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INTRODUCTION

Neurological

disorders cause significant morbidity,
mortality, disability and socio economic losses. Nearly 33
million Indians have neurological disorders and they occur

ABSTRACT

Background: Parkinson disease (PD) is a major neurological disorder known
since ancient times. Though drugs are available for therapy, still effective drug
targeting the etiopathogenesis is always going on.

Methods: After obtaining permission from animal ethics committee, the mice
were divided into four groups of eight each (normal control, experimental control
with normal diet only, silybin 300mg/kg, silybin 600mg/kg). At the end of 55
days the mice were subjected to overnight fasting followed by plasma and liver
biochemical analysis.

Results: The mice treated with 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine
(MPTP) developed motor dysfunction and behavioural changes similar to PD,
which was tested with rotarod test, photoactometer test and hang test which
revealed the impaired performance, hypo-locomotion and impaired
neuromuscular strength respectively. Treatment with silybin reversed the motor
dysfunction significantly (p<0.001) in a dose dependent manner. Biochemical
analysis measured the oxidant (TBARS, SOD, CAT) and antioxidants (GPx and
GSH) which revealed the oxidant activity of MPTP and antioxidant activity of
silybin. Histopathological evaluation showed the cytoprotective effect of silybin.
Conclusions: Silybin by its antioxidant property has a neuroprotective activity
both in motor activity and behaviourally in the MPTP induced Parkinson disease
in mice. Hence present study offers a conclusive evidence that silybin is a
neuroprotective. Diet supplemented with silybin can protect against
neurodegenerative disorders and prevent the progression of neurodegeneration.
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infrequent blinking, and fixity of facial expression.® The
most typical pathological hallmark of PD is degeneration
of dopaminergic neurons in the nigrostriatal pathway.! The
cognitive and some neurobehavioral symptoms have been
attributed to degeneration of the dopaminergic

twice as often in rural areas.! Parkinson’s disease (PD) is
the second most common form of a group of progressive
neurodegenerative disorders that affects 1% of population
over 65 years of age.? PD, known since ancient times, was
first cogently described by James Parkinson in 1817.
Tremor, rigidity, bradykinesia and postural instability are
the cardinal features of Parkinsonism. The patient has a
relatively immobile face with widened palpebral fissures,
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mesocortical and mesolimbic pathways, and the associated
autonomic dysfunction may be partly caused by dopamine
depletion in the hypothalamus.* Besides dopamine
deficiency, impairment of other neurotransmitters may be
responsible for some of the associated findings. For
example, degeneration of the noradrenergic locus
coeruleus may contribute to the “freezing” phenomenon
and to depression.® Degeneration of the cholinergic
nucleus basalis probably relates to the dementia that
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eventually affects about a third of all PD patients. At least
an 80% loss of dopaminergic neurons must appear before
clinical symptoms become evident.® This loss takes place
over 5-20 years. Hence neuronal degeneration begins long
before symptoms appear. Although several hypothesis are
currently being investigated, the cause of PD is still
unknown. Sporadic and idiopathic PD account for 75% of
all cases of parkinsonism.”

Research has concentrated on genetics, exogenous toxins
and endogenous toxins from cellular oxidative reactions.
The “environmental” hypothesis of PD is primarily based
on observation that meperidine analog 1-methyl-4-phenyl-
1,2,3,6 tetrahydropyridine (MPTP), originally used by
heroin addicts, causes parkinsonism in humans and
animals.®2 As a result it has been postulated that some
environmental MPTP like toxin might be responsible for
human PD. Because ageing is associated with a loss of
catecholamine containing neurons and an increase in
monoamine oxidase (type A and B) activity, an
endogenous toxin hypothesis has emerged.®

Based on twin studies, onset of PD before age 50 has a
higher likelihood of a genetic cause.'® Mutations of genes
like a synuclein, parkin, LRRK2, DJ-1 and VCH-L1 have
been identified, in causing young onset parkinsonism.
Barucha et al, specifically studied the prevalence of PD in
the parsi community in India and found rates varying
between 6-328/10° population.*? Studies from non parsi
communities show prevalence rate varying from 14-41/10°
population. Whether genetic factors in the closed
community or some environmental toxin present in the
area is causing this high prevalence is unknown.

