
CELL JOURNAL(Yakhteh), Vol 15, No 1, Spring 2013 55

Model of Parkinson’s Disease: Behavioral and 
Immunohistochemical Evaluation

* Corresponding Address: P.O.Box: 36717,  Department of Biology, School of Biology, Damghan University, Damghan, Iran

Abstract
Objective: There is longstanding experimental and clinical evidence that supports the 
idea that replacement of dopaminergic (DAergic) neurons can ameliorate functional 
disabilities of Parkinson’s disease (PD). The purpose of the present study is to exam-

tyrosine hydroxylase-positive (TH+) cells induced by deprenyl into 6-hydroxydopamine 
(6-OHDA)-lesioned rat models, using behavioral tests and immunohistochemical eval-
uations.

Materials and Methods: In this experimental study, undifferentiated BrdU-labeled BM-
SCs were incubated in serum-free medium that contained 10-8 M deprenyl for 24 hours. 

supplemented with 10% FBS, then differentiated into TH+ neurons. We randomly divided 
24 hemiparkinsonian rats as follows: group 1 (control) received only medium, while groups 
2 and 3 were injected with 2×105 BMSCs and deprenyl-treated cells in 4 μl medium. Injec-
tions were made into the injured strata of the rats. Rotational behavior in response to apo-
morphine was tested before transplantation and at 2, 4, and 6 weeks post-graft. Animals 

microscopic studies.

Results: Apomorphine-induced rotation analysis indicated that animals with grafted 

the control group at 2, 4, and 6 weeks after transplantation. Immunohistochemical 

such as NF 200 and TH, at the implantation site. The presence of TH+ cells in conjunc-
tion with the reduction in rotation might show the capacity of grafted cells to release 
dopamine. Ultrastructural analysis revealed the presence of immature neurons and 
astrocyte-like cells at the graft site.

Conclusion: TH+ neurons induced by deprenyl can be considered as a cell source for PD 
autograft therapy. 
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Introduction

a disruption in the normal function of the basal 

The replacement of degenerated neurons with 

encephalic tissue that has been obtained from 

cells are limitations for the application of this 

searching for other reliable sources of midbrain 

promising candidates. There are three sources of 

The ethical debate on using aborted embryo 

source of stem cells for cell replacement thera

and can be used for autologous transplantation 
in vitro 

cells can be produced in vitro

effects of selegiline may play a significant role 

It has been reported that deprenyl can protect 

 cells from rat 

Materials and Methods
Animals

Preparation of bone marrow stromal cells and pro-
duction of tyrosine hydroxylase–positive neurons

2 
2 accord
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ing to a protocol by 
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were incubated with secondary antibodies at 
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carried out in a master cycler (Ep

each sample; all stages were controlled in the 

Unilateral corpus striatum 6-OHDA lesions and 
transplantation

selected for transplantation surgery by counting 

side were selected for transplantation surgery 

suspension was then prepared at a concentration 

pension was injected into the injured striatum 

automatic microinjection pump at an  injection 
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Immunohistochemical study

body in goat ) for 2 hours 

 

nally the two images were merged.

Statistical analysis

Results

ed cells compared to undifferentiated cells.

Table 1: The primers used for reverse transcription-polymerase chain reaction analysis 
Accession numberPrimer sequencePredicted sizeGene

Nurr1

TH
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Fig 1: Deprenyl-treated rat mesenchymal stem cells (MSCs) display neural morphology and express neuronal mark-
ers. A. Fifth passage of cultured bone marrow MSCs (BMSCs); B cultured BMSCs following neuronal induction by 
deprenyl; C, D. treated cells demonstrated immunoreactivity for tyrosine hydroxylase (TH); E. synaptophysin; and 
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Fig 2: RT-PCR analysis of tyrosine hydroxylase (TH) and mesen-
-

deprenyl-treated cells compared with undifferentiated cells.
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Apomorphine-induced rotation analysis

Groups
Histogram represents the rotation of different 
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Fig 3: Analysis of rotational behavior induced by apomorphine.
Apomorphine-induced circling behavior was evaluated at 2, 4, 
and 6 weeks after transplantation. Rats from the grafted groups 
were given BrdU-labeled bone marrow mesenchymal stem cells 
(BMSCs) that were undifferentiated and BrdU-labeled depre-
nyl-treated cells which were differentiated. Control animals 

-
tional behavior was detected in control rats, whereas the grafted 

Histological and immunohistochemical analysis 
Tissue sections were immunostained with 

 Fig 4: A. BrdU + cells at the implantation site; B. BrdU 
+ transplanted cells are engrafted in the site of injury; 
C, D. cryosection of implantation site shows tyrosine hy-
droxylase-positive (TH +) cells; E. negative control (pri-
mary antibody was deleted).
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.

The majority of implanted areas were found to 

 cells present in the grafts.

transplanted cells had engrafted at the injury site.

Electron microscopic study
The ultramicrostructure of the corpus striatum 

the implantation region showed characteristics 

amount of polysomes and rough endoplasmic re

the neurons at the implantation region.

Fig 5: Immunostaining of the host striatum grafted with deprenyl-treated cells six weeks after transplantation. A, B, C, D are out of 

FITC) and anti-BrdU antibody (secondary antibody conjugated with rhodamine), then the two images were merged. A. Phase contrast 

(TH) antibody (secondary antibody conjugated with FITC) and anti-BrdU antibody (secondary antibody conjugated with rhodamine), 

Fig 6: 
neurons (arrow) at the implantation region; B. an astrocyte-like cell among the transplanted cells (shown by star).
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Discussion

in vitro methods used to pu

entiating along multiple lineages including neural 

there are no ethical and immunological problems 

not as "undifferentiated" but rather as "multidif

in 
vitro

in vitro and as 

neurotrophic factors in a culture medium or by ec

differentiation into a neuronal phenotype with im

demonstrated that it is possible to isolate an ap

effect on cultured cells and stimulated their prolif
eration rate. 

cantly compared with those of untreated cells. 

 neurons. Transplanted mesenchymal cells 

the proliferation of endogenous progenitor cells; 

compared to lesioned animals without any grafts. 

with the host striatum and secrete dopamine.

 cells at the lesioned side 
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plete neural differentiation and integration with 

were immunohistochemically distinct from the 

that donor cells were more fully integrated into the 

became well integrated into the host tissue.

Conclusion

and it may produce growth factor that increases 

in vitro were 

 

 neurons in vivo and in vit-
ro. Our goal will be to identify essential growth 

This study may create the necessary foundation 
to generate consistently successful grafts in pa
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