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Introduction

Epilepsy is one of the oldest medical disorders known. The word epilepsy
derived from the Greek word epilambanein, meaning to be seized or to be
overwhelmed by surprise. Epilepsy is one of the most common serious disorders
of the brain, affecting at least 50 million people worldwide. It knows no
geographical, racial or social boundaries. Epilepsy accounts for 1% of the global
burden of disease, determined by the number of productive life years lost as a
result of disability or premature death. Among primary disorders of the brain,
epilepsy ranks with depression and other affective disorders, Alzheimer’s disease.
other dementias and substance abuse. Among all medical conditions, it ranks with
breast cancer in women and lung cancer in men. Eighty per cent of the burden of
epilepsy is in the developing world, where 80-90% of people with epilepsy
receive no treatment at all. It is also necessary to recognize that epilepsy consists
of more than seizures for the affected individual and affects his or her family.
Epilepsy leads to multiple interacting medical, psychological, economic and social

repercussions, all of which need to be considered. (WHO epilepsy Atlas 2005)

Epilepsy is characterized by a tendency to recurrent seizures. The word
*seizure’ is derived from the Latin word sacire meaning “to take possession of” is
the clinical manifestation of an abnormal, excessive, hypersynchronous discharge
of a population of neurons. The hypersynchronous discharges that occur during a
seizure may begin in a very discrete region of brain and then spread to
neighbouring regions. Seizure initiation is characterized by two concurrent events:
1} high-frequency bursts of action potentials and 2) hypersynchronization of a
neuronal population. The synchronized bursts from a sufficient number of neurons
result in ‘spike discharge” on the EEG. At the level of single neurons, epileptiform

activity consists of sustained neuronal depolarization resulting in a burst of action



potentials, a plateau-like depolarization associated with completion of the action
potential burst and then a rapid repolarization followed by hyperpolarization. This
sequence is called the paroxysmal depolarizing shift. The bursting activity
resulting from the reiatively prolonged depolarization of the neuronal membrane is
due to influx of extracellular Ca’*, which leads to the opening of voltage-
dependent Na' channels, influx of Na' and generation of repetitive action
potentials (Schiiler et /., 2004). Seizure propagation is the process by which a
partial seizure spreads within the brain, occurs when there is sufficient activation
to recruit surrounding neurons. This leads to a loss of surrounding inhibition and
spread of scizure activity into contiguous areas via local cortical connections and

to more distant areas viag long association pathways such as the corpus callosum.

Because of the well organized and relatively simple circuits within the
entorhinal-dentate-hippocampal loop, the limbic system has been intensively
studied in experimental models of epilepsy. These investigations have led to two
theories regarding the cellular network changes which cause the hippocampus,
among the most common sites of origin of partial seizures, to become hyvper-
excitable. The first proposes that a selective loss of interneurons decreases the
normal feed-forward and feed-back inhibition of the dentate granule cells, an
important group of principal neurons (Stief ¢f a/., 2007). The other theory suggests
that synaptic reorganization follows injury and creates recurrent excitatory
connections, via axcnal "sprouting,” between neighboring dentate granule cells
{Cohen ef al., 2003). More recently, it has been proposed that the loss, rather than
being of GABAergic inhibitory neurons, is actually of excitatory neurons which
normally stimulate the inhibitory interneurons to, in turn, inhibit the dentate
granule cells. These mechanisms of hyperexcitability of the neuronal network are
not mutually exclusive, could act synergistically and coexist in the human

epileptic brain.



Temporal lobe epilepsy (TLE} is one of the most common forms of
intractable epilepsy. Patients affected often have similar clinical history, including
an initial precipitating injury such as childhood febrile convulsions, status
epilepticus (SE) or trauma. Between this injury and the emergence of recurrent
complex partial seizures, there is usually a latent period of several years (Turski ez
al., 1989). Frequently associated with this epilepsy is the presence of hippocampal
sclerosis (HS). HS is defined by specific neuronal loss throughout the
hippocampus, with severe damage in the prosubiculum, CAl, CA4 and hilus in
contrast with slighter damage in granule cells and relative sparing of CA3 and
especially CA2 region. Human studies strongly support the view that HS probably
initiates or contributes to the generation of most TLEs (Engel er al., 1996).
However, there is a growing body of evidence that amygdala, limbic thalamus and
entorhinal cortex may beinjured in TLE (Jutila e /., 2001). The respective role of
various hippocampal or extrahippocampal structures in the genesis of the discase

remains unknown.

induction of SE by systemic application of pilocarpine and subsequent
occurrence of spontaneous seizures is probably the most attractive animal model,
for the study of temporal lobe epilepsy. Pilocarpine treatment is characterized by
generalized convulsive SE in rodents, which represents the initial precipitating
injury. After a latent period, adult rats exhibit spontaneous recurrent seizures
(SRS) during the remainder of their life. The EEG and behavioral features of these
seizures resemble those of complex partial seizures (Leite & Cavalheiro, 1995).
This model shares many histopathological and molecular changes that have been
characterized in neurosurgical resections and post mortem specimen from TLE
patients. Surprisingly little is known on the molecular and cellular signaling
during induction of SE and the role of muscarinic and glutaminergic functional

regulation in chronic epilepsy models.



Bacopa monnieri (Brahmi) has been used by Ayurvedic medical
practitioners in India for almost 3000 years. The earliest chronicle mention is in
the Ayurvedic treatise, the Charaka Samhita (100 A.D.), in which Brahmi is
recommended in formulations for the management of a range of mental conditions
including anxiety, poor cognition, lack of concentration and epilepsy. According
to Charaka, Brahmi acts as an effective brain tonic that boosts one's capabilities 1o
think and reason. The Sushruta Samhita (200 A.D.) attributes the plant with
efficacy in maintaining acuity of intellect and memory. Pharmacologically, it
is understood that Brahmi has an unusual combination of constituents that are
beneficial in mental inefficiency and illnesses and useful in the management of
convulsive disorders like epilepsy. Bacosides, Brahmi's active principle
component responsible for improving memory rclated functions, are attributed
with the capability to enhance the efficiency of transmission of nerve impulses,

thereby strengthening memory and cognition (Kishore ef al., 2005).

The present work is to understand the alterations of total muscarinic.
muscarinic M! and glutamate receptors in the brain regions of pilocarpine induced
epileptic rats. The work focuses on the evaluation of the antiepileptic activity of
extracts of Bacopa monnieri, Bacoside A and Carbamazepine in vivo. The
molecular changes in the muscarinic M1 receptors in the pre- and post-treated
epileptic model with Bacopa monnieri, Bacoside A and Carbamazepine were also
studied. These studies will help us to elucidate the functional role of muscarinic

and glutamate receptors in epilepsy.



OBJECTIVES OF THE PRESENT STUDY

To study the antiepileptic activity of whole plant extract of
Bacopa monnieri and Bacoside A in pilocarpine induced Temporal Lobe
Epileptic rat model.

To study the cholinergic activity using acetylcholine esterase assay in the
brain regions- hippocampus and brainstem in epilepsy, Carbamazepine,
Bacopa monnieri and Bacoside A, post-treated epileptic rats.

To study the muscarinic general receptor binding parameters in the
hippocampus, cerebellum and brainstem in epilepsy, Carbamazepine,
Bacopa monnieri and Bacoside A, post-treated epileptic rats.

To study the muscarinic M1 receptor binding parameters in the
hippocampus, cerebellum and brainstem in epilepsy, Carbamazepine,
Bacopa monnieri and Bacoside A, pre- and post- treated epileptic rats.

To study the muscarinic M1 receptor gene expression in the hippocampus
in epilepsy, Carbamazepine, Bacopa monnieri and Bacoside A, pre- and
post-treated epileptic rats.

To study the muscarinic M1 receptor gene expression in the Cerebellum
and Brainstem in epilepsy, Carbamazepine, Bacopa monnieri and
Bacoside A, post-treated epileptic rats

To study the glutamate dehydrogenase activity in the brain regions-
hippocampus, cerebellum and brainstem in epilepsy. Bacopa monnieri
post-treated epileptic rats.

To study the glutamate receptor binding parameters in the hippocampus,
cerebellum and brainstem in epilepsy, Bacopa monnieri post-treated
epileptic rats.

To study the NMDA RI and metabotrophic glutamate 8 receptor genc
expression in the hippocampus, cerebellum and brainstem in epilepsy,
Bacopa monnieri post-treated epileptic rats.

To perform the Neo-Timm Staining in the hippocampus in epilepsy,
Carbamazepine, Bacopa mornnieri and Bacoside A, post-treated epileptic
rats to observe reversal of mossy fibre sprouting.



To perform neurophysiologic analysis of the electrical activity of the brain
using electroencephalogram in epilepsy, Carbamazepine,
Bacopa monnieri and Bacoside A, pre- and post-treated epileptic rats.

To study the spatial learning ability by Morris water maze experiment in
cpilepsy, Bacopa monnieri post-treated epileptic rats.



Literature Review

Definition

Epilepsy is characterized by recurrent, unprovoked, paroxysmal episodes of
brain dysfunction manifesting as a large number of clinical phenomena, like altered
levels of consciousness, involuntary movements, abnormal sensory phenomena,
autonomic changes and transient disturbances of behaviour. It is a variety of
symptoms arising from different kinds of pathologic processes of the brain rather than
a specific disease or even a syndrome. During epileptic seizures, there are excessive
discharges of electrical activity of the neurons in the brain and the clinical
manifestations depend on the origin and the localization of those pathological

discharges (Browne & Feldman, 1983; Waltimo ez a/., 1983; Engel & Pedley. 1997).
Epidemiology

The incidence epilepsy is higher during the first years of life, falls
dramatically thereafter and increases again in the elderly. Approximately 50% of
cases of epilepsy begin in childhood or adolescence (Hauser et al., 1993). Many
studies suggest that males are at a greater risk for unprovoked seizures and epilepsy
than female subjects (Hauser ef al., 1997). The prevalence of epilepsy is 0.7-0.8%

worldwide and the lifetime cumulative incidence is 1-3%.
Etiology

The most common etiologic factors of epilepsy that can predispose a person

to epilepsy are head traumas, neoplasms, degenerative diseases, infections, metabolic



diseases, ischemia and hemorrhages (Vinters ¢f al., 1993). At present, more and more
genetic factors underlying different types of epileptic syndromes are revealed. It is
also known that certain brain areas, i.e. temporal and frontal lobes are more
susceptible to produce epileptic seizure activity than the other regions (larsen &
livanainen, 1994). However, there are also patients with unresolved etiology of
epilepsy (Hauser ef al., 1997). Etiology of epilepsy is also a factor in determining
cognitive function and intellectual changes over time. The main distinction is between
symptomatic epilepsy which has an identified cause such as stroke or cortical
dysplasia and idiopathic epilepsy which has no identified cause other than genetic
factors. Lennox ef al., {1942) recognized that cognitive function was twice as likely to
deteriorate in the presence of a known cause of epilepsy even if the idiopathic group

had more frequent seizures.

Classification

The term "epilepsy” encompasses a number of different syndromes whose
cardinal feature is a predisposition to recurrent unprovoked seizures. Although
specific seizures can be classified according to their clinical features like complex
partial seizures and generalized tonic-clonic seizures, (Commission on Classification
and Terminology of the International League against Epilepsy, 1981). Epilepsy
syndromes also classified according to the type of seizure, the presence or absence of
neurological or developmental abnormalities and electroencephalographic (EEG)
findings. Epilepsy syndromes fall into two broad categories: generalized and partial
syndromes (Benbadis ez al., 2001). In generalized epilepsies. the predominant type of
seizures begins simultaneously in both cerebral hemispheres. Many forms of
generalized epilepsy have a strong genetic component. In partial epilepsies. by

contrast, seizures originate in one or more localized foci, although they spread to



involve the entire brain. Most partial epilepsies are believed to be the result of one or
more central nervous system insults, but in many cases the nature of the insult is never

identified.
Partial seizures

Seizures that begin in a focal region of the cerebral cortex. often within one
lobe of the brain are termed partial seizures. Partial seizures remain focal throughout
the duration of the seizure or propagate vig neuronal pathways and networks to
various regions of the hemisphere (Chabolla ef af., 2002). When partial seizure
spreads to involve the majority of both cerebral hemispheres, it is said to be secondary
generalized (Chabolla et al., 2002). Partial epilepsies comprise slightly over 50% of
all epilepsies (Keranen et af., 1988, Hauser et al., 1997, Williamson er df., 1997).

The symptoms associated with a partial seizure depend on the brain regions
involved. In theory, any function produced by the cortex (e.g. somatosensory, motor,
autonomic, psychic phenomena) can be a symptom of a seizure. The first sign or
symptom of a seizure is often, but not always, the best indicator of the site of seizure
origin. The most common sites of producing epileptic discharges are temporal and

frontal lobes (Chabolia ef ai., 2002).
Generalized seizures

When epileptic seizure involves both cerebral hemispheres at the onset, it is
termed as generalized seizure. At the onset of a generalized seizure, patients
experience a vague, indescribable warning, although the vast majority of patients lose
consciousness without premonitory symptom. With the loss of consciousness, tonic-

clonic convulsions occur. A generalized seizure also manifest itself as absence, atonic



or myoclonic seizures. Idiopathic generalized epilepsies are often childhood idiopathic
syndromes, some of which have an excellent prognosis, whereas some of them are

thought to require life long medication (Chabolla ¢t al., 2002).
Diagnosis

The procedures needed for the diagnosis of epilepsy include medical history
with information on the possible predisposing events, a detailed description of the
seizures and clinical evaluation with special respect paid to the cardiovascular and
neurological examination. EEG-recording reveals focal or generalized spikes and slow
waves or other epileptic phenlomena. Magnetic resonance imaging (MRI]) is
recommended as the first line imaging method of the brain when seizures are thought
to be of focal origin. MRI detects pathologic conditions that cannot be diagnosed with

CT.
Prognosis

The prognosis of epilepsy depends greatly on the underlying cause. At the
beginning of the last century, all epilepsies were considered chronic. Later, however.
the prognosis has become markedly better with the better epidemiological studies of
less selected populations (Liow ef al., 2007). The studies indicate that when treated,
more than two thirds of the patients with newly diagnosed epilepsy soon enter long-
term remission. Symptomatic epilepsies are more likely to relapse than idiopathic or
cryptogenic epilepsies. An abnormal EEG pattern increase the risk for the recurrence

of seizures (Sander & Sillanpaa, 1997).

It is well known that the mortality of the patients with epilepsy exceeds 2-3

times that among the general population. The increased mortality is due to excess



morbidity, accidents during the seizures, status epilepticus and suicides. The most
important epilepsy-related death is ‘Sudden Unexpected Death in Epilepsy Patients’
(SUDEP) that accounts for as much as 10-15 % of the deaths among epilepsy patients.
Many childhood epilepsies have a better prognosis than epilepsies in adults, but there
are also severe childhood epilepsies that eventually lead to increasing neurclogical

deficits and even to death (Sander & Sillanpéd, 1997).
Status Epilepticus

Status epilepticus is defined as a condition characterized by an epileptic
seizure frequently repeated and prolonged as to create a fixed and lasting condition
(Gastaut et al., 1970). Lowenstein and Alldredge (1998) advocated the use of an
operational definition of status epilepticus: either continuous seizures lasting at least 5
minutes or two or more discrete seizures between which there is incomplete recovery
of consciousness {l.owenstein & Alldredge, 1998). Any type of seizure develop into
status epilepticus, although the form most often seen in adults is tonic-clonic status
epilepticus. The morbidity and mortality from status epilepticus are related to three
factors: damage to the central nervous system (CNS) caused by acute insult
precipitating the status epilepticus, systemic stress from repeated generalized tonic-
clonic convulsions and injury from repetitive electrical discharges within the CNS.
Systemic effects of repeated generalized seizures influence cardiovascular, respiratory
and renal failure (Leppik et /., 1990). In addition, a number of biochemical changes
not related to systemic effects of tonic-clonic activity occur in the CNS. Sixty minutes
of repeated neuronal discharge results in severe neuronal death (Meldrum & Brierley,
1973). Neuropathological and imaging studies have shown damage in the
hippocampus and in the amygdala, piriform cortex, thalamus, cerebellum and cerebral

cortex after convulsive and nonconvulsive status epilepticus episodes in patients (Tien



& Felsberg, 1995; Wieshman ef al., 1997). In vivo, the measurement of neuron-
specific enolase provides further evidence of acute cerebral damage following status
epilepticus. The enzyme was elevated in the serum of both generalized convulsive and
nonconvulsive status epilepticus patients within 24 to 48 hours after the onset of status
{DeGiorgio ef al., 1995; Rabinowicz ¢f al., 1995). The therapy for status epilepticus
currently consists of agents which stop seizures (benzodiazepines, phenytoin.
barbiturates) (Bleck er af., 1991). In a study trial comparing treatments for generalized
convulsive status epilepticus, diazepam plus phenytoin, lorazepam or phenobarbital
were equally effective therapies (Treiman ez al., 1998). Due to the significant
morbidity and mortality associated with the insult despite current medical treatment,

status epilepticus remains one of the most serious disorders affecting the CNS.

Structures and Connections of the Medial Temporal Lobe

The limbic system forms a border around the upper brain stem, diencephalon
and corpus callosum. The main components of the limbic system are the hippocampal
formation, limbic association cortices including parahippocampal gyrus and the
amygdaloid complex (Braak e al., 1996). Both the amygdala and hippocampus are
located in the medial part of the temporal lobe, adjacent to the parahippocampal gyrus.
This gyrus is a “continuation™ of the cingulate gyrus onto the inferior surface of the
brain. The cortex of the parahippocampal gyrus includes the subiculum and entorhinal
cortex, both of which are functionally related to the hippocampus. The hippocampal
formation is a prominent, bulging eminence in the floor of the temporal horn of the
lateral ventricle. During development, the hippocampal formation undergoes an
enfolding into the temporal lobe. This results in the interdigitation of two c-shaped

structures, the hippocampus and the dentate gyrus. There is further subdivision of the



hippocampus into three regions, which are referred to as Cornu Ammonis (CA) fields.
The CA3 field borders the hilus of the dentate gyrus; a short CA2 field follows; and a
more extensive CA1 merges with the subiculum {Amaral & Insausti, 1990). The
major source of cortical inputs to the hippocampal circuit is formed by the entorhinal
cortex (Witter & Amaral, 1991). The human entorhinal cortex is made up of six
layers, of which layer IV does not appear throughout all subfields of the entorhinal
cortex (Insausti ef al., 1995). In the most classical hippocampal pathway, cells in
layers Il and Il of the entorhinal cortex give rise to the perforant path that distributes
to all subfields of the hippocampal formation, including the dentate gyrus (Witter &
Amaral, 1991). From the dentate gyrus, granule cells project to the CA3 field of the
hippocampus. The CA3 pyramidal cells in turn send a major projection to the CAl
field. Much of the input from the CA1 field is then sent on to the subiculum. From the
subiculum, information conveyed to the deep layers of the entorhinal cortex (Amaral
et al., 1984; Witter ef al, 1993). The entorhinal cortex receives prominent cortical
innervation (Amaral & Insausti, 1990). Two-thirds of this cortical input originates in
the perirhinal and parahippocampal cortices (Insausti et al., 1987). The perirhinal
cortex areas 35 and 36 (Brodmann ef al., 1909)) is bounded medially by the entorhinal
cortex and laterally by temporal association areas. It also extends anteriorly to include
the medial portion of the temporal pole (Suzuki ¢t al., 1996a). The parahippocampal
cortex is caudally adjacent to both the entorhinal cortex and the perirhinal cortex, and
is made up of a smaller, medially situated area TH and a larger, laterally situated area
TF (Suzuki & Amaral, 1994). Direct input to the entorhinal cortex orginates in severa!
cortical regions in the frontal and temporal lobes, and in the insular and cingulated
cortices, as well as in the adjacent perirhinal and parahippocampal cortices (Insausti e
al, 1987). All these projections are reciprocal. Therc are extensive reciprocal

connections with the hippocampus, the entorhinal cortex and the amygdala (Amaral ef



al., 1987). The amygdaloid complex is composed of more than ten nuclei and their
subdivisions which have different cytoarchitectonic, chemoarchitectonic, and
connectional characteristics {Amaral e/ al., 1992; Pitkiinen et al., 1997). The lateral
nucleus of the amygdala gives rise to a prominent projection to layer [ of the
entorhinal cortex (Amaral & Insausti, 1990). There are also additional projections
from the amygdaloid complex to the hippocampus and to the subiculum {Aggleton ¢t
al., 1986) Conversely, the subiculum and the entorhinal cortex originate return
projections to the amygdala (Aggleton et al., 1986; Amaral ¢t al., 1986). In general,
the amygdaloid complex projects to a greater number of cortical regions than those
from which it receives projections (Amaral ef al, 1987). Essentially, all major
divisions of the temporal cortex receive a projection from the amygdala. The
perirhinal cortex, particularly, has prominent interconnections with the amygdala
nuclei (Suzuki et al., 1996b). Moreover, there is evidence of reciprocal connectivity
with the amygdala and portions of the frontal and insular cortices. The general
conclusion about the functional connectivity is that the amygdaloid complex is
directly and reciprocally linked to a wide variety of cortical regions and can influence
the sensory information processed to various degrees. in contrast, cortical information
is funneled into and out of the hippocampal formation through polysensory border
regions and highly processed before reaching the hippocampus (Amaral ef df., 1987;

Insausti et al., 1987).

Temporal lobe epilepsy (TLE)

Temporal lobe epilepsy is considered the most common epileptic syndrome
and it is estimated that approximately 80% of patients with partial seizures have
temporal lobe epilepsy (Williamson er af., 1997). TLE can be subclassified into mesial

temporal lobe epilepsy (MTLE) and lateral temporal neocortical epilepsy ([.TLL).



MTLE comprises the majority of the cases of epilepsy refractory to pharmacotherapy
(Babb & Brown, 1987). However, it may be remediable to surgery because
hippocampal sclerosis can often be seen as an underlying pathology in MTLE
(Thadani et al., 1995, Benbadis ef al., 1996). In fact, surgical treament can abolish
seizures in 80-90% of patients with MTLE (Wieser & Williamson, 1993).

Temporal lobe epilepsy is characterized clinically by the progressive
development of spontaneous recurrent seizures (SRS) from temporal lobe foci (Engel
et al., 1989, 1996). Before exhibiting SRS, patients with TLE usually experience
epileptic status early in life, followed by a seizure-free period ranging from months to
years (Engel ef al, 1989; Lothman & Bertram, 1993). TLE is also characterized
pathologically by unique morphological alterations in the hippocampus. The most
frequently observed alteration is massive neuronal loss in the hilus of the dentate
gyrus and in the CA1 and CA3 pyramidal cell layers (Engel ef al., 1989; Lothman &
Bertram, 1993; Ben-Ari & Cossart, 2000). Another common morphological alteration
is mossy fiber sprouting, the growth of aberrant collaterals of granule cell axons into
the inner molecular layer of the dentate gyrus (Sutula et al., 1989; Houser ¢t al., 1990;
Babb er ol., 1991; Isokawa ef al., 1993). A prominent hypothesis states that
hippocampal neuronal loss and mossy fiber sprouting play a critical role in the genesis
and progression of TLE (Lothman & Bertram, 1993; Wasterlain ef ul.. 1993, 1996;
Engel, 1996; Lowenstein er al, 1996; Coulter er al., 1999; Houser et al., 1999; Ben-
Ari & Cossart, 2000). This hypothesis is supported by several lines of evidence. First,
partial hippocampal removal including the site of neuronal damage results in a
seizure-free state or a marked reduction of secizure frequency in many patients
(Flaconer & Serafetinides, 1963; Rasmussen ef al., 1983; King ¢t al., 1986; Brown &
Babb, 1987; Engel et al., 1987, 1989; Bruton ef al., 1988; Babb ¢f ul., 1990). Second,

the sprouted mossy fibers seemingly form a powerful monosynaptic recurrent



excitatory pathway, through which seizures is generated (Sperk et al., 1994;
Lowenstein ef al., 1996, Lynch & Sutula, 2000). This suggestion is supported by the
findings that the intensity and time course of mossy fiber sprouting positively
correlate with the severity and time course of SRS (Sutula 1 al., 1989} and that the
sprouted mossy fibers seemingly form recurrent excitatory circuits (Tauck & Nadler,

1985; Cronin et al., 1992; L.ynch & Sutula, 2000).
Cholinomimetics

The relationship of cholinergic mechanisms to epilepsy was suspected by
neurologists by the turn of the 19* century (Langley & Kato, 1915). Decades later it
was suggested that acetylcholine (ACh) may be primarily involved in human
convulsive disorders (Brenner & Merrit, 1942). In 1945, it was demonstrated
experimentally in cats that intracisternal injection of acetylcholine resulted in motor
seizures (Forster et al., 1945). An epileptogenic potential of ACh was discovered that
chronically isolated monkey cortex demonstrated an increased sensitivity to locally
administered Ach (Echlin et al, 1959). In later years, evidence from
electrophysiological experiments reinforced the idea that ACh may be involved in the
cellular mechanisms of epilepsy (Dichter & Ayala, 1987). In terms of specific
mechanisms, it has been shown experimentally that muscarinic cholinergic excitation
in the brain occurs as a result of a reduced voitage-dependent and Ca’'-dependent X'
conductance and is mediated by voltage dependent Ca’' and K™ conductance (Benardo
& Prince, [982). Acetylcholine functions by promoting the inward flow of Ca’ and
Na' into neurons which is responsible for the membrane depolarization that leads to

epileptic events (Pumain ¢t al., 1983). Muscarinic blockade slows and degrades the



location-specific firing of hippocampal pyramidal were reported early (Brazhnik et

al., 2003)

Pilocarpine

Pilocarpine is a potent cholinergic agonist originally isolated from the leaflets
of Pilocarpus microphyllus. 1t is commonly used in the treatment of acute glaucoma
in humans (Hardman ef al, 1996). Single systemic high dose (300-400 mg/kg)
pilocarpine injection as a novel animal model of TLE was established (Turski et al.,
1983). The systemic administration of this muscarinic cholinergic agonist produced
electroencephalographic and behavioral seizures, accompanied by widespread brain
damage similar to that observed in autopsied brains of human epileptics. The
electroencephalographic findings indicate that one of the most sensitive structures to
the convulsant effect of pilocarpine is the hippocampus, while other structures remain
unaffected or only slightly affected at early time points following injection. It is
generally accepted that the hippocampus is indeed one of the earliest structures
affected following pilocarpine treatment.  Later studies confirmed that the
hippocampus is the earliest structure to be activated according to
electroencephalogaphic recordings (Turski er af., 1983, 1989). One of the main
features of the pilocarpine model that makes it very relevant for comparison to the
human epileptic condition is the reproducible occurrence of spontaneous recurrent
seizures (SRS) in rats injected with pilocarpine following a delay or silent period of
about 2 weeks (Turski ef al., 1983, 1989; Cavalheiro ef af., 1991; Mello ef al., 1993).
Spontaneity is one of the prominent signs of human epilepsy, therefore strengthening
the clinical importance of this model (Turski ef al., 1983; Loscher & Schmidt, 1988).

Pilecarpine seizures also provide an opportunity to study the involvement of the
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cholinergic system in the onset, propagation and pathological consequences of limbic
seizures (Clifford et al., 1987). Behaviorally, pilocarpine setzures resemble other
models of limbic seizures beginning with facial automatisms, head nodding and
progressing to forelimb clonus with rearing and falling (Clifford et al., 1987). In terms
of neuropathology, the cell damage that results from seizures was identical whether
they are initiated with a high-dose pilocarpine injection or a lower dose of pilocarpine
administered with lithium (Clifford et af., 1987). Lithium-pilocarpine is an analogous
model to pilocarpine injection alone, except that lithium in combination with
pilocarpine has been reported to produce a 20-fold shift in the pilocarpine dose-
response curve for producing seizures (Clifford er al., 1987) thereby permitting the
use of a much lower dose of pilocarpine. In terms of cell damage reported at the tight
microscope level, pilocarpine-induced seizures consistently produce damage in the
olfactory nucleus, pyriform cortex, entorhinal cortex, thalamus, amygdala,
Hippocampus, lateral septum, bed nucleus of stria terminalis, claustrum, substantia
nigra and neocortex (Clifford ef al., 1987; Turski et al., 1989; Turski ¢ af., 1983). In
the hippocampus, the CA3 and CAl regions are involved and damage has been noted
to be greater in ventral as opposed to dorsal hippocampal regions. Interestingly, the
highest cholinergic receptor densities are in CAl and the dentate gyrus, while the
region most consistently and severely damaged is CA3 (Clifford er al., 1957). This
clearly indicates that the spread of seizure activity beyond the initial focus must entail
activation of non-cholinergic pathways. Electron microscopic studies indicate the
cellular changes include swelling of dendrites, swelling or vacuolar condensation of
neuronal cell bodies and marked dilatation of astroglial elements with relative sparing
of axonal components (Clifford et al., 1987). The neuropathology reported with the
pilocarpine model is consistent with prolonged seizures produced by other means

(Ben-Ari et al, 1985; Kapur ef al., 1989; Hajnal ¢t /., 1997) These findings support



that pilocarpine SE model is useful in studying the molecular mechanisms of
neuropathology and screening neuroprotectants following cholinergic agonist

exposure (Tetz et al., 2006).
Focal structural lesions in temporal lobe

It has been established that hippocampal damage is the most common
pathology underlying TLE (Babb & Brown, 1987). Neuron loss is usually located in
the fields H1 and H3 of the hippocampus and when the neuron loss is restricted to
those areas, it is regarded as the classic hippocampal cell loss {Babb & Brown, 1987;
Sutula ef al., 1989). However, more wide spread neuron loss is often seen in resected
temporal lobes of patients with TLE (Margerison & Corsellis, 1966; Bruton ¢ o/,
1988). The structures suffering from neuron loss in addition to hippocampus include
the amygdala, the uncus of the hippocampus and the parahippocampal gyrus. This
form of neuron damage is called as mesial temporal lobe sclerosis. (Engel et al.,

1992 ; Wieser et al.,, 1993 ; Williamson ¢f al. 1993 ; Thadani et al., 1995)

The neuronal reorganization continues with recurrent seizures and clinical
observations on the development of medical intractability of MTLE also suggest an
ongoing process (French et al., 1993; Engel ef af., 1997). Recent studies have shown
that, at least in some patients there is an association between an initial precipitating
injury prior to habitual seizure onset and hippocampal sclerosis (Trenerry et ul., 1993;
Mathern et al., 2002). However, patients with episodes of generalized tonic-clonic
status epilepticus and prolonged partial seizure activity may develop progressive
hippocampal neuronal loss in a widespread distribution that is dissimilar to classic
Ammon’s horn sclerosis. It is concluded that hippocampal sclerosis is presumably

both the cause and effect of seizures (Bruton e al., 1988, Gloor et al., 1991).



Pathophysiology of Temporal Lobe Epilepsy

EEG studies shows that the hippocampus is one of the earliest structures to be
activated during seizures. In addition, the cure of epilepsy by surgical resection of the
hippocampus in properly selected individuals led to the idea that hyperexcitability
intrinsic to the hippocampus contribute to the development of epilepsy (Bausch &
McNamara, 1999). Thus it is not surprising that from the perspective of mechanisms,
the best studied form of seizure is the seizure activity in the hippocampus. Recent
report states that different neuronal populations react differently to SE induction. For
some brain areas most, if not all, of the vulnerable cells are lost after an initial insult
leaving only relatively resistant cells and little space for further damage or cell loss

{Covolan et ul., 2006)

Cell Loss

The most frequent lesion in patients with TLE is mesial temporal sclerosis or
hippocampal sclerosis, consisting of gliosis and neuronal loss in the CA 1, CA3 and
the hilus of the dentate gyrus (Houser e af., 1990). This typical pattern of neuronal
loss characteristic of hippocampal sclerosis (Kapur ef af, 1999; Lewis e7 ¢l., 1999) can
be produced experimentally by repeated or prolonged seizures and results presumably
from excitotoxic damage subsequent to excessive activation of glutamate receptors
(Olney et al., 1986; Sloviter ¢f al., 1994). There are striking similarities between the
pathology produced in experimental animals by prolonged seizures (Sloviter ¢f al..
1991) or head trauma (Coulter et al., 1996) and the pathological changes seen in the
hippocampi of many patients with TLE (Meldtum & Bruton, 1992). Seven days and
two months post-status epilepticus rats showed significant neuron loss in the pre-endo

piriform nucleus, layer I of the intermediate piriform cortex, and layers H and 1if of



the caudal piriform cortex (Chen er al., 2007). There is an extensive loss of dentate
hilar neurons (Bausch & Chavkin., 1997) and hippocampal pyramidal cells
(DeGiorgio et al., 1997) Recent data also demonstrated cases where some granule
cells of experimental animals are also highly vulnerable (Sloviter et al., 1996).
Seizure-induced astrocytic damage has also been documented (Schmidt-Kastner &
Ingvar, 1996). Interestingly, in contrast to the many studies showing cell loss, a recent
study described an increased generation of hippocampal granule cells as a
consequence of seizures (Parent ef /., 1997). Induction of limbic epilepsy resuited in
an increased proliferation of granule cells using bromodeoxyuridine labelling.
Therefore, although death of certain cell populations was suggested as a main event

during or as a result of epileptogenesis, there is also evidence of neurogenesis.

Mechanistically, neuronal loss can occur with either active or passive
participation of cellular constituents. This has been referred to as apoptosis or necrosis
{Kerr et al., 1972). Apoptosis is a form of gene-mediated death characterised by
specific morphological features: early nuclear chromatin condensation, Cytoplasmic
compaction with cell shrinkage, endonuclease-mediated DNA fragmentation into
oligonucleosomes, apoptotic body formation and well-preserved organelles. In
contrast, necrosis resulting from sudden injury with the cell unable to maintain
homeostasis is characterized by early cytoplasmic vacuolization before any nuclear
changes occurs and is associated with an inflammatory response (Tomei and Cope,

1991).

It appears that epileptic neuronal death is primarily but not exclusively
apoptotic (Charriaut-Marlangue & Ben-Ari, 1995). Long-term repetitive stimulation

of the perforant path induced apoptosis in the granule cells but necrosis in the hilar
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and pyramidal cells (Sloviter et af., 1996). The surviving granule celis showed

dendritic deformations and shrinkage (Isokawa & Mello, 1991).

Axon sprouting

In addition to the neuronal loss, the second morphological change induced in
the hippocampus by seizures is sprouting of dentate granule cell axons which are
commonly referred to as mossy fibres. This occurs in both animal models of epilepsy
(Bausch & Chavkin, 1997) as well as in human epilepsy (Babb ¢ «f., 1991).
Denervation of the inner molecular layer secondary to hilar cell lass is believed to
constitute the initial stimulus for sprouting (Tauck & Nadler, 1985). The sprouted
mossy fibre axons appear to make synaptic contacts with granule cells and
GABAergic basket cells. It has been proposed that seizure induced expression of
neurotropic genes which is suggested to underlie the sprouting of axons of the granule
cell layer (Sutula et al., 1996). it has been established that NGF protein levels in

dentate granule cells are increased by seizure activity (Gall & Isackson, 1989).

Gliosis

Reactive gliosis occurs in response to injury, including pilocarpine- induced
seizures, in the mature central nervous system (CNS). A salient manifestation of
reactive gliosis is an increase in glial fibrillary acidic protein (GFAP). a protein
subunit of glial intermediate filaments found exclusively in astrocytes in the CNS
(Amaducci ef al., 1981). Glial proliferation characteristically accompanies neuronal
loss seen in Ammon's horn sclerosis and after various insults including status

epilepticus and contributes to epileptogenesis.



Dendritic Changes

Dendritic degeneration is another common pathological finding in TLE and
its animal models (Isokawa ef al., 1998). Neurons from the hippocampus and
neocortex from patients with chronic focal epilepsy showed dramatic dendritic
abnormalities. Dendritic spine loss has been repeatedly reported and has been
suggested to be more severe with an increased duration of a seizure disorder (Multani
et al., 1994). Dendrites of pyramidal cells have also been reported to have varicose
swellings at irregular intervals along their length (Muller ef al., 1993). It was
established that following initial acute seizures, surviving neurons undergo substantial
changes in the morphclogy and density of dendrites and spines in the chronic phase,
during which the gradual development of spontaneous seizure is established (Isokawa
et al., 1998). In the pilocarpine animal model of epilepsy, the membrane time
constant of neurons, which can assess a cells total surface area and geographic extent
of dendritic branches was reported to be significantly reduced in rats that experienced
many spontaneous seizures in the chronic phase {(Isokawa et af., 1996). This suggests
that the higher the frequency of spontaneous seizures, the more severe the local

dendritic shrinkage.

Impaired Inhibition.

Repeated intense seizures caused an attenuation of gamma-aminobutyric acid
(GABA) - mediated inhibition of the granule cells and in the pyramidal cells of the
hippocampus (Coulter ef al., 1996). This change cannot be explained by a selective

loss of GABAergic inhibitory interneuron, since the GABA immunoreactive neurons



were shown to be more resistant to seizure-induced injury than other hippocampal
neurons (Sloviter et al., 1987). Preservation of GABAergic cells in surgical specimens
from patients with epilepsy was confirmed (Babb et al.. 1989). The neurons among
the most sensitive to the seizure-induced neuronal death are the mossy cells in the
dentate hilus {Lowenstrin et al., 1992; Sloviter er al., 1989). These cells receive
synaptic input from granule cells via collaterals of mossy fibres and from the

entorhinai cortex via the perforant path.

To account for the paradoxical loss of GABA-mediated inhibition with
preservation of GABAergic neurons, the dormant basket cell hypothesis (Sloviter ¢/
al., 1987) suggests that the seizure-induced loss of hilar excitatory neurons removes
tonic excitatory projection to GABAergic basket cells, the inhibitory interneuron in
the dentate hilus. Being deafferented these cells then lie dormant with the end result
being disinhibition (Sloviter ¢t al., 1987). Loss of mossy cells which govern lateral
inhibition in the dentate area cause functional delamination of the granule cell layer
and result in synchronous multilamellar discharges in response to excitatory input
(Sloviter et al., 1994). Therefore, there are 3 premises to this theory: 1) the general
preservation of the inhibitory network. 2) the loss of excitatory afferents to
GABAergic interneuron, 3) decreased inhibition on principal cells (Bernard ¢r al.,

1998).

