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l. INTRODUCTION

1.1 NEURODEGENERATION

Neurodegeneration is defined as the progressiwedbstructure and function
of neurons in the central nervous system. Neurawrgéve diseases have a
devastating impact on millions of individuals ameit families. Left unchecked, the
prevalence of these diseases will grow at an ataymate (Goodman 1990)here is
an urgent need to accelerate the search for efée¢teatments and cures. Many
neurodegenerative diseases including Parkinsontshefmer’s, and Huntington’s
occur as a result of neurodegenerative processe® Wso assures that by 2030, as
many as 1 in 5 among us will suffer from neurodegative disease. If left unchecked
few years from now, more than 12 million will sufffrom neurodegenerative
diseases. Finding treatments and cures for negemgéeative diseases is a goal of
increasing urgency (Scholtissen B 2006).

1.1.1 Common characters of neurodegenerative disesss

The progressivity of neuronal death has also ledpeculation on the very
long phase of the diseases, which asks key questimmcerning early diagnosis and
treatment; a stage at which the clinical signefdisease are not expressed. It is thus
claimed that the earlier the treatment of the disgdhe better it would be for
limitation of neuronal destruction and clinical egpsion. Such a consideration
emphasizes the search for early events of thestiseand critical putative biomarkers
as well as stimulating research programs to prortf@eapeutic approaches focused
at the etiological level leading to true neuropectiten against the diseases (Hampel
et al., 2010).

1.1.2 Neurons

Neurons are the building blocks of the nervousesystvhich includes the
brain and the spinal cord. Neurons normally wilt reproduce or replace themselves,
so when they become damaged or die they cannoteplced by the body.
Neurodegenerative diseases are incurable and tdébgi conditions that result in
progressive degeneration and death of nerve cé&lss causes problems with
movement called ataxias and mental functioningedalementiagDauer Wet al.,
2003.



1.2 NEURODEGENERATIVE DISESASES
Neurodegenerative diseases including ParkinsonAdzheimer’s, and

Huntington’s occur as a result of neurodegenergireeesses.

1.2.1 Alzheimer's disease

The most frightening and devastating of all nengalal disorders is a
dementia that occurs in the elderly. The most commause of this iliness is
Alzheimer’s disease (AD). The earliest symptoms Al include forgetfulness,
disorientation: to time or place, and difficulty tivi concentration, calculation,
language, and judgment (Ashetsal., 2007).

1.2.2 Parkinson’s disease
Parkinsonism describes a syndrome of which Pavkissdisease is the main

cause. Parkinson'’s disease (PD) is a chronic negesterative disorder characterized
by the progressive loss of dopaminergic neuronsubktantia nigra pars compact in
the ventral midbrain. The loss of dopaminergic pesr leads to the reduction of
dopamine being released into the striatum. Thglies bradykinesia, resting tremor,
rigidity and difficulty in initiating movements. Dective nucleoli apparently cause
oxidative stress in cells. This can lead to masse# damage and may be a key
prerequisite for the typical nerve damage of Padkirs diseas@Riekeret al., 2011).

1.2.3 Amylotropic Lateral Sclerosis Huntington’s dsease

Huntington’ disease (HD) is now considered onetli# most common
hereditary brain disorders. It progresses slowlgroa 10 to 20 year period and
eventually robs the affected individual of the #épito walk, talk, think and reason.
HD usually appears between the ages of 30 and Bfects both the basal ganglia,
which control coordination, and the brain cortexjiehh serves as the centre for

thought, perception, and memory (Asheat@l., 2007).

1.3 CAUSES OF NEURODEGENERATION

Protein misfolding

Several neurodegenerative diseases are clasasiguoteopathies as they are
associated with the aggregation of misfolded pnstéMorales Ret al., 2009).



Alpha-synuclein can aggregate to form insoluble fibrils in pathadad
conditions characterized by Lewy bodies, such akifson's disease, dementia with
Lewy bodies, and multiple system atrophy (Baba ¥M8)9

Tau hyperphosphorylated tau protein is the main compbogneurofibrillary
tangles in Alzheimer's disease (Mandelkow E 2007).

Beta amyloidis the major component of senile plaques in Alzlegisndisease.

Protein degradation pathways
Parkinson’s disease and Huntington's disease aéh llate-onset and
associated with the accumulation of intracellulaxid proteins. Diseases caused by

the aggregation of proteins are known as proteitogs(\Warrick JM 1998).

Programmed cell death

Programmed cell death (PCD) is death of a ce#lrip form, mediated by an
intracellular program. There are, however, situsian which these mediated
pathways are artificially stimulated due to injuoy disease. Caspases (cysteine-
aspartic acid proteases) cleave at very specifin@racid residues. There are two
types of caspases: initiators and effectors. botigaspases cleave inactive forms of
effector caspases. This activates the effectorctwi turn cleave other proteins
resulting in apoptotic initiation.

1.4 NEURODEGENERATION AND PARKINSONS DISEASE

Parkinson's disease is one among the neurodegereatesorder which affects
at least 6.5 million people worldwide, irrespectofegender, social, ethnic, economic
or geographic boundaries. Symptoms of the disosteh as tremor, rigidity and
bradikinesia develop when about 3/4 of dopaminecgits are lost in the substantia
nigra (McGeest al., 2004).

Depression and hallucinations are common, and dieneventually occurs in
20% of patients. At this time, there is no treattterdelay or stop the progression of
PD. Rather, the medications currently available enore towards the alleviation of
these symptoms. New surgical strategies may rdalgrsivitch on the functionally
damaged circuits through the electrical stimulatmindeep brain structures, but



although deep brain stimulation is a major advaiicis, not suitable for all patients
(Oliveri et al., 2001).

It remains therefore necessary to generate new &@icines by using
preclinical models. Selective neurotoxic disruptafrdopaminergic pathways can be
reproduced by injection of 6-hydroxydopamine (6-OxJDor MPTP (1-methyl-4-
phenyl-1,2,3,6-tertahydropyridine) whereas depgtimugs and oxidative-damaging
chemicals may also reproduce specific featuresofirProdents. Unlike MPTP, 6-
OHDA lesions cause massive irreversible neurored,land can be uni- or bilateral.
(Annett LEet al., 1997)

The 6-OHDA lesion model is reliable, leads to rdabustor deficits, and is the
most widely used after 40 years of research in rEte loss of dopaminergic input
occurs within days, and the functional impairmeocés be monitored over post-
operative weeks and months by rating animal ratatimduced by dopaminergic
agents (Scholtissest al., 2006).

Parkinson’s disease is a progressive disorder e#ement that occurs mainly
in the elderly. The most important characteristicRD (Parkinson’s disease) is
degeneration of the dopaminergic neurons of thestamba nigra pars compacta
(SNc). Damage of this region result in movemenbdisrs and the most parkinsonian
symptoms are tremor, rigidity, and bradykinesian@ret al., 2007).

15 INTRODUCTION OF PARKINSON'S DISEASE

Parkinsonism describes a syndrome of which Parkiasdisease is the main
cause. Parkinson'’s disease (PD) is a chronic negesterative disorder characterized
by the progressive loss of dopaminergic neurorsubktantia nigra pars compacta in
the ventral midbrain. The loss of dopaminergic pesr leads to the reduction of
dopamine being released into the striatum. Theseegses are then responsible for
the clinical features of PD including bradykinesigsting tremor, rigidity and
difficulty in initiating movements (Speciale S& al., 2002). Mutations in the-
synuclein or Parkin gene have been associated faithilial PD (Abbas Net al.,
1999).

The prevalence of Parkinson’s disease in indugteidlcountries is estimated
at 0-3% of the general population and about 1%efpopulation older than age 60

4



years (Rajput AH et al., 1992). People of all ethmiiigins can be affected, and men
are slightly more prone to the disorder (Balderebtlet al 2000).
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Figure 1. Positron-emission tomographic scan of thierain showing the
difference in fluorodopa (FDOPA) levels between thge with and without
Parkinson's disease.
The Dopaminergic pathways functions are divided it three parts
+«+ Motor control [Nigrostriatal pathways]
« Behavioral effects [Mesolimbic / mesocortical pa#ys]
+« Endocrine control [Tubero infundibular / tubero bphyseal pathways]
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1.5.1 Nigrostriatal pathway in brain
The substantia nigra is a part of extrapyramidatesy which ends in the
striatum. It is the source of dopaminergic neurdiss each neuron makes thousands
of synaptic contacts within the striatum and thgreindulates the activity of a large

number of cells. From substantia nigra these dopanmgic projections fire tonically,



rather than in response to specific muscular mowmesner sensory input. The
neostriatum is connected to the substantia nigradoyons that secrete the inhibitory
transmitter GABA at their termini in the substantigra. In turn, cells of the
substantia nigra send neurons back to the striagaaneting the inhibitory transmitter
dopamine at their termini. This mutual inhibitorgtpway normally maintains a
degree of inhibition of the two separate areasvéldibers from the cerebral cortex
and thalamus secrete Ach in the neostriatum, cguesicitatory effects that initiate
and regulate gross intentional movements of thg Bdodman 1990).

In Parkinson’s disease, destruction of cells indilestantia nigra results in the
degeneration of neurons responsible for secretoachine in the neostriatum. Thus
the normal modulating inhibitory influence of dopamon cholinergic neurons in the
neostriatum is significantly diminished, resultimgoverproduction or a relative over
activity of acetylcholine by the stimulatory neusofThis triggers a chain of abnormal
signaling, resulting in loss of the control of migsenovements resulting in the
Parkinsonism (Goodman 1990).
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Figure 3. Nigrostriatal pathway in brain

1.5.1 Mesolimbic pathways

In these pathways cell bodies arise from midbragégencephalon) to end in
the nucleus accumbens, which is situated cranitiéacorpus striatum and is part of
limbic system.



1.5.3 Tubero Infundibular pathways

The cell bodies of these pathways arise from tlmiade nucleus of the
hypothalamus to end in the lactotrophs (prolaceereting cells of the anterior
pituitary (Goodman 1990).

1.6 CLASSIFICATION

The causes of Parkinsonism are still mysteriows.Hsed on the etiology it is
divided into five types. Majority of cases majofblls under idiopathic type, in this
type the cause is unknown; it is commonly referesd Parkinson disease (PD).
Secondary Parkinsonism’s, multiple Parkinson plysidsomes and hereditary

parkinsonism are less forms of parkinsonism.

Table: 1 Classification of Parkinsonism

) ) ) Idiopathy Parkinzon discasc
d Primary parkinsonism .
’ Drugs induced

Normal pressure,
Secondary Hydrocephalug, Toxin
[ fu L8 ¢ .
e v < imnduced
parkinsontsm Head trauma, Vascular
Infections
Parkinsonism .[\-"I_nl_h_s;}-tsfmn _ NMultiple x\ SLCIN atl Oplics
\ palklllrs'ulllall plu:s Progressive supranuclear
svndroies palsyv
\ N Familial or Herediatary Autosomal Dominant.
parkinsonism -u-synuclein gene mutation

Dementia/ Dementia
parkinsonism Creulzleldl Jakob s disease
Syndromes Corticobagsal degencration

Idiopathic Parkinson’s disease is a neurodegemeratisorder, forms the

1.6.1 Primary Parkinsonism

major subgroup of patients with Parkinsonism, wteannot be cured. The cause of
this type is still mysterious. The onset of Parkims disease is gradually slow and
progressive and also varies with individuals. Cbdzed by the presence of Lewy
bodies in the pigmented neurons of the substamgjea rand loss of neurons from
substantia nigra. Besides motor symptoms, cognéinve affective symptoms have
been reported. In 65% to 70% patients have asyrarteémor that too mostly in

upper extreme, as the time passes it progressathéo part along with difficulty in



gait, bilateral bradykinesia. Freezing occurs iwvaated cases. Postural instability
and falls are considered as late feature (Paulto& Btern MB 1997).

1.6.2 Secondary Parkinsonism

Unlike the idiopathic Parkinson’s disease seconddarkinsonism can be
cured. It can be caused by drugs, arteriosclerdsmors, chemicals, trauma, and
some photographic dyes and also by various infiestj@Varrell & Weatherall 2007).

+ Drug induced Parkinsonism has been the second most common form of
Parkinsonism. Drugs that deplete central storefpamine such as reserpine,
methyldopa and that antagonize central dopaminesptecs such as
chlorpromazine, haloperidol are major types of Pednism inducing agents.
Its symptoms and conditions such as progressiveasuplear palsy(PSP),
multiple system atrophy(MSA), dementia with Lewy dms(DLB),
corticobasal degeneration(CBD) and frontotemporameintia (FTD) are
commonly indistinguishable from the PD. They areegally described as
symmetrical and PD as asymmetrical. In 30% of dmduced patients
asymmetry signs and symptoms are found. Clinicahifestations of drug
induced patients vary from PD. The current use h&f imedicines by the
patients showing the signs and symptoms of Parkisso are enquired
properly and if drug induced Parkinsonism is sutgkcthen the
discontinuation of that drug will result in the inggement within 3 months
and complete resolution can take place within T {8athi KDet al., 1990).

+ In some cases, Normal pressure hydrocephalusagiatsd with Parkinson’s
syndrome. NPH is a neurological condition charamter by pathological
dilation of the ventricular system of the brain tlee spaces containing CSF in
brain is dilated; this is due to the obstructiorilanv or absorption of CSF. The
parkinsonian symptoms in NPH is due the destruatibbasal ganglia, leads
to the vascular insufficiency to the nigrostraitawmd develop the symptoms
which are well documented in Parkinson’s syndroB@nerTHet al., 2003).

+ Head trauma can lead to the development of Panmkimssyndrome. Persons
suffered with head injuries are more prone to Pakn’'s disease when
compare with the persons who did not met head i@guiThe exact cause is
not known for head trauma but it may be due todémth of brain cells during
injury or in normal aging, entry of certain poisansproteins into bloodstream
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due to disruption of BBB or production of certairof@ins which would not
have been developed by brain cells, which startastade leading to cell
death (Tolosa ES & Santamaria J 1984).

+«+ Vascular Parkinsonism can be a possible cause r&fnBanism, also known
as “arteriosclerotic parkinsonism”. 3-6% of totakkinsonism cases fall under
vascular Parkinsonism. It results from the lacumarsctions in basal ganglia,
frontal lobe infracts, and deep diffusion of ischernesions of sub cortical
white matter (Critchley M 1929).

¢ Infections such as influenza virus, Coxsackie viriepanese encephalitis B,
St. Louis and West Nile viruses and HIV can causeosdary form of
Parkinsonism. Among them influenza is main factAs there are little
evidences that virus infection can cause Parkissoni hey induce by causing
cell death by entering into brain, but more thaat tthey induce cytokine
storm in the brain. The sequence of cytokine indadiasts for long time and
exceeds the presence of the initiating factor (ghiket al., 2003).

Multisystem Parkinson plus syndrome
These are uncommon and usually characterized gy gresence of
parkinsonian motor features along with other psstriu, neurologic and autonomic
abnormalities. Variants such as multiple systenopadis, progressive supranuclear
palsy and corticobasal degeneration. Generallyetlaggpical forms are unresponsive
but at the best transient they give response icdPamkinson therapy (Rajput A 2001).
« Multiple system atropies (MSA) is a neurodegeneeatdisorder, with
undetermined etiology. It generally manifests a®mbination of Parkinson’s
disease, pyramidal signs and symptoms, cerebeftduidction and autonomic
dysfunction. All the subtypes of MSA can have paskinian features; among
them one subtype is much difficult to differentiftem PD. In MSA levodopa
therapy are difficult to interpret because of thariability. MSA patients are
non or poorly levodopa responsive. The clinicald&s documented that
40%levodopa efficacy is possible or probable in M&#ses (Kumlesh K
et al., 2003).
« Progressive supranuclear palsy patient's shows &non onset of
Parkinsonism. They show poor response to dopammetgeatment.



Characterized by supranuclear gaze palsy, esped@aiVngaze, blepharospam
and eyelid opening apraxia (Williams Ral., 2005).

Dementia/parkinsonism syndromes
«» Dementia is the vital loss of memory for a shomei Emotional symptoms
and mental slowness were considered to be martitestaf the Parkinsonian
syndrome. The relationship that favors betweerDdmentia and Parkinson’s
syndrome is the degree of motor impairment and &sovarious anterior
brain symptoms (Rinne J& al 1999).

Familial or hereditary Parkinsonism

% Autosomal dominant is the condition in which fauliyene on one
chromosome has impact on the gene of partner clsome and stops its
working. The presence of intracellular aggregataled Lewy bodies are
observed, this lewy bodies are nothing but an ababraccumulation of
proteins. Autosomal dominant Parkinsonism can beuwed due to the
mutations of two proteins that avesynuclein (PARK1) and Ub carboxyl-
terminal hydrolase (UCH-L1). The-synuclein gene is thought to produce
monomeric Ub by cleaving polymeric Ub chains andfeeasing Ub from
small adducts. Mutation in UCH-L1 could result ihetreduction of its
catalytic activity, which may lead to the mismanagat of Ub recycling
(Cotziaset al., 1969).

Corticobasal degeneration, one of neurodegenerdisease, generally occurs
in the late middle age. Characterized by neuroosd,|tau deposition in grey and
white neocortex, brainstem and basal ganglia. Tigessare cortical sensory loss,
extrapyramidal symptoms that includes tremor, bkawsia, myoclonus, dystonia
and alien limb phenomenon. Impaired cortical andabaganglia function in
corticobasal degeneration can manifests the pamkissyndrome( Albin, R.let al.,
1992).

1.7 PATHOPHYSIOLOGY

The primary deficit in PD is a loss of the dopamgie neurons in the
substantia nigra pars compacta which provides domagic innervations to the
striatum i.e. caudate and putamen. The presentrstadeling of the pathophysiology
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of PD traced to neurochemical investigations whiadémonstrates that striatal
dopamine content is reduced to 80%, which leadshéo loss of neurons from
substantia nigra (Mink, J.\&t al., 1993).

Many factors have been speculated to operate imdehanism of cell death
of the nigrostriatal dopaminergic neurons in PDcluding oxidative stress,
mitochondrial dysfuntion, Excitotoxicity, exogenouand endogenous toxins,
apoptosis, abnormal protein processing, inflammatod genetic causes (Morens
DM et al.,1996)

Neural Mechanism of Parkinsonism

Various effort has been made to understanding lhewdss of dopaminergic
input to the neurons of the neostriatum gives tasehe clinical features of PD. The
basal ganglia is a modulatory side loop which ratpd the flow of information from
the cerebral cortex to the motor neurons of th@adpcord (lkonomidou Gt al.,
1996).

The neostriatum is the principal input structuretlod basal ganglia which
receives excitatory glutamatergic input from vadareas of cerebral cortex. Many
neurons in the striatum are projection neuronsclimnervate other basal ganglia
structures. The neurons within the striatum areneoted through interneurons. This
striatal interneuron use Acetylcholine and neurdidep as transmitters. Projection
neurons express predominantly & D, dopamine receptors, as well as interneuron.
Outflow from the striatum occurs by two routes. Osalirect pathway and other is
indirect pathway. (Ody ¢t al., 1995)

The direct pathway composed of neurons in thetatnahat project directly
to the output stages of the basal ganglia i.emftloe striatum to the substantia nigra
pars reticulata (SNpr) and globus pallidus inte(@#®i), that uses the transmitter
Gama aminobutyric acid (GABA), which relay to thentroanterior and ventrolateral
thalamus and provides excitatory input to the corte this pathway neurotransmitter
for both the links is GABA, which is inhibitory; hee the net effect of stimulation of
the direct pathway in striatum is to increase tkatatory outflow from the thalamus
to the cortex (Wenningt al., 1994)
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The indirect pathway is composed of neurons initatrathat project to the
globus pallidus externa (GPe) and the subthalamaens (STN) to the SNpr and
GPi (SNpr and GPi output structures of the basalgh@). It consists of two
inhibitory GABAergic links and one excitatory glmatergic projection (Glu). The
net effect of stimulating the indirect pathway tnisgum is to reduce the excitatory
outflow from the thalamus to cerebral cortex (WeBéret al., 2006)

The substantia nigra pars compacta (SNpc) providiepaminergic
innervations to the neurons in striatum, give rieeboth the direct and indirect
pathways, and regulates activity of these two pailiee SNpr and GPi provide
feedback to the cerebral cortex through the ventes@r and ventrolateral nuclei of
the thalamus.
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Figure 4. The Basal Ganglion of normal person & théasal ganglia in
Parkinson’s disease
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In parkinsonian state the neuronal activity in @Ri/SNr output nuclei of the
basal ganglia increases, which leads to excesshibition of thalamo-cortical and
brainstem motor systems. It assumes that redudichizan of dopamine receptors
due to the dopamine deficiency, results in decikadabition of striatal neurons of
the indirect pathway and reduced excitation ofsatineurons of the direct pathway
(Beso J.A 2000).

Reduced inhibition from the indirect pathway leaolsnhibition of the STN,
over inhibition of the GPe and increased excitattdnGPi/SNr neurons, whereas
reduced excitation from the direct pathway causeseduction in influence of
inhibitory activity on the GPI/SNr. The net resol this is excessive activation of
basal ganglia output neurons along with the exeessihibition of motor systems,
leading to parkinsonian motor features. Some ewvdeupports the use of this model
in the Parkinsonian state following dopaminergsides. Expression of Dreceptor
and preproenkephalin mRNA increases in striatarore of the indirect pathway,
whereas expression of mMRNA encoding ther&ceptor, substance P and dimorphic
decreases in neurons of the direct pathway (G&€r1991).

There are many limitations of this model of basahgjia function. In recent
work it was shown that the anatomical connectioms raore complex. Even the
pathways involved not use only one neurotransmlitér several neurotransmitters,
such as the neuropeptides substance P and dynaaphifound predominantly in
striatal neurons of direct pathway and in stram@urons of indirect pathway
enkephalin are expressed. First, it was suggesidtod restore the balance of the
system through stimulation of dopamine receptdiough the effect of actions at
both D and D receptors must be considered. It was then exgdatihat replacement
of dopamine is not the only approach to the treatned PD. Drugs that inhibit
cholinergic receptors have been used for treatwieRarkinsonism, it seems that their
effect is mediated at striatal projection neuravisich receives cholinergic input from

striatal cholinergic interneuron®arent A & Cicchetti F 1998).
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Figure 5. A modern view of the motor circuitry of the basal ganglia
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Oxidative stress

Oxidative damage is believed to play a role in irbraging and
neurodegenerative disorders, such as Parkinsoséask. In substantia nigra part of
Parkinson’s disease brains shows signs of oxidastress, including, excess
accumulation of iron and lipid peroxidation, damageoteins and DNA, depletion of
glutathione (GSH) and reduced complex | activity. deneral neurons are more
exposed to the toxic byproducts of oxygen metabolisan other cells, because for
energy production they depend primarily on oxidagphosphorylation (Jennet al.,
1996).

One more factor is that when compared to othendsshe brain is deficient in
antioxidant molecules and free radical scavengingymes, which makes neurons
vulnerable to oxidative stress. WhenQd is produced during the metabolism of
dopamine by monoamine oxidase (MAO), dopaminergarons, are subjected to
additional oxidative stress. B, react with transition metals and forms the highly
reactive hydroxyl radical (OH-) which are knownctuse damage to lipids, proteins
and DNA (Brian C. Krameet al., 2002).

DA+ O, + H,0O
Autoxidation by MAO
DOPAC +NHs3+ 202
Fe2+
OH+ OH + Fe*

Figure 7. Autoxidation processes in the basal gangl

Mitochondrial dysfunction

The mitochondrium is the basic site which generatesgy supply for the cell.
It is regulated by five respiratory chain complex€smplex | controls the transfer of
single electron from NADPH to coenzyme and trangiértwo protons to the
mitochondrial inter-membrane space, which are tlssd by complex V to synthesize
ATP from ADP. A defect in the mitochondrial complelead to cell degeneration in
Parkinson’s disease through decreased ATP synth@siscontribute to cell death
(Pisa 1998).
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The disarrangement in complex | caugesynuclein aggregation, which
contributes to the demise of Dopaminergic neurtisochondrial DNA and nuclear
DNA encodes mitochondrial complex I, which is eneddis defective in multiple
tissues in PD individuals, thought that defect amplex I may be genetic, arising
from mitochondrial DNA. Thus, small mutations intaghondrial genes encoding
complex | may be responsible for PD. Mitochonddgdfunction is not exclusively be
related to Dopaminergic neurons of the SNpc butheagystematic, as mitochondrial
dysfunction in PD is also observed in the striatumd other tissues (Von Bohlen &
Halbachet al., 2004).
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Figure 8. Excitotoxicity, mitochondrial dysfunction and free radicals contributes
to cell death
Excitotoxicity

Excess glutamate causes the damage which leadeetachanges in the
permeability of cells to calcium by acting on arttough N-methyl-d-aspartate
(NMDA) receptors, which considered being involved neurodegeneration.
Glutamate-induced excitotoxicity is thought to pkyole in PD. Over activation of
glutamate receptors results in excessive risegtptasmic C& which are assumed
to underlie the fundamental processes ultimatefdiley to neuronal death. The
calcium-dependent NMDA neurotoxicity is based ol twechanisms as follows: (i)
excessive nitricoxide formation and (ii) mitochomadirdysfunction (I konomidou C
et al., 1996).

