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Introduction

The term hypoglycemia refers to a reduction in the glucose concentration
of the circulating blood. It is almost 100 years since hypoglycemia was first
described in children and over 50 years since it was recognized in newborns and
infants (Dhananjayaa & Kiran, 2011). Variable incidence has been reported by
various authors in different weight and gestational age groups (Mishra et al,
1977). The overall incidence of hypoglycemia in neonates varies from 0.2 to
11.4%. However in the presence of certain risk factors like small for date, large for
date, infants of diabetic mothers, prematurity etc., the probability of hypoglycemia
increases many folds (Dutta et al., 2000).

Glucose is the main energy source in the brain, whenever blood glucose
concentration decreases below 20 mg/dl, brain activity ceases and the
hypoglycemic coma, also known as the isoelectric period, takes place. This
induces selective brain damage in vulnerable brain regions, including the cerebral
cortex, the hippocampus and the striatum (Auer et al., 1984; Kalimo et al., 1985).
The initial phase of neuronal damage occurs within minutes of hypoglycemic
shock. This is because, more than 99% of cerebral energy production results from
the oxidation of glucose and the energy failure give rise to selective neuronal
necrosis (Auer & Siesjo., 1988). Glucose levels in the newborn decrease in the
initial two hours, but steadily rise afterwards and thereafter remain constant.
Hypoglycemia occurs when this equilibrium fails (Fernidndez & Pérez., 2011).
When glucose levels fall below threshold glycemic levels, neuroendocrine,
autonomic nervous system (ANS) and metabolic glucose counter regulatory
mechanisms are activated. These hypoglycemic counter regulatory mechanisms
can be blunted irreversibly by disease duration or by acute episodes of prior stress
(Ertl & Oavis, 2004). Although hypoglycemia is associated with a number of
physiological changes, the most profound effects are seen in the brain, where
glucose is the major substrate for energy metabolism. Lack of glucose produces

brain damage or even death if the deficit is prolonged.



Hypoglycemia frequently reflects difficulties in adapting to extra uterine
life (Fernandez & Pérez., 2011). When severe it leads to permanent neurological
dysfunction including seizures, microcephaly, motor and/or developmental
abnormalities (Blattner., 1968; Hawdon., 1999; Karp., 1989; Ryan et al., 1985;
Vannucci & Vannucci., 2001). In the presence of persistent hypoglycemia, three
main possible scenarios must be considered: depletion of energetic storage
(prematurity and intra-uterine growth restriction), increase tissue energetic
consumption and foetal hyperinsulinism. (Mitanchez., 2008; Wight., 2006; Platt &
Desphande 2005). The mechanisms underlying hypoglycemic neuronal damage
are not completely understood but early studies suggested the participation of an
excitotoxic mechanism triggered by the release of glutamate, and particularly
aspartate, soon after the onset of the isoelectric period (Sandberg et al., 1986;
Wieloch, 1984). Neuronal death induced in this condition involves energy
depletion, activation of glutamate receptors, elevation of the intracellular calcium
concentration and ROS production (Herndndez-Fonseca et al., 2008). In addition,
recent investigations have suggested that oxidative stress is associated with
hypoglycemic neuronal damage (Suh et al., 2007, 2008; Haces et al., 2008, 2010).
The hypoglycemic condition favours the production of reactive oxygen and
nitrogen (ROS/ RNS) species, which might participate in the induction of the
subsequent neuronal death.

In the central nervous system (CNS), the dopaminergic system is
important in regulating neuronal growth and development. Insulin-induced
hypoglycemia causes the death of neurons in particular brain regions including the
cerebral cortex, striatum and hippocampus, while the cerebellum and the brain
stem are more resistant. The mechanisms underlying this selective vulnerability to
hypoglycemic damage are unknown (Haces et al., 2010). The dopamine receptors
(DA) are widely expressed in the central nervous system because they are
involved in the control of locomotion, cognition, emotion and affect neuro-
endocrine secretion (Missale et al., 1998). Dopamine peripherally modulates
insulin secretion in the pancreatic islets (Nogueira et al., 1994). Any disturbance

in the central dopaminergic function will affect the normal memory processing
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Introduction

and cognition. Dopaminergic innervations appear to be sensitive to stress and
relatively low intensity levels of stress are capable of disrupting functions like
‘working memory’ and attention (Goldberg et al., 1991; Schneider & Roeltgen.,
1993).

DA is synthesised from tyrosine, stored in vesicles in axon terminals and
released when the neuron is depolarised. DA interacts with specific membrane
receptors to produce its effects. These effects are terminated by reuptake of
dopamine into the presynaptic neuron by a dopamine transporter. DA plays an
important role both centrally and peripherally. The five dopamine receptor
subtypes provides a basis for understanding dopamine's central and peripheral
actions. DA receptors are classified into two major groups: DA D1 like and DA
D2 like. DA D1 like receptors consists of DA D1 and DA D5 receptors.

DA D2 like receptors consists of DA D2, DA D3 and DA D4 receptors.
Stimulation of the DA DI, receptor gives rise to increased production of cAMP.
DA D2 receptors inhibit cAMP production, but activate inositol phosphate second
messenger system (Seeman, 1980). An imbalance between dopaminergic
neurotransmission and DA receptors is known to be associated with the
symptomatology of numerous neuropsychiatric disorders, like schizophrenia,
psychosis, mania and depression as well as neuropathological disorders, like
Parkinson's disease and Huntington's disease (Carlsson, 1988, 1993; Bermanzohn
& Siris, 1992; Brown & Gershon, 1993; Lakel & Maragos, 2000; Kostrzewa &
Segura-Aguilar, 2003). The dopaminergic cells in particular are highly sensitive to
excitotoxicity and oxidative stress when the energy metabolism is impaired
(Callahan et al., 1998). At the cellular level, dopamine D1/D5 receptor agonists
regulate neuronal excitability by altering ion channel activity. In addition, there is
evidence that DA D1-like receptors modulate various forms of synaptic plasticity,
including long-term potentiation and long-term depression in neocortex (Gurden et
al., 2000; Otani et al., 1998).

There are many treatments for neonatal hypoglycemia (Cornblath &
Schwartz., 1976; Jones & Roberton., 1984): glucose infusion is one but it induces

complications such as hyperglycaemia, rebound hypoglycemia after interruption
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of the infusion and hypersecretion of insulin which can induce recurrence of
hypoglycemia; it also inhibits the compensative gluconeogenesis (Kalhan et al.,
1986) and ketogenesis. Studies show that glucose reintroduction after the
isoelectric period correlates with the presence of superoxide and nitrotyrosine
immunoreactivity, and suggest that glucose reintroduction stimulates oxidative
stress through the activity of NADPH oxidase (Suh et al., 2007, 2008). Corticoids
are sometimes useful to prevent hypoglycemia but it limit the peripheral uptake of
glucose in some tissues (Sann et al., 1983), an effect which results in an increased
incidence of neurological and electro-encephalographic abnormalities (Jones &
Roberton., 1984).

Treatment with herbal drugs has been in use since ancient times and herbs
have been an effective source of treatment regimens for different diseases. In
modern medicine, medicinal herbs are an integral part of alternative therapy.
Bacopa monnieri L. (Fam. Scrophulariaceae) is a creeping, glabrous, succulent
herb, rooting at nodes, distributed throughout India in all plain districts, ascending
to an altitude of 1,320 m. The plant is reported to show sedative, antiepileptic,
vasoconstrictor and anti-inflammatory activity (Handa, 1998). Its antioxidant
properties and its ability to balance super oxide dismutase (SOD) and catalase
levels were postulated to account for this effect. (Sairam, 2001). It has been
reported that the plant contains tetracyclic triterpenoid saponins, bacosides A and
B, hersaponin, alkaloids viz. herpestine and Bacopin and flavonoids (Jobin et al .,
2010; Handa., 1998; Kiritikar & Basu., 1994).

Bacopa monnieri (Brahmi) is recommended in formulations for the
management of a range of mental conditions including anxiety, poor cognition,
lack of concentration and epilepsy. 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 (Jobin et al., 2010).

Bacoside A, a triterpenoid saponin, is a major constituent isolated from
the plant Bacopa monnieri Linn. Used as a memory herb and for mental

enhancement. This substance appears to have antioxidant and brain protective
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Introduction

potential. Bacoside A is the active ingredient in bacopa herb along with bacoside
B. Besides, Bacoside A also exhibits vasodilatory, calcium antagonistic, muscle
relaxant, mast cell stabilizing and antiulcer properties (Sumathi et al., 2011). But
so far there has been no study reporting the role of Bacopa monnieri and Bacoside
A treatment on the functional regulation of dopamine receptors.

At present, our understanding of the effects of hypoglycemia on the
developing brain is incomplete. We also do not know the extent of impact of a
hypoglycemic shock which triggers brain injury during development. To address
these issues, we examined the susceptibility of the developing brain to acute
hypoglycemia involving DAD1 and DAD2 receptor functional regulation. In the
present study a detailed investigation of the alterations of dopamine receptors in
the brain regions of insulin induced hypoglycemic neonatal rats were carried out,
using glucose, Bacopa monnieri and Bacoside A as treatment options. The
molecular studies on the various brain regions through dopaminergic receptors
will elucidate the corrective measures for hypoglycemia induced brain damage.
This study makes the point that - a plan for rational intervention, will result in the
reduction in the incidence of lifelong disabilities like epilepsy, and behavioural
and learning disorders. Many adult diseases have their origins in prenatal or early
postnatal life, and hence delineating the vulnerability of the developing CNS to

diverse insults, will lead to new therapeutic interventions.



OBJECTIVES OF THE PRESENT STUDY

In the present work we studied the potential of Bacopa monnieri and Bacoside
A treatment to enhance the antioxidant system and support the neuronal survival
in the hypoglycemic neonatal brain. For achieving the aim, DAD1 and DAD2
receptors functional regulation, gene expression of growth factors, neuronal
survival and apoptotic factors during insulin induced hypoglycemic neonatal brain

in rats were studied. The objectives are

1. To induce hypoglycemia in neonatal rats using intra peritoneal injection of
insulin.

2. To study the anti- hypoglycemic activity of Bacopa monnieri and
Bacoside A in the insulin induced hypoglycemic neonatal rat.

3. To study the Dopamine D1 and D2 receptor binding parameters in the
brain regions of control and hypoglycemic neonatal rats.

4. To study the dopamine signalling through the gene expression of
Dopamine D1, Dopamine D2 receptor subtypes, PLC and CREB.

5. To study the cAMP and IP3 content in the brain regions of control and
hypoglycemic neonatal rats, using second messenger assays.

6. To study the GLUT 3 gene expression in the brain regions of control and
hypoglycemic neonatal rats, using Real Time PCR.

7. To study neuronal survival factors using NF-kB, GDNF, and BDNF gene
expression in the brain regions of control and hypoglycemic neonatal rats,
using Real Time PCR.

8. To study antioxidant property of Bacopa monnieri and Bacoside A using
SOD and GPx gene expression in brain regions of control and
hypoglycemic neonatal rats, using Real Time PCR.

9. To study apoptotic pathway using Akt -1, TNF - a, Bax and Caspase 8
gene expression in the brain regions of control and hypoglycemic neonatal

rats, using Real Time PCR.



10. To study localization and expression status of Dopamine D1 and D2
receptors in the brain slices of control and hypoglycemic neonatal rats,

using confocal microscopy.
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Hypoglycemia is the most common metabolic problem occurring in
newborns. In majority of cases, it merely reflects a normal process of adaptation to
extra uterine life. The term hypoglycemia refers to a reduction in the glucose
concentration of the circulating blood. ‘Hypoglycemia is not a medical condition
in itself, but a feature of illness or of failure to adapt from the fetal state of
continuous transplacental glucose consumption to the extra uterine pattern of
intermittent nutrient supply’. Hypoglycemia is known to be associated with brain
dysfunction and neuromotor developmental retardation in both symptomatic and
asymptomatic cases (Williams, 1997). The initial phase of neuronal damage
occurs within minutes of hypoglycemic shock and the energy failure gives rise to
selective neuronal necrosis (Auer & Siesjo., 1988).Hypoglycemia in the newborn
is a surrogate marker for central nervous system energy deficiency.
Hyperinsulinemic hypoglycemia produces profound central nervous system
energy deficiency leading to long-term central nervous system damage
(Straussman & Lynn, 2010). The importance of early identification, prevention,
and treatment of low glucose concentrations in certain conditions, such as genetic
defects in specific metabolic pathways (eg, fatty acid oxidation disorders) or
defects in the regulation of insulin secretion leading to hyperinsulinemic
hypoglycemia, is generally agreed upon. However, transient, asymptomatic low
glucose concentrations may herald metabolic disorders that can cause serious

injury (Rozance & Hay., 2012).

Incidence

The overall incidence has been estimated at 1 to 5 per 1,000 live births,
but it is higher in at-risk populations. 8% of large-for-gestational-age infants
(primarily infants of diabetic mothers) and 15% of preterm infants and infants who

have intrauterine growth retardation have been reported as having hypoglycemia;
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the incidence in the entire population of “high-risk” infants may be as high as 30%
(McGowan., 1999).

The World Health Organization (WHO) has predicted that between 1995
and 2025, there will be a 35% increase in the worldwide prevalence of diabetes
(Ang et al., 2005). Moreover, women born in Asian countries display the highest
prevalence of Gestational Diabetes Mellitus (GDM), with up to 17% of women
likely to develop GDM, in comparison to 4% of European and white American
women (Ferrara, 2007; Sesiah et al., 2008). The prevalence of gestational diabetes
in southern India was recently found to be 17.8% in urban women, 13.8% in semi
urban and 9.9% in rural women (Ramachandran et al., 1994). Infants of diabetic
mothers have a higher incidence of neonatal complications than those born to non-
diabetic women (Nasrat et al., 1993). The incidence in Kerala is approx. 41/1000
live births. (Sasidharan CK et al., 2004).

Symptoms

When plasma glucose levels approach 3.6-3.8 mmol/L (64.8-68.4
mg/dL), clinical signs such as nervousness, tremors, cardiac palpitations, and
weakness have been observed in humans, rats, mice, rabbits, cats, dogs, and
monkeys. When plasma glucose levels fall below 1 mmol/L (18 mg/dL), seizure
activity, severe brain damage, coma, and death can occur as a result of neuronal
dysfunction and cell death (Rudloff & Franklin., 2009).

Hypoglycemia in neonates can be symptomatic and asymptomatic. The
most common symptoms such as jitteriness, convulsions, apathy, hypotonia,
coma, refusal to feed, cyanosis, high pitched cry, hypothermia are very
nonspecific and especially in small sick infants, these symptoms may be easily
missed. Therefore hypoglycemia must always be confirmed biochemically and by
response to treatment (Charles et al, 2005; Kleigman, 2005; Barbara & Robert.,
2004).



Infant populations at Risk

Infants of diabetic mothers can sustain long-term brain injury if there is a
period of severe hypoglycemia in the first 12 h after birth (Vannucci & Vannucci.,
2001). In young children with diabetes mellitus, short-term episodes of
hypoglycemia are associated with long-term learning problems (Kaufman et al.,
1999; Rovet & Ehrlich., 1999).

Variables which strongly and independently predict the risk of neonatal
hypoglycemia are prematurity and low birthweight, maternal diabetes mellitus,
delay in initiation of breastfeeding for more than 2 h postnatally, maternal pre-
eclampsia and eclampsia, birth asphyxia, hypoxia, cold stress or hypothermia and

maternal oligohydramnios (Rudloff & Franklin., 2009).

Impact of neonatal hypoglycemia on the Brain

The brain of a human neonate is more vulnerable to hypoglycemia than
that of pediatric and adult patients (Liu ef al., 2013). The mechanisms that induce
neuronal injury following glucose deprivation are more complex than simply
depriving neurons of their primary energy source (Auer & Siesjo., 1993).
Hypoglycemia often occurs not in isolation but in combination with other
disorders affecting brain metabolism (Tam et al., 2008). Insulin induced
hypoglycemia does not generate uniform injuries throughout the brain (Dasgupta
et al., 2013). Moderate hypoglycemia is known to have significant impact on
functions of the CNS, and any differential effect of hypoglycemia on the
peripheral nervous system may offer insights into the metabolic requirements of
central and peripheral neurons (Antony et al., 2010).

The most vulnerable areas of hypoglycemia-related brain injuries are the
involvement of hippocampus, basal ganglia, and cortical and subcortical areas in
adults (Sarnat, 2004). Repetitive and profound hypoglycemia (RPHN) affects
occipital cortex and hippocampal activities, neurotransmitter transition, energy
metabolism, and other metabolic equilibria in newborn rats; these effects are
further aggravated when the newborn rats develop into adolescence (Liu et al.,

2013). It is recognized that there can be occipital injury after neonatal
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hypoglycemia. Parietooccipital lobe diffusion restriction and cortical visual
deficits are observed after a hypoglycemic insult (Tam et al., 2008).

Brain stem neurons are remarkably resistant to irreversible injury by
hypoglycemia (Sarnat, 2004). Glucoreceptive sites exist within the hindbrain, and
it has been suggested that glucoreceptors exist only in the hindbrain. The
hindbrain does not appear to be vulnerable to the CNS adaptive mechanisms that
impair counter regulatory responses under conditions of recurrent hypoglycemia
(Sanders et al., 2007). The cerebellum suffers a lesser metabolic insult due to the
greater efficiency of the cerebellar glucose transporter, explaining the relative
resistance of the cerebellum to hypoglycemic brain damage (Auer, 2004).

Animal studies, using models of both type 1- and type 2 diabetes, show
deleterious dose-dependent effects of hyperglycemia in the mature brain resulting
in reversible pathoanatomical changes in the hippocampal regions of the brain as
well as impaired cognitive function in the adult diabetic animals . Unfortunately,
there are no animal studies which investigate the potential adverse impact of

intrauterine hyperglycemia on offspring cognitive function (Clausen et al., 2013).

BRAIN NEUROTRANSMITTER CHANGES DURING NEONATAL
HYPOGLYCEMIA

The brain of a human neonate is more vulnerable to hypoglycemia than
that of pediatric and adult patients. During the neonatal period RPHN causes brain
damage and leads to severe neurologic sequelae (Liu et al., 2013). Severe
hypoglycemia has been shown to alter brain structure (Puente et al., 2010) and
cause significant cognitive damage (Suh er al., 2007) also. Changes in the
metabolism of neurotransmitter system are seen to be an adaptive measure of the
CNS in response to RPHN (Liu et al., 2013).

The neuronal death ensuing from hypoglycemia is not a simple result of
energy failure but instead results from a sequence of events initiated by
hypoglycemia. These events have been enumerated as activation of neuronal

glutamate receptors (Nellgard & Wieloch 1992), production of ROS, neuronal
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zinc release, activation of poly(ADP-ribose) polymerase—1, and mitochondrial
permeability transition (Suh et al. 2007).

The brain is normally dependent on glucose for metabolism and function.
Hyperinsulinemic hypoglycemia leads to extensive deterioration of cerebral
energy state and neuronal cell damage and follows an excitotoxic mechanism of
neuronal necrosis. Cerebral glutamate is derived solely from endogenous sources;
mainly from a - ketoglutarate, which is a product of the Krebs cycle. The neuronal
glutamate acts as a neurotransmitter, resulting in excitatory interaction between
neurons. Excitotoxicity results due to an excessive activation of neuronal amino
acid, glutamate which is the key mechanism implicated in the mediation of
neuronal death in hypoglycemia (Leighton et al., 2001). Hypoglycemic brain
damage thus falls into the newly defined class of ‘excitotoxic’ neuropathologies,
where neurons are selectively killed by an extracellular overflow of excitatory
amino acids produced by the brain itself (Aurer & Seisjo., 1993).