ROLE OF NEUROTRANSMITTERS IN EPILEPSY
Epinephrine and Norepinephrine (NE)

The modification of the seizure activity by the noradrenergic system were
reported early (Chen ef al., 1954). Four major observations have supported an

anticonvulsant rolc for norepinephrine (NE): (1) selective lesioning of noradrenergic
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neurons (with 6-hydroxydopamine or DSP-4) increases seizure susceptibility to a
variety of convulsant stimuli (Amold et al., 1973; Jerlicz er al., 1978; Mason &
Corcoran, 1979; Snead et af, 1987; Trottier et al., 1988; Sullivan & QOsorio, 1991;
Mishra er al., 1994) (2) direct stimulation of the locus coeruleus (LC), the major
concentration of noradrenergic cell bodies in the CNS and the subsequent release of
NE reduce CNS sensitivity to convulsant stimuli (Libet et al., 1977; Turski et al.,
1989) (3) genetically epilepsy-prone rats (GEPRs), a widely used animal model of
epilepsy, have deficient presynaptic NE content, NE turnover, tyrosine hydroxylase
levels, dopamine B-hydroxylase (DBH) levels and NE uptake (Jobe et af., 1984;
Dailey & Jobe, 1986; Browning ef al., 1989; Lauterborn & Ribak, 1989; Dailey ef al.,
1991) (4) adrenergic agonists acting at the a, adrenoreceptor {a-AR) have
anticonvulsant action (Baran et al., 1985; Loscher & Czuczwar, 1987; Fletcher &
Forster, 1988; Jackson ef al., 1991). a>-AR is known to have a regulatory role in the
sympathetic function (Das e al., 2006) . The lesioning studies (i.e., chemical
destruction of noradrenergic terminals) reduce the amount of NE release, this
manipulation aiso reduces the release of other transmitters released with NE. The
neuropeptides galanin and neuropeptide Y (NPY) and the neurotransmitter adenosine
(i.e., ATP) are released at noradrenergic terminals and have been shown to exert
anticonvulsant effects against several convulsant stimuli (Murray et al., 1985;
Mazarati et al., 1992, 1998; Dichter ef af., 1994; Erickson et af., 1996; Baraban ef af.,
1997).

Dopamine

The mammalian prefrontal cortex {PFC) receives a substantial dopaminergic

innervation from the midbrain ventral tegmental area (VTA) (Bjorklund & Lindvall
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1984). Dopamine is an endogenous neuromodulator in the cerebral cortex and is
betieved to be important for normal brain processes (Bjorklund & Lindvall, 1986;
Williams & Goldman-Rakic, 1995). There is strong evidence that alterations in
dopamine function play a role in pathogenesis of a number of neuropsychiatric
diseases including epilepsy (Starr er «l., 1996). In vivo studies have shown that
dopamine increase and decrease spontaneous firing of neocortical neurons {Bunney &
Aghajanian, 1976; Reader et al., 1979;Ferron e af., 1984; Bradshaw ¢t al.. 1985;
Sesack & Bunney, 1989; Bassant et al., 1990; Yang & Mogenson, 1990; Thierry ¢t
al., 1992; Pirot et al., 1992). Dopamine favor long-lasting transitions of PFC neurons
to a more excitable up state (Lewis & O’Donnell, 2000). In vitro electrophysiological
experiments suggest that dopamine has multiple effects on PFC neurons. Both
increases (Penit-Soria e al., 1987, Yang & Seamans, 1996; Ceci ¢t al., 1999; Wang &
O’Donnell, 2001; Gorelova & Yang, 2000; Henze er al., 2000; Gonzalez-Burgos et
al., 2002; Tseng & O’Donnell, 2004) and decreases (Geijo-Barrientos & Pastore,
1995) in postsynaptic excitability of pyramidal neurons have been reported following
D1 receptor activation. In addition, changes in excitability mediated by D2 receptors
have been reported (Gulledge & Jaffe 1998; 2001; Tseng & O’Donnell, 2004). The
effects of dopamine on synaptic responses are also complex and species-specitic.
AMPA receptor mediated excitatory postsynaptic currents (EPSCs) in layer V
pyramidal cells are depressed by a D! receptor-mediated effect of dopamine (Law-
Tho et al., 1994; Seamans ¢f al., 2001) Whereas N-methyl-D-aspartate (NMDA)
responses have been reported to be both enhanced (Seamans ef al, 2001) and
depressed (Law-Tho et al., 1994). EPSCs in layers 11/11] are enhanced by dopamine in
rats (Gonzalez-Islas & Hablitz, 2003) but decreased in primates (Urban er «l., 2002).
The cerebral cortex contains interconnected local and distant networks of excitatory

and inhibitory neurons. Stability of activity in such networks depends on the balance
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between recurrent excitation and inhibition (Durstewitz ef al., 2000 ; Shu et af., 2003).
A shift of the balance toward excitation may lead to the generation of epileptiform
activity. The presence of massive recurrent excitatory connections that depend on
inhibition for regulation has been implicated in the susceptibility of the neocortex and
the hippocampus to develop epileptiform activity and seizures (McCormick &
Conteras, 2001). Modulatory influences strongly influence activity in thalamocortical
(McCormick 1992; McCormick & Pape, 1990) and neocortical circuits (McCormick
et al., 1993). Dopamine is known to modulate epileptiform discharges both in vive
(Alam & Starr, 1992, 1993b, 1994a; George & Kulkarni, 1997) and in vitro (Alam &
Starr 1993b, 1994b; Cepeda et al., 1999; Siniscalchi ef al., 1997; Suppes ¢t ul., 1985).
In vivo studies in different models of epilepsy have suggested that dopamine may
have a pro-convulsant effect mediated by D, receptors and an anti-convulsant effect
via D, receptors (Starr et al., 1996). Dopamine-mediated recruitment of neurons in
local excitatory circuits and synchronization of activity in these neurons underlie these
effects of dopamine in neocortex. Local excitatory neocortical networks are

complexes of interconnected pyramidal neurons.

Several anti-epileptic drugs increase extracellular levels of dopamine (DA)
and/or serotonin (5-HT) in brain areas involved in epileptogenesis (Smolders ¢t al.,
1997). Behavioural and electrocorticographic studies in rats have shown that DA
controls hippocampal excitability via opposing actions at D1 and D2 receptors (Bo ¢/
al., 1995). Seizure enhancement is presumed to be a specific feature of D1 receptor
stimulation, whereas D2 receptor stimulation is anticonvulsant {(Alam & Starr, 1992,
1993). Decreased D2 receptor binding in the brainstem were reported in other

neurological diseases like diabetes (Shankar et al., 2006)
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Serotonin

Central 5-HT,. receptors function both as somnatodendric  presynaptic
autorecptors 10 the raphe nuclei as postsynaptic receplors in terminal tield areas such
as the hippocampus and many have difierent tunctional and regulatory characteristics,
depending on the structures innervated (Barnes of «f . 1999). In the raphe auclei
activation of 5-HT;. autoreceptors produces inhibition of serotonergic neurons and
decreases 5-11T rclease and ncurotransmission. In contrast. postsynaptic 3-T1
receplor activation tn the hippocampus increases S-HT neurotransmission (Clarke or
al.. 1996). The 5-HT,, somatodendric autorecptors and postsynaptic receptors ditter
in thetr adaptive response to prolonged stimulation during long term treatment with
selective serotonin reuptake inhibitors (SSRIs) such as flaoxetine, which  has
antiseizure effects in several models (Hernandez ef «f., 2002). The fluoxetine eftect is
not dependent on GABA receptors, may be mediated by multiple receptor subtypes
and shows regional variation (Pasini e7 al., 1996). Rats treated over the long term with
fluoxetine showed desensitation of 5-HT 4 somatodendric autoreceptors in the dorsal
raphe nucleus but not of postsynaptic 3-H1 ;4 receptors in the hippacampus (1.e Poul

of al., 2000).

S-HT,a receptor activation clicits a membrane hyper polarization response
related to increase potassium conductance (Beck er of, 1991) and has an
anticonvulsant effect in various experimental in vive as well av in vitro seizure
models. Including hippocampa! kindled seizures in cats. intrahippocamnal kanie il
induced seizures in freely moving rats and picrotoxin-bicuculline and Kuainio aesd
induced seizures in rat hippocampal slice preparations {Wada o7 «f. 19973 lie
anticonvulsant effects of S-HT, 4 receptor activation differ from region to region und

from model to model. 5-HT is reported to inhibit low Mg’ -induced epileptiform



activity, by reduction of NMDA receptor-mediated excitatory postsynaptic potentials
in the subiculum and entorhinal cortex but not on areas CA3 and CA1 of hippocampus

(Behr et al., 1996).

The genetically epilepsy prone rat model (GEPR) illustrates 5-HT effects on
seizure susceptibility. GEPRs have decreased 5-HT,.  receptor density in the
hippocampus compared to non epileptic control rats (Statnick e /., 1996). In addition
the SSRI sertraline produces a dose dependent reduction in the intensity of audiogenic
seizures in GEPRs, correlating with increased extracellular thalamic 5-HT
concentrations (Yan et al, 1995). However the model is complex and other
neurotransmitters play a role, as 5-HT receptor activation increases release of
catecholamines (Yan et al., 1998). 5-HT 5 receptor was reported to inhibit rat ventral
tegmental GABA release and 5-HT,p,p activation increases nucleus accumbens

dopamine release (Yan ef af.. 2001).

Other receptor subtypes have received less attention. One study suggested an
excitatory role of 5-HT; receptors in a rat kindling model (Wada et al., 1997).
Blockade of a number of receptors- 5-HT; and 5-HT,a was reported to not alter the
reduction in seizure severity and increase in the threshold produced by fluoxetine
(Watanabe er al., 1998) Several knock out mouse models suggest a relation between
5-HT hippocampal dysfunction and epilepsy. 5-HT;s knockout mice display lower
seizure thresholds and higher lethality in response to kainic acid administration.
Furthermore, 5-HT, 4 knockout mouse demonstrate impaired hippocampal dependent
learning and enhanced anxiety related behaviors. Interactions between serotonergic
and other neurotransmitters contribute to the behavioral phenotype (Sarnyai ef ol

2000). 5-HT, receptor knockout mice showed a combination of obesity and sound
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induced seizures. Other receptor types are not altered in this model suggesting that the
clinical effects are receptor subtype specific (Heiser et al, 1998). In contrast
activation of 5-HT,¢ receptors potentates cocaine induced seizures (O’Dell ef al.,
2000). The up-regulation of 5-HT, receptors were reported in the brain stem which

induce sympathetic stimulation were reported (Pyroja ef al., 2007)

GABA

y-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the
CNS. It exerts an inhibitory action in all forebrain structures and plays a roie in the
physiopathogenesis of certain neurological conditions, including epilepsy. Impairment
of GABA functions produces seizures, whereas enhancement results in an
anticonvulsant effect. In tissue resected from patients with temporal lobe epilepsy, the
number of GABA receptors are reduced in areas of hippocampus showing neuronal
cell loss (McDonald er af, 1991; Johnson et ai. 1992). Reduced BZD binding to
GABA, receptors in mesial temporal lobe of such patients can be detected /n vivo by
noninvasive positron emission tomography imaging (Savic ef af, 1988). These
changes are likely secondary to cell loss and not specific for GABA-receptive cells.
Recent studies have shown some changes in GABA4 receptors that occur in the
neocortex of patients undergoing epilepsy surgery. These patients had TLE with
severe damage and sprouting in limbic structures. Increased levels of steroid
modulation of GABA, receptor ligand binding in neocortex were detected in patients
with TLE. Increase in binding of diazepam- insensitive sites for the BZD ligand
[3H]R015-45 13 associated with the ¢4 GABA receptor subunit was also observed
{Van Ness ¢t al, 1995). Therefore, changes in the properties, rather than the number of

GABA receptors possibly related to plastic changes in subunit combinations result in
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an altered regulation of inhibitory function. Human focal epilepsy occurs commonly
in the mesial temporal lobe often associated with Ammon’s horn sclerosis. This is
accompanied by severe gliosis and a sprouting in the molecular layer of the dentate
gym (Babb er al., 1989) as well as a dispersion of the granule cell layer (Houser ¢/ al..
1990). This loss of neurons in the hippocampal formation is evident in CA3 and hilus,
especially hilar mossy cells as evidenced by several neuronal markers including
glutamic acid decarboxylase (GAD) and GABA receptors. One can mimic these
changes in animals by producing lesions or using massive stimulation of hippocampal
input (Sloviter et al., 1991}, kindling paradigms (Cavazos ef al, 1991), or systemic
kainite (Cronin et al., 1992) or pilocarpine (Cavalheiro ef af., 1991). Like the human
condition, these models involve end-folium sclerosis, including hitar interneuron loss
and dentate granule cell hyperexcitability. The granule cells normally are inhibited
laterally by hilar intemeurons, which are excited by mossy cells that innervate them
longitudinally. Loss of these mossy cells has been proposed to make the surviving
GABAergic basket cells “dormant,” thus disinhibiting long stretches of granule cells
(Sloviter et al., 1991). In the pilocarpine model, there is loss of hilar cells, including
GABAergic interneurons accompanied by decreased levels of mRNA and
immunoreactivity of the GABAA receptor a5 subunit in CA1/2 (Houser ef ai., 1995).
Loss of a5 and a2 mRNA was also observed by another group of investigators {Rice
et al , 1996) who demonstrated decreased GABA, synaptic activity in CAl. Therefore,
in several of these animal models, there is evidence of reduced GABA-mediated

inhibition,
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Glutamate

Glutamate can cause convulsions when administered focally or systemically
to experimental animals. Glutamate exerts its excitatory action viuz ligand-gated ion
channels (NMDA and non-NMDA receptors) to increase sodium and calcium
conductance. Reciprocal regulatory interactions exist between the activation of
glutamatergic receptors and other transmitter systems, ion transport, gene activation
and receptor modification. The flexibility and complexity of these interactions place
glutamate-mediated transmission in a pivotal position for modulating the excitatory
threshold of pathways involved in seizure generation. All classes of NMDA receptor
antagonists (competitive NMDA antagonists, channel site antagonists, glycine site
antagonists, polyamine site antagonists), as well as competitive and noncompetitive
AMPA/kainate antagonists, display wide-spectrum anticonvulsant properties in acute
and chronic animal epilepsy models, with varying degrees of behavioral side effects,
ranging from minimal for some of the glycine site or competitive NMDA antagonists,
to extensive for some of the high affinity open-channel NMDA antagonists.

Transgenic mice with an editing-deficient AMPA receptor subunit, GluR2,
display early onset of epilepsy. The GluR2 subunit confers an almost complete block
of calcium conductance in homomeric or heteromeric AMPA receptors. Both the
GIuR2 receptor level and the RNA editing process are reduced significantly, and the
corresponding AMPA-evoked calcium current in pyramidal neurons increased
significantly in accordance with the enhanced seizure susceptibility in these mice
{Brusa et al., 1995). Neuronal (EAAC-1) and glial (GLT-1 and GLAST) glutamate
transporters facilitate glutamate and aspartate reuptake after synaptic release. A down-
regulation of glutamate transporters would be compatible with enhanced excitatory
activity. Transgenic mice with GLT-1 knockout display spontaneous epileptic activity

(Tanaka et al., 1997) and mice treated chronically with antisense probes to EAAC-]

32



shows reduced transporter levels and increased epileptic activity (Rothstein et al.,
1996). The reported changes in glutamate receptors and transporters subsequent to
sustained or chronic epilepsy are less consistent and frequently transient in nature;
some of these changes reflect patterns of cell loss. A functional enhancement of
NMDA receptors is observed in amygdala-kindled rats and in resected tissue from
humans with temporal lobe epilepsy (Mody et af., 1998). The molecular alterations in
the NMDA receptor responsible for this functional up regulation are not clearly
defined but probably involve altered phosphorylation. Changes in the editing of the
GluR2 AMPA subunit been reported in resected hippocampi from some patients with
refractory epilepsy (Grigorenko et al., 1997). The mRNA levels of multiple AMPA
subunits are also altered in kindled rats and in rats after sustained seizure activity

evoked by kainate or pilocarpine.

Metabotropic glutamate receptors are classified into three functional groups
on the bases of their sequence homology, second messenger effectors and
pharmacology (Dingledine & Conn 2000, Meldrum, 2000). Group | comprises
mGluR! and mGIuRS, which are linked via G proteins to activation of phospholipase
C. Group Il (mGIuR2 and mGluR3) and Group {II (mGluR4, mGluR6, mGIuR7,
mGIuR8) are both negatively linked to adenylyl cyclase activation. Activation of
Group I mGluR enhances neuronal excitability by several mechanisms (blockade of
accommodation to a steady current, potentiation of the effects of NMDA and AMPA
and depolarization); accordingly, agonists acting on Group | receptors have
convulsant activity (Ghauri ef al., 1996, Tizzano ef al., 1995). Conversely, Group |
antagonists selective for mGIluR1 have anticonvulsant activity in several experimental
seizure models (Chapman et al. 1999 & 2000, Thomsen ef al., 1994}, Activation of
Group [1 and Group I receptors by reasonably selective agonists appears to have

mixed convulsant/ anticonvulsant action, although a prolonged anticonvulsant action
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seems to predominate (Tang et al., 1997, Tizzano et al, 1995). Down-regulation of
mGluR8 in pilocarpine epileptic rats was reported early (Kral er «l., 2003). The
anticonvulsant effect of metabotrophic glutamate 8 receptor agonist in the pilocarpine

model of epilepsy was reported. (Jiang ¢t al., 2007)

L-Glutamate is the major excitatory neurotransmitter in the brain and serves a
number of functions in the CNS (Nicholls & Attwell, 1990). This dicarboxylic amino
acid is a precursor to the inhibitory amino acid neurotransmitter y-aminobutyric acid
(GABA) for the Krebs cycle intermediate a-ketoglutarate, and for the amino acid
glutamine. Glutamate also functions as a detoxification agent for ammonia products in
the brain. In addition to the many metabolic roles of glutamate, the most significant
function of glutamate in the brain is its function as the primary excitatory
neurotransmitter (Mayer & Westbrook, 1987). As a neurotransmitter, extracellular
glutamate levels must be maintained at controlled levels. Although transporters exist
to move glutamate into the brain across the blood-brain-barrier, the majority of
glutamate is synthesized de novo from glucose, glutamine or aspartate (Lattera ¢f al.,
1999). Glutamate is stored in synaptic vesicles. The signaling actions of glutamate are
mediated at the neuronal membrane through specialized receptor macromolecules.
The binding of glutamate to specific sites on its receptor molecule causes a
conformational change that initiates signal transduction cascades in the neuron.
Giutamate receptors are broadly categorized based on the signaling cascade they
trigger. lonotropic glutamate receptors are coupled to ion permeable channels which,
under physiological conditions, depolarize neurons. In contrast, metabotropic
receptors are coupled are coupled to guanosine triphosphate binding proteins (G
proteins) and second messenger systems that modulate synaptic transmission

(Dingledine er al., 1999).
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The ionotropic glutamate receptors are post-synaptic, ligand-gated ion
channels. Three types of ionotropic glutamate receptors have been categorized and
named according to selective ability of N-methyl-D-aspartate (NMDA), a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionate (AMPA) or kainate (KA) to activate them
(Dingledine et al., 1999). The AMPA receptor contributes to the early, fast component
of the excitatory post-synaptic potential (EPSP). As a low affinity glutamate receptor,
the AMPA receptor is typically permeable to the monovalent cations, sodium (Na')
and potassium (K'). However, AMPA receptors that lack a GluR2 subunit are also
permeable to the divalent cation, Ca®' (Wisden & Seeburg, 1993). This ligand-gated
channel demonstrates little voltage dependence, and currents are very brief (a few
milliseconds) due to the low glutamate affinity and a high rate of desensitization
(Boulter et al., 1990; Dingledine et al, 1999). KA receptors are very similar in
function to AMPA receptors. Like AMPA receptors, KA receptors are voltage-
independent, monovalent cation permeable channels with low affinity and fast kinetics
(Michaelis, 1998). KA receptor-mediated EPSPs have smaller peak amplitudes and
slower decay kinetics than those derived from AMPA receptors (Frerking & Nicoll,
2000). The NMDA receptor is quite different from the AMPA and KA subtypes of
glutamate receptor. First, in addition to their permeability to Na' and K', NMDA
receptors have high permeability to Ca’ (Dingledine ef al., 1999). NMDA receptors
also have slower kinetics attributed to a much higher affinity for glutamate (Conti &
Weinberg, 1999). The conductance through NMDA receptors can last several hundred
milliseconds and constitutes a slower, later phase of the EPSP (Conti & Weinberg,
1999). Metabotropic receptors (mGluRs) are the other major category of glutamate
receptors which is G-protein coupled. There are eight types of metabotropic glutamate
receptors that are further classified according to the second messenger systems to

which they are linked {(Conn & Pin, 1997). These receptors are found both on the pre-



synaptic and post-synaptic ~membranes. Pre-synaptic mGIluRs decrease
neurotransmitter release, while mGluRs on the post-synaptic membrane regulate the
function of ligand-gated ion channels including all three subtypes of ionotropic
glutamate receptors {Anwyl, 1999}. Thus, metabotropic glutamate receptors can act to

modulate synaptic transmission in the CNS.

Calcium ion homeostasis

Calcium (Ca’') plays a fundamenta! role in the cell as a second messenger
governing cellular functions such as differentiation and growth, membrane
excitability, exocytosis, and synaptic activity. Neurons possess specialized
homeostatic mechanisms to ensure tight command of cytosolic Ca’* levels so that
multiple independent Ca’'-mediated signaling pathways can exist in the normal cell
(Arundine and Tymianski, 2003). In excitotoxicity, excessive stimulation of glutamate
receptors and an increase in extracellular glutamate concentration can lead to the
disregulation of Ca®' homeostasis (Arundine & Tymianski, 2003). An overwhelming
increase in free intracellular calcium concentration can activate a self-destructive
cellular cascade involving many calcium-dependent enzymes, such as phosphatases
(eg, calcineurin), proteases and lipases. Lipid peroxidation can also cause production
of free radicals which damage vitai cellular proteins and lead to neuronal death (Choi,

1988; Michaels & Rothrnan, 1990; Tymianski & Tator, [996; Delorenzo ¢f al., 2005).

The NMDA receptor mediates the vast majority of Ca’' influx during
excitatory neurotransmission {Ozawa, 1993). In addition, AMPA and KA receptors of
certain subunit composition are permeable to Ca’" (Jonas & Bumashev, 1995).

Calcium extrusion across the plasma membrane. Two transport systems exist to pump
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free intracellular Ca®* out of the neuron into the extracellular space. Because Ca®'
extrusion acts against a large Ca’* concentration gradient, these systems are energy-
dependent and are, therefore highly susceptible to ischemic injury (Tymianski &
Tator, 1996). The ATP-driven Ca®* pump (Ca’' - ATPase) expends one molecule of
ATP for each Ca** ion extruded and is modulated by calmodulin, fatty acids, and
protein kinases (Carafoli, 1992). The second transport system. the Na'-Ca®'
exchanger, is indirectly coupled to ATP utilization in that it utilizes the Nat
concentration gradient maintained by the ATP driven Na'- K' exchanger. This
electrogenic exchange system is triggered by increases in Ca” and extrudes one Ca”'
for every two or three Na' that enters the neuron (Tymianski & Tator, 1996). Calcium
buffering and sequestration can also reduce free intracellular Ca® levels. The
endoplasmic reticulum (ER) functions as a Ca’' store. Calbindin D-28k, one of the
major CaBPs, is present at high cytosolic concentrations in neurons such as purkinje
cells and hippocampal granule cells. Together with its high cytosolic concentration,
the ability of calbindin to bind up to four Ca’' ions at a time suggests that it plays an
important role in Ca®" buffering (Mattson ¢f al., 1995). The hippocampal fomiation is
a locus of epileptic seizure activity (Lothman et gf., 1991). Recent research suggests
that the absence of calcium buffer proteins results in marked abnormalities in cell
firing (Bastianelli ef af.. 2003). The calcium-binding proteins are present mainly in
GABAergic intemeurons, thus their disturbance could result in an alteration of
inhibitory mechanisms (Krsek e al., 2004). Hippocampal neurons rich in the main
Ca’-binding protein, calbindin D-28k, appear to be relatively resistant to
degeneration in a variety of acute and chronic disorders (Sloviter, 1989: Hauser &
Annegers, 1991; Magloczky ef ol 1997). Calbindin-like immunoreactivity is present
in all dentate granule cells and some, but not all, CAl and CA2 pyramidal cells in rat

hippocampi. In area dentata, calbindin immunoreactivity is normally present in a



suggest that there is a loss of calbindin from granule cells of the dentate gyrus and
select CAl neuron populations in mouse models and in rat kindling models of epilepsy
(Kohr et al., 1991). Thus, the possible role of Ca® as a second messenger mediating
some of these changes in hippocampal CA neurons, dentate granule neurons and

interneurons is an important area of investigation.
Acetylcholine

The cholinergic system plays a crucial role in modulating cortical and in
particular hippocampal functions including processes such as learning and memory
(Ashe & Weimberger, 1991; Dunnett & Fibiger, 1993: Huerta & l.isman. 1993; Shen
et al. 1994; Winkler er afl., 1995). Cholinergic actions are involved in the
physiopathogenesis of epileptic discharges as suggested by the ability of some
cholinergic agents to induce limbic seizures and histopathological changes resembling
those seen in patients with temporal lobe epilepsy (Dickson & Alonso 1997: Liu ¢f af.
1994; Nagao ef al., 1996; Turski ef af., 1989). Cholinergic stimulation of cortical
neurons, including those located within the hippocampal formation, results in
excitatory effects that are mediated mainly through the activation of muscarinic
receptors (Krnjevic™ ¢t al, 1993; McCormick e af. 1993). Cholinergic innervation is
present in the subiculum, which is a major synaptic relay station between the
hippocampus proper and scveral limbic structures that are involved in cognitive
processes {Amaral & Witter, 1989; Lopes da Silva, 1990). For instance, subicular
cells recorded from freely moving animals generate “location specific” firing patterns;

this indicates a possible contribution of this region to spatial learning (Barnes ef /.,
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1990; Sharp & Green, 1994). Subicular neurons are also involved in the spread of
seizure activity within the limbic system (Lothman er ai., 1991). To date little is
known about the effects of cholinergic agents in the subiculum. The EC is known to
be a “gateway” for the bi-directional passage of information in the neocortical-
hippocampalneocortical circuit (Van Hoesen et al., 1982; Witter ¢t al., 1989; Lopes da
Silva et al., 1990) via a cascade of cortico-cortical projections, the superficial layers
of the EC (II and III) receive an extensive input from polymodal sensory cortices
(Jones & Powell, 1970; Van Hoesen & Pandya, 1975; Amaral ef al., 1983; Deacon ¢t
al., 1983; Room & Groenewegen, 1986; Insausti ef al., 1987; Reep ¢f al., 1987) that is
then conveyed to the hippocampal formation via the perforant path (Steward and
Scoville,1976). In turn, the hippocampal formation projects back on the deep layers of
the Entorhinal Cortex {EC) which provide output paths that reciprocate the input
channels (Swanson & Cowan, 1977 ; Swanson & Kohler, 1986; Insausti ¢f ¢l., 1997).
In addition, the deep layers of the EC also project massively on the EC superficial
layers (Kohler, 1986b; Dolorfo & Amaral, 1997) thereby closing an EC--hippocampal
loop. Thus, by virtue of its extensive projection systems, the EC network may act
powerfully in the generalization of temporal lobe seizures. The EC is also known to
receive a profuse cholinergic input from the basal forebrain that terminates primarily
in layers 11 and V (Lewis & Shute, 1967; Mellgren & Srebro, 1973; Milner ef al.,
1983; Alonso & Ko"hler, 1984; Lysakowski er al., 1989; Gaykema et al., 1990),
precisely those layers that gate the main hippocampal input and output. It is well
known that the cholinergic system promotes cortical activation and the expression of
normal population oscillatory dynamics. In the EC, in vivo electrophysiological
studies have shown that the cholinergic theta rhythm is generated primarily by cells in
layer 11 (Mitchell & Ranck, 1980; Alonso & Garct'a-Austt, 1987a, b; Dickson et al.,

1995). In addition, in vitro studies have also shown that muscarinic receptor activation
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promotes the development of intrinsic oscillations in EC layer Il neurons (Klink &
Alonso, 1997). On the other hand, some evidence indicates that altered activity of the

cholinergic system is relevant to epileptogenesis.

Muscarinic receptors

Muscarinic receptors are a family of G protein-coupled receptors that have a
primary role in central cholinergic neurotransmission. Specific agonists, which
activate postsynaptic muscarinic receptors, stimulate cholinergic signaling (Valentin
et al., 2006). The muscarinic acetylcholine receptors are widely distributed throughout
the body and subserve numerous vital functions in both the brain and autonomic
nervous system (Hassal e af, 1993). Activation of muscarinic receptors in the
periphery causes decrease in heart rate, relaxation of blood vessels, constriction in the
airways of the lung, increase in the secretions and motility of the various organs of the
gastrointestinal tract, increase in the secretions of the lacrimal and sweat glands, and
constriction in the iris sphincter and ciliary muscles of the eye (Wess, 1993). In the
brain, muscarinic receptors participate in many important functions such as learning,
memory and the control of posture.

Muscarinic receptors are members of a large family of plasma membrane
receptors that transduce the intracellular signals via coupling to guanine nucleotide
binding regulatory proteins. (Hulme et a/., 1990; Bonner, 1989; Nathanson, 1987).
Molecular cloning studies have revealed the existence of five molecularly distinct

mammalian muscarinic receptor proteins (Hulme er al., 1990; Bonner, 1989).

All mammalian muscarinic receptor genes share one common feature with

several other members of G-protein receptor gene family i.¢., their open reading frame
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contained within a single exon (Bonner et al., 1987). Like all other G protein coupled
receptors, the muscarinic receptors are predicted to confirm to a generic protcin fold
consisting of seven hydrophobic transmembrane helices joined by alternaiing
intracellular and extracellular amino-terminal domain and a cytoplasmic carboxy-
terminal domain. The five mammalian muscarinic receptors display a high degree of
sequence identity sharing about 145 amino acids. Characteristically all muscarinic
receptors contain a very large third cytoplasmic loop, which, except for the proximal
portions. displays virtually no sequence identity among the different subtypes
(Bonner, 1989). Agonist binding to muscarinic receptors is thought to trigger
conformational changes within the helical bundle, which are then transmitted to the
cytoplasmic face where the interaction with specific GG proteins occur. Site directed
mutagenesis and receptor-modeling studies suggest that a conserved Asp residue
present in TM 1! of almost all G protein coupled receptors plays a pivotal role in
mediating the conformational changes associated with receptor activation {Wess,

1993).

The ligand binding to muscarinic receptors is peedicted to occur in & pocket
formed by the ring like arrangement of the seven transmembrane domaine (Wess o7
al, 1991; Hulme et al., 1990). Ligand binding appears to be initiated by ion-jon
interaction between positively charged amino head present in virtually all muscarinic
receptor ligands and a conserved Asp residue located in TM I In addition a
previous mutagenesis study has shown that replacement of the conserved T™M ill Asp
residue in the rat muscarinic M1 receptor with Asn results in a receptor unable 1o bind

to ['H] QNB.
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Sequence analysis shows that the hydrophobic core of all muscarinic
receptors contains a series of conserved Ser, Thr and Tyr residues, most of which do
not occur in other G protein coupled receptors. Pharmacological analysis of mutant
M3 muscarinic receptors showed that two Thr residues (Thr23 1 and Thr234) and four
Tyr residues (Tyr148, Tyr506, TyrS29 and Tyr533) are important for high affinity
acetylcholine binding (Wess et al., 1991). It has been shown that a Pro 201 to Ala
mutant M3 muscarinic receptor exhibits affinities for both muscarinic agonists and

antagonists 80-450 times less than those of the wild type (Wess ¢f al., 1993).

In the periphery, among other effects, muscarinic receptors mediate smooth
muscle contraction, glandular secretion and modulation of cardiac rate and force. In
the central nervous system there is evidence that muscarinic receptors are involved in
motor control, temperature regulation, cardiovascular regulation and memory.
Interest in the classification of muscarinic receptors involved in functions at different
locations has been heightened by the potential therapeutic application agents in areas
such as Alzheimer’s disease, Parkinson’s disease, asthma, analgesia, and disorders of
intestinal motility and cardiac and urinary bladder function {Caulfield & Birdsall,

1998).

Classification

Muscarinic receptors are widely distributed throughout the central and
peripheral nervous system. They have critical functions in learning and memory,
attention and motor activity (Levey, 1993; Weiner et al., 1990; Bonner, 1989). The
five muscarinic receptor subtypes are designated as Mi - MS5. The odd-numbered

receptors (M1, M3, and M5) couple to Gg/l1, and thus activate phospholipase C,
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which initiates the phosphatidyl inosito! trisphosphate cascade. This leads to the
dissociation of phosphatidyl 4, 5- bisphosphates (PIP2) into two components, i.e.,
IP; and DAG. IP; mediates Ca®' release from the intracellular pool (endoplasmic
reticulum), whereas DAG is responsible for activation of protein kinase C. On the
other hand, PIP2 is required for the activation of several membrane protein, such as
the “M current” channel and Na'/Ca’* exchangers and muscarinic receptor- dependent
depletion of PIP2 inhibits the function of these proteins (Suh & Hille, 2005; Winks ef
al., 2005; Fuster ¢t al., 2004; Meyer ¢t al., 2001; Caulfield & Birdsall, 1998; Bonner
et al., 1988; Bonner et ul., 1987;). The M1, M2 and M4 subtypes of mAChRs are the
predominant receptors in the CNS. These receptors activate a multitude of signaling
pathways important for modulating neuronal excitability, synaptic plasticity and

feedback regulation of ACh release (Volpivelli et al., 2004)
Muscarinic M1 receptor

M1 receptors are predominantly expressed in the forebrain, including the
cerebral cortex, hippocampus and corpus striatum, where this sub-type contributes by
50-60% to the total of the muscarinic receptors (Gerber et al., 2001; Miyakawa et al.,
2001; Hamilton et al., 1997). The M1 receptor subtype, which is also expressed in
peripheral tissues, has been implicated in stress adaptive cardiovascular reflexes and
central blood pressure control. Studies have shown that central administration of the
M1 specific antagonist pirenzepine lowered the blood pressure (Buccafusco, 1996;
Brezenoff & Xiao, 1986). A putative overexpression of the M1 subtype in selected
brain areas of spontaneously hypertensive rats has been reported (Scheucher et af.,
1991). Muscarinic agonist depolarization of rat isolated superior cervical ganglion is

mediated by M1 receptors (Brown et al., 1980). M1 is one of the predominant
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muscarinic receptor subtypes expressed in pancreatic islets (Gilon & Henquin., 2001).
Studies in pancreatic islets revealed that activation of muscarinic receptors is pertusis
toxin insensitive and Gq mediated. Muscarinic M1 receptor number decreased in the
brainstem at time of pancreatic regeneration without any change in the affinity

(Renuka et al., 2006).

Muscarinic M2 receptor

Muscarinic receptor activation in guinea pig heart produces a reduction in
force of contraction and a decrease in the rate of beating. These effects are probably
the consequence of inhibition of voltage-gated Ca’' channels and activation of
inwardly rectifying K’ channels, respectively.  Extensive studies with many
antagonists have defined this response as being mediated by the M2 receptor
(Caulfield, 1993). Muscarinic M2 receptors mediate both negative and positive
ionotropic responses in the left atrium of the reserpinized rat, latter effect being
insensitive to pertusis toxin (Kenakin & Boselli, 1990). Central cholinergic
transmission can also be activated by inhibition of the presynaptic M2 acetyicholine
autoreceptor using selective antagonists. The presynaptic M2 autoreceptor negatively
influences the release of acetylcholine in several brain regions, including the striatum,
hippocampus, and cerebral cortex (Kitaichi ef al., 1999; Zhank ef al., 2002; Billard ef
al., 1993). A direct consequence of brain M2 autoreceptor tnhibition is an elevation of
acetylcholine release in the synaptic cleft. M2 receptor antagonists have been shown
to enhance the release of acetyicholine in different brain structures (Stillman et al.,

1993, 1996).

Muscarinic M3 receptor
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M3 muscarinic receptors are broadly expressed in the brain, although the
expression level is not high, compared to those of the M1 and M2 receptors (Levey,
1993). Muscarinic M3 receptor is widely distributed in the peripheral autonomic
organs with the highest expression found in the exocrine glands (Candell et al., 1990;
Pedder et al., 1991; Kashihara et al., 1992; Matsui et al., 2000). Expression of the M3
receptor in the rat pancreatic islets and insulin secreting cell lines has been established
(Lismaa, 2000). M3 receptor also triggers direct contractions of smooth muscle,
howevet, it only represents a minor fraction of total muscarinic receptor population in
smooth muscle. It is expressed in relatively low density throughout the brain. Studies
using knock out mice for M3 receptors gave evidences for the primary importance of
these receptors in the peripheral cholinergic system. In urinary bladder, pupillary
muscles and intestinal smooth muscles the cholinergic contractions are mediated
predominately by M3 receptors (Matsui er al., 2000). Central Muscarinic M3 receptor
subtypes functional balance is suggested to regulate sympathetic and parasympathetic

activity (Renuka et al., 2004).

Muscarinic M4 receptor

Muscarinic M4 receptor is known to be abundantly expressed in the striatum
(Levey, 1993). Muscarinic M4 receptors act as inhibitory muscarinic autoreceptors in
the mouse (Zhang et al., 2002). The neuroblastoma-glioma hybrid cell line NG 108—
15 expresses M4 mRNA and M4 receptors can be detected readily in radioligand
binding assays (Lazareno ¢ al., 1990). Inhibition of adenylyl cyclase activity by
musearinic agonists in rat corpus striatum is mediated by M4 receptors (Caulfield,
1993; Olianas ef al., 1996). Muscarinic M1 and M3 receptors function differently

regulate glucose induced insulin secretion were reported (Renuka et al., 2006).
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Muscarinic MS receptor

The MS5 receptor was the last muscarinic acetylcholine receptor cloned.
Localization studies have revealed that the M5R is abundantly expressed in dopamine-
containing neurons of the substantia nigra par compacta, an area of the midbrain
providing dopaminergic innervation to the striatum. Concordantly, oxotremorine-
mediated dopamine release in the striatum was markedly decreased in M5R-deficient
mice. More intriguingly, in M5R-deficient mice, acetylcholine induced dilation of
cerebral arteries and arterioles was greatly attenuated (Yamada er al., 2001),
suggesting that the M5 receptor might be a suitable target for the treatment of
cerebrovascular ischemia. Muscarinic M35 receptor subtype expressed at low levels in

the brain (Hulme er al., 1990; Hosey, 1992).

