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Abstract

Backgropund: Parkinson's Disease (PD) is considered a
second most common neurodegenerative disease with slow
and irreversible nigrostriatal degeneration with subsequent
motor and behavioral deficits. Oxidative stress plays a key
role in the pathogenesis of PD. Rotenone is a common pesticide
inducing PD by the generation of oxidative stress.

Aim of Study: The aim of this study was to investigate
the possible neuroprotective effects of crocin (saffron active
compound) on rotenone induced Parkinson-like behaviors.

Material and Methods: 70 male Wister Albino rats were
divided into 7 groups (10) per each. (1) Control group (normal
saline); (2) Crocin 40mg/Kg; (3) Polyethylene Glycol (PEG)
group (vehicle of Levodopa); (4) Rotenone group; (5) Rotenone
+ crocin 20mg/Kg; (6) Rotenone + crocin 40mg/Kg; (7)
Rotenone + Levodopa 10mg/Kg. All agents were injected
intraperitoneally once a day for 4 weeks. The neurobehavioral
tests include open field, descent latency time in the bar test
(seconds), forepaw stride length (cm) and locomotor activity.
In serum, the level of 8-hydroxydeoxyguanosine 8-OHdG
was estimated. The level of Malondialdehyde (MDA), reduced
glutathione (GSH), tumor necrosis factor alpha TNF-a,
dopamine and nitrite/nitrate levels were measured in the brain
tissue.

Results: Rotenone induced neurobehavioral deficits with
elevation of brain MDA, brain TNF-a, Nitrite/nitrate level
and serum 8-OHdG and reduction of GSH, brain tissue
dopamine. Crocin (20 or 40) improved these neurobehavioral
deficits. Crocin (20 or 40) and L-DOPA decreased MDA,
serum 8-OHdG, TNF-a and Nitrite/nitrate level and increased
GSH and dopamine level. Crocin 40 had achieved potent
effect compared with crocin 20.

Conclusion: Rotenone induced Parkinson-like behavior
in rats. Crocin achieved a protective effect through reducing
lipid peroxidation, anti-inflammatory and reducing DNA
damage together with improvement of neurobehavioral deficits.
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Introduction

PARKINSON'S Disease (PD) is considered one
of the most popular neurodegenerative disease
whose prevalence increases with age [1].

The unique characteristics of PD include static
tremor, alpha rigidity and sluggishness of move-
ments. Other non-motor features include depression
and sleep abnormalities [2]. The main pathological
character of PD is neurodegeneration of the nigros-
triatal dopaminergic pars compacta (SNc), however,
recently, serotonergic, noradrenergic, glutamatergic,
GABAergic, and cholinergic systems may be in-
cluded [3].

Rotenone, especially prolonged exposure, pro-
duces degeneration of nigeostriatal dopaminergic
(DA) neurons with appearance of behavioral char-
acteristics of PD [4].

A variety of studies had mentioned that oxida-
tive stress possesses a major role in the pathogenesis
of PD [5].

Free radicals and other Reactive Oxygen Spe-
cies (ROS) accumulated from dopamine oxidation
and metabolism, lipid peroxidation, altered mito-
chondrial activity, and reduction of the endogenous
antioxidant systems contribute to PD appearance
[6].

Crocin is a carotenoid substance which is water
soluble and constitutes the active component of
saffron. It has been postulated that crocin achieves
many pharmacological functions such as anti-
oxidative function [7,8], anti-inflammatory [9],
reduces the incidence of cardio-vascular morbidi-
ties, amelioration of tumor cell proliferation, neu-
roprotection and hepatoprotection [6].
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It has also been shown that the spice saffron,
which contains powerful antioxidants such as
crocin, protects nigral and retinal dopaminergic
cellsin an acute mouse model of Parkinson's dis-
ease. Taking in mind the role of oxidative and
nitrosative stress in the pathogenesis of PD and
the antioxidant and anti-inflammatory prosperities
of crocin, the present study was labored to evaluate
the effects of crocin on animal model of PD. There-
fore, the aim of this study was to study the possible
neuroprotective effects of crocin (saffron active
compound) on rotenone induced Parkinson-like
behaviors.

Material and M ethods

Experimental animals: 70 Male albino rats of
the local strains weighting (210+20g) were pur-
chased from the Faculty of Science, Tanta Univer-
sity. All animal experiments were undertaken with
the approval of Ethical Animal Research Committee
of Tanta University (from April 2018 till August
2018). The animals were housed at temperature
22+2°C, exposed to aternate cycles of 12h dark/
light throughout the study and fed chow ad libitum.
All rats had free access to distilled water. Animals
were kept for 2 weeks for acclimatization.