The excessive influx of calcium causes an acowvabf nitric oxide (NO)
synthase that converts l-arginine to citrulline a@. Excess NO is responsible for
glutamate neurotoxicity. Commonly most of the néox@ actions of NO are
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mediated by peroxynitrite, which obtained from tieaction of NO and superoxide
anion(Mody | et al., 1995).

The extensive calcium influx accompanies NMDAegor activation is get
accumulated by the intracellular mitochondria, widffects on mitochondrial
membrane potential, ATP synthesis, glycolysis, Rf@8eration, leading to failures in
cytoplasmic calcium homeostasis and thus causebk dmdth Dopaminergic
nigrostriatal neurons have numerous glutamate ptece and receive an extensive
glutamatergic innervations from the cortex and siubthalamic nucleus . As the
substantia nigra receives rich glutamatergic inputshas been assumed that
glutamate-induced excitotoxicity may be involvedcell death in PD (Nicholls DG
et al., 1998)

1.8 EXOGENEOUS AND ENDOGENEOUS TOXINS

6-Hydroxy-dopamine (6-OHDA)

6-OHDA was the first chemical substance which feamd to show a specific
neurotoxin effects on central monoaminergic neuroms uses the same
catecholaminergic transport system as nor epinephand DA and thereby causes
specific degeneration of catecholaminergic neurtingas found that it is toxic to the
mitochondrial complex | and induces the generatibROS. As it is unable to cross
the blood brain barrier, it has to apply directlysubstantia nigra or striatum within
the 12hr post 6-OHDA injection in nigra; it caudée neuron death in the SNpc
followed by striatal fiber degeneration. And whersiinjected Intrastriatal it lead to a
retrograde-induced cell death in the SNpc and gmoagmately 70% loss of striatal
DA (Ungerstedt UL968).

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)

MPTP is a bypass product, obtained from the chdnsgathesis of a
meperidine analog with potent heroin-like propettielt is highly lipophilic and
readily crosses the blood— brain barrier and medw@icity by converting to the 1-
methyl-4-phenyl-2,3-dihydropyridium ion (MPP+) byombamine oxidase B. MPP+
must be transported into Dopaminergic neurons hyateansmitter transporters to
develop its toxicity and once it enters neuroig @ssume that it acts by inhibiting the
electron—transport system of the mitochondrial clemb, resulting in cellular energy
failure and the formation of superoxide anions .Bk&ctive toxicity of MPP+ for
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Dopaminergic neurons is due to its high affinitythe dopamine transporter DAT.
Depending on the dose, model and route of appicabif application, MPTP can
produce an irreversible and severe Parkinsoniadreyme that replicates nearly all
features of PD (AnthonMK, Tsanget al., 1792).

MANEB

Maneb is a fungicide, used as chemical for aguce] of which Manganese
ethylene-bis-dithiocarbamate (Mn-EBDC) is the majotive element. It is known to
damage the Dopaminergic system and induce neucoddgrations in humans, such
as postural tremor, cerebellar signs, and bradglkan&ven its chronic exposure leads
to permanent Parkinsonism. When it administeredgaith the MPTP, it potentiates
the MPTP toxicity. Injection of Mn-EBDC directly tio lateral ventricles leads to the
selective Dopaminergic neurodegeneration (Betakbetal., 2002).

Paraquat (1, 1-dimethyl-4,4-bipyridinium)

Paraquat get metabolized to paraquat radical eraptex | of the electron—
transport-chain in mitochondria, leads to its iitoim and accelerates lipid
peroxidation. As it can penetrate the blood-bramrribr, it can be applied
systemically. After intracerebroventricular or exerebral injection it shows its
neurotoxic effects leading to loss of Dopaminemggaron in the substantia nigra and
reduction in the density of striatal TH-ir fibeSontinuous exposure to low levels of
paraquat might lead to vulnerability of Dopaminergieurons in the nigrostriatal
system and potentiate neurodegeneration. Its expadacreases braia-synuclein
levels, accompany aggregate formation. Its systesdiministration leads to cell
losses not only in substantia nigra but also ifigrim cortex (Betarbet Rt al., 2002).

Rotenone

Rotenone is a pesticide, obtained from naturatc®u It is highly lipophilic
and does not depend on dopamine transporter fadareéntry and moreover is not
sequestered into synaptic terminal. It was foundnaschondrial toxin which
selectively inhibits the mitochondrial complex hhibition of complex | results in the
degeneration of highly selective nigrostriatal Dmpeergic (involving caspase-3-
mediated apoptosis) and-synuclein-positive cytoplasmic aggregates in digra
neurons. Even it was found that it causes an isegkatriatal DA turn-over and
reduced TH-ir in the caudate putamen. Infusionobémone does not only induce loss
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of striatal dopaminergic fibers but also other typef striatal fibers, like
serotoninergic fibers (BetarbetdRral., 2002).

Apoptosis

From the long time Apoptosis has been implicatedthe process of
neurodegeneration in PD pathogenesis. Such asatetivof caspase 3 has been
studied in the brain tissues, expression of X-lthkehibitor in PD patients. Redox
sensitive substrates, caspase 3 and substratespdsirtranslational oxidative
modification are some of the components that i@t@poptosis. Such as it is known
that S-nitrosylation can modulate apoptosis byngctbon a number of important
apoptotic proteins (Virginie Lickerat al., 2009).

Abnormal protein processing

Aggregation of soluble proteins into insoluble qiexes and inclusions is
found as one of the cause for neurodegenerativeitaams, including PD. The one of
the mechanism for protein aggregation is when prstare exposed to hydrophobic
segments, which are prone to form inappropriaterimolecular binding, when they
are unfolded, partially folded or misfolded. It wlsund that protein aggregation
occurs between similar hydrophobic proteins orimi$tproteins sharing a common
aggregation-promoting motif. Under physiologicahdaions, when the production of
abnormal polypeptides exceeds the capacity of tR&,Ut got sequestrated into
microtubule-dependent aggresomes and under nonepdgisal conditions, soluble
monomers and oligomers of native or non-native petyides may self-assemble,
polymerize and coalesce into giant intracellularusions, such as LBs in PD. The
UPS is a major pathway which mediates the degradati abnormal cellular proteins;
it has been proposed that its dysfunction may keyafmay be an important factor in
the pathogenesis of PBaunders-Pullman & al., 2003).
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1.9 CAUSES
Even though the main cause for the Parkinsonismotsto be known but
number of the risk factors are clearly evidenindludes

Non-Genetic risk factors
Sex

Males are more prone to Parkinson’s syndrome teemales. This may be
because men having greater exposure to otherawtkrt as toxins and head trauma.
Many studies have prompted the hypothesis thatléeesex hormones have protection
against neuronal cell death. In certain studiegas found that treatment of estrogen
to postmenopausal period women with PD shows imgar@nt in motor movements
(Tsang KLet al., 2000).

Advancing age

Even though there are occasional cases registeraghich disease being
developed young adult but it commonly manifestsnfimiddle to late years of life. Its
prevalence increases after the age of 50 yeara@&derates between 65 and 90 years.
Only 5-10% of patients have symptoms before theedfy of aggMoghal Set al
1994).

Environmental factors

The chemicals used in agricultural purpose suchHasicides, pesticides,
fungicides etc, may play a role as a risk factdre PD prevalence increase in people
who have occupational exposure to herbicides arsdcticides. Even chronic
exposure to farming, pesticides, well- water usa rmmal living increases the risk of
PD. Certain laboratories investigations implicatétt an array of agricultural
chemicals such as paraquat, rotenone, parathiomecapable of targeting and
damaging the SNpc. Studies revealed that prengpasere to the pesticide maneb
produces selective, permanent alterations of tigeosiriatal dopaminergic system.
Iron is also one of the causative factor, its démysmay cause synuclein aggregation
(Gerlach Met al., 2006).
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Dietary factors

The risk of PD is also associated with various fagpdups and specific
nutrients they can cause either high or low risliPBt The intakes of many nutrients
are highly correlated and specific associationstaadefore not easily identified. Few
population-based cohort studies have been donen(Bletal., 2002).

Antioxidants

In nutritional epidemiology mainly antioxidantseme focused, which is
presumed as central role of oxidative stress inpditbogenesis of PD. Antioxidants,
such as vitamins E and C, are supposed to progdistagainst oxidative damage by
neutralizing free radicals(De Rijk M& al.,1997)

Fat and fatty acids

The relation between dietary fat and PD is nadrcleligh lipid containing diet
could increase the amount of oxygen radicals bid liperoxidation and thereby
increase the risk of PD (Farooqui Asal., 1998).

Dietary iron
Iron may forms the free radicals and increasedldeakiron were found in the
substantia nigra of PD patients. Few studies faupdsitive association between iron

intake and PD but few found no association (LaiZBXD2).

Inflammation

The role of inflammation in PD is still unknown. RD patients up regulation
of cytokines in the brains and cerebrospinal fiwiele found, and activated glial cells
have been observed in post-mortem material. It beague to either immune response
or a consequence of neurodegeneration (ChetraH, 2003).

PD and cancer

Some studies showed a low incidence of common tgpesncers in people
with PD. The initial hypothesis was that this midiave resulted from the inverse
association between smoking and PD but it did odd,Hbecause a low incidence has
been described for both smoking-related and norksmaelated cancer@Vest AB
et al., 2005)
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Causative genes

Monogenetic causes do not have primary role in IABeveral studies it was
found that positive family history has been asgedavith a high risk of PD, but in
many cases the mode of inheritance is not cleaa &tudy of almost 20,000 male
twins a significant effect of genetic factors wasrid, but predominantly in PD with
onset before age 50 years. Since 1997, many familgere been identified with
Parkinsonism with Mendelian inheritance, and nous iestimated that 10% of PD

cases are caused by monogenetic forms (Haetlgld 2003).

Susceptibility genes

Sporadic form of PD is generally thought as a testicomplex interactions
between environmental and genetic factors. Vargiudies have been carried out on
candidate genes that were hypothesised to corgriiouthe risk of sporadic PD. Very
commonly studied candidate genes include genedviedan dopamine metabolism,
mitochondrial metabolism, detoxification, other redegenerative diseases, and
familial PD and genes associated with risk factorsPD(Tan EKet al., 2000 &
Huang Xet al., 2004).

1.10 SYMPTOMS

Parkinsonism mainly has three cardinal motor spmgt grouped under the
acronym TRAP: Tremor at rest, Rigidity, Akinesiar (oradykinesia) and Postural
instability. Classic features of PD include flexealsture and freezing (motor blocks)
is an asymmetrical onset of motor symptoms. Dependn the diverse profiles and
lifestyles of those affected by PD, motor and nastan impairments should be
evaluated in the context of each patient’'s needsgaals (Jankoviet al., 2007).

Motor symptoms

Tremor, bradykinesia, rigidity, postural instalyilit

Hypomimia, dysarthria, dysphagia, sialorrhoea

Decreased arm swing, shuffling gait, festinatiofficilty arising from chair,

turning in bed

Micrographia, cutting food, feeding, hygiene, slaetivities of daily living

Glabellar reflex, blepharospasm, dystonia, striatformity, scoliosis,

camptocormia
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e Fatigue
e Masked faces (a mask-like face also known as hyp@ynawith infrequent
blinking

e Impairment in fine motor dexterity and motor caaedion

Non-motor symptoms
e Cognitive
« Bradyphrenia, impaired attention and executive fion¢ visuospatial
deficits, dementia, language problems.
e Psychiatric
+ Depression, anxiety, sleep disturbances, sexu&lidgson.
e Craniofacial
« Hypomimia, impaired accommodation, sialorrhea angsptagia,
olfactory hypo function, dysarthria.
e Autonomic
+ Orthostatic hypotension, impaired gastrointestimdility, bladder
dysfunction, sexual dysfunction, abnormal thermalagpn and
increased sweating.
e Skin
« Sensory Cramps, paresthesia, pain, numbnessngn@eborrhoea.
e Musculoskeletal

¢ Scoliosis, peripheral oedema

Diagnosis(Stoessl AJ & Rivest J 1999

Diagnosis of Parkinson's disease is little difficiNo specific blood tests or
diagnostic procedure or laboratory test are culyeavailable. Because of this
Parkinsonism is diagnosed on the basis of symptants results obtained from
physical and neurological examinations. Moreovas difficult to diagnose on basis
of early symptoms and also in aged peoples ashheg some same problems as in
Parkinson’s disease such as loss of balance, slovemments, muscle stiffness, and
stooped posture.
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It is mainly diagnosed clinically and this clinicdiagnosis includes normal
ageing, essential tremor, drug-induced Parkinsoniken Parkinson-plus syndromes,
vascular Parkinsonism, and normal pressure hydhadep. Less common entities
with Parkinsonism DOPA-responsive dystonia, juveoihset Huntington's disease,
pallidopontonigral degenerati¢Bower TH 2003).

In atypical cases neuroimaging and laboratory tesé necessary.

Neuroimaging tests such as

e Computed Tomography (CT)

e Magnetic Resonance Imaging (MRI)

e Electroencephalograms (EEGS)

e Positron Emission Tomography (PET)

e Single-Photon Emission Computed Tomography (SPECT)
Laboratory Tests include blood tests, such as

e Complete Blood Count (CBC)

e Urinanalysis and blood glucose testing

e EKG to help evaluate the heart

which are commonly perform to look for a structudaorder that may be the cause of

the disease.
Table 2. Differential diagnosis of PD
Common Misdiagnose Distinguishing features
Essential tremor (E’ Tremor (action/postural) isthe only or predominat

feature; no response to PD drugs

Progressive supranuclear pa| Supranuclear down gaze palsy; sg-wave jerks; uprigh
(PSP) posture;gait instability; dysphagia

Multiple  system  atroph| Autonomic disturbance, cerebellar ns, relative absenc

(MSA) of tremor; gait instability; dysphagia

Corticobasal degenerati( Limb apraxia; normal cortical sensory is disturbedrly

(CBD) dementia

Diffuse Lewy body dementi| Early dementia; psychosis; agitat

(LBD)

Alzheimer's disea: Dementia is the primary symptc

Drug-induced parkinsonis Exposure to dopami-blocking drugs; lack of rest trem
and asymmetry

Vascular parkinsonis Imaging History of chronic hypertension; unilate
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1.11 TREATMENT (Finkel, Richard & Rang H)P
Drug classes for treatment of antiparkinsonism
I. Drugs affecting brain dopaminergic system

1. Dopamine Precursor

Levodopa/ L-dopa
2. Peripheral Decarboxylase inhibitor

Carbidopa (Parcopa orally disintegrating tablet)

Benserazide
3. Dopamine agonists

Apomorphine (Apokyn)

Bromocriptine (Parlodel)

Cabergoline (Not approved in the US)

4. COMT Inhibitors

Entacapone (Comtan, Stalevo)

Tolcapone (Tasmar)
5. MAO-B Inhibitors

Rasagiline (Azilect)

Selegiline

Dopamine facilator

Amantadine (Symmetrel, generics)

[I. Drugs affecting brain cholinergic system

1. Central Anticholinergics

Trihexyphenidyl (Artane)

Procyclidine
2. Antihistaminics

Orphenadrine

Promethazine

Levodopa is the first line treatment for parkinsonism, isnatabolic precursor
of dopamine that is decarboxylated to dopamine iwithe presynaptic terminals of
dopaminergic neurons in the striatum, responsitegte therapeutic effectiveness of
the drug in Parkinsons’disease, Peak concentratidrihe levodopa in plasma is
between 0.5 and 2 hours after an oral dose withh#iklife of 1 to 3 hours. It is

combined with a peripheral dopa decarboxylase itdrib either carbidopa or
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benserazide which diminishes the peripheral side effects afgb combined with
plus dopa decarboxylase inhibitor entacapone (idrilof COMBT) to inhibit its
degradation About 80% of patients show initial improvement twitevodopa,
particularly of rigidity, hypokinesia, tremor andadykinesia, and about 20% are

restored virtually to normal motor function

Selegiline is a MAO inhibitor that is selective for MAO-B, liidition of
MAO-B protects dopamine from intraneuronal degrmchat thus decreases the
metabolism of dopamine and has been found to ieerdapamine levels in the brain
and was initially used as an adjunct to levodopa.

Dopamine Receptor Agonists Bromocriptine, an ergot derivative, and few
newer, nonergot drugs, ropinirole, pramipexole,igaitne and Apo morphine
Bromocriptine inhibits the release of prolactin from the antepauitary gland, its
duration of action is longer (plasma half-life 6x8urs) than that of levodopa. Newer
dopamine receptor agonists include lisuride, péidgolropinirole carbergoline and
pramipexole. They are longer acting than levodopa r@eed to be given only once
or twice daily, with fewer tendencies to cause dys&ia and on-off effects.
Apomorphineg are available in injectable and transdermal deliverystems
respectively meant to be used for the acute management of tipenmybility
phenomenon, alleviate the motor deficits in botloteopapatients.

Amantadine have many possible mechanisms for its action iredudcreased
dopamine release, inhibition of amine uptake, odi@ct action on dopamine
receptors and inhibiting the N-methyl-D-aspartatéMDA) type of glutamate
receptors.

Acetylcholine antagonists Benztropine, trihexyphenidyl, procyclidine and
biperiden interfere with this inhibitoreffect on dopaminergic nerve terminals,
suppression of which compensates for a lack of whipa by muscarinic
acetylcholine receptors.
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1.12 NEUROTOXIC PROFILE OF 6- OH DOPAMINE

The noradrenergic analog 6-OHDA has been intradl@secatecholaminergic
neurotoxins (Jonsson G 1983). These neurotoxin ocamys especially 6-OHDA,
have remained extensively used for bothitro andin vivo investigations. Because
of practical considerations, in living animals 6-DA has been used essentially in
small animals such as rodents (RoelingdAl., 1995).

The neurotoxin 6-OHDA shares some structural sintés with dopamine
and nor epinephrine, exhibiting a high affinity feeveral catecholaminergic plasma
membrane transporters such as the dopamine traespand nor epinephrine
transporters. Consequently, 6-OHDA can enter bottachinergic and noradrenergic
neurons and inflict damage to the catecholamingrgtbways of both the peripheral

and the central nervous systems. (RoelingefT&l., 1995)

Mode of action

With respect to its mode of action, it is undeostahat 6-OHDA destroys
catecholaminergic structures by a combined efféceactive oxygen species (ROS)
and quinones. 6-OHDA, once dissolved in an aerabid alkaline milieu, readily
oxidizes, yielding hydrogen peroxide ABb) and para-quinone. Although the
chemical reaction that wunderlies 6-OHDA-induced ro&xicity appears
straightforward, it is in fact a remarkably complied reaction that does not occur as

a spontaneous oxidation by molecular oxy(féohen Get al., 1984).

Route of administration

Like other parkinsonian neurotoxins 6-OHDA can®% ladministrated by
systemic injection, this route of administrationllwnot produce the desired
nigrostriatal lesion and also 6-OHDA poorly crossbe blood-brain barrier. To
circumvent this problem, 6-OHDA has to be injectéckectly into the brain either

free-hand or by stereotaxic means. (Daniel Alvdfszheret al., 2008)
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1.13 PLANTS AS MEDICINE

The exploitation of plants for medicines has a l@amgl interesting history,
since at one time all drugs were obtained from nahtsources. During the last few
decades, there has been a resurgence of interglstnis as source of medicines and
of novel molecules for use in the elucidation oygiblogical phenomena. Plants have
been mostly exploited from the day when humansizegltheir effectiveness and
versatility as medicines. There is a genuine extect in developing countries that
their drug problems can be alleviated through asibén scientific exploitation of
medicinal plants some of which have been used famegtions by indigenous
populations. Then there is the worldwide green keien that is reflected in the
belief that herbal remedies are safer and less giagmao the human body than
synthetic drugs (Gupta SS 1994).

Further underlying this upsurge of interests innfdais the fact that many
important drugs in use were derived from plantantal have also yielded molecules,
which are extremely valuable tools in the medicfBeme scientists thus expect that
the plant kingdom holds the key to the understanaihcomplex human pathology
and the cure of man’s perplexing diseases (Huxleyah, 1992).

Traditional systems followed in ancient civilizaticdhave been passed on
through generations. Systems like Ayurveda, Sid@tnese system, Tibetan system

indigenous African medicine utilized plant sourcghe maximum.

The initial optimism, engendered by the idea that sophisticated
understanding of plants by our traditional heaileosild pave the way to predictable
drug development has not been realized. Therefdreratories around the world are
engaged in the screening of plants for biologicaivdy with the therapeutic potential.
One major criterion for the selection of a plant $oich study is traditional healer’s

claim for its therapeutic usefulness.

The number of species of higher plants on the planestimated between
370,000 and 500,000. All higher plants elaboratmbal secondary metabolites that
are of potential medical interest. Therefore, tleedmination of the criteria for
selecting plants for phytotherapeutic investigaidperhaps as important an exercise
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as the investigation itself. Selection is mainlyséd on traditional usage, chemical

composition and screening for a specific biologaetivity.

Medicinal plants and Neurodegeneration

Traditional healers make use of a plethora oftglafihe families most often
represented are Fabaceae (15 species), Asterat@agpécies) and Lamiaceae (9
species). These plants come from 26 different familThe number of plants used for
dementia and age-related mental problems are lowiter only 15 species from 7
families recorded, which could be due to a prevideamographic situation, where
traditional healers less frequently had very oltigpés. Amaryllidaceae is the best-
represented family with six species. Mental hegtbblems constitute a serious
problem. Not surprisingly, a large number, well 0880 species, of plants are used
by traditional healers in their treatment of thadments (Sobiecket al., 2002).

Studies on plants used to treat Parkinson’s disease

In a study of 20 traditionally used plants whichrevescreened for MAO
inhibition and specific MAO-B inhibition activitythe non-polar extracts dRuta
graveolens L. (Stafford et al., 2007)chotia brachypetala Sond.,Mentha aquatica L.
and Gasteria croucheri (Hook.f.) Baker also exhibited good MAO-B inhibitio
activity. Naringenin, a flavonoid was later isott&éom a 70% ethanol extract of
Mentha aquatic, The antiparkinsonian effect ®¥ithana somnifera has been reviewed
elsewhere (Kulkarni & Dhir 2008; Gupta & Rana 2Q0n)short,Withana somnifera
significantly inhibited haloperidol or reserpineduced catalepsy; reversed all
parameter of oxidative stress in the 6-hydroxydapanmodel in rats and reduced
reserpine-induced vacuous chewing movements anglugoprotrusions in animal
models of tardive dyskinesia (Kulkarni & Dhir, 2Q@8upta & Rana, 2007).
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II. AIM AND OBJECTIVE

AIM

The aim of the present study was to evaluate the neuroprotective effect of
hydroethanolic extract of roots of Annona squamosa Linn., and hydroethanolic extract
of aerial parts of Echinops echinatus Roxb., on 6 - OH dopamine induced
neurodegeneration in Wistar albino rats and to evaluate the in vitro and in vivo

antioxidant acitivity of both the extracts.

OBJECTIVE

The objectives of the present research are as follows:

e To prepare and standardize the hydroethanolic extracts of roots of Annona
sguamosa Linn. Aerial parts of Echinops echinatus Roxb.

e To edablish the safety of the extracts by carrying out acute and sub acute
toxicity studies and investigating the behavioral changes in Wistar albino rats.

e To evaluate the antioxidant potential of the extracts by in vitro studies

e To investigate the neuroprotective effect of the extracts in 6-OH dopamine
injected Wistar albino rats by following behavioral and biochemical changes

e To study the effect of extract on the levels of neurotransmitters, enzymatic and

non enzymatic antioxidants in 6-OH dopamine injected Wistar albino rats.
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1. REVIEW OF LITERATURE

Chien-Min Lin et al., (2010) found that Crude ethanolic extract (CEE) and
total acetate fraction (TAF) of Plumbago scandeb80Q mg/kg, i.p.) decrease
locomotor activity, the presence of catalepsy aahbgbral ptosis, thus acts against

Parkinsonism.

