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ABSTRACT

Background: Melatonin has receptors in substantia nigra pars compacta (SNc) and regulates development of 
dopaminergic (DA) neurons. This study was undertaken to determine ability of melatonin to protect SNc 
dopaminergic neuron loss induced by estrogen deficiency in ovariectomized rats. Methods: Female rats were 
randomized into four groups of seven each: control, ethanol sham, ovariectomy (ovx) and ovx with melatonin 
(ovx + m). In ovx, ovaries were removed. Ovx + m group was intraperitoneally injected with melatonin for 10
days, while the ethanol sham group received only ethanol. All rats were perfused with 4% paraformaldehyde, 
midbrains removed, fixed and paraffin embedded, then processed for Nissl and tyrosine hydroxylase staining
(IHC). Ten sections of SNc in Nissl and IHC staining were analyzed in each animal, Nissl stained and tyrosine
hydroxylase (TH) immunoreactive cells were counted in five experimental groups randomly. Data was 
analyzed using SPSS by ANOVA and t-test. Differences were considered significant for P<0.05. Results: 
There was less cell number in ovx compared to control and ethanol sham groups significantly (P<0.001). The 
ovx + m group had more cells than the ovx group in the SNc significantly (P<0.001). Furthermore, there was 
significant decrease of TH positive cell number in the ovx group compared to control and ethanol sham 
groups (P<0.05). The number of TH immunoreactive cells was higher in ovx + m compared to the ovx group 
(P<0.05). Conclusion: These findings can be compared with human and used in clinical application for 
prevention of DA neuron death of SNc after ovariectomy. Iran. Biomed. J.  15 (1 & 2): 44-50, 2011
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INTRODUCTION

he substantia nigra (SN), a part of basal 
ganglia that located in the mesencephalon 
(midbrain), plays an important role in reward, 

addiction and movement. Anatomical studies have 
found that SN consists of two parts with very 
different connections and functions, the SN pars 
compacta (SNc) and SN pars reticulate. The pars 
compacta serves mainly as an input to the basal 
ganglia circuit, supplying the striatum with 
dopamine. The pars reticulata, on the other hand, 
serves mainly as an output, conveying signals from 
the basal ganglia to numerous other brain structures. 
Neurons in the pars compacta are generally 

dopaminergic (DA) and can be distinguished by 
their dark appearance to a build-up of melanin. 

The neurons in the pars reticulata are mainly 
GABAergic (γ-Aminobutyric acid-containing 
neuron) [1-3]. A decrease in the number of the 
dopaminergic neuronal cells may contribute to the 
development of the neurodegenerative diseases such 
as Parkinson's diseases (PD). Gender differences are 
apparent in the onset and progression of PD [4]. 
Female animals have greater number of tyrosine
hydroxylase (TH) immunoreactive neurons in the 
SNc than males [5]. TH is an enzyme in the 
synthesis of dopamine and the antibody for this 
enzyme is very useful for visualizing DA [6]. 
Ovariectomy (ovx) diminishes the number of TH-
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immunoreactive cells in the SNc; an effect which 
can be reserved by estrogen replacement [5]. 
Estrogen administration lowers the severity of 
symptoms of PD in postmenopausal women [4]. 
Estrogen therapy dramatically improves the effects 
of estrogen deficiency, but various adverse effects 
such as breast, endometrial and ovarian cancers are 
seen with long term estrogen therapy [7-9].

Recently, it has been suggested that melatonin, the 
pineal gland hormone, regulates the development of 
dopaminergic system and MT1 (melatonin receptor 
1) is expressed in SN area [10]. Melatonin is a 
radical scavenger and prevents electron leakage 
from the mitochondrial electron transport chain 
thereby diminishing free radical generation [11].
Melatonin is not only a radical scavenger but also as 
a potent antioxidant has neuroprotective activity in 
animal model of ischemic stroke [11, 12] and at 
pharmacological doses protect neurons in diverse 
models of neurodegeneration including PD [13]. In 
addition, melatonin elicits significant functional 
changes in the nigrostriatal DA system. The studies 
have shown that environmental stressors such as 
irradiation inhibit neurogenesis and are associated 
with the onset of cognitive impairments. Melatonin
metabolites act as a protective agent against high 
energy charged particle radiation-induced oxidative 
damage to the brain [14].

