Article published online: 2021-05-18

158 Original Article

DO

Establishing the Rotenone-Induced Parkinson's
Disease Animal Model in Wistar Albino Rats

Gangadhara Swamy'

TDepartment of Anatomy, Subbiah Institute of Medical Sciences and
Research Center, Shivamogga, Karnataka, India
2pepartment of Pharmacology, K.S. Hegde Medical Academy,

Mangalore, Karnataka, India

Rajendra Holla?

Suresh R. Rao’

Address for correspondence Suresh R. Rao, PhD, Department
of Anatomy, Subbiah Institute of Medical Sciences and Research
Center, Shivamogga 577201,Karnataka, India

(e-mail: s4suresh@yahoo.co.in).

] Health Allied Sci ™ 2021;11:158-163.

Abstract

Keywords

= Parkinson’s disease

= rotenone

= immunohisto-
chemistry

= Lewy body and
dopamine

Introduction

Objective The aim of this study was to establish the safe and effective dose of
rotenone-induced Parkinson’s disease (PD) in Wistar albino rat.

Materials and Methods Male Wistar albino rats (n = 6) aged between 9 and 11 weeks,
weight 200 to 250 g, were selected for the study. Rats were divided into four groups
namely, A, B, C, and D; Group A served as control received only isotonic saline, groups
B, C, and D were administered with rotenone 2, 2.5, and 3 mg/kg body weight (BW),
respectively, with a specialized vehicle through intraperitoneal (IP) route once daily.
During the procedure, they were observed for the development of the PD signs such
as stooped posture, postural instability, akinesia, bradykinesia, and muscular rigidity.
BW and behavioral pattern were recorded before the rotenone introduction and also
after the onset of PD signs in them. They were sacrificed when the PD phenotype
became debilitating and followed by neurochemical assay for dopamine and antioxi-
dants; histological assay for TH-neuronal density and Lewy bodies were performed in
the substantia nigra pars compacta (SNpc) of midbrain.

Results Group C and D animals were developed with the PD signs by the 9th day and
also there was a significant decrease in the BW noticed in them. Additionally, histolog-
ical studies revealed the decrease in neuronal density and the presence of Lewy bodies
in the dopamine neurons of the SNpc. However, it was also noticed that the group D
had shown more mortality rate when compared with the Group C.

Conclusion Rotenone with 2.5 mg/kg BW IP was an ideal dose to develop PD signs in
Wistar albino rats model that is a highly reproducible and may offer an excellent tool
to establish the new neuroprotective treatment strategies.

and movement of the body and with the signs and symp-
toms such as tremors, stooped posture, postural instability,

Parkinson’s disease (PD) is a chronic progressive debilitating
neurodegenerative condition. Characterized by progressive
loss (and even death) of the structure and function of dopa-
minergic neurons in the substantia nigra pars compacta
(SNpc) of midbrain that eventually controls the balance
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akinesia, bradykinesia, and muscular rigidity. Thus, it dis-
turbs the routine living style and creates a great burden to
an individual.! The disease is named after an English doctor
James Parkinson, who described an, in detail, explanation
regarding the disease in his book “An Essay on the Shaking
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Palsy” published in 1817. According to him, incidence of PD
increases with age and the symptoms worsen slowly over
time.2 PD itself is not considered as a fatal disease, though
it may reduce life expectancy by a modest amount. It is
often said that people die “with” PD rather than “of” the
disease. Patients often die of age-related diseases such as
cancer, heart disease, or stroke. But the most common cause
of death in those with PD is pneumonia, because the disease
impairs patients ability to swallow, putting them at risk of
inhaling or aspirating food or liquids into their lungs, lead-
ing to aspiration pneumonia.® Currently available medica-
tions such as Levodopa and anticholinergic alkaloids were
temporarily reducing the signs of the disease.* To combat
the signs and also prevent the progressiveness of the dis-
ease, it is essential to know the in-depth knowledge about
the pathophysiology of the disease and clues to the under-
lying cause of the illness.> In relation to this many reserpine,
haloperidol, 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine,
rotenone, and 6-hydroxydopamine (6-OHDA) were used to
develop PD animal models in the past.> However, the avail-
able models lack to reflect the progressive nature of the ill-
ness and its complexity in terms of the extent of pathology,
biochemical changes, reproducibility, and the predictive
value of neuroprotective interventions is uncertain, and the
number of relevant outcome variables that can be assessed
is limited. Thus, in the present study, we selected the rote-
none that is a relatively a new compound compared with
others mentioned above with the different doses in a spe-
cial vehicle to induce the PD in the Wistar albino rats. Its
the developing of treatment protocols or using the different
drugs to the same disease depending on the pathogenesis
of the disease.

