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Abstract  
Background aims.  Rotenone is a widely used insecticide has a neurodegenerative 
effect on the dopaminergic cells of substantia nigra (SN) of midbrain producing 
Parkinsonism. The aim of this study is to study the effects of rotenone when injected 
subcutaneously on the dopaminergic cells of the substantia nigra of the midbrain. 
Methods. The effects of rotenone on the SN of midbrain and the were determined 
histopathologically, immunohistochemically, and by transmission electron 
microscopy. Results. Subcutaneous rotenone produced Parkinsonism through 
producing degeneration of the dopaminergic cells of SN of the midbrain. Conclusion. 
These results indicate that, rotenone has a neurodegenerative effect on the 
dopaminergic cells of the substantia nigra of the midbrain producing parkinsonism. 
Key words: Dopaminergic neurons, neurodegeneration, Parkinsonism, rotenone, 
Substantia nigra.   
 
 

Introduction 
Rotenone is an effective natural 

broad spectrum pesticide and 
insecticide [1] that is extracted from 
the roots of certain tropical and 
subtropical legume plants and widely 
used all over the world since decades. 
Its use in agriculture can cause serious 
pollution of streams and reservoirs 
since it can easily reach the soil with 
heavy rains [2]. The degradation can 
sometimes persist for months 
according to a variety of factors 
including light, temperature, depth in 
the soil, dose and the presence of 
organic debris, for example 
decomposition occurs faster as the 
temperature of the water is higher [3].  

It is often formulated as dusts, 
powders and sprays for use in gardens 
and on food crops [4]. It is whitish in 
color and odorless [5]. 

   Rotenone produces its cytotoxic 
effects by interfering with the electron 
transport chain in mitochondria. This 
interferes with NADH during the 
creation of usable cellular energy 
(ATP) leading to oxidative stress and 
the cellular oxygen is reduced to 
produce a reactive oxygen species 
which destroy the cellular DNA and 
mitochondria [3]. It can easily affects 
the central nervous system and other 
body systems because it is highly 
lipophilic, so, it crosses the blood brain 
barrier and cellular membrane easily 
affecting the nervous system [6].  

Rotenone is a potential cause of 
Parkinsonism because the long-term 
exposure to rotenone causes cellular 
changes in the form of injury to central 
dopaminergic neurons, degeneration 
and apoptosis of substantia nigra 
dopaminergic neurons and the 
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formation of Lewy bodies in neurons 
indicating neurodegenerative effects 
[7]. 

Parkinsonism is the second most 
prevalent neurodegenerative disease 
after Alzheimer's disease [8] and the 
first most common motor 
neurodegenerative disease [9] affecting 
about 1–3% of the population over 50 
years of age and 5% of the population 
over 65 [10] as its incidence and 
severity increases with age [11] and 
consistently affects males more than 
females and has a genetic susceptibility 
leading to familial and sporadic cases 
of Parkinsonism [12]. Also it was 
evidenced that Parkinsonism is more 
common in diabetics than non-
diabetics and more in cases of 
uncontrolled diabetes than whose 
diabetes is well managed and 
controlled because diabetes helps the 
damage of nerve cells while the 
antidiabetic drugs suppress the 
progression of Parkinsonism through 
the inhibition of microglial activation 
[13]. In addition, Parkinsonism is 
12 % higher in urban than rural areas 
[14] and is heritable only in 
approximately 5% of familial cases 
[15].  

Parkinsonism is characterized by 
death of the dopaminergic neurons in 
substantia nigra pars compacta [16]. 
Degeneration of pigmented neurons in 
this region is the 
principal pathology that 
underlies Parkinsonism. In a few 
people, the cause of Parkinsonism 
is genetic but in most cases the reason 
for the death of these dopamine 
neurons is unknown [17]. 

The neuronal degeneration of 
dopaminergic cells is as a result of 
some cellular changes including 
oxidative stress, mitochondrial 
dysfunction, inflammation and atypical 
apoptosis [18]. There are evidences 
demonstrate that an altered balance in 
mitochondrial division and fusion is an 

important mechanism leading to 
mitochondrial and neuronal 
dysfunction and degeneration [19]. 
Also, there are evidences that 
Parkinsonism is related to 
mitochondrial dysfunction through 
reducing mitochondrial complex 
activity as this leads to neuronal 
degeneration by decreasing energy 
production, so Parkinsonism can be 
produced by any cause of 
mitochondrial dysfunction including 
pesticides [20]. 
 