Cerebellar  cholinergic  neurotransmission is impaired during
hyperglycemia and hypoglycemia and the hypoglycemia causes more prominent
imbalance in cholinergic neurotransmission which is suggested to be a cause of
cerebellar dysfunction associated with hypoglycemia (Antony et al., 2010).

Hypoglycemia plays an important contributory role in regulation of
adenosine 2A receptors in different areas of the brain (Haas & Selbach, 2000).
Studies have found significantly higher distribution of these receptors in the
striatal areas in comparison to the brain stem, cortex and cerebellum (Buyng et al.,
2001) and furthermore, attributed excessive ROS and glutamate production in the
basal ganglia to high concentration of adenosine 2A receptors in striatal region
(Golembiowska & Dziubina., 2012).

The brain generally functions through the interaction of multiple regions,
the hippocampus, cortex, and striatum are unique in that DA, through interactions
with glutamate, is required for neuronal potentiation in each area (Bales et al.,
2010). The widespread disruption of neuronal projections at the time of a
hypoglycemic shock has implications for all neurotransmitter systems, including

DA.
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Dopaminergic System

Brain damage is closely related to neurochemical alterations caused by
hypoglycemia in both immature and mature rats. When hypoglycemia is profound
and recurrent, brain damage and severe neurological sequelae, including epilepsy,
abnormal cognitive abilities, and speech and language delays, inevitably develop
(Liu et al., 2013). The DA receptors are widely expressed in the central nervous
system because they are involved in the control of locomotion, cognition, emotion
and affect neuro-endocrine secretion (Missale et al., 1998). DA represents a
unique signalling system within the CNS due to its role as a neurotransmitter and
neuromodulator. It is important in regulating neuronal growth and development.
The DA receptors, expressed in the CNS, are involved in the control of
locomotion, cognition, memory, emotion and affect neuro-endocrine secretion.
DA receptors are G protein coupled receptors (GPCR) mediating slow
neurotransmission. At the cellular level, DAD1 /D5 receptor agonists regulate
neuronal excitability by altering ion channel activity. In addition, there is evidence
that DAD1 -like receptors modulate various forms of synaptic plasticity, including
long-term potentiation and long-term depression in neocortex (Gurden et al.,

2000; Otani et al., 1998).

Dopamine Pathways

DA is the predominant catecholamine neurotransmitter in the mammalian
brain. This catecholamine also plays multiple roles in the periphery as a modulator
of cardiovascular function, catecholamine release, hormone secretion, vascular
tone, renal function and gastrointestinal motility (Missale et al., 1998). DA
containing neurons arise mainly from DA cell bodies in the substantia nigra (SN)
and ventral tegmental area in mid-brain region (Carlsson, 1993; Tarazi et al.,
1997*°, 1998). Dopaminergic system is organized into four major subsystems:

(i) the nigrostriatal system involving neurons projecting from the

substantia nigra, pars compacta to the caudate-putamen of the basal ganglia. This
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is the major DA system in the brain as it accounts for about 70% of the total DA in
the brain, and its degeneration makes a major contribution to the pathophysiology
of Parkinson’s disease;

(ii) the mesolimbic system that originates in the midbrain tegmentum and
projects to the nucleus accumbens septi and lateral septal nuclei of the basal
forebrain as well as the amygdala, hippocampus and the entorhinal cortex, all of
which are considered components of the limbic system and so are of
particular interest for the patho-physiology of idiopathic psychiatric disorders;

(iii) the mesocortical system, which also arises from neuronal cell bodies
in the tegmentum which project their axons to the cerebral cortex, particularly the
medial prefrontal regions;

(iv) the tuberinfundibular pathway, which is a neuroendocrinological
pathway arising from the arcuate and other nuclei of the hypothalamus and ending
in the median eminence of the inferior hypothalamus. DA released in this system
exerts regulatory effects in the anterior pituitary and inhibits the release of
prolactin.

DA is involved in the control of both motor and emotional behaviour.
Despite the large number of crucial functions it performs, this chemical messenger
is found in a relatively small number of brain cells. In fact, while there are a total
of 10 billion cells in the cerebral cortex alone, there are only one million

dopaminergic cells in the entire brain (Missale ez al., 1998).

Dopamine receptors and its subtypes

DA mediates its actions via membrane receptor proteins. DA receptors are
found on postsynaptic neurons in brain regions that are DA enriched. In addition,
they reside presynaptically on DA neuronal cell bodies and dendrites in the
midbrain as well as on their terminals in the forebrain. DA receptors belong to a
family of large peptides that are coupled to G-proteins which are modified by
attached carbohydrate, lipid-ester or phosphate groups. The topologies of the five
DA receptors are predicted to be the same as all the other GPCR. They are

characterized by having seven hydrophobic transmembrane-spanning regions
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(Hartman & Civelli., 1997). The third intracytoplasmic loop is functionally critical
and interacts with G-proteins and other effector molecules to mediate the
physiological and neurochemical effects (Carlsson, 1993; Tarazi et al., 1997 * b,
1998). In their putative transmembrane domains, the DAD1 and D5 receptors are
79% identical to each other, while they are only 40-45% identical to the DAD2,
D3 and D4 receptors. Conversely, the DAD2, D3, and D4 receptors are between
75% and 51% identical to each other.

Classification of Dopamine Receptors

DA receptors are divided into two families on the presence or absence of
ability of DA to stimulate adenylyl cyclase and produce the second messenger
molecule cyclic-Adenosine monophosphate (cAMP) (Civelli et al., 1993;
ODowd, 1993). This classification is based on similarities in structure,
pharmacology, function and distribution. DAD1 like receptors are characterized
initially as mediating the stimulation of cAMP production. DAD?2 like receptors
inhibits the production of cAMP (Seeman, 1980).

Applications of molecular genetics have greatly facilitated the isolation
and characterisation of novel DA receptors, DAD3, D4 and D5 with different
anatomical localisation from traditional DAD1 or DAD2 receptors. Based upon
their pharmacological profiles, including their effects on different signal
transduction cascades, these receptors are currently divided into two families: the
DADI1 like family which includes DAD1 and D5 receptors. The DAD2 like
family includes DAD2, D3 and D4 receptors (Schwartz et al., 1992; Grandy et al.,
1993; Sibley et al., 1993). The genomic organisations of the DA receptors
demonstrate that they are derived from the divergence of two gene families that
mainly differ in the absence or the presence of introns in their coding sequences.
DADI1 like receptors genes do not contain introns in their coding regions, a
characteristic shared with most GPCR. The genes encoding the DAD2 like

receptors are interrupted by introns (Gingrich & Marc, 1993). Furthermore, most
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of the introns in the DAD2-like receptor genes are located in similar positions

(Hartman & Civelli, 1997).

Dopamine DI1-like family

The DADI receptor is the most abundant DA receptor in the CNS. The
DADI like receptors are characterized by a short third loop as in many receptors
coupled to Gs protein (Gs alpha subunit) (Civelli et al., 1993; Gingrich & Canon
et al., 1993; O’Dowd, 1993). The DADI1 like receptors have short third
intracellular loops and long carboxy terminal tails. The DADI like receptors are
classified into DADI1 and DS5. In the DADI and D5 receptor third intracellular
loop and the carboxy terminus are similar in size but divergent in their sequence.
In contrast, the small cytoplasmic loops 1 and 2 are highly conserved so that any
difference in the biology of these receptors is probably related to the third
cytoplasmic loop and the carboxy terminal tail (Civelli et al., 1993, Gingrich &
Canon et al., 1993; O’Dowd, 1993). The external loop between transmembrane
domain (TM) TM4 and TMS is considerably different in the two receptor
subtypes, being shorter (27 amino acids) in the D1 receptor than in the D5 receptor
(41 amino acids). The amino acid sequence of this loop is divergent in the DAD5
receptor (Marc et al., 1998).

DADI receptors are found at high levels in the typical DA regions of
brain such as the neostriatum, substantia nigra, nucleus accumbens and olfactory
tubercles (Cadet et al., 2010). DADI1 receptor seems to mediate important actions
of DA to control movement, cognitive function and cardiovascular function. In
humans, DADI receptor gene has been localized to chromosome 5 (Sunahara et
al., 1990). The DAD1 receptors show characteristic ability to stimulate adenylyl
cyclase and generate inositol 1, 4, 5- trisphosphate (IP3) and diacylglycerol
(DAG) via the activation of phospholipase ¢ (PLC) (Monsma et al., 1990; Sibley
et al., 1990). DAD1 receptors are highly expressed in basal ganglia followed by
cerebral cortex, hypothalamus and thalamus. DAD1 receptors messenger
ribonucleic acid (mRNA) is colocalized in striatal neurons of the basal ganglia

with mRNA for DA receptor phosphor protein (DARPP-32; KD) which is a DA
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and cAMP-regulated phosphoprotein. DRPP contributes to the actions of DADI1
receptor (Hemmings & Greengard, 1986; Greengard, et al., 1987).

Dopamine D2 like family

DAD?2 like receptors belongs to the GPCR and has 400 amino acid
residues. DAD2-like receptors are characterized by a long extracellular amino
terminus which has several glycosylation sites and a shorter carboxy terminal tail
with putative phosphorylation sites. The function of sugar moieties is unclear
(Sibley, 1999). It is generally believed that the membrane enclosed part of the
amino-acid chain of GPCR is folded into seven a-helices. The transmembrane
helices consist primarily of hydrophobic amino-acid residues. The unique feature
of DAD?2 like receptors family is that they posses a bigger third cytoplasmic
(intracellular) loop in common, which is the site where the G-protein couples.
Between the different DA receptors, the third loop also displays the greatest
variability in amino-acid sequence. This has consequences for their respective
second messenger systems. The DAD2-like receptors are coupled to Gi-protein
and inhibit the formation of cAMP. The DAD2 receptors tertiary structure is
stabilized by two cysteine disulphide bridges.

The DAD?2 receptor gene encodes a protein that extends for 415 amino
acids. Similar to other GPCR, the DAD2 receptor has seven transmembrane
segments, but in contrast to DADI -like receptors, the third cytoplasmic domain is
long and the carboxy terminus is short. Unlike the DADI -like receptor genes, the
DAD?2 receptor gene contains seven introns that are spliced out during mRNA
transcription (Fischer et al., 1989).

Pharmacologically, both isoforms exhibit nearly similar profiles in terms
of their affinities to different DAD2 selective agents and inhibit adenylyl cyclise
activity. However, these isoforms display an opposite regulatory effect (Sibley et
al., 1993). These isoforms have the same pharmacological profile, even though a
marginal difference in the affinity of some substituted response to DA treatment is

reported: DA induces the up regulation of DAD2L isoform of DAD?2 receptors.
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When expressed in host cell lines, both isoforms inhibited adenylyl cyclase (Marc

et al., 1998; Sibley, 1999).

Dopamine D3 receptors

DAD3 receptor gene contains five introns and encodes a 446 amino acid
protein (Schwartz et al., 1992). The gene encoding this receptor resides on
chromosome 3 (Giros et al., 1990). The DAD3 receptors bear close structural and
pharmacological similarities to the DAD2 receptors. DAD3 mRNA occurs in
longer and shorter spliced forms generated from the same gene (Schwartz et al.,
1992). Distribution of DAD3 receptor mRNA is distributed and expressed mainly
in subcortical limbic regions including islands of Calleja, nucleus accumbens septi
and olfactory tubercle, with low levels of expression in the basal ganglia. D3
receptor mRNA has also been found in neurons of the cerebellum, which regulate
eye movements (Levesque et al., 1992). The status of the DAD3 molecular entity
as a functional receptor remains uncertain since it neither couples to G-proteins
nor consistently transduces an effector mechanism. However, the structural
similarity with DAD2 receptor raises the possibility that DAD3 receptor also

inhibit adenylyl cyclase activity in its normal cellular setting.

Dopamine D4 receptors

DADA4 receptor gene contains four introns and encodes a 387 amino acid
protein (Van Tol et al., 1991). The overall homology of the DAD4 receptor to the
DAD?2 and D3 receptors is about 41% and 39% respectively, but this homology
increases to 56% for both receptors when only the transmembrane spanning
segments are considered. The gene encoding the human DAD4 protein is located
at the tip of the short arm of chromosome 11 (Civelli & Bunzow., 1993; Missale et
al., 1998). DAD4 receptor gene has been localized in brain regions like
hippocampus and frontal cortex using specific histoprobes. The stimulation of
DAD4 receptor inhibits adenylyl cyclase activity and release arachidonic acid in
brain neurons (Misalle et al., 1998). In humans, DAD4 receptor occurs in several

genomic polymorphic variants that contain two to eleven repeats of a 48 base pair
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segment that is expressed in the third cytoplasmic domain (Van Tol et al., 1992;
Misalle et al., 1998). These are called the DAD4 alleles which are represented as
DAD4.2, D4.4 and D4.7. This contributes to the pathophysiology of certain
neuropsychiatric disorders (Jackson & Westlind., 1994).

Dopamine D5 receptors

The DADS receptor gene is intron less and encodes a protein that extends
for 47 amino acids (George et al., 1991). This protein has an overall 50%
homology with DADI1 receptor and 80% if only the seven transmembrane
segments are considered. The gene encoding the human DADS protein is located
at the short arm of chromosome 4, the same region where the Huntington disease
gene has been located. Two DADS receptor pseudogenes having 154 amino acids
have been identified with 90% homology (Gusella, 1989). These pseudogenes,
however, contain stop codons in their coding regions that prevent them from
expressing functional receptors.

DADS5 receptor mRNA expression is unique and limited to the
hippocampus and parafascicular nucleus of the thalamus (Civelli et al., 1992). It is
involved in the thalamic processing of painful stimuli (Giesler ef al., 1979). DADS
receptors appear to interact with G-proteins and can stimulate adenylyl cyclase,
with relatively high affinity for DA and DADI1 -selective agonists (George et al.,
1991).

DOPAMINE AND ITS RECEPTOR ALTERATIONS DURING
HYPOGLYCEMIA

The dopaminergic system with its D1 and D2 type DA receptors and
coupling to second messengers beginning day 17 of embryonic age and
completing maturation on day 14 after birth (Money & Stanwood., 2013); and the
DA vesicular transport maturing as early as day 8 after birth (Leroux-Nicollet et

al., 1990). DA controls the expression of certain genes such as c- fos involved in
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neuronal transduction during development in critical periods such as the first 15
days after birth in the striatum (Arnauld et al.,1995)

As the blood glucose levels progressively drop in hypoglycemia to the
range of 1-2 mM, changes in the brain monoamines dopamine, noradrenaline and
serotonin already occur at this stage, explaining the changes in cerebration that
occur in the early, pre-coma stages of hypoglycemia (Aurer, 2004). DA, like
glutamate, can also be a potent excitotoxic agent. High levels of DA in the
synaptic cleft can be rapidly oxidized to form DA semiquinone/quinine. In
addition, oxidized DA via monoamine oxidase activity or redox cycling can
induce the generation of hydrogen peroxide and superoxide causing significant
oxidative stress (Bales er al., 2010). It was suggested by Milusheva et al., 2006
that in response to hypoxia combined with hypoglycemia there is a massive
release of glutamate due to the increased firing rate which in turn releases
dopamine from the axon terminals through stimulation of presynaptic NMDA
receptors.

DA signalling has been implicated in the control of food intake and body
weight. In particular, DA is important in the control of meal size and number and
is thought to mediate the response to metabolic deprivation states (Benoit et al,
2003). Both appetitive and consummatory responses to glucose deprivation are
controlled and coordinated by multilevel terminations of the catecholamine
neurons. the catecholamine neurons themselves are glucoreceptive (Ritter et al.,
2006).

In brain slices, dopamine neurons are seen to undergo hyperpolarization
during hypoxia and hypoglycemia, which results in silencing of the neurons
(Singh et al., 2007). Following striatal hypoxic ischemica injury, there was also a
reduction in the number of dopaminergic neurons. (Burke et al., 1992). As
dopamine and dopaminergic neurocircuitries are extremely sensitive to hypoxia
and ischemia at birth (Klawitter et al., 2007), perinatal or postnatal hypoxic
ischemia brain injury is associated with dopaminergic neuronal loss, and resulted

in cognitive and motor impairments (Andreeva et al., 2001; Meng et al., 2006).
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And hence, the dopamine neurotransmission is looked into in great detail
in our study giving importance to one member each of the DAD1 like family and

DAD2 i.e. DAD1 and DAD2 respectively.

Signal transduction by Dopaminergic activation

Physiological levels of DA promotes neuronal plasticity and exerts a
neuroprotective role though receptor-dependent mechanism (Schapira, 2002; Yao
et al., 2008). Changes in multiple transmitter systems underlie major mechanisms
leading to the dopaminergic neurodegenerative disorders of neonatal
hypoglycemia, and in many cases these dysfunctions precede the onset of mental
retardation. It is when these pathways converge with other biological or
environmental influences, leading to DA hyperfunction. DA receptors have been
shown to regulate pathways through G protein-mediated signalling. G-proteins
transduce the activation of neurotransmitter receptors into alterations in
intracellular ~ levels of second messengers in  target  neurons
(Beaulieu & Gainetdinov., 2011). Prominent second messengers in brain include
cAMP, cyclic GMP (cGMP), calcium, the major metabolites of phosphatidyl
inositol (PI), IP3 and diacyl glycerol (DAG) and of arachidonic acid, and nitric
oxide (NO).

SECOND MESSENGER CHANGES DURING NEONATAL
HYPOGLYCEMIA

Second messengers relay signals received at receptors on the cell surface
to target molecules in the cytosol and/or nucleus. Three major classes of second
messengers are (1) cyclic nucleotides (e.g., cAMP and cGMP), (2) IP3 and DAG,
(3) calcium ions (Ca®). The signal transduction in metabotrophic
neurotransmitters occur through activation of second messengers, whereas
ionotrophic neurotransmitters act through ligand gated ion channels. The changes
in neurotransmitter level and its receptor should agree with a concomitant change

in second messenger for effective signal transduction.
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Cyclic adenosine monophosphate (cAMP)

cAMP, cyclic AMP or 3'-5'-cyclic adenosine monophosphate is a second
messenger, important in many Dbiological processes. cAMP is derived
from adenosine  triphosphate (ATP) and used for intracellular signal
transduction in many different organisms, conveying the cAMP-dependent
pathway (Abramovitch et al., 2004). cAMP is synthesized from ATP by adenylate
cyclase located on the inner side of the plasma membrane. Adenylate cyclase is
activated by a range of signalling molecules through the activation of adenylate
cyclase stimulatory GPCR (Gs) and inhibited by agonists of adenylate cyclase
inhibitory GPCR (G;) (Dumas et al., 2006). cAMP is used for intracellular signal
transduction, such as transferring into cells the effects of hormones , which cannot
pass through the cell membrane. It is involved in the activation of protein
kinases and regulates the effects of adrenaline and glucagon. cAMP and its
associated kinases, function in biochemical processes including the regulation
of glycogen, glucose and lipid metabolism. cAMP also binds to and regulates the
function of ion channels (Simpson et al., 1996).

cAMP is involved in neuronal survival and protection. DI GPCR
receptors down regulation inactivates adenylyl cyclase through G-protein
alpha(olf) (Golf alpha) subunits leading to decreased cAMP levels and
inactivation of protein kinase A (PKA). DA binding to D2 GPCR receptors furthur
lowers cAMP levels by inhibiting adenylyl cyclase through G-protein alpha(i)
(Gai) subunits (Kim ef al., 2004). This leads to the closing of the voltage
dependant Ca®* channels via a cAMP independent mechanism thus altering the
normal cellular signal transduction.