Studies of the M35 receptor have been hampered both by the lack of selective
ligands and of tissues or cell lines that endogenously express the native receptor
protein. Immunoprecipitation and RT-PCR studies have shown that the M5 receptor
is expressed at very low densities in the mammalian brain. However, in situ
hybridization studies have demonstrated that MS transcripts are highly concentrated in
the basal ganglia and are the only muscarinic receptor transcripts expressed on
dopaminergic neurons in the substantia nigra pars compacta (SNc) and ventral
tegmental area (VTA) (Reever et al., 1997). Another potentially useful system is the
eosinophilic leukemia cell line (EoL-1) where M5 receptors can be induced on

differentiation with interferon-y (Mita et al., 1996).
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Signal transduction by muscarinic activation

Gq-protein-coupled receptors (GqPCRs) are widely distributed in the CNS
and play fundamental roles in a variety of neuronal processes. Their activation results
in phosphatidyl inosito! 4,5-bisphosphate (PIP2) hydrolysis and Ca' release from
intracellular stores via the phospholipase C (PLC)-inositol [,4,5-trisphosphate (1P5)
signaling pathway. Because early GqPCR signaling events occur at the plasma
membrane of neurons, they might be influenced by changes in membrane potential
(Billups et al., 2006). Muscarinic receptors, which are G protein coupled, stimulate
signaling by first binding to G protein complex (afly) which provides specificity for
coupling to an appropriate effector. The a subunit interacts with an effector protein or
ion channel to stimulate or inhibit release of intracellular second messengers.
Mutation analysis showed that the G protein is primarily but not exclusively acts
through interaction with the third cytoplasmic loop. It is suggested that the short
sequences, N terminal 16-21 and C terminal 19 amino acids of the loop play a key role

in determining the specificity (Wess et a/., 1989).
Cyclic adenosine monophosphate

Adenylate cyclase can be either positively or negatively regulated by G
protein coupled receptors resulting in an increase or decrease in the generation of the
second messenger, Cyclic adenosine monophosphate (cAMP). The stimulation of
muscarinic M2 and M4 receptors endogenously expressed in cell lines, results in the
inhibition of adenylate cyclase. G protein reconstitution experiments have shown that
M2 receptors inhibit adenylate cyclase through Gi and possibly through the pertusis

toxin insensitive Gz. In neuroblastoma SK-N-SH cells which express endogenous
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muscarinic M3 receptors stimulate adenylate cyclase activity (Baumgold & Fishman,
1988). The muscarinic M1 receptor which ectopically expressed at physiological
levels in A9L cells, was shown to stimulate adenylate cyclase through an I1P; and Ca”’
dependent mechanism (Felder ef al,, 1989). In contrast, M1 receptors stimulate
adenylate cyclase in CHO cells predominantly through an IP; and Ca’" independent
mechanism that also contained a small Ca’>  dependent component (Gurwitz et ai.,

1994).

Phospholipase C

The family of phospholipase C (PLC) enzymes has been grouped into three
classes, 8, vy and 8 (Rhee & Choi, 1992). PLC serves as the primary effector for the
muscarinic M1 receptor that is coupled through Gq o subunits (Berstein ef al., 1992).
Muscarinic M1, M3 and M5 receptors can stimulate the production of I[P,
independent of direct PLC and G protein interaction (Gusovsky, 1993). This
alternate route for the generation of IP; involves the tyrosine kinase dependent
phosphorylation of PLCy, a mechanism normally stimulated by growth factors and
their receptors (Meisenhelder er al, 1989). Expression studies revealed that the
cloned muscarinic M2 receptor stimulates PLC through a pertusis toxin-sensitive G
protein although with lower efficiency than M1 or M3 receptors (Ashkenazi et al.,
1987). Inhibition of PLC by an endogenously expressed M2 receptor has been
reported in FRTLS cells suggesting that negative regulation may also occur in some

cells (Bizzarri et al., 1990).
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Phospholipase A2

Phospholipase A2 catalyze the hydrolysis of membrane phospholipids to
generate free arachidonic acid and the corresponding lysophospholipid. Muscarinic
receptors have been shown to stimulate the release of arachidonic acid and its
eicosanoid metabolites in a variety of tissues including heart, brain and muscle
(Abdel-Latif, 1986). Ectopic transfection experiments indicates that the muscarinic
M1, M3 or MS receptors, but not M2 or M4 receptors are linked to phospholipase A2
activation (Conklin et al., 1988; Felder et al., 1990; Liao et al., 1990). Muscarinic
receptor stimulated release of arachidonic acid occurs predominantly through the
activation of phospholipase A2 and phosphatidylcholine serves as the primary
substrate. Studies suggested that calcium influx, through voltage independent calcium
channel activation and diacylglycerol, through PLC activation were essential for
phospholipase A2 activation (Felder er al., 1990; Brooks et al., 1989). In ileal smooth
muscle cells, carbachol stimulated phospholipase A2 itself caused calcium influx,
implicating an amplification mechanism in phospholipase A2 regulation (Wang ef «/.,

1993).
Phospholipase D

Muscarinic receptor stimulated phospholipase D has been reported in a
number of cell types including canine synaptosomes (Qian & Drewes, 1989), rat
astrocytoma cells (Martinson, 1990), human neuroblastoma cells (Sandmann &
Wurtman, 1991) and rat parotid cells (Guillemain & Rossignol, 1992). Assaciation of
muscarinic subtypes with phospholipase D has been shown in human embryonic

kidney cells transfected with the MI1-M4 receptors. In most cells studied.
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phaospholipase C and D are usually stimulated simultaneously following receptor

activation {Liscovitch, 1991).

Calcium influx and release from intracellular stores

Muscarinic receptors typically stimulate biphasic increases in intraceilular
calcium in most cells. The transient phase represents the release of calcium from 1P
sensitive intracellular calcium stores. Calcium influx through calcium channels play a
central role in the regulation of multiple signaling pathways activated by muscarinic
receptors. In excitable cells such as neurons and muscle cells calcium passes
predominantly through voltage sensitive calcium channels (VOCC). In non-excitable
cells, such as fibroblasts and epitheiial cells, calcium passes through a family of
poorly characterised voltage - insensitive calcium channels. VICCs open in response
to receptor activation and have been classified into (1} receptor operated calcium
channels which are second messenger independent, (2) second messenger - operated
calcium channels (SMOCCs) and (3) depletion operated calcium channeils which open
following 1P; mediated depletion of intracellular stores and provide a source of

calctum for refilling the stores.

Bacopa monnieri (Linn.) Pennell

Family: Scrophulariaceae

Bacopa monnieri commonly called as ‘Brahmi’ in Malayalam and Hindi is a
small creeping, glabrous, punctuate herb numerous ascending branches, commonly
growing in most parts of India. It is being culitivated as a commercial crop. The main

stem is green or slightly purplish, obtuse-angular and 10-30 cm long with rooting at
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nodes. Leaves are opposite, short-petioled, obovate-oblong and somewhat succulent
1-2.5 ¢m long and 0.4-1 c¢m broad, glabrous on both sides and dotted with minute
black specks. Flowers are solitary axially, white or purple-tinged. Fruits are ovoid
capsules, about 5 mm long and glabrous. The plant flowers and fruits throughout the
year, though mostly during February to April. Drug consists of fresh or dried whole

plant.

The plant elaborates several triterpenoids of dammarane group which occur
mostly as glycosides (saponins) and are present to the extent of 2-3% on dry herb
basis and are considered medicinally valuable. Around 10 of these have been obtained
pure { Bacosaponins A-F, Bacoposides 11-1V). Betulinic acid a triterpene with known
anticancer activity has also been obtained from the plant (Brown er al., 1960). Four
glycosides based on phenylethanol as basic unit have been isolated (Chakravarthy ef
al., 2002). Of other secondary metabolites attention is drawn to flavonoids (luteolin
and its glycosisdes). sugars (D-mannnitol } usual sterols (B-sitosterol, stigmasterol and

its esters) and paraffins (heptacosane, hentriacontane).

The pharmacological properties of Bacopa monnieri were studied extensively
and the activities were attributed mainly due to the presence of characteristic saponins
called as Bacosides (Deepak & Amit, 2004). Bacosides are complex mixture of
structurally closely related compounds, glycosides of either jujubogenin or
pseudojujubogenin. Bacosides have been found to offer protective role in the synaptic
functions of the nerves in hippocampus (Kishore et al., 2005). There are few methods
reported in the literature for quantification of Bacosides in plant extracts and
formulations. Spectrophotometric methods (Pal & Sarin, 1992) developed based on

the hydrolysis of Bacosides to an aglycone that has an absorption maximum at 278



nm. A high performance thin-layer chromatographic method was developed for the
estimation of Bacoside A in Bacopa monnieri plant and its formulations (Shrikumar ef
al., 2004). A few high performance liquid chromatographic (HPLC) methods were
also developed for the quantification of Bacosides in Bacopa monnieri extracts and

formulations (Pal et al., 1998).

Due to the importance of Bacopua monnieri in the indigenous system of
medicine, systematic chemical examinations of the piant have been carried out by
several groups of researchers. The major chemical entity shown to be responsible for
the memory-facilitating action of Bacopu monnieri, Bacoside A, was assigned as 3-(a-
L-arabinopyranosyl}-O-b-D-glucopyranoside-10, 20-dihydroxy-16-keto-dammar-24-
ene {Chatterji er al., 1965). Bacoside A usually co-occurs with bacoside B; the latter
differing only in optical rotation and probably an artifact produced during the process
of isolating Bacoside A (Rastogi er al, 1990). The chemical composition of
bacosides, contained in the polar fraction, has been established on the basis of
chemical and physical degradation studies. On acid hydrolysis, bacosides yield a
mixture of aglycones, Bacogenin Al. A2, A3 (Kulshreshtha & Rastogi, 1973, 1974;
Chandel er af, 1977y and two genuine sapogenins, jujubogenin and

pseudojujubogenin (Rastogi ef al., 1994).

Bacopa monnieri extracts and isolated bacosides have been extensively
investigated in several studies for their neuropharmacological effects and a number of
reports are available confirming their nootropic action. Preliminary studies established
that the treatment with crude extract (Malhotra & Das, 1959) and with the alcoholic
extract of Bacopa monnieri plant (Singh & Dhawan, 1982) enhanced learning ability

in rats. Subsequent studies indicated that the cognition-facilitating effect was due to
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two active saponins, Bacosides A and B, present in the ethanol extract (Singh &
Dhawan, 1992). These active principles, apart from facilitating learning and memory
in normal rats, inhibited the amnesic effects of scopolamine, electroshock and
immobilization stress (Dhawan & Singh, 1996). It has been suggested that the
Bacosides induce membrane dephosphorylation with a concomitant increase in protein
and RNA turnover in specific brain areas (Singh ¢f al., 1990). Further, Bacopa
monnieri has been shown to enhance protein kinase activity in the hippocampus which
could also contribute to its nootropic action (Singh & Dhawan, 1997). A study of
Bhattacharya er al., (1999) reported that a standardized Bacoside-rich extract of
Bacopa monnieri, administered for 2 weeks in rats, reversed cognitive deficits induced
by intracerebroventricularly administered colchicines and by injection of ibotenic acid
into the nucleus basalis magnocellularis. The central cholinergic system is considered
the most important neurotransmitter involved in the regulation of cognitive functions.
Cholinergic neuronal loss in hippocampal area is the major feature of Alzheimer’s
disease (AD) and enhancement of central cholinergic activity by anticholinesterase is
presently the mainstay of the pharmacotherapy of AD-type senile dementia.
Administration of Bucopa monnieri for two weeks reversed the depletion of
acetylcholine, the reduction in choline acetylase activity and the decrease in
muscarinic cholinergic receptor binding in the frontal cortex and hippocampus
induced by neurotoxin, colchicines (Bhattacharya ef af., 1999). It has been suggested
that the behavioral effects of cholinergic degeneration can be alleviated by a reduction
in noradrenergic function (Sara er «l., 1989). Bacopa monnieri is known to lower
norepinephrine and increase S-hydroxytryptamine tevels in the hippocampus,
hypothalamus and cerebral cortex (Singh & Dhawan, 1997). Bacopa monnieri is
suggested to indirectly modify Ach concentrations through its influence on other

neurotransmitter systems. In a recent study, standardized extract of Bacopa monnieri
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used to cvaluate the antidementic and antichelinesterase activities in adult male Swiss
mice (Das ¢f al., 2002). Antidementic activity was tested against scopolamine (3

mg-'’kg ip)-induced deficits in passive avoidance (PAY test.

The present work s to understand the alterations of otal  muscarinic.
muscarinic M1 and glutamate receptors in the brain regions of pilocarpine induced
epileptic rats. The work focuses on the evaluation of the antiepileptic activity of
extracts of Bacopa monnicri. Bacoside A and Carbamazepine in vivo. The molecular
changes in the muscarinic M| receptors in the pre- and post-treated epileptic model
with Bacopa monnicri, Bacoside A and Carbamazepine were also studied. These
studies will help us to clucidate the tunctional role of muscarinic and glutamate

receptors in epilepsy.



Materials and Methods

BIOCHEMICALS AND THEIR SOURCES
Biochemicals used in the present study were purchased from Sigma
Chemical Co., St. Louis, USA. All other reagents were of analytical grade

purchased locally.

CHEMICALS USED IN THE STUDY
Biochemicals: (Sigma Chemical Co., St. Louis, USA.)

Acetylthiocholine iodide, ethylene diamine tetra acetic acid (EDTA}, Tris
HCI, calcium chloride, pirenzepine, atropine, Glutamic acid, Carbamazepine,

Pilocarpine

Radiochemicals

Quinuclidinylbenzilate, L-[Benzilic-4,4'-"H] (Sp. Activity 42 Ci/mmol)
was purchased from NEN life sciences products Inc., Boston, U.S.A. L-[G-’H]
Glutamic acid (Sp. Activity 49 Ci/mmol) was purchased from Amersham

Biosciences, UK

Molecular Biology Chemicals

Random hexamers,, human placental RNAse inhibitor and ANTPS were
purchased from Bangalore Genei, India. Reverse transcriptase enzyme MuMLV,
was obtained from Amersham Life Science, UK. Tri-reagent kit was purchased
from MRC, USA. Real Time-PCR Tagman probe assays on demand werc
purchased from Applied Biosystems, Foster City, CA. USA.
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ANIMALS

Adult wistar rats of 250-300g body weight purchased from Amrita
Institue of Medical Sciences, Cochin and Kerala Agriculture Unviersity,
Mannuthy were used for all experiments. They were housed in separate cages
under 12 hrs light and 12 hrs dark periods and were maintained on standard food

pellets and water ad libitum.

PLANT MATERIAL

Specimens of Bacopa monnieri were collected from Cochin University
area. The plants were taxonomically identified and authenticated by Mr. K.P.
Joseph, Head of the Dept. of Botany (Retd), St. Peter’s College, Kolenchery and
voucher specimens are deposited at the herbarium of the Centre for Neuroscience,
Dept. of Biotechnology, Cochin University of Science and Technology, Cochin,
Kerala (No. MNCB3).

PREPARATION OF Bacopa monnieri PLANT EXTRACT

Whole plant Bacopa monnieri 10 g was mixed with 100m! of distilled
water and homogeised well. The homogenate was filtered through cheese cloth
This crude whole plant extract was used to study the anti epileptic effect in

pilocarpine induced temporal lobe epilepsy in rats.

PREPARATION OF Baceside A

Bacoside A was a generous gift from the Natural Remedies Pvt Ltd.
Veerasandra Industrial Area, Bangalore, India and the extraction procedure was
follows. The whole plant of Bacopa monnieri was dried in shade and then
powdered plant material was extracted with distilled water. The aqueous extract
was discarded and the residual plant material was extracted thrice with 90%
ethanol. The residue obtained after removing the solvent was dried in vacuum and

macerated with acetone to give a free-flowing power. The extract of Bucopu
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monnieri contained 40-50% bacoside estimated as Bacoside A. The estimation
method involves acid hydrolysis of bacosides,which yields quantitatively a
transformed aglycone-ebelin lactone which contained a conjugated triene system

and was estimated by UV spectrophotometer at 278 nm (Pal & Sarin, 1992).

EPILEPSY INDUCTION

Adult male Wistar rats, weighing 250 to 300 g. were housed for 1 to 2
weeks before experiments were performed. Experimental animals were injected
with pilocarpine (350 mg/kg i.p.), preceded by 30 min with atropine (| mg/kg i.p.)
to reduce peripheral pilocarpine effects. Within 20 to 40 min after the pilocarpine
injection, essentially all of the animals developed status epilepticus (SE).
Behavioral observation continued for 5 hrs after pilocarpine injection. Pilocarpine-
induced seizures were graded according to the Racine scale using stage 1-3: Stage
0, in which the rats showed no convulsion; stage 1. in which rats showed Facial
Automatism; stage 2, Head nodding 3, unilateral forelimb clonus 4, bilateral
forelimb clonus 5, rearing. falling and generalized convulsions. The occurrence of
stage 3-5 was considered as one complete seizure. SE was allowed to continue for
1 hr and then control and experimental animals were treated with diazepam (4
mg/kg i.p.). Animals recovered from this initial treatment within 2 to 3 days and
were observed for the next 3 weeks. Animals were monitored by video recording
and by clinical observation to evaluate the development of seizure discharge.
Seizures were scored on a scale from 1 to 5, as used for the scoring of kindled
seizures as described Racine, (1972). Over 80% of the animals were found to have
recurrent partial and generalized seizures after 3-4 weeks after the initial
pilocarpine injection. No seizures were observed in control animals.

24 days after pilocarpine treatment, the rats were continuously video
monitored for 72 hrs. The behavior and seizures were captured with a CCD
camera and a Pinnacle PCTV capturing software card and stored in the hard disk

of the computer. One trained technician, blind to all experimental conditions.
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viewed all videos. Seizure activity was rated according to Racine Scale. (Racine,
1972). Seizures were assessed by viewing behavioral postures (i.e. lordosis,
straight tail, jumping/ running, forlimb clonus and/or rearing during fast forward
observation of the videos. Once a behavioral posture was observed the video was

rewound to the beginning of the behavior and examined at real-time speed.

DETERMINATION OF ANTIL-EPILEPTIC POTENTIAL OF Bacopa

Monnieri and Bacoside A

Animals used in this study were randomly divided into two groups
1} Pre-treated group
2) Post-treated group

Each of these group were subdivided into the following groups
a) Group |: Control (given saline injection)

b) Group 2: Epileptic

¢) Group 3: Epileptic rats treated with Carbamazepine

d) Group 4: Epileptic rats treated with Bacopa monnieri

e) Group 5: Epileptic rats treated with Bacoside A

Post-treatment

The rats were initially divided into two groups- Control and Epileptic. The
epileptic group was injected with Pilocarpine according to the previously
established protocols as described earlier. The control group received saline
instead of pilocarpine. The epileptic group sowed spontaneous recurrent seizures
approximately 20 minutes after pilocarpine injection. Those rats that did not show
spontaneous seizures after pilocarpine treatment were excluded form the study
group. The rats were singly housed and maintained for 24 days with standard food

and water ad libitum afier pilocarpine treatment.  Afler 24 days the rats were



subjected continuous video monitoring for 72 hrs. The behavior and seizures were
observed. Those experimental rats that did not show seizures were excluded from
the study group. The experimental group was again divided into four. The first
group that did not receive the treatment was epileptic. Carbamazepine was given
orally to the third group of epileptic rats (150 mg/ kg body weight/day). Extract of
Bacopa monnieri was given orally to the 4™ group of epileptic rats in the dosage of
300 mg/Kg body weight/ day for 15 days. Bacoside A extract was given orally to
the 5™ group of epileptic rats in the dosage of 150myg/ Kg body/ day for 15 days.
After 15 days of treatment the rats were again subjected to continuous video

monitoring for 72 hrs. The rats were sacrificed after the video observation.

Pre-treatment

Extract of Bacopa monnieri was given orally to the 4™ group of epileptic
rats in the dosage of 300 mg/Kg body weight at 24 hour intervals. Bacoside A
extract was given orally to the 5™ group of epileptic rats in the dosage of 150mg/
kg body for 15 days and the rats were injected with pilocarpine at the 16" day. The
rats were subjected to continuous video monitoring for 24 hrs and were sacrificed

24 hours after status epilepticus

SACRIFICE AND TISSUE PREPARATION

The animals were sacrificed by decapitation. The cerebral cortex,
hippocampus, corpus striatum, brain stem, cerebellum and hypothalamus were
dissected out quickly over ice according to the procedure of Glowinski & [versen,

(1966). Tissue samples were kept at -70° C until assay.

ACETYLCHOLINE ESTERASE ASSAY
Acetylcholine esterase asssay was done using the spectrophotometric
method of Ellman ef al., (1961). The homogenate {10%) was prepared in sodium

phosphate buffer (30mM, pi-7.0). One ml of 1% Triton x 100 was added to the
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homogenate to release the membrane bound enzyme and centrifuged at 10,000 Xg
for 30 minutes at 4°C. Different concentrations of acetylthiocholine iodide were
used as substrate. The mercaptan formed as a result of the hydrolysis of the ester

reacts with an oxidising agent 5,5' -dithiobis (2-Nitrobenzoate) absorbs at 412 nm.

MUSCARINIC RECEPTOR BINDING STUDIES USING [*H]
RADIOLIGANDS

Binding studies in the Brain regions

[’H|QNB binding

{("H]JQNB binding assay in hippocampus, brain stem, cerebellum and
cerebral cortex was done according to the modified procedure of Yamamura &
Snyder (1981). Brain tissues were homogenised in a polytron homogeniser with
20 volumes of cold S0mM Tris-HC! buffer, containing imM EDTA (pH.7.4). The
supernatant was then centrifuged at 30,000xg for 30 minutes and the pellets were
resuspended in appropriate volume of Tris-HCI-EDTA buffer.

Total muscarinic receptor binding parameter assays were done using
different concentrations i.e., 0.1-2.5nM of [*H] QNB in the incubation buffer, pH
74 in a total incubation volume of 250pl containing appropriate protein
concentrations (200-250pg). Non-specific binding was determined using 100uM
atropine. Tubes were incubated at 22°C for 60 minutes and filtered rapidly
through GF/C filters (Whatman). The filters were washed quickly by three
successive washing with 5.0 ml of ice cold 50mM Tris-HCl buffer, (pH 7.4).
Bound radioactivity was counted with cocktail-T in a Wallac 1409 liquid
scintillation counter. The non-specific binding determined showed 10% in all our
experiments.

Muscarinic M1 receptor binding assays were done using different
concentrations i.e., 0.1-2.5nM of ['HJQNB in the incubation buffer, pH 7.4 in a
total incubation volume of 250ul containing appropriate protein concentrations

(200-250ug). Non-specific binding was determined using 100uM pirenzepine.
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Tubes were incubated at 220C for 60 minutes and filtered rapidly through GF/C
filters (Whatman). The filters were washed quickly by three successive washing
with 5.0 ml of ice cold 50mM Tris-HCI buffer, (pH 7.4). Bound radioactivity was

counted with cocktail-T in a Wallac 1409 liquid scintillation counter.

Protein determination

Protein was measured by the method of Lowry et ¢f., (1951) using bovine
serum albumin as standard. The intensity of the purple blue colour formed was
proportional to the amount of protein, which was read in a spectrophotometer at

660nm.

GLUTAMATE DEHYDROGENASE ASSAY

Glutamate Dehydrogenase activity was estimated according to the
procedure of Kaur and Kanungo, (1970). Sample extracts were prepared by
making 5% homogenate of the tissue in ice cold Phosphate buffered saline, pH
7.4. The homogenate was centrifuge at 1000xg for 10 minutes to discard the
nuclear pellet. The supernatant was centrifuged at 10,000xg for 20 minutes and the
enzyme fraction was collected. The reaction mixture in the experimental and
reference cuvettes contained triethanolamine buffer, pH 8.0, EDTA, ammonium
acetate and enzyme sample of appropriate concentration. The reaction mixture of
I ml volume was assayed at 366 nm using spectrophotometer by adding different
concentration of a-ketoglutarate and 10mM NADH. Decrease in optical density
due to oxidation of NADH was measured at 15 seconds interval for one minute at
room temperature. The decrease in absorbance was linear during the course of all
assays. One unit of enzyme activity was equal to the change in OD of 0.1 in 100
seconds at 366nm. Activity of enzyme was expressed as specific activity

represented by units/mg of protein.
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GLUTAMATE RECEPTOR BINDING STUDIES USING [’H]
RADIOLIGANDS

Membranes were prepared according to the modified method of Timothy
et al (1984). Tissues were homogenized in 20 volumes of 0.32 M sucrose, 10 mM
Tris/HCl and 1 mM MgCl, buffer, pH 7.4, with a polytron homogeniser. The
homogenate was centrifuged twice at 1,000 g for 15 min at 4°C and the pellets
were discarded. The supernatants were pooled and centrifuged at 27,000 xg for 15
min. The resulting pellet was lysed in a 10 mM Tris/HCI buffer, pH 7.4, for 30
min and centrifuged at 27,000 xg for 15 min. The resultant pellet was washed
three times in 10 mM Tris/HC! buffer, pH 7.4, and centrifuged at 27,000 xg for 15

min. All steps were carried out at 4°C.

[ H]-Glutamate binding. ["H]-Glutamate binding assays were carried out
according to Timothy ef a/ (1984). Membranes were incubated in 0.25 ml reaction
mixture containing 25 mM Tris/HCI, pH 7.4, 5 mM MgCl, and 10-350 nM [*H]-
glutamate. Incubation was carried out at 30°C for 15 min and the reaction was
stopped by centrifugation at 27,000 xg for 15 min. The pellet and the walil of the
tube were quickly and carefully washed with ice-coid distilled water. SDS (0.1%)
and scintillation liquid wefe added to the dry peliet and radioactivity incorporated
was determined with a Wallac scintillation counter. All the assays were carried out
in triplicate. Nonspecific binding was determined by adding 350 uM
nonradioactive glutamate to the reaction mixture in a parallel assay. Specific

binding was considered to be the difference between total and nonspecific binding.

ANALYSIS OF THE RECEPTOR BINDING DATA
Linear regression analysis for Scatchard plots

The data were analysed according to Scatchard (1949). The specific
binding was determined by subtracting non-specific binding from the total. The

binding parameters, maximal binding (B,,,x) and equilibrium dissociation constant
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(K4), were derived by linear regression analysis by plotting the specific binding of
the radioligand on X-axis and bound/free on Y-axis. The maximal binding is a
measure of the total number of receptors present in the tissue anc; the equilibrium
dissociation constant is the measure of the affinity of the receptors for the

radioligand. K, is inversely related to receptor affinity.

Nonlinear regression analysis for displacement curve

The displacement data were analysed by nonlinear regression using
GraphPad Prism software, GraphPad Inc., USA. The concentration of the
competing drug that competes for half the specific binding was defined as ECs,
which is same as 1Csp (Unnerstall, 1990). The affinity of the receptor for the
competing drug is designated as K; and is defined as the concentration of the
competing ligand that will bind to half the binding sites at equilibrium in the

absence of radioligand or other competitors (Cheng, 1973).

REVERSE TRANSCRIPTASE POLYMERASE CHAIN REACTION (RT-
PCR)
Isolation of RNA

RNA was isolated from the brain regions of control and experimental rats
using the Tri reagent (MRC., USA). 25-50 mg tissue homogenates were made in
0.5 ml Tri Reagent. The homogenate was kept in the room temperature for 5
minutes. 50pl of bromochloropropane (BCP) was added to the homogenate, kept
in the RT for 10-15 minutes and was centrifuged at 12,000xg for 15 minutes at
4°C. The upper aqueous phase was transferred to a fresh tube and 250ul of
isopropanol was added and the tubes were kept at room temperature for 10
minutes. The tubes were centrifuged at 12,000xg for 8 minutes at 4°C. RNA
precipitate forms a pellet on the sides and bottom of the tube. The supernatant
was removed and the RNA pellet was washed with 500pl of 75% ethanot,

vortexed and centrifuged at 12,000xg for 5 minutes at 4°C. The pellets were semi
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dried and dissolved in minimum volume of DEPC-treated water. 2 ul of RNA
was made up to 1 ml and absorbance was measured at 260nm and 280nm. For
pure RNA preparation the ratio of absorbance at 260/280 was > 1.7. The

concentration of RNA was calculated as one absorbance x4 = 42pg.

REAL-TIME POLYMERASE CHAIN REACTION
c¢DNA synthesis

Total cDNA synthesis was performed using ABI PRISM ¢DNA arhive kit
in 0.2ml microfuge tubes. The reaction mixture of 20 pl contained 0.2ug total
RNA, 10 X RT buffer, 25 X INTP mixture, 10 X random primers, MultiScribe RT
(50U/ul)y and RNase free water. The cDNA synthesis reactions were carried out at
25 °C for 10 minutes and 37 °C for 2 hours using an Eppendorf Personal Cycler,
The primers and probes were purchased from Applied Biosystems, Foster City,
CA, USA.

Quantitative real-time PCR assays

Real time-PCR assays were performed in 96-well plates in a ABI 7300
real-time PCR instrument (Applied Biosystems). The TagMan reaction mixture of
20 ul contained 25 ng of total RNA-derived ¢cDNAs, 200 nM each of the forward
primer, reverse primer, and TagMan probe for muscarinic M1 receptor gene/
metabotrophic glutamate 8 receptor gene, endogenous control (B-actin) and 12.5
ul of Taqman 2X Universal PCR Master Mix (Applied Biosystems) and the

volume was made up with RNAse free water, The thermal cycle conditions were

as follows:

50 °C - 2 min

95 °C --- 10 min

95 °C --- 15 sec 40 cycles
60 °C - 01 min
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Fluorescence signals measured during amplification were considered
positive if the fluorescence intensity was 20-fold greater than the standard
deviation of the baseline fluorescence. The AACT method of relative
quantification was used to determine the fold change in expression . This was
done by first normalizing the resulting threshold cycle (CT) values of the target
mRNAs to the CT values of the internal control B- actin in the same samples
(ACT = CTrarger — CT g acuin). It was further normalized with the control (AACT =
ACT = CTeonra). The fold change in expression was then obtained (27 **C T).

EEG ANALYSIS IN CONTROL AND EXPERIMENTAL RATS

Spontaneous electrical activity of brain regions of the control and
experimental rats were carried with Neurocare™ Wingraph Digital EEG system.
EEG analysis was done by placing electrodes in right and left frontal, parietal,
occipital and temporal areas of the scalp of experimental rats and electrode placed
on the ear was considered as reference. Each electrode was placed 10-20 percent
away from the neighbouring electrode. The EEG recording data were analysed for

the brain activity in different brain areas of control and experimental rats.

NEO-TIMM STAINING

The whole brains of the different experimental groups were stored in 4 %
paraformaldehyde at room temperature for 3-5 days. They were sliced in coronal
plane, processed for paraffin embedding in an automated tissue processor and 15
pm thick slices were collected on poly-L-lysine coated glass slides. Deparaffinised
sections were rehydrated through graded alcohol and brought to glass distilled
water. Batches of sections from the control and various test groups were placed in
a glass jar containing a freshly prepared developer, maintained at 24-28°C in the
dark. The developer contained a mixture of 240 mi gum Arabic solution (50% in

distilled water), 40 ml citrate solution (9.4 g sodium citrate, 10.2 g citric acid in 40
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mi dw), 120 ml of 5.6 g percent hydroquinone solution and 2.0 m! of 21.25 ¢
percent silver nitrate solution. Batches of slides were developed for 30 to 45 min.
washing the slides in running tap water terminated development of stain. The
stained slides were dehydrated through graded series of alcohols, cleared in xylene
and cover slipped in DPX mounting medium. Two investigators examined all the
sections blind coded and the features were recorded. The staining procedure was
repeated 3-4 times and slides showing consistent results were analyzed for

evidence of neuronal sprouting

MORRIS WATER MAZE EXPERIMENT

Water maze experiment was conducted during post-treatment. The
custom-constructed water maze pool measured 100 c¢cm in diameter by 50 ¢cm in
depth and was filled with water to a depth of 35 cm. A 10-cm-diameter white
platform was located 1.5 cm below the surface of the water. Nontoxic white paint
was added to the water to visually obscure the location of the platform. The pool
had been divided into four quadrants of homogeneous size and the platform was
located in the center of one of the quadrants, halfway between the center and the
wall of the pool. All swim latencies were recorded with a manual stopwatch. a
technique routinely employed by others (Hort ez ., 1999). The water maze task
consisted of 15 sessions conducted once daily over 15 successive days. Each
session consisted of four trials separated by approximately 60 second. Rats were
placed manually into the pool, facing the pool wall in the center of one of the
quadrants that did not contain the platform. . For any given rat, the location of the
platform remained fixed across all trials and all sessions. The latency to find the
platform was recorded as the time from release into the pool until the rat had
reached the platform. A maximum of 60 second was allowed for each trial. Rats
not reaching the platform within 60 second were guided to the platform and a
score of 60 second was recorded for each of these experimenter-terminated trials.

The rat was allowed to remain on the platform for the duration of the inter-trial
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interval. A 60-second probe test to determine the time spent in the platform
quadrant after removing the platform from pool was conducted on the 13", 14
and 15" day of the study (24 h after the last hidden platform session). Rats were
released into the pool in the quadrant opposite to that previously associated with
the escape platform. A manual time-sampling procedure (one measurement per
second) was utilized to record the swimming bias of the rat in each of the four

quadrants of the pool.

STATISTICS
Statistical evaluations were done by ANOVA using InStat (Ver.2.04a)

computer programme. Linear regression Scatchard plots were made using

SIGMA PLOT (Ver 2.03).
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Results

DRUG EFFECTS ON EPILEPTIC RATS

1. Seizure frequency after Carbamazepine, Bacopa monnieri and Bacoside A, in
post-treated epileptic rats.

Seizure frequency per 4 hours over 72 hours video recording period showed a
significant increase in epileptic group. Treatment with Carbamazepine, Bacopa
monnieri and Bacoside A significantly (p<0.01) reduced the seizure frequency when

compared to epileptic group {Table-1; Figure- 1-4).

Il. Magnitude of Drug Effect
Mean difference of seizure frequency showed a significant decrease {p<0.01)
in the Carbamazepine, Bacopa monnieri and Bacoside A, post-treatment when

compared to epileptic group (Figure- 5).

HI. Seizure onset latency after Carbamazepine, Bacopa monnieri and Bacoside
A, pre-treatment.

Seizure onset latency showed a significant decrease (p<0.01) in the epileptic
group when compared to Carbamazepine, Bacopa monnieri and Bacoside A, pre-

treated groups (Table- 2, Figure- 6).
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1V. Duration of Status epilepticus after Carbamazepine, Bacopa monnieri and
Bacoside A, pre-treatment.

Duration of Status epilepticus significantly increased (p<0.01) in epileptic
group when compared to Carbamazepine, Bacopa mownieri and Bacoside A, pre-

treated groups (Table- 3, Figure- 7).

V. Effect of different dosage of Carbamazepine, Bacopa monnieri and
Bacoside A, in post-treated epileptic rats

Carbamazepine and Bacoside A treatment in 150 and 300 mg/kg/day showed
a significant decrease (p<0.01} in the seizure frequency when compared to epileptic
group (Table-4a, Figure- 8). Bacopa monnieri treatment in 300 and 500 mg/kg/day
showed a significant decrease (p<0.01) in the seizure frequency when compared to

epileptic group (Table-4b, Figure- 8).

ACETYLCHOLINE ESTERASE ACTIVITY IN THE BRAIN REGIONS OF
EXPERIMENTAL RATS

Hippocampus

Acetylcholine esterase kinetic studies showed that V., significantly
increased (p<0.001) in the hippocampus of epileptic group with no significant
difference in the K, when compared to control. Carbamazepine and extract of Bucopa
monnieri treatment significantly reversed the V.. (p<0.001) to near control when
compared to epileptic group (Table- 5, Figure- 9). Bacoside A treatment significantly
reversed the V.. (p<0.001) to near control when compared to cpileptic group (Table-

6, Figure- 10). K,,, showed no significant change in all the treated groups.
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Brainstem
Brainstem

Vmax Of acetylcholine esterase significantly increased (p<0.01) in the
prainstem of epileptic rats with no significant change in K, when compared to control.
Carbamazepine and Bacopa monnieri treatment significantly reversed the V..
(p<0.01) to near control when compared to epileptic group (Table-7, Figure- 11).
Bacoside A treatment significantly reversed the V. (p<0.01) to near control when

compared to epileptic group (Table- 8, Figure- 12).

GLUTAMATE DEHYDROGENASE ACTIVITY IN THE BRAIN REGIONS
OF EXPERIMENTAL RATS

Hippocampus
Glutamate dehydrogenase kinetics studies showed that V. significantly

increased (p<0.01} in the hippocampus of epileptic group with no significant change
in K. Extract of Bacopa monnieri treatment significantly reversed the V., (p<0.01)

to near control when compared to epileptic group (Table- 9, Figure- 13).

Cerebellum

Glutamate dehydrogenase kinetics studies showed that V,,, significantly
increased (p<0.01) in the cerebellum of epileptic group with no significant change in
Km. Extract of Bacopa monnieri treatment significantly reversed the V., {(p<0.01) to

near control when compared to epileptic group (Table- 10, Figure- 14).

Brainstem

Glutamate dehydrogenase kinetics studies showed that V.. significantly

increased (p<0.001) in the brainstem of epileptic group with no significant change in
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K. Extract of Bacopa monnieri treatment significantly reversed the V. (p<0.001) to

near control when compared to epileptic group (Table- 11, Figure- 15).

