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Abstract: Rotenone (organic pesticide and inhibitor of mitochondrial complex I) is used to generate an experimental 
model of Parkinson’s disease (PD). In the present study, we investigated rotenone-induced locomotor deficits, gait 
dynamics and muscular weakness in rats. The study also determined dopamine (DA) and dihydroxyphenylacetic acid 
(DOPAC) levels following rotenone administration. In the study, adult male rats were administered subcutaneously (s.c.) 
with rotenone (1.5 mg/kg/day) for 8 days. Motor activities were monitored by the Kondziela’s inverted screen test, beam 
walking test and footprint test. Animals were decapitated after behavioral analysis and brains were dissected out for 
neurochemical estimation. Results showed that the levels of DA and DOPAC were significantly decreased, which further 
supported by significant impaired motor coordination in rotenone treated rats. In conclusion, the behavioral and 
neurochemical findings of our study further strengthen the previous report and emphasizes on short term administration 
of rotenone producing PD-like symptoms in rats.  
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INTRODUCTION 
 
Rotenone is widely used as an organic pesticide and a 
specific inhibitor of mitochondrial complex I. It is 
lipophilic in nature and can readily cross the blood brain 
barrier, entering into dopaminergic neurons because it 
does not depend on dopamine (DA) transporters, resulting 
in complex I inhibition (Alam and Schmidt, 2002). 
Rotenone causes systemic inhibition of mitochondrial 
complex I, which results in the production of reactive 
oxygen species (ROS) that block the electron transport 
chain, and cause neurodegeneration (Moon et al., 2005). 
Rotenone exposure recapitulates most of the mechanism 
thought to be important in PD pathogenesis such as 
oxidative damage, the selective degeneration of 
nigrostriatal dopaminergic neurons, and movement 
disorders (Betarbet et al., 2002). It has been reported that 
administration of rotenone in rats developed behavioral, 
neurochemical and biochemical changes similar to that 
observed in PD (Betarbet et al., 2002; Betarbet et al., 
2000). Although, rotenone is widely distributed in the 
brain, it can cause selective neurodegeneration in specific 
brain regions (Greenamyre et al., 2011), and has been 
directly associated with the onset of PD.  
 
PD is a chronic, progressive and the second most common 
age-related neurodegenerative disorder (Tsouli and 
Konitsiotis, 2010). Degeneration of dopaminergic neurons 
results in the depletion of DA neurotransmitter, which 
results in extrapyramidal motor dysfunction (Calne, 
2001). Tremors, muscular rigidity (stiffness), 
bradykinesia (slowness of movement) and impairment of 

balance are most common motor symptoms of PD. The 
precise cause of PD is remaining unknown but PD is 
accepted as multifactorial disease. Familial PD has been 
linked to mutation in genes and the cause of sporadic PD 
is unknown but both environmental and genetic factors 
contribute in sporadic PD (Tieu, 2011). Perhaps, there is 
not one single factor responsible for neurodegeneration 
(Auluck et al., 2002). A number of mechanisms are 
involved in PD such as oxidative stress, mitochondrial 
defects, proteolytic stress and neuroinflammation 
(Blandini and Armentero, 2012). Evidence showed that 
mitochondrial dysfunction mainly to the respiratory chain 
of complex I results in oxidative stress which underlies 
the pathology of PD (Betarbet et al., 2000; Tieu, 2011).  
 
In order to develop therapeutic strategies for PD it is 
important to understand its etiology and mechanism of 
neurodegeneration. A perfect model of PD should consist 
of pathology and clinical features of PD in which the 
dopaminergic and non dopaminergic systems, the central 
and peripheral systems, in addition motor and non motor 
symptoms should be involved (Alam and Schmidt, 2002). 
Various helpful animal models of PD are present, among 
the different animal models the rotenone model mimics 
the classical features of PD and provides certain 
advantages in modeling pathogenesis of PD (Betarbet et 
al., 2002). Various environmental factors have been 
involved in PD pathogenesis (Freire and Koifman, 2012). 
Studies suggested that subjects with heavy exposure to 
pesticides have a higher risk of developing PD (Ahlskog 
and Muenter, 2001; Blandini and Armentero, 2012). In 
this perspective, various studies have suggested the 
involvement of pesticide such as rotenone in contributing *Corresponding author: e-mail: saida-h1@hotmail.com 
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to the higher incidence of sporadic Parkinsonism in rural 
populations (Priyadarshi et al., 2001; Vanacore et al., 
2002). 
 