Studies by Wang et al., 2007, suggests that cAMP affects the function of
higher-order thinking in the prefrontal cortex through its regulation of ion
channels called hyperpolarization - activated cyclic nucleotide-gated
channels (HCN). When cAMP stimulates the HCN, the channels open, closing the

brain cell to communication and thus interfering with the function of the cortex.
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Although the precise dynamics of memory/learning processing remains a
little-understood process, it involves dopaminergic neurons of the mesolimbic
pathway that release the neurotransmitter into the presynaptic space in response to
a motivation- related action potential. DA then binds and activates dopamine
receptors, such as the DA receptor D1, GPCR that modulates the cAMP second
messenger to produce a cellular response ultimately triggering an action potential

by opening plasmalemmal ion channels (Rossger et al., 2013).

Inositol 1,4,5-trisphosphate (IP3)

IP3 receptors (IP3R) are the IP3 gated intracellular Ca** channels that are
mainly present in the endoplasmic reticulum (ER) membrane. Many biological
stimuli, such as neurotransmitters and hormones, activate the hydrolysis of PIP2,
generating IP3. The IP3 mediates Ca™* release from intracellular Ca’* stores by
binding to IP3 receptors. The IP3 induced Ca** signalling plays a crucial role in
the control of diverse physiological processes such as contraction, secretion, gene
expression and synaptic plasticity (Berridge, 1989).

IP3  diffuses through the cytosol to bind to IP3 receptors,
particularly, calcium channels in the smooth endoplasmic reticulum. This causes
the cytosolic concentration of calcium to increase, causing a cascade of
intracellular changes and activity. In addition, calcium and DAG together work to
activate protein kinase C, which goes on to phosphorylate other molecules, leading
to altered cellular activity (Alberts et al, 2002).The conventional mechanism by
which GPCRs stimulate Ca®* release involves stimulation of Gg/11 and resultant
phospholipase C B (PLC ) catalyzed hydrolysis of PIP2 to IP3 (phospholipase C
B (PLC B) catalyzed hydrolysis of PIP2 to IP3 (Qin, 2000). Binding of IP3 to IP3
receptors localized on vesicular stores opens these channels, resulting in increased
cytosolic Ca™ levels (Berridge ef al. 1998).

In mammalian cells, there are three IP3R subtypes, type 1 (IP3R1), type 2
(IP3R2), and type 3 (IP3R3), which are expressed to varying degrees in individual
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cell types (Taylor et al., 1999) and form homotetrameric or heterotetrameric
channels (Monkawa et al., 1995).

IP3 receptors and calcium release channels in the ER membrane, play a
key role in regulating intracellular calcium concentration. IP3R type 1, a major
neuronal type of IR;R, is expressed ubiquitously and is involved in diverse
biological processes. Increased cytosolic free Ca™ and lowered mitochondrial
transmembrane potential after ethanol exposure in the developing neonatal brain is
seen to significantly decrease the expression of anti-apoptotic protein (Bcl-2),
increase expression of proapoptotic protein Bax, and stimulate the release of
cytochrome-c from mitochondria in primary rat cortical neurons (Nandhu et al.,
2011).

Glucose homeostasis in humans is an important factor for the functioning
of the nervous system. A decrease in glucose content below a minimal level
or hypoglycemia is dangerous for cells of the central and peripheral nerve system.
Studies by Anu et al., 2010, showed that at the second messenger level,
the IP3 content and IP3 receptors were enhanced in the cerebellum of both
hypoglycemic and diabetic rats. Enhanced glutamate content in the brain
activates NMDA receptors, which increases the IP3 content mediating Ca**
overload in cells, thus causing cell damage and neurodegeneration. Hypoxic insult
to neonatal rats is also seen to increase the brain cAMP, cGMP and IP3 levels as

an adaptive response (Anju et al., 2010).

SIGNAL TRANSDUCTION IN DOPAMINE NEUROTRANSMISSION

Phospholipase C (PLC)

PLC belongs to a class of enzymes that cleave phospholipids just before
the phosphate group. Thirteen kinds of mammalian PLC are classified into six
isotypes (B, v, 6, & (, m) according to structure. Receptors that activate this
pathway are mainly GPCR coupled to the G,q subunit, include 5-HT, serotonergic
receptors, o, (Alpha-1) adrenergic receptors, Calcitonin receptors, H; histamine

receptors, Metabotropic glutamate receptors Group I, M;, M3, and M; muscarinic
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receptors, Thyroid Releasing Hormone receptor in anterior pituitary gland. PLC
regulates various cellular processes by catalyzing the formation of IP3 and DAG
from PIP2. Lee et al., 2002, demonstrated that the co-activation of co-expressed
DIR and D2R results in a PLC-mediated increase in intracellular Ca”* levels that
is independent of Ca”* priming.

Phosphoinositide-specific PLC C-gl is an important signalling regulator
involved in various cellular processes. In brain, PLC-gl1 is highly expressed and
participates in neuronal cell functions mediated by neurotrophins. It is involved in
development of brain and synaptic transmission. Significantly, abnormal
expression and activation of PLC-gl appears in various brain disorders such as
epilepsy, depression, Huntington’s disease and Alzheimer’s disease. Thus, PLC-
g1 has been implicated in brain functions as well as related brain disorders (Jang
et al., 2013).1t is also seen that during brain injury, significant rise in PLC activity
is responsible for generating DAG that is source of free arachidonic acid that
stimulates prostaglandin synthesis. These changes account for the rise in brain
prostaglandin levels that occur after brain injury, aggravating damage (Wei et al.,

1982).

cAMP response element-binding protein (CREB)

CREB is a cellular transcription factor (Mioduszewska et al., 2003). It
binds to certain DNA sequences called cAMP response elements (CRE), thereby
increasing or decreasing the transcription of the downstream genes. CREB was
first described in 1987 as a cAMP-responsive transcription factor regulating the
somatostatin gene. Genes whose transcription is regulated by CREB include: c-
fos,  the neurotrophin BDNF (Brain-derived = neurotrophic  factor), tyrosine
hydroxylase, and many neuropeptides (such as somatostatin, enkephalin, Vasular
growth Factor, and corticotropin-releasing hormone) (Wang et al., 2009). CREB is
closely related in structure and function to cAMP response element modulator and

ATF-1 proteins.
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CREB has long been implicated in neuronal function, with much recent
interest centered on its role in the maintenance of long-term memory. several
studies involving overexpression of dominant-negative CREB suggested a role for
CREB as a survival factor in various cellular models, possibly acting downstream
of the AKT/PKB survival pathway (Mantamadiotis et al., 2002).

CREB proteins are expressed in many animals, including humans. CREB
is a transcription factor that has been shown to be integral in the formation of
spatial memory (Silva, 1998). CREB possess therapeutic potential for patients that
have Alzheimer's disease. CREB has a well-documented role in neuronal
plasticity and long-term memory formation in the brain. Glycogenolysis and
astrocytic lactate transporters in the brain were shown to be critical for the
induction of molecular changes required for memory formation, including the
induction of phosphor CREB, activity-regulated cytoskeletal-associated protein,
and phospho-cofilin ( Suzuki ef al., 2011).

Impaired GABA receptor and CREB expression along with motor
function deficit were prominent in hypoglycemic rats which neuronal damage at
molecular level. These molecular changes observed during hypoglycemia
contribute to motor and learning deficits which has clinical significance in
diabetes treatment (Antony et al., 2010). Studies by Thorn ef al., 2012 showed that
sheep fetuses with intrauterine growth restriction and hypoglycemia, have
increased hepatic phosphorylation of CREB thus supporting the concept that
increased counter-regulatory hormone-mediated cAMP activation drives
activation of glucose production. Hence, the early induction of gluconeogenesis in

fetal life produces persistent and detrimental effects across the life span.

GLUCOSE TRANSPORT ACROSS THE BLOOD - BRAIN BARRIER
Glucose transporter 3 (GLUT -3)

The brain has high energy requirements. About 20% of the oxygen and
25% of the glucose consumed by the human body are dedicated to cerebral
functions, yet the brain represents only 2% of the total body mass. Maintenance

and restoration of ion gradients dissipated by signalling processes such as
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postsynaptic and action potentials, as well as uptake and recycling of
neurotransmitters, are the main processes contributing to the high brain energy
needs (Attwell & Laughlin, 2001; Alle et al., 2009).

Glucose transporters (GLUT) are a wide group of membrane proteins that
facilitate the transport of glucose over plasma membrane. Glucose enters cells
trough specific glucose transporters and is phosphorylated by hexokinase to
produce glucose-6-phosphate. As in other organs, glucose 6-phosphate can be
processed via different metabolic pathways, the main ones being (1) glycolysis
(leading to lactate production or mitochondrial metabolism), (2) the pentose
phosphate pathway (PPP), and (3) glycogenesis. Overall, glucose is almost
entirely oxidized to CO, and water in the brain (Sokoloff, 1999).

Facilitative glucose transporters are a family of structurally related
membrane-spanning glycoproteins that mediate transport of glucose. across lipid
bilayers (Thorens & Mueckler, 2010). Of the 14 isoforms, GLUT 1 and GLUT 3
play a significant role in trans-placental glucose transport and embryonic
development (Carruthers et al., 2009). Both are expressed in the mammalian
trophectoderm and brain with GLUT 1 being expressed in the blood—brain barrier
and GLUT 3 in neurons. GLUT 3, expressed in mammalian neurons and
trophoblasts, mediates glucose transport and availability for fueling oxidative
metabolism (Simpson et al., 2008).

Mouse brain expresses three principal glucose transporters. GLUT 1 is an
endothelial marker and is the principal glucose transporter of the blood-brain
barrier. GLUT 3 and GLUT 6 are expressed in glial cells and neural cells (Stuart
et al., 2011). GLUT 3 expression upregulation causes inhibition on neuronal
apoptosis (Xue et al, 2010). During the neonatal period, when parenchymal
cellular proliferation is at a peak, GLUT 3 is localized not only to the
microvasculature but also to certain cells which express glial morphological
characteristics (Carruthers et al., 2009).

Hypoglycemia induces progressive reduction in cerebral glycogen and

glucose, which is due to an increase in gene expression of GLUT 3, the glucose
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transporter rather abundant in the brain. Alteration of expression of GLUT 3 in the
cerebral cortex in hypoglycemia is the evidence for impairment of neuronal
glucose transport during glucose deprivation. The impaired transport and
utilization of neuronal glucose in hypoglycemia is likely to be an important factor
contributing to an increase of neuronal vulnerability. The disturbances of neuronal
glucose transport and metabolism in hyperglycemia are similar to those in
hypoglycemia and also induce neuronal damages and CNS disorders (Antony et
al., 2010).

Recent Studies by Carayannopoulos et al., 2014, showed that impaired
embryonic GLUT 3 expression is associated with increased apoptosis and an
associated decline in growth potential, ultimately leading to embryo demise, in
GLUT 1 knock down mice. In addition, brain development is deranged suggesting
that the presence of normal concentrations of GLUT 1 expression is not sufficient

to save the GLUT 3 morphants from developing such phenotypic changes.

NEURONAL SURVIVAL FACTORS

Neuronal viability is maintained through a complex interacting network of
signalling pathways that can be perturbed in response to a multitude of cellular
stresses. A shift in one or more of these signalling pathways can alter the fate of a
neuron resulting in cell death or continued survival. The nature of the stresses
affecting neurons, the duration of the stresses, the developmental stage of the
neuron and a variety of other factors influence the signalling pathways that are
ultimately affected. These diverse parameters also regulate the temporal response
as well as the final disposition of the affected neurons. Neurotrophins have also
been reported to protect central neurons (e.g., hippocampal and neocortical) during
hypoglycemia and other stresses in vitro and in vivo (Chaverneff & Barrett, 2009).

Levi-Montalcini and Cohen (Levi-Montalcini and Hamburger, 1966;
Cohen et al.,1960) were first to describe the nerve growth factor (NGF) and for
that discovery they won the Nobel Prize in Physiology or Medicine in 1986.
Afterwards, several novel structurally homologous neurotrophic factors belonging

to the nerve growth factor family termed neurotrophins were discovered in
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vertebrates. These were BDNF, NT-3, NT-4/5 (Barde et al., 1982, Phillips et al.,
1990, Ibafiez et al., 1993). Other members of neurotrophins neurotrophin-6 (NT-6)
and neurotrophin-7 (NT-7) were only cloned from some teleost species (Gotz et
al., 1994, Lai et al., 1998) and are not expressed in other vertebrate thanteleost
fishes.

The mechanism(s) underlying the protective effects of neurotrophins
during hypoglycemic stress remains to be determined; one mechanism appears to
involve reduction of stress-induced increases in intracellular Ca®* (Cheng &
Mattson, 1994). The ability of NGF protects cholinergic function of neurons after
hypoglycemic stress explains the finding of Svendsen et al. (1994), that NGF
increased the number of cholinergic neurons survival. BDNF and NGF increased
survival of cholinergic neurons and choline acetyl transferase (ChAT) activity

after a hypoglycemic stress (Antony et al., 2010).

Glia - derived neurotrophic factor (GDNF)

GDNF is well known to be a potent neurotrophic factor supporting the
survival of dopaminergic neurons of the SN in vitro and in vivo. Many studies
with in vitro and in vivo models have shown that GDNF supports neuritic
outgrowth or survival of mesencephalic dopaminergic neurons (Connor &
Dragunow., 1998), cranial nerve and spinal cord motor neurons, brain stem
noradrenergic neurons (Arenas et al., 1995), basal forebrain cholinergic neurons,
Purkinje cells and certain groups of dorsal ganglion and sympathetic neurons
(Siegel & Chauhan., 2000). The binding of GDNF to GFRa receptors activates a
transmembrane tyrosine kinase, c-Ret and induces further downstream signalling
via multiple pathways including the MAP kinase (Mitogen-activated protein
kinase) pathway and PLCy pathway. GDNF also induces responses through c-Ret-
independent mechanisms such as the activation of Src family tyrosine kinases and
interaction of the receptor complex with neural cell adhesion molecule (Sariola &
Saarma., 2003). GDNF has been shown to exert neurotrophic effects both at the

level of the cell bodies in the substantia nigra and at the level of the axon terminals
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in the striatum. Intrastriatal administration of GDNF appears to be a particularly
effective site for induction of axonal sprouting and regeneration accompanied by
recovery of spontaneous sensorimotor behaviours in the chronically lesioned
nigrostriatal DA system (Bjorklund et al., 1997). GDNF treatment of cultured
human fetal ventral mesencephalon nearly doubles the DA neuron survival while
halving the rate of apoptosis from 6% to 3% (Clarkson et al., 1997).

The GDNF was first identified as a survival factor for midbrain
dopaminergic neurons, but additional studies provided evidences for a role as a
trophic factor for other neurons of the central and peripheral nervous systems.
GDNF regulates cellular activity through interaction with glycosyl-
phosphatidylinositol-anchored cell surface receptors, GDNF family receptor-al,
promotes cell survival, neurite outgrowth, and synaptogenesis. neuroprotection by
GDNF was observed when administered after the ischemic injury in the neonatal

brain (Duarte et al., 2012).

Brain-derived neurotrophic factor (BDNF)

NGF family includes BDNF, which is primarily expressed in the brain but
are also expressed in peripheral tissues, demonstrating interactions between
peripheral and central systems. It plays an important role in the survival, function
and adaptive plasticity of neurons in the adult brain. Regulation of AKT has been
associated with the action of insulin, insulin related peptides and neurotrophins
(i.e. BDNF) that exert their biological function by stimulating receptor tyrosine
kinase. AKT activation results in the up-regulation of BDNF. BDNF was the first
neurotrophin to be isolated after the discovery of nerve growth factor and was
found to not only support the survival of neurons but also promote the outgrowth
of fibers (Chen & Russo-Neustadt., 2009)

BDNF signalling occurs via two major classes of receptors (Huang &
Reichardt., 2003). The first class of receptors is the tropomyosin-related kinase
(Trk) family of receptor TK (Tyrosine Kinase), specifically TrkB. Through TrkB,
BDNF activates Ras, phosphatidyl inositol-3 (PI3)-kinase, PLC and consequently,
the MAP kinases. Additionally, BDNF activates the p75 neurotrophin receptor

30



Literature Review

(p75NTR), resulting in the activation of the nuclear factor-kB (NF-kB) and Jun
kinase. BDNF mRNA is expressed widely throughout the SN, hippocampus,
cortex, cerebellum and basal forebrain (Wong et al., 1997) and its receptor TrkB is
expressed within the striatum and the SN (Wong er al., 1997). BDNF protects
against apoptotic death by inhibiting caspase activation following neuronal injury
(Kim et al., 2002).

The highest levels of BDNF are observed perinatally, and then it declines
with age, although the proform remains detectable in adulthood. This provides the
reason that brains of newborns and infants are more fragile to ischemia stroke due
to low-frequency neuronal activities and the lack of an adequate amount of mature
BDNF in the CNS. BDNF promotes neuronal survival via TrkB, preferentially
activating p75 to mediate neuronal cell death, particularly apoptosis. Therefore,

the amount of pro-BDNF is critical in neuronal cell death (Chen et al., 2013).

Nuclear Factor B (NFxB)

NF-«B is a transcriptional factor that plays an important role in regulating
the transcription of a number of genes, especially those involved in producing
mediators involved in local and systemic inflammation, such as cytokines,
chemokines, cell adhesion molecules and apoptotic factors. The transcription
factor NF-xB is a dimeric complex of proteins of the Rel-family that regulate
several cellular functions upon activation by a variety of extracellular stimuli
(Piette et al., 1997). In the nervous system, NF-«B is found in both glia and
neurons (O’Neil & Kaltschmidt., 1997) and its activation is considered as a
regulator of cell-stress response particularly oxidative stress.

NF-«B plays a vital role as a critical regulator of cell death (Barkett &
Gilmore., 1999). The inhibition of NF-x¥B activity participates in the
neuroprotective effect of melatonin and nor-melatonin against H,O, insult
(Lezoualc’h et al., 1998a).

The anti-apoptotic function of NF-xB is supported by several studies

showing that the activation of NF-«xB protects primary neuronal cells against -
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amyloid (Mattson et al., 1997), mediates NGF-promoted survival of PC12 cells
(Taglialatela er al., 1997; Foehr et al., 2000) and increases the resistance of
neuronal cells against H,O, (Lezoualc’h et al., 1998"). Therefore, NF-xB
activation corresponds to a protective mechanism against deleterious effects of
these neurotoxins (i.e. oxidative stress) (Cassarino et al., 2000; Park et al., 2004,
Hu et al., 2010). NF-«kB activation modulates the occurrence of cell death and
would be an interesting potential target site for neuroprotection. In neonatal
hypoglycemia, NF-kB, potentiate injury by promoting the synthesis of

proinflammatory mediators at the site of injury (Rao et al., 2009).