Melatonin can easily cross the blood brain barrier 
and lacks side-effect [15]. Therefore, the present 
study was undertaken to determine the ability of 
melatonin to protect the SNc DA loss induced by 
estrogen deficiency in ovariectomized rats. 
Morphological changes were examined after animal 
were ovariectomized and treated with melatonin.

MATERIALS AND METHODS

Chemicals. Melatonin was obtained from Sigma
(USA). Mouse monoclonal antibody to tyrosine
hydroxylase (primary antibody, dilution 1:80) and 
goat polyclonal secondary antibody to mouse IgG + 
IgM + IgA (HRP, dilution 1:100) were purchased 
from Abcam (USA) and DAB (3-3´diamino-
benzidine) from Dako (Denmark).

Animals. Three-month old female Sprague-
Dawley rats (n = 28, 170-180 g) were purchased 
from the Pasteur Institute of Iran and housed in a 
temperature-controlled room at 23 ± 2ºC with 12-
hour light/12-hour dark cycle. The animals were fed 
with pellets purchased from Pars Dam (Tehran, Iran) 

and were cared for in accordance with principals and 
guidelines of the Cellular and Molecular Research 
Center of Tehran University of Medical Sciences.

Experimental design. The rats were randomized 
into four equal groups of seven each: control, 
ethanol sham, ovx and ovx with melatonin (ovx +
m). For ovx group, fourteen animals were 
anesthetized with ketamine (50 mg/kg) in 
combination with xylazine (5 mg/kg). An incision 
was made in the abdominal wall and the ovaries 
were removed, then the incision was sutured. After 
two months, the blood samples were collected and 
the level of serum estrogen was measured. After 
approving the reduction of the serum estrogen level 
in the ovariectomized rats, the half of the ovx rats 
were intraperitoneally injected with melatonin (20
mg/kg) dissolved in ethanol (8 mg/kg) for 10 days. 
The ethanol sham group received only ethanol.

Histopathological and immunohistochemical 
analyses. Seven days after the last injection, all rats 
were anesthetized and perfused transcardially with 
0.1 M PBS (pH 7.4) followed by 4% buffered 
paraformaldehyde fixative. The brains were 
removed and postfixed in the same fixative
overnight. Then, the midbrains were cut and 
dehydrated in ascending alcohol series, cleared in 
xylene, infiltrated with paraffin and embedded in 
paraffin. The 5-µm coronal sections were serially 
collected from bregma -4.52 mm to -6.04 mm of 
midbrains [16] with an interval of 30 µm between 
each two consecutive sections. The half of the 
sections was stained for Nissl (cresyl violet), the 
other half of the sections were processed for 
immunohistochemistry (IHC). For this purpose, the
sections were incubated at 62ºC for 20 minutes,
rehydrated in descending alcohols, immersed in 10%
H2O2/Methanol to reduce endogenous peroxidase 
activity for 10 minutes. Then, the sections were 
washed in Tris buffer [H2NC(CH2OH)3, pH 7.4] and 
kept in citrate buffer (C6H5Na3O7.2H2O, pH 6) in 
autoclave to boil for 11 minutes. After cooling, the 
sections were washed in Tris wash buffered and 
incubated in BSA for 10 minutes. Afterward, the 
sections were incubated in the primary antibody for 
1 hour. The sections were washed again in Tris wash 
buffered (pH 7.4), and then incubated in the 
secondary antibody for 1 hour. The sections were 
washed in Tris wash buffered (pH 7.4). To visualize 
the bound antibody, the sections were reacted with 
DAB for 10 minutes, washed in Tris wash buffered 
(pH 7.4), and counterstained with immersing in 
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hematoxylin for 10 minutes , then washed in tap 
water for 3 minutes and dehydrated in ascending 
alcohols, cleared in xylol and covered with cover
slip. For negative control, the sections were 
processed as described above except that the primary 
antibody was not used.