Chemicals: Crocin extract, Rotenone, Levodopa
and Polyethylene glycol (PEG) were obtained from
Sigma-Aldrich, Egypt.

Experimental design: Rats were randomly di-
vided into 7 groups 10 per each. (1) Control group
(normal saline); (2) Crocin 40mg/Kg; (3) Polyeth-
ylene Glycol (PEG) group (vehicle of Levodopa);
(4) Rotenone group; (5) Rotenone + crocin 20
mg/Kg [10] ; (6) Rotenone + crocin 40mg/Kg; (7)
Rotenone + Levodopa 10mg/Kg [11] . All agents
were injected intraperitoneally once aday for 4
weeks.

Open-field test:

White wood, with afloor of 100 X 100cm di-
vided by red linesinto 25 lines equally. The height
was 50cm and was white painted. I1lumination of
the test room and the colony room was the same.
Cleaned and dried apparatus was achieved. Placing
each rat in the center and observing their behavior.
The total number of squares crossed (total locomo-
tion), the outer squares (peripheral locomotion) and
inner squares (central locomotion) [12].

Bar test for catalepsy:

According to the method described by Costall
and Naylor [13], the rats were placed with forelimbs
on a horizontal thin bar 9cm above and parallel to
the base with a half rearing position. Removing

one paw from the bar was considered the end of
the test and the time was noted and recorded.

Forepaw stride length:

Rats were trained to walk in anarrow corridor
that was lined by a clean white paper. The forepaws
were dipped in red ink and rats were allowed to
walk along the corridor again. The distance of
stride length was estimated through measuring the
distance between the fore prints [14].

Then, the animals were anesthetized by injection
of amixture of ketamine (150mg/kg) and xylazine
(15mg/kg) 1.P. and blood samples were collected
from the heart into non-anti-coagulant containing
tubes to obtain serum. Blood was allowed to clot
for 30 minutes followed by centrifugation for 10
minutes at 5000rbm. Sera were separated and stored
in aliquots at —70°C.

The hippocampus and the cortex were dissected
bilaterally, washed and homogenized for estimation
of thelipid peroxidation parameter (MDA) accord-
ing to the method of Fernandez et al., 1997 [15].
Reduced GSH was estimated according to the
method of Moron et al., 1979 [16] . TNF-a was
measured in accordance with Y e & Johnson 1999
[17] . Dopamine level was measured according to
the method described by Jacobowitz and Richard-
son; 1978 [18]. Nitrite/Nitrate level was measured
by colorimetric method [19].

Satistical analysis:

All values were expressed as mean * SD. SPSS
Version 16.0 was used for stetistical analysis. Data
were statistically analyzed using one-way ANOV A
followed by Tukey-Kramer posttest for multiple
comparisons. The values less than 0.05 were con-
sidered significant.

Results

Descent latency time in the bar test (seconds):

The mean value of the descent latency timein
the bar test was 13.9+1.91, 13.7£1.56 and 13.6£2.31
seconds in the control, crocin and PEG groups
respectively. Rotenone group significantly increased
the descent latency time compared with the control,
crocin and PEG groups. Rotenone treated group
with crocin 20mg/Kg and 40mg/Kg showed a
significant decrease compared with the rotenone
group with significant difference when comparing
crocin 20mg/Kg treated group with crocin 40mg/Kg
treated group. L-DOPA treated group showed sig-
nificant reduction of descent latency timein the
bar test compared with the rotenone group with
insignificant change when comparing crocin 40mg/
Kg treatment with L-DOPA treatment.
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Fig. (1): Effect of crocin on descent latency time in the bar
test (seconds).

. Significant compared with control.

. Significant compared with Rotenone.

. Significant compared with crocin.

. Significant compared with Rotenone + Crocin 20.
. Significant compared with PEG.