Previous studies have employed the chronic use of 
rotenone to generate an experimental model of PD that 
mimics and elicits PD-like symptoms, such as motor 
dysfunction but have used less specific behavior to 
assessed PD-like symptoms. In the present study, 
therefore, we investigated whether short term 
administration of rotenone also induces significant PD-
like symptoms in rats. So, this study was further extended 
to find out the rotenone-induced behavioral changes 
associated with neurochemical abnormality in rotenone 
treated PD model. Deficits in gait are a hallmark of 
symptoms of PD. Although, gait dynamics in various rat 
models have been assessed but data focusing on gait in 
rotenone-induced rat model of PD is not available. We 
therefore assessed the gait changes in rotenone model of 
PD using footprint method. 
 
MATERIALS AND METHODS 
 
Experimental protocol 
Fourteen locally bred Albino-Wistar rats weighing 150-
200g were purchased from Dow University of Health 
Sciences, Ojha Campus, Karachi. After three days of 
acclimation period, rats (n=14) were randomly divided 
into two groups; control (n=6) and test (n=8). Rotenone 
was purchased from Sigma Chemical Co. (St. Louis, 
USA). Rotenone was dissolved in sunflower oil. 1.5 
mg/kg rotenone was injected subcutaneously (s.c.) to the 
test rats whereas controls were treated with vehicle 
(sunflower oil) simultaneously. Treatment was continued 
during which rats were subjected to Kondziela’s inverted 
screen test to determine the muscular strength and beam 
walking test to observe the motor coordination and 
balance following rotenone administration. Footprint test 
was used to obtain the foot step pattern of control and 
rotenone injected rats. All experiments were carried out 
between 8:00 and 17:00 h. Rats were decapitated after 
behavioral analysis to collect their brains. Whole brain 
was removed from the skull within 30 s after decapitation. 
All brain samples were immediately stored at -70°C for 
neurochemical assays (fig. 1a). Dopamine (DA) and 
dihydroxyphenylacetic acid (DOPAC) were estimated in 
whole brain of rat.  
 
Behavioral analysis 
Kondziela's inverted screen test 
Kondziela the inverted screen test has been used 
previously for measure of muscular strength of animals 
using all four limbs (Kondziela, 1964). The inverted 
screen is a 43 cm square of wire mesh consisting of 12 
mm squares of 1 mm diameter wire. It is bordered by a 4 
cm deep wooden beading (which prevents animals from 
climbing on to the other side). The test was done by 
placing the rat in the centre of wire mesh screen which 

was rotated to an inverted position over 120 seconds with 
the rats head declining first.  The time when the rat fell 
off from the screen was noted. 

 
Fig. 1a: Schematic representation of experimental 
protocol. 

 
Fig. 1b: Representation of footprint pattern and dilated 
eyes. Forepaws and hindpaws were coated with red and 
green ink, respectively. The dotted lines indicate stride 
length. The irregular distance between the fore- and hind 
paws in control and test rats is encircled. The prominent 
dilated eyes were also observed in rotenone treated rats in 
current study. 

 
Fig. 2: Effect of rotenone on muscular strength for all 
four paws was assessed by Kondziela test. Rotenone 
impaired the muscular strength of rats as observed by 
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significantly decreased time to hold the inverted screen as 
compared to controls (**p<0.01). Significant differences 
were obtained by independent sample-t test. Values are 
mean+SD (n=6 controls; n=8 test rats). 
 
Beam walking test  
Beam walking is a test of motor coordination (Goldstein, 
1993). The rats have to cross a beam which is suspended 
between a start platform and their home cage at a height 
of 50 cm and is supported by two pillars. A cushion was 
placed under the beam in order to protect the animals 
from the bang into the floor.  The difficulty of this task 
can be assorted by using beams with different shapes and 
widths (Jover et al., 2006). Motor coordination and 
balance was assessed by the ability of a rat to crossways a 
graded series of beams. Three circular beams of different 
diameters were used in this study such as 3cm, 2cm, 1cm 
and length of 100 cm. In the training phase, animals were 
trained to traverse the three beams (from widest to 
narrowest) directly into the animal's home cage. This 
helps to make certain that the behavior during testing is 
more stable and more precisely reflects motor 
coordination as opposed to the rodent’s natural aversion 
to crossing over unprotected spaces. After training session 
testing phase was done and the time taken to cross the 
beam and number of foot slips off the beam were 
recorded.  

 

 
Fig. 3: Beam test was performed to assess the motor 
coordination particularly of the hind limbs. Rotenone 
significantly increased the (a) time to cross the beam and 
(b) number of slips in all three beams of varying 
diameters as compared to control rats, confirming the loss 

of motor skills. Values are mean +SD (n=6 controls; n=8 
test rats). 