Material and methods 
This work was achieved in Ain Shams 
Hospitals, Cairo, Egypt. Experimental 
and physiological assessment was 
performed in Suez Canal University, 
Ismailia, Egypt. 
Induction of Parkinsonism 
Parkinsonism was induced by rotenone 
(Sigma-Aldrich, St. Louis, MO, USA). 
Rotenone was dissolved in dimethyl 
sulfoxide (DMSO) (Sigma-Aldrich, St. 
Louis, MO, USA) and injected 
subcutaneously in a dose of 1.5 mg /kg 
body weight every forty eight hours for 
six doses [21]. 
Evaluation of motor function and 
balance 

To assess the balance and motor 
coordination, each rat was placed on a 
horizontal rotating rod (10 cm long and 
4 cm in diameter). The rod rotation 
speed was 20 rpm. Each rat was left on 
the rotating rod and the time spent 
from putting the animal on the shaft of 
the rota-rod, till it falls to the ground 
(Latency) was recorded. The maximal 
time that was allowed for each rat was 
5 minutes [22]. 
Histopathological evaluation of 
midbrain 
Haematoxylin and eosin; for 
morphological assessment [23] and 
Masson-Fontana method; for the 
detection and evaluation of the 
dopaminergic melanin pigment 
producing cells in the SN of midbrain 
[24] were performed. 
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Tyrosine hydroxylase (TH) 
immunohistochemistry 
TH is a cytoplasmic 
immunohistochemistry stain was used 
to evaluate the TH+ dopaminergic 
neurons in the SN [25, 26] and their 
degeneration as a result of exposure to 
rotenone. 

Electron microscopy 
Ultrathin sections were examined 
using a TEM 10 transmission electron 
microscope (Zeiss, Jena, Germany) to 
evaluate the ultrastructural changes of 
the dopaminergic cells of the 
substantia nigra [27, 28]. 

 

Results 
Histopathological examination: 
A) Results of hematoxylin and eosin and Masson-Fontana stained sections: 
In the control group, the SN of midbrain appeared normal with the presence of the 
characteristic densely packed dopaminergic cells  (Figure 1 a), while in the group 
exposed to rotenone, there was marked reduction in the number of dopaminergic cells 
in the SN with numerous vacuoles  (Figure 1 b). 
 
             

 
 
Figure 1. Photomicrographs of  midbrain sections of male albino rats stained with 
hematoxylin & 
 
eosin showing normal structure with dopaminergic cells (arrows) containing melanin 
pigment in the SN in the control group (A), while in the group exposed to rotenone 
(B), there is decreased number of dopaminergic cells [D] and the appearance of 
degenerative vacuoles [V]. Scale bar 20 μm. X 400. 
 

B) Results of Masson-Fontana stained sections: 
In the control group, the SN of midbrain appeared normal with the presence of the 
characteristic densely packed dopaminergic cells  (Figure 2 a), while in the group 
exposed to rotenone, there was marked reduction in the number of dopaminergic cells 
in the SN with numerous vacuoles  (Figure 2 b). 
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Figure 2. Photomicrographs of  midbrain sections of male albino rats stained with 
Masson Fontana  
 

showing normal structure with dopaminergic cells (arrows) containing melanin 
pigment in the SN in 
the control group (A), while in the group exposed to rotenone(B), there is decreased 
number of dopaminergic cells [D] and the appearance of degenerative vacuoles [V]. 
Scale bar 40 μm. X 200. 
 

C) Results of tyrosin hydroxylase (TH) immunohistochemistry: 
In the control group, the SN showed normal appearance with large number of TH 
positive dopaminergic cells identified by their dark brown color (Figure 3 a).  In 
group treated with rotenone, there was obvious reduction in the number of the 
dopaminergic cells in the SN  (Figure 3 b). 

             
 
Figure 3.  Photomicrographs of midbrain sections of adult male albino rats showing 
normal structure 
 

with dopaminergic cells (arrows) containing melanin pigment with positive 
immunostaining of TH in the SN in the control group (A), while in the rotenone group 
(B), there is decreased number of dopaminergic cells (arrows). Scale bar 100 μm.  
(TH immunostain, x 100).  
 