. Significant compared with Rotenone + Crocin 40.
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Forepaw stride length (cm):

The mean value of the forepaw stride length
was 8+2, 8+2. 1 and 8+ 1 .9cm in the control, crocin
and PEG groups respectively. Rotenone group
showed a significantly decrease of forepaw stride
length compared with the control, crocin and PEG
groups. Rotenone treated group with crocin 20mg/
Kg and 40mg/K g showed significant increase com-
pared with the rotenone group with a significant
difference when comparing crocin 20mg/K g treated
group with crocin 40mg/K g treated group. L-DOPA
treated group showed a significant increase of the
forepaw stride length compared with the rotenone
group. No significant change was observed when
comparing crocin 40mg/Kg treatment with L-DOPA
treatment.

[EN
N

of of

=
o

*H#¥a

*HY

Forepaw stride length (cm)
o N b OO @

Fig. (2): Effect of crocin on forepaw stride length (cm).

. Significant compared with control.

. Significant compared with Rotenone.

. Significant compared with crocin.

. Significant compared with Rotenone + Crocin 20.
. Significant compared with PEG.

. Significant compared with Rotenone + Crocin 40.
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Effect of rotenone and crocin on locomotor activity:

Using open field test in the 1 st day did not
reveal significant changes among the studied groups

Fig. (3).
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Fig. (3): Effect of rotenone and crocin on Total Locomotion
(TL), Central Locomotion (CL) and Peripheral Lo-
comotion (PL) inthe 1st day of the experiment.

At the end of the experiment, rotenone reduced
the central, peripheral and total locomotion com-
pared to the control, crocin and PEG groups. Cracin
20, 40 and L-DOPA plus rotenone increased the
peripheral, the central and the total locomotion
compared to the control group Fig. (4).
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Fig. (4): Effect of rotenone and crocin on Total Locomotion
(TL), Central Locomotion (CL) and Peripheral Lo-
comotion (PL) at the end of the experiment.

Lipid peroxidation:

Rotenone administration markedly induced a
significant increase of MDA level compared with
control, crocin and PEG groups. A significant
reduction of MDA was observed in rotenone treated
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(crocin 20, crocin 40 and L-DOPA) groups respec-
tively. L-DOPA treated group showed a significant
reduction of MDA compared with both crocin 20
and 40 treated groups.
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Fig. (5): Effect of crocin on lipid peroxidation.

. Significant compared with control.

: Significant compared with Rotenone.

: Significant compared with crocin.

: Significant compared with Rotenone + Crocin 20.
: Significant compared with PEG.

: Significant compared with Rotenone + Crocin 40.
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Effect of crocin on reduced GSH.:

Rotenone decreased significantly the level of
GSH compared with control, crocin and PEG
groups. Rotenone treated groups with crocin
20mg/Kg, 40mg/Kg and L-DOPA significantly
restored the content of GSH. L-DOPA achieved a
significant elevation of GSH compared with both
crocin 20 and crocin 40 treated groups.
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Fig. (6): Effect of crocin on reduced glutathione.
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: Significant compared with control.

: Significant compared with Rotenone.

: Significant compared with crocin.

: Significant compared with Rotenone + Crocin 20.
: Significant compared with PEG.

: Significant compared with Rotenone + Crocin 40.
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Effect of crocin on TNF-a:

There was a significant increase of TNF-a in
rotenone treated group compared with control,
crocin and PEG groups. Administration of crocin

20, crocin 40 and L-DOPA reduced significantly
this rotenone induced elevation of TNF- a. The
TNF-ct was still higher after L-DOPA treatment
compared with crocin treated groups in both doses.
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Fig. (7): Effect of crocin on inflammation.

: Significant compared with control.

: Significant compared with Rotenone.

: Significant compared with crocin.

: Significant compared with Rotenone + Crocin 20.
: Significant compared with PEG.

: Significant compared with Rotenone + Crocin 40.
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Brain tissue dopamine level.:

Rotenone decreased significantly the dopamine
level compared with control, crocin and PEG
groups. Rotenone treated groups with crocin 20mg/
Kg, 40mg/Kg and L-DOPA significantly restored
the content of dopamine. Dopamine level was
significantly higher in crocin 40 treated group
compared with crocin 20 treated one. Dopamine
level restoration was more pronounced in L-DOPA
treated group as dopamine level was significantly
higher in this group compared with rotenone treated
with crocin in both doses.
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Fig. (8): Effect of crocin on brain dopamine level (ng/g).