Materials and Methods

Experimental Animals

Randomly bred adult Wistar albino rats of 9 to 11 weeks of
age weighing between 200 and 250 g from a colony were
selected for our experiment. All animals were maintained
under standard laboratory conditions, with a constant
12 hours light/dark cycle and controlled temperature (25 +
2°C) with access to drinking water and pellet diet ad libitum.”

Chemicals

Rotenone (TCI Chemicals India Pvt. Ltd. Chennai, India) was
purchased from Essarkay Chemicals & Equipment Centre,
Mangalore and other chemicals and reagents required for the
experiments were purchased from the Sri Durga Laboratory
Equipment Supplies, Chilimbi Main Road, Mangalore,
Karnataka, India.

Preparation of Rotenone Stock Solution

Rotenone (50 mg) was weighted in standard weighing
machine and dissolved in 1 mL 100% di methyl sulfoxide
(DMSO) (Sigma-Aldrich Chemicals, St. Louis, Missouri).
About 0.1 mL of DMSO mixture was added to 9.9 mL olive
oil to get a solution of 10 mL, with the final concentration
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of rotenone 0.5 mg/mL.2 Before starting any new experiment
begin, fresh stock solution of rotenone was prepared.

Rotenone Administration to Induce the Parkinson’s
Disease to Male Wistar Albino Rat

Adult male Wistar albino rats were selected for the study and
divided into four groups, namely, A, B, C, and D with each
having six rats per group. Group A serves as control received
only isotonic saline intraperitoneal (IP); group B rats were
administered 2 mg, group C with 2.5 mg, and group D with
3 mg/kg body weight (BW) of rotenone stock solution IP once
daily under the standard operating procedure.?

All the animals were observed for the BW, behavioral
changes for rearing® and postural instability!® to assess the
neurobehavior, open field test for locomotors activities,' and
pole test for the grip strength'? before and after the exper-
iment, and twice daily for appearance of Parkinsonian
features, including stooped posture, postural instability, bra-
dykinesia, muscular rigidity, and unsteady gait."

When the behavioral phenotype became debilitating-
limiting mobility, feeding or grooming, animals were deeply
anesthetized using a combination of ketamine (70 mg/kg
BW) and medetomidine (0.5 mg/kg BW).!* Sufficient volume
of blood was collected by the cardiac puncture followed by
rapid removed of midbrain from the rest of the brain tissue
and bisected midsagittal on the ice piece. One hemisphere
was post-fixed in 4% paraformaldehyde for 7 days and then
placed in 30% sucrose for at least 3 days, until infiltration was
complete. The striatum from the other half of the brain was
dissected on ice, flash frozen and then stored at -80°C until
processed for stereology, Lewy bodies’ identification, and
neurochemical analysis.?

Stereology

Rats' brain was perfused with 100 mL of phosphate-buffered
saline (PBS) followed by 200 mL of 4% paraformaldehyde
in PBS. The brains were post fixed in 4% paraformalde-
hyde for an additional 4 hours and cryoprotected in 30%
sucrose in PBS (4°C, 2 days). Coronal brain sections with
25 pm were cut on a freezing microtome. On free-floating
sections, immunohistochemistry was performed. The pri-
mary antibodies were mouse monoclonal anti-TH antibody
(1:200 dilution), rabbit anti-HA (1:500 dilution), rabbit anti-
human AADC (1:500 dilution), mouse monoclonal anti-a-gal
(1:500 dilution), and mouse monoclonal anti-NeuN
(1:200 dilution, Sigma, St. Louis, Missouri, United States).
Antibodies were visualized using the ABC reagent (Vector
Laboratories, Burlingame, California, United States) and bioti-
nylated secondary antibodies.'

Identification of the Lewy Bodies

The SNpc tissue sections were subjected to endogenous per-
oxidase quenched with 1% H,0, in PBS, treated with block-
ing buffer (0.3% Triton X100 and 5% normal chicken serum in
PBS for overnight at 4°C). Incubated with a-synuclein Lewy
body’s primary antibody followed by washed with PBS and
then incubated with a biotinylated goat antimouse secondary
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antibody. The tissues were then exposed to an avidin-biotin
peroxidase complex for 2 hours. The peroxidase activity was
visualized by a steady diaminobenzidine solution. All immu-
noreactions were observed using a compound light micro-
scope and these results were measured using the image
analysis ] 1.46 software to produce numerical data from our
immunohistochemistry (IHC) results, and an image analysis
was performed using Image Pro Plus software.!¢

Neurochemistry

Midbrain tissue was weighed and recorded in a standard
weighing machine and placed in a cold PBS and homogenized
for estimation of striatal neurotransmitters concentration,
dopamine, and acetylcholine by the HPLC method” and anti-
oxidant such as total antioxidant capacity (TAC) and superox-
ide dismutase (SOD).!8

Animal Ethics Committee Permission

This study was performed in a CPCSEA-approved labora-
tory under registration number 115/1999/CPCSEA following
all ethical practices as laid down in the guidelines for ani-
mal care. This study has been approved by the Institutional
Animal Ethics Committee (IAEC) KSHEMA/IAEC/08/2017.