Mi Sun Ju et al., (2010) reported the protective effects of standardized
ethanolic extract ofThuja Orientalis leave in SH-SY5Y cells. Pretreatment with
doses of 0.1-100 Ig/ml in 6-OHDA induced neurotdyirepressed the neuronal cell
death, inhibited excess ROS and NO production agid fadical scavenging activity,
blocked the cytochrome c release, and caspasavatamt, suppressed the increased

level of ERK phosphorylation and anti-mitochonéingediated apoptosis.

Christopher A. Lieu et al., (2010) evaluated Dopaminergic anti-parkinsonian
medications, such as levodopa (LD) cause drug-sdludyskinesias (DID) in

majority of patients with Parkinson’s disease (PD).

Shane Grealish et al., (2010) evaluated the behavioral and neurodegenerative
changes induced by intranigral 6-hydroxydopamirgoles in a mouse model of

Parkinson’s disease.

Mei-Hsien Lee et al., (2010) investigated the Neurocytoprotective effects of
Pueraria thomsonii bioactive constituents ie damdzend genistein in 6-OHDA
induced apoptosis in differentiated PC12 cells. dggin and genistein at
concentrations of 50 uM and 100uM inhibited casfgasend partially inhibited
caspase-3 activation, providing a protective meisimnagainst 6-OHDA-induced

cytotoxicity in NGF-differentiated PC12 cells.
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Christopher A et al., (2010) reported reputed anti-parkinsonism activity (6-
OHDA lessioned rats) of Mucuna pruriens, a legunteresively used in Ayurveda to
treat PD. They compared the behavioral effecthadric parenteral administration of
a water extract of M. Pruriens seed powder (MPEwds found that animals that
received LD and BZ or dose-dependent drug indugsttidesia. LD and BZ at low
dose of 2 mg/kg did not provide significant alléioa of Parkinsonism. It was also
found that MPE without additives administered chcaly provided long-term anti-
parkinsonian benefits without causing DID and MHA&na provided significantly
more behavioral benefit when compared to the etprvalose of synthetic LD alone

without BZ.

Jin Sup Shima et al., (2009) provided the scientific basis to support the
traditional use of theUncaria rhynchophylla in Parkinson’s diseaseUncaria
rhynchophylla possess the neuroprotective activity against 6-OHi@4city in PC12
cells. In in-vitro PC12 celldJRE significantlyreduced neuronal cell death, increased
GSH Levels (74.55+1.57%), attenuated ROS and itddlthe activation of caspase-3
in dose dependant manner induced by 6-OHDA. Inivo- low dose of extract
decreased the number of APO induced rotations bgnadting super sensitivity
mediated by a selective irreversible MAO-B Inhibitof URE, in the striatum and

protect DA neurons.

Muzamil Ahmad et al., (2009) studied neuroprotective effects of Ethanolic
extract of Nardostachys Jatamansi in a 6-OHDA motiPlarkinson's disease. Extract
significantly and dose-dependently inhibit markadréase in drug-induced rotations
and deficits in locomotor activity and muscular @hoation which is a reliable

marker for nigrostriatal dopamine depletion. Insexh D2 receptor population in
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striatum, increased activities of SOD, CAT and GSignificantly restored by
pretreatment with Jatamansi by GSH -enhancing tpxadant effect in 6-OHDA

lesioned rats and increased TH-IR fiber densityptstreatment clearly signifies the
dose-dependent increase in the number of surviveugons and confirming the anti-

Parkinson effects of Ethanolic extract of NardosyacJatamansi.

Mi Sun Ju et al., (2009) reported investigated the effects of extracCadsiae
semen (COE) against neurotoxicity in vitro and in vividAnodels. COE attenuated
the cell damage induced by administration of 100 g:hydroxydopamine (6- OHDA)
stress in MTT assay in PC12 cells, and inhibited tverproduction of ROS,
mitochondrial membrane depolarization, glutathiodepletion and caspase-3
activation at 0.1-10 pg/ml. Moreover it showed catliscavenging activity in the
DPPH and ABTS assays, also protected DA cells ag#omicities induced by 10 uM
6-OHDA and 10 pM MPTP in mesencephalic dopamine(@é) culture. Oral
administration of 85% ethanolic extract@dssiae semen (seed of Cassia obtusifolia)
for 15 days significantly inhibit the movement inmpaent and the loss of DA neurons

at dose of 50mg/kg.

Pinna A et al., (2009) found that ofMucuna pruriens extract at a dose 16
mg/kg (containing 2 mg/kg of L-DOPA) and 48mg/kgiitaining 6 mg/kg of L-
DOPA) in 6-OHDA induced parkinsonism consisterdiytagonized the deficit in
latency of step initiation, MP extract acutely icdd a significantly higher
contralateral turning, at dose of 48 mg/kg (cont@n6 mg/kg of L-DOPA),

suggested a significant antagonistic activity othbootor and sensory-motor deficits.
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Iryna Ziabreva et al., (2006) evaluated the spectrum of Lewy body disease
cognitive impairment occurs in PD with dementia (BCand dementia with Lewy

bodies (DLB).

Muzamil Ahmad et al., (2005) reported beneficial effects of Standard crude
Extract of Ginkgo Biloba in 6-OHDA induced Parkinsonian rats. The pre-treatm
with EGb (50, 100, and 150 mg/kg body weight) fow8eks appreciably produce
decrease in drug induced rotation and a significastoration of striatal DA and its
metabolites, it is a potent inhibitor of MAO whipihevent the degradation of DA and
increase its availability, The locomotor deficiten® restored, causes increase in the
content of GSH and decrease in the extent of lgridgpidation. Ginkgo biloba
appears to act via antioxidant, free radical scgve MAO-B-inhibiting, and DA-
enhancing mechanisms that rescue the compromidisdwathin the dopaminergic

lesions.

Abdullah Shafique Ahmad et al., (2005) investigated neuromodulatory
effects of crocetin (Active constituent of Crocwigus, an important ingredient of
diet in India) in a 6-OHDA rat model of Parkinsamisin this animals are pre-treated
with crocetin for 7 days and on day 8 they are ettied to unilateral intrastriatal
injection of 10 ug 6-OHDA. On day 23 of post-inject locomotion and rotation
were observed, and after 4 weeks, activity of aident enzymes, dopamine (DA)
content and its metabolites were estimated intatna whereas glutathione (GSH)
content and Thiobarbituric Acid Reactive Substai€BARS) were estimated in
substantia nigra. Crocetin exhibit its therapeattivity by protecting the levels of
GSH, dopamine and activity of antioxidant enzynidss study revealed that crocetin

has therapeutic activity in preventing Parkinsonism

34



Heh-In Im et al., (2005) evaluated the effect of baicalein on 6-OHDA
induced neurotoxicity. Baicalein was administergdittraperitoneal route 30 min
before and 90 min after intracerebroventriculamyection of 6-OHDA Animals
received further injection of bacalein for 3 congae days. It was found that high
dose of baicalein effectively improved muscularesgth, locomotor activity and
prevented the reduction of striatal DA levels ard dontents in the subtantia nigra
and striatum. Lipid peroxidation level was alsocréased after 3 and 7 days of 6-
OHDA injection. From their results they concludédttbiaceline effectively prevents

the 6-OHDA-induced dopaminergic dysfunction throaghantioxidative action.

Christina L et al., (2004) investigated the effects of bone morphogenetic
protein-7 (BMP-7), also called as osteogenic pmfeion the progression of a striatal
6-OHDA lesion. Previously it was found that BMP-@&shneuroprotective activity
against neuronal damage. Intraventricular doseMPH after 1 week of straital 6-
OHDA lesions did not showed any significant effext locomotor activity but
showed significant increase in the density of tyreshydroxylase immunoreactivity
in the substantia nigra pars compacta, in the mesiohemisphere and also non-
lesioned hemisphere. In the contralateral, nomiesi hemisphere, a significant
increase in the DA concentration was noted. Likéhebt intraventricularly
administered neurotrophic factors, BMP-7 was ngbeisted with an increase in the
sensitivity to pain. These results suggested tHdPH act as a dopaminotrophic
agent without unwanted side effects and may be efulusn the treatment of

Parkinson’s disease.

Thoenen H et al., (1968) evaluated chemical sympathectomy by selective

destruction of adrenergic nerve endings with 6-bygldopamine.
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Anton AH & Saybe DF (1964) studied the distribution of dopamine and
DOPA in various animals and a method for their deieation in diverse biological

material.
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LITERATURE REVIEW OF ANNONA SQUAMOSA LINN

Mona Agrawal et al., (2012) conducted phytochemical and HPTLC studies of
various extracts oAnnona squamosa. The leaves of the pla’innona squamosa were
collected, powdered and extracted successively different solvents. The extracts
were subjected to preliminary phytochemical scregnwhich revealed the presence
of alkaloids, flavonoids, carbohydrates, saportiasnins, and steroids. The TLC and
HPTLC techniques were used for qualitative deteatmm of possible number of
components in the various extracts. Solvent systéonsall the extracts were
optimized in order to get maximum separation onteplaPresence of various

phytochemicals was confirmed by the use of diffesgmaying reagents.

Saleem Mohamed T.S et al., (2010) evaluatedAnnona squamosa for its
hepatoprotective effect in isoniazid and rifampianduced hepatotoxic model in
albino Wistar rats. There was a significant de@aadotal bilirubin accompanied by
significant increase in the level of total protaind also significant decrease in ALP,
AST, and ALT in treatment group as compared to lihpatotoxic group. In the
histopathological study, treatment group showed imah inflammation with
moderate portal triaditis and their lobular arctttee was normal, the protective
effect was evaluated in diethylnitrosamine indudeepatotoxicity. This study
revealed that the extracts Afinona squamosa exerted hepatoprotective effect and the

plant extract could be an effective remedial fogroical- induced hepatic damage.

Singh Sanjiv et al., (2010) studied the effect of Polyherbal formulation of
Annona sguamosa on blood glucose, plasma insulin, tissue lipid filgp and
lipidperoxidation in streptozotocin induced diabetrats. Aqueous extract of

Polyherbal formulation ofAnnona squamosa was administered orally (200 mg/kg
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body weight) for 30 days. The different doses ofyRerbal formulation on blood
glucose and plasma insulin in diabetic rats weralistt and the levels of lipid
peroxides and tissue lipids were also estimatesireptozotocin induced diabetic rats.
The effects were compared with tolbutamide. Treatmath Polyherbal formulation
and tolbutamide resulted in a significant reductidrblood glucose and increase in
plasma insulin. Treatment also resulted in a sicgnit decrease in tissue lipids and
lipid peroxide formation. The decreased lipid pédes and tissue lipids clearly
showed the antihyperlipidemic and antiperoxidag¥ect of Polyherbal formulation

apart from its anti diabetic effect.

Magadula J et al., (2009) evaluated the antibacterial screening by agar cup
method indicates that highest zone of inhibitiors\gaown by the methanol extract
followed by petroleum ether and aqueous extractéimona squamosa leaf. Extracts
of Annona sguamosa inhibited the growth of all test strains except ngahella
typhimurium. Aqueous extracts showed less actitiign methanol extracts The
antibacterial action of the extracts is more prowaad on Gram-positive than on
Gramnegative bacteria. Staphylococcus aureus abdoVAlginolyticus were the
most sensitive bacterial strains in the preseneexgents. Annona squamosa had

strong antibacterial activity against these baatstains.

Mujeeb Mohd et al., (2009) evaluated anti diabetic activity o&knnona
sguamosa root extract in STZ induced hyperglycemia in r&3Z induced diabetes
mellitus and insulin deficiency lead to increaséabd glucose level. WheAnnona
sguamosa root extract was administered to diabetic ratpolgyycemia was observed
after 2 hrs, with the maximum effect being seef ht From the results it is assumed

that the root extract could be responsible for gkation of insulin release and
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observed restoration of blood glucose level. Furthige observed decreased blood
glucose lowering effect of the extract in STZ- indd diabetic rats could also

possibly be due to increased.

Paramjit Grover et al., (2009) conducted in vivo assessment of genotoxic
effects ofAnnona sqguamosa seed extract in rats. Seed extractAohona squamosa
was prepared and found to be a promising pestitiderder to establish the inherent
toxicity and non-target safety required for registm and marketing of pesticides,
toxicological studies are conducted. The genotboxigotential was evaluated in rats
with 75, 150 and 300 mg/kgnnona squamosa by the comet assay in leucocytes,
micronucleus and chromosomal aberration tests me oarrow. Also study has been
conducted at the dose level of 300 mg/kg of extoactipid peroxidation, reduced
glutathione level and glutathione S transferaswifcin liver, lungs, brain, kidneys,
heart and spleen of treated rats. The comet assayesl a statistically significant
dose related increase in DNA migration. The micaews and chromosomal
aberration tests revealed a significant inductionfrequency of micronuclei and
chromosomal aberrations at 150 and 300 mg/kg. Amnsguamosa treatment
significantly enhanced lipid peroxidation, decrehggutathione and glutathione S
transferase levels revealing the oxidative stressliion. Our results warrant careful

use ofAnnona sqguamosa seed extract as a biopesticide till more testsaneed out.

Marta MC et al., (2008) Annona squamosaseeds extracts showed
anthelmintic activity againdiaemonchus Contortus, the main nematode of sheep and
goat in Northeastern Brazil. A compounavas isolated from ethyl acetate extract and

inhibited the egg hatching dfl. Contortus at 25 mg ml*. The structure ofvas
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determined as a s& trihydroxy adjacent bistetrahydrofuranacetogenasda on

spectroscopic analysis.

Rajesh Kumar Gupta et al., (2008) evaluated in vivo evaluation of anti-
oxidant and anti-lipidimic potential of Annona squ@sa aqueous extract in Type 2
diabetic models. The plant material was extracted toiling water for 2 h. Albino
Wistar rats were divided into four groups. Diabetess induced by streptozotocin
injection at a dose of 50 mg/kg. Animals of treagigdups were given the dose of 350
mg/kg of the extract. The results shows that théewextract of Annona squamosa
leaves possessed antioxidant activity as showmdérgased activities of scavenging
enzymes, Catalase (CAT), Superoxide Dismutase (S@t@duced Glutathione
(GSH), Glutathione Reductase (GR) and GlutathiomarSferase (GST) and
decrease in malondialdehyde levels present in wari@sues. Administration of the
extract also improved the lipid profile of the tre@ groups indicating thereby that the
high levels of triglyceride and total cholesterskaciated with diabetes can also be

significantly managed with the extract.

Baskar R et al., (2007) evaluated the ethanolic extractArinona sqguamosa
Linn leaves for hypoglycemic activity in normal rats.eTose of 350 mg/kg body
weight reduced the fasting blood glucose level )¢®within 1 h, whereas, the peak
blood glucose at 1 h during glucose tolerance west reduced by 17.1% in normal
rats. Treatment of alloxan-induced diabetic rabbts15 days with a dose of 350
mg/kg of extract reduces fasting blood glucose by % and urine sugar by 75%. The
dose of 350 mg/kg body weight of ethanolic extiactO-day treatment of a group of
STZ-diabetic rats produced 73.3% fall in FBG leseld no sugar was observed in

fasting urine. An aqueous extractAfSguamosa leaves found to lower considerable
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fasting plasma glucose level in streptozotocin tmeonide induced type 2 diabetic

rats. The findings of the study support the anbelie claims ofAnnona sgquamosa.

Panda S & Kar A et al., (2007) evaluated the methanolic extract of seeds of
Annona squamosa Linn., in the regulation of hyperthyroidism in mouse model
Hyperthyroidism produced by L-Thyroxine (L-T4) adnstration (0.5 mg/kg/d for 12
days, i.p.), which increased the levels of serumdothyronine (T3) and thyroxine
(T4), activity of hepatic G-6-Phospatase, 5-momnodiease (5'DI) and peroxidation
(LPO) with a parallel decrease in superoxide disseit(SOD) and catalase (CAT)
activities. However, simultaneous administrationtioé Annona seed extract (200
mg/kg) to L-T4 induced hyperthyroid animals for days, reversed all these effects
indicating their potential in the regulation of lythyroidism. Further, the seed
extract did not increase, but decreased the heph#(® suggesting its safe and

antiperoxidative nature.

Roberta Roesler et al., (2007) evaluated the antioxidant activity éhnona
sguamosa major components by electrospray ionization masstspmetry. The polar
components ofAnnona sguamosa pulp peel and seeds ethanolic extracts were
investigated by direct infusion Electrospray lotiza Mass Spectrometry (ESI-MS)
both in the negative ion mode. Characteristic E&ssnspectra with many diagnostic
ions were obtained for the extracts, serving fat fand reliable information. The
technique provided information of component struesurevealing the presence of
important bioactive components widely reported agemt antioxidants such as
ascorbic acid, caffeic acid, quinic acid, feruleda xanthoxylin, rutin, caffeoyltartaric

acid, caffeoyl glucose and quercetin +hexose+ @entdhis is the first report on the
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composition by ESI-MS of araticum peel and seedrihc extracts demonstrating

excellent antioxidant activity.

Morita H et al., (2006) Isolated cyclic octapeptide, cyclosquamosin B,
isolated from the seeds Af Squamosa Linn showed a vasorelaxant effect on rat aorta.
It showed a slow relaxation activity against nomnepihrine (NE)- induced
contractions of rat aorta with/without endotheliuth.showed inhibition effect on
vasoconstriction of depolarized aorta with high aantration potassium, but
moderately inhibition effect on NE-induced contrawtin the presence of nicardipine.
These results showed that the vasorelaxant effeatyblosquamosin B might be
attributed mainly to inhibition of calcium influxdm extra cellular space through

voltage dependent calcium channels.

Mukhlesur Rahman M et al., (2005) reported Antimicrobial and cytotoxic
constituents from the seeds Afnona sqguamosa. Annotemoyin-1, Annotemoyin-2,
squamocin and cholesteryl glucopyranoside weratedlfrom the seeds of Annona
squamosa. These compounds and plant extracts shemagkable antimicrobial and

cytotoxic activities

Rajesh Kumar Gupta et al., (2005) evaluated hypoglycemic and anti-
diabetic effect of ethanolic extract of leavesAmhona squamosa L. in experimental
animals. The ethanolic extract Afhnona squamosa leaves was administered orally at
different doses to normal as well as Streptozot¢8inZ)-induced diabetic rats and
alloxan-induced diabetic rabbits. The dose of 3%km body weight (bw) reduced
the fasting blood glucose (FBG) level by 6.0% withi h, whereas, the peak blood
glucose at 1 h during glucose tolerance test (G¥d9 reduced by 17.1% in normal

rats. The same dose of ethanolic extract reduce@ BB 26.8% and improved
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glucose tolerance by 38.5 and 40.6% at 1 and Zs$pectively, during GTT in
alloxan-induced diabetic rabbits. In STZ-diabettsy a fall of 13.0% in FBG and an
improvement in glucose tolerance by 37.2 and 60a6% and 2 h, respectively, was
observed during GTT. The dose of 350 mg/kg bw dfetlic extract in 10-day
treatment of a group of STZ-diabetic rats produédd% fall in FBG level and no
sugar was observed in fasting urine. Treatmentevtrely-diabetic rabbits for 15
days with a dose of 350 mg/kg of extract reduce FB®2.7% and urine sugar by
75%. It brought about fall in the level of total oddasterol (TC) by 49.3% with
increase of 30.3% in high-density lipoprotein (HDAn)d decrease of 71.9 and 28.7%

in low-density lipoprotein (LDL) and triglycerid¢3 G) levels, respectively.

Annie Shirwaikar et al., (2004) isolated anti diabetic activity of aqueous leaf
extract of Annona sguamosa in streptozotocin—nicotinamide type 2 diabeticsrat
Diabetes mellitus was induced with streptozotodicetmamide and graded doses of
the aqueous leaf extracts were then administeredtiiking water to normal and
experimental diabetic rats for 12 days. Fastingpk glucose levels, serum insulin
levels, serum lipid profiles and changes in bodyghWewere evaluated in normal rats
while liver glycogen levels and pancreatic TBARSels were evaluated additionally
in diabetic rats. The diabetic groups treated whb aqueous leaf extract were
compared with standard glibenclamide. The findingsthe study support the

antidiabetic claims of Annona squamosa.

Khar Ashok et al., (2004) evaluated anti cancer activity Afinona squamosa.
The effect of aqueous and organic extracts fromatted seeds oh. squamosa was
studied on a rat histiocytic tumour cell line AKBoth the extracts caused significant

apoptoic tumour cell death with enhance caspasetl¥itg down regulation of
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antiapoptotic genes Bcl-2 and Bclxi and enhancegtdreeration of intracellular ROS,
which correlated well with the decreased levelsimfacellular GSH. In addition
DNA fragmentation and annexin — V staining confidriat the extracts induced
apoptosis in tumour cells through the oxidativeestr Aqueous extracts .

sguamosa seeds possessed significant antitumor activitgnma against AD-5 tumor.

Damasceno DC et al., (2002) evaluated the effects d&nnona sguamosa
extract on early pregnancy in rafginona squamosa is said to show varied medicinal
effects, including insecticide, antiovulatory arfibgifacient. The purpose of present
study was to investigate A. Sqguamosa seed aqueous extract, in doses higher than
that popularly used to provoke abortion, interferath reproductive performance,
and to correlate the ingestion of this extract vatssible alterations in rat embryonic
implantation. Doses of 300 mg/kg (Treated Group ¥ 17) and 600 mg/kg (Treated
Group Il, n = 12) body wt. were administered by &ges, during days 1 to 5 of
pregnancy (preimplantation period). The controlugrgn = 13) received water in the
same manner, during the same period for compamstbnexperimental groups. The
animals were euthanized on day 10 of pregnhancyatient of dams during the
preimplantation period showed no signs of toxicdgd no alteration in the corpora
lutea, implantations and embryo in terms of develept numbers. The percentage of
preimplantation and postimplantation losses inte@aroups | and Il did not differ
from those of control. Treatment with aqueous extod A. squamosa seeds caused
no morphological change in the endometrium. Theemadxs of morphological
alterations in uterine epithelial cells in treatgebups | and Il permitted a viable
embryonic implantation, as verified by the numbeembryos in development at day
10 of pregnancy. Thu#\. squamosa seed aqueous extract did not interfere with the

reproductive performance of pregnant rats.
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Morita H et al., (2002) the ent-kaurane diterpenoids, which are isol&teoh
stem ofA. sqguamosa Linn are investigated for anti-platelet activity. The-kaurane
diterpenoids ‘ent-Kaur-16-en-19-oic acid’ and ‘l@i@-hydro- 19-al-ent-kauran-17-
oic acid’ showed complete inhibitory effects on bi#tplatelet aggregation at 200

microM.

Dash G K et al., (2001) the seed extract éf. squamosa Linn was investigated
for post coitus anti-fertility activity. The seecteact of Annona squamosa Linn.,

shows anti-implantation and abortifacient actidtie

Mishar A et al., (1979) a diterpenoid 1, 17-dihydroxy-entkauran- 19-oic
acid was isolated fromnnona squamosa Linn., and investigated for their activity
against HIV virus. The 1% 17-dihydroxy-ent-kauran-19- oic acid showed digant

activity against HIV replication in H9 lymphocytelts.
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LITERATURE REVIEW OF ECHINOPS ECHINATUS ROXB

Sofia Eram et al., (2013) carried out Experimental evaluation BEhinops
echinatus Roxb., as an effective hepatoprotective. Ethanolic extcdcerial parts of
Echinops echinatus Roxb.,were evaluated on C{Cinduced liver damage in Rabbits,

the extract at the dose level of 500 mg/kg is fotmndosses significant protection.

Manish Agrawal et al., (2012) evaluated the protective effects BEhinops
echinatus Roxb., on testosterone-induced prostatic hypemplasi rats Echinops
echinatus Roxb., extracts attenuated the increase in the prostatg/lwveight ratio
induced by testosterone. Butanolic fraction of ethia extract at the dose level of 50

and 100 mg/kg exhibited the best activity.

Amish J. Patd et al., (2011) performed Comparative diuretic activity of root
and aerial part methanolic extractskzhinops echinatus Roxb. Methanolic extracts
of roots and aerial parts dchinops echinatus Roxh were subjected to diuretic
potential in albino rats methanolic extracts at dose of 250 and 500 mg/kg body
weight shows a significant increase in the urindunv@ and electrolyte excretion

when compared to control.

Leena S & Sitaram K (2010) discussed traditional uses of plants as cooling
agents by the tribal and traditional communitiesdahg region in Rajasthan, India.

Echinops echinatus Roxb., paste smeared on soles and palms to tratstiuke.

Rudrappa JN & Mohmoud R (2010) studied Free radical scavenging
activity of Echinops echinatus Roxb., Root. Extracts dEchinops echinatus Roxb,

roots were evaluated for radical scavenging a@witising different in vitro models
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like scavenging of 2, 2 diphenyl-1-picrylhydrazilRPH) radical, nitric oxide radical

and superoxide anion.

