrants named northeast, 
southeast, southwest and northwest. The escape 
platform (10 cm diameter) was submerged 1.5 cm 
below the water surface and placed at the midpoint 
of southeast quadrant. The position of the platform 
was unchanged throughout experiments. The room 
walls were provided with visual cues as spatial 
hallmarks. In the training session the rats were 
received four spatial trials/day for 4 consecutive 
days. On each trial animals were released facing the 
wall of the pool, in a pseudorandomly selected start 
position. If it failed to find the platform within 90 sec, 
it was guided to the platform and allowed to rest on 
it for 20 sec.  Then the animal was gently dried and 
moved to a holding cage. In order to determine the 
capability of the animals to retrieve and retain 
information, the probe trial was conducted on day 5, 
24 hr after the final training session. The platform 
was removed and the animal was released into the 
quadrant diagonally opposite to the quadrant 
containing the platform and allowed to swim for 30 
sec. Performance on the training and probe trial 
phases was measured by the escape latency and the 
speed (to find the submerged platform), and the 
percent of time passed in the target quadrant, 
respectively. A video camera connected to an image 
analysis system was placed above the center of the 
water maze and data collected by a personal 
computer equipped with commercially available 
water maze software (Radiab 7, IR Iran) for 
subsequent behavioral analysis.  
 

Histological procedures  
After the behavioral testing, the animals were 

anesthetized by chloral hydrate (0.5 ml/100 g). 
Brains were perfused transcardinally with a neutral-
buffered formalin fixative solution (NBF10%, 
pH=7.4). Then, the brains were removed from the 
skull and stored in the same solution at 4 °C 
overnight. Next, the brains were transferred into a 
tissue processor for 17.5 hr. Finally, the tissues were 
frozen and the coronal sections at 5 µM thick were 
prepared using cryostat technique. Cresyl violet 
(Nissl) staining was performed for assessment of the 
extent of histological lesion in the nigrostriatal 
pathway (23). The coronal sections of brains were 
stained with %1 cresyl violet, dehydrated in graded 
series of ethanol, immersed in xylene and mounted 
in Entellan. The data were not included for analyzing 
if degeneration of the nigrostriatal pathway was not 
confirmed.  
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Figure 1.  Illustration of escape latencies required to locate the 
hidden platform. While 6-OHDA injection led to a lower 
performance in the P animals ovariectomy further deteriorated 
the maze navigation in the OP group. The OPG group found the 
maze target in a decreased latency compared to their OP 
counterparts. Each point indicates average of data pooled from 4 
trials. Data are shown as mean±SEM 
 

Cell counting 
 Counting was done blind to the treatments 

received. Cell numbers were counted at a high power 
(×200) magnification. All sections were digitally 
photographed and Nissl-stained cell were counted by 
a blind reader with a Nikon microscope (Nikon, 
Japan) and expressed per square millimeter (mm2). 
Neurons were counted only when their nuclei were 
clearly visualized within one focal plane. Number of 
SNpc neurons was expressed as the total counts 
obtained from the representative sections (24). 
 

Statistical evaluations  
The data pooled from both the training phase of 

the Morris water maze and rota rod experiments 
were analyzed using repeated measures analysis of 
variance (ANOVA). Three-way ANOVA was applied to 
the values resulted from the probe trials and the cell 
counting. The ANOVA analyses were followed by LSD 
post hoc test if were significant. The statistical 
variations were considered significant if P<0.05. All 
data are reported as mean±SEM. 

  

Results  
Assessment of spatial learning and memory 
performances 

Navigation in the water maze was selected as a 
special tool for evaluation of the cognitive aspects of 
Parkinsonism. The escape latency as well as the 
speed to locate the hidden platform and duration of 
time spent in the correct quadrant were considered 
as indices of spatial memory capabilities.      
 
Training phase 
The escape latency  

The data pooled from four days training in the 
Morris water maze appeared a general significant 
difference between the four groups of animals                    
(F3, 508=16.854; P<0.0001). The post test analysis 
showed that the P group had a lower performance 

 
Figure 2.   The speed by which the testing groups locate the 
hidden platform. The CON and OP displayed the highest and 
lowest speed in the maze navigation, respectively. Genistein had a 
positive effect on the performance of the OPG rats. Each point 
indicates average of data pooled from 4 trials. Data are shown as 
mean±SEM    

 
compared to their CON counterparts (P=0.0001). 
Although both groups improved their maze steering, 
however, the CON animals showed a more pronounced 
improvement compared to the P group (about 25% and 
70% difference between the two groups in the first and 
last days, respectively). Ovariectomy further decreased 
the maze learning in where the OP group displayed the 
worst behavior in learning the task (P=0.002, compared 
to P group). The estrogen agonist genistein significantly 
improved the maze learning so that the OPG groups 
showed a performance close to the CON animals                    
(P=0.166). Figure 1 depicts how Parkinsonism, 
ovariectomy and the genistein treatment underlie the 
maze learning.   