Statistical Analysis

All statistical analyses were performed using IBM compatible
computers using SPSS Statistics 20 software for paired t-test
and one-way analysis of variance with a Tukey post hoc test
and Mann-Whitney U test where ever it is applicable.

Results

Wistar albino rats when administered with the
rotenone 2.5 mg/kg BW IP once daily, majority of the animals
were developed with PD phenotype signs such as stooped

Swamy et al.

posture, postural instability, bradykinesia, muscular rigidity,
and gait disturbances by the 9th day in the rats in the groups
C and D. However, an increase in the mortality was found in
the group D animals. There was a significant decrease in the
BW noticed in the groups C and D (=Table 1). In group C,
there was a significant decrease in behavioral patterns such
as rearing, postural stability, locomotor activities, and grip
strength noted when compared with the control (~Fig. 1).

Histological studies had revealed that there was a significant
decrease in the dopaminergic neurons (=Figs. 2 and 3) and also
the Lewy bodies were present in the persisting dopaminergic
neuronsofthe SNpcofthe midbrain of rats (~Table 2 and ~Fig.4).

Dopamine concentration was significantly reduced in
the SNpc of midbrain of the group C and D rats. However,
in group B animals, a nonsignificant decrease in the dopa-
mine concentration was noticed (=Fig. 5). Acetylcholine con-
centration was not affected by the rotenone in the SNpc of
midbrain in any of the groups. Significant changes in antiox-
idants, TAC and SOD, were noticed in the midbrain of groups
Cand D animals (~Fig. 6).

Table 1 Body weight assessment in the rotenone-induced rats
Groups | Day 1 Day 10
A 237.3+4.32 240.2 £4.53
B 238.5+3.27 231.2+4.91**
@ 239.8+4.53 231.3+4.36%*
D 241.0+3.16 226.5+2.88%**

Note: Body weight was assessed in rats (n = 6) exposed for rotenone
with 2, 2.5, and 3 mg/kg BW doses to induce Parkinson’s disease. Values
are expressed in mean + standard deviation. Analysis of variance signifi-
cance, F=10.928. ** indicates p<0.01. *** indicates p < 0.001, ** and
*** indicates difference from control. There was a significant decrease in
the body weight was noticed in the animals of groups B, C, and D when
the same are compared with the control group.
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Fig. 1 Behavioral changes were analyzed in rotenone-administered rats (n = 6) to induce Parkinson’s disease. Values are expressed in mean +
standard disease. The “F” and “p” values are calculated by one way analysis of variance. ®indicates p < 0.05, *indicates p < 0.001.
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Fig. 2 Tyrosine hydroxylase-neuronal in substantia nigra pars com-
pacta of midbrain in rats exposed to rotenone to induce Parkinson’s
disease. a = control, b = group B, c = group C, d = group D. Significant
decrease in the tyrosine hydroxylase neuronal was noticed in groups
C and D animals when the same are compared with the groups A and
B (magnification 40X).
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Table 2 Lewy bodies count in the SNpc of the mid brain in
the rotenone-induced rats

Groups Relative Lewy bodies expression
A NIL

B 1.83+£0.75*

C 3.67+£1.21%*

D 5.33+1.37**

Note: Changes in the relative Lewy bodies expression in substantia
nigra pars compacta of midbrain hemisphere in the rats (n = 6) on day
10 exposed to rotenone with 2, 2.5, and 3 mg/kg BW doses to induce
Parkinson’s disease. Values are expressed in mean * standard deviation.
Analysis of variance significance, F = 32.365, *indicates p <0.05, * *indi-
cates p <0.001, * indicates difference from control.

Fig. 3 Tyrosine hydroxylase-neuronal in substantia nigra pars compacta of midbrain in rats exposed to rotenone to induce Parkinson’s disease.
a = control, b = group B, c = group C, d = group D. Significant decrease in the tyrosine hydroxylase neuronal was noticed in groups C and D

animals (Magnification 40X).
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Fig. 4 Lewy bodies in the SNpc in the rotenone-induced rats. Arrow
marks show the Lewy bodies in the substantia nigra pars com-
pacta neurons of group C animals exposed to rotenone IP to induce
Parkinson’s disease.