OXIDATIVE STRESS AND NEONATAL HYPOGLYCEMIA

The brain is particularly susceptible to the attack of ROS/RNS due to
several factors like an enriched content of polyunsaturated fatty acid chains in cell
membranes, a high demand of oxygen and a considerable dependence on a redox
metabolism with limited antioxidant defense system (Ozben, 1998). Neuronal cells
in the brain are highly sensitive to oxidative stress due to their large dependence
on oxidative phosphorylation for energy as compared to other cells (Moura et al.,
2010). The human body is exposed to exogenous and endogenous free radicals.
The cells necessitate oxygen to produce the energy. During mitochondrial
respiration, the cells take in oxygen, burn it, release energy and free radicals are
produced. Oxidative stress occurs when the antioxidant production is decreased or
free radical production exceeds the body’s ability to neutralize them. Oxidative
stress is defined as a tissue injury induced by increase in reactive oxygen species
(ROS) such as hydrogen peroxide (H,0,), superoxide anion (O, ), and hydroxyl
radical ('OH). Oxidative damage to various brain regions constitutes into the long
term complications, morphological abnormalities and memory impairments (Fukui
et al., 2003).

The reactive oxygen intermediates produced in mitochondria,
peroxisomes and the cytosol are scavenged by cellular defending systems
including enzymatic (eg. superoxide dismutase (SOD), glutathione peroxidase

(GPx), glutathione reductase and catalase) and nonenzymatic antioxidants (ex.
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glutathione G-SH, thioredoxin, lipoic acid, ubiquinol, albumin, uric acid,
flavonoids, vitamins A, C and E ). Antioxidants are located in cell membranes,

cytosol and in the blood plasma (Maritim et al., 2003).

Superoxide Dismutase (SOD)

The brain and nervous system is especially prone to oxidative damage for
a number of reasons (Ozben, 1998): the membrane lipids are especially rich in
polyunsaturated fatty acid side-chains, which are prime targets for free radicals
attack; the brain has only moderate amounts of CAT, SOD and GPx.

DA can cause oxidative stress and significant cellular dysfunction when
either depleted or over-expressed, and also plays an important role in central
nervous system inflammation (Bales et al., 2010). Neonatal hypoglycemia has
been reported to increase SOD activity within the brain which in turn makes the
brain more vulnerable to damage (Kadekaro ef al., 1988). During prolonged
periods of stress, exhaustion of neuronal defense mechanisms, such as anti-oxidant
enzymes, reported to increase neuronal vulnerability to the point where neuronal
adaptation shifts from neuronal plasticity towards neuronal damage (Reagan et al.,

1999).

Glutathione peroxidase (GPx)

Cells have an enzymatic antioxidant pathway against ROS which are
generated during oxidative metabolism: firstly, SOD catalyzes the formation of
hydrogen peroxide from superoxide radicals, which is removed by a reaction
catalyzed by CAT and GPx (Michel et al., 1994). The neonatal brain is especially
at risk of free radical mediated injury because neuronal membranes are rich in
polyunsaturated fatty acids and the human newborn has a relative deficiency of
brain superoxide dismutase and glutathione peroxidise (Buonocore et al., 2001).
Normally, various antioxidant enzymes protect the body from these free radicals,
but in hypoxic situations, there is explosive free radical production leading to

swamping of the enzyme systems and as a result free radicals escape inactivation
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(Chawla & Lavaniya., 2001). It is seen that hypoglycemia rather than

hyperglycemia cause more damage in the developing brain of newborn rats.

NEONATAL HYPOGLYCEMIA AND APOPTOSIS

The brain is mainly a glucose-dependent organ, which can be damaged by
hyper- as well as by hypoglycemia (Scheen, 2010). The disturbances of neuronal
glucose transport and metabolism in hyperglycemia induce neuronal damages and
CNS disorders. Synaptic defects undoubtedly contribute to the memory and
cognitive defects that accompany neurodegeneration. However, the overwhelming
feature of most neurodegenerative disorders is excessive neuronal cell death.

Cell death occurs by necrosis or apoptosis (Wyllie et al., 1980; Martin,
2001; Kanduc et al., 2002). These two mechanisms have distinct histologic and
biochemical signatures. In necrosis, the stimulus of death (e.g., ischemia) is itself
often the direct cause of the demise of the cell. In apoptosis, by contrast, the
stimulus of death activates a cascade of events that orchestrate the destruction of
the cell. Unlike necrosis, which is a pathologic process, apoptosis is part of normal
development (physiologic apoptosis) however, it also occurs in a variety of
diseases (aberrant apoptosis).

Apoptotic cell death also known as programmed cell death, can be a
feature of both acute and chronic neurologic diseases (Martin, 2001). In
apoptosis, a biochemical cascade activates proteases that destroy molecules that
are required for cell survival and others that mediate a program of cell suicide. The
major executioners in the apoptotic program are proteases known as caspases
(cysteine-dependent, aspartate-specific proteases). Caspases directly and indirectly
orchestrate the morphologic changes of the cell during apoptosis. Caspases exist
as latent precursors, which, when activated, initiate the death program by
destroying key components of the cellular infrastructure and activating factors that

mediate damage to the cells (Friedlander, 2003).
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AKT -1

AKT is a member of the PI3K signal transduction of the enzyme family,
which regulate cellular activation, inflammatory responses, chemotaxis and
apoptosis. It is a serine/threonine kinase regulated through PI mediated signalling.
PI3 K/AKT pathway is a pro-survival signalling system in neurons. Alterations in
the upstream and downstream pathways of AKT have been found in many
psychiatric disorders. AKT modulates cell survival and growth and has been
reported to play a role in cell survival pathway.

Reduced activity of PI3K/AKT signalling pathway leads to the the
cognitive impairment, synaptic morphologic abnormality, neuronal atrophy and
dysfunction of neurotransmitter signalling in neonatal brain exposed to stress.
Reduced levels of AKT increases the effects of risk factors on neurodevelopment
attenuate the effects of growth factors on neurodevelopment. AKT regulates a
number of downstream signalling cascades that impact on a variety of cellular
activities including survival, differentiation, proliferation, migration, polarity and
metabolism (Greene et al., 2011). A number of in vitro studies have shown that
activation of AKT is both necessary and sufficient to maintain survival of a range
of different neuron types as well as of other cell types and that AKT mediates the
neuronal survival-promoting activities of a variety of neurotrophic factors (;
Duronio, 2008). AKT promotes neurite outgrowth (Read & Gorman., 2009) and
increases axonal branching and regeneration (Namikawa et al., 2000; Grider et al.,
2009). AKT signalling is important in mechanistic actions of dopaminergic
receptors (Beaulieu er al., 2007) and homeostatic regulation of dopaminergic
transporters (Garcia et al., 2005). Drugs targeting the dopaminergic system, used
to treat PD, have been shown to be neuroprotective via AKT activation (Yu et al.,

2009).
Tumor necrosis factor alpha (TNF a)
Over the past decades, inflammation has been recognized as an important

contributor to acute CNS injury in both neonates and adults. Inflammation can

35



cause injury or increase the vulnerability of the brain. Acute inflammation may
fail to resolve and be shifted to a chronic inflammatory state and/or adversely
affect brain development. Hypothetically, such harmful effects on the CNS could
have longterm consequences and increase the risk of a variety of neurological
disorders including CP, autism spectrum disorders, multiple sclerosis,
schizophrenia, Alzheimer’s and Parkinson’s disease (Hagberg & Gressens., 2012).

TNF-a is a potent pro-inflammatory molecule, which upon engagement
with its cognate receptors on target cells, triggers downstream signalling cascades
that control a number of cellular processes related to cell viability, gene
expression, ion homeostasis and synaptic integrity (Park & Bowers., 2010). There
is conflicting evidence on the role of TNF-a in the injured brain, showing its
potential effect in both processes of repair and of damage (Shohami et al., 1999).

Under normal conditions, the blood-brain barrier restricts soluble immune
mediators and although lymphocyte immune surveillance does proceed, effective
antigen presentation and costimulation are attenuated in brain creating a state of
relative immune privilege. Thus, resident macrophages (microglia) have a special
role not only in combating infections, but also in neonatal pathologies such as
ischemia. TNF-a is one of the mediators that lead to the activation, proliferation
and hypertrophy of mononuclear, phagocytic cells and to gliosis (Shohami et al.,
1999).

Studies conducted by Guo et al., 2012, showed that in response to the
ischemic injury in the developing brain, glial cells quickly become activated and
undergo morphological transformations, and are accompanied by functional
changes, such as increasing expression of cytokines: interleukins (IL-1p, IL-4, IL-
6, IL-10), TNFa, interferons and chemokines. The accumulaiton of pro-
inflammatory factors should further induce ischemic damages. ischemic insult
resulted in over-activation of astrocytes and microglia, and thereby robustly
elevated the mRNA expressions of TNFa and IL-1p in the brain.

TNF-a exposure during neonatal period can alter brain and behavior
development in a dose and sex-dependent manner in mice (Babri et al., 2014).

Pro-inflammatory cytokine expression within the brain, especially IL-1b and TNF-
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a, is implicated in perinatal brain damage induced by pathogen components and/or
ischemia both in experimental model and the human newborn brain (Brochu et al.,
2013). Microglia elaborates TNF-a which triggers neuronal death cascades and

exacerbate edema after CNS insults (Drabek et al., 2014).

Bax

In the central nervous system, programmed cell death or apoptosis is
considered to be an important phenomenon that is related to neuron vulnerability
to stress condition. Bax is a protein, identified as regulating molecules for
programmed cell death. The Bax protein, a 21-kD proapoptotic member of Bcl-2
family, appears to be particularly critical to neurotoxicity during brain
development in early periods (Heaton et al., 2013). A possible relationship
between the localization and expression of Bax protein and the cell vulnerability
in central nervous system is reported (Hara et al., 2008).

In the developing brain there are reports that hypoxia—ischemia triggers a
number injurious events in the immature brain: release of excitatory amino acids,
increased intracellular calcium, accumulation of NO and other reactive oxygen
species, loss of trophic factor support, and induction of c-jun kinases. At a certain
threshold level, these upstream “stressors” will increase the pro- versus
antiapoptotic Bcl-2 family protein balance, which will induce mitochondrial outer
membrane permeabilization. Cyclophilin D- dependent opening of the
mitochondrial membrane permeability transition plays a marginal role in the
setting of the immature brain response to injury. Instead Bax- dependent
mitochondrial outer membrane permeabilization appears to be the predominant
mechanism of proapoptotic protein release, which agrees with earlier studies
showing that Bax gene deletion reduces immature brain injury (Wang et al.,
2010). One mechanism pertaining to the death of immature neurons is the
accumulation of Bax, which is highly expressed in the immature brain, to
mitochondria, where it cleaves pro-caspase-3 resulting in the activation of

caspase-3.
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Bax is one of the key proteins that turn on the apoptotic cascade. The
expression of Bax in brain regions is taken as an index of the brain damage caused
by hypoglycemic stress (Curton — Meyers et al., 2000). DA is carefully regulated
by the CNS and alterations can lead to significant cellular dysfunction and/or

death (Calabresi et al., 2000).

Caspase 8

Activation of the cellular suicide program results in a characteristic type
of cell death called apoptosis. This program is intrinsic to all cells that make up
vertebrate and invertebrate multicellular animals including nematodes, insects and
mammals. The program has been conserved during the evolution of the animal
kingdom and the final executioners are invariably caspases (Yakovlev & Faden,
2001).

The apoptotic component of acute CNS injury involves caspase activation,
in particular the ‘executioner’ caspase 3 — a key effector of apoptosis (Springer et
al., 1999; Eldadah & Faden, 2000). Indeed, selective caspase 3 inhibition may
improve recovery after trauma or stroke (ChenG et al., 1998).

Caspases can be divided into two groups according to their structure and
function: “initiator caspases” and “effector caspases”. The former have
characteristic protein-protein interaction domains that facilitate binding to adaptor
proteins. Caspase-8 and caspase-10 (the latter is present in humans but not mice)
have two death effector domains (DED) through which they interact with the
adaptor protein FADD that has a single DED motif (Thornberry & Lazebnik.,
1998).

Caspase 8 and caspase 9 are regarded as ‘initiator’ caspases, activated at a
relatively early stage in apoptosis (Minano et al., 2003). Caspase 8 is typically
associated with the ‘extrinsic’ or receptor-activated pathway of apoptosis, while
caspase 9 mediates the mitochondrial apoptotic pathway following cytochrome C
release. Caspase 3 is a key effector caspase thought to be central to

neurodegenerative processes in the CNS (Citron et al., 2008).
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Caspase-9 through its CARD domain and by way of a homotypic
interaction is able to bind the adaptor Apaf-1 which also has a CARD
motif. Adaptor molecules function to aggregate the initiator caspase zymogens and
the induced proximity allows their low-level enzymatic activity to effect
autocatalytic processing and throw the death switch on. The autoactivated initiator
caspases are then able to process and activate effector caspases including
caspases-3, -6 and -7. This sets in train a series of cascading and amplifying
activation subroutines that proceed inexorably to cell collapse as critical cellular
proteins are proteolytically destroyed. Caspase after caspase becomes activated
and in turn inactive enzymes like CAD (caspase activated DNase) are liberated
from their shackled state to become active and destructive proteins that, in the case
of CAD, chew up the instruction code library of life, DNA (Kuida et al., 1998).

Various sensors in the cell that detect intracellular perturbations or
external death signals initiate the apoptotic program. Mammals have two distinct
pathways that converge and feed into the central apoptotic processing unit with its
effector caspases: the extrinsic and the intrinsic pathways. The two pathways
utilize different adaptor molecules and different initiator caspases (Kuida et al.,

1996).

CURRENT TREATMENTS FOR NEONATAL HYPOGLYCEMIA
Following a hypoglycemic injury to immature brains, neurons begin to die
over the following days. Preventing the neuronal death has been a focus for
developing new therapeutic strategies.There are many treatments for neonatal
hypoglycemia (Cornblath & Schwartz., 1976; Jones & Roberton., 1984): glucose
infusion is one but it induce complications such as hyperglycaemia, rebound
hypoglycemia after interruption of the infusion and hypersecretion of insulin
which can induce recurrence of hypoglycemia; it also inhibit the compensative
gluconeogenesis (Kalhan et al., 1986) and ketogenesis. Corticoids are useful to

prevent hypoglycemia but it limit the peripheral uptake of glucose (Sann et al.,
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1983), an effect which results in an increased incidence of neurological and
electro-encephalographic abnormalities (Jones & Roberton., 1984).

Ketone bodies, d-3-Hydroxybutyrate (3DHB) is used as an alternative
energy substrate for the brain during hypoglycemia, especially in infancy. 30HB
treatment delays the onset of clinical and burst-suppression coma during
hypoglycemia, but the prolonged duration of hypoglycemia is associated with
increased mortality after resuscitation and cellular white matter injury (Schutz et

al., 2011).

Bacopa monnieri

Treatment with herbal drugs has been in use since ancient times and herbs
have been an effective source of treatment regimens for different diseases. In
modern medicine, medicinal herbs are an integral part of alternative therapy.
Bacopa monnieri L. (Fam. Scrophulariaceae) is a creeping, glabrous, succulent
herb, rooting at nodes, distributed throughout India in all plain districts, ascending
to an altitude of 1,320 m. The plant is reported to show sedative, antiepileptic,
vasoconstrictor and anti-inflammatory activity (Handa, 1998). Its antioxidant
properties and its ability to balance SOD and CAT levels were postulated to
account for this effect (Sairam, 2001). It has been reported that the plant contains
tetracyclic triterpenoid saponins, bacosides A and B, hersaponin, alkaloids viz.
herpestine and Bacopin and flavonoids (Jobin et al., 2010; Handa, 1998).

Bacopa monnieri (Brahmi) is recommended in formulations for the
management of a range of mental conditions including anxiety, poor cognition,
lack of concentration and epilepsy. 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 (Gupta et al., 2013). Therapeutic uses include improving intellect on
consciousness and mental activity, calming the mind and promoting relaxation by
increasing protein synthesis and activity in brain cells, improving memory, mental

clarity and longevity and also decreasing anxiety, restlessness & senility.
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Bacoside A

Bacosides are the putative bioactive component of the Indian medicinal
plant Bacopa monnieri which was placed second in the most important medicinal
plants’ list by the Export-Import Bank of India. Among the bacoside components,
bacoside A was found to be more pharmacologically active than bacoside B.
Traditionally, Bacopa has been used in ayurvedic medicines as a cure for mental
disorders and loss of memory. Later on, other pharmacological properties like
antioxidant, antidepressant, antiulcer, hepatoprotective, anticancerous, vasodilator,
smooth muscle relaxant, mast cell stabilizer, and various other functions are
revealed. Increasing clinical trials indicate the potential role of bacosides even in
Alzheimer’s disease and in epilepsy (Jobin et al., 2000). Bacosides attribute to the
neuroprotective function mainly through modulating antioxidant enzymes,
namely, SOD, CAT, etc. Bacosides also regulate the levels of different
neurotransmitters in the brain. Interestingly, bacosides do not exert any side
effects as proven both in animal models and in human volunteers. These features
render B. monnieri as well as bacosides pharmacologically immensely important
(Sukanya et al., 2013).

The drug is characteristically designated on the basis of its total bacosides
content which are tetra cyclic triterpenoid saponins. These are Bacoside A and
Bacoside B. Bacoside A, a triterpenoid saponin, is a major constituent isolated
from the plant Bacopa monniera Linn. Used as a memory herb and for mental
enhancement. This substance appears to have antioxidant and liver protective
potential. Bacoside A is thought to be the active ingredient in bacopa herb along
with bacoside B. There are various standardized extracts of bacopa containing
different percentages of bacosides. Two common bacopa extracts include
bacosides at 20 percent and 40 percent. Bacoside A protects the brain from the
oxidative damage through its antioxidant potential (Anbarasi et al., 2006).
Bacoside administration was seen to enhance learning ability in rats along with
augmentation in memory retrieval and prevention of dendritic atrophy following

hypoxic exposure. In addition, it decreased oxidative stress, plasma corticosterone
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levels and neuronal degeneration. Bacoside administration also increased
cytochrome c oxidase activity along with a concomitant increase in ATP levels.
Hence, administration of bacosides could be a useful therapeutic strategy in
ameliorating hypobaric hypoxia induced cognitive dysfunctions and other related

neurological disorders (Kunte & Kuna, 2013).
OH
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Significance

Currently, our understanding on the effects of and the extent of impact of
hypoglycemic shock in triggering brain injury in the developing brain is
incomplete. Prompt recognition, specific diagnosis, and aggressive treatment,
therefore, are essential if central nervous system damage is to be prevented. This is
an important area of study given the significant motor and cognitive impairment
that may arise from neonatal hypoglycemia if proper treatment is not
implemented.

Thus we have worked on the Bacopa monnieri whole plant extract and
Bacoside A - one of the active components present in Bacopa. This is to validate
the function of this plant extract for immediate medical use. Bacopa monnieri is
currently recognized as being effective in the treatment of mental illness and
epilepsy (Russo et al., 2003). But so far there has been no study reporting the role
of Bacopa monnieri treatment on the functional regulation of DA

neurotransmission. Hence, early recognition of hypoglycemia and emergency
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therapeutic intervention is vital for early return of neuronal function and

decreasing the risks for permanent neuronal damage.

43



Materials and Methods

CHEMICALS USED IN THE STUDY AND THEIR SOURCES

Biochemicals

Sulpiride, SCH 23390, dextrose, bovine serum albumin, ethylene diamine
tetra acetic acid (EDTA), sucrose, magnesium chloride, calcium chloride,
pargyline, ascorbic acid, Tris HCI, foetal calf serum (heat inactivated), D-glucose
and paraformaldehyde (PFA) were purchased from Sigma Chemical Co., St.
Louis, USA. All other reagents were of analytical grade purchased locally from
SRL, India. Tissue freezing medium, Jung was purchased from Leica

Microsystems Nussloch GmbH, Germany.