 
The maze navigating speed 

Cognitive strategies in Morris water maze 
considerably depends on normal motor activity. 
Because of deteriorated activity in the P, OP and OPG 
groups we also considered the speed of animals’ 
performances in the maze. Analysis of variance 
showed that the differences between the testing 
groups was statistically significant (F3,508=16.459;               
P<0.0001). The CON animals were considerably 
superior to the P rats and the difference was 
increased as the experiments proceeds (P=0.0001). 
Ovariectomy worsen the maze performance so that 
the OP group showed a significant decreased speed 
compared to P group (P=0.0001). The OPG animals 
receiving genistein had a higher speed during the 
maze steering when compared to the OP group 
(P=0.0001). Figure 2 illustrates the speed of the 
different groups in the water maze. 

 
Probe trial test 

The animals were introduced to the probe test to 
elucidate how they can retrieve the learned task in 
the water maze. A general statistical difference was 
evident between all testing groups (F3,28=36.985; 
P<0.0001). The P rats navigated the correct quadrant  
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Figure 3.  Histograms illustrate mean time elapsed in the correct 
quadrant as an index of memory consolidation test. The P and 
specially the OP animals spent a significant shorter time in the 
target quadrant. Genistein improved the probe testing in the 
Parkinson-ovariectomized groups. Data are shown as Mean ± SEM.  
*** difference between CON v. P (P=0.0001);  * difference between 
P v. OP (P=0.05); *** difference between OP v. OPG (P=0.0001)  

 
with a duration of about half compared to the CON 
rats (P=0.0001). Ovariectomy further decreased the 
memory consolidation so that OP animals steered 
the target quadrant much shorter (by about one 
third) in comparison to the P group (P=0.034). The 
OPG animals treated with genistein displayed an 
almost similar retrieval test compared to their CON 
counterparts (Figure 3). 

 
Assessment of motor behaviors  

The animals were introduced to rota rod apparatus 
to evaluate how the Parkinsonism affected the motor 
activity. Analysis of variance confirm a substantial 
difference between all groups entered the experiment 
(F3,28=6.785; P<0.0001). The duration of remaining on 
the rota rod was significantly longer in the control 
animals compared to the P subjects (P=0.020). 
Ovariectomy further disturbed the motor activity 
where the OP rats stayed less time in the rota rod 
compared to the P ones (P=0.036). As demonstrated in 
figure 4, compared to the other testing groups, the CON 
animals displayed a higher improvement in the motor 
activity as the experiments proceed.  The estrogen 
receptor agonist genistein not effectively underlined 
the behavior of the OPG rats (P=0.686). 

 
Histological findings 

We also asked if ovariectomy or genistein 
treatment affect density of the neuronal loss in the 
nigrostriatal pathway. Statistical evaluations indicated 
that the counted neurons in the different testing groups 
were varied significantly (F3,104 =16.23; P<0.0001). 
Number of the neurons in the SNpc of the P group was 
considerably decreased in comparison to the control 
group (P=0.0001). Ovariectomy led to a further 
decrease in the dopaminergic neurons where the 

 
 
 

 

Figure 4.  The latency to fall from the rota rod. The longest latency 
was obtained by the CON rats. The P group injected with 6-OHDA 
significantly decreased the remaining time on the rota rod. 
Ovariectomy intensified the disability in the motor behavior in the 
OP animals. The OPG animals treated with genistein behaved 
similar to the OP group 

 

 
 
Figure 5A.  The number of neurons in a square millimeter area of 
the SNpc. Data are shown as Mean±SEM  
*** difference between CON v. P (P =0.0001); * difference between 
P v. OP (P=0.01); ** difference between OP v. OPG (P=0.001) 
 

 
 

Figure 5B.  Photomicrographs of coronal sections (5 micrometers) of 
the SNpc stained with Nissl. a: control (CON); b: 6-OHDA injected (P); 
c: ovariectomized 6-OHDA injected (OP); d: OP receiving of genistein 
(OPG). Reduced number of the dopaminergic neurons is visible in the 
P group compared to the CON rats. Ovariectomy further decreased the 
nigrostriatal neurons in the OP. Genistein treatment prevented 
decrease in the dopaminergic neurons so that the slide taken from the 
OPG rats has a perspective close to that from the CON animals 
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 counted neurons were significantly lower in the OP 
rats compared to their P counterparts (P=0.004). The 
SNpc in the genistein treated animals displayed to 
contain substantially more dopaminergic neurons 
compared to the P (P=0.0001) and OP (P=0.0001) rats 
(Figure 5A). The sections taken from the OPG group 
showed an almost similar neuronal density as in the 
CON group (P=0.081). Figure 5B represents density of 
the dopaminergic neurons in the histologically 
processed sections of the SNpc area stained by Nissl 
method.  