Discussion

In our study, it was found that rotenone at 2.5 mg/kg BW
IP OD administration has induced the PD in Wistar albino
rat. Results obtained from BW, behavioral studies, neuronal
count, dopamine level, and IHC studies suggest that rotenone

Journal of Health and Allied Sciences ™V Vol. 11

1600
. 1400
g 1200 .
O 1000
25 g0 T * %
E® 600 =
i BN e =
B (e D

Groups

Fig. 5 Dopamine concentration in substantia nigra pars compacta of
midbrain hemisphere in the rats (n = 6) on day 10 exposed to rote-
none to induce Parkinson’s disease. Values are expressed in mean *
standard deviation. Analysis of variance significance, F = 790.69, **
indicates p< 0.001, ** indicates difference from control.

below the above said dose is noneffective in inducing the PD
and the more than the above said dose is much more toxic
and causes the mortality in the animals. Histological stud-
ies in the SNpc of rats have shown that PD symptoms do not
appear until most nigral neurons are lost, implying that com-
pensatory mechanisms are present and symptoms start only
after 70% of dopaminergic neuronal loss in the SNpc and the
earlier studies on the dose of the rotenone similar findings
were recorded by the several authors. Alam and Schmidt,
2004, studies using rotenone IP and reported that dopamine
depletion and L-dopa-responsive locomotor abnormalities;
however, in those studies mortality was high.!® Cannon et al?°
had reported a similar study but they used the rotenone with
the lower dose at 2 to 2.5mg/kg BW dissolved 2% DMSO and
administered IP route through a special vehicle 98% Miglyol
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Fig. 6 Antioxidant levels in substantia nigra pars compacta of mid-
brain tissue homogenate on day 10 in rats (n = 6) exposed to rote-
none IP to induce Parkinson’s disease. Values are expressed in mean +
SD. The “F” and “p” values are calculated by one-way analysis of vari-
ance. *indicates p < 0.01, ® indicates p < 0.001. Significantly different
from control. ®Significantly different from group 2.

812 N, had found that rats developed with the PD sings by
the 60th day.® In 2018, Mbiydzenyuy et al had administered
the rotenone with the same dose but through the subcutane-
ous route for consecutive 7 to 8 days to induce the PD in the
rats.?! Deumens et al had developed the similar PD pheno-
type, but the chemical used to develop the PD was 6-OHDA.??
Betarbet et al described with intravenous and subcutaneous
administration of rotenone by osmotic pump, and developed
with PD phenotype; but we also found that rotenone through
the IP also causes a-synuclein accumulation and aggrega-
tion in substantia nigra.?*> Unbiased stereology showed that
depletion in the nigral dopamine cell, and it was particularly
apparent in the ventral and lateral portions of stratum, the
same regions that appear to be most vulnerable in human
PD and similar findings were noticed by the Fearnley and
Lees in 1991.24 In our study we found that rotenone admin-
istration results in induction of oxidative stress and neuroin-
flammation, along with the accumulation of a-synuclein
positive nigral inclusions, a hallmark of PD. Similar finding
were also noticed by Jayaraj et al, in 2019, in there study
on rats for the oxidative stress and neuroinflammation in a
rat model of PD.?> While the concentrations of both acetyl-
choline and dopamine decrease, the equilibrium between
these two neurotransmitters changes to favor acetylcholine.
Subsequent release of dopamine from remaining axon ter-
minals pushes an increase of acetylcholine, worsening the
imbalance between both neurotransmitters that cause the
dyskinesia. Furthermore, in the regimen described here,
we found intraneuronal, cytoplasmic inclusions containing
o-synuclein that have morphology very similar to human
Lewy bodies. As noted above, this feature of the model,
together with other relevant end points, such as behavioral
changes, oxidative damage, changes in the dopamine con-
centration and stereology makes the rotenone model partic-
ularly attractive for studying disease-modifying therapies.
Hence, the present study suggests that rotenone at 2.5mg/kg
BW can be used to develop the PD rat model.
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Summary and Conclusion

Rotenone was injected through the IP route once daily in the
Wistar albino rats. By the 9th day, PD signs starts appearing
in them. All the animals were included for the BW, behavioral
assays. The histopathological and neurochemical features of
PD were confirmed by assessing the SNpc for the microscopic
and biochemical investigations respectively. Thus, rotenone
with 2.5 mg/kg BW was considered as an ideal dose to induce
the PD in the Wistar albino rats.
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