Singh S et al., (2006) isolated Flavonoids fror&chinops echinatus Roxb.,A
new isoflavone glycoside, echinoside (7), togetheith 7-hydroxyisoflavone,
kaempferol-4'-methylether, kaempferol-7-methyl ethemyrecetin-3-O-alpha-L-
rhamnoside, kaempferol and kaempferol-3-O-alph&drmoside, has been isolated

from the whole plant oEchinops echinatus Roxb.

Padashetty SA & Mishra SH (2005) described anti-fertility activity of
Echinops echinatus Roxb., roots on male rats. The present study was undertaken to
evaluate the effect of terpenoidal fraction pregdrem the petroleum ether extract of

the roots oEchinops echinatus Roxb.,on male reproductive parameters.

Khan MA et al., (2000) discussed Ethnobotany and taxonomic studies of
Echinops echinatus Roxb. (Untkatara) from Potohar region of Pakistéhe ethno
botanical information was verified by cross-chegkwith the people of different
localities. The plant is diuretic, alterative, apiisiac and nervine tonic. It is also

recommended in hysteria, dyspepsia, jaundice amdusa.

Singh B et al., (1999) described anti-inflammatory activity of ethanol rext
of Echinops echinatus Roxb.,whole plant. The extract effectively inhibited the acute
inflammation induced in rats by carrageenan, fodelayde and adjuvant and the

chronic arthritis induced by formaldehyde and adjptv

Singh UP et al., (1998) investigated antifungal activity of some new flaes
and flavone glycosides &chinops echinatus Roxb., Four phenolic compounds, viz.,
apigenin, apigenin-7-O-glucoside, echinacin, anginaticin, were isolated from the
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whole plant ofEchinops echinatus Roxb., the latter two compounds were isolated for
the first time. Echinacin, which was highly effegtiat 150ug mL-1, is considered
the most promising of these compounds and its gsa aontrol measure against

Alternaria blight of pigeon pea under field conditions hasrbseggested.

Bupinder Sing et al., (1989) investigated Anti-inflammatory activity of
taraxasterol acetate frofchinops echinatus Roxb., in rats and mice. Taraxasterol
acetate, a triterpenoid found in several plant iggseclemonstrated anti-inflammatory
activity in albino rats against carrageenan, fodehlde and adjuvant induced

inflammations in doses between 10 and 100 mg/kg.

Chaudhuri et al., (1987) isolated Echinozolinone, an alkaloid frdgohinops
echinatus Roxb. In addition to echinopsine and echinopsidinenew alkaloid,
echinozolinone, has been identified Ethinops echinatus as 3(2-hydroxyethyl)-

4(3H)-quinazolinone from its spectral data.
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V. SCOPE AND PLAN OF WORK

SCOPE OF WORK

Parkinsonism is one of the commonest neurodegeverdiseases, which is
characterized by a selective and progressive degime of dopaminergic neurons of
substantia nigra pars compacta in the ventral raidbrThe loss of dopaminergic
neurons, leads to the reduction of dopamine bestgpsed into the striatum. These
processes are then responsible for the clinicélifea of parkinsons disease including
bradykinesia, resting tremor, rigidity, and diffiguin initiating movements which
might ultimately induce programmed cell death ($gdecSG., 2002), Although the
etiology of Parkinsonism remains unknown, recentdists have suggested that
oxidative stress (OS), apoptosis as a result ofoahdndrial defects,

neuroinflammation may play important roles in ighpgenesis.

The routine therapy with Levodopa and Carbidopselfit may induce
dyskinesias (DID) in majority of patients with Person’s disease (PD) (Christopher
A. Lieu et al., 2010)Thus the search for newer antiparkinsonism drugsahaational
basis. Plant drugs give leads in many instancedrag discovery as they possess
principles to treat a disease with the simulataseoput of nutrients and neurotonics.
The roots of the plardnnona sqguamosa Linn., has a botanical claim as nervine tonic
(Warrier PK 1994). The ariel parts Bthinops echinatus Roxb., was also selecterd

based on the ethnobotanical claim as nervine t@Marrier PK 1994).

Nowadays much attention has been focused on stedsmental strain
causing CNS disorders by oxidative damage and hyrogher causes. The fact that

natural antioxidant derived from the plant reduwe ttisk of many diseases including
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degenerative diseases like Parkinsonism has bggodad by several studies (Stah

et al., 2002

The present research was undertaken to evaluateethreprotective effect of
the hydroethanolic extracts of roots Afinona squamosa Linn., and aerial parts of
Echinops echinatus Roxb in 6-OH dopamine induced neurodegeneratiokVistar
albino rats and to investigate the antioxidant podé of the same extracts in

combating the oxidative stress produced by 6-OHaduope.
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PLAN OF THE WORK
The plan of the work is given below
Collection and authentification of roots of Annona squamosa Linn., &
Echinops echinatus Roxb..
i.  Preparation of hydroethanolic extracts by cold maceration method and

preliminary phytochemical screening of extracts.

ii.  ldentification and determination of phytoconstituents of extracts.
a. TLC and HPTLC studies on the extracts
b. Determination of total phenolic content.
c. Determination of total flavonoid content.
d. Determination of total alkaloid content

iii.  Invitro antioxidant studies on the extracts.
a. Determination of DPPH radical scavenging activity.
b. Determination of nitric oxide scavenging activity.
c. Determination of hydroxyl radical scavenging a¢yivi
d. Determination of reducing power.

iv. Toxicological investigation of the extracts.
a. Acute toxicity study.
b. Sub acute toxicity.

v.  Neuropharmacological studies
a. Preliminary neuropharmacological studies of thetpéxtracts.
b. Evaluation of neuroprotection after ICV injectiofthv6-OH

Dopamine.
a. Open field test

b. Gait analysis
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g.

Force Swim-test
Beam walking test
Grid test

Pole test

Rota rod test

c. Estimation of biochemical parameters in rat brain

a.

b.

g.

Estimation of Total protein

Assay for Thiobarbituric Acid Reactive Substance.
Assay for reduced glutathione content
Determination of glutathione reductase activity
Determination of glutathione peroxidase
Determination of superoxide dismutase activity

Determination of catalase activity

d. Estimation of neurotransmitters

a.

Acetyl Cholinesterase
Monoamine Oxidase
Dopamine

Glutamate

e. Histopathology of Brain
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V. MATERIALS AND METHODS

5.1 PLANT MATERIALS

The roots ofAnnona squamosaere collected from Chennai and whole plant
material for the planEchinops echinatusvere collected from the forest regions of
Tirupathi. Both the plants were authenticated bypfPP. Jayaraman, Director,
National Institute of Herbal Science, Chennai. Red. no: are PARC/2009/421 and
PARC/-2010/043 respectively.

PLANT |
Scientific name : Annona squamodann.

Family : Annonaceae

—_—

Figure 9. Plant profile of Annona squamosa Linn

Botanical Classification

Kingdom : Plantae — Plants

Division : Magnoliophyta — Flowering pia
Class : Magnoliopsida — Dicotyledons

Sub class : Magnoliidae

Order : Magnoliales

Genus : AnnonalL. —annona

Species : Annona squamoda sugar apple
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Figure 10. Annona sqguamosa Linn., root

Vernacular Names

English : Custard Apple, Sugar apple
Sanskrit : Sitaphala

Tamil : Sitapalam

Hindi : Sitaphal

Malayalam ; Sitapalam

Telugu ; Sitapandu

Medicinal uses

The bark and leaves contain annonaine, an alkaloidropical America, a
decoction of the leaves is used as a cold remedyaalarify urine. A bark decoction
is used to stop diarrhea, while the root is usethentreatment of dysentery. Roots are

also used as nervine stimulant

Habitat
A native to South America and the West Indies; maWivated throughout

India.
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PLANT II
Scientific name

Family

Echinops echinatus Roxb.

Asteraceae

Figure 11. Plant profile of Echinops echinatus Roxb

Botanical Classification
Kingdom
Division
Class
Sub class
Order
Genus

Species

Vernacular Names
English
Sanskrit
Tamil
Hindi
Kannada

Telugu

Plantae
Magnoliophyta
Echinops
Tracheobionta
Yet to know
Echinops

Echinatus

Indian Globe Thistle
Brahmadanda

Kutiraippijan

Utakatira, Oontkateli, Gokhru
Brahmadande
Brahmadandi



Habitat

India - Andhra Pradesh, Bihar, Himachal Praddsimmu and Kashmir,
Karnataka, Madhya Pradesh, Maharashtra, Rajasifanil Nadu, Uttar Pradesh,
West Bengal

Figure 12. Dried whole plant ofEchinops echinatus Roxb

Traditional Uses

The rural population of Gujarat uses the susp@neforoot bark powder for
the treatment of diabetes. Chattisgarh people bsehierb in different ways both
internally and externally for the treatment of s&ixdisorders. The patients suffering
from respiratory troubles, particularly asthma, a@vised to inhale the fumes
obtained by burning the leaves & roots Bf Echinatusin order to get quick and
permanent relief. The root is abortifacient aphs@di. The seeds are sweet and
aphrodisiac. The plant is bitter, stomachic, amgfig, analgesic, increases the
appetite stimulates the liver, useful in brain d&es used in ophthalmia, chronic fever,
pains in the joints, inflammations, the root is igatisiac.
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5.2 EXPERIMENTAL ANIMALS

Albino Wistar rats of either sex approximately saage group were used after
being acclimatized for a week at laboratory coondsgi They were provided standard
rodent pellet diet (Lipton India) and watad libitum The animals had free access to
food and water and maintained under 12:12 hr lggitt dark cycle. All experiments
were carried out during day time from 09.00 to 07h@. The protocol was approved
by Institutional Animal Ethical Committee and carkthe animals was taken as per
guidelines of committee for the purpose of contnadl supervision in experiments on
animals (CPCSEA), representative of Animal Welf&eyernment of India.

The sanction of animal was done by IAEC Ultra agmsleof Pharmacy,
Madurai with reference no. IAEC Ref. No. KKCP/20Q21 & UCP/IAEC/2013/071.

Figure 13. Oral administration to Wistar Albino Rats
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5.3 NEUROTOXIN 6-OH DOPAMINE

The 6-OH Dopamine model has also been used suigltgds demonstrate
the importance of dopamine stimulation. The newiot®6-OH Dopamine shares
some structural similarities with dopamine and porephrine, exhibiting a high
affinity for several catecholaminergic plasma meanigr transporters such as the
dopamine transporter and norepinephrine transpori€he dose level of 6-OH
dopamine is 12ug/kg
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5.4

CHEMICALS

Table 3. List of chemicals used in the experiment

S.No Chemicals Source
1 ZCSI d-([[))ltThllloL;,;) Is-2-nitrobenzoic Loba chemicals Ltd., Mumbai.
2 | Acetic acid Paxmy Fine Chemicals India
3 | Acetyl thiocholine iodide S.d.fine chemicalslLMumbai
4 | Adenosine 5’ diphosphate S.d.fine chemicals Mdmbai
5 | Chloroform S.d.fine chemicals Ltd., Mumbai
6 | Disodium dihydrogen phosphate S.d.fine chemicls Mumbai
7 | Disodium hydrogen phosphate S.d.fine chemicals Mumbai
8 | Ethyl Acetate S.d.fine chemicals Ltd.,Mumbai

Ethylene diamine tetra acetic acid

9 (EDTA) Disodium Salt Rolex lab reagent, Mumbai.
10 | FeCjreagent S.d.fine chemicals Ltd., Mumbai
11 | Glutamate dehydrogenase S.d.fine chemicals Muimbai
12 | Glycine S.d.fine chemicals Ltd., Mumbai
: Qualigens fine chemicals Ltd.,
13 | Hydrogen peroxide Mumbai
14 | Hydrazine hydrate S.d.fine chemicals Ltd..Mumbai
15 | lodine S.d.fine chemicals Ltd.,Mumbai
16 | Methanol (analytical grade) S.d.fine chemicdts | Mumbai
17 | n-butanol S.d.fine chemicals Ltd.,Mumbai
18 N.AD (Nlc_otlnamlde adenine S.d.fine chemicals Ltd., Mumbai
dinucleotide)
19 | NADPH S.d.fine chemicals Ltd., Mumbai
- . Qualigens fine chemicals Ltd.,
20 | Oxidised gluthathione Mumbai.
21 | Potassium dihydrogen phosphate S.d.fine chesnigdl, Mumbai
22 | Pthalyl dialdehyde S.d.fine chemicals Ltd., Mamb
23 | Perchloric acid Loba chemicals Ltd., Mumbai.
24 | Pyrogallol S.d.fine chemicals Ltd., Mumbai
25 | Reduced Glutathione (GSH) S.d.fine chemicals, IMdimbai
26 | Sodium dodecyl sulphate(SDS) S.d.fine chemicals Mumbai
27 | Sodium Acetate S.d.fine chemicals Ltd., Mumbai
28 | Sodium hydrogen carbonate S.d.fine chemicals Mdmbai
29 | Thionyl chloride S.d.fine chemicals Ltd., Mumbai
. . . Ranbaxy laboratories Ltd. Chemica
30 | Trichloro acetic acid Division. New Delhi.
31 | Tris HCI S.d.fine chemicals Ltd., Mumbai
32 | Thiobarbituric acid Rolex laboratories reagdfimbai
33 | 6-OH Dopamine Sigma- Aldrich
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5.5 METHODS
5.5.1 Extraction and Identification of Phytoconstiuents

Extraction of plant material (Harbone 1973)

The air dried Roots oAnnona squamoskinn., and whole plant dEchinops
echinatusRoxb., 500gms each were coarse powdered and eedradth 50% alcohol.
The crude extract was further filtered and evapatdty the aid of rotary evaporator.

The final mass is weighed and preserved for furtiser

5.5.2 Preliminary phytochemical screening

Preliminary phytoconstituents present in the hythraeolic extract oAnnona
squamosadlinn., andEchinops echinatuRoxb., plants were identified based on the
chemical test (Kokate CK1994).

1. Test for alkaloids
Treated with dilute Hydrochloric acid and filterethe filtrate was treated
with various alkaloidal agents.
a) Mayer's—Test
Treated with Mayer’s reagent and cream colour s the presence of
alkaloid.
b) Dragendroff's—Test
When little amount of the sample was treated whih Dragendroff’s reagent,
the presence of reddish brown precipitate revéelgptesence of alkaloid.
c) Hagers—Test
Treated with the Hager’s reagent and presence lidweolour precipitate
indicates the presence of alkaloid.
d) Wagner's—Test
Treated with the Wagner's reagent, the appeararicéorown colour

precipitate indicates the presence of alkaloid.

2. Test for carbohydrates
The extracts were treated with 3ml of alpha—Nalpthalcohol and to the
sides of the test tube concentrated sulphuric weisl added carefully. Formation of

violet colour ring at the junction of two liquide®@ws the presence of carbohydrates.
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a) Fehling’s—Test
The extracts were treated with Fehling’s solutdrand B and heated.
Presence of reddish brown colour precipitate indgdahe presence of
reducing sugars.

b) Benedict’'s-Test
The extracts were treated with Benedict's reagamtl heated and
presence of reddish orange colour precipitate atdi the presence of
reducing sugars.

c) Barfoed’'s-Test
The extracts were treated with Barfoed’s reagedtleated. Appearance
of reddish orange colour precipitate indicates fresence of non

reducing sugars.

3. Test for proteins
a) Biuret's—test
When the extracts were treated with copper sulpbatetion, followed
by the addition of sodium hydroxide solution, ap@ae of violet colour
indicates the presence of proteins
b) Millon’s—Test
When the extract was treated with Millon’s reagampearance of pink

colour indicates the presence of proteins.

4. Test for steroids
a) Libermann Burchard Test
When the extracts were treated with concentratddharic acid, few
drops of glacial acetic acid, followed by the adbditof acetic anhydride,

appearance of green colour indicates the presdrsteroids.

5. Test for sterols
When the extracts were treated with 5% potassiwyardxide solution,

appearance of pink colour indicates the presencteodls.

6. Test for phenols
When the extracts were treated with neutral fercldoride solution,

appearance of violet colour indicates the presesfcghenols. When the extracts
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were treated with 10% sodium chloride solution, #mpearance of cream colour

indicates the presence of phenols.

7.

10.

Test for tannins

a) When the extracts were treated with 10% lead aeetdlution,
appearance of white precipitate indicates the masef tannins.

b) When the extracts were treated with aqueous bronso&ition,
appearance of white precipitate indicates the masef tannins.

Test for flavanoids

a) 5ml of the extract solution was hydrolyzed with %0v/v sulphuric acid
and cooled. Then, it was extracted with diethyketdind divided into three
portions in three separate test tubes. 1 ml otetlilsodium carbonate, 1
ml of 0.1N sodium hydroxide, and 1ml of strong ammmosolution were
added to the first, second and third test tubegeats/ely. In each test
tube, development of yellow color demonstrated tmwesence of
flavonoids.

b) Shinoda's test
The extract was dissolved in alcohol, to that omere of magnesium
followed by concentrated HC|I was added drop wisel dreated.
Appearance of magenta color shows the presendavoiiids.

Test for gums and mucilage
The extracts were treated with 25ml of absolut®fEd, and then solution

was filtered. The filtrate was examined for its Hing properties.

Test for glycosides

When a pinch of the extracts were dissolved ingdlaeial acetic acid and
few drops of ferric chloride solution was added|owed by the addition of
concentrated sulphuric acid, formation of red rimgthe junction of two
liquids indicates the presence of glycosides.
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11.

12.

Test for saponins

Foam test
1ml of the extracts are diluted to 20 ml with died water and shaken well

in a test tube. The formation of foam in the uppart of the test tube

indicates the presence of saponins.

Test for terpenes
When the extracts were treated with tin and thidDigloride, appearance of

pink colour indicates the presence of terpenes.
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5.6 TLC and HPTLC of hydroethanolic extracts ofAnnona squamosa Linn.,
and Echinops echinatus Roxb
Dissolve 500 mg of the sample in ethanol, filteagdl made up to 15 ml. The

solution was applied on Merck Aluminium plate paated with Silica gel 60 F of 0.2
mm thickness. The plate was developed in differsolvent system Toluene:
Methanol: Ethyl acetate: Formic acid (2.5:1.0:5 Xd¥ Annonasquamosd.inn., and
Toluene: Methanol: Ethyl acetate: Formic acid B8:8.1.5) for Echinop®chinatus
Roxb. The Rf values was calculated. The plate Wwags scanned at 254 nm using
Deuterium lamp in Camag HPTLC instrument providethWCAMAG software.

5.7.1 Determination of total phenolic content

The total phenolic contents of the extracts weterd@ned with gallic acid as
a positive standard. Samples (10Pwere mixed with 2 ml 2% sodium carbonate and
incubated at 25°C for 2 minutes. 1:1 (v/v) Folim€alteu’s phenol reagent was added
after incubation and the contents were mixed vigelo The mixture was allowed to
stand at 25°C for 30 minutes and the absorbancedetesmined at 720 nm. The
above said procedure was performed with standallic gecid solutions and a
standard curve was obtained. The total polyphenwdiotents of the extract were
expressed in terms of gallic acid equivalents efaktract.

5.7.2 Determination of total flavonoid content

The total flavonoid content was estimated usingrcgten as a positive
standard and expressed in terms of quercetin elg@aitgain mg/g of extract. To the
tubes containing extract, sodium nitrite (100 5% w/v) was added. The contents
were uniformly mixed and allowed to stand for 5 mirambient temperature, then 1.5
ml of 10% (w/v) aluminum chloride were added anel mxture was allowed to stand
for another 6 minutes. To this 1 ml 1 M sodium lydde was added. After 10
minutes, the absorbance was measured at 510 nm.

5.7.3 Determination of total alkaloid content

The total alkaloid content of the extracts was aei@ed. The extract was
dissolved in 2 N HCI and then filtered. The pH dfopphate buffer solution was
adjusted to neutral with 0.1 N NaOH. One ml of te@lution was added to a
separating funnel and then 5 ml of Bromocresol mre&ution along with 5 ml of
phosphate buffer were added. The mixture was shakdrthe complex formed was
extracted with chloroform by vigorous shaking. Extracts were collected in a 10 ml
volumetric flask and diluted to volume with chlooofn. The absorbance of the
complex in chloroform was measured at 470 nm.
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5.8 IN VITRO ANTIOXIDANT STUDIES OF THE EXTRACTS

1, 1-Diphenyl, 2-Picrylhydrazyl (DPPH) radical scaenging activity (Bang
et al, 2001)

DPPH scavenging activity was measured by speottopfetric method. 0.1
mM solution of DPPH was prepared in ethanol. Tos tisblution, 3 ml of
hydroethanolic extracts ddnnona squamoshiinn., andEchinops echinatufkoxb.,
solution was added at different concentration (@8-§g/ml). Equal amount of
distilled water was added to the control. The metwas shaken well and incubated
at room temperature for 30 min. The absorbance mgasl at 517 nm using a
spectrophotometer.

Nitric oxide (NO) scavenging(Garrat et al, 1964)

Nitric oxide scavenging activity was measured bing a spectrophotometer.
Sodium nitroprusside (5 mM) in phosphate bufferalihe was mixed with different
concentrations of hydroethanolic extractsAsinona squamoshinn., andEchinops
echinatusRoxb., (25-800 pg/ml) dissolved in distilled water andubated at 25 °C
for 30 min. A control without test compound but véquivalent amount of distilled
water was taken. After 30 min, 1.5 ml of the indudora solution were removed and
diluted with 1.5 ml of Griess reagent (1% w/v s@phamide, 2% v/v phosphoric
acid, and 0.1% wi/v napthyl ethylene diamine dihjslodde). The absorbance of the
chromophore formed during diazotization of the it@trwith sulphanilamide and
subsequent coupling with napthylethylene diamine maasured at 546 nm.

Hydroxyl Radical Scavenging Activity (Ohkawaet al, 1979)

The hydroxyl radical scavenging activity was meaduby studying the
competition between deoxyribose and the extradhydroxyl radicals generated from
the Fé&'/ascorbate /EDTA/ D, system (Fenton reaction). The hydroxyl radicals
attack deoxyribose that eventually results in TBARB®nation. The reaction mixture
contained deoxyribose (2.8 mM), Fe@.1 mM), EDTA (0.1 mM), HO, (1 mM),
ascorbic acid (0.1 mM), KH#PO,-KOH (20 mM, pH 7.4) and various concentrations
(25 - 800ug/ml) of the extract in a final volume of 1 ml. Theaction mixture was
incubated for 1 hr at 37C. Deoxyribose degradation was measured as TBARIS a
percentage inhibition was calculated.
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The percentage reduction was calculated by cosgramwith the control using
the below formula:

(Control — Test)
Inhibition (%) = x 100
Control

Determination of reducing power(Meir etal., 1995)

10 mg of hydroethanolic extracts Ahnona squamosainn., andEchinops
echinatusRoxb.,in 1 ml of distilled water was mixed with phosphatgfer (2.5 ml,
0.2 M, pH 6.6) and potassium ferricyanide 3 [Re (CN)g] (2.5 ml, 1% wi/v). The
mixture was incubated at 50 °C for 20 min. A paort{@.5 ml) of trichloroacetic acid
(10% w/v) was added to the mixture, which was tbentrifuged at 3000 rpm for 10
min. The upper layer of the solution (2.5 ml) waised with distilled water (2.5 ml)
and ferric chloride, (0.5 ml, 0.1% wi/v). The absorte was measured at 700 nm.

Increased absorbance of the reaction mixture segniicreased reducing power.
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5.9 TOXICITY STUDY
5.9.1 Acute oral toxicity study (OECD 423)

For carrying out oral toxicity study OECD guideliné23 was followed. 1t is
a stepwise procedure with three animals of a siegleper step. Depending on the
mortality and/or, 50, 300, 2000mg/kg body weightdl ahe results allow a substance
to be ranked morbidity of the animals a few steps/rhe necessary to judge the
toxicity of the test substance. This procedure adgantage over other methods

because of minimal usage of animals while allowiorgacceptable data.