CENTRAL MUSCARINIC RECEPTOR ALTERATIONS IN THE BRAIN
REGIONS OF EXPERIMENTAL RATS

Hippocampus

I) Total Muscarinic receptor analysis in post-treated epileptic rats

a) Scatchard analysis of ’H] QNB binding against atropine in the hippocampus of
Control, Epileptic, EpileptictCarbamazepine, Epileptict+Bacopa monnieri and

Epileptic+Bacoside A, post-treated group rats

The total muscarinic receptor status was assayed using the specific ligand,
[’H]JQNB and muscarinic general antagonist, atropine. Scatchard analysis showed
that the B,... increased significantly (p<0.001) in epileptic rats with a significant
increase (p<0.01) in the K4 when compared to control. In Carbamazepine treated
epileptic rats, B,.x significantly (p<0.001) reversed to near contro! when compared to
epileptic group. Ky also significantly (p<0.05) reversed to near control when
compared to epileptic group. Extract of Bacopa monnieri treatment significantly
reversed the B, (p<0.001) and Ky (p<0.01) to near control when compared to
epileptic group (Table-12 & Figure- 16). Bacoside A treatment significantly reversed
the B (p<0.001) and K, (p<0.01) to near control when compared to epileptic group
(Table- 14 & Figure- 18).
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b) Displacement analysis of FH| QNB against atropine
The competition curve for atropine against ['H] QNB fitted for one site mode!
in all groups. The log (ECs) and K; increased in epileptic condition and reversed to

near control in Carbamazepine and Bacoside A treated epileptic rats (Table- 13,15 &

Figure- 17,19).
II) Muscarinic M1 receptor analysis in post-treated epileptic rats

a) Scatchard analysis of FH] ONB binding against pirenzepine in the Hippocampus
of Control, Epileptic, EpileptictCarbamazepine, Epileptic+Bacopa monnieri and

Epileptic+Bacoside A post- treated Epileptic rats

Binding analysis of muscarinic M1 receptors was done using ["HJQNB and
M1 subtype specific antagonist pirenzepine. The B, increased significantly
{p<0.001) in epileptic group when compared to control group. The Ky also increased
significantly when compared to control group (p<0.001). In Carbamazepine treated
epileptic rats By, significantly (p<0.001) reversed back to near control when
compared to epileptic group. Ky also signiﬁcamly" (p<0.001) reversed back to near
control when compared to epileptic group. Extract of Bucopa monnicri treatment
significantly reversed the B (p<0.001) and K, (p<0.01) to near control when
compared to epileptic group. (Table- 16 & Figure- 20). Bacoside A treatment
significantly reversed the B,,.. (p<0.001) and K, (p<0.001) to near control when
compared to epileptic group (Table- 18 & Figure- 22),
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b) Displacement analysis of ’H] QNB using pirenzepine

The competition curve for pirenzepine against [’HIJQNB fitted for one site
model in all groups. The log (ECs) increased in epileptic group and reduced during
Carbamazepine and Bacopa monnieri treatment. The K; increased in epileptic
condition and reversed to near control in Bacoside A treated epileptic rats ( Table- 17,

19 & Figure- 21, 23).

HIT) Real Time-PCR analysis of Muscarinic M1 receptor mRNA in post-treated
epileptic rats

Real Time -PCR analysis showed that the muscarinic M1 receptor mRNA
increased significantly (p<0.001) in epileptic condition. It was reversed to near control
in Carbamazepine (p<0.001), Bacopa monnieri (p<0.01) and Bacoside A (p<0.01)
treated epileptic rats (Table-20, 21 & Figure- 24, 25).

1V) Muscarinic M1 receptor analysis in pre-treated epileptic rats

a) Scatchard analysis of FH] QNB binding against pirenzepine in the Hippocampus
of Control, Epileptic, Epileptic+tCarbamazepine, EpileptictBacopa monnieri and

EpileptictBacoside A pre-treated Epileptic rats

Binding analysis of Muscarinic M1 receptors was done using ["HIQNB and
M1 subtype specific antagonist pirenzepine. B, decreased significantly (p<0.001) in
epileptic group when compared to control group. K4 also decreased significantly when
compared to control group (p<0.01). In Carbamazepine treated epileptic rats B,
(p<0.001) and K4 (p<0.01) reversed significantly to near control when compared to

epileptic group. Extract of Bacopa monnieri treatment significantly reversed the B
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(p<0.001) and K4 (p<0.01) to near control when compared to epileptic group (Table-
22 & Figure- 26). Bacoside A treatment significantly reversed the By, (p<0.001) and
Kq4 (p<0.01) to near control when compared to epileptic group (Table- 24 & Figure-

28).

b) Displacement analysis of PH] ONB using pirenzepine

The competition curve for pirenzepine against ["HIQNB fitted for one site
model in all groups. The log (ECsq) decreased in epileptic group and reversed to near
control in Carbamazepine, Bacopa monnieri and Bacoside A treated epileptic rats. K;
increased in epileptic group and reversed to near control in Carbamazepine, Bacopa

monnieri and Bacoside A treated epileptic rats (Table-23, 25 & Figure-27, 29).

V) Real Time-PCR analysis of Muscarinic M1 receptor mRNA in pre-treated
epileptic rats

Real Time -PCR analysis showed that the muscarinic M1 receptor mRNA
significantly (p<0.001) decreased in epileptic condition and it reversed to near control
in Carbamazepine (p<0.001) Bacopa monnieri (p<0.001) and Bacoside A (p<0.001)
treated epileptic rats (Table-26, 27& Figure- 30, 31).
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Cerebellum
1) Total Muscarinic receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of [3H] QNB binding against atropine in the Cerebellum of
Control, Epileptic, Epileptic+Carbamazepine, EpileptictBacopa monnieri and

Epileptict+Bacoside A post- treated Epileptic rats

Scatchard analysis of cerebeliar total muscarinic receptors status showed that
the B, decreased significantly (p<0.01) in epileptic condition when compared to
control group. The K, showed no significant change in the epileptic group compared
to control. In Carbamazepine treated epileptic condition B, significantly (p<0.01)
reversed to near control when compared to epileptic group. Extract of Bucopa
monnieri treatment significantly reversed the By, (p<0.01) to near control when
compared to epileptic group without any change in Ky (Table- 28 & Figure- 32).
Bacoside A treatment also significantly reversed the B (p<0.01) to near control
when compared to epileptic group with out any change in Ky (Table-30 & Figure-

34).

b} Displacement analysis of THJQNB against Atropine

In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The K; and ECs, decreased in
epileptic condition and reversed to near control in Carbamazepine, Bacopa monnieri

and Bacoside A treated epileptic rats (Table- 29, 31 & Figure- 33, 35).
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) Muscarinic M1 receptor analysis in post-treated epileptic rats

a) Scatchard analysis of [3 H] ONB binding against pirenzepine in the Cerebellum of
Control, Epileptic, Epileptic+tCarbamazepine, EpileptictBacopa monnieri and

Epileptict+Bacoside A, post-treated Epileptic rats

Scatchard analysis of muscarinic M1 receptors showed that there was a
significant decrease in B, (p<0.001) and K, (p<0.001) in epileptic rats compared to
control group. In Carbamazepine treated epileptic group B, significantly (p<0.001)
reversed to near control when compared to epileptic group. The K4 also reversed to
the near control level. Extract of Bucopa monnieri treatment significantly reversed the
Brax (p<0.001) and Ky (p<0.01) to near control when compared to epileptic group
(Table-32 & Figure- 36). Bacoside A treatment significantly reversed the B
(p<0.001) and K4 (p<0.01} to near control when compared to epileptic group (Table-
34 & Figure- 38).

b) Displacement analysis of 'H] QNB against pirenzepine

In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECs,) and K; showed a
decrease in all the epileptic group. Treatment with Carbamazepine, Bacopa monnieri
and Bacoside A reversed the log (ECsy) and K; to near control when compared to

epileptic group (Table-33, 35 & Figure-37, 39).
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HI) Real Time-PCR analysis of Muscarinic M1 receptor mRNA in post-treated

epileptic rats

Real Time -PCR analysis showed that the muscarinic M1 receptor mRNA
significantly decreased (p<0.001) in epileptic condition and it reversed to control
level in Carbamazepine (p<0.01)., Bacopa monnieri (p<0.001) and Bacoside A

(p<0.001) treated epileptic rats (Table- 36, 37 & Figure- 40, 41).

1V) Muscarinic M1 receptor analysis in pre-treated epileptic rats

a) Scatchard analysis of P H] QNB binding against pirenzepine in the Cerebellum of
Control, Epileptic, EpileptictCarbamazepine, EpileptictBacopa monnieri and

Epileptic+Bacoside A, pre- treated Epileptic rats

Scatchard analysis of Muscarinic M1 receptors showed that there was a
significant increase in Bu. (p<0.001) in epileptic rats when compared to control
group. K; showed no significant change. In Carbamazepine treated epileptic group
Boax  significantly (p<0.01) reversed to near contro]l when compared to epileptic
group. Extract of Bacopa monnieri treatment significantly reversed the B (p<0.01)
to near control when compared to epileptic group (Table- 38 & Figure- 42). Bacoside
A treatment also significantly reversed the B, {p<0.01) to near control when
compared to epileptic group with out any significant change in Ky (Table-40 &
Figure- 44).
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b) Displacement analysis of PH] ONB against pirenzepine

In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECso) and K; showed no
significant change in the epileptic group compared to control. Carbamazepine, Bacopu
monnieri and Bacoside A treatment decreased the log (ECsg) and K; (Table-39. 41 &
Figure-43, 45).

Brainstem

I) Total Muscarinic receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of [ 'H] QNB binding against atropine in the Brainstem
of Control, Epileptic, Epileptic+Carbamazepine , Epileptic+Bacopa monnieri and

Epileptic+Bacoside A treated Epileptic rats

Scatchard analysis showed that the B,,,x decreased significantly (p<0.001} in
the brainstem of epileptic rats with a significant decrease {p<0.01) in the Ky when
compared to control group. In Carbamazepine treated epileptic rats By, significantly
{p<0.001) reversed back to near control when compared to epileptic group. The Ky
also reversed to near control when compared to epileptic group. Bacopa monnieri
treatment significantly reverse the B, (p<0.001) to near control when compared to
epileptic group with a significant increase in Ky (Table- 42 & Figure- 46). Bacoside A
treatment significantly reversed the B,n,. (p<0.01) and K, (p<0.01) to near control

when compared to epileptic group (Table-44 & Figure- 48).
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b) Displacement analysis of [° H]ONB using Atropine
In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECsp) and K; showed no

change in all the experimental groups. (Table- 43, 45 & Figure- 47, 49).
IT) Muscarinic Mt receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of ['Hf QNB binding against pirenzepine in the Brainstem
of Control, Epileptic, EpileptictCarbamazepine, Epileptic+Bacopa monnieri and

Epileptic+Bacoside A, post-treated rafts

Scatchard analysis showed that the B, decreased significantly (p<0.001) in
epileptic condition when compared to control group. Kq4 also decreased significantly
when compared to control group (p<C.01). In Carbamazepine treated epileptic
condition B (p<0.001) and K4 (p<0.05) were significantly reversed to near control
when compared to epileptic group. Bacopa monnieri extract treatment significantly
reversed the B, (p<0.001) to near control when compared to epileptic group. K4 also
reversed to near control when compared to epileptic group {p<0.01) (Table- 46 &
Figure- 50). Bacoside A treatment also significantly reversed the By (p<0.001) and
K4 (p<0.01) to near control when compared to epileptic group (Table- 48 & Figure-
52).

b) Displacement analysis of [ "HIQNB using pirenzepine

The competition curve for pirenzepine against ["THJQNB fitted for one site

model in all groups. The K; showed an increase in epileptic group which reversed to
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control in the Bacopa monnieri and Bacoside A treated rat groups (Table- 47, 49 &

Figure- 51, 53). Carbamazepine did not reverse the increased K, in epileptic rats.

IH) Real Time-PCR analysis of Muscarinic M1 receptor mRNA in post-treated
epileptic rats

Real Time-PCR analysis showed that the muscarinic M1 receptor mRNA
significantly decreased (p<0.001) in epileptic condition and it reversed to near control
in Carbamazepine treated (p<0.001), Bacopa monnieri {(p<0.001) and Bacoside A
(p<0.001) treated epileptic rats (Table-50, 51 & Figure- 54, 55).

GLUTAMATE RECEPTOR ALTERATIONS DURING EPILEPSY AND
AFTER THE TREATMENT WITH Bacopa monnieri EXTRACT

Hippocampus

I) Total Glutamate receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of FH] Glutamate binding against glutamate in the
Hippocampus of Control, Epileptic and Epileptic+tBacopa monnieri treated
Epileptic rats

Scatchard analysis showed that the B, decreased significantly (p<0.01) in
the hippocampus of epileptic rats with out a significant change in Ky Extract of
Bacopa monnieri treatment significantly reversed the By, {(p<0.01) to ncar control

when compared to epileptic group with out any change in K, (Table-52 & Figure-56).

80



b) Displacement analysis of [3 H] Glutamate against glutamate

In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECsq) and K, showed a
significant decrease in the epileptic group which reversed to near control by Bacopa

monnieri treatment (Table- 53 & Figure- 57).

1) Real Time-PCR analysis of NMDA RI receptor in post-treated epileptic rats.
Real Time-PCR analysis showed that the NMDA RI1 receptor mRNA
significantly decreased (p<0.01) in epileptic group and it reversed to control in

Bacopa monnieri treated (p<0.05) epileptic rats (Table- 54 & Figure- 58).

Cerebellum

I) Total Glutamate receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of ['H] Glutamate binding against glutamate in the
Cerebellum of Control, Epileptic and EpileptictBacopa monnieri post- treated
Epileptic rats

Scatchard analysis showed that the B, decreased significantly (p<0.001) in
the cerebellum of epileptic rats with out a significant change in Ky. Bacopa monnieri
treatment significantly reversed the B, (p<0.001) to near control when compared to

epileptic group with out a change in K4 (Table- 55 & Figure- 59).

b) Displacement analysis of [ H] Glutamate against glutamate
In the displacement analysis, the competitive curve fitted to a one-site model

in all groups with Hill slope values near to unity. The log (ECs) and K; showed a
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decrease in the epileptic group. Treatment with Bacopa monnieri reversed the K; to
near control. Bacopa monnieri treatment also increased the ECs, compared to the

epileptic group (Table-56 & Figure-60).

1) Real Time-PCR analysis of NMDA Rl and metabotrophic glutamate 8
receptor in post-treated epileptic rats.

Real Time-PCR analysis showed that the NMDA RI receptor mRNA
significantly decreased (p<0.001) in epileptic condition and it reversed to near control
in Bacopa monnieri (p<0.01) treated epileptic rats (Table- 57 & Figure- 61). Real
Time-PCR analysis showed that the metabotrophic glutamate 8 receptor mRNA
significantly decreased {p<0.01) in epileptic condition and it reversed to near control

in Bacopa monnieri (p<0.05) treated epileptic rats (Table- 58 & Figure- 62)

Brainstem

I) Total Glutamate receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of ["H/ Glutamate binding against glutamate in the brainstem
of Control, Epileptic and EpileptictBacopa monnieri treated Epileptic rats
Scatchard analysis showed that the B, decreased significantly (p<0.01) in
the Brainstem of epileptic rats with out a significant change in Ky. Bacopa monnieri
treatment significantly reversed the Bma. (p<0.01) to near control when compared to

epileptic group with out a change in K4 (Table- 59 & Figure- 63).
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b) Displacement analysis of ['H] Glutamate against glutamate
In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECs) and K; showed no

significant change in experimental groups. (Table- 60 & Figure- 64).

1) Real Time-PCR analysis of NMDA Rl and metabotrophic glutamate 8
receptor in post-treated epileptic rats.

Real Time-PCR analysis showed that the NMDA R! receptor mRNA
significantly decreased (p<0.001) in epileptic condition and it reversed to near control
in Bacopa monrnieri (p<0.01) treated epileptic rats (Table- 61 & Figure- 65). Real
Time-PCR analysis showed that the metabotrophic glutamate 8 receptor mRNA
significantly decreased (p<0.001) in epileptic condition and it reversed to near control

in Bacopa monnieri {(p<0.05) treated epileptic rats (Table- 58 & Figure- 62)

Cerebral Cortex

) Total Glutamate receptor analysis in post-treated epileptic rats.

a) Scatchard analysis of ['H} Glutamate binding against glutamate in the Cerebral

Cortex of Control, Epileptic and Epileptic+Bacopa monnieri treated Epileptic rats

Scatchard analysis showed that the B« decreased significantly (p<0.01) in
the cerebral cortex of epileptic rats with out any significant change in Ky. Bacopa
monnieri treatment significantly reversed the B, (p<0.01) to near control when

compared to epileptic group with out a change in Kq (Table- 63 & Figure- 67).



b) Displacement analysis of P H] Glutamate against glutamate
In the displacement analysis, the competitive curve fitted to a one-site model
in all groups with Hill slope values near to unity. The log (ECso) and K; showed no

significant change in experimental groups. (Table- 64 & Figure- 68).

NEO-TIMM STAINING IN THE HIPPOCAMPUS IN POST-TREATED
EPILEPTIC RATS

Neo-Timm silver staining in the Hippocampus showed that densely stained
CA1 region of the epileptic rats compared to control which confirms mossy fibre
sprouting. Treatment with Carbamazepine and Bacopa monnieri did not show reversal

to the control status (Figure- 69 a-d).

ELECTROENCEPHALOGRAM ANALYSIS IN PRE- AND POST-TREATED
EPILEPTIC RATS.

Electroencephalogram analysis showed that there is a change in the brain
activity of temporal areas of epileptic rats when compared to control. Treatment with
Carbamazepine, Bacopa monnieri and Bacoside A decreased the change in the brain
activity to near control range in both pre-treated and post-treated groups (Figure- 70 a-

‘e, 71 a-e).
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MORRIS WATER MAZE EXPERIMENT IN THE POST-TREATED
EPILEPTIC RATS

Morris water maze experiment showed a significant increase in the escape
latency of epileptic group when compared to control. Bacopa monnieri treatment
significantly (p<0.001) reversed the escape latency to near control (Table- 65, Figure-
72).

Time spent in the platform quadrant of the epileptic rats showed a significant
decrease {p<0.01) when compared to control. Bacopa monnieri post-treatment
(p<0.01) reversed the time spent in the platform quadrant to near control (Table- 66,

Figure- 73).
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Discussion

SEIZURE LATENCY AND MAGNITUDE OF DRUG EFFECT

Epileptic rats showed a lower seizure onset latency compared to the epileptic
rats treated with Carbamazepine, Bacopa monnieri and Bacoside A. This indicates
that the onset of the seizures is extended in the pre-treated groups. The seizure
duration in the epileptic rats increased when compared to the pre-treated groups. The
control rat group showed no seizures. The increase in the seizure onset latency and
decrease in the duration of seizures of various antiepileptic drugs were reported earlier
(Eric et al., 2002). Post-treated with Carbamazepine, Bucopa monnieri and Bacoside
A reduced the number of seizures per hour compared to the epileptic rat groups. The
severity of the seizures in the treated rat groups was also decreased. These results are
the suggestive evidence of the ability of the Bacopa monnieri and Bacoside A in
reducing the spontaneous seizures in both the pre-treated and post-treated groups

which shows their antiepileptic property.

CENTRAL ACETYLCHOLINE ESTERASE ACTIVITY

Acetylcholine is the primary neurotransmitter of the cholinergic system and
its activity is regulated by acetylcholine esterase. The termination of nerve impulse
transmission is accomplished through the degradation of acetylcholine into choline
and acetyl CoA by acetylcholine esterase (Weihua Xie et af, 2000). Acetylcholine
esterase activity has been used as a marker for cholinergic activity (Goodman &
Soliman, 1991; Ellman et al., 1961).

Central cholinergic activity was studied in experimental rats using

acetylcholine esterase as marker. Our results showed an increase in V. in the
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hippocampus and brainstem of epileptic rats when compared to control. The K,
showed no significant change in both regions. The up regulated acetylcholine esterase
gene and the subsequent increase in the acetylcholine depletion were earlier reported
in Alzheimer’s disease. (Von der Kammer ef al, 2001). Treatment with
Carbamazepine, Bacopa monnieri and Bacoside A reversed the V., near control. The
anticholine esterase activity of the Bacopa monnicri was early reported
(Hanumanthachar ef al, 2006). Stimulation of ACh function by effective dose of
Carbamazepine is involved in the antiepileptic and mood stabilizing mechanisms of
action of Carbamazepine (Mizunok et al, 2000). Our results suggest that the
antiepileptic activity of the Bacopa monnieri is attributed to its pro-cholinergic and

anti-acetylcholine esterase properties.

MUSCARINIC RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE HIPPOCAMPLUS.

Over the past decade, the role of muscarinic receptors in health was given
much scientific study. The potential therapeutic value of various cholinergic agonists
and antagonists have received increasing attention (Zwieten & Doods., 1995; Zwicten
et al., 1995). Muscarinic receptors are a family of G protein-coupled receptors that
have a primary role in central cholinergic neurotransmission. The muscarinic M1
receptor is one of five known muscarinic subtypes in the cholinergic nervous system
{Bonner ef al., 1987; Hulme ef al., 1990; van Zwieten & Doods, 1995). The M1, M2
M3 and M4 subtypes of mAChRs are the predominant receptors in the CNS. These
receptors activate a multitude of signaling pathways important for modulating
neuronal excitability, synaptic plasticity and feedback regulation of ACh release

(Volpivelli et al.. 2004)
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Muscarinic M1 receptor binding studies in the hippocampus of the epileptic
rats showed a significant increase in the B, when compared to control. The K, also
showed a significant increase. Increased B, indicates the increased number of
receptors. The increased K, indicates the decreased affinity for the ligand. These
results were further confirmed by the increase in the log ECs and the K; by
displacement analysis. The Hill slope values of both epileptic and control groups
showed a value near to unity which confirms a single binding site. The Real Time-
PCR analysis showed that the muscarinic M1 receptors were up regulated in the
hippocampus. The increased receptor binding through the up regulation of muscarinic
MI receptor in the hippocampus could be taken as suggestive evidence for the
excitatory effect of muscarinic receptors in the propagation of seizures. The increase
in the K4 indicates that affinity of the receptors towards the ligand was low in
epileptic rats which is an another suggestive evidence of the receptor enhanced

susceptibility to the ligand.

Septo-hippocampal cholinergic fibers ramify extensively through out the
hippocampal formation that are differentially expressed by distinct populations of
neurons, The resultant modulation of cellular exitability and synaptic transmission
with in hippocampal pyramidal cells. (Dodd er af, 1981; Cole & Nicoll, 1983). The
ionic basis of this excitation has now been elucidated. Muscarinic receptors modulate
a large number of ionic conductance in pyramidal neurons through both direct and
indirect biochemical interactions. In addition muscarinic acetylcholine receptors
activation also potentates two mixed cation current (I.,) the calcium dependent non
specific cation current (Halliwell 1990, Colino & halliwell, 1993) and modulates
activity of both voltage dependent Ca’' currents. (Toselli ef al. 1989) and several

ligand gated receptors including NMDA (Makram & Segal, 1990). Physiological
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activation of muscarinic acetylcholine receptors also produces profound alteration in
the second messenger cascade and intracellular calcium mobilization (Power & Sah,
2002) suggesting long term consequences for the neuronal excitability.
Pharmacological activation of muscarinic acetylcholine receptor directly increases the
frequency and amplitude of spontaneous IPSCs whilst at the same time depressing
monosynaptically evoked IPSCs (Behrends & Bruggencate, 1993). Activation of
muscarinic acetylcholine receptors directly excites GABAergic interneurons. [t also
has a depressant effect on the synaptic release of GABA. More recent studies have
shown that in the majority of identified GABAergic interneurons, pharmacological
activation of Muscarinic acetylcholine receptors resulted in a similar membrane

depolarization to that seen in pyramidal cells.

In the experimental rat groups post-treated with Carbamazepine, Bacopa
monnieri and Bacoside A, a significant decrease in the B, was observed when
compared to the epileptic group. The K4 also decreased and returned near to the
control group. The Real Time - PCR analysis showed that the muscarinic Ml
receptors are down regulated to a lower level when compared to the epileptic group.
This could be taken as suggestive evidence that these drugs have effect against the
pilocarpine induced seizures through muscarinic receptors. The reversal of the K; and
log ECs to the near control values in the treated group further confirms this
observation. There are evidences for the action of Bacopa monnicri on the cholinergic
system. The effect of Bacopa monnieri incudes modulation of acetylcholine release,
choline acetylase and muscarinic receptor binding were reported (Bhattacharya et al.,
1999). The anti- acetyicholine esterase activity of the Buacopa monnieri was
previously established (Mizunok er «l. 2000). Our results suggest that Bacopa

monnieri through its active component Bacoside A prevent the depletion of
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acetylcholine in the brain. The reversal of the enhanced receptor binding in the

hippocampus is suggested to be a compensatory mechanism to regulate the

cholinergic activity.

MUSCARINIC RECEPTOR ALTERATIONS DURING PRE-TREATMENT IN
THE HIPPOCAMPUS.

Muscarinic M1 receptor binding studies in the hippocampus of the epileptic
rats showed a significant decrease in the B, when compared to control. The K, also
showed a significant decrease. These results were further confirmed by the decrease in
the log ECs; and K; by displacement analysis. The Hill slope values of the both
epileptic and control groups showed a value near to unity which confirms a single
binding site. The Real Time - PCR analysis showed that the muscarinic M1 receptors
were down regulated in the hippocampus. The decreased receptor binding through the
down regulation of muscarinic M1 receptor in the hippocampus could be taken as
suggestive evidence to compensate the hyper excitability by the muscarinic receptors
in the initiation of seizures. The decrease in the K and log ECsy values and the
increase in the K; values indicate that affinity of the receptors towards the ligand is
high even 24 hours after pilocarpine induced recurrent seizures which confirms the
hyperexitability of the muscarinic receptors. Previous reports showed that in animal
kindling model of epilepsy, a 10-30% decline in the muscarinic receptor occurs in the
hippocampal formation and amygdala transiently after secondarily generalized
seizures with in a duration of less than 4 days indicating that seizures alone can affect

receptor gene expression (Dasheiff ef /., 1982)
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Hippocampus is an area of interest to investigate the pilocarpine-induced
seizures, because it is one of the most vuinerable brain areas for epilepsy-related brain
damage and plays a main role in the development and maintenance of limbic seizures.
The projection from the medial septal area to the hippocampus is cholinergic (Moor ef
al., 1994}, Muscarinic receptors (Rotter ¢f al., 1984) and NMDA receptors (Cotman ez
al., 1987) are widely distributed in the hippocampal region. The hippocampal
formation contains a rich glutamatergic and GABA-ergic input, GABA-ergic
interneurones containing peptide co-transmitters and the glutamatergic perforant
pathway interconnects with entorhinal cortex, subiculum, CAl, CA3 fields and
dentate gyrus (Oftersen & Storm-Mathisen, 1984 Kupferman, 1991). Pilocarpine
produced marked changes in morphology, membrane properties and synaptic
responses of hippocampal rat neurons which are comparable to those observed in
human epileptic hippocampal neurones (Isokawa & Mello, 1991). The presumed
mechanism of action is muscarinic receptor stimulation being responsible for seizure
initiation and for driving amino acids to sustain epileptic activity and to induce
neuronal damage (Turski et al., 1989). Earlier studies described that intrahippocampal
administration of pilocarpine resulted in a decrease of the extraceliular glutamate and
GABA levels and shows simultaneous slowing of the rhythmic activity recorded on
the EEG, showing theta and delta waves. This effect was blocked by co-perfusion
with the non-selective muscarinic receptor antagonist. The cholinergic nature and
involvement of cholinergic receptors in hippocampal theta rhythin has been
previously described in vitro (Konopacki e¢r al., 1988). Presynaptic muscarinic M2
receptor on hippocampal glutamatergic nerve terminals that decreases the release of
glutamate has been described by in vitro studies (Marchi et al., 1989; Marchi &
Raiteri, 1989). Intra- and extracellular single cell recordings demonstrated that

acetylcholine exerted a rapid and powerful muscarinic inhibitory effect upon both
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excitatory and inhibitory afferents to hippocampal neurons and it suggested that this
effect was mediated by a decrease in the amount of released neurotransmitter
(Valentino & Dingledine, 1981). Moreover, muscarinic receptor stimulation
significantly enhanced the spontaneous firing of the hippocampal GABA-ergic
interneurones, resulting in an increased frequency of spontaneous-activity-dependent
inhibitory post synaptic potentials (Pitler & Alger, 1992). [ntrahippocampal
pilocarpine perfusion followed by a significant and sustained enhancement of the
extracellular glutamate concentrations was reported early. (Smolders et af, 2004)
These elevations were associated with the onset of the limbic seizures, as evidenced
from the patterns recorded on the EEG. Seizure related elevations of the extracellular
glutamate concentration have also been observed in patients with complex partial
seizures subjected to epilepsy surgery (Carlson et al., 1992; During & Spencer, 1993).
Enhanced glutamate and GABA release in the EC is suggested to be associated with
the development of epileptic condition (Thompson et al., 2007) Intrahippocampal
perfusion with atropine for three hours did not further change the extracellular
hippocampal GABA and Glutamate level during and after co-administration of
pilocarpine and no specific limbic convulsions were noticed indicating muscarinic
receptors as the primary site of action. Malanski ¢f al., (1994) showed that atropine
can block pilocarpine-induced seizures but is unable to interrupt already established

convulsions.

In the experimental rat groups pre-treated with Carbamazepine, Bacopa
monnieri and Bacoside A, a significant increase in the Bn.,. was observed when
compared to the Epileptic group. The K4 also increased and reached to a value near to
the control group. The Real Time - PCR aralysis showed that the Muscarinic M|

receptor gene expression reversed back to the control value. This could be taken as a
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suggestive evidence that these drugs have a neuroprotective ability against the
pilocarpine induced seizures through the inactivation due to the hyperexitability of the
muscarinic receptors. The reversal of the K; and log ECs to the near control values in
the treated group further confirms this observation. There were evidences for the
action of Bacopa monnieri on the cholinergic system. The effect of Bacopa monnieri
includes modulation of acetylcholine release, choline acetylase and muscarinic

receptor binding were reported (Bhattacharya ef al, 1999).

MUSCARINIC RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE CEREBELLUM

Total muscarinic receptor binding studies in the cerebellum of the epileptic
rats showed a significant decrease in the B,,, when compared to control. The Kgq
showed no significant change. Muscarinic MI receptor binding studies in the
cerebellum of the epileptic rats showed a significant decrease in the B,.. when
compared to control. The K, also showed a significant decrease. The Hill slope values
of the both epileptic and control groups showed a value near to unity which confirms a
single binding site. The Real Time - PCR analysis showed that the muscarinic Ml
receptors are down regulated in the hippocampus. The decreased receptor binding in
the cerebellum could be taken as suggestive evidence of the differenttal regional
specific alteration of the muscarinic receptors in the propagation of seizures. The
hyperexitability of the hippocampus and the modulation of the background firing
frequency by the cerebellar units were already reported (Baratta et al., 2004). The
decreased muscarinic M1 and muscarinic general binding in the cerebellum during the
chronic epilepsy is suggested to be a compensatory mechanism by the cerebellum in

reducing the firing frequency.
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Earlier studies established that rhythmic output from the cerebellum may
contribute to the maintenance of generalized seizures (Kandel ef «l., 1993). Down
regulation of the muscarinic M2 and M3 mRNA in cultured cerebellar granule cells by
carbachol were studied earlier (Fukamauchi et af., 1991). These previous studies
showed the down regulation of the muscarinic receptors by the agonist induction.
Muscarinic receptor antagonist atropine and M1 specific antagonist pirenzepine
prevented the carbachol induced muscarinic receptor down regulation (Fukamauchi et
al, 1991). Decreased muscarinic M4 receptor binding was reported in the saturating
concentration of agonist carbachol (Lenz et al., 1994). The receptor degradation
kinetics in the presence of protein synthesis inhibitor cyclohexamide showed that
receptor down regulation sufficiently accounted by the increase receptor degradation.
Wang el al, (1990) showed that muscarinic agonist carbamylcholine for 24 hrs
decreased receptor density and mRNA levels in Chinese hamster ovary cells
transfected with M1 receptor gene. Evidences showed that two kinds of response 10
and 16 msec and those with latencies around 30 m sec by gross electrodes inserted
deep into the granule layer of cerebellum. When evoked by a hippocampal stimulus,
the characteristic slow wave response consists of early and late component which can
be influenced by conditioning suggest that separate conduction systems are involved.
The relative fast time course of the early component can be attributed to mossy fibre
relays through the reticular formation. The alternative pathway would be through the
pontine nuclei and hence by mossy fibers to the posterior lobe. The relatively slow
time of the late component suggest that a proportion of the hippocampal pathways

reach the cerebellum by climbing fibre relays through the inferior olive.

In the experimental rat groups post-treated with Carbamazepine, Bacopu

monnieri and Bacoside A, B,,,. reversed back to near control level in the cerebellum.
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The Kq also increased and reached to a value near to the control group. The Real Time
- PCR analysis showed that muscarinic M1 receptor gene expression reversed back to
the near control level. This could be taken as suggestive evidence that these drugs

have effect against the pilocarpine induced seizures through muscarinic receptors.

MUSCARINIC RECEPTOR ALTERATIONS DURING PRE-TREATMENT IN
THE CEREBELLUM.

Muscarinic M1 receptor binding studies in the Cerebellum of the epileptic rats
showed a significant increase in the B, when compared to control. The K4 showed
no significant change. Displacement analysis showed no significant change in log
ECsp and K;. The Hill slope values of the both epileptic and control groups showed a
value near to unity which confirms a single binding site. The increase receptor binding
in the cerebellum could be taken as suggestive evidence of the hyper excitability by

the muscarinic receptors in the initiation of seizures.

In the cerebellum of pilocarpine induced epileptic rats, extracellular GABA
and glutamate was reported to be elevated significantly during the pilocarpine-induced
convulsions. Seizure-related stimulation of the hypothalamocerebellar GABA-ergic
projection (Dietrichs et al,, 1992) is suggested to be responsible for the increased
cerebellar GABA release, but does not directly explain simultaneous and longer
lasting glutamate increase. During limbic seizures and during the interictal period,
changes in metabolic activity and cerebral blood flow occur (Park ¢f al, 1992).
Hyperperfusion at the ipsilateral side of epileptic focus, as demonstrated in a case
report (Overbeck e al, 1990) explain the increased amino acid concentrations in

ipsilateral cerebellum. These increases were abolished when pilocarpine-induced
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seizures were prevented by antiepileptic drug treatment. Pilocarpine, was reported to
increase hydrolysis of phosphoinositol (Pl) in the cerebellum (Johnson ¢t af, 2000).
The muscarinic cholinergic cascade in brain and other tissues appears to involve the
hydrolysis of phosphoinositides to form diacylglycerol and inositol phosphates which
can serve as second messengers (Berridge er al., 1983; Michell, 1975). This eftect
could be completely inhibited by the pretreatment with muscarinic antagonist
scopolamine. It should be noted that the cerebellar but not the hippocampal
pilocarpine induced rise in the PI hydrolysis. This indicate that the pilocarpine acting
through Muscarinic M2 receptor to indirectly increase glutamate release from parallel
fibers by inhibition of GABA releasing golgi cells. Previous study on the
extracellular hippocampal amino-acid levels suggest that glutamate, aspartate and
GABA are not involved in seizure onset. but play a role in seizure maintenance and/or
spread in the pilocarpine animal model of epilepsy (Smolders er al., 2004). The
increase in extracellular amino acids in ipsi- and contralateral cerebellum following
limbic seizures provoked in the hippocampus, probably play a role in the 'reversed’
diaschisis phenomenon. Muscarinic receptor stimulation is presumed to be responsible
for the onset of pilocarpine-induced seizures, whereas amino acid mechanisms are
presumed to maintain sustained seizure activity and to lead to neuronal damage
(Turski et al.. 1989; Smolders et al., 1997). The acetylcholine was reported to increase
during the onset of SE in different regions of the brain. In the cerebellum of
pilocarpine induced epileptic rats, extracellular GABA and glutamate was reported to
be elevated significantly during the pilocarpine-induced convulsions. The
administration of convulsant drug 3-mercaptopropionic acid was reported reversible

increases in ['H]QNB binding to cerebellum (Schneider ez al., 2000).

56



In the experimental rat groups Pre-treated with Carbamazepine, Bacopa
monnieri and Bacoside A, a significant decrease in the B, was observed when
compared to the Epileptic group in the cerebellum. The K, also decreased and reached
to near to the control group. The Real Time PCR analysis showed that the muscarinic
MI receptors are down regulated to a lower level when compared to the epileptic
group. This could be taken as suggestive evidence that these drugs have effect against
the pilocarpine induced seizures through muscarinic receptors. There were evidences
for the action of Bacopa monnieri on the cholinergic system. The decreased binding
and gene expression in the hippocampus and the increased binding in the cerebellum
could be explained by the highgst vulnerability of hippocampus for epilepsy-related
hyperexitability and brain damage during the initial stage of the epilepsy.

MUSCARINIC RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE BRAINSTEM.

Muscarinic M1 and total muscarinic receptor binding studies in the brainstem
of the epileptic rats showed a significant decrease in the B, when compared to
control, The Ky also showed a significant decrease. The decreased receptor binding in
the brainstem can be taken as suggestive evidence of the hyper excitability by the
muscarinic receptors. The decrease in the Ky indicate the affinity of the receptors
towards the ligand was increased as a compensatory mechanism to reduce the
hyperexitability. Our previous report suggests that the acetylcholine esterase activity
is increased in the brainstem of the epileptic rats compared to control. The
hyperexitability and seizure onset by the infusion of muscarinic agonist on specific
regions of the brainstem were already reported. The decreased receptor binding

through the down regulation of muscarinic M1 receptor in the brainstem could be
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taken as evidence to compensate the hyper excitability by the Muscarinic receptors in
the chronic epilepsy. Earlier studies reported that iontophoretically applied
acetylcholine inhibits neurons in the feline dorsolateral nucleus reticularis and that this
inhibition, but not that evoked by GABA or glycine, can be accompanied by an

increase in burst activity

Muscarinic M1, M2 and M3 mAChR subtypes were distributed
heterogeneously throughout the brainstem. For all 3 mAChR subtypes, the greatest
levels of binding were found in the dorsal raphe and locus coeruleus and the least
amount of binding was in the reticular formation (Baghdoyan et ai., 1994). Previous
studies reported that the repetition of running-bouncing and tonic-clonic scizures
mediated by brainstem structures eventually elicits seizure activity in the forebrain.
Periaqueductal gray (PAG) region is a component of the neural network through
which brainstem seizures elicit forebrain seizures. Bilateral microinjection of
carbachol into the PAG region of rats induced arrested, staring behavior accompanied
by epileptiform electrocorticogram (ECoQG) after discharge recorded from the parietal
cortex. The carbacho! effect was mediated by muscarinic receptors as bilateral
atropine microinjection 1 min prior to carbachol microinjection inhibited all seizure
activity. The occurrence of seizures consisting of facial and forelimb clonus with
rearing and falling occur with minutes after single application of GABA antagonist.
glutamate agonist or muscarinic agonist in the area tempestas (AT) in the discrete
epileptogenic site in the deep prepiriform cortex (Gale ¢f af, 1990; Piredda & Gale,
1985) However carbachol alone in AT was not effective for evoking seizures after
extended mid- or precollicular transactions. Presumably. the combination of enhanced
excitation with carbachol and blockade of inhibition with bicuculline was necessary

for triggering seizures from AT. The inferior collicutus (IC) is the initiation site in the
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neuronal network for the epileptic audiogenic seizure (AGS). Unilateral
microinjections of carbachol into the IC elicited intense locomotor activity,
contraversive rotations and myoclonic seizures. This indicates that the IC is the
initiation site for the induction of myoclonic seizures and suggests that these

myoclonic seizures result from activation of muscarinic M1 receptors.