Radiochemicals

[PH]SCH 23390 (Sp. activity 83Ci/mmol) and ["H]YM-09151-2 (cis—N-
(1-benzyl-2-methylpyrrolidine-3-yl)-5-chloro-2-methoxy-4-methylaminobenzamide
Sp. activity - 85.0Ci/mmol) were purchased from NEN Life Sciences Products,
Inc. Boston, USA. The [*H]IP; and [’'H]cAMP were purchased from American
Radiolabelled Chemicals, USA .

Molecular Biology Chemicals

Tri-reagent kit was purchased from Sigma Chemical Co., St. Louis, USA.
ABI PRISM High Capacity cDNA Archive kit and Tagman probes for Real-Time
PCR were purchased from Applied Biosystems, Foster City, CA, USA.

Dopamine D1 (Rn_02043440), Dopamine D2 (Rn_00561126), CREB
(Rn_  00578826), Bax (Rn_01480160), SOD (Rn01477289), GPx
(Rn_00577994), Akt 1 (Rn00583646), NF-xB (Rn01399583), Caspase-8
(Rn00574069), BDNF (Rn01484924), GDNF (Rn00569510), GLUT 1
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(Rn_00567331), phospholipase C (Rn_01647142) and TNF a (Rn00562500_m1)

primers were used for the gene expression studies using Real-Time PCR.

Confocal Dyes

Rat specific primary antibody for Dopamine D1 (No: NRG 01691597
Millipore), Dopamine D2. (No: LV 1583420 Millipore) and secondary antibody of
FITC (No: AB7130F, Chemicon) were used for the immunohistochemistry studies

using confocal microscope.

Animals

Wistar neonatal (postnatal day, P7) rats weighing 10.0-12.0 g were used
for all experiments. They were purchased from Kerala Agriculture University,
Mannuthy, India and Amrita Institute of Medical Sciences, Kochi, India. All
groups of neonatal rats were maintained with their mothers under optimal
conditions—12-h light and 12-h dark periods—and were fed standard food and
water ad libitum. Adequate measures were also taken to minimize pain and
discomfort of the animals. All animal care procedures were in accordance with
Institutional, Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA - Reg. No: 383/01/a/CPSCEA) and the

National Institute of Health guidelines.

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, Kolencherry and
voucher specimens are deposited at the herbarium of the Centre for Neuroscience,
Dept. of Biotechnology, Cochin University of Science and Technology, Cochin,

Kerala.
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Preparation of Bacopa monnieri Plant Extract

Crude whole plant extract was used to study the anti-hypoglycemic effect
in insulin induced neonatal hypoglycemia. Bacopa monnieri plant extract was
prepared by the procedure of Paulose et al., (2008). Fresh, whole Bacopa monnieri
plant (6-8 months old) was collected (in the month of March) and washed.
Leaves, roots and stems of Bacopa monnieri plant were cut into small pieces and
dried in shade. About 100 g fresh plant dried in shade yielded 15 g powder.
Homogenate was extracted at required concentration (300 mg fresh plant/Kg body
weight) by dissolving 450 mg of dried powder in 80 ml distilled water and used to

study the anti-hypoglycemic effect in insulin induced neonatal hypoglycemia.

Preparation of Bacoside A
Bacoside A was a generous gift from the Natural Remedies Pvt Ltd.
Veerasandra Industrial Area, Bangalore, India and the extraction procedure was

follows. Bacoside A was extracted according to the protocol of Pal & Sarin, 1992.

EXPERIMENTAL DESIGN
Determination of Anti- hypoglycemic Potential of Bacopa monnieri and

Bacoside A

Experimental Animals were divided into following Groups:
1. Control (C)
ii.  Neonatal Hypoglycemia (H)
iii.  Neonatal Hypoglycemia treated with Glucose (H+G)
iv.  Neonatal Hypoglycemia treated with Bacoside A (H+D)
v.  Neonatal Hypoglycemia treated with Bacopa monnieri (H+B)
vi.  Neonatal Hypoglycemia treated with Glucose and Bacoside A (H+G+D)
vii.  Neonatal Hypoglycemia treated with Glucose and Bacopa monnieri
(H+G+B)

Each group consisted of 4-6 animals.
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Induction of neonatal hypoglycemia

The control neonatal rats were intra-peritoneally injected with saline
(Oliver et al. 1999) and hypoglycemia was induced in the experimental groups
(P7) using human regular insulin (Actrapid) in a dose of 10 IU/kg intra
peritoneally followed by fasting for 240 min. The target blood glucose was <40
mg/dL, a value conventionally used to define hypoglycemia in newborn infants
(Burns et al. 2008). Recurrent hypoglycemia followed by treatment was induced

for 10 days (P7 — P16).

Treatment

Glucose (500 mg/kg body wt) was intra-peritoneally (i.p.), administered to
the hypoglycemic neonatal rats, a dose that corrects brain glucose concentration in
hypoglycemic newborn rats (Vannucci & Vannucci, 1997), Bacoside A (50 mg/kg
body wt) and Bacopa monnieri (100 mg/kg body wt) was orally administered

(Amee et al., 2009) to the hypoglycemic neonatal rats.

Determination of Body Weight
Body weight of all experimental group of rats were determined
gravimetrically with animal weighing balance (Essae Teraoka, India) on 0" and

10" day of the experiment.

Determination of Blood Glucose
The hypoglycemic state of animals was assessed by measuring blood
glucose concentrations at 3 hours after insulin treatment. The rats with a blood

sugar level < 40 mg/dl were selected as hypoglycemic rats.

Sacrifice and Tissue Preparation
The control and experimental rats were sacrificed on the 11" day (P17) by
decapitation. The brain regions —cerebral cortex, corpus striatum, cerebellum and

brain stem were dissected out quickly over ice according to the procedure of
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Glowinski and Iversen, (1966). The blood samples were collected and plasma was
separated by centrifugation. The tissue samples and plasma were kept at -80° C

until experiment.

DOPAMINE D1 AND DOPAMINE D2 RECEPTOR BINDING STUDIES
USING [’H] RADIOLIGANDS

Dopamine DI receptor binding studies using [’H] SCH 23390

Dopamine D1 receptor binding assay using [’H] SCH 23390 in the brain
regions were done according to the modified procedure of Mizoguchi et al.,
(2000). The tissues were weighed and homogenized in 10 volumes of ice cold
50mM Tris-HCI buffer, along with ImM EDTA, 4mM MgCl,, 1.5mM CaCl,,
SmM KCI, pH. 7.4. The homogenate was centrifuged at 40,000 x g for 30min. The
pellet was washed and centrifuged with 50 volumes of the buffer at 40,000 x g for
30min. This was suspended in appropriate volume of the buffer containing the
above mentioned composition.

Binding assays were done using different concentrations i.e., 0.5 - 5.0nM
of [3H]SCH 23390 in 50mM Tris-HCI buffer, along with 1mM EDTA, 4mM
MgCl, , 1.5 mM CaCl,, 5SmM KCI with 12uM pargyline and 0.1% ascorbic acid in
a total incubation volume of 250ul containing 100-200ug protein with 50uM
unlabelled SCH 23390.

Tubes were incubated at 25°C for 60 min. and filtered rapidly through
GF/B filters. The filters were washed quickly by three successive washing with
5.0ml of ice cold 50mM Tris buffer, pH 7.4. Bound radioactivity was counted with
cocktail-T in a Perkin Elmer Tri-Carb 2810 TR liquid scintillation analyser.

Dopamine D2 receptor binding studies using ["’H] YM-09151-2

Dopamine D2 receptor binding assay was done according to the modified
procedure of Unis et al., (1998). The dissected brain tissues were weighed and
homogenized in 10 volumes of ice cold 50mM Tris-HCI buffer, along with 1mM
EDTA, 5SmM MgCI2, 1.5mM CaCl2, 120mM NaCl, SmM KCI, pH 7.4. The
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homogenate was centrifuged at 40,000 x g for 30min. The pellet was washed and
centrifuged with 50 volumes of the buffer at 40,000 x g for 30min. This was
suspended in appropriate volume of the buffer containing the above mentioned
composition.

Binding assays were done using different concentrations i.e., 0.1 - 2.0nM
of [3H]YM—O9151-2 in 50mM Tris-HCI buffer, along with 1mM EDTA, 5mM
MgCI2, 1.5mM CaCl2, 120mM NaCl, SmM KCI with 10uM pargyline and 0.1%
ascorbic acid in a total incubation volume of 250ul containing 100-200pg of
protein. Specific binding was determined using 5.0uM unlabelled sulpiride. Tubes
were incubated at 25°C for 60 min. and filtered rapidly through GF/B filters
(Whatman). The filters were washed quickly by three successive washing with
5.0ml of ice cold 50mM Tris buffer, pH 7.4. Bound radioactivity was counted with
cocktail-T in a Perkin Elmer Tri-Carb 2810 TR liquid scintillation analyser.

Protein determination

Protein was measured by the method of Lowry et al., (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

(Shimadzu UV-1700) at 660nm.

ANALYSIS OF THE RECEPTOR BINDING DATA

Linear regression analysis for Scatchard plots

The data was analysed according to Scatchard, (1949). The specific
binding was determined by subtracting non-specific binding from the total. The
binding parameters, maximal binding (B,,.,) and equilibrium dissociation constant
(Ky), 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 and the equilibrium
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dissociation constant is the measure of the affinity of the receptors for the

radioligand. The Kj is inversely related to receptor affinity.

GENE EXPRESSION STUDIES IN DIFFERENT BRAIN REGIONS OF
CONTROL AND EXPERIMENTAL RATS

Preparation of RNA
RNA was isolated from the different brain regions - cerebral cortex,
corpus striatum, cerebellum and brain stem of control and experimental rats using

Tri reagent from Sigma Chemical Co., St. Louis, USA.

Isolation of RNA

Tissue (25-50 mg) homogenates were made in 0.5ml Tri Reagent and was
centrifuged at 12,000 x g for 10 minutes at 4°C. The clear supernatant was
transferred to a fresh tube and it was allowed to stand at room temperature for
5 minutes. 100l of chloroform was added to it, mixed vigorously for 15 seconds
and allowed to stand at room temperature for 15 minutes. The tubes were then
centrifuged at 12,000 x g for 15 minutes at 4°C. Three distinct phases appear after
centrifugation. The bottom red organic phase contained protein, interphase
contained DNA and a colourless upper aqueous phase contained RNA. The upper
aqueous phase was transferred to a fresh tube and 250 pl of isopropanol was added
and the tubes were allowed to stand at room temperature for 10 minutes. The
tubes were centrifuged at 12,000 x g for 10 min at 4°C. RNA precipitated as a
pellet on the sides and bottom of the tube. The supernatants were removed and the
RNA pellet was washed with 500Ul of 75% ethanol, vortexed and centrifuged at
12,000 x g for 5 min at 4°C. The pellets were semi dried and dissolved in
minimum volume of DEPC-treated water. 2ul of RNA was made up to 1ml and

absorbance was measured at 260 nm and 280 nm in spectrophotometer (Shimadzu
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UV-1700). For pure RNA preparation the ratio of absorbance at 260/280 was

> 1.7. The concentration of RNA was calculated as one absorbance ,5 = 42ug.

cDNA Synthesis

Total cDNA synthesis was performed using ABI PRISM cDNA Archive
kit in 0.2ml microfuge tubes. The reaction mixture of 20ul contained 0.2uLg total
RNA, 10X RT buffer, 25X dNTP mixture, 10X Random primers, MultiScribe RT
(50U/ul) 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 designed using Primer Express Software Version (3.0).

Real-Time PCR Assay

Real Time PCR assays were performed in 96-well plates in ABI 7300
Real Time PCR instrument (Applied Biosystems). To detect gene expression, a
TagMan quantitative 2-step reverse transcriptase polymerase chain reaction
(RT-PCR) was used to quantify mRNA levels. First-strand cDNA was synthesized
with use of a TagMan RT reagent kit, as recommended by the manufacturer. PCR
analyses were conducted with gene-specific primers and fluorescently labeled
TagMan probe (designed by Applied Biosystems). Endogenous control, B-actin,
was labelled with a reporter dye (VIC). All reagents were purchased from Applied
Biosystems. The probes for specific gene of interest were labeled with FAM at the
5" end and a quencher (Minor Groove Binding Protein - MGB) at the 3' end. The
real-time data were analyzed with Sequence Detection Systems software version
1.7. All reactions were performed in duplicate.

The TagMan reaction mixture of 20ul contained 25ng of total RNA-
derived cDNAs, 200nM each of the forward primer, reverse primer and TagMan
probes, endogenous control (B-actin) and 12.5ul of TagMan 2X Universal PCR
Master Mix (Applied Biosystems). The volume was made up with RNase free

water. Each run contained both negative (no template) and positive controls.
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The thermocycling profile conditions were as follows:

50°C -- 2 minutes --- Activation

95°C -- 10 minutes --- Initial Denaturation

95°C -- 15 seconds --- Denaturation 40 cycles
50°C -- 30 seconds --- Annealing

60°C -- 1 minute --- Final Extension

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 =
CTrarget = CTpacin)- It was further normalized with the control (AACT= ACT -

CT conwor)- The fold change in expression was then obtained (2744CT,

cAMP CONTENT IN THE BRAIN REGIONS OF CONTROL AND
EXPERIMENTAL RATS IN VIVO

Brain tissues (cerebral cortex, corpus striatum, cerebellum and brain stem)
were homogenised in a polytron homogeniser with cold 50mM Tris-HCI buffer,
pH 7.4, containing 1mM EDTA to obtain a 15% homogenate. The homogenate
was then centrifuged at 40,000 x g for 15min and the supernatant was transferred

to fresh tubes for cAMP assay using ["H] cAMP Biotrak Assay System Kkit.

Principle of the assay

cAMP assay kit was used. The assay is based on the competition between
unlabelled cAMP and a fixed quantity of [’H] cAMP for binding to a protein
which has a high specificity and affinity for cAMP. The amount of labeled protein

-cAMP complex formed is inversely related to the amount of unlabelled cAMP
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present in the assay sample. Measurement of the protein-bound radioactivity

enables the amount of unlabelled cAMP in the sample to be calculated.

Free [°’H] cAMP Bound [’H] cAMP-binding protein

+ Binding cAMP protein + cAMP-binding protein
Separation of the protein bound cAMP from unbound nucleotide is
achieved by adsorption of the free nucleotide on to a coated charcoal followed by
centrifugation. An aliquot of the supernatant is then removed for liquid
scintillation counting. The concentration of unlabelled cAMP in the sample is then

determined from a linear standard curve.

Assay Protocol

The tubes were placed on a water bath at 0°C. The assay mixture
consisted of different concentrations of standard, [’H] cAMP and binding protein
in case of standards; buffer, [3H] cAMP and binding protein for zero blank and
unknown samples. The mixture was incubated at 2°C for 2h. Cold charcoal
reagent was added to the tubes and the tubes were immediately centrifuged at
12,000 x g for 2min at 2°C. Aliquots of the supernatant was immediately
transferred to scintillation vials and mixed with cocktail-T and counted in a liquid
scintillation counter (Perkin Elmer Tri-Carb, 2810).

C,/C, is plotted on the Y-axis against picomoles of inactive cAMP on the
X- axis of a linear graph paper, where C, is the counts per minute bound in the
absence of unlabelled cAMP and C; is the counts per minute bound in the presence
of standard or unknown unlabelled cAMP. From the C,/C, value for the sample,

the number of picomoles of unknown cAMP was calculated.
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IP; CONTENT IN THE BRAIN REGIONS OF CONTROL AND
EXPERIMENTAL RATS IN VIVO

Brain tissues (cerebral cortex, corpus striatum, cerebellum and brain
stem) were homogenised in a polytron homogeniser in 50mM Tris-HCI buffer, pH
7.4, containing 1mM EDTA to obtain a 15% homogenate. The homogenate was
then centrifuged at 40,000 x g for 15 minutes and the supernatant was transferred

to fresh tubes for IP; assay using [*H] IP; Biotrak Assay System kit.

Principle of the assay

The assay was based on competition between [*H] IP; and unlabelled IP;
in the standard or samples for binding to a binding protein prepared from bovine
adrenal cortex. The bound IP; was then separated from the free IP; by
centrifugation. The free IP; in the supernatant was then discarded by simple
decantation, leaving the bound fraction adhering to the tube. Measurement of the
radioactivity in the tube enables the amount of unlabelled IP; in the sample to be

determined.

Assay Protocol

Standards, ranging from 0.19 to 25 pmoles/tube, [*H] IP; and binding
protein were added together and the volume was made up to 100ul with assay
buffer. Samples of appropriate concentration from experiments were used for the
assay. The tubes were then vortexed and incubated on ice for 15min and they were
centrifuged at 2000 x g for 10min at 4°C. The supernatant was aspirated out and
the pellet was resuspended in water and incubated at room temperature for 10min.
The tubes were then vortexed and decanted immediately into scintillation vials.
The radioactivity in the suspension was determined using liquid scintillation
counter (Perkin Elmer Tri-Carb, 2810).

A standard curve was plotted with %B/Bo on the Y-axis and IP;
concentration (pmoles/tube) on the X-axis of a semi-log graph paper. %B/B, was

calculated as:
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(Standard or sample cpm — NSB cpm)
x 100

(Bo cpm — NSB cpm)

NSB- non specific binding and By - zero binding. IP; concentration in the

samples was determined by interpolation from the plotted standard curve.

DAD1 AND DAD2 EXPRESSION STUDIES IN THE BRAIN REGIONS OF
CONTROL AND EXPERIMENTAL RATS USING CONFOCAL
MICROSCOPE

Anaesthetized animals were transcardially perfused with 4%
paraformaldehyde (PFA) in 0.1 M phosphate-buffered saline (pH 7.4). After
perfusion, the brain was dissected and immersion fixed in 4% paraformaldehyde
for 1 hr and then equilibrated with 30% sucrose solution in 0.1M PBS. 30 pm
sections were cut using Cryostat (Leica, CM1510 S). The sections were treated
with PBST (PBS in 0.05% Triton X-100) for 20 min. Brain sections were blocked
with 5% normal goat serum for 4 hours. Brain sections were then incubated
overnight at 4 °C with either rat specific primary antibody for Dopamine D1 (No:
NRG 01691597 Millipore, 1: 500 dilution in a 1X PBS solution containing 5%
normal goat serum) or Dopamine D2. (No: LV 1583420 Millipore, 1: 500 dilution
in a 1X PBS solution containing 5% normal goat serum). After overnight
incubation brain sections washed with PBS and then incubated for 1 hour with
secondary antibody conjugated with FITC (No: AB7130F, Chemicon, 1:1000
dilution in a 1X PBS solution containing 5% normal goat serum) in brain regions.
After the incubations brain sections were washed with PBS. Remove the excess
PBS off from the slides and mount cover glass with anti-fade mounting media.
The sections were observed and photographed using confocal imaging system

(Leica SP 5).
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Materials and Methods

Expressions were analysed using pixel intensity method. Quantification
was done using Leica application suit advanced fluorescence (LASAF) software
by considering the mean pixel intensity of the image. The fluorescence obtained
depends on the number of receptors specific to the added primary antibody. The
mean pixel intensity was directly related to the fluorescence emitted from the
sections and calculated with the LASAF software. All the imaging parameters in
the confocal imaging system like PMT, pinhole and zoom factor were kept same

for imaging the sections of all experimental groups.