The method uses defined doses (5and classifiedrdingoto the globally
harmonized system. The starting dose for hydroeti@maxtract ofAnnona squamosa
Linn and Echinops echinatusvas 2000mg/kg bodyweight (p.0). The dose was
administered to the rats which were fasted ovetnigith water ad libitum and
observed for signs of toxicity. The same dose eava® again tried with another three
rats and were observed for 72 hours for symptoikes thange in skin colour,
salivation, diarrhea, sleep, tremors, convulsiams$ @so respiratory, autonomic and
CNS effects.
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N/

5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg

3 animals < 3 animals < 3 animals < 3 animals

5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg

3 animals 3 animals 3 animals 3 animals
O | O | O | DG

>3 at 300

<3 at 300

<3at 2000 3at >2000 1 at 2000

0 at 2000
\ 4 \ 4 \ 4 A l \ 4 l

LD 50 cutoff 5 25 30 05 200 300 500 100@000| 2500 5000 X
mg/kg body weight
Y A 4 Y A 4 A 4 A 4 A 4 A 4 A\ 4
Class 1 Class 2 Class 3 Class 4 Class 5 X
GHS classes
> 0-5 > 5-50 > 50-300 > 300-2000 > 2000

*0,1,2,3: Number of moribund or dead animals ahestep *GHS: Globally Harmonized classified sys{emy/kg b.w) *X-Un classified
Figure 14. Flow Chart for acute toxic class methodOECD guidelines 423) at starting dose of 2000 mgjkbody weight/p.o
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5.9.2 Sub acute toxicity study (OECD 407)

For carrying out sub acute oral toxicity study OEQiddelines 407 -Repeated
Dose 28-Day oral toxicity study in rodents wasdeled. The duration of the Study
was 28 days. Rat were administered with at the ot of 200 mg/kg. Each group
consists of ten animals (five animals/sex/grougd)e Trug was administered orally
once daily for 28 days. On 9%day the animals was anaesthetized and blood was
collected by retro orbital puncture. Hematologipatameters were evaluated. Serum
was separated and biochemical parameters wereagstimAnimals were sacrificed
and organs were removed and weighed. The orgares kegt in 10% formalin and
used for histo-pathological analysis.

Change in body weight

The change in body weight was observed for a tieogd of 28 days at an
interval of 5 days. Body weight gains were deteedifrom the final and initial body
weights.

Organ weight
After sacrifice, organs were quickly excised andgived and relative organ

weights were computed.

Hematological studies
The following hematological parameters were eswwatby standard
procedures.
Blood samples were drawn by cardiac puncture awm@émiatological
parameters were analyzed by autoanalyzer.
i. Total R.B.C. count
ii. Total W.B.C. Count
iii. Differential leukocyte count

iv. Haemoglobin (Hb) concentration

Biochemical studies
Blood samples were drawn by cardiac puncture. Bfowa three animals was
pooled for serum separation. Each serum samplemalgzed by auto analyzer.
I.  Aspartate Aminotransferase (ASAT)
ii.  Alanine Aminotransferase (ALAT)
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iii.  Alkaline Phosphatase (ALP)
iv.  Total Bilirubin (TB)
v.  Direct Bilirubin (DB)

Vi. Urea
Vil. Creatinine
viii.  Total protein.

Histopathological study

After blood collection rats were sacrificed fossiie studies. The internal
organs like liver, kidney, lungs, brain, heart apieen were isolated and blotted free
of blood, weighed immediately to determine relativgans weights and observed for
gross lesions. Histological examination was perfran the tissue preserved in 10%

buffered formalin solution with particular emphasis those which showed gross
pathological changes.
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5.10 PRELIMINARY NEUROPHARMACOLOGICAL SCREENING

Several of the following tests were performed @therat prior to 6-OH
Dopamine administration. Provided the animals wahainistered 100 & 200 mg/kg
(p.0) of Echinops echinatuRoxh, and Annona squamodann., suspended in 1%
carboxy methylcellulose. All the evaluations weagried out between 8 am 11pm.

General behavior test(Dixit and Varma (1976) and Murugesan et al. (1999)

a. Spontaneous activity
These were evaluated by placing a rat in a belljarsually shows a moderate
degree of inquisitive behavior.

b. Sound responses
Rats normally utter no sound, so that vocalizatimetly point to a noxious
stimulus.

c. Touch responses
It was noted when the animal was touched with eefps (or) pencil at various
parts (i.e. on the side of the neck, on the abdoanelnon the groin).

d. Pain response
This response was graded when a small artery claaspattached to the base

of tall.

e. Latency to groom
The latency from the time the animal was placed atest cage until it began
grooming was also measured with a stop watch.

f. Locomotion
Each rat was placed into actophotometer (40 cmx2820 cm) with a
plexiglass door and the total number of times draiad beam was disrupted
in 10 min was measured by an automated counter.

g. Postural measures
Head position was measured. The rat was obserdeddnally in an identical
cage to the home cage. The position of the headchatzsl every second for 60
s in triplicate. Deviations >10and the direction (left, right or neutral) were
noted. The net ipsilateral-contralateral bias walsutated for each 180s test

period.
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h. Righting reflex
Rats were treated with the test compounds on #tedsg. After 15, 30 and 60
minutes, each rat was placed gently on its backronndulated surface made
of white iron and kept at 8G. If the animal remained on its back for 30
seconds, it was considered as a loss of rightifiepae

i. Pinna reflex
The reflex is examined by touching the centre oihpiwith a hair or other
fine instrument. The unaffected rat withdraws fribm irritating hair.

] Grip strength
The grip strength test is used to assess muscuiargsh or neuromuscular
function in rodents. It was measured by allowing #@mimal to grasp a pencil
in the horizontal position and noting the time taks the animal to drop the

pencil on the table.
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5.11 EVALUATION OF NEUROPROTECTION
Animal Grouping
Wistar Albino rats of body weight 150-180g weredamized into 6 groups.

Each group have 6 animals (n= 6 per group). Thagg@nd treatment are designated

as follows.

Group -l . Control (0.9 % saline, p.o)

Group —lI . 6-OHDA (12 pg 6-hydroxydopamine /2ul0ri% ascorbic acid-
saline into left striatum.

Group -l . 6-OHDA + low dose (100mg/kg) of ASHE

Group -IV . 6-OHDA + high dose (200mg/kg) of ASHE

Group -V . 6-OHDA + low dose (100mg/kg) of EEHE

Group —VI . 6-OHDA+ high dose (200mg/kg) of EEHE

Group -VII : 6-OHDA+ 100mg/kg of formulation

The animals were grouped into individual cages tasated with 100 and 200
mg/kg of ASHE and EEHE orally (p.0). The treatmesats continued for a period of
21 days.

On the 22% day animals were anaesthetized by intraperitofi@ilinjection of
sodium thiopental (40 mg/kg), and additional anetsth were given when necessary.
After being deeply anaesthetized (loss of corneal Bbe pad reflexes) rats were
mounted in position. The scalp was shaved, swabfbéd iodine and a central
incision made to expose the skull.

The injections were made manually, with the helpaoHamilton syringe,
through the burr holes made on the skull surfackoith groups. The injection rate
was 1.@l/min, and the needle was kept in place for antaddil 1min before being
slowly retracted. The experiments were performedacordance with the guidelines
of the Animal Ethics Committedhe treatment with ASHE and EEHE was continued

further for a period of 7 days.
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5.12

NEUROPHARMACOLOGICAL PROFILE

Catalepsy test(Schmidt WJ 1989)
The tests for catalepsy were conducted on a haattar (10 cm above the
table surface) by gently placing both forepawstenlar by gently placing the
animal on the grid and measuring the time untleast one paw was actively
displaced (descent latency). A cut-off time of E3@as used, i.e. the trial was
terminated when the animals did not move a paw iwithat time. Each
animal was tested three times on both the bar andadernatively and an
average of three values was taken as descent yatiare

Open field test(Cryan JF 1986)
The open field apparatus was made of a gray wobd&n50 x 50 x 50 cm)
and the results in the open field test were detexdhautomatically. A camera
was used to detect the numbers of rearing. Thardist of movement (total
locomotors activity (cm)) of rat was recorded fbe topen field experiments,
each animal was placed in the center of the opdd &nd allowed to freely
explore the apparatus for 5 min. Total locomotativdg and numbers of
rearing were recorded automatically. Each rat veasl wnly once.

Gait analysis(Ungerstedt U 1970)
To measure the gait animals were trained to watkudh a narrow alley
leading into their home cage. Once trained papey placed along the alley
floor and each animal fore limbs and hind limbs evbrushed with non toxic
paint. Animals were kept at the beginning of thé&eyal As they walked
throught that alley into their home cage, theytledir paw prints on the paper.

By measuring the distance between paw prints skeioigth was determined.

iv. Force Swim-test(Alcaro A 2002)

Force swim test was carried out in water tubs (4@orgthx25cmwidthx16cm
height). Water was kept at the depth of 12cm arel témperature was
maintained at 27+2C. The animals were wiped dry immediately after the

experiment using a dry towel and returned to cages at 27+2C.

v. Beam walking test(Goldstein LB 1990)

Motor ¢ o-ordination and balance were assessed énsuning the ability of
the rat to transverse a narrow beam to reach daak lgpx in beam walking
test. The beams consisted of stationary woodemweaitat beam (L 100cm x
Wicm) placed at a height of 200cm from the floor. Hmémals were trained
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Vi.

Vii.

viii.

in beam for ten trials with one minute interval. ridg experiment animals
were monitored and rewarded with food pellets & gbal box. Time taken to
transverse the beam from start box to goal boxramdber of stepping errors
were measured.

Grid test (Hua Y 2002

The grid apparatus consisted of a horizontal mestal(size 12cf%) openings
0.5cnf) mounted 20cm above a hard surface, thus discimgrégjling, but not
leading to the injury in case of falling. The apdas consists of a 3 inch wall
that made up of any opaque sturdy material. RaéwWed by their tail and
slowly placed in the centre of the horizontal gadd supported until they
grabbed the grid with both their fore and hind pawke grid was then
inverted so that the rats were hanging upside dfmwr80seconds and the
maximum hanging time was measured.

Pole test(Reddy DS 1799)

Animal was placed head upward on the top of aaartiough surfaced pole
(diameter 1cm and height 55cm). Each rat was hatieitLito the apparatus on
the day prior to testing, then allowed to desceawmd fimes. The total time
taken by the animal to turn completely downward elntib down to the floor
wsa recorded with the maximum duration of 120 sdsorEven if the rat
descended part away and fell the rest of the weybehavior was scored until
it reached to the floor. When the rat was not dbldurn downward and
instead dropped from the pole, TLA was taken as 4&bnds because of
maximal severity.

Rota rod test(Kulkarni 2003)

Rota rod unit consists of a rotating spindle (ditene7.3cm)d individual
compartments for each rat with varying rotationag¢eds. Initially animals
were trained for four training sessions on conseeudays (each constituted
by a maximum of 10 trails) to achieve the maximaif@grmance. The animals
were exposed on a rotating rod at 10 rpm at 5 merval. Average retention

time spent on rod was calculated.
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5.13 BRAIN BIOCHEMICAL STUDIES

Tissue preparation for antioxidant enzymegPaxinos and Watson, 1982).
After the animals were sacrificed and their bravese removed quickly for
harvesting striatum and substantia nigra by cuttmgnal sections of 1.0-mm
thickness, using a rat brain matrix according te tiat brain atlas for
enzymatic assays, striatum was homogenized (10% iw®.01M phosphate
buffer (pH 7.0) and centrifuged at 10,500 rpm fOnin at 4°C to obtain post
mitochondrial supernatant (PMS), while homogenizatistantia nigra 10%
w/v was used for the estimation of TBARS and GSH.

Estimation of Total protein in brain (Lowry et al., 1951)

About 0.2 ml of homogenized brain sample was maoi® i ml using distilled
water. The test tube with 1 ml distilled water gsnas blank. Add 4.5 ml of
Reagent | and incubate for 10 minutes. After intolibeadd 0.5 ml of reagent
Il and incubate for 30 minutes Measure the absadanh 660 nm and plot the
standard graph. Estimate the amount of proteineptes the given sample
from the standard graph

Assay for Thiobarbituric Acid Reactive Substance(Utley et al. (1967)

The method of was modified for the estimation pidiperoxidation. Briefly,
0.2ml homogenate was pipetted in Eppendorf tubeirandated at 37+1°C in
a metabolic water bath shaker for 60min at 120kssaip and down; another
0.2ml was pipetted in an Eppendorf tube and platedPC incubation. After
1h of incubation, 0.4ml of 5% TCA and 0.4 ml of D% TBA was added in
both samples (i.e., 0°C and 37°C). The reactionturexfrom the vial was
transferred to the tube and centrifuged at 350@xdL5min. The supernatant
was transferred to another tube and placed in lamgovater bath for 10min.
Thereatfter, the test tubes were cooled and the'ladosce of the color was read
at 535nm. The rate of lipid peroxidation expresaschmol of thiobarbituric
acid reactive substance formed/min/mg protein.

Assay for reduced glutathione conten{Jollow et al. (1974).

Reduced GSH was determined by the method of 0.2rhbmogenate was
precipitated with 0.2ml of sulfosalicylic acid (4%)he sample was kept at
4°C for at least 1h and then subjected to centatfiog at 1200xg for 15min at
4°C. The assay mixture contained 0.1ml of filteediduot, 1.7ml phosphate
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Vii.

buffer (0.1M, pH 7.4), and 0.2ml DTNB (4mg/1ml digsphate buffer, 0.1M,
pH 7.4) in a total volume of 2.0ml. The yellow coliteveloped and was read
immediately at 412nm. The results are expressed a®l GSH formed/g
tissue.

Determination of glutathione reductase activity(Carlberg and Mannervik
1975)

The reaction mixture containing 1 ml of phosphatéfds, 0.5 ml of EDTA,
0.5 ml of oxidized glutathione and 0.2 ml of NADRitas made up to 3 ml
with water. After the addition of 0.1 ml of suitgldiluted tissue, the change
in optical density at 340 nm was monitored for Zimes at 30 sec intervals.
The activity of GRD is expressed as n moles of NAD#Xidized / minute /
mg protein.

Determination of glutathione peroxidase activity(Mohandas et al., 1984).
GPx activity was measured according to the proeedaidrMohandas et al.
(1984). The reaction mixture consisted of 0.05M gu@te buffer (pH 7.0),
1.0mM EDTA, 1.0mM sodium azide, 1.4U of 0.1ml GROmM GSH,
0.2mM NADPH, 0.25mM HO,, and 0.1ml of PMS in a final volume of
2.0ml. The disappearance of NADPH at 340nm was rdexb at room
temperature. The enzyme activity was calculated nasmol NADPH
oxidized/min/mg protein.

Determination of superoxide dismutase activityBeauchamp and Fridovich
1971)

To 50 ul of the suspension, 75 mM of Tris-HCI buffer (pF2B 30 mM
EDTA and 2 mM of pyrogallol were added. An increaseabsorbance was
recorded at 420 nm for 3 minutes by spectrophoteméne unit of enzyme
activity is 50% inhibition of the rate of autooxittan of pyrogallol as
determined by change in absorbance per minute@ns. The activity of
SOD is expressed as units/mg protein.

Determination of catalase activity(Coliborne 1985).

Catalase activity (CAT) was assayed by the methb®@reefly, the assay
mixture consisted of 0.05M phosphate buffer (pH),7M019M HO,, and
0.05ml PMS in a total volume of 3.0ml. Changesha@abance were recorded
at 240nm. Catalase activity was calculated in terais nmol HO;

consumed/min/mg protein.
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5.14 NEUROTRANSMITTER ESTIMATION

Estimation of Brain Neurotransmitters

Acetyl Cholinesterase in Rats brain Ellman et al., 1961)

Acetylcholine esterase activity was assayed by fizetlimethod of Brains
from the experimental and control rats were washeth cold sodium
phosphate buffer (0.2M, pH 8), homogenized in but#ed centrifuged at
10,000 RPM at 4°C. The supernatant was used an#tygne source (AChE).
0.5 ml of the cloudy supernatant liquid was pipetbet in to 25ml volumetric
flask and dilution was made with a freshly prepalENB solution (10 mg
dithiobios 2 nitro benzoic acid in 100 ml of Sorenghosphare buffer, pH 8).
From the volumetric flask two 4 ml portions wer@egtted out in to two test
tubes. In to one of the tubes 2 drops of eserim&isn was added. 1 ml of
substrate solution was added to the test tube ibimgaeserine solution and
was used for zero setting the colorimeter. Theltiaguyellow colour is due to
the reduction of DTNB by certain substances intdten homogenate and due
to non enzymatic hydrolysis of the substrate. Aftaving calibrated the
instrument, change in absorbance per min of theplawas read at 430 nm
Monoamine Oxidase(McEwen, 1977)

The MAO was estimated by the method of CharlesMoBwen, (1977). 250
pl of the homogenate was added to 250 pl of serotamd 250 pl of buffer.
The reaction tube was placed at 37°C for 20 minates the reaction was
arrested by the addition of 200 ul of 1M HCI. Theaction product was
extracted with 5 ml of cyclohexane. The organicgghwas measured at 242
nm using a spectrophotometer. Blank samples wezpaped by adding 1M
HCI (200 ul) prior to reaction and the reaction wasried out. The MAO A
and B activity was expressed in nmoles/ mg protein.

Dopamine (Yamamoto Met al.,2000)

Weighed a specific quantity of tissue and was hanagd in3 ml HCI
butanol in a cool environment. The sample was tbentrifuged for 10
minutes at 2000 rpm. 0.8 ml of supernatant phaseremoved and added to
an eppendorf reagent tube containing 2 ml of heptard 0.25 ml 0.1 M HCI.
After 10 minutes, shake the tube and centrifugedeursame conditions to
separate two phases. Upper organic phase was dbscand the agueous
phase was used for dopamine assay. To 0.02ml dii@ighase, 0.005 ml of
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0.4 M HCI and 0.01ml EDTA/ Sodium acetate buffeH(6.9) were added,
followed by 0.01 ml iodine solution for oxidatiomhe reaction was stopped
after 2 min by the addition of 0.1ml sodium thiqggwte in 5 M sodium
hydroxide. 10 M acetic acid was added 1.5 min laiée solution was then
heated to 10T for 6 min. When the sample again reaches roorpeesture,
excitation and emission spectra were read (330 @ 3m) in a
spectrofluorimeter. Compared the tissue value®(#iscence of tissue extract
minus fluorescence of tissue blank) with an intern@agent standard
(fluorescence of internal reagent standard minusréiscence of internal
reagent blank). Tissue blanks for the assay weepgoed by adding the
reagents of the oxidation step in reversed ordedigsn thiosulphate before
iodine). Internal reagent standards were obtaineddaling 0.005 ml distilled
water and 0.1ml HCI butanol to 20 ng of dopamirsmgard.

Glutamate (Nayebiet al.2010)

To 1.0 ml of the supernatant from brain homogenats evaporated to
dryness at 70°C in an oven and the residue is stitated in 100 ml of
distilled water. Standard solutions of glutamateaatoncentration of 2mM
along with the sample are spotted on Whatman Nchrématography paper
using a micropipette. It was placed on a chambetanoing butanol: acetic
acid: water (12: 3: 5 v/v) as solvent. When theaot front reached the top of
the paper, it was removed and dried. A secondspeiformed similarly, after
which the papers are dried sprayed with ninhydeiagent and placed in an
oven at 100°C for 4 minutes. The portions which rcaglutamate
corresponding with the standard are cut and elwitd0.005% CuSgin 75%
ethanol. Their absorbance is read against blank 586 nm in
spectrophotometer.
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5.15 HISTOPATHOLOGICAL SECTIONING STAINING

The rats from each group were anesthesized by peritoneal injection of
Ketamine and Xylazine. The brain was carefully reetb without any injury after
opening the skull. The collected brain was washé&l we cold normal saline and
fixed in 10% formal saline (10 ml of formaldehyded0 ml of physiological saline).
Paraffin embedded sections were taken 100 pm tagskand processed in alcohol —
xylene series and stained with Haematoxyli- Eogi@. d he sections were examined

microscopically for histopathological changes ia #triatum.

5.16 PREPARATION OF PLANT EXTRACTS IN A FORMULATIO N
The plant hydroetnanolic extracts of rootsAsfhona squamosainn., and

aerial parts of Echinops echinatus Roxb., were naasda formulation. Equal quantity
of the extracts (1:1) were mixed with each othed amde as a formulation. The
extracts were suspended in sodium carboxy metliylage and suspended to Group-
VIl which contains 6 wistar albino rats. After greatment with 6-OH Dopamine post
treatment with the formulation was continued. Aletanimals were subjected to
behavoiural, biochemical and neurotransmitter egtion. The treated groups were
statistically compared with that of the 6-OH Dopaenireated group.

STATISTICAL ANALYSIS
The statistical analysis was carried by one wayOAMA followed by Dunnet’s

“t” test. p values < 0.05 (95% confidence limit)ss@nsidered statistically significant.
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VI. RESULTS AND ANALYSIS

6.1 The percentage yield of hydroethanolic extracteoots ofAnnona sqguamosa
Linn., was 12% and ariel parts BEhinops echinatus Roxb., was 16%.

6.2 Preliminary phytochemical tests

Table:- 4 shows the phytochemical analysis of ldgtmanolic extract of
Annona squamosa Linn., are shown in revealed the presence of aitaglycoside,
sterols, phenols, tannins, flavanoids, terpenegorsas, flavonoids, tannins,
carbohydrates, proteins, phenolic compounds, angtopterols. Hydroethanolic
extractEchinops echinatus Roxb., showed the presence of phytoconstituertdls as
alkaloids, carbohydrates, flavonoids, tannins,ostist sterols and saponins.

6.3 TLC and HPTLC

In Table:- 5 and 6 shows the separate TLC of hsith@nolic extracts of
Annona squamosa Linn., and Echinops echinatus Roxb., showed 17 and 15 spots
respectively the Rvalues were also recorded.HIPTLC analysis resolution of spots
in shows the presence of various active principldbe extracts.

6.4 Determination of Total phenolic, Total Flavonal and Total Ascorbic acid
content
Total phenolic content detected in hydroethanadixtracts of Annona
squamosa Linn., andEchinops echinatus Roxb., found to be 151.42 + 0.52 and 119.63
+ 0.87 mg/g respectively.

Total flavonoids content of hydroethanolic extsagt Annona squamosa Linn.,
and Echinops echinatus Roxb., was found to be 29.65 + 0.83 and 18.4312 (ng
guercetin equivalents /g plant extract.

Total ascorbic acid content detected for hydromthe extracts ofAnnona
sgquamosa Linn., andEchinops echinatus Roxb., was found to be 0.22 + 0.07 and 0.17
+ 0.03mg ascorbic acid /g plant extract.
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Table 4. Preliminary Phytochemical Screening of Hymbethanolic extract of
Annona squamosa and Echinops echinatus

S.Ng Constituents ASHEEEHE
Mayer’s Test +ve| +ve
Dragendroff’'s Test +vg  +ve
1 |Alkaloids
Hager's Test +ve  +vg
Wagner’s Test +vg  +ve
Fehling’'s Test -ve| +ve
2 |Carbohydrates |Benedict’s Test +tvg +ve
Barfoed'’s Test +tvel  +ve
Biuret’s test +ve| -ve
3 |Proteins
Millon’s Test -ve | -ve
4 |Steroids Libermann Burchard Testve | +ve
5 |Sterols -ve| +ve
6 |Phenols tve  +ve
7 |Tannins +ve| +ve
8 |Flavonoids +ve| +vg
Shinoda's test +vg  +ve
9 |Gums and Mucilage -ve | -ve
10 | Glycosides +vg  -ve
11 |Saponins Foam test +ye  +ye
12 | Terpenes -ve -V§

-ve- indicate the absence of compound
+ve- indicate the presence of compound
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Solvent system: - Toluene: Methanol: Ethyl acetBtemic acid.

A

Figure 15. Thin Layer Chromatography of hydroethandic extract of Annona

squamosa Linn

Table 5. Thin Layer Chromatography R: values of hydroethanolic extract

Annona sqguamosa Linn

Number of Rf

Extract Solvent system

spots value

1 0.03

2 0.08

3 0.11

4 0.13

5 0.15

6 0.42

7 0.43

| Toluene: 8 047

Hydroethanolic Methanol: 9 051

extract of Ethyl acetate: Formic acid 10 052
Annona squamosa (2.5:1.0:5:1.5)

11 0.54

12 0.55

17 13 0.56

14 0.74

15 0.80

16 0.83

17 0.85
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B.
Solvent system: - Toluene: Methanol: Ethyl acetatemic acid (3:0.5:5:1.5)

Figure 16. Thin Layer Chromatography of hydroethandic extract of Echinops
echinatus Roxb

Table 6. Thin Layer Chromatography R: values of hydroethanolic extract
Echinops echinatus

Extract Solvent system Number of Rf value
spots

1 0.01

2 0.02

3 0.10

4 0.12

5 0.18

Hydroethanoli | Toluene: 6 0.23

c extract of | Methanol: 7 0.26

Annona Ethyl acetate: 15 ) 0.36

squamosa Formic acid 9 0.44

(3:0.5:5:1.5) 10 052

11 0.60

12 0.62

13 0.71

14 0.77

15 0.83
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Figure 17. HPTLC of hydroethanolic extract ofAnnona squamosa Linn
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Figure 18. HPTLC of hydroethanolic extract ofAnnona squamosa Linn
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Figure 19.HPTLC of hydroethanolic extract of Echinops echinatus Roxb
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Figure 20.HPTLC of hydroethanolic extract of Echinops echinatus Roxb.