Epidemiological studies, post mortem biochemical
observation, studies of toxin models of PD and genetic
studies reveal that oxidative stress and mitochondrial
dysfunction are the culprits in the pathogenesis of PD.
Hence it would be desirable to identify a treatment that
provide neuroprotection against oxidative stress associated
with PD. Present medications, surgery and multi-
disciplinary management can provide only relief from
symptoms and neither cure the disease nor offer
neuroprotection. Moreover drug therapy is associated with
adverse effects like on/off phenomenon, psychosis,
diskinesias, postural hypotension and very rarely adverse
effects like malignant neuroleptic syndrome.

In recent years, antioxidants have been subjected to
epidemiological studies that have related their
consumption to a reduction in the incidence of oxidative
damage related diseases like ageing, cardiovascular
diseases, diabetes, inflammation and neurodegenerative
diseases.™ Coenzyme Qio, an antioxidant has been shown
to have neuroprotection against multiple toxic agents in
vitro and animal models of PD.* Many antioxidants such
as cytosine, bromcriptine, melatonin, deprenyl and
edaraone, have been reported to protect against MPTP
induced neurotoxicity in mice. 1317

Silymarin, a flavonolignan obtained from an edible plant
‘milk thistle’ has been used for more than 2000 years as a
herbal medicine for the treatment of liver related
disorders.*® This product generates an annual business of
180 million US dollars in Germany alone. Silymarin
consists of four flavonolignan isomers, namely silybin,
isosilybin, silydianin and silychristin.®® Among them,
silybin (50-60% of silymarin) is the most active substance
and is largely responsible for the claimed benefit of
silymarin. Its mechanism of action includes inhibition of
hepatotoxin binding to receptor site on the hepatocyte,
reduction in glutathione oxidation, antioxidant activity,
stimulation of ribosomal RNA polymerase and subsequent
protein synthesis, leading to enhanced hepatocyte
regeneration.*® Various animal studies have reported that
silybin’s antioxidant effect helps protect skin against
photocarcinogenesis, renal tissue against cisplatin induced
nephrotoxicity and also found to reduce serum cholesterol
and triglyceride level. Wang et al, demonstrated that
silymarin could effectively protect dopaminergic neurons
against lipopolysaccharide (LPS) induced neurotoxicity.?
However studies validating the neuroprotective effect of
silybin in neurodegenerative disorders like Alzheimer’s
disease and PD are lacking.

Hence, present study was done to explore the
neuroprotective effect of silybin in animal model of PD.

METHODS
Study centre

The study was undertaken at Central Animal House, Rajah
Muthiah Medical College and Hospital, Annamalai
University, Annamalai Nagar, Tamil Nadu, India. All
studies were conducted in accordance with the National
Institute of Health “Guide for the care and use of
Laboratory Animals” (NIH, 1985).

Duration of study was about 55 days.
Materials
Chemicals and reagents

e  1-Methyl -4- Phenyl: 1, 2, 3, 6 tetrahydropyridine
hydrochloride (MPTP Hcl) was purchased from M/S
Sigma Chemicals Co., St. Louis, U.S.A.

e  Silybin (siliphos) was purchased from Swanson

Health Products (Indena S.p.A., Italy) U.S.A.
Each 300mg capsule of siliphos contained 89-109mg
of Silybin. The other ingredients were
microcrystalline cellulose (plant fiber), gelatin,
magnesium stearate and silica.

e  Biochemical and enzymatic kits for measuring lipid
peroxidase and antioxidants enzymes were obtained
from Sigma Aldrich chemicals.

The most widely studied experimental system of PD is the
Murine MPTP model.? Male Albino mice of 25-30gms
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were used for this study. Animals were housed in
polypropylene cages (28cm x 22cm x 14cm) bedded with
husk in groups of eight under controlled environmental
conditions (Temp-23+2°C, Humidity 65-70% and 12 hrs
light/dark cycles).

Experimental induction of PD

MPTP powder was dissolved in saline (1mg/1ml) to make
a solution. Initially a pilot study was done with different
doses of MPTP administered intraperitoneally (1.P) to
determine which of them might be useful to establish
severe striatal lesion. A dose of 25mg/kg administered I.P.
twice at 16 hrs apart, had a low risk of lethality and led to
extensive damage in the corpus striatum and substantia
nigra.?

The mice were divided into four groups of eight each. The
animals were housed in the animal house for 55 days.

e Group-I (n=8): Normal control. Treated with normal
diet only.

e Group-ll (n=8): Experimental control. Treated with
normal diet only.

e  Group-lll (n=8): Silybin 300mg/kg orally once
daily.

e Group-1V (n=8): Silybin 600mg/kg orally once daily.