Effect of crocin on DNA damage:

Rotenone increased significantly the level of
8-hydroxy- 2 deoxyguanosine (8-OHdG) compared
with control, crocin and PEG groups. Rotenone
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treated groups with crocin 20mg/Kg, 40mg/Kg and
L-DOPA significantly reduced this elevation. 8-
OHAJG level was still significantly higher in roten-
one treated with crocin and L-DOPA compared
with control, crocin and PEG groups. 8-OHdG was
significantly lower in L-DOPA treated group com-
pared with Crocin 20 and 40 treated groups.
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Fig. (9): Effect of crocin on Serum 8-OHdG level.

: Significant compared with control.

: Significant compared with Rotenone.

: Significant compared with crocin.

: Significant compared with Rotenone + Crocin 20.
: Significant compared with PEG.

: Significant compared with Rotenone + Crocin 40.
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Nitrite/nitrate level:

Rotenone increased significantly the level of
Nitrite/nitrate compared with control, crocin and
PEG groups. Rotenone treated groups with crocin
20mg/Kg, 40mg/Kg and L-DOPA significantly
reduced this elevation. Nitrite/nitrate level was
still significantly higher in rotenone treated with
crocin and L-DOPA compared with control, crocin
and PEG groups. Nitrite/nitrate level was signifi-
cantly lower in L-DOPA treated group compared
with crocin 20 and 40 treated groups and in crocin
40 treated compared with crocin 20 treated groups.
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Fig. (10): Effect of crocin on brain nitrite/nitrare level.

: Significant compared with control.

: Significant compared with Rotenone.

: Significant compared with crocin.

: Significant compared with Rotenone + Crocin 20.
: Significant compared with PEG.

: Significant compared with Rotenone + Crocin 40.
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Discussion

This study revealed that rotenone treated ani-
mals developed cataleptic behavior and impairment
of the motor coordination compared with the control
and the crocin treated groups. This confirmed that
there was a loss of dopaminergic cells in the sub-
stantia nigra. The same had been reported by Di-
jkstra et al. [20].

Motor disruption in rotenone rat model of Par-
kinsonism was attenuated by using antioxidants
[21]. Catalepsy is considered an important marker
of nigrostriatal damage and can be induced by
rotenone. This cataleptic behavior is linked to the
dopaminergic nigrostriatal degeneration.

The open field test had indicated that rotenone
reduced the central, peripheral and total locomotion
compared with the control and crocin groups.
Crocin 20 and 40mg/kg as well as L-DOPA treat-
ment had improved this impairment of locomotion.
These results were supported by El-Horany and
his followers & Hosseini and his followers [22,23].
L-DOPA treatment had reversed the deficits related
to nigrostriatal degeneration [24].

Oxidative stress is considered an important step
in aging and neurological disorders [25]. It can be
induced by hypoxia or hyperoxia, leading to an
increased free radical formation. The mitochondria
is the main organelle that produce free radicals
[26] .

Brain tissue is more susceptible to oxidative
stress than other tissues as it has a high metabolic
activity, high oxygen consumption and presence
of enhanced iron level leading to reduction of H,O,
to form the highly reactive hydroxyl radical [27].

Lipid peroxidation is the process of oxidative
destruction leading to impaired membrane integrity
and function and inactivation of membrane bound
enzymes. Oxidative stress produced by free radicals
and lipid peroxidation was considered an important
step in the pathogenesis of Parkinsonism [28].

During oxidative stress, there is accumulation
of oxidants and formation of TBARS [29]. The
brain has less pronounced antioxidant mechanism
and is rich in polyunsaturated fatty acids so, the
brain is sensitive to oxidative damage.

In this study, there was a significant increase
in MDA level in rotenone induced PD. Treatment
with crocin reduced this elevation significantly
and this effect refers to the corcin antioxidant
activity as evidenced by increased enzymatic and
GSH availability [30]. Chen and his team had stated
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that crocin, the major constituent derived from
saffron, has different pharmacol ogic properties
such as antioxidant activity [7].

The endogenous antioxidant systems consist
of enzymatic (SOD, catalase and GPx) and non-
enzymatic GSH that neutralizes the oxygen free
radicals that |eads to oxidative stress, if the anti-
oxidant system is compromised [31] . Disruptions
of the antioxidant system such as GSH have been
documented in the PD brain [33]. The reduction of
the GSH content occurred to minimize the delirious
consequences of oxidative damage. A fault of one
or more components of the antioxidant systems
particularly, GSH is a key factor in the etiology of
PD.

Inflammation is involved in the pathogenesis
of Parkinsonism and thisis followed by microglial
activation. Microglial activation induces a variety
of mediators particularly, NO and inflammatory
cytokines and all contribute in the pathogenesis of
PD and even its progression [23].