86




6.5 In-vitro antioxidant studies of the extracts

Hydroethanolic extract ofAnnona squamosa Linn., andEchinops echinatus
Roxb., exhibited a significant dose dependent itibito of DPPH activity as shown in
the Table: 7. The maximum inhibition was found et tlose level of 800ug/ml. The
ICsp values are 350.57+3.002 and 380.50+2.6 respegtivel

Nitric oxide scavenging activity of hydroethanoliextract of Annona
sguamosa Linn., and Echinops echinatus Roxb., scavenging activity in a dose
dependant manner. The sfCvalues are 366.57 +5.08 and 332.56+ 2.16, when
compared with standard vitamin C

Both the extracts were capable of scavenging hydmadical and hydrogen
peroxide in a dose dependent manner. ThgJ&lues are 376.17 £7.37 and 419.57

+1.85 when compared with standard mannitol

Reducing power of increased with increased conagatr of test compound.
The maximum absorption was found at the 500ug/mid&ive stress can lead to
peroxidation of cellular lipids and Lipid peroxidat(LPO) has been implicated in the
pathogenesis of number of diseases including negerterative disorders.
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Table 7. Free radical scavenging activity of hydradanolic extracts Annona
sqguamosa Linn., and Echinops echinatus Roxb., by DPPH Reduction

ICs0
Concentration (ug) 25 50 100 20Q 400 800 Value
(H9)
Hydroethanolic extracts | 8.08 | 20.11| 30.25|42.98| 52.62| 65.16 | 350.57
/Annona squamosa Linn +0.32 | +0.43 | £0.28 |+0.193+0.326/+0.273| + 3.002
Hydroethanolic extracts | 6.51 | 18.91| 28.19|40.59| 51.87| 63.4 | 380.50
Echinops echinatus Roxb.,| £ 0.092| + 0.23| + 0.67|+ 0.10 £ 0.31| +£0.21| £2.62
11.15| 23.8 | 30.82|44.42| 58.45| 70.45| 275.02
Vitamin-C
+0.27 | £0.33 | £0.28 |+0.273 +0.28 | +0.286| +0.684

Values are meah SEM of 6 replicates

80

70

60 -

50 -

wl
c —&— Annona Squamosa Linn.
_g 0 —— Echinops Echinatus Roxb.
é 0 — — Vitamin-E
=
o |
é 0
| 0 100 200 300 400 500 600 700 800 900

Concentratio u/ml

Figure 21. Free radical scavenging activity of hydroethanektractsAnnona
sgquamosa Linn., andEchinops echinatus Roxb., by DPPH Reduction
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Table 8. Determination of nitric oxide scavenging etivity of hydroethanolic

extracts Annona squamosa Linn., and Echinops echinatus Roxb

IC
Concentration %0
25 50 100| 200] 400 80Q Value
(H9)
(L)
Hydroethanolic extracts 9.54 | 23.53|35.08/47.31|59.12| 66.57 [366.57
/Annona squamosa Linn +0.41 | +0.41 | £0.21| +.21 | +0.44| £ 0.43| +5.08
Hydroethanolic extracts 7.62 | 21.1 |31.98]43.96|54.18| 63.64 |332.56
Echinops echinatus Roxb., +0.24 | £0.29 | £0.10| £0.23| £0.26| £0.10 |+ 2.16
Standard Vitamin-C 11.38 | 24.28 |39.11| 48.65|58.37| 70.26 [26252
+0.36 | £0.44 | £0.53| +£0.3 | £0.50|+0.302|+ 1.46
Values are meah SEM of 6 replicates
80
70
50 /
c
i)
s 50
=2
<
X —e— Annona Squamosa Linn
30 —a&— Echinops Echinatus Roxb.
20 — —Standard Vitamin-C
10
O T T T T T T T T 1
100 200 300 400 500 600 700 800 900

Concentratio u/ml

Figure 22. Determination of nitric oxide scavengig activity of hydroethanolic

extracts Annona squamosa Linn., and Echinops echinatus Roxb.,
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Table 9. Determination of Hydroxly Radical Scavemg activity of
hydroethanolic extractsAnnona squamosa Linn., and Echinops echinatus Roxb.

. ICso Value
Concentration (ug) 25 50 100 200 400 800
(H9)
Hydroethanolic extracts 8.76 | 17.35| 29.89| 41.17|51.3265.63 376.17
Annona squamosa Linn +0.59(+£0.455 +0.89| +0.42|+0.271+0.61 +7.37
Hydroethanolic extracts 6.35 | 13.74| 25.25| 35.73|48.3760.471 419.57
Echinops echinatus Roxb., |+ 0.32| +0.61|+0.785+0.749+0.86+0.45 £1.85
11.167 25.25| 34.22| 47.13|58.07/70.78 218.01
Mannitol
+0.95/ £0.76| £0.74| £0.74|+0.95+1.12 +3.08
Values are Mean £+ SEM of 6 replicates.
80 -
70 B /
60 - /,-
50 ~
&
= 40 -
=
= 30 - —e— Annons Squamosa Linn
§ —#E—Echinops Echinatus Roxb.
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10
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0 100 200 300 400 500 600 700 800 900
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Figure 23. Determination of Hydroxly Radical Scaveimng activity of
hydroethanolic extractsAnnona squamosa Linn., and Echinops echinatus Roxb.
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Table 10. Determination of reducing power of hydrothanolic extracts Annona
sguamosa Linn., and Echinops echinatus Roxb.

Concentration (pg/ml) 125 250 375 500
Hydroethanolic extractannona 0.295 0.520 0.672 0.934
sguamosa Linn +0.0037 |+0.0022| +0.0037 | +0.003
Hydroethanolic extract&chinops 0.284 0.504 0.646 0.923
echinatus Roxb., +0.027 | £0.029| =#0.039 | £0.045

0.323 0.556 0.721 1.061
Standard BHT
+0.021 | £0.027| =%0.024 | £0.006

BHT : Butylated hydroxy toluene
Values are Mean + SEM of 6 parallel measurements.
p<0.01 when compared with control

Spectrophotometric deduction of the’e F€* transformation.

—e— Annona Squamosa
Linn.

=f—Echinops Echinatus
Roxb.

Q
o
]
o
c
@
=
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@
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<

300
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Figure 24. Determination of reducing power of hydrethanolic extractsAnnona
sguamosa Linn., and Echinops echinatus Roxb.,
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6.6 ACUTE TOXICITY STUDY

Acute toxicity study based on OECD guidelines 4B8veed the non-toxic
nature of hydroethanolic extraBhnona squamosa Linn., and Hydroethanolic extract
Echinops echinatus Roxb., in rats. Table 11 & 12 shows the observations made

during the study.

6.7 SUB ACUTE TOXICITY

In the Sub acute toxicity studies hydroethanoliraots ofAnnona squamosa
Linn., and Echinops echinatus Roxb., was administered at the dose level of
200mg/kg(p.o), for 28 days. No signs of toxicity mortality were observed during
the experimental period. Changes in body weightwshan Table:13 shows no
significant change with the control group. Physichkervation has not shown any

change in behavioral abnormality at any point @ phesent study.

6.6.1 Relative organ weight

Table 14 shows the results of relative organ weightrats treated with
hydroethanolic extracts odnnona squamosa Linn., andEchinops echinatus Roxb.
The observation have not shown any evidence of-tlaged toxicity. There were no
significant difference between controls andract treated groups in organ weight.

6.6.2 Hematological parameters

Table: 15 shows the Hematological parameters saalec blood cell count,
total white blood cell count, hemoglobin, hematpqgoiatelet count and differential
leukocyte count remained within the physiologicahge in both control and treated
groups for hydroethanolic extracts @fhnona squamosa Linn., and Echinops
echinatus Roxb., during the experimental period.

6.6.3 Biochemical parameters
Table 16 shows the biochemical parameters on Suie azal administration

of hydroethanolic extracts @hnona squamosa Linn., andEchinops echinatus Roxb.
repeated administration did not show any significahanges in biochemical
parameters such as creatinine, urea, triglycerittesl cholesterol, total protein,
albumin, AST, ALT, ALP and total bilirubin in serumthen compared to control
groups. There were no statistically significantfed#nce in the hematological and
serum biochemical parametensalyzed and are found to be within normal limits.
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6.6.4 Histological examination

The histological examination of various organs vpasformed in control,
hydroethanolic extracts g&nnona squamosa Linn., andEchinops echinatus Roxb.,
treated groups. The histology of treated organseveermpared with the untreated
control and are represented in fig.25 to 34. A& sampling tissue sections were
within the normal limits and revealed normal arebitire on comparison with control
groups. No alterations were seen in the microscexaenination of internal organ and
there were no degenerative or infiltrative lesitns@rved in the extract treated groups.
Pathological examination of tissues indicated thhére were no detectable

abnormalities
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ACUTE TOXICITY STUDY

Table 11. Acute toxicity dose 2000 mg/kg (p.o) hydethanolic extractsAnnona
sguamosa Linn., and Echinops echinatus Roxb.

Parameters observed

ISt hr

" hr

N hr

IV ™ hr

AS

EE

HS

EE

AS | EE

AS

EE

Piloerection

Edema

Urine stains

Alopecia

Loss of writing reflex

Circling

Nasal sniffing

Lacrimation

Seizures

Righting reflex

Grip strength

Eye closure at touch

Rearing

Straub tall
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Table 12 The 14 days observation after acute oral adminisation of hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., at the dose of 2000mg/kg( p.0)

Parameter
observed

Day 1

Day-2

Day-3

Day-4

Day-5

Day-6

Day-1

Day-

By

Day-10

Day-11

Day-12

Day-13

Day-14

AS

EE

AS

EE

AS

EE

AS

EE

AS

EE

AS

EE

AS

EE

AS

EE

EE

AS

EE

AS

EE

AS

EE

AS

EE

AS

EE

Piloerectiol

Edem:

Urine stains

Alopecia

Loss of
writing

reflex

Circling

Nasal

sniffing

Lacrimatior

Seizure

Righting

reflex

Grip
strength

Eye closure

at touch

Rearing

Straub ta
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Table 13. Change in body weights of rats in controphydroethanolic extract of
Annona squamosa Linn., and Echinops echinatus Roxb., sub acute toxicity studies

Group Initial | 5day|10 day 15 day 20 day 25 day| 28 day
158 | 160 | 161 | 162 | 163 | 164 165
Control +5.71|+5.23| +3.67 | +4.82 | +3.56 | £3.59| +3.24
Annona squamosa Linn. 150 | 146 | 148 (149 151 | 153 154
200mg/kg +3.61(+6.52| +3.52#2.9 | +3.67| +3.61|+6.81"™
Echinops echinatus Roxb. 156 | 154 | 155 | 156 | 157 | 159 161
200mg/kg +5.71|+5.23| +3.67 | +3.98 | +8.89 | +6.72 | +2.81"™

Data are expressed as mean = SEM (n=10)
ns: represents non significance

Table 14. Relative organ weights (g/100g) of contkchydroethanolic extracts of
Annona squamosa Linn., and Echinops echinatus Roxbon sub acute toxicity

studies
Organs Control AS (200 mg/kg) EE (200 mg/kg)
Female Male Female Male Female Male
Liver 2.66 2.69 2.65 2.63 2.65 2.63
+0.02 +0.06 +0.15™ +0.03™ +0.15™ +0.03™
Kidney 0.62 0.60 0.63 0.61 0.63 0.61
+0.03 +0.12 | +0.02™ +0.12™ +0.02™ +0.12™
Brain 0.53 0.49 0.52 0.55 0.52 0.55
+0.10 +0.14 | +0.10™ +0.16™ +0.10™ | +0.16™
Lungs 0.45 0.44 0.45 0.49 0.45 0.49
+0.03 +0.01 +0.05™ +0.02"™ +0.05™ +0.02"™
Heart 0.35 0.37 0.38 0.32 0.38 0.32
+0.02 +0.01 | +0.02™ +0.01™ +0.02™ +0.01™
Spleen 0.22+ 0.22 0.17 0.23 0.17 0.23
0.09 +0.07 | +0.06™ +0.05™ +0.06™ +0.05™

Data are expressed as mean = SEM (n=10)

ns : represents non significance
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Table 15. Hematological parameters of rats in contl, hydroethanolic extract of
Annona squamosa (AS) and Echinops echinatus (EE) sub acute toxicity studies

_ Control AS EE
Hematological _
parameter (Vehicle) (200 mg/kg) (200 mg/kg)
Male | Female| Male | Female| Male | Female
8.89 09.09
Total R.B.C. count 09.09 | 08.13 205 8.43 1.46 08.13
+ 2. +1.
(x1G°/ mnt) +146| +1.66 | | *1.78"|  |£166"
11.29 13.68
Total W.B.C. Count | 13.68 | 09.58 188 12.63 197 09.58
+1. +1.
(x10°/mn7) +1.97| +1.45 N +1.26™ N +1.45™
_ 17.62 | 16.12 15.82
Haemoglobin (Hb) 15.82 | 13.79 0.72 133 Lo4 13.79
+ 0. +1. +1.
(g/dl) +1.94| £1.27 o " . +1.27™
42.54
Hematocrit 42.54 | 4495 | 40.12 | 41.27 136 44.95
+1.
(%) +1.36| +1.49 | £3.06™ | £2.47™ o +1.49"™
843.35| 893.74 | 652.34 | 961.75
Platelets 652.34| 961.75
+15.67 | £15.35 | £12.34 | £16.64
(x10%/mn’) +12.34| +16.64
ns ns ns ns
Neutrophils 17.79 | 20.94 | 10.06 14.12 17.79 20.94
(%) +2.03 | +3.11 | +2.75™ | +2.72" | +2.03"™ | +3.11™
Lymphocytes 82.43 | 77.56 79 82.04 | 8243 | 77.56
(%) +3.43 | +2.45 | +4.55™ | £3.52™ | £3.43" | +2.45™
Eosinophil 2.38 1.82 1.64 1.42 2.38 1.82
(%) +0.43 | +0.75 | +0.25™ | +0,64™ | +0.43"™ | +0.75™
Monocyte 3.10 0.00 1.50 0.00 3.10 0.00
(%) +0.13 | +0.00 | +0.03™ | +0.00™ | +0.13™ | +0.00™
Basophil 0.00 1.01 0.00 0.00 0.00 1.01
(%) +0.00 | +0.01 | £0.00™ | +0.00™ | +0.00™ | +0.01™

Data are expressed as mean = SEM (n=10)
ns : represents non significance
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Table 16.Biochemical parameters of rats in control, hydroetlanolic extract of
Annona squamosa (AS) and Echinops echinatus (EE) sub acute toxicity studies

Control AS (200 mg/kg) EE (200 mg/kg)
Biochemical Female | Male Female Male Female | Male
parameter
Creatinine (mg/dl) 0.64 0.61 0.64 0.61 0.57 0.43
+0.01 | +0.05 | #0.0Ins | +0.05ns | +0.07ns | +0.03
Urea (mg/dl) 15.17 | 18.12 15.17 18.12 17.14 20.75
+1.45 | 253 | +1.45s | £2.53ns | +1.52ns | £1.31ns
Triglycerides (mg/dl) 54.21| 49.24 54.21 49.24 52.83 47.25
+9.03 +5.32 | £9.03ns | +5.32ns | £4.92ns | £7.34ns
Total 58.25 | 52.17 58.25 52.17 49.33 43.00
Cholesterol(mg/dl) +3.95 +3.76 | £3.95ns | £3.76ns | £ 2.03ns | £2.46ns
Total protein (g/dl) 3.57 491 3.57 491 7.23 5.11
+0.14 +0.94 | +0.14 ns | £0.94ns | £0.24ns | £0.23ns
Albumin (g/dl) 4.27 3.25 4.27 3.25 3.64 4.29
+0.19 +0.12 | +0.19ns | £0.12ns | £ 0.05ns | +0.03ns
AST (IU/L) 119.6 | 112.71 119.6 112.71 | 124.01 | 138.54
+28.8 | £23.84 | +28.8ns | +23.84 | +17.6ns | £19.4ns
ALT (IU/L) 63.47 72.45 63.47 72.45 61.47 71.33
+5.61 +4.02 | £5.61ns | +4.02ns | £3.19ns | £6.19ns
ALP (IU/L) 97.54 | 104.13 97.54 104.13 114.3 108.4
+12.76 | +13.52 | £12.76s | +13.52 | £12.0ns| +15.32
ns ns
T. Bilirubin (mg/dI) 0.31 0.29 0.31 0.29 0.23 0.27
+0.09 +0.03 | +0.09ns | +0.03ns | £ 0.05ns | £0.12ns

Data are expressed as mean = SEM (n=10)

ns: represents non significance
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HISTOPATHOLOGY OF TOXICITY STUDIES

AS 200mg/kg

EE 200mg/kg

Figure 25. Histopathology of rat liver on treatmentwith hydroethanolic extract
of Annona sguamosa Linn. (200mg/kg) andEchinops echinatus Roxb. (200mg/kg)

Control AS200mg/kg

EE 200mg/kg

Figure 26. Histopathology of rat spleen on treatm& with hydroethanolic
extract of Annona squamosa Linn. (200mg/kg) andEchinops echinatus Roxb.
(200mg/kg)
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AS 200mg/kg

EE 200mg/kg

Figure 27 Histopathology of rat brain on treatment with hyetfanolic extract of
Annona squamosa Linn. (200mg/kg) andechinops echinatus Roxb. (200mg/kg)

EE 200mg/kg

Figure 28.Histopathology of rat kidney on treatment with hydroethanolic
extract of Annona squamosa Linn. (200mg/kg) andEchinops echinatus Roxb.
(200mg/kg)
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EE 200mg/kg

Fig.29 Histopathology of rat heart on treatment with hydroethanolic extract of
Annona sqguamosa Linn. (200mg/kg) andEchinops echinatus Roxb. (200mg/kg)

Control

AS 20

0mg/kg

EE 200mg/kg

Figure 30. Histopathology of rat skin on treatmentwith hydroethanolic extract
of Annona sguamosa Linn. (200mg/kg) andEchinops echinatus Roxb. (200mg/kg)
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Control

EE 200mg/kg

Figure 32. Histopathology of rat stomach on treatmet with hydroethanolic
extract of Annona squamosa Linn. (200mg/kg) andEchinops echinatus Roxb.
(200mg/kg)

=y o oA

Control h AS 200mg/kg

EE 200mg/kg

Fig 32. Histopathology of rat testis on treatment wh hydroethanolic extract of
Annona sqguamosa Linn. (200mg/kg) andEchinops echinatus Roxb. (200mg/kg)
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Control AS 200mg/kg
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Figure 33. Histopathology of rat ovary on treatmehwith hydroethanolic extract
of Annona squamosa Linn. (200mg/kg) and Echinops kimatus Roxb. (200mg/kg)

Control AS 200mg/kg

EE 200mg/kg

Figure 34. Histopathology of rat bone on treatmentvith hydroethanolic extract
of Annona sguamosa Linn. (200mg/kg) andEchinops echinatus Roxb. (200mg/kg)
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6.8

NEUROPHARMACOLOGICAL SCREENING

A. General behavior studies

General behavioral profile studies of rats treat¢td AS andEE are tabulated
in Table 17 did not show any difference in theirngel behavior.

Spontaneous activity, awareness and alertness, dSoesponses, Touch
responses, Pain response, Latency to groom, Setesis/normal grooming,
motor activity and grip strength were normal. Thérals showed no signs of
depression during the observation period. Geneshhwor studies suggest
that both hydroethanolic extracts does not posa@gsieurotoxicity.

Preliminary neuropharmacological evaluations

.Catalepsy

Table 18 and fig.35 shows the catalepsy evaluatime control group
catalepsy was not at all observed. When the 6-OHDjiacted group
compared with control group, it showed a significdp<0.001) rise in
cataleptic rigor. Group treated with 100 & 200 nggtlose of hydroethanolic
extract ofEchinops echinatus Roxb., showed significant (p<0.01) decrease in
cataleptic rigor, and treatment with 100mg/kg ofnAna squamosa showed
significant (p<0.01) fall in cataleptic rigor atethdose of 200mg/kg the
cataleptic rigor has reduced significantly (p<0.)J0@&hen compared with 6-
OHDA treated group. The formulation has producepghiicant improvement

in the motor coordination (p<0.001).

.Open field spontaneous activity (Locomotor)

The open field test is a paradigm used for evaigathe effect of drugs on
gross general behavior and is used to measurexbedf nervous excitability.
Table: 19 and Figure 36 shows the results The faigni (p<0.001) decrease
in the number of square crossed, grooming andngdtiocomotor) in the 6-
OHDA injected animals were observed. With the treait of 100 &
200mg/kg dose of hydroethanolic extractEhinops echinatus showed the
significant (p<0.01) increase in the no. of sq seas at the same dose animals
showed the significant (p<0.001) increase in theogrng, but little less
significant (p<0.05) increase in rearing. With theeatment of 100 &
200mg/kg dose of hydroethanolic extractAmihona squamosa Linn., animals
showed the significant (p<0.01) increase in all theee parameters like

104



number of square crossed, grooming and rearing. @kteacts in the
formulation of has produced significant improvementhe number of square
crossed (p<0.001). The observed increase in therequossing could be with
increased motor activity.

iii.Gait
Table: 20 shows the result of Gait analysis. Th&lestlength and fore paw
distance width in 6-OHDA treated animals was sigaiitly (p<0.001)
decreased when compared with the control groupewhiihd paw distance
width in 6-OHDA treated animals was significantp<(.001) increased when
compared with the control group. With the treatmehtLl00mg/kg dose of
hydroethanolic extract oEchinops echinatus Linn., animals showed the
significant (p<0.01) increase in stride length dock paw stance width and
significant (p<0.05) decrease in hind paw stanadtiwiWith the treatment of
200mg/kg dose of hydroethanolic extract Afnona sguamosa, animals
showed the significant (p<0.001) decrease in irsgaa stride length and fore
paw stance width and significant (p<0.01) decreadand paw stance width
as compared with the 6-OHDA treated group.

iv.Force swim test (motor impairment)
Table: 21 shows the effect sfjuamosa Linn., andEchinops echinatus Roxb.,
on forced swim test. When 6-OHDA injected groumpared with control
group, it showed a significant (p<0.001) fall iniswtime. Group treated
Annona squamosa Linn., and Echinops echinatus Roxb.,200mg/kg dose of
showed significant (p<0.001) improvement in swimej and treatment with
200mg/kg of HAEAS showed significant (p<0.001) elBon in swim time,
when compared with 6-OHDA treated group.

v.Beam walking (Motor co-ordination and Balance)
The significant (p<0.001) elevation in the numbérfaot errors and time
taken to travel was observed in 6-OHDA treated afsnas shown in the
Table: 22. With the treatment of 100 & 200 mg/kgselmf Hydroethanolic
extract of Echinops echinatus showed the significant (p<0.01) decrease in
number of foot errors and time taken to travel. Wihe treatment of
200mg/kg dose of hydroethanolic extractAmihona squamosa Linn., animals
showed the significant (p<0.001) decrease in nurnolbdoot errors and time
taken to travel as compared with the 6-OHDA treagedip.
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vi.Grid test (Muscular strength and catching refley

Table 23 shows the effect of drugs on the hang imé-OHDA injected
group compared with control group, has shown aifsagmt (p<0.001) fall in
hanging time. Group treated with 100mg/kg doseyalrbethanolic extract of
Annona squamosa Linn., andEchinops echinatus Roxb., showed significant
(p<0.01) improvement in hanging time, and treatmeith 200mg/kg of
hydroethanolic extract oinnona squamosa Linn., Echinops echinatus Roxb.,
and formulation of extracts showed significant (1) elevation in hanging
time, when compared with 6-OHDA treated group.

vii.Pole test (Locomotor)
The significant (p<0.001) elevation in the time dakby the animal to turn
downward and time taken to reach floor was obseie@-OHDA treated
animal’s data shown in Table: 24. With the treatnedrwith 100 & 200mg/kg
dose of hydroethanolic extract &chinops echinatus animals showed the
significant (p<0.01) decrease time in taken to tlownward, at the same dose
animals showed the little significant (p<0.05) dé=ge in time taken to reach
floor. Whereas, with the treatment of 100 & 200nggdose of hydroethanolic
extract of Annona squamosa, animals showed the significant (p<0.01)
decrease in time taken to turn downward and sicamfi (p<0.001) decrease in
time taken to reach floor as compared with the @®@Hreated group.
viii.Rota rod test (Motor co-ordination)
Table 25 shows the results for motor coordinatigndia rod test. The motor
co-ordination in the control group was significgn{p<0.001) high when
compared with the 6-OHDA treated animals. Hydroethia extracts of
Annona squamosa Linn., andEchinops echinatus Roxb., improves the motor
coordination with a significance of (p<0.01) at tthese level of 200mg/kg.
The extracts in the formulation has produced sigguiit improvement in the
motor coordination (p<0.001). The enhancement pbhdane content restored
might have altered and muscle coordination.
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GENERAL BEHAVIOR TEST

Table 17. Effect of hydroethanolic extract of Annoa squamosa Linn., Echinops
echinatus Roxb., and formulation on general behavral studies in rats

|

|

|

1

|

AS AS EE EE
Observation
(100mg) (200mg) (100mg) (200mg)
Spontaneous activity normal normal norma norma
Sound response normal normal normal normg
Touch response normal normal norma norma
Pain response normal normal norma norma
Latency to groom normal normal normal norma
Locomotion normal normal normal normal
Postural measure normal normal normal normg
Righiting reflex normal normal normal normal
Pinna reflex normal normal normal normal
Grip strength normal normal normal normal
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EVALUATION OF NEUROPROTECTION AFTER ICV INJECTION W ITH
6-OH DOPAMINE

Table 18. Effect of Hydroethanolic extracts oAnnona squamosa Linn., and
Echinops echinatus Roxb., on catalepsy test

Groups Treatment Latency time
Group-I Control(vehicle, p.o) 0.0+£0.0
Group-I Negative Control (6-OHDA) 136.54 +9.08"
Group-lll | 6-OHDA + low dose (100mg/kg) of AS 13.83 + 1.47"

Group-IV | 6-OHDA + high dose (200mg/kg) of AS | 4.83+1.6%
Group-V 6-OHDA + low dose (100mg/kg) of EE 18.50 + 2.68
Group-VI | 6-OHDA + high dose (200mg/kg) of EE | 8.16 + 1.92"
Group-VIl | 6-OHDA + 200mg/kg of formulation 3.66+1.838"

FEF

* Comparisons were made between
Control Vs Negative control; Negative control Vieatment groups
* Values are expressed as mean £ SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn. and
200 Echinops echinatus Roxbh. catalepsy test
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Figure 35. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on catalepsy test
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Table 19. Effect of Hydroethanolic extracts oAnnona squamosa Linn., and
Echinops echinatus Roxb., Open field test

No. of Sq. , _
Groups Treatment Rearing Grooming
crossed

Groug- Control(vehicle, p.c 22.6641.3¢ 10.33£2.1 7.83+1.1!