In the experimental rat groups post-treated with Carbamazepine, Bucopa
monnieri and Bacoside A, the B, reversed back to near control level in the
brainstem. The K4 aiso increased and reached to a value near to the control group. The
Real Time - PCR analysis showed that the muscarinic M1 receptors genc expression
reversed to near control level. These results suggest that these drugs have effect
against the pilocarpine induced seizures through Muscarinic receptors in the

brainstem.

GLUTAMATE RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE HIPPOCAMPUS.

Glutamate receptor binding studies in the hippocampus of the epileptic rats
showed a significant decrease in the B, when compared to control. The K4 showed
no significant change. The decreased receptor binding in the hippocampus is
suggested to due to the hyper excitability by the glutamate receptors in the initiation
of seizures. Our result shows that the glutamate dehydrogenase activity is high in the
hippocampus during chronic epileptic state. Previous studies showed that the
glutamate decarboxylase activity was decreased in the hippocampus. Increased
glutamate dehydrogenase and decreased glutamate decarboxylase result in the

accumulation of glutamate in the rat hippocampus (Houser ef a/, 1996). Our results
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suggest that the decrease in the receptor binding and the gene expression of the
NMDA was due to the vulnerability to the increased activity of the glutamate
receptors in the hippocampus. In the epileptic rats treated with Bacopa monnieri the
B reversed to the control level. NMDA receptor gene expression also reversed to
the control level. These results suggest the therapeutic effect of Bacopa monnieri in

the treatment of epilepsy and its action on the glutamate receptors.

GLUTAMATE RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE CEREBELLUM.,

Glutamate receptor binding studies in the cerebellum of the epileptic rats
showed a significant decrease in the B, when compared to control. The K, showed
no significant change. The NMDA R1 and metabotrophic glutamate receptor 8 gene
expression was down regulated in the cerebellum of epileptic rats. Previous studies
showed that the glutamate decarboxylase activity was decreased in the cerebellum.
There were reports showing the co-localization of ZnT3 and GAD in the cerebellar
cortex which decreases the GAD activity. Increased glutamate dehydrogenase and
decreased glutamate decarboxylase result in the accumulation of glutamate in the rat
cerebellum (Ruiz ef af., 2004). Our results suggest that the decreased receptor binding
and the gene expression of the NMDA was due to the vulnerability to the increased
activity of the glutamate receptors in the cerebellum. In the epileptic rats treated with
Bacopa monnieri the B, reversed to the control level. NMDA R1 and metabotrophic
glutamate receptor 8 gene expression also reversed to the control level. These results
suggest the therapeutic effect of Bacopa monnieri in epilepsy through glutamate

receptors.

100



GLUTAMATE RECEPTOR ALTERATIONS DURING POST-TREATMENT
IN THE BRAINSTEM.

Glutamate receptor binding studies in the brainstem of the epileptic rats
showed a significant decrease in the B,,,, when compared to control. The K4 showed
no significant change. The NMDA R1 and metabotrophic glutamate receptor 8 gene
expression was down regulated in the brainstem of epileptic rats. Qur results showed
that the glutamate dehydrogenase activity is high in the brainstem during chronic
epileptic state. Our results suggest that the decrease in the receptor binding and the
gene expression of the NMDA and metabotrophic glutamate receptor reflect the down
regulation of glutamate receptors due to repetitive tonic seizures. in the epileptic rats
group treated with Bacopa monnieri the B, reversed to the control. NMDA R1 and
metabotrophic glutamate receptor 8 gene expression also reversed to the control.
These results suggest the therapeutic effect of Bacopa monnieri in epilepsy through

glutamate receptors.

It is widely accepted that excitatory amino acid transmitters such as glutamate
are involved in the initiation of seizures and their propagation. Most attention is
directed to synapses using NMDA receptors but more recent evidence indicates
potential roles for ionotropic non-NMDA (AMPA/kainate) and metabotropic
glutamate receptors (Ure ef al., 2006). Based on the role of glutamate in the
development and expression of seizures, antagonism of glutamate receptors has long
been thought to provide a rational strategy in the search for new, effective
anticonvulsant drugs. Furthermore, glutamate receptor antagonists, particularly those
acting on NMDA receptors, protect effectively in the induction of kindling. It was
suggested that they have utility in epilepsy prophylaxis. However, many clinical trials

with competitive and uncompetitive NMDA receptor antagonists in patients with
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partial seizures showed that these drugs lack convincing anticonvulsant activity but
induce severe neurotoxic adverse effects in doses which were well tolerated in healthy
volunteers. The proconvulsant effects of NMDA were reported when administered 30
minutes before pilocarpine injection. Smaller and higher doses of NMDA drugs not
protected but increased pilocarpine-induced seizures and mortality. (Frietas et al.,
2006). NMDA antagonists, irrespective whether they are competitive, high- or low-
affinity uncompetitive, glycine site or polyamine site antagonists, do not counteract
focal seizure activity. They attenuate propagation to secondarily generalized seizures
indicating that once kindling is established, NMDA receptors are not critical for the
expression of fully kindled seizures (Locher & Honak, 1991). Recurrent seizures in
animal models of early-onset epilepsy have been shown to produce deficits in spatial
learning and memory (Bo er al., 2004). In early reports, seizures induced either by
tetanus toxin or flurothyl were found to reduce the expression of NMDA receptor
subunits in both the hippocampus and neocortex (Hashimoto et al., 2004). Taken
together, the reports suggest that recurrent seizures produce persistent decreases in
molecular markers for glutamatergic synapses - particularly components of the
NMDA receptor complex implicated in learning and memory. Mitsuyoshi ef al.
(1993) reported that NMDA receptors were down regulated due to repetitive tonic
seizures in double mutant spontaneously epileptic rats. The possible role of altered
genetic expression in mediating symptomatic epilepsy represents a molecular
mechanism that could account for long-lasting changes in neuronal function in
response to environmental influences (DeLorenzo, 1991; DelLorenzo and Morris,
1999). If changes in genetic expression underlie epilepsy, long lasting alterations in
transcriptional regulation should accompany epileptogenesis. Previous reports indicate
that epilepsy induced by SE in the pilocarpine model is associated with a long lasting

increase in the binding of the transcription factor SRF to its DNA consensus sequence
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SRE. The increase in DNA binding was present in both hippocampal and cortical
nuclear enriched fractions but not in cerebellar nuclear-enriched fractions. The
hippocampus and cortex both play roles in seizure generation and propagation (Mello
et al., 1993). Both in vivo and in vitro studies established that NMDA receptor
activation during SE is required for epileptogenesis (Sombati & Del.orenzo, 1995;
DeLorenzo ef al., 1998; Rice & DeLorenzo, 1998). Blockage of NMDA receptor
activation during pilocarpine induced SE completely blocked the long-term increase
in SRF binding. Thus, a long-lasting increase in SRF expression and DNA binding
occurs in association with the persistent plasticity changes that underlie epilepsy.
Long-term changes in epilepsy may be mediated by persistent changes in gene
expression. The pathological over expression of SRF may also act to repress

transcription of a number of genes.

Acetylcholine was reported to potentiate NMDA responses (Markram &
Segal, 1990a) in CA1 pyramidal neurons indicate that the ACh-induced potentiation
was mediated vig muscarinic acetylcholine receptors (Markram & Segal, 1990b).
Activation of muscarinic acetylcholine receptors in CA1 potentiates NMDA receptors
both in acute slices (Marino ef al., 1998) and in dissociated cells (Lu ¢t al., 1999) as
well as in the other cell types such as striatal spiny neurons (Calabresi ef ul., 1998),
and in auditory neocortical cells (Aramakis e/ al., 1999). The muscarinic receptor
subtype mediating the potentiation is likely MI as specific M! toxins blocked the
carbachol-induced potentiation (Marino ez al., 1998). Consistent with this finding. M1
receptors were also shown to co-localize with NRIA at specific posisynaptic sites
(Marino et al., 1998) and muscarinic M1 receptors are highly expressed in the
hippocampus (Levey er al.. 1995). Markram & Segal (1990) reported that the M1-

induced enhancement of NMDA responses required activation of Pl turnover via
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Gqsubunits. Metabotrophic glutamate receptors could stimulate PI turnover or lead to
the mobilization of intracellular Ca?* (Sladeczek et al., 1985; Nicoletti ef al., 1986;
Pearce ef al., 1986; Sugiyama et al., 1987; Mayer and Miller, 1990). Previous studies
strongly suggest the activity-dependent modifications of CA1 synapses mediated by
NMDA receptors, play an essential role in the acquisition of spatial memories (Tsien
et al., 1996). The behavioral and cognitive changes occur soon after SE. were
permanent and are dependent on NMDA-receptor activation during SE (Rice er o/,

1996).

Metabotropic glutamate (mGlu) receptors have multiple actions on neurcnal
excitability through G-protein-linked receptors, modifications of enzymes and ion
channels. They act presynaptically to modify glutamatergic and GABAergic
transmission and can contribute to long term changes in synaptic function. (Alexander
et al., 2006) The classical agonists acting on group Il mGlu receptors such as L-(+)-
2-amino-4-phosphonobutyric acid and L-serine-O-phosphate shows anticonvulsant
activity. The more recently identified agonists (R,S)-4-phosphonophenylglycine
[(R,S)-PPG] and (S)-3.4-dicarboxyphenylglycine [(S)-3.4-DCPG] and (1S5,3R.4S)-1-
aminocyclopentane-1,2 4-tricarboxylic acid [ACPT-1] are all anticonvulsant without
proconvulsant effects. These results suggest the anticonvulsive activity of Il
metabotrophic glutamate receptors. {Moldrich e al., 2003) The anticonvulsant effect
of metabotrophic glutamate 8 receptor agonist in the pilocarpine model of epilepsy

was reported (Jiang ef al., 2007).
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ELECTROPHYSIOLOGICAL CHANGES DURING EPILEPSY
Neuroelectrophysiological recordings represent a non-invasive and
reproducible method of detecting central and peripheral nervous system alterations
(Morano ef al., 1996). Interictal spike discharges were seen intermittently in animals
manifesting clinical seizure activity. (Rice ef al., 1996). Cellular changes in the
hippocampus underlie epileptogenesis established through EEG studies show that

hippocampus is one of the early structures activated during seizures.

The control, epileptic, Carbamazepine, Bacopa monnicri and Bacoside A post
treated and pre-treated rats underwent EEG analysis. The epileptic rats showed a
change in the EEG pattern compared to control rats. Treatment with Carbamazepine,
Bacopa monnieri and Bacoside A brought the wave patterns to near control levels.
Interictal spikes are widely accepted diagnostically as a sign of epilepsy. It is easily
generated in normal brain by pharmacologicaily reducing imhibition. Experimental
studies of acquired epilepsy indicate that spikes precede seizures. Interictal spikes are
correlated with epilepsy because they play a fundamental role in epileptogenesis
following brain injury. Spikes may guide sprouting axons back to their network of
origin increase and sustain the strength of the synapses formed by sprouted axons.
They alter the balance of ion channels in the epileptic focus resulting in seizures

(Staley & Dudek, 2006).

MOSSY FIBRE SPROUTING IN THE HIPPOCAMPUS OF EPILEPTIC RATS
The increased Timm staining density in the CAl region in the hippocampus
of the epileptic rats were observed when compared to control. Mossy fibre sprouting

is the condition in which dentate granule celis as a consequence of a pathologic
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rearrangement of neuronal circuitry in which the excitatory granule cells innervate
themselves, resulting in a recurrent excitatory circuit (Nadler et af., 1980; Tauck &
Nadler, 1985). This rearrangement would be attributable to the synapse elimination
resulting from death of neurons like the mossy cells that normally project to the
proximal third of the dendrites of the granule cells. The eliminated synapses would be
replaced by the mossy fiber axons of the granule cells themselves. The mossy fiber
axons contain high concentrations of zinc and can be readily identified by a Timm
stain, thereby facilitating detection of axonal rearrangements of these neurons. A
consistent increase in this projection in the supragranular layer of the dentate gyrus
has been identified with Timm staining following seizures induced by the glutamate
receptor agonist kainate (Tauck & Nadler, 1985) in kindling (Sutula et «l., 1988;
Cavazos et al., 199 1) and in specimens from humans with epilepsy (Sutula ¢t ai.,
1989). Some anatomical evidence suggests that sprouted mossy fibers innervate
GABAergic basket cells, which would be expected to enhance paired pulse inhibition
of the granule cells (Sloviter, 1992). Using field potential recordings in vive in
kainate-treated rats, Sloviter (1992) found a reduction of granule cell inhibition and
increased excitability pricr to the development of the sprouting. [n the epileptic rats
post-treated with Carbamazepine and Bacopa monnieri even though the functional
reversal was observed in muscarinic and glutamate receptors, structural difference was
not reversed in these groups. The results suggest that long time treatment is required

for the structural reversal.

MORRIS WATER MAZE EXPERIMENT
Impairment of cognitive learning during the silent period between pilocarpine

induced SE and appearance of spontaneous recurrent seizures was reported (tHort ¢f
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al., 1999, 2000). Place navigation in the Morris water maze consists of two distinct
components: declarative place representations as well as procedural learning (Morris
et al, 1990). The procedural aspects include learning to inhibit inborn nonadaptive
behavior, such as swimming along the wall (Paylor & Rudy 1990, Whishaw &
Mittleman 1986), whiie selecting appropriate behavioral strategies, such as swimming
across the pool or uniformly searching its surface. Other procedural components
involved skills such as improved distance and angle judgment that are a necessary
prerequisite for the cognitive demands of the task. The hippocampal formation is
critical for computing place representations but is believed to be dispensable for
procedural memories (O'Keete & WNadel [978). Previous reports suggest that
declarative memory is seriously impaired by pilocarpine-induced SE (Hort ¢/ al,
1999). Some impairment of procedural components in addition to cognitive
mechanisms is very probable. Persinger et al, (1994) described the deterioration of
the declarative (radial-maze acquisition) and non-declarative (conditioned taste
aversion) form of memory after seizures induced by a systemic injection of lithium
pilocarpine. Levetiracetam treatment was reported to result in less histological damage
in the hippocampus but had no effect on visual spatial function or place cell

physiology in either control or SE rats (Zhou et ai., 2007).

Thus from our results we conclude that central muscarinic, muscarinic Ml
and glutamate receptor subtypes functional balance play an important role in the
pathophysiology of pilocarpine induced Temporal lobe epilepsy in rats. Bacopa
monnieri and Bacoside A extracts have a regulatory effect on epilepsy through
muscarinic and glutamate receptors. This has immense clinical significance in the

therapeutic management of Epilepsy.
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Summary

D

2)

3)

4)

Pilocarpine induced Temporal lobe epileptic rats were used as a model to
study the alterations of muscarinic, muscarinic M1, glutamate receplors and

their functional regulation by Bacopa monnieri and Bacoside A.

Antiepileptic activity of whole plant extract of Bacopu monnieri and
Bacoside A were evaluated by seizure frequency over 72 hours video
recording period, magnitude of drug effect in post-treatment and seizure onset

latency and seizure duration in pre-treatment.

Acetylcholine esterase activity has been used as a marker for cholinergic
activity. Acetylcholine esterase activity was measured in the brain regions. In
epileptic rats the acetylcholine esterase activity was increased in the
hippocampus and brainstem. In epileptic rats treated with Carbamazepine,
Bacopa monnieri and Bacoside A, the activity of the enzyme reversed to near

control.

Muscarinic receptor functional status was analyzed by Scatchard and
displacement analysis using specific ligands ['H] QNB- general muscarinic
antagonist, atropine-non radioactive general muscarinic antagonist. In
epileptic rats, total muscarinic receptors were up-regulated in the
hippocampus whereas it was down regulated in cerebellum and brainstem

during post-treatment with Carbamazepine, Bacopa monnieri and Bacoside A.
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5)

6)

7)

8)

Muscarinic M1 receptor functional status was analyzed by scatchard and
displacement analysis using specific ligands [’"H] QNB- general muscarinic
antagonist and pirenzepine-non radioactive muscarinic M1 antagonist. During
epilepsy muscarinic M1 receptors were up regulated in the hippocampus
whereas it was down regulated in cerebellum and brainstem. Post-treatment
with Carbamazepine, Bacopa monnieri and Bacoside A reversed the receptor
changes to near control level. Muscarinic M1 receptors were down regulated
in the hippocampus during the initial phase whereas it was up regulated in
cerebellum. Pre-treatment with Carbamazepine, Bacopa monnieri and

Bacoside A reversed the receptor changes to near control.

Receptor binding parametres were confirmed by studying the mRNA staius of
the correponding receptor using Real Time-PCR . In hippocampus, the
muscarinic receptors were up regulated in epilepsy and it was down regulated
during the initial phase. In Carbamazepine, Bacopa monnieri and Bacoside A
pre- and post- treated epileptic rats. the receptor activity reversed to near

control.

Real Time-PCR studies in the cerebellum and brainstem showed that the
muscarinic receptors are down regulated in epileptic rats. In Carbamazepine,
Bacopa monnieri and Bacoside A post-treated epileptic rats, the receptor

activity reversed to near control.

Glutamate dehydrogenase activity in the hippocampus, cerebellum and

brainstem showed a significant increase in epileptic rats. In Bacopa monnicri

109



post-treated epileptic rats, glutamate dehydrogenase activity reversed to near

control.

9} Glutamate receptor binding parameters in the hippocampus, cerebellum and
brainstem showed a significant decrease in the binding in epileptic rats. In
Bacopa monnieri post-treated epileptic rats, glutamate receplor binding

parametrs reversed to near control.

10) Real Time-PCR studies of NMDA R1 in the hippocampus, cerebellum and
brainstem showed that the NMDA R receptors were down regulated in the
epileptic rats. In Bacopa monnieri post-treated epileptic rats, the receptor

activity reversed to near control.

11) Real Time-PCR studies of metabotrophic glutamate 8 receptor in the
cerebellum and brainstem showed down regulation in the epileptic rats. In
Bacopa monnieri post-treated epileptic rats, the receptor activity reversed to

near control.

12) Neo-Timm staining in the hippocampus of epileptic rats showed a dense
stainning in the CA1 region when compared to control which confirms mossy
fibre sprouting. Post- treatment with Carbamazepine and Bacopa monnieri did

not show reversal to the control.

13) A prominent brain activity difference was observed in epileptic rats compared

to control by EEG analysis. [n Carbamazepine, Bacopu monsnieri and
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Bacoside A pre- and post-treated epileptic rats, the brain activity reversed to

near control.

14) Spatial learning ability of the rats were studied by Morris Water Maze
experiment. In epileptic rats the learning ability of rats were impared
compared to control. Bacopa monnieri post-treatment reversed the learning

ability to near control.

Thus from our results, we conclude that Central muscarinic, muscarinic M!
and glutamate receptor subtypes functional balance play an important role in the
pathophysiology of pilocarpine induced Temporal lobe epilepsy in rats. Bacopa
monnieri and Bacoside A extracts have a regulatory effect on epilepsy through
Muscarinic, Muscarinic M1 and glutamate receptors. This has immense clinical

significance in the therapeutic management of epilepsy.
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Conclusion

We conclude from our studies that cholinergic system through muscarinic,
muscarinic M1 and glutamate receptors play an important role in the
pathophysiology of pilocarpine induced temporal lobe epilepsy in rats.
Cholinergic activity indicated by acetylcholine esterase as a marker for cholinergic
system increased in brain regions- hippocampus and brainstem in epilepsy.
Treatment of epileptic rats with Carbamazepine, Bacopa monnieri and Bacoside A
reversed the enzyme status to near control. The functional changes in muscarnic
receptors studied in the brain regions showed that total muscarinic and muscarinic
M1 receptors were up regulated in the hippocampus and were down regulated in
the cerebellum and brainstem in the epileptic state. Post-treatment with
Carbamazepine, Bacopa monnieri and Bacoside A, reversed the receplor changes
to near control. Glutamate receptors were down regulated in the hippocampus,
cerebellum and brainstem in epileptic rats and post-treatment with Bacopa
monnieri reversed the receptor changes to near control. Pre-treatment with
Carbamazepine, Bacopa monnieri and Bacoside A significantly reduced the
occurance  of  seizures  mediated  through  muscarinic  receptors.
Electrophysiological studies confirmed the reversal observed with enzyme and
receptor studies. Morris water maze experiment also showed the impairment in the
spatial learning task during epilepsy and the treatment with Bacopa monnicri
reversed the effect to near control. Thus our studies suggest that central
muscarinic, muscarinic M1 and glutamate receptor subtype functional balance
play an important role in pilocarpine induced temporal lobe epilepsy in rats.
Bacopa monnieri and Bacoside A extracts have regulatory role in epilepsy through
muscarinic and glutamate receptors. This has therapeutic application in the

management of epilepsy.



References

Abdel-Latif AA. (1986). Calcium-mobilising receptor, polyphosphinositides and the
generation of second messengers, Pharm. Rev., 38: 227-272.

Aggleton JP. (1986). A description of the amygdalo-hippocampal interconnections in
the macaque monkey. Exp. Brain Res., 64: 515-526.

Alam AM, Starr MS. (1993a). Dopaminergic modulation of pilocarpine-induced
motor seizures in the rat: the role of hippocampal D2 receptors.
Neuroscience, 53: 425-431.

Alam AM, Starr MS. Bimodal. (1994a). Effects of dopamine D2 receptor agonists on
zero Mg2" -induced epileptiform activity in the rat cingulate cortex slice.
Exp. Brain. Res., 102: 75--83.

Alexander GM Godwin DW. (2006). Metabotropic glutamate receptors as a strategic
target for the treatment of epilepsy. Epilepsy Res.,71: 1-22.

Alonso A, Garci’a-Austt E. (1987). Neuronal sources of theta rhythm in the entorhinal
cortex of the rat. [I. Phase relations between unit discharges and theta
field potentials. Exp. Brain Res., 67: 502-509.

Alonso A, Kohier C. (1984). A study of the reciprocal connections between the
septum and the entorhinal area using anterograde and retrograde axonal
transport methods in the rat brain. .J. Comp. Neurol., 225: 327-343.

Amaducci L, Forno K1, Eng LF. (1981). Glial fibrillary acidic protein in cryogenic
lesions of the rat brain. Neuroscience Lett., 21:27-32.

Amaral DG, Insausti R, Cowan WM. (1983). Evidence for a direct projection from the
superior temporal gyrus to the entorhinal cortex in the monkey. Brain
Res., 275: 263-277.

Amaral DG, Insausti R, Cowan WM, (1984). The commissural connections of the
monkey hippocampal formation. J. Comp. Neurol., 224: 307-336.



Amaral DG, Insausti R. (1990). Hippocampal formation. In: The Human Nervous
System. Ed. Paxinos G. Academic Press, San Diego, 711-755.

Amaral DG, Price JL, Pitkéinen A, Carmichael ST. (1992). Anatomical organization of
the primate amygdaloid complex. In: The Amygdala. Neurobiological
Aspects of Emotion, Memory, and Mental Dysfunction. Ed. Aggleton JP.
Wiley-Liss, New York 1-66.

Amaral DG, Witter MP. (1989). The three dimensional organization of the
hippocampal formation: a review of the anatomical data. Neuroscience,
31:571-591.

Amaral DG. (1986). Amygdalohippocampal and amygdalocortical projections in the
primate brain. In: Excitatory Amino Acids and Epilepsy. Eds. Schwarcz
R, Ben-Ari Y. Plenum, New York, 3-17.

Amaral DG. (1987). Memory: anatomical organization of candidate brain regions. In:
Handbook of Physiology — The Nervous System V. Ed. Mountcastle VB.
The Williams & Wilkins Company, Baltimore, 211-294.

Anwyl R. (1999). Metabotropic glutamate receptors: electrophysiological properties
and role in plasticity. Brain Res. Rev., 29: 93-120.

Aramakis VB, Bandrowski AE, Ashe JH. (1999). Role of muscarinic receptors, G-
proteins, and intracellular messengers in muscarinic modulation of
NMDA receptor-mediated synaptic transmission. Syrnapse, 32: 262-275.

Arnold PS, Racine RJ, Wise RS. (1973). Effects of atropine, reserpine. 6-
hydroxydopamine and handling on seizure development in the rat. Exp.
Newurol., 40: 457- 470.

Arundine M, Tymianski M. (2003). Molecular mechanisms of calcium-dependent
neurodegeneration in excitotoxicity. Cell Calcium, 34: 325-337.

Ashe J, Weimberger NM. (1991). Acetylcholine modulation of cellular excitability via
muscarinic receptors: functional plasticity in auditory cortex. In:
Activation and Acquisition: Functional Aspects of the Basal Forebrain
Cholinergic System, edited by R. T. Richardson. Boston: Birkha user. 189
—246.



Ashkenazi A, Winslow JW, Peralta EG. (1987). An M2 muscarinic receptor subtype
couple to both adenylyl cyclase and phosphoinositide turnover. Science,
238: 672-675.

Babb TL & Brown WJ. (1987). Pathological findings in epilepsy. In: Engel JJr (ed)
Surgical treatment of the epilepsies. Raven Press, New York, 511-540.

Babb TL, Kupfer WR, Pretorius JK, Crandall PH, Levesque MF. (1991). Synaptic
reorganization by mossy fibers in human epileptic fascia dentata.
Neuroscience, 42: 351-363.

Babb TL, Kupfer WR, Pretorius JK, Isokawa-Akesson M, Levesque MF. (1991).
Synaptic recurrent excitation of granule cells by mossy fibers in human
epileptic hippocampus. Neuwroscience, 42: 351-363.

Babb TL. Pretorius JK, Kupfer WR, Crandall PH. (1989). Glutamate decarboxylase-
immunoreactive neurons are preserved in human epileptic hippocampus.
J. Newrosci., 9:2562-2574.

Baghdoyan HA, Carlson BX, Roth MT. (1994). Pharmacological characterization of
muscarinic cholinergic receptors in cat pons and cortex. Preliminary
study. Pharmacology, 48; 77-85.

Baraban SC, Hollopeter G, Erickson JC, Schwartzkroin PA, Palmiter RD. (1997).
Knock-out mice reveal a critical antiepileptic role for neuropeptide Y. ./
Neurosci., 17: 8927— 8936.

Baran H, Sperk G, Hortnagl H, Sapetschnig G, Hornykiewicz O. (1985). Alpha 2-
adrenoceptors modulate kainic acid-induced limbic seizures. Eur. .J
Pharmacol., 113: 263-269.

Baratta MV, Lamp T, Tallent MK. (2004). Somatostatin depresses long-terin
potentiation and Ca®' signaling in mouse dentate gyrus. .J. Neurophysiol..
88: 3078-3086.

Barnes CA, Mcnaughton BL, Mizumori SJY, Leonard BW, Lin LH. (1990).
Comparison of spatial temporal characteristics of neuronal activity in
sequential stages of hippocampal processing. Prog. Brain Res.. 83: 287-
300.



Bassant MH, Ennouri K, Lamour Y. (1990). Effects of iotophoretically applied

monoamines on somatosensory cortical neurons of unanesthetized rats.
Neuroscience, 39: 431439,

Bastianelli E. (2003). Distribution of calcium-binding proteins in the cerebelium.
Cerebellum, 2: 242-262.

Baumgold J, Fishman PH. (1988). Muscarinic receptor mediated increase in cAMP
levels in SK-N-SH human neuroblastoma cells. Biochem. Biophys. Res.
Comm., 154: 1137-1143.

Bausch SB, Chavkin C. {(1997). Changes in hippocampal circuitry after pilocarpine-
induced seizures as revealed by opioid receptor distribution and
activation, J. Neuroscience., 17:477-492.

Bausch SB, McNamara JO. (1999). Experimental partial epileptogencsis. Curr.Opin.
Neurol., 12: 203-209.

Beck SG, Choi KC. (1991). 5-Hydroxytryptamine hyperpolarizes CA3 hippocampal
pyramidal cells through an increase in potassium conductance. Newrosci.
Lett., 133: 93-96.

Behr J, Heinemann U. (1996). Effects of serotonin on differnt patterns of low Mg 2
induced epileptiform activity in the subiculum of rats studied in vitro.
Brain Res., 737: 331-334.

Behrends JC, ten Bruggencate G. (1993). Cholinergic modulation of synaptic
inhibition in the guinea pig hippocampus in vitro: excitation of
GABAergic interneurons and inhibition of GABA release. J
Neurophysiol., 69: 626-629.

Benardo LS, Prince DA. (1982). lonic mechanisms of cholinergic excitation in
mammalian hippocampal pyramidal ceils. Brain Res., 249: 333-344.

Ben-Ari Y, Cossart R. (2000). Kainate, a double agent that generates seizures: two
decades of progress. Trends Neurosci.. 23: 580-587.



Ben-Ari Y. {(1985). Limbic seizure and brain damage produced by kainic acid:
mechanisms and relevance to human temporal lobe epilepsy.
Neuroscience, 14: 373-403.

Benbadis SR, Katagal P & Klem GH. (1996). Unilateral blinking: a lateralizing sign
in partial seizures. Neurology., 46: 45-48.

Benbadis SR. {2001). Epileptic seizures and syndromes. Neurol. Clin., 19:251-270.

Bernard C, Esclapez M, Hirsch JC, Ben-Ai Y. (1998). Interneurons arc not so
dominant in temporal lobe epilepsy: a critical reappraisal of the dormant
basket cell hypothesis. Epilepsy Res., 32: 93- 103.

Berridge M J. (1983). Rapid accumulation of inositol triphosphate reveals that
agonists hydrolyse polyphosphoinositides instead of phosphatidylinositol.
Biochem. J., 212: 849-858.

Berstein G, Blank 1. L, Smrck A. (1992). Reconstitution of agonist stimulated
phophatidylinositol 4, 5 -bisphosphate hydrolysis using purified MI
muscarinic receptor, Gq/11 and phopholipase C-bl. /. Biol Chem., 267:
8081-8088.

Bhattacharya SK, Kumar A, Ghosal S. (1999). Effect of Bacopa monnieri on animal
models of Alzheimer’s disease and perturbed central cholinergic markers
of cognition in

Billard W, Binch, H, Crosby G, Mc Quade RDJ. (1995). Pharmacol. Exp. Ther.. 273:
273-279.

Billups D, Billups B, Challiss RA. Nahorski SR. (2006). Modulation of Gq-protein-
coupled inositol trisphosphate and Ca’' signalling by the membrane
potential. .J. Neurosci., 27: 9983-9995,

Bizzarri C, Girolamo MD, D'Orazio MC. (1990). Evidence that a guanine neucleotide
binding protein linked to a muscarinic receptor inhibits directly
phospholipase C. Proc. Natl. Acad. Sci. USA., 87: 4889-4893,



Bjorklund A, Lindvall O. (1984). Dopamine-containing systems in the CNS. In:
Handbook of Chemical Neuroanatomy:Classical Transmitter in the Rat,
edited by Bjorklund A and Hokfelt T. Amsterdam: Elsevier, 55—122.

Bleck TP. (1991). Convulsive disorders: status epilepticus. Clin. Newropharmacol.,
14: 191-198.

Bo T, lJiang Y, Cao H, Wang J, Wu X. (2004). Long-term effects of seizures in
neonatal rats on spatial learning ability and N-methyl-D-aspartate receptor
expression in the brain. Brain Res Dev Brain Res. 152: 137-142.

Bonner Tl, Young AC, Brann MR, Buckley NJ. (1988). Cloning and expression of

the human and rat M5 muscarinic acetylcholine receptor genes. Newron,
1:403-410.

Bonner TI, Buckley NJ, Young AC. Brann MR. (1987). Identification of a family of
muscarinic acetylcholine receptor genes. Science, 237: 527-532.

Bonner-Weir S, Deery D, Leahy JL, Weir GC. (1989). Compensatory growth of
pancreatic beta-cells in adult rats after short- term glucose infusion.
Diabetes, 38: 49-53.

Boulter J, Hollmann M, O'Shea-Greenfield A, Hartley M, Deneris E, Maron C,
Heinemann S. (1990). Molecular cloning and functional expression of
glutamate receptor subunit genes. Science, 249: 1033-1037.

Braak H, Braak E, Yilmazer D, Bohl J. (1996). Functional anatomy of human
hippocampal formation and related structures. J. Child Neurol., 11: 265-
275.

Bradshaw CM, Sheridan RD, Szabadi E. (1985). Excitatory neuronal responses to
dopamine in the cerebral cortex: involvement of D2 but not D1 dopamine
receptors. Brit. J. Pharmacol., 86: 483-490.

Brazhnik ES, Muller RU, Fox SE. (2003). Muscarinic blockade slows and degrades
the location-specific firing of hippocampal pyramidal cells. /. Newrosci.,
23:611-621.



Brenner C, Merrit HH. (1942). Effect of certain choline derivatives on electrical
activity of the cortex. Arch. Nerirol. Psychia., 48: 382-395.

Brezenoff HE, Xiao YF. (1986). Acetylcholine in the hypothalamic nucleus is
involved in the elevated blood pressure in the spontaneously hypertensive
rats. Life. Sci., 45; 1163 -1170.

Brnes NM, Sharp T. (1999). A review of Central 5-HT receptors and their function.
Neuropharmacology, 38: 1083-1152.

Brodmann K. Vergleichende Lokalisationslehre der Grosshirnrinde in ihren Prinzipicn
dargestellet auf Grund des Zellenbaues. Barth, Leipzig, 1909.

Brooks RC, Mc Carthy KD, Lapetina EG. (1989). Receptor-stimulated phospholipase
A2 activation is coupled to influx of external calcium and not to
mobilization of intracellular calcium in C62B glioma cells. J Biol
Chem., 264: 20147-20153.

Brown I, Martin Smith M. (1960). Anticancer activity of Betulinic acid, a triterpine
from Bacopa Monnieri. ). Chemi. Soc. 2783

Brown WJ, Babb TL. (1987). Neuropathological changes in temporal lobe associated
with complex partial seizures. In: Epilepsy (Hopkins A, ed), London:
Chapman and Hall. 300-416.

Brown, DA. Forward A, Marsh S. (1980). Antagonist discrimination between
ganglionic and ileal muscarinic receptors. Br. .. Pharmacol., 71: 362-364.

Browne TR & Feldman RG. (1983). Epilepsy: An Overview. In: Browne TR &
Feldman RG (eds) Epilepsy. Diagnosis and management. Little, Brown
and Company, Boston & Toronto, 1-10.

Browning RA. (1983). Role of the brain-stem reticular formation in tonic clonic
seizures: lesions and pharmacological studies. Fed. Proc.. 44: 2425- 2431,

Brusa R, Zimmermann F, Koh DS, Feldmeyer D, Gass P, Seeburg PIi. Sprengel R.
(1995). Early onset epilepsy and postnatal lethality associated with an
editing deficient GluRB allele in mice. Science, 270: 1677-1680.



Bruton CJ. (1988). The neurcpathology of temporal lobe epilepsy. London: Oxford
UP.

Buccafusco JJ. (1996). The central cholinergic neurons in the regulation of blood
pressure and in experimental hypertension. Pharm. Rev., 48: 179-211.

Bunney BS, Aghajanian GK. (1976) Dopamine and norepinephrine innervated cells in
the rat prefrontal cortex: pharmacological differentiation using
microiontophoretic techniques. Life Sci., 19: 1783-1792.

Candell LM, Yun SH, Tran LL, Ehlert FJ. (1990). Differential coupling of subtypes of
the muscarinic receptor to adenylate cyclase and phosphoinositide
hydrolysis in the longitudinal muscle of the rat ileum. Mol. Pharmacol.,
38: 689-697.

Carafoli E. (1992). The plasma membrane calcium pump. Structure, function,
regulation Biochim. Biophvs. Acta., 1101:266-267.

Carlson H, Ronne-engstro¢ M, Ungerstedt U, Hillered L. (1992). Seizure related
elevations of extracellular amino acids in human focal epilepsy. Neurosci.
Lett., 140: 30-32.

Caulfield MP. (1993). Muscarinic receptors: Characterisation, coupling and function.
Pharmacol. Ther., 58: 319-379.

Caulfield MP, Birdsall NJ. (1998). International Union of Pharmacology. XVIL
Classification of muscarinic acetylcholine receptors. Pharmacol. Rev.. 50:
276-290.

Cavalheiro EA, Leite JP, Bortolotto ZA, Turski WA, lkonomidou C, Turski L. (1991).
Long-term effects of pilocarpine in rats: structural damage of the brain
triggers kindling and spontaneous recurrent seizures. Epilepsia., 32: 778-
782.

Cavazos JE, Golarai G, Sutula TP. (1991). Mossy fiber synaptic reorganization
induced by kindling: time course of development, progression, and
permanence. .J. Newrosci., 11:2795-2803.



Ceci A, Brambilla A, Duranti P, Grauert M, Grippa N, Borsini F. (1999). Effect of
antipsychotic drugs and selective dopaminergic antagonists on dopamine-
induced facilitatory activity in prelimbic cortical pyramidal neurons. An
in vitro study. Neuroscience, 93: 107-115.

Cepeda C, Li Z, Cromwell HC, Altemus KL, Crawford CA, Nansen EA, Ariano MA.
Sibley DR, Peacock WJ, Mathern GW, Levine MS. (1999).
Electrophysiological and morphological analyses of cortical neurons
obtained from children with catastrophic epilepsy: dopamine receptor
modulation of glutamatergic responses. Dev. Newrosci., 21: 223-235.

Chabolla DR. (2002). Characteristics of the epilepsies. Mayo Clin. Proc., 77: 981-990.

Chandel RS, Kulshreshtha DK, Rastogi RP. (1977). Bacogenin A3: a new sapogenin
from Bacopa monnieri. Phytochemistry, 16: 141-143,

Chapman AG, Yip PK, Yap JS, Quinn LP, Tang E, Harris JR, Meldrum BS. (1999).
Anticonvulsant action of two antagonists at mGluR1: LY367385 ((1)-2-
methyl-4-carboxyphenylglycine) and (RS)-1-aminoindan-1.,5-
dicarboxylic acid (AIDA). Fur. J. Pharmacol., 368: 17-24.