 
Fig. 4: Analysis of foot step pattern by footprint test. 
The quantification of (a) strides, (b) base width, and (c) 
overlap in control (n=6) and test (n=8) groups. Values are 
mean+SD. Significant data was analyzed by independent 
sample-t test versus controls (**p<0.01). 
 
Footprint test 
To obtain the footprints, the rat hindlimb and forelimb 
were coated with green and red non-toxic paints. The 
animals were then allowed to walk along a 100 cm long, 
10cm wide runaway (with 20 cm high walls). A fresh 
sheet of white paper was placed on the floor of the 
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runaway for each rat run. The footprint patterns were 
analyzed for three step parameters (all measured in 
centimeters): stride length, base width and overlap 
between forelimb and hind limb. A sequence of four 
consecutive steps was chosen for evaluation, footprints 
made at the start and end of the run where the animal was 
initiating and finishing movements were not included 
(Nascimento-Ferreira et al., 2013). 
 
Neurochemical analysis 
Determination of biogenic amines 
For determination of biogenic amines homogenization of 
frozen brains was carried out in an extraction medium 
using an electrical homogenizer (Polytron; Kinematica). 
The neurochemical analysis was done to assess 
concentrations of, DA, and its metabolites DOPAC in 
brain as described by Haider et al. (2014).  
 
STATISTICAL ANALYSIS 
 
Data are presented as mean ±SD. Mean differences for 
data were evaluated by independent samples t-test using 
SPSS version 20. Values p<0.05 was defined as 
statistically significant.  
 
RESULTS 
 
Behavioral assessment 
Kondziela's inverted screen test 
Kondziela’s inverted screen test (fig. 2) was conducted to 
assess the motor coordination and muscular strength, 
respectively, of all paws of rats following the injection of 
rotenone. Rotenone affected the muscle strength of treated 
rats which is also one of the symptoms of PD. On 6th day 
time of falling was significantly reduced following 
rotenone injection (62.59+13.2 sec; p<0.05) in 
Kondziela’s inverted screen test as compared to controls 
(87.85+16.51). These significant results were more 
prominent on 7th day of rotenone injection(45.6+13.5 sec; 
p<0.01) as compared to control rats (99+29.32 sec), so the 
other tests were also conducted after seven days of 
rotenone administration. These data revealed that 
rotenone affected the muscular strength to the extent that 
rats were unable to hold the inverted screen and fell down 
immediately, demonstrating the development of PD 
following eight days of rotenone injection.  
 
Beam walking test  
Rotenone administration exhibited a prominent loss of 
motor coordination in beam walking test. In this test three 
beams of varying diameters (3, 2, 1 cm) were used and 
time to traverse the beam (fig. 3a) and number of slips 
(fig. 3b) were monitored after the training session. 
Rotenone significantly increased the time to cross the 
beams (3cm=36.53+8.6 sec; p<0.01, 2cm=32.07+6.2 sec; 
p<0.01, 1cm=46.43+9.02 sec; p<0.01) as compared to 
controls (3cm=9.8+2.15 sec, 2cm=4.1+0.98 sec, 

1cm=7.8+2.1 sec). Number of slips were also 
significantly increased during beam crossing following 
rotenone injection (3cm=2.75+0.7; p<0.01, 2cm=5.0+1.3; 
p<0.01, 1cm=4.6+1.30; p<0.01) as compared to controls 
(3cm=0+0, 2cm=0+0, 1cm=1.83+1.8). These observed 
parameters are much simulate to the symptoms of PD. 
 
Footprint test 
At the end of motor behavioral assessment, walking 
pattern was also monitored by footprint test (fig. 1b, fig. 4 
(a-c). Rotenone injected rats showed impaired walking 
pattern as evident by significant shortened stride length 
for both forelimb (7.62+0.5cm; p<0.01) and hindlimb 
(7.72+1.25cm; p<0.01) as compared to controls 
(9.91+0.5cm, 10.06+0.6cm respectively) indicating gait 
abnormalities. Impaired movement was also evident by 
significant increased hind base width (6.53+0.71cm; 
p<0.01) and increased right overlap (1.76+0.3cm; p<0.01) 
as compared to controls (5.30+0.48cm, 1.26+0.25cm 
respectively). 

 
Fig. 5: Estimated levels of neurotransmitters in whole 
brain of controls (n=6) and rotenone treated rats (n=8). 
DA (ng/g of brain tissue) and DOPAC (ng/g of brain 
tissue) levels were analyzed at the end of present study. 
Significant difference were obtained following 
independent sample-t test (**p<0.01, *p<0.05). Values 
are mean +SD.  
 