Negative Control (- 6.16+0.7(C 4.86x0.7< 2.50+1.0¢
G rOU p'l I ar** ar** axr*

OHDA)

6-OHDA + low dose 10.1€+1.07 9.02+2.2! 3.83+1.4!
Group-lll b b b

(100mg/kg) of AS

6-OHDA + high dose 11.3=#1.5¢ 9.00+1.6° 6.00£1.2(
GrOUp-|V p** p** p**

(200mg/kg) of AS

6-OHDA + low dose 8.01+1.3¢ 6.33+1.4: 5.00+0.7°
Group-V bt bt bt

(100mg/kg) of EE

6-OHDA+ high dose 13.3=#1.3¢ 8.16+1.5 6.33+1.2!
G rOU p'VI p** p** p**

(200mg/kg) of EE

6-OHDA+ 200mg/kg of 16.66+1.3¢
Group-VII , s 10.50+1.58™ |7.83+1.72

formulation

* Comparisons were made between

Control Vs Negative control "Negative control Vs Treatment groups

* Values are expressed as mean £ SEM of 6 animals.

* Symbols represent statistical significance: *P €50.**P < 0.01, **P <
0.001.

* Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn, and
Echinops echinatus Roxb. on open field spontaneous activity
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Figure 36. Effect of Hydroethanolic extracts ofAnnona sqguamosa Linn., and
Echinops echinatus Roxb., Open field test
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Groups Treatment Stride  [Forepaw Hindpaw
length |distance widthdistance width
(cm) |(cm) (cm)
Groug- Control(vehicle, p.c 7.6¢€ 1.5¢ 2.2¢
+0.88 +0.14 +0.06
Groug-11 Negative Control (-OHDA) 2.6¢€ 1.2¢ 3.4:
+0.21 +0.09 +0.11
Groug-lIl 6-OHDA  + low  dose 2.1¢ 1.6¢€ 3.1¢
(100mg/kg) of AS +0.40 +0.08 +0.12
Groug-1V 6-OHDA + high  dose 3.3t 1.6¢€ 2.8
(200mg/kg) of AS +0.76 +0.08 +0.05
Group-V 6-OHDA  + low  dose 1.8: 1.8(C 3.2¢
(100mg/kg) of EE +0.16 +0.06 +0.08
Groug-VI 6-OHDA+ high dose 4.0C 1.7% 2.3¢€
(200mg/kg) of EE +0.51 +0.09 +0.13
Groug-VII 6-OHDA+ 200mg/kg of 5.8¢ 1.8¢ 2.1
formulation +0.30 +0.11 +0.15

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups
Values are expressed as mean = SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

%

Effect of Hydroalcholic extracts of Annona Squamosa Linn.
and Echinops Echinatus Roxb. on gait

10-
EZZE Stride length(em)
=3 Forepaw distance width (cm)
8- il E== Hindpaw distance width (cm)

distance cm

Stride length Forepaw distance Hind paw distance

Figure 37. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Gait
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Table 21 Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Force Swim

Groups Treatment Time in seconds
Group-I Control(vehicle, p.o) 93.66 £ 7.65
Group-Il | Negative Control (6-OHDA) 22.33+5.38"
Group-lll | 6-OHDA + low dose (100mg/kg) of AS 60.83 +4.13"
Group-1V | 6-OHDA + high dose (200mg/kg) of AS 64.59 + 2.88"
Group-V | 6-OHDA + low dose (100mg/kg) of EE 62.83 +4.327
Group-VI | 6-OHDA+ high dose (200mg/kg) of EE 64.52 +3..33"
Group-VIl | 6-OHDA+ 200mg/kg of formulation 79.66 + 13.98"

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups
* Values are expressed as mean £ SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona Squamosa Linn.
and Echinops Echinatus Roxb. on immobility period in forced swim test

150+
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<

Groups

Figure 38. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Force Swim
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Table: 22 Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Beam walking test

Groups Treatment Time taken to [No. of foot
travel (Sec) |errors

Group-I Control(vehicle, p.o) 10.83£1.95 0.16+ 0.16
Group-lI Negative Control (6-OHDA) 26.83+1.13 4.83+1.13
Group-lli 6-OHDA + low dose (100mg/kg) ¢

AS 20.67+0.76 4.331£0.61
Group-1IV | 6-OHDA + high dose (200mg/kg) ¢

AS 12.83+1.24 2.50+0.56
Group-V 6-OHDA + low dose (100mg/kg) ¢

EE 10.33+0.80 4.16+1.37
Group-VI | 6-OHDA+ high dose (200mg/kg) ¢

EE 11.83+0.83 1.33+£0.42
Group-VIl | 6-OHDA+ 200mg/kg of formulation| 11.83+2.27 1.00+ 0.36

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups

* Values are expressed as mean £ SEM of 6 animals.

* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.

* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn. and
Echinops echinatus Roxb. on Beam walking test
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Figure 39. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Beam walking test
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Table 23. Effect of Hydroethanolic extracts oAnnona squamosa Linn., and
Echinops echinatus Roxb., on Grid test (Hang time test)

Groups Treatment Hanging time (sec)
Group-| Control(vehicle, p.o) 93.83 £4.61
Group-Il | Negative Control (6-OHDA) 3.33+1.28"
Group-lll | 6-OHDA + low dose (100mg/kg) of AS 9.01+2.95"
Group-IV | 6-OHDA + high dose (200mg/kg) of AS 23.83+2.651
Group-V | 6-OHDA + low dose (100mg/kg) of EE 14.83+ 3.78"
Group-VI | 6-OHDA+ high dose (200mg/kg) of EE 40.83 +9.287
Group-VII | 6-OHDA+ 200mg/kg of formulation 45.66 +9.20"

* Comparisons were made between

Control Vs Negative control "Negative control Vs Treatment groups

* Values are expressed as mean £ SEM of 6 animals.

* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.

and Echinops echinatus Roxb. on hangtime test
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Figure 40. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Grid test (Hang time test)
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Table: 24 Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and

Echinops echinatus Roxb., on Pole test

Groups Treatment Time taken to([Time taken tg
turn down reach the floor

Group-I Control(vehicle, p.o) 3.16x0.07 2.8320.16
Group-lI Negative Control (6-

OHDA) 10.16+1.07" 0.83+0.14"
Group-lll | 6-OHDA + low dose

(100mg/kg) of AS 5.00+1.54" 8.67+0.49"
Group-IV | 6-OHDA + high doseg

(200mg/kg) of AS 4.16+1.27" 6.83+0.94"
Group-V | 6-OHDA + Ilow dose

(100mg/kg) of EE 4.17+0.68" 7.67+1.94"
Group-VI | 6-OHDA+ high doseg

(200mg/kg) of EE 3.83+1.01" 6.33+0.76"
Group-VIl | 6-OHDA+ 200mg/kg of

formulation 3.67+1.54™ 4.50+0.56""

* Comparisons were made between

%Control Vs Negative control ?Negative control Vs Treatment groups
g

* Values are expressed as mean £ SEM of 6 animals.

* Symbols represent statistical significance: *P €50.**P < 0.01, **P <

0.001.

* Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s‘t’ test.

Time

15+

10-

Effect of Hydroalcholic extracts of Annona squamosa Linn. and

Echinops echinatus Roxb. on pole test
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Figure 41.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and

Echinops echinatus Roxb., on Pole test
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Table 25.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Rota Rod test

Groups Treatment Retention time (Sec)
Group-l | Control(vehicle, p.o) 317.2 £40.30
Group-1l | Negative Control (6-OHDA) 11.17 +£1.49***
Group-lll | 6-OHDA + low dose (100mg/kg) of AS 65.33+4. 70+
Group-IV | 6-OHDA + high dose (200mg/kg) of AS 134.70 + 26.98**
Group-V | 6-OHDA + low dose (100mg/kg) of EE 75.17+ 6.0
Group-VI | 6-OHDA+ high dose (200mg/kg) of EE 141.2 + 20.7%**
Group-VII | 6-OHDA+ 200mg/kg of formulation 206.34 +34.6P+*

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups

* Values are expressed as mean £ SEM of 6 animals.

* Symbols represent statistical significance: *P €50.**P < 0.01, **P <

0.001.

* Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.
and Echinops echinatus Roxb. on Rota rod test
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Figure 42. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Rota Rod test
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6.9.

BIOCHEMICAL STUDIES

. Thiobarbituric Acid Reactive Substance

Table: 27 show the level of TBARS in the differantatment group. The
content of TBARS in the substantia nigra was sigaiftly elevated (p<
0.001) in the 6-OH group, as compared to the cognaup. The increases in
the generation of TBARS were significantly and ddseendently reduced
(p< 0.001) in 200mg/kdnydroethanolic extracts gdnnona sgquamosa Linn.,
and Echinops echinatus Roxb. High degree of significance was observed with
the formulation of both extract$<0.001) as compared to 6-OH group the

group.

. Reduced Glutathione (GSH)

GSH content in the substantia nigra was signifigargduced (p< 0.001) in
the 6-OH Dopamine group, as compared to the cogtmlp. The decrease in
GSH content was significantly and dose dependeedyored (p<0.001) for
200mghydroethanolic extracts @&nnona squamosa Linn., (p<0.001) for 100

& 200mg/kg of Echinops echinatus Roxb., and (p<0.01)hydroethanolic
extracts ofAnnona squamosa Linn.) treatment groups as compared to 6-Oh
Dopamine treated group. High degree of significawes observed witlthe
formulation of extract§p<0.001) as compared to 6-OH group the group.

. Glutathione reeducates activity

The content of glutathione reeducates in striatues significantly decreased
(p< 0.001) in the 6-OH group, as compared to th@robgroup. The activity
was significantly restored (p< 0.001) in 100, 200kgghydroethanolic
extracts of Annona squamosa Linn., and Echinops echinatus Roxb. High
degree of significance was also observed \thin the formulation of extracts
(p<0.001) as compared to 6-OH group the group.

. Glutathione peroxidase

The content ofGlutathione peroxidasen the striatum was significantly
reduced (p< 0.001) in the 6-OH group, as compavdtié¢ control group. The
decrease in the generation Gfutathione peroxidaseere significantly and
dose-dependently increased (p< 0.001) in 100 & 2fKegnhydroethanolic
extracts of Annona squamosa Linn., and Echinops echinatus Roxb. High
degree of significance was also observed \thien formulation of extracts
(p<0.001) as compared to 6-OH group the group.
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e. Superoxide Dismutase
The activity of SOD in striatum was significantiw (p<0.001) in the 6- OH
Dopamine treated group when compared to the cogtonlp. The decrease in
SOD activity was restored significantly and doseatelently in the groups
treated withHydroethanolic extracts &nnona sqguamosa Linn., andEchinops
echinatus Roxb., 100 and 200 mg/kg. High degree of significance was
observed witlthe the formulation of extrac{p<0.001).

f. catalase
The content of catalase in striatum was signifiyadécreased (p< 0.001) in
the 6-OH group, as compared to the control groupe ThActivity was
significantly restored (p< 0.001) in 100, 200mghgroethanolic extracts of
Annona squamosa Linn., and Echinops echinatus Roxb. High degree of
significance was also observed witie formulation of extractp<0.001) as
compared to 6-OH group the group.
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BIOCHEMICAL STUDIES

Table 26. Effect of Hydroethanolic extracts oAnnona squamosa Linn., and
Echinops echinatus Roxb., on Total Protein

Total Protein

Groups Treatment

(mg/gm of tissue)
Group-I Control(vehicle, p.o) 1.933+0.14
Group-II Negative Control (6-OHDA) 0.633 + 0.55**
Group-lll | 6-OHDA + low dose (100mg/kg) of AS 1.463 + 0.743*

Group-1V | 6-OHDA + high dose (200mg/kg) of A 1.463 + 0.743*

Group-V | 6-OHDA + low dose (100mg/kg) of EE 1.463 + 0.743*

Group-VI | 6-OHDA+ high dose (200mg/kg) of Ef  1.543 +0.108**

Group-VIlI | 6-OHDA+ 200mg/kg of formulation 1.463 + 0.74%3+

Comparisons were made between

Control Vs Negative control’Negative control Vs Treatment groups
e Values are expressed as mean + SEM of 6 animals.
e Symbols represent statistical significance: *P €50.**P < 0.01, ***P <

0.001.
e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.
and Echinops echinatus Roxb. on Total protein
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Figure 43. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Total Protein
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Table 27.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Thiobarbituric Acid Reactive Substance

Groups Treatment n mols TBARS/ min/ mg
protein

Group-l Control(vehicle, p.o) 6.00+1.09

Group-Il Negative Control (6-OHDA) 31.50+ 1.46*

Group-IlI 6-OHDA + low dose (100mg/kg) of AS 22.67+1.28+*
Group-1V 6-OHDA + high dose (200mg/kg) of AS | 17.33+1.08**

Group-V 6-OHDA + low dose (100mg/kg) of EE 21.67+0.98+*

Group-VI 6-OHDA+ high dose (200mg/kg) of EE | 18.17+0.66*
Group-VII 6-OHDA+ 200mg/kg of formulation 13.00+0.93**+

e Comparisons were made between

®Control Vs Negative control’Negative control Vs Treatment groups

e Values are expressed as mean + SEM of 6 animals.

e Symbols represent statistical significance: *P €50.**P < 0.01, **P <

0.001.

e Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s't’ test.

Effect of Hydroalcholic extracts of Annona Squamosa Linn., and
Echinops Echinatus Roxb., on Thiobarbituric Acid Reactive Substance.
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Figure 44. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Thiobarbituric Acid Reactive Substance
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Table 28.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and

Echinops echinatus Roxb., on Reduced Glutathione (GSH)

Groups Treatment n moles GSH/ g tissue
Group-I Control(vehicle, p.o) 22.50£1.43
Group-Il Negative Control (6-OHDA) 5.50+0.76**
Group-lll 6-OHDA + low dose (100mg/kg) of AS 14.00+1.48**
Group-1V 6-OHDA + high dose (200mg/kg) of AS 20.67+1.68*
Group-V 6-OHDA + low dose (100mg/kg) of EE 14.83+1.4F++
Group-VI 6-OHDA+ high dose (200mg/kg) of EE 22.14+1.80+
Group-VIi 6-OHDA+ 200mg/kg of formulation 24.01+1.63*+*

e Comparisons were made between

Control Vs Negative control’Negative control Vs Treatment groups

e Values are expressed as mean + SEM of 6 animals.

e Symbols represent statistical significance: *P €50.**P < 0.01, **P <

0.001.

e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.
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and Echinops echinatus Roxb. on Reduced Gluthione (GSH)

304

204

10+

n moles GSH/ g tissue

e o

T T T
Gp-1I  Gp-1lI Gp-IV  Gp-V  Gp-VI Gp-VII Gp-1

Groups

Figure 45. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and

Echinops echinatus Roxb., on Reduced Glutathione (GSH)
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Table 29.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on glutathione reeducates activity

Groups Treatment n mol NADPH oxidized/ min/mg
protein

Group-l | Control(vehicle, p.o) 25.67+1.11

Group-Il | Negative Control (6-OHDA) 4.83+0.60*

Group-Ill | 6-OHDA + low dose (100mg/kg) of AS 9.01+0.84*

Group-IV | 6-OHDA + high dose (200mg/kg) ¢ 11.33+0.88*

AS

Group-V | 6-OHDA + low dose (100mg/kg) of E 9.17+0.54*

Group-VI | 6-OHDA+ high dose (200mg/kg) of E 10.58+1.22+
Group-VII| 6-OHDA+ 200mg/kg of formulation 14.17+1.13

e Comparisons were made between

®Control Vs Negative control’Negative control Vs Treatment groups

e Values are expressed as mean + SEM of 6 animals.

e Symbols represent statistical significance: *P €50.**P < 0.01, **P <
0.001.

e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona Squamosa Linn.
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Figure 46. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on glutathione reeducates activity
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Table 30.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Glutathione peroxidase

Groups Treatment n mols NADPH oxidised/
min/mg protein

Group-I Control(vehicle, p.o) 11.01+0.93

Group-II Negative Control (6-OHDA) 1.66+0.38**

Group-ll 6-OHDA + low dose (100mg/kg) of AS | 4.33+0.55*

Group-1V 6-OHDA + high dose (200mg/kg) of AS 6.33+0.61%+*

Group-V 6-OHDA + low dose (100mg/kg) of EE| 4.33+0.42*

Group-VI 6-OHDA+ high dose (200mg/kg) of EE| 6.83+0.74%*

Group-VIl | 6-OHDA+ 200mg/kg of formulation 7.6620.88++

e Comparisons were made between

Control Vs Negative control’Negative control V/s Treatment groups

e Values are expressed as mean + SEM of 6 animals.

e Symbols represent statistical significance: *P €50.**P < 0.01, **P <
0.001.

e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.
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Figure 47. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Glutathione peroxidase
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Table 31.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on SOD

Groups Treatment U/ mg of proteins
Group-I Control(vehicle, p.o) 6.91+1.01
Group-II Negative Control (6-OHDA) 1.31+0.24***
Group-llI 6-OHDA + low dose (100mg/kg) of AS | 4.01+0.51%
Group-1V 6-OHDA + high dose (200mg/kg) of AS | 5.03+0.73+*
Group-V 6-OHDA + low dose (100mg/kg) of EE | 4.03+0.36*
Group-VI 6-OHDA+ high dose (200mg/kg) of EE | 5.12+0.5%**
Group-VII 6-OHDA+ 200mg/kg of formulation 5.25+0.54%*+

Comparisons were made between

Control Vs Negative control’Negative control Vs Treatment groups
e Values are expressed as mean + SEM of 6 animals.
e Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.
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Figure 48. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on SOD
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Table: 32 Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on catalase

Groups Treatment nmol H2,0, consumed/
min /mg protein

Group-I Control(vehicle, p.o) 7.91+0.98

Group-II Negative Control (6-OHDA) 1.46+0.40**

Group-lll | 6-OHDA + low dose (100mg/kg) of AS | 3.25+1.12*

Group-IV | 6-OHDA + high dose (200mg/kg) of AS | 4.50+0.32**

Group-V | 6-OHDA + low dose (100mg/kg) of EE | 3.33+0.61

Group-VI | 6-OHDA+ high dose (200mg/kg) of EE | 4.50+0.78**

Group-VIlI | 6-OHDA+ 200mg/kg of formulation 5.33+0.4 2%+

e Comparisons were made between
®Control Vs Negative control’Negative control Vs Treatment groups
e Values are expressed as mean + SEM of 6 animals.
e Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
e Statistical Significance test for comparison wasieldoy one way ANOVA

followed by Dunnet’s‘t’ test.
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Figure49. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on catalase
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6.10.

a)

b)

d)

ESTIMATION OF BRAIN NEUROTRANSMITTERS

Acetylcholinesterase activity

Table:33 shows the Acetylcholinesterase activitg aés was found to be
significantly (p<0.001) decreased in 6-OHDA treaéedimals when compared
to control group. Provided hydroethanolic extradténnona squamosa Linn.,
and Echinops echinatus Roxb., has shown a significant (p<0.001) increase i
acetylcholinesterase at the dose level of 200mafidja significance (p<0.01)
increase at the dose level of 100mg/ktigh degree of significance was
observed witlthe formulation of extractg<0.001).

Monoamino oxidase

Table: 34 show the levels of monoamino oxidase. Theels in 6-OHDA
treated group was found to be significantly (p<0.0igh in the control group.
Pretreatment with hydroethanolic extracts Asfnona squamosa Linn., and
Echinops echinatus Roxb., at the dose of 100mg/kg and 200mg/kg anatkor
the effect of 6-OH Dopamine on Monoamino oxidasetreated groups.
Hydroethanolic extract ohnnona squamosa at dose 100mg/kg and 200mg/kg
treatment significantly (p<0.001) decreased the gaomno oxidase and
attenuated the effect of 6-OHDA. The progressidicdon was observed as
the dose increases.

Dopamine

Table: 35 represent the level of dopamine. Whenpaoed to the control
group, 6-OHDA treated group showed significant (88Q) decrease in the
dopamine level in striatum. The hydroethanolic&ott of Annona squamosa
Linn., andEchinops echinatus Roxb., has significantly attenuated the effect of
6-OHDA in the treated groups. The hydroethanolidrast of Annona
sguamosa at the dose of 100mg/kg administration showedifogmt (p<0.01)
improvement in dopamine content, whereas 200mg/ktdhe&formulation of
extracts significantly (p<0.001) increased the dojpg content in striatum
and attenuated the effect of 6-OHDA and reducesidnes of Parkinsonism.
Glutamate

Table 36 shows the Glutamate content in contromafs was significantly
(p<0.001) elevated than that of the 6-OHDA injeagedup. The low and high
dose of hydroethanolic extract oEchinops echinatus showed little
significance (p<0.05) in attenuating the effect @OHDA on level of
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glutamate in treated animals, whereas the hydroetitaextract ofAnnona
squamosa showed a significant (p<0.001) reduction in glusdéencontent in
treated group and ameliorated the effect of 6-OHDA.

6.11 Histopathology

Histopathology of striatum of 6-OH Dopamine shoveschitectural
disturbance and fat body inclusions. The treatnweith hydroethanolic extract of
Annona squamosa Linn., Echinops echinatus Roxb., and the formulation of extracts
has restored the architecture as an evidence obpeatection.
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NEUROTRANSMITTER ESTIMATION

Table 33.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Acetylcholinesterase

Groups Treatment Acetylcholinesterase
level(m moles)

Group-I Control(vehicle, p.o) 55.33+2.91

Group-II Negative Control (6-OHDA) 39.33 £ 2.37*
Group-ll 6-OHDA + low dose (100mg/kg) of AS 83.67 + 6.53++
Group-IV 6-OHDA + high dose (200mg/kg) of AS 116.8 + 7.08++
Group-V 6-OHDA + low dose (100mg/kg) of EE 83.5 + 7.9P*
Group-VI 6-OHDA+ high dose (200mg/kg) of EE 109.8 +3.36*+*
Group-ViIi 6-OHDA+ 200mg/kg of formulation 139.2+6.0P*+

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups

* Values are expressed as mean £ SEM of 6 animals.