Charriaut-Marlangue C, Ben-Ari Y. (1995). A cautionary note on the use of the
TUNEL stain to determine apoptosis. Neuroreport., 7. 61-64.

Chatterji N, Rastogi RP, Dhar ML. (1965). Chemical examination of Bacopa monnieri
Wettst.: parti-isolation of chemical constituents. fndian J. Chem., 3. 24—
29.

Chen G, Ensor GR, Bohner B. (1954). A facilitation action of reserpine on the central
nervous system. Proc. Soc. Exp. Biol. Med., 86: 507-510.

Chen S, Kobayashi M, Honda Y, Kakuta S, Sato F, Kishi K. (2007). Preferential
neuron loss in rat piriform cortex following pilocarpine induced status
epilepticus. Epilepsy Res., 74: 1-18.

Cheng Y, Prusoff WH. (1973). Relationship between the inhibition constant (K1) and
the concentration of inhibitor which causes 50 per cent inhibition (150} of
an enzymatic reaction. Biochem. Pharmacol., 22: 3099-3108.



Choi DW. (1988). Glutamate neurotoxicity and diseases of the nervous system.
Neuron, 1: 623-634.

Clarke WP, Yocca FD, Maayani S. (1996). Lack of 5-hydrotrytamine 1A- mediated
inhibition of adenylyl cyclase in dorsal raphe of male and female rats. J,
Pharmacol Exp Ther., 277: 1259-1266.

Clifford DB, Oiney }W, Maniotis A, Collins RC, Zorumski CF. (1987). The
functional anatomy and pathology of lithium-pilocarpine and high-dose
pilocarpine seizures. Neuroscience, 23: 953-968.

Cole AE, Nicoll RA. (1983). Acetylcholine mediates a slow synaptic potential in
hippocampal pyramidal cells. Science, 221: 1269-1301.

Colino A, Halliwell JV. {1993). Carbachol potentiates Q current and activates a
calcium-dependent non-specific conductance in rat hippocampus in vitro.
Eur. J Neurosci., 5: 1198-209.

Conklin BR, Brann MR, Buckley NJ. (1988). Stimulation of arachidonic acid release
and inhibition of mitogenesis by cloned genes for muscarinic receptor
subtypes stably expressed in A9 cells. Proc. Natl. Acad. Sci. USA., 85:
8698-8702.

Conn PJ, Pin JP. (1997). Pharmacology and functions of metabotropic glutamate
receptors. Annu. Rev. Pharmacol. Toxicol., 37: 205-237.

Conti F, Weinberg RJ. (1699). Shaping excitation at glutamatergic synapses. Trends
Neurosci., 22: 45 1-458.

Cotman CW, Monaghan DT, Ottersen OP, Stormmathisen J. (1987). Anatomical
organization of excitatory amino acid receptors and their pathways.
Trends Neurosci., 10: 273-279.

Couiter DA, Rafig A, Shumate M, Gong QZ. DeLorenzo RJ, Lyeth BG. (1996). Brain
injury induced enhanced limbic epileptogenesis: anatomical and
physiological parallels to an animal model of temporal lobe epilepsy.
Epilepsy Res., 26: 81-91.



Coulter DA. (1999). Chronic epileptogenic cellular alterations in the limbic system
after status epilepticus. Epilepsia., 40: 23-33.

Cronin J, Obenaus A, Houser CR, Dudek FE. (1992). Electrophysiology of dentate
granule cells after kainate-induced synaptic reorganization of mossy
fibers. Brain Res., §73: 305-310

Covolan L, Mello LE. (2006}. Assessment of the progressive nature of cell damage in
the pilocarpine model of epilepsy. Braz. J. Med. Biol. Res., 39:915-924,

Dailey JW, Jobe PC. (1986). Indices of noradrenergic function in the central nervous
system of seizure-naive genetically epilepsy-prone rats. Epilepsia., 27:
665— 670.

Dailey JW, Mishra PK, Ko KH, Penny JE, Jobe PC. (1992). Serotonergic
abnormalities in the central nervous system of seizure-naive genetically
epilepsy-prone rats. Life Sci., 50: 319-326.

Das A, Shanker GG, Nath C, Pal R, Singh S, Singh H. (2002}, A comparative study in
rodents of standardized extracts of Bacopa monnieri and Ginkgo biloba.
Pharmacol.

Deacon TW, Eichenbaum H, Rosenberg P, Eckmann KW. (1983). Afferent
connections of the perirhinal cortex in the rat. J. Comp. Newrol., 220:168
—-190.

Deepak M, Amit A. {2004). The need for establishing identities of 'bacoside A and B',
the putative major bioactive saponins of Indian medicinal plant Bacopa
monnieri. Phytomedicine, 11: 264-268.

DeGiorgio CM, Correale JD, Gott PS, Ginsburg DL, Bracht KA, Smith T, Boutros R,
Loskota WJ, Rabinowicz AL. (1995). Serum neuron-specific enolase in
human status epilepticus. Neurology, 45: 1134-1137.

DeLorenzo RJ, Pal S, Sombati S. (1998). Prolonged activation of the N-methyl-D-
aspartate receptor-Ca2+ transduction pathway causes spontaneous
recurrent epileptiform discharges in hippocampal neurons in culture.
Proc. Natl. Acad. Sci. USA., 95: 14482-14487.



Delorenzo RJ, Sun DA, Deshpande LS. (2005). Cellular mechanisms underlying
acquired epilepsy: the calcium hypothesis of the induction and
maintainance of epilepsy. Pharmacol. Ther., 105: 229-266.

DeLorenzo RJ. (1991). The challenging genetics of epilepsy. Epilepsy Res. Suppl., 4:
3-17.

Dhawan, BN, Singh HK. (1996). Pharmacology of ayurvedic nootropic Bacopa
monniera, Abstr. No. NR 59. Int. Conv. Biol. Psychiat. Bombay.

Dichter MA. (1994). Emerging insights into mechanisms of epilepsy: implications for
new antiepileptic drug development. Epilepsia.. 35: 51--57.

Dichter MA. Ayala GF. (1987). Cellular mechanisms of epilepsy: a status report,
Science, 237: 157- 164,

Dickson CT, Alonso A. (1997). Muscarinic induction of synchronous population
activity in the entorhinal cortex. J. Neurosci., 17: 6729-6744.

Dickson CT, Kirk 1J, Oddie SD, Bland BH. (1995). Classification of theta-related
cells in the entorhinal cortex: cell discharges are controlied by the
ascending brainstem synchronizing pathway in parallel with hippocampa!l
theta-related cells. Hippocampus, 5: 306 --319.

Dietrichs E, Wiklund L, Haines DE. (1992). The hypothalamocerebellar projection in
the rat: origin and transmitter. Arch. ltal. Biol., 130: 203-211.

Dingledine R & Conn PJ. (2000). Peripheral glutamate receptors: molecular biology
and role in taste sensation. J. Nufr., 130: 1039S-1042S.

Dingledine R, Borges K, Bowie D, Traynelis SF. (1999). The glutamate receptor ion
channels. Pharmacol. Rev., 51: 07-61.

Dodd J, Dingledine R, Kelly JS. {1981). The excitatory action of acetylcholine on
hippocampal neurones of the guinea pig and rat maintained in vitro. Brain
Res., 207: 109-27.

Dolorfo CL, Amaral DG. (1997). The entorhinal cortex of the rat: organization of
intrinsic connections. J. Comp. Neurol., in press.



punnett S, Fibiger HC. (1993). Role of forebrain cholinergic systems in learning and
memory: relevance to the cognitive deficits of aging and Alzheimer’s
dementia. Prog. Brain Res., 98: 413-420.

During MJ, Spencer DD. (1993). Extracellular hippocampal glutamate and
spontaneous seizure in the conscious human brain. Lancet, 341: 1607-
1610.

Durstewitz D, Seamans JK, Sejnowski TJ. (2000). Dopamine-mediated stabilization
of delay-period activity in a network model of prefrontal cortex. ./
Newurophysiol., 83: 1733-1750.

Echlin FA. (1959). The supersensitivity of chemically ‘isolated’ cerebral cortex as a
mechanism in focal epilepsy. Electroencephalogr. Clin. Neurophysiol.,
11:697-727.

Ellman GL, Courteney D, Andres V Jr, Featherstone RM. (1961). A new and rapid
colorimetric determination of acetylcholine esterase activity. Biochem.
Pharmacol., 7: 88-95.

Engel J Jr (1996) Introduction to temporal lobe epilepsy. Epilepsy Res., 26: 141-150.

Engel JJr & Pedley. (1997). Introduction: what is epilepsy? In: Engel JJr & Pedley TA
{eds). Epilepsy —A Comprehensive Textbook. Lippincott-Raven
Publishers, Philadelphia, 1-10.

Engel JJr. (1992). Recent advances in surgical treatment of temporal lobe epilepsy.
Acta. Neurol. Scand., 140: 71-80.

Engel Jr J (1989) Seizures and epilepsy. Philadelphia: F. A. Davis.

Engel Jr J. (1987). Surgical treatment of the epilepsies. New York: Raven.

Eric JH, Philip AW, Edward FD. (2002). Effect of Fluoxetine and TFMPP on
spontaneous seizures in rats with pilocarpine induced epilepsy. Epilepsia.,

43: 1337-1345.

Erickson JC, Clegg KE, Palmiter RD. (1996). Sensitivity to leptin and susceptibility to
seizures of mice lacking neuropeptide Y. Nature, 381: 415-421.



.Felder CC, Dieter P, Kinsella J. (1990). A transfected M5 muscarinic acetylcholine
receptor stimulates phospholipase A2 by inducing both calcium influx
and activation of protein kinase C. J Pharmacol Exp. Therap., 255;
1140-1147.

Felder CC, Kanterman RY, Ma AL. (1989). A transfected M| muscarinic
acetylcholine receptor stimulates adenylate cyclase via phosphatidyl
indositol hydrolysis. J. Biol. Chem., 264: 20356-20362.

Ferron A, Thierry AM, LeDouarin C, Glowinski J. (1984). Inhibitory influence of the
mesocortical dopaminergic system on spontaneous activity or excitatory
response induced from the thalamic mediodorsal nucleus in the rat medial
prefrontal cortex. Brain Res., 302: 257-265.

Flaconer MA, Serafetinides EA. (1963). A follow-up study of surgery in temporal
lobe epilepsy. J. Neurosurg. Psychiatry., 26: 154-165.

Fletcher A, Forster EA. (1988). A proconvulsant action of selective a2-adrenoceptor
antagonists. Fur. J. Pharmacol., 151: 27-34.

Forster FM. (1945). Action of acetylcholine on motor cortex. Correlation of cffects of
acetylcholine and epilpesy. Arch. Neurol. Psychian., S4: 391-394.

Frerking M and Nicoll, RA. (2000). Synaptic kainate reccptors. Curr. Opin.
Neurobiol., 10: 342-351.

Fukamauchi F, Hough C, Chuang DM. (1991). Expression and agonist induced down-
regulation of mRNA of m2 and m3 muscarinic receptors in cultured
cerebellar granule cells. J. Neurochem., 56: 716-719.

Fuster D, Moe OW, Hilgemann DW. (2004). Lipid- and mechanosensitivities of
sodium/hydrogen exchangers analyzed by electrical methods. Proc. Natl.
Acad. Sci. USA., 101: 10482-10487.

Gall CM, Isackson PJ. (1989). Limbic seizures increase neuronal production of
messenger RNA for nerve growth factor. Science, 245: 758-761.



Gastaut H. (1970}. Executive Committee of the International League against Epilepsy.
Clinical and EEG classification of epileptic seizures. Epilepsia., 11: 102-
113.

Gaykema RPA, Luiten PGM, Nyakas C, Traber J. (1990). Cortical projection patterns
of the medial septum-diagonal band complex. J. Comp. Neurol, 293:
103-124.

George B, Kulkarni SK. (1997). Modulation of lithium-pilocarpine-induced status
epilepticus by adenosinergic agents. Methods Find Exp. Clin. Pharmacol.,
19: 329-333.

Geijo-Barrientos E, Pastore C. (1995). The effects of dopamine on the sub threshold
electrophysiological responses of rat prefrontal cortex neurons in vitro.
Eur. J Neurosci., T: 358-366.

Gerber DJ, Sotnikova TD, Gainetdinov RR, Huang SY, Caron MG, Tonegawa S.
(2001). Hyperactivity, elevated dopaminergic transmission, and response
to amphetamine in M1 muscarinic acetylcholine receptor- deficient mice.
Proc. Natl. Acad. Sci. USA.,98: 15312- 15317.

Ghauri M, Chapman AG, Meldrum BS. {(1996). Convulsant and anticonvulsant
actions of agonists and antagonists of group I mGluRs. Neuro. Report.,
7: 1469-1474.

Gilon P, Henquin JC. (2001). Mechanisms and physiological significance of the
cholinergic control of pancreatic beta cell function. Endocr. Rev., 22:
565-604.

Gloor P. (1991). Mesial temporal sclerosis: historical background and an overview
from a modern perspective. Epilepsy surgery. Raven Press, New York,
689-703.

Glowinski J, Iversen LL. (1966). Regional studies of catechclamines in the rat brain.
I. The disposition of [3H]norepinephrine, [3H]dopamine and {3H]dopa in
various regions of the brain. J. Newrochem., 13: 655-6609.



Gonzalez-Burgos G, Kroner S, Krimer LS, Seamans JK, Urban NN, Henze DA,
Lewis DA, Barrionuevo G. (2002). Dopamine modulation of neuronal
function in the monkey prefrontal cortex. Physiol Behav., 77: 537-543.

Gonzalez-Isias C, Hablitz JJ. (2003). Dopamine enhances EPSCs in layer 1-[I]
pyramidal neurons in rat prefrontal cortex. J. Neurosci., 23: 867-875.

Goodman CB, Soliman KF. (1991). Altered brain cholinergic enzymes activity in the
genetically obese rat. Experientia., 47: 833-835.

Gorelova N, Yang CR. (2000). Dopamine DI1/D3 receptor activation modulates a
persistent sodium current in rat prefrontal cortical neurons in vitro. J.
Neurophysiol., 84: 75-87.

Grigorenko E, Glazier S, Bell W, Tytell M, Nosel E, Pons T, Deadwyler SA. (1997).
Changes in glutamate receptor subunit composition in hippocampus and
cortex in patients with refractory epilepsy. J. Neurol Sci., 153: 35-45.

Guillemain 1, Rossignol B. (1992). Evidence for receptor-linked activation of
phospholipase D in rat parotid glands. Stimuiation by carbamylcholine,
PMA and calcium. FEBS Lett., 314: 486-492.

Gulledge AT, Jaffe DB. (2001). Multiple effects of dopamine on layer V pyramidal
cell excitability in rat prefrontal cortex. J. Neurophysiol., 86: 586-595.

Gurwitz D, Haring R, Heldman E. (i1994). Discrete activation of transduction
pathways associated with acetylcholine Mi receptor by several
muscarinic ligands. Eur. J. Pharmacol., 267: 21-31.

Gusovsky F, Leuden JE, Kohn EC. (1993). Muscarinic receptor mediated -tyrosine
phophorylation of phospholipase C-g. J. Biol. Chem., 268:7768-7772.

Hajnal A, Lenard L, Czurko A, Sandor P, Karadi Z. (1997}. Distribution and time
course of appearance of ‘dark’ neurons and EEG activity after
amygdaloid kainate lesion. Brain Res. Buil., 433: 235-243.

Halliwell JV. (1990). Physiological mechanisms of cholinergic action in the
hippocampus. Prog. Brain Res., 84: 255-272.



Hamilton SE, Loose MD, Qi M, Levey Al, Hille B, McKnight GS. (1997).
Distuption of the ml receptor gene ablates muscarinic receptor-
dependent M current regulation and seizure activity in mice. Proc. Natl.
Acad. Sci. USA., 94: 13311-13316.

Hanumanthachar J, Milind P. (2006). Brahmi rasayana lmproves Learning and
Memory in Mice. eCAM. 3: 79-85.

Hardman JG. Goodman Gilman A, Limbird LE. {(1996). Goodman & Gilman's The
Pharmacological Basis of Therapeutics. New York, New York: McGraw-
Hill.

Hashimoto Y, Araki H, Gomita Y. (2004). Cessation of repeated administration of
MK-801 changes the anticonvulsant effect against flurothyl-induced
seizure in mice. Pharmacol. Biochem. Behav., 74: 909-915.

Hassall C, Stanford C, Burnstock, Buckley NJ. (1993). Co-expression of four
muscarinic receptor genes by the intrinsic neurons of the rat and guinea-
pig heart. Neuroscience, 56: 1041-1048.

Hauser WA, Annegers JF, Kurland LT. (1993). The incidence of epilepsy and
unprovoked seizures in Rochester, Minnesota. Epilepsia., 34: 453-468.

Hauser WA, Annegers JF, Kurland LT. (1991). Prevalence of epilepsy in Rochester,
Minnesota: 1940-1980. Epilepsia., 32: 429-445,

Hauser WA, Annegers JF. (1991). Risk factors for epilepsy. Epilepsy Res. Suppl.,
4:45-52.

Hauser WA. (1997). Incidence and prevalence. In: Engel Jir & Pedley TA (eds).
Epilepsy — A Comprehensive Textbook. Lippincott-Raven Publishers,
Philadephia, 47-58.

Heiser LK, Chu HM, Tecott LH. (1998). Epilepsy and obesity in serotonin 5-HT.¢
receptor mutant mice. Ann. N.Y. Acad. Sci., 861: 74-78.

Henze DA, Lewis DA, Barrionuevo G. (2002). Dopamine modulation of neurenal
function in the monkey prefrontal cortex. Physiol. Behav., 77: 537-543.



Hernandez EJ, Willams PA, Dudek FE. (2002). Effect of fluoxetine and TFMPP on
spontaneous seizures in rats with pilocarpine induced epilepsy. Epilepsia.,
43: 1337-1345.

Hort J, Brozek G, Komarek V. Langmeier M, Mares P. (2000). Interstrain differences
in cognitive functions in rats in relation to status epilepticus. Behav. Brain
Res., 112: 77-83.

Hort J, Brozek G, Mares P, Langmeier M, Komarek V. (1999). Cognitive functions
after pilocarpine-induced status epilepticus: changes during silent period
precede appearance of spontaneous recurrent seizures. Epilepsia., 40:
1177-1183.

Hosey MM. (1992). Diversity of structure, signaling and regulation within the family
of muscarinic cholinergic receptors. FASER Journal, 6: 845-852.

Houser CR, Esclapez M, Fritschy JM, Mohler H. (1995). Decreased expression of the
gka$ subunit of the GABA, receptor in a modei of temporal lobe epilepsy.
Soc. Newrosci. Abstr., 21: 1475,

Houser CR, Esclapez M. (1996). Vulnerability and plasticity of the GABA system in
the pilocarpine modei of spontaneous recurrent seizures. Epilepsy Res.,
26: 207-218..

Houser CR, Miyashiro JE, Swartz BE. Walsh GO, Rich JR, Delgado- Escueta AV.
(1990). Altered patterns of dynorphin immunoreactivity suggest mossy
fiber reorganization in human hippocampal epilepsy. J. Newrosci., 10:
267-282.

Houser CR. (1990}. Granule cell dispersion in the dentate gyrus of humans with
temporal lobe epilepsy. Brain Res., 535: 195-204.

Houser CR. (1999). Neuronal loss and synaptic reorganization in temporal lobe
epilepsy. Addv. Neurol., 79: 743-761.

Huerta PT, Lisman JE. (1993). Heightened synaptic plasticity of hippocampal CA|l
neurons during a cholinergically induced rhythmic state. Nature, 19: 723--
725.



Hulme EC, Birdsall NJM, Buckley NJ. (1990). Muscarinic receptor subtypes. Annu.
Rev. Pharmacol. Toxicol., 30:633-673.

Insausti R, Amaral DG, CowanWM. (1987). The entorhinal cortex of the monkey: I1.
Cortical afferents. /. Comp. Neurol., 264: 356 —395.

Insausti R, Herrero MT, Witter MP. (1997). Entorhinal cortex of the rat:
cytoarchitectonic subdivisions and the origin and distribution of cortical
efferents. Hippocampus, 7:146 —183.

Insausti R, Tunon T, Sobreviela T, Insausti AM, Gonzalo LM. (1995). The human
entorhinal cortex: a cytoarchitectonic analysis. J. Comp. Neurol., 355:
171-198.

Isokawa M, LevesqueMF, Babb TL, Engel J Jr. (1993). Single mossy fiber axonal
systems of human dentate granule cells studied in hippocampal slices
from patients with temporal lobe epilepsy. ./ Neurosci., 13: 15111522,

[sokawa M, Mello LE. (1991). NMDA receptor-mediated excitability in dendritically
deformed dentate granule cells in pilocarpine-treated rats. Newrosci. Lett.,
129: 69-73.

Isokawa M, Mello LEAM. (1991). NMDA receptor-mediated excitability in
dendritically deformed dentate granule cells in pilocarpine-treated rats.
Neuroscence Lett., 129: 69-73.

Isokawa M. (1996). Decreased time constant in hippocampal dentate granule cells in
pilocarpine treated rats with progressive seizure frequencies. Brain Res.,
718: 169-175.

Isokawa M. (1998). Remodeling dendritic spines in the rat pilocarpine model of
temporal lobe epilepsy. Neuroscience Lett., 258: 73-76.

Jackson HC, Dickinson SL, Nutt DJ. (1991). Exploring the pharmacology of the pro-
convulsant effects of alpha 2-adrenoceptor antagonists in mice.
Psychopharmacology, 105: 558 -562.



Jerlicz M, Kostowski W, Bidzi'nski A, Hauptman M, Dymecki J. (1978). Audiogenic
seizures in rats: relation to noradrenergic neurons of the locus coeruleus,
Acta. Physiol. Pol., 29: 409412,

Jiang FL, Tang YC, Chia SC, Jay TM, Tang FR. (2007). Anticonvulsive Effect of a
Selective mGIuR8 Agonist (S)-3,4-Dicarboxyphenylglycine (S-3.4.
DCPG}) in the Mouse Pilocarpine Model of Status Epilepticus. Epilepsia.,
48: 783-792.

Jobe PC, Ko KH, Dailey JW. (1984). Abnormalities in norepinephrine turnover rate in
the central nervous system of the genetically epilepsy prone rat. Brain
Res., 290: 357-360.

Johnson EW, deLanerolle NC, Kim JH. (1992). Central and peripheral
benzodiazepine receptors: opposite changes in human epileptogenic
tissue. Neurology, 42: 811-815.

Johnson MP, Kelly GM, Chamberlatn M. (2000). Blockade of pilocarpine-induced
cerebellar phosphoinositide hydrolysis with metabotropic glutamate
antagonists: evidence for an indirect control of granule cell glutamate
release by muscarinic agonists, Neurosci Lett., 285: 71-75.

Jonas P. Burnashev N. (1995). Moiecular mechanisms controlling calcium entry
through AMPA-type glutamate receptor channels. Neuron, 15: 987-990.

Jones EG, Powell TPS. (1970). An anatomical study of converging sensory pathways
within the cerebral cortex of the monkey. Brain, 93: 793 - 820.

Kapur J, Michelson HB, Buterbaugh GG, Lothman EW. (1989). Evidence for a
chronic loss of inhibition in the hippocarnpus after kindling:
electrophysiological studies. Epifepsy Res., 4: 90-99.

Kapur J. {1999). Status epilepticus in epileptogenesis. Curr. Opin. Neurol., 12: 191-
195.

Kashihara K, Varga EV, Waite SL, Roeske WR, Yamamura HI. (1992). Cloning of
the rat M3, M4 and M5 muscarinic acetylcholine receptor genes by the



polymerase chain reaction (PCT) and the pharmacological
characterization of the expressed genes. Life Sci., 51: 955-971.

Kaur G, Kanungo MS. (1970). Alterations in glutamate dehydrogenase of the brain of
rats of various ages. Can. J. Biochem., 48: 203-206.

Kenakin TP, Boselli C. (1990). Promiscuous or heterogenous muscarinic receptors in
rat atria? Schild analysis with competitive antagonists. Eur. J. Pharmacol.
. 191: 39-48.

Keranen T, Sillanpdd M & Riekkinen PJ. (1988). Distribution of seizure types in an
epileptic population. Epilepsia., 29: 1-7.

Kerr JF, Wyllie AH, Curre AR. (1972). Apoptosis: a basic biological phenomenon
with wide ranging implications in tissue kinetics. Br. J. Cancer., 26: 239-
257.

King DW, Flanigin HF, Gallagher BB, So EL, Murvin Al, Smith DB, Oommen KJ,
Feldman DS, Power J. (1986). Temporal lobectomy for partial complex
seizures: evaluation, results, and 1-year follow-up. Neurology. 36: 334--
339,

Kishore K, Singh M. (2005). Effect of bacosides, alcoholic extract of Bacopu
monnieri Linn. (brahmi), on experimental amnesia in mice. Indian J.
Exper. Bivl., 43: 640-645.

Kitaichi K. Hori T, Stivastava LK, Quirion R. (1999). Brain Res. Mol., 67: 98—106.

Klink R, Alonso A. (1997). Muscarinic modulation of the oscillatory and repetitive
firing properties of entorhinal cortex layer Il neurons. J Newrophysiol.,
77:1813--1828.

Kohler C. (1986). Intrinsic connections of the retrohippocampal region in the rat
brain. II. The medial entorhinal area. .J. Comp. Neurol., 246: 149 --169.

Kohr G, Lambert CE, Mody 1. (1991). Calbindin-D28K (CaBP) levels and calcium
currents in acutely dissociated epileptic neurons. Exp. Brain Res., 85:
543-551.



Konopacki J, Bland BH, Roth SH. (1988). Evidence that activation of in vitro
hippocampal theta rhythm only involves Muscarinic receptors. Brain
Res., 455: 110-114.

Kopniczky Z, Dobo E, Borbely S, Vilagi 1, Detari L., Krisztin-Peva B, Bagosi A,
Molnar E, Mihaly A. (2005). Lateral entorhinal cortex lesions rearrange
afferents, glutamate receptors, increase seizure latency and suppress
seizure-induced c-fos expression in the hippocampus of adult rat. J
Neurochem., 95: 111-124.

Kral T, Erdmann E, Sochivko D, Clusmann H, Schramm J, Dietrich D. (2003). Down-
regulation of mGluR8 in pilocarpine epileptic rats. Synupse, 47: 278- 284,

Krnjevi'c K. (1993). Central cholinergic mechanisms and function. Prog. Brain Res.,
98: 285-292.

Krsek P, Mikulecka A, Druga R, Kubova H, Hlinak Z, Suchomelova L. Mares P.
{2004). Long-term behavioral and morphological consequences of
nonconvulsive status epilepticus in rats. Epilepsy. Behav., 5: 180-191.

Kulshreshtha DK, Rastogi RP. (1973). Bacogenin Al: a novel dammerane triterpene
sapogenin from Bacopa monniera. Phytochemistry, 12: 887-892.

Kulshreshtha DK, Rastogi RP. (1974). Bacogenin A2: a new sapogenin from
bacosides. Phytochemistry, 13: 1205-1206.

Kupferman I. (1991). Hypothalamus and [limbic system: peptidergic neurons.
homeostasis and emotional behavior. In Principles of Neuronal Science.
3rd edition. ed. Kandel, E.R.,

Langley JN, Kato T. (1915). The physiological action of physostigmine and its action
on denervated skeletal muscle. J. Physiol., 49:410-431.

Lattera J, Keep R, Betz AL, Goldstein GW. (1999). Blood-Brain-Cerebrospinal Fluid
Barriers. In: Basic Neuochemistry: Molecular, Cellular, and Medical
Aspects, edited by GJ Siegel. Philadelphia: Lippincott-Raven Publishers.
671-689.



pauterborn JC, Ribak CE. (1989). Differences in dopamine beta-hydroxylase
immunoreactivity between the brains of genetically epilepsy-prone and
Sprague-Dawley rats. Epilepsy Res., 4: 161-176.

Law-Tho D, Hirsch JC, Crepel F. (1994). Dopamine modulation of synaptic
transmission in rat prefrontal cortex: an in vitro electrophysiological
study. Neuwrosci. Res., 21: 151-160.

Lazareno S, Buckley NJ, Roberts FF. (1990). Characterisation of muscarinic M4
binding sites in rabbit lung, chicken heart and NGI108-15 cells. Mol
Pharmacol., 53: 573-589.

Le Poul E, Boni C, Hanoun N, Laporte AM, Laaris N, Chauveau J, Hamon M,
Lanfumey L. (2000). Differential adaptation of brain 5-HT;, and 5-HT;
receptors and 5-HT transporter in rats treated chronically with fluoxetine.
Neuropharmacology, 39: 110-122.

Lennox WG. (1942). Brain injury, drugs, and environment as causes of mental decay
in epilepsy. Am. ... Psychiatry., 99:174—180.

Lenz W, Petrusch C, Jakobs KH, van Koppen Ci. (1994). Agonist-induced down-
regulation of the m4 muscarinic acetylcholine receptor occurs without
changes in receptor mRNA steady-state levels. Naunyn Schmiedebergs
Arch. Pharmacol., 350: 507-513.

Leppik IE. (1990). Status epilepticus: the next decade. Neurology, 40: 54-S9.
Levey Al, Edmunds SM, Koliatsos V, Wiley RG, Heilman Cl. (1995). Expression of
ml-m4 muscarinic acetylcholine receptor proteins in rat hippocampus and

regulation by cholinergic innervation. J. Neurosci.. 15: 4077-4092.

Levey Al. (1993). Immunological localization of M1-M5 muscarinic acetyicholine
receptors in peripheral tissue and brain. Life Sci., 52: 441-448.

Lewis DV. (1999). Febrile convulsions and mesial temporal sclerosis. Curr. Opin.
Neurol., 12: 197-201.



Lewis BL, O'Donnell P. (2000).Ventral tegmental area afferents to the prefrontal
cortex maintain membrane potential 'up’ states in pyramidal neurons via
D(1) dopamine receptors. Cereb, Cortex., 10: 1168-1175.

Lewis PR, Shute CCD. (1967). The cholinergic limbic system: projections to
hippocampal formation, medial cortex, nuclei of the ascending
cholinergic reticular system, and the subfornical organ and supra-optic
crest. Brain., 90: 521-540.

Liao CF. Schilling WP, Virnbaumer M. (1990). Cellular responses to stimulation of
the mS muscarinic acetyicholine receptor as seen in murine L cells. J
Biol. Chem., 265: 11273-11284.

Liow K, Barkley GL, Pollard JR, Harden CL, Bazil CW. (2007). Position statement
on the coverage of anticonvulsant drugs for the treatment of epilepsy.
Neurology, 68: 1249-1250

Liscovitch M. (1991). Signal-dependent activation of phophatdylcholine hydrolysis:
role of phospholipase D. Biochem. Soc. Trends., 19: 402-407.

Lismaa TP, Kerr E, Wilson J, Carpenter L, Sims N, Bidden T. (2000). Quantitative
and functional characterization of muscarinic rceptor subtypes in insulin-
secreting cell lines and rat pancreatic islets. Diabetes, 49: 392-398.

Liu Z, Nagao T, Desjardins QC, Gloor P, Avoli M. (1994). Quantitative evaltuation of
neuronal loss in the dorsal hippocampus in rats with long-term pilocarpine
seizures. Epilepsy Res., 17: 237-247.

Lopes da Silva FH, Witter MP, Boeijinga PH, L.ohman HM. (1990). Anatomic
organization and physiology of the limbic cortex. Physiol. Rev., 76: 453-
S5t

Loscher W, Czuczwar SJ. (1987). Comparison of drugs with different selectivity for
central alphal and alpha2-adrenoceptors in animal models of epilepsy.
Epilepsy Res., 1:165-172.

Loscher W, Schmidt D. (1988). Which animal models should be used in the search for
new antiepileptic drugs. A proposal based on experimental and clinical
considerations. Epilepsy Res., 2:145-181.



Lothman EW, Bertram EH, Stringer JL. (1991). Functional anatomy of hippocampal
seizures. Prog. Neurobiol., 37: 1-82.

Lothman EW, Bertram 111 EH. (1993). Epileptogenic effects of status epilepticus.
Epilepsia., 34: 59-70.

Lowenstein DH, Thomas MJ, Smith DH, Mcintosh TK. (1992). Selective
vulnerability of dentate hilar neurons following traumatic brain injury: a
potential mechanistic link between head trauma and disorders of the
hippocampus. .J. Neuroscience., 12: 4816-4853.

Lowenstein DH. (1996). Recent advances related to basic mechanisms of
epileptogenesis. Epilepsy Res., 11: 45-60.

Lowenstein DH, Alldredge BK. (1998). Status epilepticus. N. Engl. J. Med., 338: 970-
976.

Lowry OH, Roserbrough NJ, Farr AL, Randall RJ. {1951). Protein measurement with
folin phenol reagent. J. Biol Chem., 193: 265-275.

Lu WY, Xiong ZG, Lei S, Orser BA, Dudek E, Browning MD, MacDonald JF.
(1999). G-protein-coupled receptors act via protein kinase C and Src to
regulate NMDA receptors. Nar. Neurosci., 2: 331-338.

Lynch M, Sutula T. (2000). Recurrent excitatory connectivity in the dentate gyrus of
kindled and Kainic acid-treated rats. J. Neurophysiol., 83: 693-704.

Lysakowski A, Wainer BH, Bruce G, Hersh LB. (1989). An atlas of the regional and
laminar distribution of choline acetyltransferase immunoreactivity in rat
cerebral cortex. Neuroscience, 28: 291-336.

Magloczky Z, Halasz P, Vajda J, Czirjak S, Freund TF. (1997). Loss of Calbindin-
D28K immunoreactivity from dentate granule cells in human temporal
lobe epilepsy. Neuroscience, 76: 377-385.

Makram H, Segal M. (1990). Acetylcholine potentiates responses to N-methyl-D-
aspartate in the rat hippocampus. Neurosci. Lett., 113: 62-65.



Malhotra CL, Das PK. (1959). Pharmacological studies of Herpestis monniera Linn.
{Brahmi). Indian J. Med. Res., 47: 294-305.

Marchi M, Bocchieri P, Garbarino L, Raiteri M. (1989). Muscarinic inhibition of
endogenous glutamate release from rat hippocampus synaptosomes,
Neurosci. Lett., 96 :229-234,

Marchi M, Raiteri M. (1989). Interaction acetylcholine glutamate in rat hippocampus:
involvement of two subtypes of M2 Muscarinic receptors. .J. Pharmacol.
Exp. Ther., 248: 1255-1260.

Margerison JH & Corsellis JAN. (1966). Eptlepsy and the temporal lobes. A clinical,
electroencephalographic and neuropathological study of the brain in
epilepsy, with particular reference to temporal lobes. Brain, 89: 499-530.

Marino MJ, Rouse ST, Levey Al, Potter LT, Conn PJ. (1998). Activation of the
genetically defined M1 muscarinic receptor potentiates N-methyl-D-
aspartate (NMDA) receptor currents in hippocampal pyramidal celis.
Proc. Nati. Acad. Sci. U7 S A., 95: 11465-11470.

Markram H, Segal M. (1990). Long-lasting facilitation of excitatory postsynaptic
potentials in the rat hippocampus by acetylcholine. ./ Physiol., 427: 381-
393.

Martinson EA, Trinivis I, Brown JH. (1990). Rapid protein kinase C- dependent
activation of phospholipase D leads to delayed 1. 2 -diglyceryl
accumulation. J. Biol. Chem., 265: 22282-22287.

Mason ST, Corcoran ME. (1979). Catecholamines and convulsions. Brain Res.,
170:497-507.

Mathern GW, Adelson PD, Cahan 1.D, Leite JP. (2002). Hippocampal neuron damage
in human epilepsy: Meyer’s hypothesis revisited. in: Sutula T, Pitkdnen A
eds. Progress in brain research, Elsevier Science, 135: 237-251.

Matsui M, Motomura D, Karasawa H, Fujikawa T, Jiang J Komiya Y, Takahashi S,
Taketo MM. (2000). Multiple functional defects in peripheral autonomic
organs in mice lacking muscarinic acetylcholine receptor gene for the M3
subtype. PNAS, 97: 9579- 9584.



Mattson MP, Cheng B, Baldwin SA, Smith-Swintosky VL, Keller J, Geddes 1W,
Scheff SW, Christakos S. (1995). Brain injury and tumor necrosis factors
induce calbindin D-28k in astrocytes: evidence for a cytoprotective
response. J. Neurosci. Res., 42: 357-370.

Mayer ML, Miller RJ. (1990). Excitatory amino acid receptors, second messengers
and regulation of intracellular Ca” in mammalian neurons. Trends
Pharmacol. Sci., 11:254-260,

Mayer ML, Westbrook GL. (1987). The physiology of excitatory amino acids in the
vertebrate central nervous system. Prog. Neurobiol., 28: 197-276.

Mazarati AM, Hal’aszi E, Telegdy G. (1992). Anticonvulsive effects of galanin
administered into the central nervous system upon the picrotoxin-kindled
seizure syndrome in rats. Brain Res., 589:164-166.

Mazarati AM, Liu H, Soomets U, Sankar R. Shin D, Katsumori H. Langel U.
Wasterlain CG. (1998). Galanin modulation of seizures and seizure
modulation of hippocampal galanin in animal models of status
epilepticus. J. Neuwrosci., 18:10070 --10077.

McCormick DA, Contreras D. (2001). On the cellular and network bases of epileptic
seizures. Annu. Rev. Physiol., 63: 815-846.

McCormick DA, Pape H-C. (1990). Noradrenergic and serotonergic modulation of a
hyperpolarization-activated cation current in thalamic relay neurones. J.
Physiol., 431: 319-342.

McCormick DA, Wang Z, Huguenard JR. (1993). Neurotransmitter control of
neocortical neuronal activity and excitability. Cereb. Cortex., 3: 387-398.

McDonald J, Garofala E, Hood T, (1991). Altered excitatory and inhibitory amino
acid receptor binding in hippocampus of patients with temporal lobe
epilepsy. Ann. Neurol., 29: 529-541.

Meisenhelder J, Suh PG, Rhee SG. (1989). Phopholipase C-g is a substrate for the
PDGF and EGF receptor protein-tyrosine kinases iz vivo and in vitro.
Cell, §7: 1109-1122.