Silybin was mixed with normal saline and administered
through oral intragastric tube to groups Il and IV for 45
days prior to induction of PD. At the end of 45 days, MPTP
(25mg/kg) was administered I.P twice at 16 hours apart, to

groups Il, 111, and 1V to induce PD. After induction of PD,
groups 11 and 1V were treated with silybin for 7 more days
while Groups | and Il received normal diet. On the 71" day
after the last MPTP dosing, behavioural studies were done
in all the groups.** The animals in all the groups were
sacrificed by cervical dislocation under intramuscular (IM)
ketamine (30mg/kg) and the brains of mice were quickly
removed. The striatum and midbrain were dissected and
processed for histopathological and biochemical analyses.

Statistical analysis

Values of Behavioral study and Biochemical analysis were
expressed as means+SD for eight mice in each group. The
data were analyzed by Tukey’s range test. Statistical
analyses were performed using a software package
SYSTAT 12. Value of p <0.001 was used as the criterion
for statistical significance.

RESULTS

Effect of Silybin on MPTP induced motor impairment
and behavioral deficits

From Table 1, it was observed that MPTP was able to
induce significant impairment in locomotion, motor
coordination, motor balance and neuromuscular strength
when compared with saline treated mice. The hanging
period of MPTP treated mice was only 50% of the control
group. Results showed that silybin at both doses (300 and
600mg/kg) enhanced the neuromuscular strength in MPTP
mice markedly (p <0.001).

Table 1: Effect of silybin on MPTP induced behavioral deficits in mice.

Rotarod test Hang test Photo-actometer Fore paw stride
Groups (Latency in seconds) (Hang time in (No._of counts/ I(_ength on left
seconds) 60min) side (in cm)
Control 600.00£0.002 30.00£0.002 4156.83+500.78% 7.10£0.00%
MPTP 334.56+105.86" 14.87+0.77° 2604.750+336.99°  5.85+0.00°
300mg/kg Silybin + MPTP  465.06+£126.30° 20.30+0.62° 3335.50+£442.76° 6.45+0.03°
600mg/kg Silybin + MPTP 578.12+61.87¢ 23.51+1.76¢ 3859.75+577.28¢ 6.83+0.024

Values are expressed as means + S.D. for eight mice in each group.
Values not sharing a common superscript differ significantly at p<0.001 (Tukey's range test)

Table 2: Effect of silybin on lipid peroxides and antioxidants in corpus striatum and Substantia nigra of mice
treated with MPTP.

TBARS GSH GPx SOD CAT

(mmole/100g (Mng/mg (umol©®/mg (unit*/mg (umole®/mg

wet tissue) protein) protein) protein) protein)
Control 12.66+0.412 13.56+0.442 7.09+0.142 3.37+0.032 0.12+0.05%
MPTP 20.73+1.35° 7.83+0.28° 4.01+0.19° 5.81+0.10° 0.73+0.05°
300mg/kg Silybin + MPTP  16.53+0.68° 9.29+0.48° 5.54+0.34° 4.91+0.07¢ 0.46x0.07¢
600mg/kg Silybin + MPTP  12.66+0.73¢ 12.90+0.68¢ 7.050.144 3.75+0.44¢ 0.19+0.01¢

Values are expressed as means+SD for eight mice in each group.

Values not sharing a common superscript differ significantly at p<0.001 (Tukey's range test).

@=pmol of GSH utilized/minute

*=Enzyme concentration required to inhibit the chromogen produced by 50% in one minute under standard condition was taken as one
unit, °=pmol of hydrogen peroxide decomposed/minute.
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Results of rotarod test showed that MPTP reduced the
retention time significantly when compared with control
group. Pretreatment with silybin improved the rotarod
performance in a dose dependant manner. silybin at
(600mg/kg, 1.P.) markedly improved rotarod performance
(p <0.001).

The photoactometer test showed a significant reduction in
spontaneous motor activity of MPTP treated mice.
Pretreatment with silybin at both doses (300 and
600mg/kg) significantly attenuated MPTP induced
hypolocomotion (p <0.001).

In Table 2 the tukey’s range test indicates significant
reduction in forepaw stride length in MPTP treated mice
when compared with control group. Pre treatment with
600mg/kg of silybin showed marked improvement, almost
equal to the forepaw stride length of control mice (p
<0.001).

Biochemical analysis

The level of TBARS presented in Table 2 was significantly
elevated in the mid brain and corpus striatum of MPTP
treated mice (p <0.001). Compared to control group,
silybin at 600mg/kg, significantly (p <0.001) decreased
TBARS level than at 300mg/kg.