D) Results of transmission electron microscopy (TEM): 
In the control group, the SN showed normal mitochondria with normal membranes 

and cristae and normal nuclear morphology with dispersed chromatin. Also, the 
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myelin sheaths around the axons appeared normal i.e. thick, regular and continuous 
(Figure 4 a). In the rotenone group, there was degeneration of the dopaminergic cells 
of SN in the form of mitochondrial distension and ruptured cisterns. The cytoplasm 

showed vacuoles. Also there were thinned interrupted myelin sheaths around the 
axons (Figure 4 b). 

 
 

 
 

Figure 4. Transmission electron micrographs of the midbrain of male albino rats 
showing a 

 
dopaminergic cell with normal nucleus [N], nuclear homogenously distributed 
chromatin [C], normal mitochondria [M], Golgi apparatus [G] and normal myelin 
sheaths [S] i.e. thick, regular and continuous in the control group micrograph (A). 
Scale bar 500 μm. X 30000. While the rotenone group micrographs (B) showing 
degenerative changes; condensate nuclear chromatin [C] in the center of the nucleus 
[N], degenerated mitochondria [M] (Distended with ruptured cisterns), numerous 
degenerative cytoplasmic vacuoles [V] and the myelin sheaths [S] are thin, irregular 
and discontinuous. Scale bar 2 μm. X 10000. 
 

Motor evaluation (Rota rod test) 
The motor balance and motor coordination were evaluated by rota-rod test in which 
each rat was placed on a horizontal rotating rod and the latency (Time in seconds 
spent from putting the animal on the rotating rod till it falls to the ground) was 
recorded. The results indicated highly significant drop of the rota-rod test in group B 
(The rotenone group) compared to group A (The control group) indicating motor 
disturbances of Parkinsonism induced by rotenone. In group C (The OSCs-treated 
group) there was a marked motor improvement when compared to group B indicating 
the ability of OSCs to reach the substantia nigra of midbrain to replace the 
dopaminergic cells damaged by rotenone as shown in table 1 & figure 5. 
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Table 1: Mean ± SD of the rota-rod test of the three groups 
Group 
 

Mean 
 

Std. Deviation 
 

Group A (Control Group) 63.9000 9.96048 
Group B (Rotenone Group) 20.6000 6.96340 
Group C (OSCs-treated group) 46.1000 6.33246 
Total 43.5333 19.62007 

ANOVA = 75.665, P value <0.001 (HS) 
 

 
 

Figure 5. Mean ± SD of the rota-rod test of the three groups. 
 
Discussion 

Parkinsonism is a common 
neurodegenerative disease resulting 
from degeneration of the dopaminergic 
cells of substantia nigra of midbrain 
and manifested by motor and 
psychological problems. To date, no 
curative treatment for Parkinsonism 
has been proven apart from certain 
drugs for only symptomatic relief. 
However, these available drugs have 
numerous side effects. 

Substantia nigra injury has a very 
poor capacity for intrinsic 
regeneration. Problems such as limited 
cell sources, high incidence of the 
neurodegenerative disorders affecting 
substantia nigra and hazardous effects 
of long term therapeutic regimens 
result in the need for cell replacement 
therapy to treat  these 

neurodegenerative diseases such as 
Parkinsonism [29].  

In the current study, rotenone was 
used to induce Parkinsonism because 
rotenone is a widely used broad 
spectrum insecticide and pesticide and 
easily produced by extraction from the 
roots and stems of several tropical and 
subtropical plant species, especially 
those belonging to the genera 
Lonchocarpus and Derris [30]. 
Rotenone can be absorbed through the 
gastrointestinal mucosa if ingested 
orally [31] and adequately absorbed if 
injected subcutaneously then it can 
cross the blood brain barrier in 
sufficient amounts to produce 
oxidative stress toxic effects on the 
brain tissues mainly through 
mitochondrial destruction. This results 
in numerous neurodegenerative 
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disorders including non-specific 
central nervous system toxicity 
resulting in induction of apoptosis and 
degeneration of the dopaminergic 
nerve cells of the substantia nigra of 
midbrain leading to Parkinsonism [32]. 

Rotenone is extremely hydrophobic 
in nature, so it can be given by any 
route. It crosses the biological 
membranes easily including the blood 
brain barrier and does not depend on 
the dopamine transporter for acquiring 
access to the cytoplasm of 
dopaminergic neurons [33]. 