NO generation resulting from increased gene
expression of induced NOS is followed by iINOS
enzyme activation with subsequent contribution
to the inflammatory process [34].

Crocin administration significantly reduced the
inflammatory markers especially TNF-a. Tumor
necrosis factor-alphais considered a central cy-
tokine involved in inflammation, immunity and
cellular organization. The cytotoxicity of TNF- a
is achieved by overproduction of ROS that threatens
the cellular components such as protein, lipids,
and DNA [35] . Crocin anti-inflammatory activity
is through the inhibition of m RNA expression for
TNF-a [36].

Rotenone decreased significantly the dopamine
level compared with control, crocin and PEG
groups. Rotenone treated groups with Crocin 20mg/
Kg, 40mg/Kg and L-DOPA significantly restored
the content of dopamine. Dopamine level restora-
tion was more pronounced in L-DOPA treated
group as dopamine level was significantly higher
in this group compared with rotenone treated with
crocin in both doses.

Crocin produced pronounced rel ease of
dopamine in rat brains. Crocin interacts with
NMDA (N-methyl-D-aspartate) glutamate receptor
sites of the brain to induce dopamine release.
Crocin improves memory, and inhibits neuronal
degeneration and this may be because of the ability
of the extract to induce dopamine and/or glutamate
release [35] .

Dopaminergic heurons damage is a complicated
process and several factors are responsible for this
damage including oxidative, and nitrosative stress
as evidenced by increased nitrite/nitrate level,
mitochondrial dysfunction, inflammation and cy-
totoxicity. It has been postulated that reactive
Nitrogen Species (RNS) play an important rolein
the achievement of dopaminergic damage. Roten-
one increased the level of the nitrite, stable NO
metabolite. Crocin administration reduced this
rotenone induced elevation. Nam et al., [9] had
been reported that crocin attenuated the NO and
NOS activity. Crocin could be effective in attenu-
ating nitrosative stress in rotenone animal model
of Parkinsonism [23].

Mirmosayyeb et al., had postulated that crocin
suppressed lipopolysaccharide (L PS)-induced ni-
trite from microglial cells with subsequent protec-
tion from LPS-induced cytotoxicity [36] .

Disruption of homeostasis of inflammatory
cytokines especially TNF-a could lead to immune
system dysfunction and inflammation. Hyperactiv-
ity of B-cellsand T-cellsresultsin increased cy-
tokine level [37].

In this study, rotenone increased the DNA dam-
age as manifested by elevated serum 8-OHdG. In
general, very little is known about DNA damage
in PD [38].

Rotenone induced mitochondrial dysfunction
and oxidative stress as pronounced in our study.
The unique property of mitochondriais the proces-
sion of their DNA (mt DNA) that is different from
nuclear DNA in away which makesit vulnerable
to damage. Essential mitochondrial functionsin-
cluding oxidative phosphorylation, Cat++ buffering,
and apoptosis are influenced by mt DNA mutations,
resulting in the onset of the CNS diseases particu-
larly PD [39]. Crocin administration reduced the
level of serum 8-OHAG and this could be attributed
to its antioxidant property or up-regulation and
down-regulation of p53 and other transcription
factors [40] .

Different factors are included in the develop-
ment of cognitive, motor and behavioral changes
in PD like oxidative, nitrosative stress with imbal-
ance in NO generation, cholinergic system dys-
function, inflammation and apoptosis [41] .

Rotenone induced loss of Tyrosine Hydroxylase
(TH) positive neurons and reduced the expression
of TH proteins. TH is arate limiting enzyme of
dopamine biosynthesis and converts tyrosine into
L-DOPA [42] . At the same time, oxidative stress
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contributes the occurrence of dopaminergic neurons
degeneration. Inflammation and apoptosis had been
suggested to be responsible for dopaminergic neu-
rons degeneration. Crocin has a potent anti-
inflammatory and anti-oxidative effect.

Crocin has the ability to induce dopamine and
glutamate release. Unfortunately, we did not meas-
ure the changes of the regional level of neurotrans-
mitters. This needs additional research to clarify
this point.

Conclusion:

Crocin protected against rotenone model of
Parkinsonism due to reduction of oxidative and
nitrosative stress, proinflammatory cytokines and
DNA damage. Crocin may be auniqueitemin
preventing behavioral and motor deficits accom-
panying Parkinsonism.
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