Morphometric studies. Ten coronal sections from 
rostral to caudal of the SNc in Nissl and IHC 
staining were analyzed in each animal. The picture 
of each section was taken by an Olympus AX70
microscope and DP11 digital camera under 
magnification of 40×. An area of 90,000 µm² was 
measured randomly in the region of SNc in five 
separate microscopic fields [17, 18]. To count the 
number of neuronal cells in Nissl staining (including 
dopaminergic cells and interneurons) and IHC (the 
TH positive cells), the pictures were transferred to 
the computer using OLYSIA autobiorepot software 
(Olympus optical co. Ltd, Japan). A grid was 
superimposed on the picture and the cells with 
obvious nucleus were counted. Then, a cross was 
appeared on the counted cells to prevent recounting.

Statistical analysis. Data was analyzed using 
SPSS software by one way analysis of variance
(ANOVA) and t-test. The results are expressed as 
the mean ± SD and differences were considered 
significant for P<0.05.

RESULTS

The estrogen level test of the experimental groups 
demonstrated that the level of estrogen in the control 
and ethanol sham groups were 78.9 pg/ml, while the 
estrogen level decreased to 5.5 pg/ml in the ovx 
group after two months. Figures 1 and 2 show the
boundaries of the SNc which were used to measure 
cell number in the experimental groups in Nissl and 
IHC staining. Statistical and comparative light 
microscopic analyses demonstrated that population 
of Nissl-stained cell number in the ovx group had a 
prominent decrease compared to the control and 
ethanol sham groups (P<0.001, Table1 and Fig. 1).
The cell number in the control and ethanol sham 
groups were similar (213 ± 1.92 and 212 ± 2, 
respectively), but in the ovx group, the number of 
Nissl-stained cells was 169 ± 1.7. The
ovariectomized rats which had received melatonin, 
had significantly more Nissl-stained cells than the 
ovx group in the SNc (P<0.001, Table 1 and Fig. 1).
The count of DA cells in the SNc of the four groups 
is summarized in Table 1. There was a significant 

Fig. 1. Images of the midbrain coronal sections in the control 
(A), ethanol sham (B), ovx (C) and ovx + m (D) groups. The 
arrows show boundaries of the SNc used to measure cell number 
in the experimental groups. Nissl staining, 10×. A higher 
magnification of neurons in the SNc is observed on the right 
corner of each photomicrograph. As shown in the Figure, the 
ovx group has lesser Nissl-stained cells than the ovx + m group 
in the SNc (40 ×). All figures are left side of the SNc.
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Fig. 2. TH immunoreactivity in coronal sections of the midbrain showing the region of SNc used for counting the TH positive cells. 
Photographs are shown from the control (A), ethanol sham (B), ovx (C) and ovx + m (D) groups. The arrows show the boundaries of 
the SNc used to measure cell number in the experimental groups. IHC staining, 10×. The TH positive neurons in the SNc of each 
group are shown on the right corner of the photomicrographs with a higher magnification. Note the more neurons in the ovx + m group 
compared to ovx group (40 ×). All figures are left side of the SNc.

decrease of TH positive cell number in the ovx 
group compared to the control and ethanol sham 
groups (P<0.05, Fig. 2). As it is shown in Table1,
the ovx + m group had an apparent more TH 
positive cells compared to the ovx group (P<0.05, 
Fig. 2), indicating the resistance of DA cells against 
estrogen deficiency.

DISCUSSION

The present study focused on the effect of 
melatonin on DA loss in ovariectomized rats using 

morpho-metric analysis. Studies involving estrogen 
treatment of ovariectomized rats have attributed to 
this hormone a neuroprotective effect on the SNc 
neurons. Estrogen exerts effects on DA that are the 
target of PD. They induce expression of tyrosine 
hydroxylase in developing DA neurons potentiate 
release of dopamine [19-24]. Yet the exact 
mechanisms implicated remain obscured [25].