STATISTICS

Statistical evaluations were done by ANOVA using InStat (Ver.2.04a)
computer programme. Linear regression Scatchard plots were made using Sigma
Plot software (version 2.0, Jandel GmbH, Erkrath, Germany). Relative

Quantification Software was used for analyzing Real-Time PCR results.
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BODY WEIGHT

In the beginning of the experiment, the body weight of all the rats was
within the normal range. = Body weight of hypoglycemic neonatal rats was
decreased significantly (p<0.001) in 10" day when compared to control. After
treatment with glucose, Bacopa monnieri and Bacoside A alone and in
combination for 10 days, the body weight was significantly reversed (p<0.001)

when compared with hypoglycemic neonatal rats (Table-1).

BLOOD GLUCOSE LEVEL

Blood glucose levels of all rats before insulin administration and treatment
was within the normal range (100 — 120 mg/dl). 10 days after treatment,
hypoglycemic neonatal rats showed a significant decrease (p<0.001) in blood
glucose when compared to control (Table-2a).

Blood glucose level was monitored from day 1 to day 10. Blood glucose
level of all rats at time O min, before insulin administration, was within the normal
range. Insulin administration in rats led to a significant decrease (p<0.001) in
blood glucose level 240 min after administration, when compared to control
group. Glucose, Bacopa monnieri and Bacoside A treatments alone and in
combination were significantly reversed (p<0.001) the increased blood glucose

level when compared to hypoglycemic neonatal group (Table-2b).
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CEREBRAL CORTEX

Real Time PCR amplification of Dopamine D1 receptor mRNA in the
cerebral cortex of control and experimental rats

Gene expression of Dopamine D1 receptor subtype mRNA showed
significant down regulation (p<0.001) in the cerebral cortex of hypoglycemic
neonatal rats and rats treated with glucose when compared to control. In H+B,
H+D, H+G+B and H+G+D groups, there was significant up regulation (p<0.05,
p<0.01, p<0.001) In all the treatment groups, H+G, H+B, H+D, H+G+B and
H+G+D groups there was a significant reversal of the gene expression to near
control (p<0.01, p<0.001, p<0.001, p<0.001, p<0.001) when compared with

hypoglycemic neonatal and glucose treated group (Figure-1, Table-3).

Real Time PCR amplification of Dopamine D2 receptor mRNA in the
cerebral cortex of control and experimental rats

Gene expression of Dopamine D2 receptor subtype mRNA showed
significant up regulation (p<0.001) in the cerebral cortex of all the experimental
groups and an up regulation of when compared to control. H+G showed
significant reversal (p<0.001) when compared to the neonatal hypoglycemic
group. In H+B, H+D, H+G+B and H+G+D groups there was a significant
reversal of the gene expression (p<0.001) when compared with both the H and

H+G group (Figure-2, Table-4).

Scatchard analysis of Dopamine D1 receptor using [*H] SCH 23390 binding
against SCH23390 in the cerebral cortex of control and experimental rats
Scatchard analysis of Dopamine D1 receptor using ['H] SCH 23390
binding against SCH 23390 in the cerebral cortex of hypoglycemic neonatal rats
and H+G groups showed a significant (p<0.001) decrease in B,x compared to
control rats. H+G+D showed no difference when compared to control. This

showed decreased Dopamine D1 receptor density in the cerebral cortex of
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hypoglycemic neonatal rats. Ky showed no significant difference. Significant
reversal in the B, was observed in treatment groups: H+B, H+D, H+G+B and
H+G+D (p<0.001 when compared with glucose treatment and neonatal

hypoglycemic groups (Figure-3,4 Table-5, 6).

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2 against
sulpiride in cerebral cortex of control and experimental rats

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
binding against sulpiride in the cerebral cortex of hypoglycemic neonatal rats and
H+G groups showed a significant (p<0.001) increase in B,,,x compared to control
rats. Ky showed no significant difference. Significant reversal in the B, was
observed in all the other treatment groups: H+B, H+D, H+G+B and H+G+D
(p<0.001) when compared with glucose treatment and neonatal hypoglycemic

groups (Figure-5,6 Table-7, 8).

Dopamine D1 receptor subtype antibody staining in control and experimental
groups of rats using confocal microscope

Dopamine D1 subtype specific antibody staining in the cerebral cortex
showed a significant decrease (p<0.001) in mean pixel value in the hypoglycemic
neonatal rats and H+G treated group when compared to control. H+B and H+D
groups significantly reversed (p<0.001) the mean pixel value when compared with
hypoglycemic neonatal rats and H+G treated group. H+G+B and H+G+D
treatment showed prominent down regulation (p<0.05) when compared when
compared to control and a significant reversal (p<0.001) when compared to

hypoglycemic neonatal rats and glucose treated rats (Figure-7, Table-9).

Dopamine D2 receptor subtype antibody staining in control and experimental
groups of rats using confocal microscope

Dopamine D2 subtype specific antibody staining in the cerebral cortex
showed a significant increase (p<0.001) in mean pixel value in the hypoglycemic

neonatal rats and H+G treated group when compared to control. H+B and H+D

60



Results

(p<0.05, p<0.001) groups showed significant up regulation when compared to
control and significantly (p<0.001) reversed mean pixel value when compared
with the H and H+G groups. H+G+B and H+G+D treatment showed no significant
change when compared to control but, showed prominent reversal (p<0.001) when

compared with the H and H+G groups (Figure-8, Table-10).

cAMP content in the cerebral cortex of control and experimental rats

cAMP content showed significant decrease (p<0.001) in the cerebral
cortex of hypoglycemic neonatal rats and compared to control rats. H+G treated
group showed no reversal when compared to neonatal hypoglycemic group. There
was a significant reversal (p<0.001) in cAMP content of the treatment groups:
H+B, H+D, H+G+B and H+G+D to near control levels when compared with H
and H+G groups. (Figure -9, Table-11).

IP3 content in the cerebral cortex of control and experimental rats

IP3 content showed significant decrease (p<0.001) in the cerebral cortex
of hypoglycemic neonatal rats compared to control rats. H+G treated group
showed no reversal when compared to neonatal hypoglycemic group. There was a
significant reversal (p<0.001) in IP3 content in all the treatment groups H+B,
H+D, H+G+B and H+G+D to near control levels when compared with neonatal

hypoglycemic rats and glucose treated rats. (Figure -10, Table -12).

Real time PCR amplification of Phospholipase C mRNA in the cerebral
cortex of control and experimental rats

Gene expression of Phospholipase C mRNA showed significant up
regulation (p<0.001) in the cerebral cortex of hypoglycemic neonatal rats and
H+G group when compared to control. In H+B group and H+D groups there was
an up regulation of the gene expression (p<0.05) when compared control and
showed significant reversal (p<0.001) when compared to the H and H+G groups.
In the combination treatment groups, H+G+B and H+G+D there was no

significant change when compared to control, but showed significant reversal of
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the gene expression levels to near control (p<0.001) when compared with the H

and H+G groups (Figure -11, Table -13).

Real time PCR amplification of CREB mRNA in the cerebral cortex of
control and experimental rats

Gene expression of CREB mRNA showed significant (p<0.001) up
regulation in the cerebral cortex of hypoglycemic neonatal rats and H+G group
when compared to control. In H+B and H+D groups there was a significant up
regulation (p<0.001) when compared to control and significant (p<0.001) reversal
of the gene expression to near control levels when compared with hypoglycemic
neonatal and the glucose treated groups. In the combination treatment groups,
H+G+B and H+G+D there was a up regulation of the gene expression levels
(p<0.001) when compared to control and a significant reversal (p<0.001) when

compared with H and H+G groups (Figure-12, Table-14).

Real Time PCR amplification of GLUT 3 mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of GLUT 3 showed significant decrease
(p<0.001) in the cerebral cortex of hypoglycemic neonatal rats when compared to
control group. H+G group showed a marked up regulation (p<0.001) compared to
control and hypoglycemic neonatal groups. H+B, H+D, H+G+B and H+G+D
treatment showed a significant (p<0.001) up regulation when compared to
control. These groups showed a prominent reversal of gene expression (p<0.001)

when compared to the H and H+G groups (Figure -13, Table-15).

Real Time PCR amplification of Akt -1 mRNA in the cerebral cortex of
control and experimental rats

Real time PCR gene expression of Akt -1 showed significant (p<0.001) up
regulation in the cerebral cortex of hypoglycemic neonatal rats when compared to
control and H+G group. In H+B, H+D and H+G+D treated groups showed a

significant (p<0.001) reversal of the gene expression to near control levels when
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compared with hypoglycemic neonatal group. In the combination treatment group,
H+G+B, there was no significant change with respect to control and showed a
marked reversal (p<0.001) of the gene expression levels when compared with H

and H+G groups (Figure-14, Table-16).

Real Time PCR amplification of TNF-a mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of TNF-a in the cerebral cortex of
neonatal hypoglycemic rats showed a significant down regulation (p<0.001) when
compared to the control and H+G groups. The other treatment groups: H+B, H+D,
H+G+B and H+G+D showed a significant down regulation (p<0.001) when
compared to control and also significantly reversed (p<0.001) the altered gene
expression when compared with H and H+G groups to near control levels (Figure-

15, Table-17).

Real Time PCR amplification of GDNF mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of GDNF showed significant down
regulation (p<0.001) in the cerebral cortex of hypoglycemic neonatal rats and and
all the other treatment compared to control rats. The GDNF gene expression was
significantly reversed (p<0.001) in H+B, H+D, H+G+B and H+G+D treatment
groups when compared with hypoglycemic and glucose treatment groups (Figure-

16, Table-19).

Real Time PCR amplification of BDNF mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of BDNF showed significant down
regulation (p<0.001) in the cerebral cortex of hypoglycemic neonatal rats and all
the other treatment compared to control rats. There was a significant reversal
(p<0.001) of BDNF gene expression in the H+B, H+D, H+G+B and H+G+D
groups when compared to the H and H+G groups. (Figure -17, Table -19).
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Real Time PCR amplification of NF-KB mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of NF-KkB showed significant down
regulation (p<0.001) in the cerebral cortex of all the groups of neonatal rats when
compared to control rats. The H+B, H+D and the combination treatment groups
H+G+B and H+G+D groups, showed a marked (p<0.001) reversal of the gene
expression when compared to both the hypoglycemic and H+G groups (Figure-18;
Table-20).

Real Time PCR amplification of SOD mRNA in the cerebral cortex of control
and experimental rats

Real-time PCR gene expression of SOD showed significant decrease
(p<0.001) in the cerebral cortex of H and H+G group, and a significant (p<0.001)
increase in the H+B, H+D, H+G+B and H+G+D groups when compared to
control. The treatment groups, H+B, H+D, H+G+B and H+G+D groups showed a
significant (p<0.001) reversal of the SOD gene expression when compared to

hypoglycemic neonatal rats and glucose treated group (Figure-19; Table-21).

Real Time PCR amplification of GPx mRNA in the cerebral cortex of control
and experimental rats

Real-time PCR gene expression of GPx showed significant down
regulation (p<0.001) in the cerebral cortex of hypoglycemic neonatal rats, H+G,
H+D and H+B groups and the H+G+B and H+G+D groups showed a significant
(p<0.001) up regulation when compared to control rats. There was a significant
reversal (p<0.001) in GPx gene expression in the following treatment groups:
H+B, H+D, H+G+B and H+G+D, when compared to H and H+G groups (Figure-
20; Table-22).
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Real Time PCR amplification of Bax mRNA in the cerebral cortex of control
and experimental rats

Real-time PCR gene expression of Bax showed significant up regulation
(p<0.001) in the cerebral cortex of H, H+G, H+B and H+D groups when
compared to control rats. H+G+B and H+G+D groups showed no significant
change when compared to control. There was a significant reversal (p<0.01) in
Bax gene expression in H+B, H+D, H+G+B and H+G+D groups compared to H
and H+G (Figure-21, Table-23).

Real Time PCR amplification of caspase 8 mRNA in the cerebral cortex of
control and experimental rats

Real-time PCR gene expression of caspase 8 showed significant up
regulation (p<0.001, p<0.001, p<0.01) in the cerebral cortex of hypoglycemic
neonatal rats, H+G and H+B group compared to control rats. The H+D group
showed no change when compared to control There was a significant reversal
(p<0.001) in Caspase 8 gene expression in H+D, H+G+B and H+G+D groups
when compared to H and H+G groups (Figure-22, Table-24).

65



66



Results

CORPUS STRIATUM

Real Time PCR amplification of Dopamine D1 receptor mRNA in the corpus
striatum of control and experimental rats

Gene expression of Dopamine D1 receptor subtype mRNA showed
significant down regulation (p<0.001) in the corpus striatum of hypoglycemic
neonatal rats and H+G groups when compared to control. H+B and H+D groups
and the combination treatment groups, H+G+B and H+G+D showed a marked
reversal (p<0.001) of the gene expression to near control levels, when compared

with hypoglycemic neonatal group and H+G group (Figure-23, Table-25).

Real Time PCR amplification of Dopamine D2 receptor mRNA in the corpus
striatum of control and experimental rats

Gene expression of Dopamine D2 receptor subtype mRNA showed
significant up regulation (p<0.001) in the corpus striatum of all the other
experimental groups when compared to control. In H+B, H+D, H+G+B and
H+G+D groups there was a significant reversal (p<0.001) of the gene expression
when compared with hypoglycemic neonatal group and H+G group (Figure-24,
Table-26).

Scatchard analysis of Dopamine D1 receptor using [*H] SCH 23390 binding
against SCH23390 in the corpus striatum of control and experimental rats
Scatchard analysis of Dopamine D1 receptor using ['H] SCH 23390
binding against SCH 23390 in the corpus striatum of hypoglycemic neonatal rats
and H+G groups showed a significant (p<0.001) decrease in B, compared to
control rats. Ky showed no significant change. Significant (p<0.001) reversal in
the B,.,x was observed in treatment groups: H+B, H+D H+G+B and H+G+D
groups when compared to glucose treatment and neonatal hypoglycemic groups

(Figure- 25, 26 Table- 27, 28).
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Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2 against
sulpiride in corpus striatum of control and experimental rats

Scatchard analysis of Dopamine D2 receptor using [*’H] YM-09151-2
binding against sulpiride in the corpus striatum of hypoglycemic neonatal rats and
H+G groups showed a significant (p<0.001) increase in B,,,, compared to control
rats. Significant reversal in the B,,,, was observed in treatment groups: H+B, H+D,
H+G+B and H+G+D (p<0.001) when compared with glucose treatment and
neonatal hypoglycemic groups (Figure- 27,28 Table- 29, 30).

Dopamine D1 receptor subtype antibody staining in the corpus striatum of
control and experimental groups of rats using confocal microscope

Dopamine D1 subtype specific antibody staining in the corpus striatum
showed a significant decrease (p<0.001) in mean pixel value in the hypoglycemic
neonatal rats, H+G, H+B and H+D treated groups when compared to control. The
treatment groups, H+B, H+D, H+G+B and H+G+D significantly (p<0.001)
reversed mean pixel value when compared with the H and H+G groups (Figure-

29, Table-31).

Dopamine D2 receptor subtype antibody staining in the corpus striatum of
control and experimental groups of rats using confocal microscope

Dopamine D2 subtype specific antibody staining in the corpus striatum
showed a significant increase (p<0.001) in mean pixel value in the hypoglycemic
neonatal rats, H+G groups when compared to control. The treatment groups H+B,
H+D, H+G+B and H+G+D treatment showed prominent reversal when compared

with both the H and H+G treated rats (Figure-30, Table-32).

cAMP content in the corpus striatum of control and experimental rats

cAMP content showed significantly decreased (p<0.001) in the corpus
striatum of hypoglycemic neonatal rats, H+G, H+B and H+D groups when
compared to control. Both H+G+B and H+G+D groups showed no prominent

change when compared to control. There was a significant reversal (p<0.001) in
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cAMP content in H+B, H+D, H+G+B and H+G+D treatment groups when
compared with the neonatal hypoglycemic rats and glucose treated rats (Figure-31,

Table-33).

IP3 content in the corpus striatum of control and experimental rats

IP3 content showed significantly increased (p<0.001) in the corpus
striatum of hypoglycemic neonatal rats, H+G and H+D group when compared to
control rats. H+B, H+G+B and H+G+D treatment groups showed no marked
change when compared to control. H+B, H+G+B and H+G+D treatment showed
prominent reversal to near control levels when compared to both the H and H+G

groups. (Figure -32, Table -34).

Real time PCR amplification of Phospholipase C mRNA in corpus striatum
of control and experimental rats

Gene expression of Phospholipase C mRNA showed significant up
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats and
H+G group when compared to control. The groups, H+B and H+D also showed a
significant (p<0.01, p<0.05) up regulation, whereas the H+G+B and H+G+D
groups showed no apparent change when compared to control. In H+B, H+D,
H+G+B and H+G+D groups, there was a significant reversal of the gene
expression levels to near control (p<0.001) when compared with hypoglycemic

neonatal group and H+G group (Figure -33, Table -35).

Real time PCR amplification of CREB mRNA in the corpus striatum of
control and experimental rats

Gene expression of CREB mRNA showed significant (p<0.001) up
regulation in the corpus striatum in the groups H when compared to control. H+G
showed no prominent change when compared to hypoglycemic group. Also the
group H+G+D showed no prominent change when compared to control. It was

observed that in the groups, H+B, H+D, H+G+B and H+G+D the gene expression
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levels were significantly (p<0.001) brought down when compared with H and
H+G groups (Figure -34, Table -36).

Real Time PCR amplification of GLUT 3 mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of GLUT 3 showed significant down
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats when
compared to control rats. H+G group showed a marked up regulation (p<0.001)
compared to both the neonatal hypoglycemic and the control rats. All the other
treatment groups, H+B, H+D, H+G+B and H+G+D prominent up regulation
(p<0.05, p<0.05, p<0.01, p<0.01) in GLUT 3 gene expression when compared to
control. The treatment groups, H+B, H+D, H+G+B and H+G+D showed a marked
reversal (p<0.001) when compared to both the H and H+G groups (Figure-35,
Table-37).

Real Time PCR amplification of Akt -1 mRNA in the corpus striatum of
control and experimental rats

Real time PCR gene expression of Akt -1 showed significant (p<0.001)
up regulation in the corpus striatum of all the groups H, H+G, H+B, H+D,
H+G+B and H+G+D groups when compared to control. It was also observed that
in H+B, H+D, H+G+B and H+G+D groups there was a marked reversal of the
gene expression levels (p<0.001) when compared with H and H+G groups
(Figure-36, Table-38).

Real Time PCR amplification of TNF-o mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of TNF-a showed significant down
regulation (p<0.001) in the corpus striatum of H, H+G and H+D groups when
compared to control. The groups H+B, H+G+B and H+G+D showed no
significant change when compared to control. In H+B, H+D, H+G+B and H+G+D

treated hypoglycemic neonatal rats, there was significant (p<0.001) reversal of
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TNF-a gene expression when compared to hypoglycemic neonatal and H+G rats

respectively (Figure-37, Table-39).

Real Time PCR amplification of GDNF mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of GDNF showed significant down
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats and
H+G group compared to control rats. The GDNF gene expression was
significantly reversed (p<0.001) in H+B, H+D, H+G+B and H+G+D treatment
groups of rats when compared with hypoglycemic neonatal rats and glucose

treatment groups (Figure-38, Table-40).