Striatal antioxidant levels of GPx and GSH were
significantly reduced in MPTP treated group when
compared with control (p <0.001). Higher dose of silybin
(600mg/kg) restored GPx and GSH activities to near
normal.

SOD and CAT activities of MPTP treated mice were
significantly increased when compared with control (p
<0.001). Though the SOD and CAT were also increased in
silybin treated mice significantly (p <0.001) at both doses,
their levels were significantly less when compared to
MPTP treated group (p <0.001).

Histopathological evaluation

Mice treated with MPTP showed marked apoptosis of
neuronal cells with pyknotic nuclei and cytoplasmic
eosinophilia. There was a marked reactive gliosis with
increase in nuclear size, vesicular nuclei, coarse chromatin
and moderate cytoplasm. A moderate to severe microglial
activation was also noted. The MPTP treated mice brain
also showed a lesser neuronal density per high power field
than the mice brain treated with silybin.

Mice treated with silybin (600mg/kg) showed the highest
density of neurons, least amount of neuronal damage with
decreased apoptosis, lesser gliosis, lesser microglial
activation and lesser rosenthal fibres. Mice treated with
silybin 300mg/kg showed an intermediate picture.

All the Figures shows photo micrographs of brain tissue of
mice.

Figure 1: Corpus striatum of control group showing
normal neuronal cell structure.

Figure 2: Substantia nigra of control group showing
normal neuronal cell structure.

Figure 3: Corpus striatum of MPTP treated mice

showing marked reactive gliosis with increase in

nuclear size, vesicular nuclei, coarse chromatin,
extensive areas of rosenthal fibres, moderate to severe
microglial activation and decreased neuronal density.

DISCUSSION

Parkinson’s disease is a neurodegenerative disorder
mainly characterized by motor deficits resulted by the
decrease of dopaminergic neurons in the Substantia nigra
pars compacta.
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Figure 4: Substantia nigra of MPTP treated mice
showing marked apoptosis of neuronal cells with
pyknotic nuclei, cytoplasmic eosinophilia, extensive
areas of rosenthal fibres, moderate to severe
microglial activation and decreased neuronal density.

Figure 5: Corpus striatum of 300mg/kg Silybin +
MPTP treated mice showing moderate reactive gliosis,
moderate apoptosis, moderate areas of rosenthal
fibres, moderate microglial activation and moderate
neuronal density.

Figure 6: Substantia nigra of 300mg/kg Silybin +
MPTP treated mice showing moderate apoptosis of
neuronal cells with pyknotic nuclei, cytoplasmic
eosinophilia, many areas of rosenthal fibres, moderate
microglial activation and moderate neuronal density.

Figure 7: Corpus striatum of 600mg/kg Silybin +
MPTP treated mice showing mild reactive gliosis,
mild apoptosis, few areas of rosenthal fibres, mild
microglial activation and more neuronal density.

Figure 8: Substantia nigra of 600mg/kg Silybin +
MPTP treated mice showing showing few neurons
with pyknotic nuclei, mild apoptosis, few rosenthal
fibres, mild microglial activation and more neuronal
density.

The etiology of PD is complex, and although the mutation
of several genes results in rare forms of PD, the vast
majority of PD is the sporadic form. Free radical stress
contributes to pathogenesis of this idiopathic disorder.?®
An increasing humber of human epidemiological studies
and animal studies show that nutritional antioxidants are
capable of preventing oxidative damage and render
significant neuroprotection.?*

The murine MPTP model constitutes the best characterized
toxin paradigm for PD, faithfully replicating most of its
clinical and pathological hallmarks.?® Various studies had
been done to assess the time course of MPTP induced cell
death in mice and have proved that greatest loss of
dopaminergic neurons was observed at 7 days.? Hence in
the present study also swiss male albino mice were used
and they were subjected to behavioral, biochemical and
histopathological analysis at 7 days after last MPTP
dosing.
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MPTP is metabolized to its active toxin, MPP*, in the brain
by the action of MAO. This enzymatic conversion of
MPTP to MPP* is shown to involve generation of free
radicals. The biochemical analysis of corpus striatum and
substantia nigra of MPTP treated mice in the present study
revealed increased lipid peroxidation, significant decrease
in GSH and GPx levels. Pretreatment with silybin
significantly reduced the TBARS level in a dose dependant
manner. The depletion of GSH and GPx following MPTP
administration is indicative of utilization of these
antioxidants for effectively removing free radicals formed
in brain. GSH and GPx protect cells from oxidative stress
and the depletion of GSH is the earliest biochemical
change in the brains of PD patients.?” Thus, a decreased
GSH and GPx levels serves as an indicator of oxidative
stress. Interestingly pretreatment with silybin made a
notable improvement in the levels of GSH and GPx in the
PD mouse model. Silybin by preventing the lipid
peroxidation induced by MPTP, had restored the activities
of GSH and GPx. Silymarin a complex mixture of four
flavonolignan isomers, namely silybin, isosilybin,
silydianin and silychristin (with silybin being the most
active) has been widely used from ancient times to treat
human liver disorders.’® The antioxidant and free radical
scavenging properties attribute to one of the several
mechanisms for silymarin’s hepatoprotective effect.
Various animal studies have also demonstrated that silybin
was shown to have anticancer and hypocholesterolaemic
activities through its antioxidant defense mechanism.?82°