 

Discussion 
Probable role of phytoestrogens on Parkinson 

associated motor and cognitive problems were under 
focus of this study. Our findings indicated that 
bilateral injection of 6-OHDA in the SNpc leads to 
both memory impairment and motor disabilities. 
Ovariectomy exacerbates the cognitive and motor 
deficits. Whereas the estrogen receptor agonist 
genistein elicited a substantial improvement in the 
spatial learning and memory it was failed to 
influence the motor behaviors.  

Consistent to our results are findings indicating 
impaired cognitive performances in 6-OHDA injected 
animals (25). Plenty evidence prove a link between 
estrogen and development of Parkinson related 
disorders. It is demonstrated that ovariectomy 
negatively affects learning and memory (26, 27). 
Parkinsonism worsens in women during the 
premenstrual period, when estrogen and progesterone 
levels are presumably at their nadir (28).  

It is reported that post-menopausal reduction of 
estrogen leads to a reduced human cognition (29). 
Accordingly, women who had taken postmenopausal 
estrogen were less likely to develop PD (30). Gatto et 
al. found that PD less frequently occur in women 
than men, prompting investigation into whether 
estrogen protects dopaminergic neurons (31). 
Protective effect of estrogen against 6-OHDA induced 
dopaminergic degeneration has been reported in the 
ovariectomized animals (32). Also, Rugbjerg et al. 
(2013) reported a protective effect of estrogen on 
the risk for PD in women.  

A relevancy between phytoestrogens and 
memory has been considered in some studies (14). 
In ovariectomized female rats phytoestrogen 
treatments resulted in a dose-dependent 
improvement of learning and memory (33). The 
OP rats fed with food riched with soya bean, 
consisting high amount of phytoestrogens, improve 
their spatial navigation in Morris water maze (34).  

Our histological analysis verifies the behavioral 
results where the number of neurons in the SNpc 
was decreased in both the P and OP animals; more 
pronounced in the latter group. Phytoestrogens, as 
estrogen agonists (35-36), are known to play                       
a significant role in reducing nerve damage and 

losing neurons through counteracting oxidative 
stresses (37-38). Having most active compound of 
isoflavonoids, genistein bands with both types of α  
and β estrogen receptors, with a more affinity to the 
latter (39-40). Beta-type estrogen receptors have 
been reported to be present in the dopaminergic 
neurons of the SNpc (40). Consistently, genistein 
considerably prevent the reduction in number of 
neurons in the SNpc in PD models of rats (16).  

It is reported that phytoestrogens affect cognitive 
damage resulted from cholinergic deficits in 
Parkinson's disease through the impact on cholinergic 
system and consequently decreased neuronal damage 
(41). This may be due to the presence of acetylcholine 
transferase mRNA in the frontal cortex of brain that 
protects and enhances cognitive performance (42-44). 
Through antioxidant activities (45) and reducing free 
radicals (46) genistein play a neuroprotective role on 
nerve cells damage in Parkinson's patients. It is 
suggested that genistein, with antioxidant properties 
similar to estradiol, can be used to prevent or treat 
central neurodegeneration in postmenopausal period 
(47). 

Further it is demonstrated that phyto-estrogens 
significantly ifluences the brain calcium-binding protein 
calbindin and plays an important role in mediating cell 
proliferation, apoptosis, and neurotoxicity (13). 
Phytoestrogens alter the expression of proteins 
involved in neural protection and inflammation in rats 
(35).  

Our data indicated that genistein is ineffective on 
motor disorders in either P or OP groups. The effect 
of estrogen on motor behaviors in Parkinsonism has 
been controversial. Estrogen has a limited efficacy in 
the treatment of dyskinetic disorders (48). Reported 
that while estrogen had no effect on PD patients' 
motor functioning, the use of progesterone worsened 
the symptoms of Parkinsonism (49). Moreover, 
others have concluded that estrogen increases 
disease severity (28- 50). 

 

Conclusion  
We found that genistein treatment effectively 

restores the impaired spatial learning and memory 
in the P and OP animals. On the other hand, the 
phytoestrogen was failed to improve the disturbed 
motor activities. Accordingly, it seems that genistein 
substitutes estrogen in the ovariectomized rats and 
further prevents 6-OHDA induced neuronal loss. 
Both actions of genistein may be involved in the 
improved spatial learning and memory in the P and 
OP animals. However, other possible mechanisms 
such as antioxidant properties, positive impact on 
the cholinergic transmission and anti-inflammatory 
effects by genistein cannot be ruled out. Irrelevancy 
of the genistein actions with the dyskinesia observed in 
this study suggests that the cognitive improvement by 
genistein may also contribute to effect of the 
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phytoestrogen on some areas of brain other than the 
striatum. 
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