Real Time PCR amplification of BDNF mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of BDNF showed significant down
regulation (p<0.001) in the corpus striatum of of all the groups of rats compared to
control rats. There was a significant reversal (p<0.001) in BDNF gene expression
in H+B, H+D, H+G+B and H+G+D groups to near control levels when compared
to the H and H+G groups (Figure-39, Table-41).

Real Time PCR amplification of NF-KB mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of NF-KB showed significant down
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats when
compared to control rats. The treatment groups H+G, H+B, H+D, H+G+B and
H+G+D showed a significant (p<0.001) up regulation in the gene expression
levels when compared to control and hypoglycemic neonatal rats. There was a
significant reversal (p<0.001) in NF-KB gene expression in H+B, H+D, H+G+B
and H+G+D (p<0.001) groups when compared to hypoglycemic neonatal rats and
neonatal hypoglycemic group treated with glucose (Figure-40, Table-42).
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Real Time PCR amplification of SOD mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of SOD showed significant down
regulation (p<0.001) in the corpus striatum of neonatal rats group. No significant
change was observed in the H+G group compared to neonatal hypoglycemic
group. There was a marked reversal (p<0.001) in SOD gene expression in
hypoglycemic neonatal rats treated with Bacopa monnieri and Bacoside A and the
combination treatments, H+G+B and H+G+D groups, when compared to

hypoglycemic and H+G group (Figure-41, Table-43).

Real Time PCR amplification of GPx mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of GPx showed significant down
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats, H+G,
H+B and H+D groups when compared to control rats. The groups H+G+B and
H+G+D also showed an apparent down regulation (p<0.05, p<0.01) when
compared to the control group. There was a significant reversal (p<0.001) in GPx
gene expression in hypoglycemic neonatal rats treated with Bacopa monnieri and
Bacoside A alone and H+G+B and H+G+D groups when compared to H and H+G
groups (Figure-42, Table-44).

Real Time PCR amplification of Bax mRNA in the corpus striatum of control
and experimental rats

Real-time PCR gene expression of Bax showed significant up regulation
(p<0.001) in the corpus striatum of all the groups when compared to control rats.
There was seen to be a significant reversal (p<0.01) in Bax gene expression in
hypoglycemic neonatal rats treated with Bacopa monnieri and Bacoside A alone,
and the combination treatment groups, H+G+B and H+G+D compared to

hypoglycemic neonatal rats and the glucose treated group (Figure-43, Table-45).
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Real Time PCR amplification of caspase 8 mRNA in the corpus striatum of
control and experimental rats

Real-time PCR gene expression of caspase 8 showed significant up
regulation (p<0.001) in the corpus striatum of hypoglycemic neonatal rats, H+G,
H+B and H+D groups compared to control rats. There was a prominent reversal
(p<0.001) in Caspase 8 gene expression in H+B, H+D, H+G+B and H+G+D
groups compared to H and H+G groups (Figure-44, Table-46).
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CEREBELLUM

Real Time PCR amplification of Dopamine D1 receptor mRNA in the
cerebellum of control and experimental rats

Gene expression of Dopamine D1 receptor subtype mRNA showed
significant down regulation (p<0.001) in the cerebellum of hypoglycemic neonatal
rats, H+G, H+B, H+D, H+G+B and H+G+D groups when compared to control.
Both the individual treatment groups, H+B and H+D and the combination
treatment groups, H+G+B and H+G+D there was a significant reversal of the gene
expression levels (p<0.001) when compared with hypoglycemic neonatal group

and H+G group (Figure-45, Table-47).

Real Time PCR amplification of Dopamine D2 receptor mRNA in the
cerebellum of control and experimental rats

Gene expression of Dopamine D2 receptor subtype mRNA showed
significant up regulation (p<0.001) in the cerebellum of hypoglycemic neonatal
rats and the treatment groups H+G, H+B and H+D when compared to control.
There was no significant up regulation of the gene expression (p<0.001) in the
H+G+B and H+G+D groups when compared to control. H+D, H+G+B and
H+G+D (p<0.01, p<0.001, p<0.001) showed a significant decrease of the gene
expression levels when compared with hypoglycemic neonatal group and H+G

group (Figure-46, Table-48).

Scatchard analysis of Dopamine D1 receptor using [*H] SCH 23390 binding
against SCH23390 in the cerebellum of control and experimental rats
Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390
binding against SCH 23390 in the cerebellum of hypoglycemic neonatal rats
showed a significant decrease in By, (p<0.001) and increase in Ky(p<0.001)
compared to control rats. This showed decreased Dopamine D1 receptor density in
the cerebellum of hypoglycemic neonatal rats. No Significant reversal in the B,

was observed. K, showed significant was observed in all the other treatment
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groups: H+B (p<0.001) and H+G+B (p<0.001) when compared with control
groups (Figure- 47,48 Table- 49, 50).

Scatchard analysis of Dopamine D2 receptor using ["'H] YM-09151-2 against
sulpiride in cerebellum of control and experimental rats

Scatchard analysis of Dopamine D2 receptor using [’H] YM-09151-2
binding against sulpiride in the cerebellum of hypoglycemic neonatal rats, H+G,
H+B, H+D and H+G+D groups showed a significant (p<0.001) increase in B«
and Ky compared to control rats. This showed an increased Dopamine D2 receptor
density in the cerebellum. H+G showed a significant reversal (p<0.001) compared
to hypoglycemic group. The treatment groups: H+B, H+D, H+G+B and H+G+D
groups showed prominent reversal (p<0.001) in B, and K4 when compared with

glucose treatment and neonatal hypoglycemic groups (Figure-49,50 Table-51, 52).

cAMP content in the cerebellum of control and experimental rats

cAMP content showed significant decrease (p<0.001) in the cerebellum
of all groups of rats compared to control. The individual treatment groups, H+B
and H+D and combination treatment groups H+G+B and H+G+D treatment
showed prominent reversal to near control levels when compared with both the

neonatal hypoglycemic rats and the glucose treated rats (Figure-51, Table-53).

IP3 content in the cerebellum of control and experimental rats

IP3 content showed significant increase (p<0.001) in the cerebellum of
hypoglycemic neonatal rats, H+G, H+B and H+A treated groups compared to
control rats. There was no significant change observed in IP3 content in H+G+B
and H+G+D treatment compared to control. A prominent reversal to near control
levels was observed in H+B, H+D, H+G+B and H+G+D when compared with H
and H+G groups. (Figure -52, Table -54).
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Results

Real time PCR amplification of Phospholipase C mRNA in cerebellum of
control and experimental rats

Gene expression of Phospholipase C mRNA showed significant up
regulation (p<0.001) in the cerebellum of all groups except H+G+B and H+G+D
when compared to control. In the treatment groups, H+B, H+D, H+G+B and
H+G+D there was a marked reversal of the gene expression levels to near control
(p<0.001) when compared with hypoglycemic neonatal group and H+G group
(Figure -53, Table -55).

Real time PCR amplification of CREB mRNA in the cerebellum of control
and experimental rats

Gene expression of CREB mRNA showed significant (p<0.001) down
regulation in the cerebellum of H, H+G, H+B and H+D groups when compared to
control. Combination treatment groups, H+G+B and H+G+D showed no
significant down regulation when compared to control group. In H+B, H+D,
H+G+B and H+G+D groups there was a significant reversal of the gene
expression to near control levels (p<0.001) when compared with hypoglycemic

neonatal group H+G groups (Figure -54, Table -56).

Real Time PCR amplification of GLUT 3 mRNA in the cerebellum of control
and experimental rats

Real-time PCR gene expression of GLUT 3 showed a significant
upregulation (p<0.001) in the cerebellum of all groups of rats when compared to
control rats. H+G group showed a marked increase (p<0.001) compared to
neonatal hypoglycemic rats. All the other treatments with Bacopa monnieri and
Bacoside A: H+B, H+D, H+G+B and H+G+D significantly (p<0.001) increased
the GLUT 3 gene expression when compared to the hypoglycemic neonatal rats

(Figure-55, Table-57).
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Real Time PCR amplification of Akt -1 mRNA in the cerebellum of control
and experimental rats

Real time PCR gene expression of Akt -1 showed significant down
regulation in the cerebellum of both hypoglycemic neonatal rats (p<0.001) and
H+G group (p<0.001) whereas the H+B, H+D, H+G+B and H+G+D showed a
significant up regulation (p<0.001) when compared to control. In H+B, H+D
H+G+B and H+G+D groups there was an significant increase of the gene
expression levels (p<0.001) when compared with H and H+G groups (Figure-56,
Table-58).

Real Time PCR amplification of TNF-o mRNA in the cerebellum of control
and experimental rats

Real-time PCR gene expression of TNF-o showed significant up
regulation (p<0.001) in the cerebellum of all the neonatal groups of rats compared
to control. Treatment using Bacopa monnieri and Bacoside A: H+B, H+D,
H+G+B and H+G+D significantly reversed (p<0.001) the altered gene expression
when compared with hypoglycemic neonatal rats and glucose treated rats (Figure-

57, Table-59).

Real Time PCR amplification of GDNF mRNA in the cerebellum of control
and experimental rats

Real-time PCR gene expression of GDNF showed significant down
regulation (p<0.001) in the cerebellum of hypoglycemic neonatal rats and H+G
group and in the H+B and H+D groups (p<0.05) compared to control rats whereas
H+G+B and H+G+D treatment showed no marked change when compared to
control. The GDNF gene expression was significantly (p<0.001) reversed in H+B,
H+D, H+G+B and H+G+D treatment to near control levels when compared with

hypoglycemic and glucose treatment groups (Figure-58, Table-60).
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Results

Real Time PCR amplification of BDNF mRNA in the cerebellum of control
and experimental rats

Real-time PCR gene expression of BDNF showed significant down
regulation (p<0.001) in the cerebellum of all the groups of rats when compared to
control. There was a significant reversal (p<0.001) in BDNF gene expression in
the treatment groups: H+B, H+D, H+G+B and H+G+D groups when compared to
H and H+G groups (Figure-59, Table-61).

Real Time PCR amplification of NF-KB mRNA in the cerebellum of control
and experimental rats

Real-time PCR gene expression of NF-KkB showed significant down
regulation (p<0.001) in the cerebellum of hypoglycemic neonatal rats and H+G
group compared to control rats. In H+B, H+D and H+G+D groups also there was
seen to be a significant down regulation (p<0.05) compared to control. The gene
expression was significantly (p<0.001) reversed in H+B, H+D, H+G+B and
H+G+D groups when compared to hypoglycemic and H+G groups (Figure-60,
Table-62).

Real Time PCR amplification of SOD mRNA in the cerebellum of control and
experimental rats

Real-time PCR gene expression of SOD showed significant down
regulation (p<0.001) in the cerebellum of hypoglycemic neonatal rats, H+G, H+B,
H+D, H+G+B and H+G+D groups compared to control. There was a significant
reversal (p<0.001) in SOD gene expression in hypoglycemic neonatal rats treated
with Bacopa monnieri and Bacoside A and the combination treatments, H+G+B
and H+G+D groups, (p<0.001) when compared to hypoglycemic neonatal group.
Also a marked (p<0.001) reversal was observed in groups H+D, H+G+B and
H+G+D compared to H+G group. H+B showed no prominent change when
compared to H+G (Figure-61, Table-63).

79



Real Time PCR amplification of GPx mRNA in the cerebellum of control and
experimental rats

Real-time PCR gene expression of GPx showed significant down
regulation (p<0.001) in the cerebellum of all the experimental groups except
H+G+B, compared to control rats. There was a significant reversal (p<0.001) in
GPx gene expression in hypoglycemic neonatal rats treated with H+B, H+D,
H+G+B and H+G+D groups when compared to hypoglycemic neonatal group. A
significant (p<0.001) reversal was observed in groups H+B, H+G+B and H+G+D
compared to H+G group. H+D is shown to no prominent change when compared

to H+G (Figure-62, Table-64).

Real Time PCR amplification of Bax mRNA in the cerebellum of control and
experimental rats

Real-time PCR gene expression of Bax showed significant up regulation
(p<0.001) in the cerebellum of all the experimental groups except in H+G+D
when compared to control rats. There was a significant reversal (p<0.001) in Bax
gene expression in H+G, H+B, H+D, H+G+B and H+G+D groups compared to
neonatal hypoglycemic group. In H+D, H+G+B and H+G+D groups, a significant
(p<0.001) reversal in Bax gene expression was observed when compared to H+G

group. (Figure-63, Table-65).

Real Time PCR amplification of caspase 8 mRNA in the cerebellum of
control and experimental rats

Real-time PCR gene expression of caspase 8 showed significant down
regulation (p<0.001) in the cerebellum of hypoglycemic neonatal rats and H+G
group compared to control rats. There was a significant reversal (p<0.001) in
Caspase 8 gene expression in the treatment groups H+B, H+D, H+G+B and
H+G+D groups to near control levels compared to H and H+G groups (Figure-64,
Table-66).
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BRAIN STEM

Real Time PCR amplification of Dopamine D1 receptor mRNA in the brain
stem of control and experimental rats

Gene expression of Dopamine D1 receptor subtype mRNA showed
significant down regulation (p<0.001) in the brain stem of all experimental groups
when compared to control. In H+B, H+D, H+G+B and H+G+D there was a
significant reversal of the gene expression levels (p<0.001) when compared with

hypoglycemic neonatal group and H+G group (Figure-65, Table-67).

Real Time PCR amplification of Dopamine D2 receptor mRNA in the brain
stem of control and experimental rats

Gene expression of Dopamine D2 receptor subtype mRNA showed
significant up regulation (p<0.001) in the brain stem of all the experimental
groups when compared to control. In the treatment groups, H+B, H+D H+G+B
and H+G+D there was a significant reversal (p<0.001) of the gene expression
levels when compared with hypoglycemic neonatal group. The dopamine D2
receptor mRNA expression showed a significant reversal in H+B (p<0.01), H+D
(p<0.001), H+G+B (p<0.001) and H+G+D (p<0.001) when compared to H+G
group (Figure-66, Table-68).

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in the brain stem of control and experimental rats
Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390
binding against SCH 23390 in the brain stem of hypoglycemic neonatal rats
showed a significant (p<0.001) decrease in B, and significant increase in K,
(p<0.01) compared to control rats. This showed decreased Dopamine D1 receptor
density in the brain stem of hypoglycemic neonatal rats. Significant reversal
(p<0.05) in the B, was observed in treatment groups: H+B, H+D, H+G+B and
H+G+D when compared with glucose treatment and neonatal hypoglycemic

groups (Figure- 67,68, Table- 69, 70).
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Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2 against
sulpiride in brain stem of control and experimental rats

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
binding against sulpiride in the brain stem of hypoglycemic neonatal rats and H+G
groups showed a significant (p<0.001) increase in B, compared to control rats.
K4 showed no significant change. This showed increased Dopamine D2 receptor
density in the brain stem of hypoglycemic neonatal rats. Significant reversal in the
B...x Was observed in treatment groups: H+B, H+D, H+G+B and H+G+D groups
showed prominent reversal (p<0.001) when compared with glucose treatment and

neonatal hypoglycemic groups (Figure- 69,70, Table- 71, 72).

cAMP content in the brain stem of control and experimental rats

cAMP content showed significant decrease (p<0.001) in the brain stem of
all experimental groups except H+G+D group when compared to control rats.
There was a significant reversal (p<0.001) in cAMP content in hypoglycemic
neonatal rats treated with Bacopa monnieri and Bacoside A and H+G+B and
H+G+D to near control levels when compared to hypoglycemic neonatal groups

glucose treated rats (Figure-71, Table-73).

IP3 content in the brain stem of control and experimental rats

IP3 content showed significant increase (p<0.001) in the brain stem of all
experimental groups except H+G+D group when compared to control rats. There
was a significant reversal (p<0.001) in IP3 content in H+B, H+D, H+G+B and
H+G+D groups to near control levels when compared with glucose treated rats

(Figure -72, Table -74).

Real time PCR amplification of Phospholipase C mRNA in brain stem of
control and experimental rats
Gene expression of Phospholipase C mRNA showed significant up

regulation (p<0.001) in the brain stem of all experimental groups except H+G+D
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group when compared to control rats. In the goups, H+B, H+D, H+G+B and
H+G+D there was a significant reversal of the gene expression (p<0.001) when
compared with hypoglycemic neonatal group and H+G group (Figure -73, Table -
75).

Real time PCR amplification of CREB mRNA in the brain stem of control
and experimental rats

Gene expression of CREB mRNA showed significant up regulation in the
brain stem of all the experimental groups when compared to control. In the
individual treatment groups, H+B and H+D and In the combination treatment
groups, H+G+B and H+G+D there was a significant reversal of the gene
expression levels (p<0.001) when compared with H and H+G groups (Figure -74,
Table -76).

Real Time PCR amplification of GLUT 3 mRNA in the brain stem of control
and experimental rats

Real-time PCR gene expression of GLUT 3 showed significant decrease
(p<0.001) in the brain stem of hypoglycemic neonatal rats, H+G+B and H+G+D
groups when compared to control rats. H+G, H+B and H+D groups showed a
marked up regulation (p<0.001) compared to control rats. H+G, H+B, H+D,
H+G+B and H+G+D showed a significant (p<0.001) reversal when compared to

the neonatal hypoglycemic group. (Figure-75, Table-77).

Real Time PCR amplification of Akt -1 mRNA in the brain stem of control
and experimental rats

Real time PCR gene expression of Akt -1 showed significant(p<0.001)
down regulation in the brain stem of hypoglycemic neonatal rats, H+G, H+B and
H+D groups when compared to control. In the treatment with Bacopa monnieri
and Bacoside A, H+B and H+D groups and in the combination treatment groups,
H+G+B and H+G+D there was a significant reversal of the gene expression levels

(p<0.001) when compared with H and H+G groups (Figure-76, Table-78).
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Real Time PCR amplification of TNF-o mRNA in the brain stem of control
and experimental rats

Real-time PCR gene expression of TNF-a showed significant down
regulation (p<0.001) in the brain stem of H, H+G and H+B groups when
compared to control. Treatment using All the treatment groups, H+B, H+D,
H+G+B and H+G+D treatment significantly reversed (p<0.001) the altered gene
expression to near control levels when compared with hypoglycemic neonatal

group and H+G group (Figure-77, Table-79).

Real Time PCR amplification of GDNF mRNA in the brain stem of control
and experimental rats

Real-time PCR gene expression of GDNF showed significant down
regulation (p<0.001) in the brain stem of all the experimental groups compared to
control rats. The GDNF gene expression was significantly reversed (p<0.001) in
H+B, H+D, H+G+B and H+G+D treatment when compared with hypoglycemic
and glucose treatment groups (Figure-78, Table-80).

Real Time PCR amplification of BDNF mRNA in the brain stem of control
and experimental rats

Real-time PCR gene expression of BDNF showed significant down
regulation (p<0.001) in the brain stem of all the experimental groups compared to
control rats. There was a significant reversal (p<0.001) in BDNF gene expression
in H+B, H+D, H+G+B and H+G+D groups, the gene expression was reversed
back when compared with hypoglycemic and glucose treatment groups (Figure-

79, Table-81).

Real Time PCR amplification of NF-KB mRNA in the brain stem of control
and experimental rats
Real-time PCR gene expression of NF-KB showed significant down

regulation (p<0.001) in the brain stem of all the experimental groups compared to
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control rats. There was a significant reversal to near control levels (p<0.001) in
NF-KB gene expression in hypoglycemic neonatal rats treated with Bacopa
monnieri and Bacoside A alone: H+B, H+D and in combination: H+G+B and
H+G+D groups, when compared to hypoglycemic and H+G group (Figure-80,
Table-82).