Meldrum BS, Brierley JB. (1973). Prolonged epileptic seizures in primates: ischemic
cell change and its relation to ictal physiological events. Arch. Neurol.,
28: 10-17,

Meldrum BS, Bruton ClJ. (1992). Epilepsy. In:Greenfield’s Neuropathology (Adams
JH, Duchen LW eds), New York: Oxford University Press. 1246-1238.

Meidrum BS. (2000). Glutamate as a neurotransmitter in the brain: review of
physiology and pathology. J. Nutr., 130: 1007S-1015S.

Mellgren Sl. Srebro B. {1973). Changes in acetylcholinesterase and distribution of
degenerating fibres in the hippocampal region afier septal lesions in the
rat. Brain Res., 82:19 -36.

Mello LE, Cavatlheiro EA, Tan AM, Kupfer WR, Pretorius JK, Babb TL, Finch DM.
{1993). Circuit mechanisms of seizures in the pilocarpine mode! of
chronic epilepsy: cell loss and mossy fiber sprouting. Epilepsia., 34:985-
995.

Meyer T, Wellner- Kienitz MC, Biewald A, Bender K, Eickel A, Pott L. (2001).
Depletion of phosphatidylinositol 4, S5-bisphosphate by activation of
phospholipase C-coupled receptors causes slow inhibition but not
desensitization of G protein-gated inward rectifier K' current in atrial
myocytes. ). Biol. Chem., 276: 5650-5658.

Moldrich RX, Chapman AG, De Sarro G, Meldrum BS. (2003). Glutamate
metabotropic receptors as targets for drug therapy in cpilepsy. Eur. J.
Pharmacol., 476: 3-16.

Michaels RL, Rothrnan SM. (1990). Glutamate neurotoxicity in vitro: antagonist
pharmacology and intracellular calcium concentrations. J. Newrosci., 10:
283-292.

Michell RH. (1975). Inositol phospholipids and cell surface receptor function.
Biochem. Biophys. Acta, 415: 81-147.

Milner TA, Loy R, Amaral DG. (1983). An anatomical study of the development of
the septo-hippocampal projection in the rat. Dev. Brain. Res., 8: 343-371.



Mishra PK, Burger RL, Bettendorf AF, Browning RA, Jobe PC. (1994). Role of
norepinephrine in forebrain and brainstem seizures: chemical lesioning of
locus ceruleus with DSP4. Exp. Newrol., 125: 58-64.

Mita Y, Dobashi K, Suzuki K, Mori M, Nakazawa T. (1996). Induction of muscarinic
receptor subtypes in monocytic/macrophagic cells differentiated from
EoL-1 cells. Eur. J. Pharmacol., 297: 121-127.

Mitchell SJ, Ranck JBJ. (1980). Generation of theta rhythm in medial entorhinal
cortex of freely moving rats. Bruin Res., 189: 49-66.

Mitsuyoshi I, Ito M, Shirasaka Y, Mikawa H, Serikawa T, Yamada J. (1993). Changes
of NMDA receptor binding in spontaneously epileptic rat and parent
strains. Neurochem. Res., 18: 1169-1173.

Miyakawa T, Yamada M, Duttaroy A, Wess J. (2001). Hyperactivity and intact
hippocampus-dependent learning in mice lacking the M1 muscarinic
acetylcholine receptor. /. Neurosci., 21: 5239-5250.

Mizuno K, Okada M, Murakami T, Kamata A, Zhu G, Kawata Y, Wada K, Kaneko S.
(2000). Effects of carbamazepine on acetylcholine release and
metabolism. Epilepsy Res., 40: 187-195.

Mody 1.(1998). lon channels in epilepsy. Int. Rev. Neurobiol., 42: 199-226.

Moldrich RX, Chapman AG, De Sarro G, Meldrum BS. (2003). Glutamate
metabotropic receptors as targets for drug therapy in epilepsy. Eur. .J
Pharmacol., 476: 3-16.

Moor E, De boer P, Bbeldhuis HIA, Westerink BHC. (1994). A novel approach for
studying septo-hippocampal cholinergic neurons in freely moving rats: a
microdialysis study with a dual probe design. Brain Res., 648: 32-38.

Morris RGM, Schenk F, Tweedie F, Jarrard LE. (1990). ibotenate lesions of
hippocampus and subiculum dissociating components of allocentric
spatial learning. Eur. J. Neuwrosci,, 2: 1016-1028.



Mulier M, Gahwiler BH, Rietschin L, Thompson SM. (1993). Reversible loss of
dendritic spines and altered excitability after chronic epilepsy in
hippocampal slice cultures. Proc. Natl. Acad. Sci. USA., 90: 257-261.

Multani P, Myers RH, Blume HW, Schomer DL, Sotrel A. (1994). Neocortical
dendritic pathology in human partial epilepsy: a quantitative Golgi study.
Epilepsia., 35:718-736.

Murray TF, Sylvester D, Schultz CS, Szot P. (1985). Purinergic modulation of
pentylenetetrazol seizure threshold in the rat. Newropharmacology, 24:
761-766.

Nagao T, Alonso A, Avoli M. (1996). Epileptiform activity induced by pilocarpine in
combined slice of the rat hippocampus-entorhinal cortex. Newroscience,
72:399-408.

Nathanson NM. (1987). Molecular properties of the muscarinic acetyicholine
receptor. Annu. Rev. Neurosci., 10: 195-236.

Nicholls D, Attwell D. {1990). The release and uptake of excitatory amino acids.
Trends Phamacol Sci., 11 462-468.

Nicoletti IF, Meek J1., ladarola MJ, Chuang DM, Roth BL, Costa E. (1986). Coupling
of inositol phospholipid metabolism with excitatory amino acid
recognition sites in rat hippocampus. .. Neurochem., 46: 40-46.

Okeefe J, Nadel L: The Hippocampus as a Cognitive Map. Oxford University Press,
Oxford, 1978.

Olianas MC, Adem A, Karisson E, Onali P. (1996). Rat striatal muscarinic receptors
coupled to inhibition of adenylyl cyclase activity: Potent block by the
selective M4 ligand muscarinic toxin 3 (MT3). Br. J. Pharmacol.. 118:
283-288.

Olney JW, Collins RC, Sloviter RS. (1986). Excitotoxic mechanisms of epileptic brain
damage. Adv. Neurol., 44: 857-877.

Ottersen OP, Storm-mathisen J. (1984). Neurons containing or accumulating
transmitter amino acids. In Handbook of Chemical Neurcanatomy. Vol. 3:



Classical Transmitters and Transmitter Receptors in the CNS, Part Il. ed.
191-198. Amsterdam, New York, Oxford: Elsevier Science Publishers
B.V.

Overbeck B, Grunwald F, Reinke U, Bockisch A, Gratz KF, Biersack HJ. (1990}
Early and late HMPAO-SPECT during an epileptic seizure.
Nuklearmedizin, 29: 228-230.

Ozawa S. (1993). Glutamate receptor channels in hippocampal neurons. Jpn. J
Physiol., 43: 141-1509.

pal R, Dwivedi AK, Singh S, Kulshrestha DK. (1998). High performance liquid
chromatographic (HPLC) quantification of bacosides in Bacopa monnieri
extracts. Indian J. Pharm.Sci., 60: 328-329.

Pal R, Sarin JPS. (1992). Quantitative determination of bacosides by UV-
spectrophotometry. Indian J. Pharm. Sci., 54: 17-18.

Parent JM, Yu TW, Leibowitz RT, Geschwind DH, Sloviter RS, Lowenstein DH.
(1997). Dentate granule cell neurogenesis is increased by seizures and

contributes to aberrant network reorganization in the adult hippocampus.
J. Neurosci., 17: 3727-3738.

Park CH, Kim SM, Streletz LI, Zhang J, Intenzo C. {1992). Reverse crossed cerebellar
diaschisis in partial complex seizures related to herpes simplex
encephalitis. Clin. Nucl. Med., 17: 732--735.

Pasini A, Tortorella A, Gale K. (1996). The anticonvulsant actien of fluoxentine in

subsatntia nigra is dependent upon endogeneous serotonin. Brain Res..
724:84-88.

Paylor R, Rudy JW. (1990). Cholinergic receptor blockade can impair the rat’s
performance on both place learning and cued versions of the morris water

task: the role of age and pool wall brightness. Behav. Brain Res., 36: 79-
90.

Pearce B, Albrecht J, Morrow C. Murphy S. (1986). Astrocyte glutamate receptor
activation promotes inosito] phospholipid turnover and calcium flux.
Neurosci Lett., T2: 335-340.



Pedder EK, Poyner D, Hulme EC, Birdsall NJM. (1991). Modulation of the structure-
binding relationships of antagonists for muscarinic acetylcholine receptor
subtypes. Br. J. Pharmacol., 183: 1561-1567.

Penit-Soria J, Audinat E, Crepel F. (1987). Excitation of rat prefrontal cortical
neurons by dopamine: an in vitro electrophysiological study. Brain Res.,
425: 263-274.

Persinger MA, Makarec K, Bradley JC. (1988). Characteristics of limbic seizures
evoked by peripheral injections of lithium and pilocarpine. Physiol.
Behav., 44: 27-37.

Piredda S, Gale K. (1985). A crucial epileptogenic site in the deep prepiriform cortex.
Nature, 317: 623-625.

Pirot S, Godbout R, Mantz J, Tassin J-P, Glowinski J, Thierry AM. (1992). Inhibitory
effects of ventral tegmental area stimuiation on the activity of pretrontal
cortical neurons: evidence for the involvement of both dopaminergic and
GABAergic components. Neuroscience, 49: 857-865.

Pitkdnen A, Savander V, LeDoux JE. (1997). Organization of intra-amygdaloid
circuitries in the raf: an emerging framework for understanding functions
of the amygdala. Trends Newrosci., 20: 517-523.

Power JM, Sah P. (2002). Nuclear calcium signaling evoked by cholinergic
stimulation in hippocampal CAl pyramidal neurons. J. Neuwrosci., 22:
3454-3462.

Prywes R, Zhu H. (1992). in vitro squelching of activated transcription by serum
response factor: evidence for a common co activator used by muitiple
transcriptional activators. Nucleic Acids Res., 20: 513-520.

Pumain R, Kurcewicz I, Louvel J. (1983). Fast extracellular calcium transtents:
involvement in epileptic processes. Science, 222: 177-179.

Pyroja S, Binoy J, Paulose CS. (2007} Increased 5-HT,, receptor binding in the brain
stem and cerebral cortex during liver regeneration and hepatic neoplasia
in rats. J. Neurol. Sci., 254 3-8.



Qian Z, Drewes LR. (1989). Muscarinic acetylcholine receptor regulates
phosphatidylcholine phospholipase D in canine brain. J. Biol. Chem., 264:
21720-21724.

Rabinowicz AL, Correale JD, Bracht KA, Smith TD, DeGiorgio CM. (1995). Neuron-
specific enolase is increased after nonconvulsive status epilepticus.
Epilepsia., 36: 475-479.

Racine RJ. (1972). Modification of scizure activity by electrical stimulation. I. After-
discharge threshold. Electroencephalogr. Clin. Newrophysiol., 32: 269-
279.

Rasmussen TB (1983) Surgical treatment of complex partial seizures: results, lessons,
and problems. Epilepsia., 24: 65--76.

Rastogi RP. (1990). Compendium of Indian Medicinal Plants, CSIR, New Delhi, I;
118-122. rats. In: Siva Sankar DV. (Ed.), Molecular Aspects of Asian
Medicines. PJD Publications, New York.

Rastogi S, Pal R, Kulshreshtha DK. (1994). Bacoside A3-a triterpenoid saponin from
Bacopa monnieri. Phytochemistry, 36: 133--137.

Reader TA, Ferron A, Descarries L, Jasper HH. (1979). Modulatory role for biogenic
amines in the cerebral cortex. Microiontophoretic studies. Brain Res.,
160: 217 -229.

Reep RL, Corwin JV, Hashimoto A, Watson RT. (1987). Efferent connections of the
rostral portion of medial agranular cortex in rats. Brain Res. Bull., 19:
203-221.

Reever CM, Ferrari-Dil.eo G, Flyn DD. (1997). The M5 (im5) receptor subtype: Fact
or fiction? Life Sci., 60: 1105-1112.

Renuka TR, Remya R, Paulose CS. (2006). Increased insulin secretion by Muscarinic
M1 amd M3 receptor function from rat pancreatic islets in vitro.
Neurochemical Research, 31:313-320.



Rhee SG, Choi KD. (1992). Multiple forms of phospholipase C isozymes and their
activation mechanisms. Adv. Second Messenger Phosphoprotein Res., 26:
35-61.

Rice A, Rafiq A, Shapiro SM, Jakoi ER, Couiter DA, DeLorenzo RJ. (1996). Long-
lasting reduction of inhibitory function and GABA, receptor subunit
mRNA expression in a model of temporal lobe epilepsy. Proc. Natl,
Acad. Sci. US4., 93: 9665-9669.

Room P, Groenewegen HJ} (1986) The connections of the parahippocampal cortex in
the cat. l. Cortical afferents. ./ Comp. Neurol.. 251:415--450.

Rothstein JD, DykesHoberg M, Pardo CA, Bristo! LA, Jin 1., Kuncl RW, Kanai Y,
Hediger MA, Wang YF, Schielke JP, Welty DF. (1996). Knockout of
glutamate transporters reveals a major role for astroglial transport in
excitotoxicity and clearance of glutamate. Newron, 16: 675-686.

Ruiz A, Walker MC, Fabian-Fine R, Kullmann DM. (2004). Endogenous zinc inhibits
GABA(A) receptor in a hippocampal pathway. J Neurophysiol., 91: 1091-
1096.

Sander JWAS & Sillanpdd M. (1997). Natural history and prognosis. In: Engel Jr &
Pedley TA (eds). Epilepsy - A Comprehensive Textbook. Lippincott-
Raven Publishers, New York, 69-86.

Sandmann J, Wurtman RJ. (1991). Stimulation of phospholipase D activity in human
neuroblastoma {LA-N-2} cells by activation of muscarinic acetylcholine
receptors or by phorbol esters: relationship to phosphoinositide turn over.
J. Neuwrochem., 56.

Sara SJ. (1989). Noradrenergic—cholinergic interaction: its possible role in memory
dysfunction associated with senile dementia. Arch. Gerontol Geriatr., 1:
99-108.

Sarnyai Z, Sibille EL, Pavlides C, Fenster RJ, McEwen BS. (2000). T6th M. Impaired
hippocampal-dependent learning and functional abnormalities in the
hippocampus in mice lacking serotonin 1A receptors. Proc. Nuil. Acad.
Sci USA., 97: 14731-14736.



Savic 1, Roland P, Sedvall F, Persson A, Pauli S, Widen L. (1988). In vivo
demonstration of reduced benzodiazepine receptor binding in human
epileptic foci. Lancet, 15: 863-866.

Scatchard (1949). The attraction of proteins for small molecules and ions. Ann. N. Y.
Acad. Sci., 51: 660-672.

Scheucher A, Alvarez AL, Torres N, Dabsys SM, Finkielman S, Nathmod VE, Pirola
CJ. (1991). Cholinergic hyperactivity in the lateral septal area of
spontaneoulsy hypertensive rats: depressor effect of hemicholinum-3 and
pirenzepine. Neuropharmacology, 30: 391-397.

Schiller Y. (2004). Activation of a calcium-activated cation current during
epileptiform discharges and its possible role in sustaining seizure-like
events in neocortical slices.J. Neurophysiol., 92: 862-872.

Schmidt-Kastner R, Ingvar M. (1996). LLaminar damage of neurons and astrocytes in
neocortex and hippocampus of rat after long-lasting status epilepticus
induced by pilocarpine. Epilepsy Res. Suppl., 12:309-316.

Schneider PG, Rodriguez G, de Lores Arnaiz. (2004). Ligand Binding to CNS
Muscarinic Receptor Is Transiently Modified by Convulsant 3-
Mercaptopropionic Acid Administration. J. Newrochemical Res.,25: 637-
643,

Schwartz, J.H. & Jessell & T.M. pp. 735-748. New York, Amsterdam, London,
Tokyo: Elsevier Science Publishers B.V.

Seamans JK, Durstewitz D, Christie BR, Stevens CF, Sejnowski TJ. (2001).
Dopamine DI/D5 receptor modulation of excitatory synaptic inputs to
layer V prefrontal cortex neurons. Proc. Natl. Acad. Sci. USA., 98: 301
306.

Sesack SR, Bunney BS. (1989). Pharmacological characterization of the receptor
mediating electrophysiological responses to dopamine in the rat medial
prefrontal cortex: A microiontophoretic study. ./ Pharmacol. Exp. Ther.,
249: 1323-1333.



Shankar PNE , Anu J, Paulose CS. (2007). Decreased [3H] YM-09151-2 binding to
dopamine D2 receptors in the hypothalamus, brain stem and pancreatic
islets of streptozotocin induced diabetic rats. European .J. Pharmacol.,
557: 99-105.

Sharp PE, Green C. (1994). Spatial correlates of firing patterns of single cells in the
subiculum of the freely moving rat. .J. Neurosci., 14: 2339-2356.

Shen Y. Specht SM, De Saint Ghislain [, Li R. (1994). The hippocampus: a biological
mode! for studying learning and memory. Prog. Neurobiol., 44: 485496,

Shrikumar S8, Sandip S, Ravi TK, Umamaheswari M. (2004). Thin-layer
chromatographic method for the estimation of bacoside A. /ndian J.
Pharm. Sci., 66: 132-135.

Shu Y, Hasenstaub A, McCormick DA. (2003). Turning on and off recurrent balanced
cortical activity. Nature, 423: 288 293,

Singh HK, Dhawan BN, (1982). Effect of Bacopa monnieri extract on avoidance
responses in rat. J. Ethnopharmacol., 5: 205--214.

Singh HK, Dhawan BN. (1992). Drugs affecting learning and memory. In: Tandon,
P.N., Bijiani V, Wadhwa S (Eds.), Lectures in Neurobiology, vol. 1.
Wiley Eastern, New Dethi, 189-207.

Singh HK, Dhawan BN. (1997). Neuropsychopharmacological effects of the
Ayurvedic nootropic Bacopa monnieri Linn (Brahmi). Indian J.
Pharmachol., 29: S359-8365.

Singh HK, Srimal RC, Srivastava AK, Garg NK, Dhan BN. (1990).
Neuropsychopharmacological effects of bacosides A and B. Proceedings
of the Fourth Conference on Neurobiology Learning Memory, Abstract
No. 79. Irvine California.

Siniscalchi A, Calabrest P, Mercuri NB, Bernardi G. (1997). Epileptiform discharge
induced by 4-aminopyridine in magnesium-free medium in neocortical
neurons:  physiological and  pharmacological  characterizations.
Neuroscience, 81: 189-197.



gladeczek F, Pin JP, Recasens M, Bockaert J, Weiss S. (1985). Glutamate stimulates
inositol phosphate formation in striatal neurones. Nature, 317: 717-719.

gloviter RS, Dean E, Sollas AL, Goodman JH. (1996). Apoptosis and necrosis
induced in different hippocampal neuron populations by repetitive
perforant path stimulation in the rat. .J Comp. Neurol., 366 516-533.

sloviter RS, Nilaver G. (1987). Immunocytochemical localization of GABA-.
cholecystokinin-vasoactive intestinal polypeptide and somatostatin-like
immunoreactivity in the area dentata and hippocampus of the rat. J
Comp. Neurol., 256:42-60.

Sloviter RS. (1989). Calcium-binding protein (calbindin-D28k) and parvaibumin
immunocytochemistry: localization in the rat hippocampus with specific
reference to the selective vulnerability of hippocampal neurons to seizure
activity. J. Comp. Neurol., 280:183-196.

Sloviter RS. (1991). Permanently altered hippocampal structure. excitability. and
inhibition after experimental status epilepticus in the rat: the "dormant
basket cell® hypothesis and its possible relevance to temporal lobe
epilepsy. Hippocampus, 1:41-66.

Sloviter RS. (1994). On the relationship between neuropathology and pathophysiology
in the epileptic hippocampus of humans and experimental animals.
Hippocampus, 4: 250-253.

Smolders I, Lindekens H, Clinckers R, Meurs A, O'Neill MJ, Lodge D, Ebinger G,
Michotte Y. (2004). /n vivo modulation of extracellular hippocampal
glutamate and GABA levels and limbic seizures by group [ and Il
metabotropic glutamate receptor ligands. J. Neurochem., 88: 1068-1077.

Smolders 1, Van Belle K, Ebinger G, Michotte Y. (1997). Hippocampal and cerebetlar
extracellular amino acids during pilocarpine-induced seizures in freely
moving rats. Eur J Pharmacol.. 319: 21-29.

Snead 11 OC. (1987). Noradrenergic mechanisms in gammahydroxybutyrate- induced
seizure activity. Eur. J. Pharmacol., 136:103-108.



Sombati S, Delorenzo RJ. (1995). Recurrent spontaneous seizure activity in
hippocampal neuronal networks in culture. J. Newurophysiol., 73: 1706-
1711.

Sperk G. (1994). Kainic acid seizures in the rat. Prog. Neurobiol., 42: 1-32.

Staley KJ, Dudek FE. (2006). Interictal spikes and epileptogenesis. Epilepsy Curr., 6:
199-202.

Starr MS. (1996). The role of dopamine in epilepsy. Synapse, 22: 159-194,

Statnick MA, Dailey JW, Jobe PC, Browning RA. (1996). Abnormalities in 5-HT,,
and 5-HTj receptor binding in severe-seizure genetically epilepsy-prone
rats (GEPR-9s). Neuropharmacology, 35:111-118.

Steward O, Scoville SA. (1976). The cells of origin of entorhinal afferents to the
hippocampus and fascia dentata of the rat. .. Comp. Neurol., 169: 347—
370.

Stiltman MJ, Shukitt-Hale B, Galli RL, Levy A, Lieberman HR. (1996). Effects ot M2
antagonists on in vivo hippocampal acetylcholine levels. Brain Res. Bull,
41:221-226.

Stittman MJ, Shukitt-Hale B, Kong RM, Levy A, Lieberman HR. (1993). Elevation of
hippocampal extracellular acetylcholine levels by methoctramine. Brain
Res. Buil., 32: 385-389.

Stief ¥, Zuschratter W, Hartmann K, Schmitz D, Draguhn A. (2007). Enhanced
synaptic excitation-inhibition ratio in hippocampal interneurons of rats
with temporal [obe epilepsy. Eur. J. Neurosci., 25:519-28.

Sugiyama H, ito I, Hirono C. (1987). A new type of glutamate receptor linked to
inositol phospholipid metabolism. Nature, 325: 531-533,

Suh BC, Hille B. (2005). Regulation of ion channels by phosphatidylinositol 4, 5-
bisphosphate. Curr. Opin. Neurobiol., 15: 370-378.

Sullivan HC, Osorio 1. (1991). Aggravation of penicillin-induced epilepsy in rats with
locus ceruleus lesion. Epilepsia., 32: 591-596.



Suppes T, Kriegstein AR, Prince DA. (1985). The influence of dopamine on
: epileptiform burst activity in hippocampal pyramidal neurons. Brain Res.,
326: 273-280.

sutula T, Cascino G, Cavazos J, Parada I, Ramirez L. (1989). Mossy fiber synaptic
reorganization in the epileptic human temporal lobe. Ann. Newrol., 26:
321-330.

sutula T, Koch J. Golarai G, Watanabe Y. McNamara JO. (1996). NMDA receptor
dependence of kindling and mossy fiber sprouting: evidence that the
NMDA receptor regulates patterning of hippocampal circuits in the adult
brain. J. Neuroscience., 16: 7398-7406.

Suzuki WA, Amaral DG. (1994a). Perirhinal and parahippocampal cortices of the
macaque monkey: cortical afferents. J. Comp. Neurol., 350: 497-533.

Suzuki WA, (1996a). The anatomy, physiclogy and functions of the perirhinal cortex.
Curr. Opin. Neurobiol., 6: 179- 186.

Suzuki WA. (1996b). Neuroanatomy of the monkey ecntorhinal, perirhinal and
parahippocampal cortices: organization of cortical inputs and
interconnections with amygdala and striatum. Semin. Newrosci., 8: 3-12.

Swanson LW, Cowan WM. (1977). An autoradiographic study of the organization of
the efferent connections of the hippocampal formation in the rat. J. Comp.
Newrol., 172:49-84.

Swanson LW, Kohler C. (1986). Anatomical evidence for direct projections from the
entorhinal area to the entire cortical mantle in the rat. J Neurosci., 6:
3010 -3023.

Tanaka K, Watase K, Manabe T, Yamada K, Watanabe M, Takahashi K, Iwama H,
Nishikawa T, Ichihara N, Hori S, Takimoto M, Wada K. (1997). Epilepsy
and exacerbation of brain injury in mice lacking the glutamate transporter
GLT!. Science, 276: 1699-1702.

Tang E, Yip PK, Chapman AG, lJane DE Meldrum BS. (1997). Prolonged
anticonvulsant action of glutamate metabotropic receptor agonists in



inferior colliculus of genetically epilepsy prone rats. Eur. J. Pharmacol.,
327: 109-115.

Tauck DL, Nadler JV. (1985). Evidence of functional mossy fiber sprouting in
hippocampal formation of kainic acid-treated rats. J. Neurosci., 5: 1016~
1022.

Tetz LM, Rezk PE, Ratcliffe RH, Gordon RK, Steeie KE, Nambiar MP, (2006),
Development of a rat pilocarpine model of seizure status epilepticus that
mimics chemical warfare nerve agent exposure. Toxicol. Ind. Health., 22
255-266.

Thadani VM, Williamson PD, Berger R, Spencer SS, Novelly RA, Sass KJ, Kim JH
& Mattson RH. (1995). Successful epilepsy surgery without intracranial
EEG recording: criteria for patient selection. Epilepsia., 36: 7-15.

Thierry AM, Mantz J, Glowinski J. (1992). Influence of dopaminergic and
noreadrenergic afferents on their target cells in the rat medial prefrontal
cortex. In: Frontal Lobe Seizures and Epilepsies, edited by Chauvel P,
Delgado-Escueta AV, Halgren E, and Bancaud J. New York: Raven
Press, 545--554.

Thompson SE, Ayman G, Woodhall GL, Jones RS. (2007). Depression of Glutamate
and GABA Release by Presynaptic GABA(B) Receptors in the Entorhinal
Cortex in Normal and Chronically Epileptic Rats. Newrosignals., 15: 202-
218,

Thomsen C, Klitgaard H, Sheardown M, Jackson HC, Eskesen K, Jacobsen P,
Treppendahl S, Suzdak PD. (1994). (S)-4-Carboxy-3-
hydroxyphenylglycine, an antagonist of metabotropic glutamate receptor
(mGluR)1a and an agonist of mGluR2, protects against audiogenic
seizures in DBA/2 mice. J Neurochem., 62: 2492-2495.

Tien RD, Felsberg GJ. (1995). The hippocampus in status epilepticus: demonstration
of signal intensity and morphologic changes with sequential fast spin-
echo MR imaging. Radiology, 194: 249-256.



mmothy JG, Young AB, Penny IB. (1984). Quantitative autoradiographic distribution
of *H Glutamate binding sites in rat central nervous system. J. of
Neurosci., 4: 2133- 2144,

Tizzano JP, Griffey KI, Schoepp DD. (1995). Induction or protection of limbic
seizures in  mice by mGIuR subtype selective  agonists.
Neuropharmacology, 34: 1063-1067.

Tomei L, Cope FO. (1991). Apoptosis: the molecular basis of cell death. Series:

Current communications in cell & molecular biology; Volume 3.
Plainview. N.Y. Cold Spring Harbor Laboratory Press.

Toselli M, Lang J, Costa T, Lux HD. (1989). Direct modulation of voltage-dependent
calcium channels by muscarinic activation of a pertussis toxin-sensitive
G-protein in hippocampal neurons. Pflugers Arch., 415: 255-261.

Treiman DM, Meyers PD, Walton NY, Collins JF, Colling C, Rowan AJ, Handforth
A, Faught E, Calabrese VP, Uthman BM, Ramsay RE, Mamdani MB.
{1998). A comparison of four treatments for generalized convulsive status

epilepticus. Veterans Affairs Status Epilepticus Cooperative Study Group.
N. Engl. J Med., 339: 792-798.

Trenerry MR, Jack CRIJr, Sharbrough FW, Cascino GD, Hirschorn KA, Marsh JR,
Kelly PJ, Meyer FB. (1993). MRI hippocampal volumes: association with
onset and duration of epilepsy and febrile convulsions in temporal
lobectomy patients. Epilepsy Res., 15: 247-252.

Trottier S, Lindvall O, Chauvel P, Bjorklund A. (1988). Facilitation of focal cobalt-
induced epilepsy after lesions of the noradrenergic locus coeruleus
system. Brain Res., 454:308 -3 14.

Tseng KY, O’Donnell P. (2004). Dopamine-glutamate interactions controlling
prefrontal cortical pyramidal cell excitability involve multiple signaling
mechanisms. J. Neurosci., 23: 5131-5139,

Tsien JZ, Huerta PT, Tonegawa S. (1996). The essential role of hippocampal CAl
NMDA receptor-dependent synaptic plasticity in spatial memory. Cell,
87: 1147-1148.



Turski L, Tkonomidou C, Turski WA, Bortolotto ZA, Cavalheiro EA. (1989).
Review: Cholinergic mechanisms and epileptogenesis. The seizures
induced by pilocarpine: a novel experimental model of intractable
epilepsy. Synapse, 3: 154-171

Turski WA, Cavaiheiro EA, Schwarz M, Czuczwar SI, Kleinrok Z. Turski. (1983).
Limbic seizures produced by pilocarpine in rats: behavioural
electroencephalographic and neuropathological study. Behav. Brain Res.,
9:315-335.

Tyrianski M, Tator CH. (1996). Normal and abnormal calcium homeostasis in
neurons: a basis for the pathophysiology of traumatic and ischemfic
central nervous system injury. Neurosurgery, 38: 1176-1195.

Unnerstall Jr. (1990). Computer analysis of binding data. Methods in neurotransmitter
receptor analysis. Ed. Yamura H, Nas, Kuhar M. Raven press: 247-255.

Urban NN, Gonzalez-Burgos G, Henze DA, Lewis DA, Barrionuevo G. (2002).
Selective reduction by dopamine of excitatory synaptic inputs to
pyramidal neurons in primate prefrontal cortex. ./ Physiol., 539: 707-712.

Ure J, Baudry M, Perassolo M. (2006). Metabotropic glutamate receptors and
epilepsy. J Neurol. Sci., 247: 1-9.

V.A. Das, Finla C and C. S. Paulose. (2006). Decreased o, -adrenergic receptor in the
brain stem and pancreatic islets during pancreatic regencration in
weanling rats. Life Sci., 79: 1507-1513.

Valentin A, Paviov Mahendar O, Margot Gallowitsch-Puerta Kanta O, Jared M,
Huston Christopher J, Czura, Yousef Al-Abed, Kevin J. (2006). Central
muscarinic choiinergic regulation of the systemic inflammatory response
during endotoxemia. Proc. Natl. Acud. Sci., 103: 5219-5223.

Valentino RJ, Dingledine R. (1981). Presynaptic inhibitory effect of acetylcholine in
the hippocampus. J. Newrosci., 1: 784-792.

Van Hoesen GW, Pandya DN. (1975). Some connections of the entorhinal (area 28)
and perirhinal (area 35) cortices of the rhesus monkey. I. Temporal lobe
afferents. Brain Res., 95:1-24.



Van Hoesen GW. (1982). The parahlppocampal gyrus: new observations regarding its
cortical connections in the monkey. Trends Neurosci., §: 345-350.

van Ness PC, Awad 1A, Estes M, Nguyen Q. Olsen RW. (1995). Neurosteroid
modulation of benzodiazepine binding to neocortical GABA, receptors in
human focal epilepsy varies with pathology. Soc. Newrosci. Absir.,
21:1516.

vVinters HV, Armstrong DL, Babb TL, Daumas-Duport C, Robitaille Y, Bruton CJ,
Farrel MA. (1993). The neuropathology of human symptomatic epilepsy.
In: Engel JJr {(ed) Surgical treatment of the epilepsies, 2nd ed. Raven
Press, New York, 593-608.

Volpicelli LA, Levev Al (2004). Muscarinic acetylcholine receptor subtypes in
cerebral cortex and hippocampus. Prog. Brain Res., 145: 59-66.

Wada Y, Nakamura M, Hasegawa H, Yamaguchi N(1992). Intra-hippocampal
injection of 8-hydroxy-2-(di-n-propylamino)tetralin  (8-OH-DPAT)
inhibits partial and generalized seizures induced by kindling stimulation
in cats. Neurosci. Lett., 159: 179-182.

Wada Y, Shiraishi J, Nakamura M, Koshino Y. (1997). Effects of 5-HT; receptor
agonist |-(m-chlorophenyl)-biguanide in the rat kindling model of
epilepsy. Brain Res., 759:313-316.

Waltimo O. (1983). Diagnosis of epilepsy. 4cta. Neurol. Scand., 97: 11-16.

Wang J, O’Donnell P. (2001). D1 dopamine receptors potentiate NMDA-mediated
excitability increases in layer V prefrontal cortical pyramidal neurons.
Cereb. Cortex., 11: 452462,

Wang SZ, Hu JR, Long RM, Pou WS, Forray C, el-Fakahany EE. (1990). Agonist-
induced down-regulation of ml muscarinic receptors and reduction of
their mRNA level in a transfected cell line. FEBS Lett., 276: 185-188.

Wang XB, Osugi T & Uchida S. (1993). Muscarinic receptors stimulate calcium
influx via phospholipase A2 pathway in ileal smooth muscles. Biochen.
Biophys. Res. Commun., 193: 483-489.



Wasterlain CG, Fujikawa DG, Penix L, Sankar R. (1993). Pathophysiological
mechanisms of brain damage from status epilepticus. Epilepsia., 34:S37-
53.

Weihua X, Judith AS, Arnaud C, Philip JW, Angie R, Rodney DM, Palmer T, Steven
HH, Oksana L. (2000). Postnatal developmental delay and
supersensitivity to organophosphate in gene-targeted mice lacking
acetylcholineesterase. Pharmacology, 293: 896-902.

Weiner DM, Levey, Al, Brann MR. (1990). Expression of muscarinic acetylcholine
and dopamine receptor mRNAs in rat basal ganglia. Proc. Natl Acad,
Seci., 87: 7050-7054.

Wess J Gdula D, Brann MR. (1991). Site-directed mutagenesis of the M3 muscarinic
receptor: identification of a series of threonine and tyrosine residues
involved in agonist but not antagonist binding. FMBO J., 10: 3729-3734,

Wess J, Brann MR, Bonner TI. (1989). Identification of a small intracellular region of
the muscarinic M3 receptor as a determinant of selective coupling to Pl
turnover. FEBS Lett., 258: 133-136.

Wess 1. (1993). Molecular basis of muscainic acetylcholine receptor function. TiP§,
141: 308-313.

Whishaw 1Q, Mittleman G. (1986). Visits to starts, routes, and places, by rats in
swimming pool navigation tasks. J. Comp. Psychol., 100: 422-431.

Wieser HG, Williamson PD. (1993). Ictal semiology. In: Engel JIr ed. Surgical
treatment of the epilepsies. Raven Press, New York, 161-172.

Wieshmann UC, Woermann FG, Lemieux L, Free SL, Bartlett PA, Smith SIM,
Duncan JS, Stevens JM, Shorvon SD. (1997). Development of
hippocampal atrophy: a serial magnetic resonance imaging study in a
patient who developed epilepsy after generalized status epilepticus.
Epilepsia., 38: 1238-1241.

Williams GV, Goldman-Rakic PS. (1995). Modulation of memory fields by dopamine
D1 receptors in prefrontal cortex. Nature, 376: 572-575.



?Iilliamson PD, Engel Jlr & Munari C. (1997). Anatomic classification of

localization-related epilepsies. In: Engel JIr & Pedley TA (eds). Epilepsy
~A Comprehensive Textbook. Lippincott-Raven Publishers, Philadelphia,
2405-2416,

z
13

vwinkler J, Suhr ST, Gage FH, Thal LJ, Fisher LJ. (1995). Essential role of neocortical
acetylcholine in spatial memory. Nature, 375: 484--487.

Winks JS, Hughes S, Filippov AK, Tatulian L, Abogadie FC, Brown DA. (2005).
Relationship between membrane phosphatidylinositol -4, 5-bisphosphate
and receptor-mediated inhibition of native neuronal M channels. ./
Neurosci., 25: 3400-3413.

Wisden W, Seeburg PH. (1993). Mammalian ionotropic glutamate receptors. Curr.
Opin. Neurobiof., 3:291-298.

Witter MP, Amaral DG. (1991). Entorhinal cortex of the monkey: V. Projections to
the dentate gyrus, hippocampus, and subicular complex. .. Comp.
Newurol., 307: 437-459.

Witter MP, Groenewegen HJ, Lopes da Silva FH, Lohman AHM. (1989). Functional
organization of the extrinsic and intrinsic circuitry of the arahippocampal
region. Prog. Neurobiol., 33: 161-253.

Working Group on Status Epilepticus. Treatment of convulsive status epilepticus.
Recommendations of the Epilepsy Foundation of America’s Working
Group on Status Epilepticus. JAMA 1993; 270: 854-859.

Yamada M, Lamping KG, Duttaroy A, Zhang W, Cui Y, Bymaster FP. (2001).
Cholinergic dilation of cerebral blood vessels is abolished in M5

muscarinic acetylcholine receptor knockout mice. Proc. Nat.! Acad. Sci.
USA., 98: 14096-14101.

Yamamura HI, Synder G. (1981). Binding of 3[HJQNB in rat brain. Proc. Nail. Acad.
Seci., 71: 1725-1729.

Yan QS, Dailey JW, Steenbergen JL, Jobe PC. (1998). Anticonvuisant effect of
enhancement of noradrenergic transmission in the superior colliculcus in



genitically epilepsy-prone rats (GEPRs): a microinjection study. Brain
Res., 780: 199-209.

Yan QS, Jobe PC, Dailey JW. (1995). Further evidence of anticonvulsant role of -
hydroxytryptamine in genetically epilepsy-prone rats. Br. J. Pharmacol.,
115:1314-1318.

Yan QS, Yan SE. (2001). Activation of 5-HT(1B/1D) receptors in the mesolimbic
dopamine system increases dopamine release from the nucleus
accumbens: A microdialysis study. Eur. J. Pharmacol., 481: 05-64,

Yang CR, Mogenson Gl. (1990). Dopaminergic modulation of cholinergic responses
in rat medial prefrontal cortex: an electrophysiological study. Brain Res.,
524:271-281.