Estrogen receptors are thought to be sparse in 
mouse striatum and SNc. It may act via nuclear 
receptor independent mechanisms to protect 
dopamine neurons [26]. One of the findings of this

    Table 1. The cell number of Nissl and TH positive (IHC) stained in the SNc of the four experimental 
groups. Nissl-stained cells included dopaminergic cells and interneurons.

Groups Nissl-stained cell number
mean ± SD

TH positive (IHC) stained cell number
mean ± SD

Control 213 ± 1.92 179 ± 1.48
Ethanol sham 212 ± 2.00 177 ± 1.08
Ovx 169 ± 1.70* 137 ± 1.63***

Ovx + m 178 ± 0.90** 143 ± 1.33****

*Significant P<0.001 as compared to the control and ethanol sham groups, **significant P<0.001 as 
compared to the ovx group, ***significant P<0.05 as compared to the control and ethanol sham groups, 
****significant P<0.05 as compared to the ovx group.
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research was the reduction of estrogen level and SNc 
DA neuron loss in the ovx group, which is in 
agreement with the research carried out in primates 
and 10 days after ovx; estrogen is practically 
eliminated and dopaminergic cell density decreased 
significantly [5]. In human studies, Ragonese et al.
[23] found that PD was associated with factors that 
reduced estrogen stimulation during their life.

Therefore, both animal and human studies suggest 
a beneficial regulatory effect of estrogen on the
nigrostriatal dopaminergic system. Estrogen therapy 
lowers the severity of symptoms of PD in 
postmenopausal women [4], but in long term 
treatment causes breast and genital cancers [7-9].
As a result, melatonin, which easily passes the blood 
brain barrier and lacks of any relevant side-effect,
was proposed as a potential agent to prevent loss of 
DA cells in SNc after ovx or in cases with estrogen 
deficiency. 

Melatonin is one of the most powerful antioxidant 
acting at various levels from direct radical 
scavenging to enzymatic regulation of oxidant 
formation and mitochondrial radical avoidance [27,
28]. The prevention of apoptotic or necrotic cell 
death can be partially attributed to this property, but 
additional mitochondrial effect concerning the 
support of electron flux, ATP synthesis can be 
considered. The phenomenology of its protection is 
complex and melatonin may have acted on multiple 
targets [29]. In a neuron which is more vulnerable to 
decrease of estrogen level, melatonin may be 
sufficient for rescuing the cell as shown in this 
research. Melatonin effect was demonstrated by 
determining tyrosine hydroxylase level and the 
number of normal DA cells [30]. A significant 
increase in TH protein at 0.5 and 1 nM of melatonin 
has been seen and suggested a physiological role of 
melatonin in modulating TH expression, possibly via 
the MT1 receptors [31, 32]. TH immunostaining was 
useful for visualizing dopamine synthesizing 
neuronal cells in SNc [33, 34]. By this method, we 
could recognize apparent decrease in the number of 
TH positive neurons in SNc of the ovx group, while 
in the ovx + m group the more neurons were
observed. This fact indicates that dopamine 
synthesizing neuronal cells are protected by 
melatonin and may be more resistant against 
estrogen deficiency. 

Furthermore, there were more Nissl-stained cells 
in the ovx + m group compared to the ovx group 
indicating that there was both a functional and a true 
neuroprotection by melatonin. In other words, there 
was an actual increase in SNc cell survival. Our 

results also indicated that in each group, there were 
more Nissl-stained cells than TH cells in SNc. Nissl 
staining has been shown to label all the cells across 
the entire thickness of the section [35]. IHC did not 
reveal a distinct population of non-TH positive cells 
in the SNc. These cells would have been revealed by 
Nissl staining [36].

The results of this study indicated that SNc 
dopaminergic cells, protected by melatonin and DA 
cells, were more resistant to estrogen deficiency in 
the ovx + m group. Therefore, these findings can be 
compared with human and have clinical application
for prevention of DA neurons death after ovx or 
menopause. 
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