%

Symbols represent statistical significance: **P.&10 ***P < 0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.
and Echinops echinatus Roxb. on Acetylcholine esterase
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Figure 50. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Acetylcholinesterase
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Table 34.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Monoamino Oxidase

Groups Treatment nmoles/min/ mg
Group-I Control(vehicle, p.o) 5550 +212.7
Group-II Negative Control (6-OHDA) 7453 +132.8**
Group-lll 6-OHDA + low dose (100mg/kg) of AS | 5399 +112.7**

Group-IV | 6-OHDA + high dose (200mg/kg) of AS | 4795 + 73 B

Group-V | 6-OHDA + low dose (100mg/kg) of EE | 5036 + 217.8*
Group-VI | 6-OHDA+ high dose (200mg/kg) of EE | 4969 + 1231+
Group-VIlI | 6-OHDA+ 100mg/kg of formulation 4831 + 168.5*

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups
* Values are expressed as mean £ SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.
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Figure 51. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Monoamino Oxidase
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Table 35.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Dopamine

Groups Treatment Dopamine
(ng/mg tissue)

Group-I Control(vehicle, p.o) 675.5 +10.42
Group-II Negative Control (6-OHDA) 371.8 £11.96***
Group-lll 6-OHDA + low dose (100mg/kg) of AS 422.5+ 11.3%
Group-1V 6-OHDA + high dose (200mg/kg) of AS | 454.9 + 20.7B**
Group-V 6-OHDA + low dose (100mg/kg) of EE 431.2 +7.80*
Group-VI 6-OHDA+ high dose (200mg/kg) of EE 524.7 + 9.03%**
Group-VlI 6-OHDA+ 100mg/kg of formulation 45.66 + 9,208+

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups
* Values are expressed as mean £ SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA

followed by Dunnet’s‘t’ test.

Effect of Hydroalcholic extracts of Annona squamosa Linn.
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Figure 52. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Dopamine
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Table 36.Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Glutamate

Groups Treatment Glutamate
(n moles/gm tissue)
Group-I Control(vehicle, p.o) 70158 + 441.2
Group-II Negative Control (6-OHDA) 87143 + 433.8™
Group-lll 6-OHDA + low dose (100mg/kg) of AS 82650 + 704.%
Group-1V 6-OHDA + high dose (200mg/kg) of AS | 81850 + 569.8"
Group-V 6-OHDA + low dose (100mg/kg) of EE | 80726 +551.2”
Group-VI 6-OHDA+ high dose (200mg/kg) of EE 82893 + 822.br
Group-VIi 6-OHDA+ 200mg/kg of formulation 79943 + 999 5~

* Comparisons were made between
Control Vs Negative control "Negative control Vs Treatment groups
* Values are expressed as mean £ SEM of 6 animals.
* Symbols represent statistical significance: *P €50.**P < 0.01, ***P <
0.001.
* Statistical Significance test for comparison wasieldy one way ANOVA
followed by Dunnet’s‘t’ test.

Effect of Hydroethanolic extracts of Annona squamosa Linn., and
Echinops echinatus Roxb., on Glutamate
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Figure 53. Effect of Hydroethanolic extracts ofAnnona squamosa Linn., and
Echinops echinatus Roxb., on Glutamate
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HISTOPATHOLOGY

Figure. 54 Photomicrograph shows the section of satum in rat brain which was
identified using hematoxylin-eosin at 10X magnificaon in Group | (Control

group)

Figure 55.Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10Xnagnification in Group Il
(negative Control group)
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Figure 56.Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10Xnagnification in Group Il
(AS low dose 100mg/kg)

Figure 57.Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10xXnagnification in Group 1V
(AS high dose 200mg/kg)
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Figure 58.Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10Xnagnification in Group V
(EE low dose 100mg/kg)

Figure 59. Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10Xnagnification in Group VI
(EE high dose 200mg/kg)
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Figure 60. Photomicrograph shows the section of striatum regioin rat brain
which was identified using hematoxylin-eosin at 10Xnagnification in Group VII

(2100mg/kg of formulation)
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VIl. DISCUSSION

Plant based drugs are preferred for human mentass8 over synthetic
pharmaceuticals because of various side effectdatéreatment not only advances
persevering compliance but furthermore there arssipdities of enhancing the
bioavailability of numerous pharmaceuticals. Actognstituents extracted from exact
parts of plant origin is beneficial in treatmentroéntal illness sources have proved to
be beneficial (Luchsinger J& al., 2007).

Herbal remedies requires an influential and degpuation of their efficacies
and safety due to their growing use all over theldvorhus all the natural products
used in therapeutics must be submitted to efficang safety tests by the same
methods used for new synthetic drugs (EisenberglP88).

The restoration of dopamine content in the striasifter the treatment with 6-
OH Dopamine is the approach to prevent the promgness Parkinsonism (Prablet
al., 1994).

Evidence of oxidative stress in PD Postmortem itigagons has consistently
shown that oxidative stress is a hallmark of noly asf healthy neurons but of
diseased human nigral tissue. Carbonyl modificatievhich are indicative of protein
oxidation, are increased 2-fold in the SN compacetthe basal ganglia and prefrontal

cortex of normal subjects (Floor and Wetzel, 1998).

Hydroxyl radical is a principle contributor for $ise damage. #D, can
generate hydroxyl radical via fenton reaction. tldiston HO, can easily cross the
cell membrane and exerts an injurious effect afuesthrough a number of different
mechanisms, such as perturbing intracellulaf* Gaonostat, increased intracellular
ATP inducing DNA damage and inducing aptotosis. tdgeén peroxide though not
very reactive, but it can occasionally be toxiccll because it can give rise to
hydroxyl radical in the cells (Hu C 2007).

Thus the removal of ¥D; is very important for antioxidant defense in a#ll
food systems. pD, can cross membranes and may oxidize a numberngyp@onds.

The formation of hydroxyl radical from fenton reiact was determined using 2,
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deoxy -D-ribose degradation. Studies with extradténnona squamosa Linn., and
Echinops echinatus Roxb., have revealed significant hydroxyl scavegaactivity in
in-vitro. Hydroethanolic extracts of roots Ahnona squamosa Linn., and aerial parts
of Echinops echinatus Roxb., was capable of scavenging hydroxyl radicad dose
dependent manner (Aroraehal., 2002).

Nitric oxide is a potent regulator of many physat@al processes and
regulation of cell mediated toxicity. It is a difible free radical which as a vital roles
as an effector molecules in diverse biological eyst including neuronal messenger,
vasodilation, antimicrobial and antitumour acte#i Scavengers of nitric oxide
compete with oxygen leading to the reduced produoadff nitric oxide. (Gibanananda
and Sayed, 2002)

Excess production of nitric oxide is associatedhwseveral diseases like
adjuvant arthritis, neurodegenerative disorders aadcer (lalenti et al., 1993).
Sodium nitroprusside serves as a chief source forradicals. The absorbance of
the chromophore produced during diazotization @f hitrite with sulphanilamide
and further coupling with napthylethylene diaminasameasured at 546 nm. The
chromophore formation is not complete in the presesf Hydroethanolic extracts of
Annona squamosa Linn., andEchinops echinatus Roxb.,, as it scavenges the NO thus

produced from the sodium nitroprusside.

Hydroethanolic extract oAnnona Squamosa Linn., andEchinops Echinatus
Roxb., was found to scavenge the NO free radicaé dtiependently. The scavenging
activity of hydroethanolic extracts ofAnnona squamosa Linn., and Echinops
echinatus Roxb., increases in dose dependent manner. Qdingrsuggests that the
phenolic compounds present in the extract mightrésponsible for nitric oxide
scavenging effect (Govindarajan®al., 2003)

Reducing power of Hydroethanolic extractsArnona squamosa Linn. and
Echinops echinatus Roxb., increased with increased concentratioresf tcompound.
The reducing capacity of a compound may providagaif&cant indication of its
potential antioxidant activity. The reducing alyiliis usually affiliated with the
presence of reductones, which breaks the freeaiadi@ain by donating a hydrogen
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atom. The extract had reductive ability which imged with increasing
concentrations of the extract. (Meie&al., 1995).

DPPH is a relatively stable free radical which wiescounters proton donors
such as antioxidants, it gets quenched and theladosce decreases (Wu et al., 2003).

Oxidative stress can lead to peroxidation of caflulipids and lipid
peroxidation (LPO) has been implicated in the pgémesis of number of diseases
including neurodegenerative disorders It is wellrfd that bioenzymes are very
much susceptible to LPO which is regarded to bectheial part of many toxic as
well as degenerative process. Hydroethanolic etdi@@nnona squamosa Linn., and
Echinops echinatus Roxb., inhibits the rate of lipid peroxidation Byreduction in the
red color complex formed reflecting its anti liggér oxidative potential.

The extract showed a significant protection agafigst/ascorbic acid induced
lipid peroxidation that could be caused by absewicterryl-perferyl complex. It is
generally assumed that ability of the plant phenotimpounds such as flavanoids to
chelate ions in the LPO system is very important tfeeir antioxidant property.
Phenols are very important plant constituents bezad their scavenging ability due
to their hydroxyl groups. Total amount of phenolitgvonoid and ascorbic acid
compounds in extract was investigated. Recent tepeveal alkaloids can be used as
good source of natural antioxidants ( Fadila BBl 2007).

In the present study four methods were used fotuatian of antioxidant
activity. The first three methods were for directasurement of radical scavenging
activity and the fourth method evaluated the reamgower. Hydroethanolic extract
of Annona Squamosa Linn., and Echinops Echinatus Roxb., demonstrated good
radical quenching activity. The high antioxidanttgudial of the hydroethanolic
extracts ofAnnona squamosa Linn., andEchinops echinatus Roxb., may due to their
phytochemical constituents.

In the present study no mortality was observed nduracute toxicity
evaluation in the various doses administered. §ossor symptoms of toxicity were
observed. The results of the study reveal that éftthanolic extracts ofAnnona
sguamosa Linn., andEchinops echinatus Roxb., should be regarded practically as non
toxic. Results from the change in body weight of treatemigs when compared to
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control rats also suggest that at repeated admatish of Hydroethanolic extracts of
Annona sguamosa Linn., andEchinops echinatus Roxb., had no effect on the normal
growth of rats as change in body weight have bessd s an indicator of adverse
effect of drugs and chemicals. Both the extractsehaot produced any toxic
symptoms or mortality up to the dose level of 200(kg in rats and hence the drugs
were considered safe for further pharmacologicadesing. According to (Loomis &
Hayes 1996) classification chemical substance wittiie range of 1-5g/kg is

considered as practically low-toxic.

The hematological system is the one of the mossitdem targets for toxic
compounds and important index of physiological pathological states in man and
animals. In the present study all the hematologimbhmeters remained under the
reference range for the rats in both drugs treaed control groups. A similar
absence of toxic effects was observed in biochdnpeaameters. There were no
significant effect on the levels of AST, ALT, ALBjlirubin, urea and creatinine,
which are good indicators of liver and kidney fuocs. This was further confirmed
by histological assessment of these organs. Thasene treatment related biological
significance on adverse effect of Hydroethanolitraots ofAnnona squamosa Linn.,

andEchinops echinatus Roxb., extract on the biochemical parametersts ra

Results of histological analysis of internal orgaegealed that there were no
treatment related histopathological changes. Adl findings were consistent with
normal background lesions in clinically normal ratisage and strain used in this
study. On oral administration of hydroethanolicragts ofAnnona squamosa Linn.,
and Echinops echinatus Roxb., at a dose of 200mg/kg has not produced any
significant alteration in the hematological, biooheal parameters and histological
observation in albino Wistar rats. This study pde& valuable data on toxicity profile
of Hydroethanolic extracts @&nnona squamosa Linn., andEchinops echinatus Roxb.,
roots which could stand as assurance for medicinal digéi® plant for long-term

treatment.

General behavior studies suggest that hydroetlaredtracts ofAnnona
sguamosa Linn., andEchinops echinatus Roxb., extract does not possess any activity.
The general behavior study suggest that the hyldaoetic extracts has no symptoms

of either depression or stimulation.
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Dopamine depletion is considered a cardinal featutbe causation of PD in
humans or in animal models of the disease (Cardar,e1989; Bloem et al., 1990). 6-
OHDA produces produced behavioral, biochemical, gaithological changes typical
of PD and caused a marked depletion of striataladope content. (Sachs and
Jonsson, 1975; Bloem et al., 1990). These toxectsfare related to the formation of
various oxidants and free radicals (Cohen et arg)L

The neuroprotective effects of hydroalcholic extsaof Roots ofAnnona
squamosa Linn and Echinops echinatus Roxb., in a 6-OHDA model of Parkinson's
disease model was evaluated in the present study.

The protection of dopamine content by hydroalchelxtracts of Roots of
Annona Squamosa Linn and Echinops Echinatus Réxbmight have restored the
alterations in motor coordination behavior evaldaby method like catalepsy test,
open field test, pole test, grid, gait and forcethstest (Salim et al., 2003).

Oxidative stress refers to the cytologic conseqgasraf a mismatch between
the production of free radicals and the abilitytlod cell to defend against them. This
can happen when the production of free radicaleases, scavenging of free radicals
or repair of oxidatively modified macromoleculexdmses, or both. This imbalance
results in a build-up of oxidatively modified moldes. (Halliwell and Gutteridge,
1985; Freeman and Crapo, 1982)

A defect in one or more of the naturally occurrangioxidant defenses could
lead to neurodegeneration in PD (Jenner and Olath®®6). That can cause cellular
dysfunction, and for neurons, it is lethal. Oxidatriess has been implicated in PD
because of the coalition of the four biochemicatidees of the dopaminergic neurons
in the substantia nigra, i.e., monoamine oxidasaeBvity (Cohen, 1983; Oreland,
1991), autooxidation of dopamine (Graham, 1979 iWall and Gutteridge, 1985),
accumulation of iron (Youdim and Lavie, 1994), ariromelanin (Hirsch, 1993).

The extent of lipid peroxidation was estimated bgasuring the levels of
thiobarbituric acid, a product of lipid peroxidatioLipid peroxidation is the process
of oxidative degradation of polyunsaturated fattyida and its occurrence in

biological membranes causes impaired membrane ifumctimpaired structural
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integrity, decreased fluidity and inactivation otimber of membrane bound
enzymes.( Pillaet al., 2007) There is substantial evidence of oxidatimadge in the
brains of PD patients. Increased levels of thel lggroxidation product, thiobarbituric

acid have been found in the substantia nigra op&tiznts (Halliwell et al., 1985).

A reduction in GSH might impair ¥, clearance and promote hydroxyl
radical formation and, hence, oxidative stressthism all antioxidant defenses are
interrelated (Sun, 1990), the disturbance in onghimilerange the balance in all. The
depletion in GSH content and enhancement of lipegtopidation leads to the
degeneration of nigrostriatal neurons and, consetyeleads to reduction in the
content of catecholamines. The marked restoratibriipad peroxidation as an
enhancement of GSH content by pretreatment witlmdgtlanolic extract oAnnona
sgquamosa and Echinops echinatus is observed in a (Salim et al., 2003) and that of
(Tripathi et al.1996).

GSH is the primary low-molecular weight thiol inetltytoplasm and is a
major reserve for cysteine. GSH, in conjunctionhwihe reductant NADPH, can
reduce lipid peroxides, free radicals, and H202.HGS converted to oxidized
glutathione, which is reconverted to GSH by GR, l&iGST biotransforms the
xenobiotics via the mercapturic acid pathway. BseatSH is involved in the
detoxification of H202, reductions in GSH conterguld result from increased
concentrations of H202 and, in the presence of Isjetiae highly reactive hydroxy
radical. Mytilineou et al. (1998). Buthionine suépiimine (BSO), which is a selective
inhibitor of a-glutamylcysteine synthetase (a key enzyme in yimthesis of GSH),
induces a reduction in GSH content and is toxicuttured dopaminergic neurons.
GSH depletion enhances the neurodegeneration shabserved when rodents are
treated with other toxins, such as 6-OHDA (Pilel#aal., 1989; Willner et al., 1996).

Most HO; in the brain is removed by GPx, which uses it xidiaze GSH
(Beckman et al., 1990). Our present study, showasadlrestoration in the content of
GSH and in the activities of its dependent enzymeght be due to the GSH-
enhancing or antioxidant effects of hydroalcholigtract of roots of Annona

squamosa Linn., and Echinops echinatus Roxb.
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Superoxide dismutase enzymes (SOD) act as an a#iixand protect
cellular components from being oxidized by reactiogygen species (ROS).
Superoxide anion is known to denature enzymes,iz&ipids and fragment DNA.
SOD is an enzyme which acts as a catalyst in thegss of dismutation of superoxide
into oxygen and hydrogen peroxide. It is thereitical antioxidant defense which
is present in nearly all cells which are exposedxygen (Bowleret al., 1992). It can
help neutralize free radicals, and in doing so najt or stop some of the damage
they cause (Grallat al., 1992). Rotenone treated group showed a decreas® in
level of SOD in the brain of animals, thus indigatof production of oxidative stress.

Catalase is an enzymatic antioxidant and helpgirralizing the toxic effects
of hydrogen peroxide. Hydrogen peroxide is not tigacenough to cause a chain of
lipid peroxidation reactions, but its combinationthwsuperoxide radical produces
hydroxyl radical, which is highly reactive and thugiates lipid oxidation reactions
(Dorvalet al., 2003)

Catalase converts hydrogen peroxide to water anteaotive oxygen species,
thus preventing generation of hydroxyl radical anotecting the cells from oxidative
damage. Oxidative stress results in decrease alasat level. A significant decrease
in the level of catalase was observed in hydroeti@extracts ofAnnona squamosa
Linn., andEchinops echinatus Roxb.

Our studies show an increase in lipid peroxidatad a decrease in GSH and
the activities of related enzymes and of CAT andS@bservations which are very
well supported (Perumal et al., 1992; Kumar et1#l95).

These toxic effects might be related to the lovelswf GSH and diminished
activities of antioxidant enzymes, as is clearlgwsh by the present study. GSH is the
primary low-molecular weight thiol in the cytoplasand is a major reserve for
cysteine. GSH, in conjunction with the reductantNAd, can reduce lipid peroxides,
free radicals, and H202. GSH is converted to ordizlutathione, which is
reconverted to GSH by GR, while GST biotransforrhe tenobiotics via the
mercapturic acid pathway. Because GSH is involvethe detoxification of H202,
reductions in GSH content could result from inceebsoncentrations of H202 and,
in the presence of metals, the highly reactive tiygradical. Mytilineou et al. (1998)
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demonstrated that buthionine sulphoximine (BSO)iclvirs a selective inhibitor af-
glutamylcysteine synthetase (a key enzyme in thehggis of GSH), induces a
reduction in GSH content and is toxic to culturedpaminergic neurons. GSH
depletion enhances the neurodegeneration thatseredd when rodents are treated
with other toxins, such as 6-OHDA (Pileblad et 2989; Wllner et al., 1996).

Parkinsonism was partially protected by the appboeof antioxidants (Cadet
et al., 1989; Perumal et al., 1992; Zafar et &Q3&,b; Ahmad et al., 2005a,b). Drugs
that enhance the availability of dopamine or préwsnbreakdown afford protection
against PD in humans or in animal models (ParkirStdy Group, 1989; Myllyla
et al., 1992).

Brain level of dopamine increase after post treatmsould suggest the
significance restoration of lost dopaminergic nexithis could be considered as the
index of neuroprotection. (Kumar et al.,1995).

In our study, hydroethanolic extracts @&nnona squamosa Linn., and
Echinops echinatus Roxb., have both dopamine-enhancing propertiesaatidxidant
potential might have afforded protection. (Tripaghial., 1996 & Salim et al., 2003).
In conclusion, | anticipate that Annona squamosa Bohinops echinatus, having
shown anti-parkinsonian properties would open néstas in the drug treatment of
Parkinson’s disease.
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VIl. SUMMARY AND CONCLUSION

Drugs from plant source are considered to be safe and efficacious.

Hydroethanolic extract Annona squamosa Linn., and Hydroethanolic extract Echinops

echinatus Roxb., have been extensively explored for medicinal values. Even now

these plants are been used by the tribal population for various ailments such as

diabetes, sexual dysfunction, asthma, and wound. The scientific validation of these

plants will open vistas is the drug discovery process.

The presence of various phytoconstituents in the plant extract was
identified by preliminary phytochemical screening. TLC and HPTLC
analysis confirmed the presence of various phytoconstituents.

Total phenolic, flavanoid, ascorbic content in hydroethanolic extract
Annona squamosa Linn., and Hydroethanolic extract Echinops echinatus
Roxb., was quantified.

In vitro antioxidant evaluation was done by DPPH, nitric oxide
scavenging, hydroxyl radical scavenging and reducing power.
Hydroethanolic extracts of Annona sguamosa Linn., and Echinops
echinatus Roxb., has shown antioxidant property which was comparable to
that of the standard.

Safety concerns of these plants were evaluated by acute toxicity
hydroethanolic extracts of Annona squamosa Linn.,, and Echinops
echinatus Roxb., at the dose level of 2000mg/kg has not produced any
signs of behavioral toxicity and mortality.

In sub acute toxicity testing therapeutic dose (200mg/kg) of
hydroethanolic extracts of Annona squamosa Linn.,, and Echinops
echinatus Roxb., was administered for 28 days. The results of these studies
demonstrated the safety of the plants through behavioral, hematological,
biochemical and histopathology observations.

The general behavior evaluation has not shown any change in the behavior
of animals would suggest that hydroethanolic extracts of Annona
sguamosa Linn., Echinops echinatus Roxb., and the formulation does not

pOSSeSs any neurotoxicity.
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Neuropharmacological screening of hydroethanolic extracts of Annona
squamosa Linn., Echinops echinatus Roxb., and the formulation were
done after 6-OH DA administration.

In catalepsy test hydroethanolic extracts of Annona squamosa Linn.,
Echinops echinatus Roxb., and the formulation has produced a significant
fall in the cataleptic rigor which is identified as the index of muscle
coordination. The improvement in the catalepsy may be mediated through
dopaminergic action.

In open field test the number of square crossed was improved by
hydroethanolic extracts of Annona sguamosa Linn., Echinops echinatus
Roxb., and the formulation. When compared both of the plants in the
formulation has produced significant effect.

Gait analysis, forced swim test, beam walking test and rota rod test results
were compared with 6- OH dopamine treated group. These observations
demonstrated a recovery from neurodegeneration induced by 6-OHDA. In
all the evaluation the hydroethanolic extracts of Annona sgquamosa Linn.,
Echinops echinatus Roxb., and the formulation has shown neuroprotection
in a dose dependent manner.

The biochemical studies on the rats brain was carried out by evaluating
TBARS, in substantia nigra the hydroethanolic extracts of Annona
sqguamosa Linn., Echinops echinatus Roxb., and the formulation has
shown a significant reduction in the level of TBARS.

GSH in substantia nigra was significantly restored in a dose depend
manner when compared with 6- OH Dopamine treated group.

Glutathione reeducates, Glutathione peroxidase, SOD, catalase in striatum
was significantly restored by hydroethanolic extracts of Annona squamosa
Linn., Echinops echinatus Roxb., and the formulation. A high degree of
significant was observed in the formulation.

In the brain neurotransmitter estimation acetylcholine esterase activity was
found to be significantly increased which would suggest the cholinesterase
activity of the plant.
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+«» Further, reduction in the MAO after treatment with hydroethanolic extracts
of Annona sguamosa Linn.,, Echinops echinatus Roxb., and the
formulation was observed which would suggest the MAO Inhibitory
action.

+«» Brain level of dopamine increase after post treatment would suggest the
significance restoration of lost dopaminergic neuron; this could be
considered as the index of neuroprotection.

+ Histopathology studies have shown the restored architecture as an
evidence of neuroprotection.

« Exploration of the possible mode of action was done based on the
observation the plant extracts and the formulation would act through

enhancing dopaminergic pathways.

In the present study all the results and analysis confirm the neuroprotection
status of both the plants. Hydroethanolic extracts of Annona sguamosa Linn.,
Echinops echinatus Roxb., has produced significant neuroprotection at the dose level
of 200mg/kg. As a comparison the formulation of both the plant at the dose level of
200mg/lkg has a better neuroprotection against 6-OH Dopamine induced

neurodegeneration.

In conclusion the plants Annona squamosa Linn., and Echinops echinatus
Roxb., will prove to be useful in the treatment of Parkinsonism and associated

neurodegenerative disorders. Further studies are to be warranted in future.
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