Yang CR, Seamans JK. (1996). Dopamine D! receptor actions in layers of V-VI rat
prefrontal cortex neurons in vitro: modulation of dendritic-somatic signal
integration. J. Newurosci., 16: 1922--1935.

Zhang L, Yu J, Park BH, Kinzler KW, Vogelstein B. (2002). Role of BAX in the
apoptotic response to anticancer agents. Science, 290: 989-992.

Zhank W, Basile AS, Gomeza J, Volpicelli LA, Levey Al, Wess JJ. (2002) Neurosci.,
22:1709-1717.

Zhou JL, Zhao Q, Holmes GL. (2007). Effect of levetiracetam on visual-spatial
memory following status epilepticus. Epilepsy Res., 73: 65-74.

Zwieten VPA, Doods HN. (1995). Muscarinic receptors and drugs in cardiovascular
medicine. Cardiovasc, Drugs Ther., 9: 159-167.

Zwieten VPA, Hendriks MGC, Ptaffendorf M, Bruning TA. Chang PC. (1995). The
parasympathetic system and its muscarinic receptors in hypertensive
disease. Hypertension, 13: 1079-1090.



Publications

e Mohanan V.V, Reas Khan, Paulose C. S: Hypothalamic 5-HT functional
regulation through S5-HTIA and 5-HT2C receptors during pancreatic
regeneration, Life Sciences 78: 1603-1609 (2005).

Abstracts/ presentations

+ Reas Khan S, S.Balarama Kaimal,and C.S.Paulose Decreased glutamate
dehydrogenase activity in the liver of rats in alcoholism International Medical

Science Academy - Annual Conference (IMSACON) Kochi (Sept. 2003)

¢« Reas Khan.S, Binoy Joseph, Rajendran.B and Paulose.C.S. Down regulation
of GABAA receptor in the cerebellum of alcoholic rats. International
Conference on Biotechnology and Neuroscience, Cochin University of

Science and Technotogy, Cochin (Dec. 2004).

* Reas Khan S, Gireesh G and C.S.Paulose (2005) Decreased Glutamate
decarboxylase activity in the cerebellum of pilocarpine induced epileptic rats.
International Symposium of Advances in research on neurodegenerative

diseases at University of Madras, Chennai

*  Dr. Jerry Ignatius, P. S. John, Dr. C. S. Paulose, Santhosh K Thomas, Reas
Khan, Gireesh G. Upregulation of neurotransmitter receptors- a possible
mechanism for accelerated fracture healing. The journal of Kerala

Orthopaedic Association (KOA) ISSN No. 0973-1709, 20: 31-39 (2006).



Binoy Joseph, Reas Khan S and C. S. Paulose. Decreased acetylcholine
esterase in the cerebral cortex of epileptic rats. National conference on
Biotechnology in molecular medicine. Organised by AIMS, Amrita Institute
of Biotechnology Kochi and Society for Biotechnologists, India (January
2007)

Binoy Joseph, Reas Khan. S and C. S. Paulose. Decreased Glutamate
dehydrogenase in the cerebral cortex of epileptic rats. 3rd NBRC Internatinal
Conference. Organised by National Brain Research Centre, Manesar, Haryana
(December 2006)

G. Gireesh, S. Reas Khan, Chathu Finla and C.S. Paulose. Decreased
glutamate decarboxylase and increased glutamate dehydrogenase activity in
the cerebellum of alcoholic rats. 1AN, SNCI, International Conference,

University of Hyderabad, (May. 2004).

Binumon P.K, Reas Khan S, C.S.Paulose, Anantharaman M.R. Synthesis and
Characterization of magnetic nanoparticles for biological applications.
National Conference on Current trends in Material Sciences. Christian

College, Chenganoor (2007)



Seizures per hour

Seizures per hour

Figure- |
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Figure- 3
Seizure frequency per 4 hours interval over the 72 hours video
recording period of Pilocarpine induced Epileptic rats after
IS days Bacopa monnieri post-treatment
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Table- |

Mean seizure frequency per 4 hours interval over 72 hours video
recording period of Pilocarpine induced Epileptic,
Epileptic + Carbamazepine, Epileptic + Bacopa monnieri and
Epileptic + Bacoside A post-treated group rats.

Experimental group ‘::m ’dﬁ)
Epileptic 0.33 £0.05

Epileptic + Carbamazepine 0.12 £0.02°*
Epileptic + Bacopa monnieri 0.11 +0.04°°
Epileptic +Bacoside A 0.13 +0.02°**

Values are mean = S.E.M of 4-6 separate experiments,
** P<0.01 when compared to Epileptic group
Figure- 5
Magnitude of drug effect : Difference in mean seizure frequency
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The difference in mean seizure frequency was calculated by substracting
the average seizure frequency during post-treatment from the average seizure

frequency of epileptic rats.
Values are mean = 5.E.M of 4-6 separate experiments,
** P<0.01 when compared to Epileptic group



Figure- 6
Seizure onset latency of Epileptic, Epileptic+Carbamazepine,
Epileptic + Bacopa monnieri and Epileptic + Bacoside A pre-treated
group rats
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Table- 2

Seizure onset latency of Epileptic, Epileptic+Carbamazepine,
Epileptic + Bacopa monnieri and Epileptic + Bacoside A pre-treated

group rats
i Seizure onset La
Experimental Group y tency
Control 0
Epileptic 2352%:2.0

Epileptic + Carbamazepine 520 40 **
Epileptic+ Bacopa monnieri 45.7+ 32 **
Epileptic+Bacoside A 473+ 28 **

Values are mean = S.E.M of 4-6 separate experiments
** P<0.01 when compared to Epileptic group




Figure- 7
Duration of status epilepticus in Epileptic, Epileptic +Carbamazepine,
Epileptic + Bacopa monnieri and Epileptic + Bacoside A pre-treated
group rats after pilocarpine treatment
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Table- 3
Duration of status epilepticus in Epileptic, Epileptic+Carbamazepine,
Epileptic + Bacopa monnieri and Epileptic + Bacoside A pre-treated
group rats after pilocarpine treatment

bl Goup | S4uey Ly
Control 0
Epileptic 240 * 28.0
Epileptic +Carbamazepine 147 + 08.5°
Epileptic+ Bacopa monnieri 161 + 13.4*
Epileptic+ Bacoside A 154 £ 12.4°

Values are mean x S.E.M of 4-6 separate experiments
* P<0.05 when compared to Epileptic group



Figure- 8

Effect of different dosage of Carbamazepine, Bacopa monnieri
and Bacoside A on Mean seizure frequency over
72 hours observation period in post-treated group rats
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Table- 4

Effect of different dosage of Carbamazepine, Bacopa monnieri
and Bacoside A on Mean seizure frequency over
72 hours observation period in post-treated group rats

a)
Experimental Group 75mg/Kg/day | 150mg/Kg/day | 300mg/Kg/day
Epileptic +Carbamazepine | 0.29 + 0.02 0.14£0.01**] 0.09+0.01"*
Epileptic +Bacoside A 0.23 £ 0.03 0.12+0.01**| 0.10£0.02°*

b
) Experimental Group 150mg/Kg/day | 300mg/Kg/day | 500mg/Kg/day
Epileptic +Bacopa monnieri | 0.28 +0.02 | 0.11+001**] 0.12£0.02**

Values are mean + S.E.M of 4-6 separate experiments

** P<0.01 when compared to Epileptic group




Figure- 9

Acetylcholine esterase activity in the Hippocampus of Control,
Epileptic. Epileptic+ Carbamazepine and Epileptic + Bacopa monnieri post-treated group rats
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Table- 5

Acetylcholine esterase activity in the Hippocampus of Control,
Epileptic, Epileptic+ Carbamazepine and Epileptic + Bacopa monnieri post-treated group rats

Experimental Group t f::pm‘ el K, (mM)
Control 3.66 +0.09 9.8+ 1.2
Epileptic 6.51 x0.12***| 119+ 1.7

Epileptic +Carbamazepine | 3.49 +0.11eee| 8.7 % |.9
Epileptic+Bacopa monnieri | 3.71 +0.09%9¢| 0.5 + 1.9
Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group.
€8@ P<0.00| when compared to Epileptic group



Figure- 10

Acetylcholine esterase activity in the Hippocampus of Control,
Epileptic, Epileptic+ Carbamazepine and Epileptic+Bacoside A post-treated group ray,
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Acetylcholine esterase activity in the Hippocampus of Control,
Epileptic, Epileptic+ Carbamazepine and Epileptic+Bacoside A post-treated group rats

i Vo K, (mM
Experimental Group AL, I w (MM)
Control 3.665 +£0.09 9.8 + 1.2
Epileptic 6.515+0.12***] 119+ I.7

Epileptic +Carbamazepine |3.490+0./1%e0] 87 + |.9
Epileptic+Bacoside A | 2.875+0.08%99] 9.4 + |5
Values are mean = S.E.M of 4-6 separate experiments,

*** P<0.00! when compared to Control group,
@88 P<(0.001 when compared to Epileptic group






Figure- 12

Acetylcholine esterase activity in the Brainstem of Control, Epileptic,
Epileptic +Carbamazepine and Epileptic+ Bacoside A post-treated group rats
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Table- 8

Acetylcholine esterase activity in the Brainstem of Control, Epileptic,
Epileptic+Carbamazepine and Epileptic+ Bacoside A post-treated group rats

Experimental Group p— m‘in”?“mg protein) K, (mM)
Control 1.970£0.03 | 105 £ 1.4
Epileptic 3.075+0.06°*] 12.8 +2.51

Epileptic + Carbamazepine | 1.715+0.0999] 9.7 +2.74
Epileptic +Bacoside A 2.340+0.1199] 10.2 +1.55

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.01 when compared to Control group,
88 P<(.01 when compared to Epileptic group



Figure- 13

Glutamate dehydrogenase activity in the Hippocampus of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 9

Glutamate dehydrogenase activity in the Hippocampus of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

Experimental Group ( Mn\l!i%s - K, (mM)
Control 0.780£0.04 0.071£0.19
Epileptic 0915+0.03**] 0.162+£0.09 *
Epileptic+ Bacopa monnieri | 0.765+0.02%9%] 0.106+0.10 ¢

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.01, *P<0.05 when compared to Control group
8P <(.01,P<0.05 when compared to Epileptic group



Figure- 14

Glutamate dehydrogenase activity in the Cerebellum of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 10

Glutamate dehydrogenase activity in the Cerebellum of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

Experimental Group (Mn\;..,.m - K_ (mM)
Control 0.79 £0.04 | 0.59 £0.09

Epileptic 1.23 +0.03**] 0.65 +0.07
Epileptic + Bacopa monnieri | 0.84 +0.02%9| 0.51 +0.09

Values are mean = S.E.M of 4-6 separate experiments,

** P<0.01 when compared to Control group
€@ P<0.01 when compared to Epileptic group



Figure- 15

Glutamate dehydrogenase activity in the Brainstem of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 11

Glutamate dehydrogenase activity in the Brainstem of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

Experimental Growp [ Vew [ K, (M)
Control 0.955+0.13 | 0.071£0.09

Epileptic 1.570 £0.14***| 0.062+0.07
Epileptic+ Bacopa monnieri | 0.810 +0.12999] 0.086+ 0.09

Values are mean = 5.E.M of 4-6 separate experiments,

*** P<0.00! when compared to control group
@@0 P<(.001 when compared to Epileptic group



Figure- 16

Scatchard analysis of [*H] QNB binding against atropine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic+ Bacopa monnieri post-treated group rats
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Table-12

Scatchard analysis of [*H] QNB binding against atropine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats

B

Experimental Group (fmoles /mm;protein) K, (nM)
Control 711 +32 0.7120.05
Epileptic 1257 £48***| 1.25:0.04 **

Epileptic +Carbamazepine 735+44@ee) |, 032001 @
Epileptic + Bacopa monnieri 556 +51 @@@| 0.74+0.06 @@

Values are mean = S.E.M of 4-6 separate experiments,

***P<0.001, **P<0.01 when compared to Control group
@@@p<0.001,99P<0.01,% P<0.05 when compared to Epileptic group
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Figure- 18
Scatchard analysis of [*H] QNB binding against atropine

in the Hippocampus of Control, Epileptic, Epileptic + Carbamazepine and
Epileptic+Bacoside A post-treated group rats
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Table- 14

Scatchard analysis of [*H] QNB binding against atropine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic+Bacoside A post-treated group rats

Experimental Group (fmoles /?n?protein) K, (nM)
Control 711 +£32 0.71£0.05
Epileptic 1257 +48**+| 1.25£0.04 **
Epileptic + Carbamazepine 735x44@ee] | 032001 @
Epileptic +Bacoside A 705 +4299®| 0.76+0.04 ©®

Values are mean + S.E.M of 4-6 separate experiments,

***P<0.001. **P<0.01 when compared to Control group
@8@p<0.001.22P<0.01.2 P<0.05 when compared to Epileptic group
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Figure- 20
Scatchard analysis of [*H] QNB binding against pirenzepine
in the Hippocampus of Control, Epileptic, Epileptic + Carbamazepine
and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 16

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+ Bacopa monnieri post-treated group rats

B

Experimental Group (fmoles /mm;protein) K, (nM)
Control 61515 0.64+0.04
Epileptic 1005+30***] 1.07+£0.03***

Epiteptic + Carbamazepine 545 t20@ee| 0.70+0.01@e@
Epileptic + Bacopa monnieri 695 +2599@] (0.58+0.02°¢

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group
@e® P<0.001,2¢P<0.01 when compared to Epileptic group
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Figure- 22
Scatchard analysis of [*H] QNB binding against pirenzepine

in the Hippocampus of Control, Epileptic, Epileptic+Carbamazepine
and Epileptic +Bacoside A post-treated group rats

g o Control
€
g
E
§
Bound {fmoles/mg protein)
Table- 18

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+Bacoside A post-treated group rats

Experimental Group {fmoles /?n?protein) K, (nM)
Control 615+ 15 0.64 £ 0.04
Epileptic 1005+30***| 1.07+0.03*°*
Epileptic + Carbamazepine 545 + J0%ee | .70+ 0.01299|
Epileptic +Bacoside A 550 £50 @@ | 0.65 + 0.05°°¢|

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group
@@ p<(.001 when compared to Epileptic group
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Figure- 24
Real Time PCR amplification of Muscarinic M1 receptor mRNA from
the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats
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I- Control
2- Epileptic

3- Epileptic+Carbamazepine
4- Epileptic+ Bacopa monnieri

Table- 20
Experimental group Log RQ Value
Control 0
Epileptic 1.152+ 0.22***
Epileptic+Carbamazepine 0.092 + 0.61@e@
Epileptic + Bacopa monnieri 0.607+ 0.11 @@

Values are mean + 5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

»++ P<0.001 when compared with Control group
@@@ P<(.001.2@P<0.01 when compared to Epileptic group



Figure- 25

Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Hippocampus of Control, Epileptic, Epileptic+Carbamazepine and
Epileptic+Bacoside A post treated group rats
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4- Epileptic +Bacoside A
Table- 21
Experimental group Log RQ Value
Control 0
Epileptic 1.152+ 0.22%**
Epileptic +Carbamazepine 0.092 t 0.61ee@
Epileptic +Bacoside A 0643t 0.12@e

Values are mean £ 5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*** P<0.001 when compared with Control group
@@@P<0.001, @@P<0.01 when compared to Epileptic group



Figure- 26
Scatchard analysis of [*H] QNB binding against pirenzepine

in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine

Epileptic+ Bacopa monnieri pre-treated group rats

Bound/free (fmoles/mg protein/nM)

Bound {fmoles/mg protein)

Table- 22

Scatchard analysis of [*H] QNB binding against pirenzepine

in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine

Epileptic+ Bacopa monnieri pre-treated group rats

Experimental Group (fmoles /E;"g"mtein’ K, (nM)
Control 860 £22 0.77+0.06
Epileptic 330£43***] 0.23+0.06 **
Epileptic + Carbamazepine 854 x27ee2| 0.70+ (.05 o
Epileptic + Bacopa monnieri 860*23%88| 074+0.02%8

Values are mean £ S.E.M of 4-6 separate experiments,

*** P<0.001. P<0.01 when compared to Control group
@623 P<(0.001,2@P<0.01 when compared to Epileptic group
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Figure- 28

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+Bacoside A pre-treated group rats
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Table- 24

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Hippocampus of Control, Epileptic, Epileptic+Carbamazepine
and Epileptic+Bacoside A pre-treated group rats

Experimental Group (fmotes /?n?protein) K, (nM)
Control 86022 0.77+0.06
Epileptic 330+43***] 0.23+0.06 **
Epileptic + Carbamazepine 854 +27e6e¢| 0.70+0.05 92
Epileptic + Bacoside A 930+29%ee] (0.84+0.03 %@

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001.*P<0.01 when compared to Control group
e2e P<0.001,%eP<0.01 when compared to Epileptic group
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Figure- 30

Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Hippocampus of Control, Epileptic, Epileptic +Carbamazepine and

Epileptic+ Bacopa monnieri pre-treated group rats
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4- Epileptic+ Bacopa monnieri

Table- 26
Experimental group Log RQ Value
Control 0
Epileptic =0.482% 0.05+++
Epileptic +Carbamazepine -0.063 t 0.019@@
Epileptic + Bacopa monnieri -0.149 £ 0.04@@@

Values are mean * $.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal

control and Control CT value as the calibrator.

* ++ P<0.001 when compared with Control group
@@@ P<(.00| when compared to Epileptic group



Figure- 31

Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Hippocampus of Control, Epileptic, Epileptic+Carbamazepine and
Epileptic+Bacoside A pre-treated group rats

I- Control

2- Epileptic

3- Epileptic +Carbamazepine
4- Epileptic + Bacoside A

Table- 27
Experimental group Log RQ Value
Control 0
Epileptic —0.482 £ 0.05***
Epileptic +Carbamazepine —0.063 £ 0.019@@
Epileptic +Bacoside A -0.047 * 0.12@@@

Values are mean  5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

***P<0.001 when compared with Control group
@@@ P<(0.001 when compared to Epileptic group



Figure- 32
Scatchard analysis of [*H] QNB binding against atropine

in the Cerebellum of Control, Epileptic, Epileptic + Carbamazepine and

Epileptic+ Bacopa monnieri post-treated group rats.

Bound/free (fmoles/mg protein/nM)

] -

) 200
Bound ({fmoles/mg protein)
Table- 28

Scatchard analysis of [*H] QNB binding against atropine

in the Cerebellum of Control, Epileptic, Epileptic +Carbamazepine and

Epileptic + Bacopa monnieri post-treated group rats.

Experimental Group (fmoles /?n?protein) K, (hM)
Control 487 + 32 0.39+0.06

Epileptic 259+37 *+ | 0.28+0.07

Epileptic + Carbamazepine 453 +38 8¢ | 0.36+0.09
Epileptic + Bacopa monnieri 421239 %% | 0.37+0.05

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.0! when compared to Control group,
@@ P<(.01 when compared to Epileptic group




(W) uonesuaouo> awdone jo 3oy

m..m.P o..c. r.,.n. o,or.
R
“Buipuiq syads s 2
1 Jjey Joj sa1adwod 1ey) J011dW0D Ay} JO UOIIEJIUIO0D W.
ays 5153 -8rup Bunadwod ay) Joj s01dadas ays Jo Auugje ayj — 1y g+3 v
(v "08aiq ues *pedudes 243 e oo §
‘WISL) 2IBM1JOS UOISSIZ] JeUNUOU ALY YIM PILIY M Bleq w *
L0S1
sjes [eluauLadxa Jo wn)RGIdD
ay} w auidoaye Jsurede
ANOIH] Jo ssa12wesed Buipuig
§¢ -undy
sjuawuadxa ateledas g-p JO ueAw e sanjep
1660 - Ol X{6'8 0LS'S As-auQ uajuuow edodeg +ndapd]
9680 - Q1 XILT 0819 s-u0 auidazeweque’ +ndapd3
S¥6'0 - &0 Xstv 886'9 als-auQ ndapdy
€960- D1 Xs9'¢ 1§50°9 AIs-3UQ jof1uod)
adojs |14 | (%73) 801 | ppow y-1s3g dnouo [ejudwuiadxy

sjes dnosd parean-isod wauuow edoseg +mdapd3 pue auidazeweque)+o1dajdg
<ndapd3 ‘joa1uo? jo winRqI37) ayy ul auidoste suede gNO[H.] Jo sia1owesed Suipuig
6T -2Iqe1



Figure- 34

Scatchard analysis of [*H] QNB binding against atropine
in the Cerebellum of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic+Bacoside A post-treated group rats

g 1800 ® Control
E 1400 4 O Eptieptic
g. v Epileptic + Carbamazepine
3 1200 4 v Epleptic + Bacoude A |
=
&

[} v - v

[} 200 400 800
Bound {fmoles/mg protein)
Table- 30

Scatchard analysis of [*H] QNB binding against atropine
in the Cerebellum of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic+Bacoside A post-treated group rats

Experimental Group (fmoles, /imgaprotein) K, (nM)
Control 487 32 0.39+0.06

Epileptic 259+37 ** | 0.28+0.07

Epileptic + Carbamazepine 453 +38 @@ | 0.36+0.09
Epileptic +Bacoside A 429t4] &2 | 0.38+0.07

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.01 when compared to Control group
8% P<0.01 when compared to Epileptic group
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Figure- 36

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic + Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats

o Control ‘
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Table- 32

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats

. B
Experimental Group (fmoles/mg protein) K, (nM)
Control 470+ 16 0.47+0.03
Epileptic 240229+ | 0.14£0.04***

Epileptic + Carbamazepine 465+21eeei 0.42+0.0) @@
Epileptic + Bacopa monnieri 498 £52%62| (0.49+(0.05 ¢

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group
632 P<(.001,99P<0.01 when compared to Epileptic group
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Figure- 38
Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic +Carbamazepine and
Epileptic+Bacoside A post-treated group rats
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Table- 34

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic + Carbamazepine and
Epileptic+Bacoside A post-treated group rats

Experimental Group (moles /?“?Pf otein) K, (nM)
Control 470 16 0.47+0.03
Epileptic 240£29***] 0.14£0.04***
Epileptic + Carbamazepine 46521 @%e| 0.4210.02 &¢
Epileptic + Bacoside A 402 +396@3| (.38+0.06 ®©

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group
©e¢ P<0.001, 8P <0.0! when compared to Epileptic group
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Figure- 40
Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Cerebellum of Control, Epileptic, Epileptic+Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats

Log RQ

1- Control

2- Epileptic

3- Epileptic +Carbamazepine
4- Epileptic+ Bacopa monnieri

Table- 36
Experimental group Log RQ Value
Control 0
Epileptic =3.520% 0.42%*
Epileptic + Carbamazepine -1.162* 0.32 @@
Epileptic + Bacopa monnieri 0.505 + 0.14°°¢|

Values are mean + $.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*** P<0.001 when compared with Control group
@@@P<(0.001,2@P<0.01 when compared to Epileptic group



Figure- 41

Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Cerebellum of Control, Epileptic, Epileptic+Carbamazepine and
Epileptic + Bacoside A post-treated group rats

I- Control

2- Epileptic

3- Epileptic+ Carbamazepine
4- Epileptic +Bacoside A

Table- 37
Experimental group Log RQ Value
Control 0
Epileptic -3.520% 0.42***
Epileptic + Carbamazepine -1.162+ 0.32 @@
Epileptic+Bacoside A 0.293 * 0.06@@@

Values are mean t S.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*** P<0.001 when compared with Control group
@@@P<(0.001,9@P<0.01 when compared to Epileptic group



Figure- 42

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic + Carbamazepine
and Epileptic+ Bacopa monnieri pre-treated rats

 Control |
1000 O Epileptic

v Epideptic + Carbamazepine

< Epileptc + Bacopa monnien

Bound/free (fmoles/mg protein/nM)
g

P S\
(<] 100 200 300 400 500 800 700
Bound (fmoles/mg protein}
Table- 38

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic+Carbamazepine
and Epileptic+ Bacopa monnieri pre-treated rats

B

Experimental Group (mekS /mmgnprotein) K d (nM)
Control 437+ 12 0.54+0.19
Epileptic 61011 "+] 0.66%009

Epileptic + Carbamazepine 422+13 62| 0.5120.10
Epileptic + Bacopa monnieri 430130 % | 0.42+0.08

Values are mean * S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group,
68p<(0.01 when compared to Epileptic group
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Figure- 44
Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic + Carbamazepine
and Epileptic+Bacoside A pre-treated group rats

! ® Conmrol
1000 4 O Epileptic
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Table- 40

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Cerebellum of Control, Epileptic, Epileptic+Carbamazepine
and Epileptic+Bacoside A pre-treated group rats

Experimental Group (fmoles /i?protein) K, (nM)
Control 437112 0.54+£0.19
Epileptic 610+11***] 0.66+0.09

Epileptic +Carbamazepine 42213 e8| 0.51+0.10
Epileptic + Bacoside A 40530 ¢8| 0.46+0.07

Values are mean + $.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group
82P<0.01 when compared to Epileptic group
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Figure- 46
Scatchard analysis of [*H] QNB binding against atropine
in the Brainstem of Control, Epileptic, Epileptic +carbamazepine
and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 42

Scatchard analysis of [*H] QNB binding against atropine
in the Brainstem of Control, Epileptic, Epileptic+carbamazepine
and Epileptic + Bacopa monnieri post-treated group rats

Experimental Group (fmoles /?nm;protein) K, (nM)

Control 1030+ 22 0.93+0.05
_Epileptic 280+ 19| 0.21+£0.01 **
Epileptic + Carbamazepine 1100t 49@e®] (0.9510.09 @@
Epileptic + Bacopa monnieri 1205+50®@@| 0.96+0.09 @@

Values are mean * S.E.M of 4-6 separate experiments,

*** P<0.001, **P<0.01 when compared to Control group,
88@P<0.001, @@ P<0.01 when compared to Epileptic group
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Figure- 48
Scatchard analysis of [*H] QNB binding against atropine
in the Brainstem of Control, Epileptic, Epileptic + Carbamazepine
and Epileptic+Bacoside A post-treated group rats
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Table- 44

Scatchard analysis of [*H] QNB binding against atropine
in the Brainstem of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+Bacoside A post-treated group rats

1400

Experimental Group (fmotes /Eamé“protein) K, (nM)
Control 1225£125 2.10+£0.05
Epileptic 27021 ***] 0.21+0.0! **

Epileptic + Carbamazepine 1150 +49@e@]| |,0410.08 @@

Epileptic +Bacoside A 975t24eee) (0.73+0.13@°

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001, **P<0.01 when compared to Control group,
8¢ P<0.001,22P<0.01 when compared to Epileptic group
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Figure- 50
Scatchard analysis of [*H] QNB binding against pirenzepine
in the Brainstem of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+ Bacopa monnieri post-treated group rats
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Table- 46

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Brainstem of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+ Bacopa monnieri post-treated group rats

Experimental Group (fmoles /?r;n;protein) K, (nM)
Control 1225123 2.10£0.05
Epileptic 270 £ 191 0.21£0.01 **
Epileptic +Carbamazepine 1145+ 47@e@] 0.9]1 Q.13 @@
Epileptic+ Bacopa monnieri 11932469e€| 0.88+0.11 @@

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001, * *P<0.01 when compared to Control group,
&ee p<0.001, @@P<0.01 when compared to Epileptic group
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Figure- 52

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Brainstem of Control, Epileptic, Epileptic + Carbamazepine
and Epileptic +Bacoside A post-treated group rats

Bound/ free (fmoles/mg protein/nM)
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7 Epileptic + Bacoside A

—_—

400 08 800 1000 1200 1400
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Table- 48

Scatchard analysis of [*H] QNB binding against pirenzepine
in the Brainstem of Control, Epileptic, Epileptic +Carbamazepine
and Epileptic+Bacoside A post-treated group rats

Experimental Group (fmoles/?n"é'pmmn) K, ("M}
Control 1225+123 2.10+0.05
Epileptic 270£19***] 0.21 £0.01 **
Epileptic + Carbamazepine 1145+ 47@e@] 0.9120.|3 @@
Epileptic+Bacoside A 972127ee¢| 0.73+0.11 @@

Values are mean + S.E.M of 4-6 separate experiments,

*** P<0.001, **P<0.0! when compared to Control group,
@@@pP<(.001, ®@P<0.0l when compared to Epileptic group
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Figure- 54

Real Time PCR amplification of Muscarinic M| receptor mRNA from
the Brainstem of Control, Epileptic, Epileptic+Carbamazepine and
Epileptic + Bacopa monnieri post-treated group rats

1- Control

2- Epileptic

3- Epileptic+Carbamazepine
4- Epileptic + Bacopa monnieri

Table- 50
Experimental group Log RQ Value
Control 0
Epileptic -0.921 % 0.25***
Epileptic + Carbamazepine 0.132t 0.31@0@
Epileptic + Bacopa monnieri 0.081 £ 0.02@@@

Values are mean t 5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*++ P<0.00| when compared with Control group
@@@ P<(0.001 when compared to Epileptic group



Figure- 55
Real Time PCR amplification of Muscarinic M receptor mRNA from
the Brainstem of Control, Epileptic, Epileptic+ Carbamazepine and
Epileptic+Bacoside A post-treated group rats

g
§ a6
T 2 3 4
Samgie Names
|- Control
2. Epileptic

3- Epileptic+Carbamazepine
4- Epileptic +Bacoside A

Table- 51
Experimental group Log RQ Value
Control 0
Epileptic -0.921 % 0.25%**
Epileptic +Carbamazepine 0.132t 0.3|e@@
Epileptic +Bacoside A 0.237  0.069@@

Values are mean * S.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

+++ P<0.001 when compared with Control group
@@@ P<(0.001 when compared to Epileptic group



Figure- 56

Scatchard analysis of [*H] Glutamate binding against glutamate

in the Hippocampus of Control, Epileptic and
Epileptic + Bacopa monnieri post-treated group rats

Bound/free (fmoles/mg protein/nM)

- -

4000

2000
Bound {fmoles/mg protein)

Table- 52

Scatchard analysis of [*H] Glutamate binding against glutamate

in the Hippocampus of Control, Epileptic and
Epileptic+ Bacopa monnieri post-treated group rats

Experimental Group (fmoles/imgaxprotein) K, ("M)
Control 3864+ 96 59 + 7.8

Epileptic 217060 ** 45 + 7.2
Epileptic+ Bacopa monnieri | 41322128 @@ | 55 % 6.3

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.01 when compared to control group
@8 P<0.0! when compared to epileptic group
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Figure- 58

Real Time PCR amplification of NMDA R1 receptor
mRNA from the Hippocampus of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

as 1+ —_— @
4 [mraaca]
-1 [

**

-

Log RQ

1 2 3
Sample Names
I- Control
2- Epileptic

3- Epileptic+ Bacopa monnieri

Table- 54
Real Time ampilfication of NMDA R receptor
mRNA from the Hippocampus of Control,
Epileptic, Epileptic+ Bacopa monnieri post-treated group rats

Experimental group Log RQ Value
Control 0
Epileptic =-2.290% 0.34 **
Epileptic+ Bacopa monnieri -0.192%+ 0.14 @

Values are mean t S.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

** P<0.01 when compared with Control group
@ P<0.05 when compared with Epileptic group



Figure- 59

Scatchard analysis of [*H] Glutamate against glutamate
in the Cerebellum of Control, Epileptic and
Epileptic + Bacopa monnieri post-treated group rats

g ® Control
5
13
£
]
3 1000 2000 3&” 4000
Bound (fmoles/mg protein)
Table- 55

Scatchard analysis of [*H] Glutamate against glutamate
in the Cerebellum of Control, Epileptic and
Epileptic + Bacopa monnieri post-treated group rats

B

Experimental Group (fmoles/mg protein) K, (nM)
Control 4586110 54 * 4.5

Epileptic 2233+95**+| 37 +53
Epileptic + Bacopa monnieri 4396187 @@e] 5| * 5.7

Values are mean = S.E.M of 4-6 separate experiments,

*** P<0.001 when compared to Control group,
@99 P< (.00 when compared to Epileptic group
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Figure- 61
Real Time PCR amplification of NMDA R1 receptor
mRNA from the Cerebellum of Control,
Epileptic, Epileptic+ Bacopa monnieri post-treated group rats
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§

154 E

' T
: 1 2 3
Sample Names

1- Control

2- Epileptic

3- Epileptic + Bacopa monnieri

Table- 57
Experimental group Log RQ Value

Control 0
Epileptic -1.215% 0.46***
Epileptic + Bacopa monnieri 0.130% 0.28 @@

Values are mean * 5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*** P<0.001 when compared with Control group
@@ P<0.01 when compared to Epileptic group



Figure- 62

Real Time PCR amplification of Metabotropic Glutamate 8 receptor
mRNA from the Cerebellum of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

Log RQ
|

I- Control
2- Epileptic
3- Epileptic+ Bacopa monnieri

Table- 58
Experimental group Log RQ Value
Control 0
Epileptic -3.099 % 0.07 **
Epileptic + Bacopa monnieri -1.862+t 025 @

Values are mean t 5.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with p-actin CT value as the internal
control and Control CT value as the calibrator.

** P<0.01 when compared with Control group
@ P<0.05 when compared to Epileptic group



Figure- 63
Scatchard analysis of [*H] Glutamate against glutamate

in the Brainstem of Control, Epileptic and
Epileptic+ Bacopa monnieri post-treated group rats

z
£
£
¥
0 1000 2“‘)0 30'00 4000
Bound (fmoles/mg protein)
Table- 59
. B
Experimental Group (fmoles /m":protein) K, (nM)
Control 315257 81 £ 23
Epileptic 821198+ | 140 + 52
Epileptic+ Bacopa monnieri 2951254 @@ | 100 £ 35

Values are mean + S.E.M of 4-6 separate experiments,

** P<0.01 when compared to Control group,
@@ P<0.01 when compared to Epileptic group
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Figure- 65
Real Time PCR amplification of NMDA R receptor
mRNA from the Brainstem of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

_ @@
g . i
g | ¥ =
- 1 2 3
Sample Names
I- Control
2- Epileptic
3- Epileptic+ Bacopa monnieri
Table- 61
Experimental group Log RQ Value
Control 0
Epileptic -0.621 + 0.01***
Epileptic+ Bacopa monnieri 0.231 £ 0.20@@

Values are mean T S.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

***P<0.001 when compared with Control group
@@ P<0.01 when compared to Epileptic group



Figure- 66

Real Time PCR amplification of Metabotropic Glutamate 8 receptor
mRNA from the Brainstem of Control,
Epileptic and Epileptic+ Bacopa monnieri post-treated group rats

AR TN ___;l@
aOounyr— - ___—_—--—Q-—__._._.
1 2 3

Sample Names

I- Control
2- Epileptic
3- Epileptic+ Bacopa monnieri

Table- 62
Experimental group Log RQ Value
Control 0
Epileptic -0.436 £ 0.05***
Epileptic + Bacopa monnieri 0358t 042@

Values are mean * S.D of 4-6 separate experiments. Relative Quantification values and
standard deviations are shown in the table. The relative ratios of mRNA levels were
calculated using the AACT method normalized with B-actin CT value as the internal
control and Control CT value as the calibrator.

*** P<0.001 when compared with Control group
@ P<0.01 when compared to Epileptic group



Figure- 67

Scatchard analysis of [*H] Glutamate against glutamate
in the Cerebral Cortex of Control, Epileptic and
Epileptic + Bacopa monnieri post-treated rats

140 - o Control
v Epileptic
120 - © Eplleptic + Bacopa monwieri

Bound/free {fmoles/mg protein/nM)

Bound (fmoles/mg protein)

Table- 63

Scatchard analysis of [*H] Glutamate against glutamate
in the Cerebral Cortex of Control, Epileptic and
Epileptic+ Bacopa monnieri post-treated rats

Experimental Group (fmoles /E"“g"‘pmwn) K, (nM)
Control 65251168 59 + 8.7

Epileptic 4777+211** | 62 + 7.2
Epileptic + Bacopa monnieri 6834xi78 @@ 7| * |4

Values are mean * S.E.M of 4-6 separate experiments,

** P<0.001 when compared to Control group,
@@ p<(0.00! when compared to Epileptic group
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Figure- 69

Neo-Timm staining in the Hippocampus of Control, Epileptic,
Epileptic+ Carbamazepine and Epileptic + Bacopa monnieri
post-treated group rats

a)- I:’)-

Control Epileptic

C)- d)-

Epileptic+ Carbamazepine Epileptic+ Bacopa monnieri



Figure- 70
EEG of Control, Epileptic, Epileptic +Carbamazepine,
Epileptic+ Bacopa monnieri and Epileptic +Bacoside A post-treated group rats
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Figure- 71
EEG of Control, Epileptic, Epileptic + Carbamazepine,
Epileptic+ Bacopa monnieri and Epileptic+Bacoside A pre-treated group rats
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Figure- 72

Escape Latency of Control, Epileptic and Epileptic+ Bacopa monnieri
post-treated group rats in Morris water maze Experiment

30
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Trials

Table- 65

== Control
— Epileptic

- Epileptic +

Bacopa monnieri

Escape Latency of Control, Epileptic and Epileptic+ Bacopa monnieri
post-treated group rats in Morris water maze Experiment

Experimental group 1" Trial 2™ Trial 3" Trial 4* Trial
Control 16.0+0.57 10.310.88 10.0%1.52 8.010.57
Epieptic 25.6%£2.02 ** |22.3£1.76 ** | 23.6£1.45 *** | 22.31£0.57 ***

Epeptic +Bacopa monnieri | 18.611.20 @ | 10.611.20@@) |0.0+1.52@9@] 8.0+0.57 @@@

Values are mean x S.E.M of 4-6 separate experiments,

"*P<0.001, ** P<0.01, when compared to Control
%9 p<0.001, ®*P<0.01, ®*P<0.05, when compared to Epileptic



Figure- 73
Time spent in platform quadrant by the Control, Epileptic and

Epileptic + Bacopa monnieri post-treated group rats in
Morris water maze experiment

Time in sec

C E E+B

C- Control
E- Epileptic
E+B- Epileptic + Bacopa monnieri

Table- 66

Time spent in platform quadrant by the Control, Epileptic and
Epileptic + Bacopa monnieri post-treated group rats in

Morris water maze experiment
i Time spent in platform
Experimental Group
Control 206+ 1.45
Epileptic 123+ 1.30**
Epileptic+ Bacopa monnieri 21.3 = 0.88@@

Values are mean + S.E.M of 4-6 separate experiments

** P<0.01 when compared to Control group
@@ P<0.01 when compared to Epileptic group
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