Neurochemical estimations 
Assessment of neurotransmitter levels in whole brain of 
rat revealed significant changes in the levels of DA and its 
metabolite following rotenone administration (fig. 5). We 
found a strikingly decreased levels of DA (24.92+7.03 
ng/g; p<0.01) and DOPAC (209.28+56.4ng/g; p<0.05) in 
rotenone injected rats as compared to controls 
(175.7+41.01 ng/g and 306.67+72.3ng/g respectively).  
 
DISCUSSION 
 
Rotenone model mimics the pathological and biochemical 
changes like PD which is helpful in studying mechanisms 
involved in the etiogenesis of PD and also in searching for 



Syeda Madiha et al 

Pak. J. Pharm. Sci., Vol.30, No.3(Suppl), May 2017, pp.943-948 947

possible therapeutics for clinical use. The main goal of 
this study was to test whether rotenone treatment for 8 
days could be used to establish a rat model of PD. 
Previously; different durations for the administration of 
rotenone have been reported to induce PD in animals 
(Sherer et al., 2002; Leung et al., 2007). In the present 
study, daily exposure of rat to rotenone for 8 days induced 
symptoms like bradykinesia, abnormality of balance and 
unsteady gait (Lapointe et al., 2004; Casarrubea et al., 
2010). We demonstrated that acute exposure of rats to 
rotenone epitomized some key features of Parkinsonism 
including gait impairments with the help of different 
behavioral methods and neurochemical estimations. 
Neurochemical analysis showed a decline in levels of DA 
and DOPAC following rotenone administration. 
 
PD is a neurodegenerative disorder which is mainly 
associated with motor dysfunction. On the behavioral 
level emphasis was given to the hypokinetic behavior. It 
is a well known fact that reduced DA level has been 
linked to human rigidity and akinesia PD-like symptoms 
(Dauer and Przedborski, 2003). Behavioral tests for 
monitoring locomotor activity such as beam walking test 
and Kondziela inverted screen test showed that rotenone 
treated rats exhibited locomotor deficits. Previously it has 
been shown that 50% neuronal loss in SNpc occurred 
when 50-70% DA level is depleted in the striatum and 
causes spontaneous loss of motor activities (Alam and 
Schmidt, 2002; Fearnley and Lee, 1991). In initial stages 
of PD, DA depletion affects striatal and cerebral cortex 
function which play important role in muscle response, 
movement control and balance which results in motor 
dysfunction (Stevenson et al., 2011; Alam and Schmidt, 
2004). In PD, gait disturbances are commonly observed 
due to the degeneration of dopaminergic neurons 
(Bjorklund and Dunnett, 2007). Gait abnormalities are 
characteristics feature of PD and are used to determine the 
early stage of PD. Gait dynamics in rotenone model of PD 
in rats has not been described yet. However, in the present 
study footprint analysis showed that gait dynamics were 
significantly different in rotenone treated rats than 
compared to control rats evident by a decreased stride 
length in rotenone treated rats. Our results are in 
agreement with previous findings showing that rats with 
unilateral PD lesion were found to exhibit a shuffling gait, 
motor asymmetries and short stride length that resemble 
the key features of human PD gait (Metz et al., 2005; 
Klein et al., 2009). Therefore, all these locomotor deficits 
observed in our study closely correlated with declined 
levels of DA in rotenone treated rat brain. Administration 
of rotenone caused a significant decline in DA and its 
metabolite DOPAC as compared to control rats. The 
present findings were further supported by former study 
reports showing decline in DA level following rotenone 
exposure (Alam and Schmidt, 2002). Various studies 
reported that rotenone administration in rats caused the 
selective degeneration of dopaminergic neurons and 

resulting in movement disorders (Heikkila et al., 1985; 
Betarbet et al., 2000; Sherer et al., 2003). Therefore, in 
our study the motor deficits may be attributed to the 
observed DA deficiency produced by rotenone (Nehru et 
al., 2008; Erbaş et al., 2016) which is the main cause of 
PD. 
 
CONCLUSION 
 
In conclusion, the findings of the present study further 
provides evidence that  rotenone administration produces 
PD-like symptoms in rats which is evident by gait 
abnormalities and neurochemical changes after a rotenone 
administration. Moreover, the study also highlights the 
fact that environmental toxin such as rotenone contributes 
to the pathogenesis of PD. However, histopathological 
examination in short-term rotenone-induced rat model of 
PD and region specific estimation of DA is needed for 
further validation.  
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