In our study, administration of MPTP showed increased
activities of SOD and CAT which were correlated with
previous experiments (Muralikrishnan and
Mohanakumar).t? This result suggested a compensatory
response to oxidative stress due to an increase in
endogenous H,O; production. Thus the decreased level of
SOD and CAT in silybin pretreated groups predicts that
silybin contain free radical scavenging activity, which
could exert a beneficial action against the pathological
alteration caused by the presence of O, and OH . The
major observation of this study was the recovery of free
radical induced damage in brain cells by silybin.

In our study the MPTP treated mice showed motor
dysfunction and behavioural changes similar to PD.
Various animal studies have reported that mice intoxicated
with MPTP developed symptoms like hypo-locomotion,
impaired motor initiation, impaired balance, impaired
coordination and reduced grip strength.® In the present
study the MPTP treated mice when subjected to rotarod
test, showed impaired performance, revealing a significant
loss of muscle coordination and balance. Photoactometer
test showed hypo-locomotion and hang test revealed
impaired neuromuscular strength in MPTP treated mice.
The forelimb stride length measurement test, used to test
PD gait performance was also significantly altered by
MPTP treatment.

Motor impairment is observed only after severe dopamine
depletion (70-80%) in the striatum in PD patients.® Silybin

reversed MPTP induced motor dysfunction significantly in
a dose dependent manner. This proved preservation of
dopaminergic neurons by silybin and its neuroprotection
against MPTP induced toxicity. Gait disturbances are
characteristic of PD. Gait reflects several variables,
including balance, proprioception and coordination.
Several studies in mouse models of PD have described
“gait” by estimating stride length and stance width.3!
Fernagut et al, reported that stride length is a reliable index
of motor disorders due to basal ganglia dysfunction in
mice.*? In the present study silybin at both doses (300 and
600mg/kg) reversed the reduction in stride length by
MPTP. Thus biochemical analysis and motor function tests
clearly proved that silybin protects against MPTP induced
neurotoxicity by its antioxidant defensive mechanism.

The neuroprotective effect of silybin was further
confirmed by histopathological study of nigrostrial
neurons. MPTP treated mice showed extensive necrosis of
striatal neurons, cellular oedema, severe microglial
activation, intense gliosis, apoptosis of neuronal cells with
pyknotic nucleus and extensive areas of rosenthal fibres.
Previous studies have also showed necrosis of cells,
cellular oedema, local microglial activation, rosenthal
fibres and extensive gliosis in MPTP treated mice.33%
Local microglial activation within the nigrostriatum is a
secondary reaction to dopaminergic neuro degeneration.
Microglial activation can also exacerbate ROS production.
Mice treated with silybin (600mg/kg) showed the highest
density of neurons and least amount of neuronal damage.

Many antioxidants (radical scavengers) such as
bromocriptine, cytosine, melatonin, edaravone have been
reported to  protect against MPTP  induced
neurotoxicity.131417:34

The findings in the present study also showed that silybin
by its antioxidant mechanism plays a cytoprotective role in
substantia nigra and corpus striatum in MPTP induced PD
in mice.

CONCLUSION

Hence present study offers a conclusive evidence that
silybin is a neuroprotective. Diet supplemented with
silybin can protect against neurodegenerative disorders
and prevent the progression of neurodegeneration. Further
studies on silybin are needed to evaluate its action on nitric
oxide production inhibition, iINOS gene activation,
proinflammatory cytokines like tumor necrosis factor o
(TNF-a), proapoptotic proteins, mitochondrial ATP
synthesis and excitotoxic events that contribute to
neurodegeneration.
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