In agreement with our study, Schuler 
and Casida, (2001) [34] detected that 
rotenone administration leads to the 
appearance of motor and none motor 
parkinsonian manifestations as it 
inhibits the activity of NADH-
ubiquinone reductase leading to the 
formation of reactive species, such as 
superoxide anions, and the formation 
of these reactive species affects the 
dopaminergic cells of SNpc seriously 
because of the high levels of 
metabolism in substantia nigra, the 
high prevalence of glial cells, and 
particularly the low levels of 
antioxidant defenses in this region. 
Also, Pan et al. (2009) [35] have 
shown that rotenone induces neuronal 
degeneration through the induction of 
apoptosis and oxidative stress and it 
produces Parkinsonism through highly 
selective neurodegeneration of 
dopaminergic cells.  

In our study, injection of rotenone 
into the rats resulted in degenerative 
effects on the substantia nigra of the 
midbrain specimens. These 
neurodegenerative changes were in the 
form of marked reduction in the 
number of dopaminergic cells. This 
was in accordance with Alam and 
Schmidt, (2002) [36] as they detected 
that, rotenone destroys dopaminergic 
neurons of SNpc leading to depletion 
of the neurotransmitter dopamine with 
appearance of the parkinsonian 

symptoms in rats. Also, Kim et al. 
(2009) [37] explained that, rotenone 
crosses the blood brain barrier to enter 
the nerve cells then, inside the nerve 
cells, rotenone inhibits mitochondrial 
respiration, thus elicits ATP 
deficiency, produces reactive oxygen 
species, and disrupts 
Ca2+ homeostasis, downstream 
mitochondrial damage leading to 
release of cytochrome C and caspase-3 
activation and finally causing apoptotic 
death.  

The current ultrastructural findings 
exhibited disturbances in the nuclear 
chromatin that became fragmented 
instead of being homogenously 
distributed in rotenone treated group. 
This was in correlation with results of 
Mani et al. (2014) [33] who reported 
that, the pathological features of 
rotenone effects on substantia nigra 
dopaminergic cells include 
significantly increased number of cells 
showing apoptotic features in the form 
of rupture of the cell membrane and 
nuclear DNA damage (fragmentation 
of nuclear chromatin). 

Another finding was mitochondrial 
degeneration in the form of swollen 
vacuolated mitochondria with loss of 
their cisternae. This is in agreement 
with the findings of Dauer and 
Przedborski, (2003) [6] who detected 
that pathogenesis of Parkinsonism 
includes oxidative stress in the form of 
mitochondrial dysfunction and 
degeneration, and with Cabezas et al. 
(2012) [38] who reported, the 
oxidative impairment of mitochondrial 
function induced by rotenone causes 
bioenergetic failure through the 
production of oxidative molecules 
causing mitochondrial damage and cell 
death accompanied by microglial 
activation and neuroinflammation.  
 It has been mentioned that, 
Parkinsonism results from the 
degeneration of dopamine-producing 
nerve cells in the substantia nigra of 
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the midbrain and the clinical signs of 
Parkinsonism appear when about 70% 
of the dopamine-producing neurons are 
damaged [16]. Moreover, Rodriguez-
Oroz et al. (2009) [39] detected that 
Parkinsonism is associated with the 
selective loss of dopaminergic neurons 
in the SNpc leading to decreased 
dopamine level in the corpus striatum 
because dopamine reached the corpus 
striatum through the nigrostriatal 
dopamine pathway in the brain, this 
causes de-regulation in the basal 
ganglia circuits that leads to the 
appearance of motor symptoms such as 
bradykinesia, resting tremor, rigidity, 
and postural instability as well as non-
motor symptoms such as sleep 
disturbances, depression, and cognitive 
deficits.  
 The known ultrastructural changes in 
the dopaminergic neurons undergoing 
neurodegeneration in cases of 
Parkinsonism including mitochondrial 
changes such as swelling, 
vacuolations, distorted cristae and 
empty mitochondria due to oxidative 
mitochondrial stress and nuclear 
disturbance such as shrunken nuclei 
and condensation of the nuclear 
chromatin [40] are in correlation with 
our findings concerning the group 
treated with rotenone. 

Concerning the functional motor 
evaluation using the open field test and 
rota-rod test, the current findings were 
in agreement with the results of many 
previous studies such as those done by 
Fleming et al. (2013) [22] as they used 
the rota-rod test to evaluate the motor 
disturbances of Parkinsonism. 

As a conclusion of the current study, 
rotenone that is a widely used 
insecticide and pesticide has a 
neurodegenerative effect on the 
dopamine producing cells of the 
substantia nigra of the midbrain 
leading to Parkinsonism.  
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