Real Time PCR amplification of SOD mRNA in the brain stem of control and
experimental rats

Real-time PCR gene expression of SOD showed significant down
regulation (p<0.001) in the brain stem of H, H+G, H+B, H+D, H+G+B and
H+G+D groups. In the treatment groups: H+B, H+D, H+G+B and H+G+D
groups, the gene expression was significantly reversed (p<0.001) when compared

to hypoglycemic and H+G group (Figure-81, Table-83).

Real Time PCR amplification of GPx mRNA in the brain stem of control and
experimental rats

Real-time PCR gene expression of GPx showed significant down
regulation in the brain stem of hypoglycemic neonatal rats (p<0.001), H+G
(p<0.001) and H+B (p<0.01) group compared to control rats. H+D and H+G+D
showed a significant (p<0.01) up regulation compared to control. There was a
significant reversal (p<0.001) in GPx gene expression in hypoglycemic neonatal
rats treated with Bacopa monnieri and Bacoside A alone and in combination,
H+G+B and H+G+D when compared to H and H+G groups (Figure-82, Table-
84).

Real Time PCR amplification of Bax mRNA in the brain stem of control and
experimental rats

Real-time PCR gene expression of Bax showed significant up regulation
(p<0.001) in the brain stem of all the experimental groups compared to control

rats. H+B, H+D, H+G+B and H+G+D groups showed significant reversal
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(p<0.001) of the Bax mRNA levels compared to H and H+G groups (Figure-83,
Table-85).

Real Time PCR amplification of caspase 8 mRNA in the brain stem of control
and experimental rats

Real-time PCR gene expression of caspase 8 showed significant up
regulation (p<0.001) in the brain stem of hypoglycemic neonatal rats, H+G, H+B,
H+D groups compared to control rats. There was a significant reversal (p<0.001)
in Caspase 8 gene expression in H+B, H+D, H+G+B and H+G+D groups when
compared to H and H+G groups (Figure-84, Table-86).
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Table-1

Body Weight of control and

Experimental Groups of Neonatal Rats

Experimental Body weight (g)
groups

Initial Day of Final Day of

Experiment Experiment

C 8.56 +0.29 12.16 £ 0.15

H 7.35 +0.54 9.22 + (.55
H+G 7.12 £0.25 12.11 +0.62°
H+B 7.85 +0.45 13.14 £ 0.32°
H+D 7.33+0.18 13.31+0.35¢
H+G+B 7.12 £0.25 13.52 £ 0.15°
H+G+D 7.03 £0.15 13.42 £ 0.13°

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, ® p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside

A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.




Table-2a

Blood glucose level of control and experimental groups of rats on the initial

Day and final Day of treatment

Initial Blood Glucose Blood Glucose
Level before treatment | levels 24 hrs after
Experimental (mg/dl) final treatment
roups (mg/dl)
grotp (Initial Day)
(10™ Day)

C 110 + 1.32 120.23 £ 1.74
H+B 115 + 122 113.21 +2.15¢
H+D 120 + 1.31 110.37 + 1.38¢

H+G+B 110 + 2.15 129.05 + 1.25¢
H+G+D 115 + 277 123.59 + 1.03¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, ® p<0.01, °p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.




Table-2b
Blood Glucose level of control and Experimental Groups of Rats

Experimental Blood Glucose levels
groups (mg/dl)

0 Min 240 Min after

(Before Insulin Insulin Injection
Injection)

C 120+1.32 120.23 +1.74

H 115+ 2.84 48.52 +0.58*

H+G 118 + 3.48 53.55+1.15*
H+B 1172 2.22 73.21 £2.15%%¢
H+D 1204 2.31 80.37 + 1.38*%#
H+G+B 11432.15 89.05 + 1.25>%#
H+G+D 115 £3.77 83.59 + 1.03 »**

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.







Figure-1
Real Time PCR amplification of Dopamine D1 receptor mRNA in the
cerebral cortex of control and experimental rats

0.20

0.15 adg

b,d.g
0.10 - cdg

a,h

0.05 4

Log RQ

a,e
-0.10

-0.15 A

'0.20 T T T T T T T
[0 H H+G H+B H+D H+G+B H+G+D

Table-3
Real Time PCR amplification of Dopamine D1 receptor mRNA in the
cerebral cortex of control and experimental rats

Experimental
groups Log RQ
C 0
H -0.14 +0.083 *
H+G -0.05 + 0.005™¢
H+B 0.05 + 0.004*"
H+D 0.08 + 0.003°"#
H+G+B 0.10 + 0.004 "¢
H+G+D 0.12 +0.007 »*¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.



Figure - 2
Real Time PCR amplification of Dopamine D2 receptor mRNA in the
cerebral cortex of control and experimental rats
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Table- 4
Real Time PCR amplification of Dopamine D2 receptor mRNA in the
cerebral cortex of control and experimental rats

Experimental
groups Log RQ
C 0
H 1.66 + 0.12*
H+G 1.26 +0.09 ¢
H+B 0.78 +0.13 >'¢
H+D 0.68 + 0.05 ¢
H+G+B 0.36 + 0.09 >*¢
H+G+D 0.42 + 0.14 »%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.



Figure- 3
Scatchard analysis of Dopamine D1 receptor using ["'H] SCH 23390 binding
against SCH23390 in the cerebral cortex of control and experimental rats
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Table- 5
Scatchard analysis of Dopamine D1 receptor using ["H] SCH 23390 against
SCH 23390 in cerebral cortex of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 164.90 + 12.55 1.61+ 0.03
H 75.15 +14.01° 1.25 £ 0.12
H+G 76.80 +12.50 * 1.12 + 0.01
H+B 113.61 + 11.55*"% 1.41 +0.05
H+D 89.16 + 13.05*"# 1.30 £ 0.04

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.



Figure-4

Scatchard analysis of Dopamine D1 receptor using [*'H] SCH 23390 binding
against SCH23390 in the cerebral cortex of control and experimental rats
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Table- 6

350

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 against
SCH 23390 in cerebral cortex of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 164.90 + 12.55 1.60 +0.10
H 75.15 +14.01° 1.25+£0.12
H+G+B 288.10 + 12.60 > *# 1.50 + 0.10
H+G+D 171.17 +12.50 *¢ 1.70 £ 0.12

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.
dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.



Figure-5
Scatchard analysis of Dopamine D2 receptor using [*’H] YM-09151-2 against
sulpiride in cerebral cortex of control and experimental rats
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Table- 7
Scatchard analysis of Dopamine D2 receptor using ["H] YM-09151-2 binding
against sulpiride in the cerebral cortex of control and experimental rats

Experimental Bmax (fm(.)les/mg Kd (nM)
groups protein)
C 166.31 +11.88 3.40 £ 0.04
H 340.52 +12.05° 3.77 £ 0.08
H+G 253.10 + 12.66 2.90 +0.05
H+B 212.20 + 12.90**# 3.60 £ 0.15
H+D 185.91 + 12.45*%# 3.31£0.01

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.



Figure- 6
Scatchard analysis of Dopamine D2 receptor using ["H] YM-09151-2 against
sulpiride in cerebral cortex of control and experimental rats
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Table- 8
Scatchard analysis of Dopamine D2 receptor using [’H] YM-09151-2 binding
against sulpiride in the cerebral cortex of control and experimental rats

Experimental Bmax (fm9les/mg Kd (nM)
groups protein)
C 166.31 +11.88 3.40 +0.04
H 340.50 + 12.05™¢ 3.77 £ 0.08
H+G+B 205.51 £12.12>%¢ 4.10 +0.12
H+G+D 171.80 + 12.15%%# 3.10+0.13

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, ® p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 7

Dopamine D1 receptor expression in the cerebral cortex of control and experimental rats

A- Control, B- Hypoglycemia, C- Hypoglycemia treated with glucose, D - Hypoglycemia treated with Bacopa monnieri. E- Hypoglycemia
treated with Bacoside A, F- Hypoglycemia treated with Glucose and Bacopa monnieri. G- Hypoglycemia treated with Glucose and Bacoside A.
The scale bar represents 75 pm.
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Table - 9

Dopamine D1 receptor expression in the cerebral cortex of control and experimental rats

Experimental groups Mean pixel intensity
Control 79.50 + 3.50

H 32,20 £3.00

H+G 34.45£2.50
H+B 5125£3.05
H+D 47544255
H+G+B 70.65£5.00
H+G+D 72,50 £3.50

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, * p<0.01, °p<0.05 when compared to Control. ¢ p<0.001, ¢ p<0.01, p<0.05 when compared to Hypoglycemic group. & p<0.001,"
p<0.01 when compared to Hypoglycemic group treated with glucose. C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose,
H+B- Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside A, H+G+B- Hypoglycemia treated with Glucose
and Bacopa monnieri. H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 8

Dopamine D2 receptor expression in the cerebral cortex of control and experimental rats

A- Control, B- Hypoglycemia, C- Hypoglycemia treated with glucose, D - Hypoglycemia treated with Bacopa monnieri. E- Hypoglycemia
treated with Bacoside A, F- Hypoglycemia treated with Glucose and Bacopa monnieri. G- Hypoglycemia treated with Glucose and Bacoside A.
The scale bar represents 75 pm.
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Table - 10

Dopamine D2 receptor expression in the cerebral cortex of control and experimental rats

Experimental groups Mean pixel intensity
Control 32.50 + 3.50
H 79.20 £3.00
H+G 74.45£2.50
H+B 41255305
H+D 47544255
H+G+B 37.65£5.00
H+G+D 3350 £3.50

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
1 p<0.001, * p<0.01, °p<0.05 when compared to Control. ¢ p<0.001, ¢ p<0.01, p<0.05 when compared to Hypoglycemic group. & p<0.001,"

p<0.01 when compared to Hypoglycemic group treated with glucose. C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose,
H+B- Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside A, H+G+B- Hypoglycemia treated with Glucose

and Bacopa monnieri. H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 9

cAMP content in the cerebral cortex of control and experimental rats
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Table- 11

cAMP content in the cerebral cortex of control and experimental rats

. cAMP content
Experimental
groups (pmole§/mg
protein)
C 7.45+0.2
H 1.14 + 0.36*
H+G 1.44 +0.31°
H+B 2.16 +0.30 %
H+D 2.17 +0.16 "¢
H+G+B 5.03 +£0.23*%¢
H+G+D 4.04 + (.40 >%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, ® p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D-Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 10

IP3 content in the cerebral cortex of control and experimental rats
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Table- 12
IP3 content in the cerebral cortex of control and experimental rats
. IP3 content
Experimental
aroups (pmole§/mg
protein)
C 4.60 + 0.05
H 1.12 +0.03"
H+G 1. 56 + 0.05™*
H+B 2.37 +0.015*%#
H+D 2.33 +0.04 ¢
H+G+B 3.24 £0.02*¢
H+G+D 3.61 +0.02*¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 11
Real Time PCR amplification of Phospholipase C mRNA in the cerebral
cortex of control and experimental rats
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Table- 13
Real Time PCR amplification of Phospholipase C mRNA in the cerebral
cortex of control and experimental rats

Experimental Log RQ
groups
C 0
H 3.11 + 0.06 *#
H+G 2.16 +0.11°
H+B 0.33 +0.07 ©%¢
H+D 0.23 +0.02 “%¢
H+G+B 0.10 +0.01 ¢
H+G+D 0.13 +0.01%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ° p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 12

Real Time PCR amplification of CREB mRNA in the cerebral cortex of
control and experimental rats
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Table- 14
Real Time PCR amplification of CREB mRNA in the cerebral cortex of
control and experimental rats

Experimental
groups Log RQ
C 0
H 0.40 +0.11
H+G 0.31 +0.05*°
H+B 0.21 + 0.08 >%#
H+D 0.19 + 0.04 >
H+G+B 0.06 + 0.01*%¢
H+G+D 0.05 + 0.01*¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 13
Real Time PCR amplification of GLUT 3 mRNA in the cerebral cortex of
control and experimental rats
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Table- 15
Real Time PCR amplification of GLUT 3 mRNA in the cerebral cortex of
control and experimental rats

Experimental Log RQ
groups
C 0
H -0.26 + 0.03"*
H+G 0.75 + 0.05*
H+B 0.18 +0.03 *%¢
H+D 0.16 + 0.01>%¢
H+G+B 0.54 + (.04 %€
H+G+D 0.56 + 0.06 "¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose andu Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 14

Real Time PCR amplification of Akt -1 mRNA in the cerebral cortex of
control and experimental rats
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Table- 16

Real Time PCR amplification of Akt-1 mRNA in the cerebral cortex of
control and experimental rats

Experimental Log RQ
groups
C 0
H 1.34 + 0.05*¢
H+G 1.13 +0.09*
H+B 0.69 + (.07 %€
H+D 0.76 + 0.06 >*#
H+G+B 0.11 +0.01%®
H+G+D 0.33 + 0.06 "¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 15
Real Time PCR amplification of TNF-o mRNA in the cerebral cortex of
control and experimental rats
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Table- 17

Real Time PCR amplification of TNF-o mRNA in the cerebral cortex of
control and experimental rats

Experimental
groups Log RQ
C 0
H -3.03 + 0.05%%
H+G -2.22 +0.07°
H+B -0.06 +0.10 **#
H+D -0.72 + 0.09 > %¢
H+G+B -0.55 +0.01 ¢
H+G+D -0.68 + 0.04 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 16

Real Time PCR amplification of GDNF mRNA in the cerebral cortex of
control and experimental rats
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Table- 18

Real Time PCR amplification of GDNF mRNA in the cerebral cortex of
control and experimental rats

Experimental Log RQ
groups
C 0
H -0.62 +0.01°
H+G -0.59 +0.01°
H+B -0.40 + 0.01*%¢
H+D -0.39 + 0.01 >*#
H+G+B -0.24 + (.03 ™%
H+G+D -0.15 + 0.02 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 17
Real Time PCR amplification of BDNF mRNA in the cerebral cortex of
control and experimental rats

0.0
-0.5 4
(]
1
o '1.0 N
(o]
-
-1.5 4
'2.0 T T T T T T T
[o H H+G H+B H+D H+G+B H+G+D
Table- 19

Real Time PCR amplification of BDNF mRNA in the cerebral cortex of
control and experimental rats

Experimental Log RQ
groups
C 0
H -1.60 + 0.05*2
H+G -1.32 +0.03°
H+B -1.06 + 0.04 "
H+D -0.86 + 0.04 ¢
H+G+B -0.14 +0.01*%¢
H+G+D -0.31 +0.02™%

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 18

Real Time PCR amplification of NF-KB mRNA in the cerebral cortex of
control and experimental rats
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Table- 20
Real Time PCR amplification of NF-KB mRNA in the cerebral cortex of
control and experimental rats

Experimental
groups Log RQ
C 0
H -0.49 + 0.05°
H+G -0.36 + 0.05™"
H+B -0.20 + 0.04™%"
H+D -0.25 +0.06 >*"
H+G+B -0.13 + 0.09**"
H+G+D -0.09 + (.08**"

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 19
Real Time PCR amplification of SOD mRNA in the cerebral cortex of control
and experimental rats
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Table-21
Real Time PCR amplification of SOD mRNA in the cerebral cortex of control
and experimental rats

Experimental
groups Log RQ
C 0
H -0.17 +0.01*
H+G -0.08 + 0.01*¢
H+B 0.71 + 0.06 >*¢
H+D 0.60 + 0.04 >*#
H+G+B 0.91 +0.02*%¢
H+G+D 0.55 + 0.06 >*¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 20

Real Time PCR amplification of GPx mRNA in the cerebral cortex of control
and experimental rats
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Table- 22
Real Time PCR amplification of GPx mRNA in the cerebral cortex of control
and experimental rats

Experimental Log RQ
groups
C 0
H -0.89 +0.06"
H+G -1.27 +0.06 ¢
H+B -0.22 +0.05 **#
H+D -0.48 +0.04 ¢
H+G+B 0.53 +0.06 >*#
H+G+D 0.65 +0.07 2

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 21

Real Time PCR amplification of Bax mRNA in the cerebral cortex of control
and experimental rats

0.8
a,d
0.6 -
a
o
o 04 d
81 . adg adg
.|
0.2
d
C H H+G H+B H+D H+G+B H+G+D
Table-23

Real Time PCR amplification of Bax mRNA in the cerebral cortex of control
and experimental rats

Experimental
groups LogRQ
C 0
H 0.60 + 0.09 £
H+G 0.46 + 0.09"
H+B 0.33 + (.02 *%¢
H+D 0.34 + 0.08 **#
H+G+B 0.05 + 0.01%¢
H+G+D 0.05 + 0.01%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 22

Real Time PCR amplification of caspase 8 mRNA in the cerebral cortex of
control and experimental rats
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Table- 24
Real Time PCR amplification of caspase 8 mRNA in the cerebral cortex of
control and experimental rats

Experimental
I:groups Log RQ
C 0
H 0.80 +0.02°
H+G 0.48 +0.08"
H+B 0.12 +0.06 ™%#
H+D -0.07 +0.01%8
H+G+B -0.44 +0.04>%#
H+G+D -0.68 = 0.04"%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-23
Real Time PCR amplification of Dopamine D1 receptor mRNA in the corpus
striatum of control and experimental rats
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Table-25
Real Time PCR amplification of Dopamine D1 receptor mRNA in the corpus
striatum of control and experimental rats

Experimental Log RQ
groups
C 0
H -3.30 +0.23*8
H+G 2.19 +0.14°
H+B 0.93 +0.04%98
H+D 0.70 + 0.06 * %8
H+G+B 1.54 +0.13%#
H+G+D 2.36 +0.31%%

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 24
Real Time PCR amplification of Dopamine D2 receptor mRNA in the corpus
striatum of control and experimental rats
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Table- 26
Real Time PCR amplification of Dopamine D2 receptor mRNA in the corpus
striatum of control and experimental rats

Experimental Log RQ
groups
C 0
H 2.16 + 0.11°
H+G 1.91 + 0.09°
H+B 0.49 + 0.02*"#
H+D 0.30 + 0.04™%¢
H+G+B 1.57 +0.07>%¢
H+G+D 1.14 +0.07*¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in the corpus striatumof control and experimental rats
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Scatchard analysis of Dopamine D1 receptor using [*’H] SCH 23390 binding
against SCH23390 in the corpus striatum of control and experimental rats

Bound (fmoles/ mg protein)

Table-27

40 60 80 100

120 140

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 126.8 = 12.61 1.3+0.20
H 80.94 + 11.52% 1.9 = 0.02
H+G 84.69 + 10.61 %8 1.7 +0.12
H+B 95.31 +7.02 %2 1.5 +0.20
H+D 119.30 + 11.02 48 1.3+0.34

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, °p<0.05 when compared to Control.
dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-

Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside

A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure-26

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in the corpus striatumof control and experimental rats
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Table-28

140

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in the corpus striatum of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 126.80 + 12.61 1.31 £0.12
H 80.94 +11.52° 1.90 £ 0.13
H+G+B 114.90 + 12.60 2 1.21 £ 0.15
H+G+D 111.60 + 14.51 %2 1.22 £ 0.12

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.
dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-27

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in corpus striatum of control and experimental rats
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Table-29

100 120

14

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in corpus striatum of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 87.50 £ 5.01 1.51 £ 0.10
H 130.30 + 13.51° 1.30 £ 0.09
H+G 127.70 + 11.20% 1.21 £ 0.11
H+B 113.80 +10.51*% | 1.42 +0.16
H+D 105.50 + 12.01 % 1.20 £ 0.12

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

*p<0.001, ° p<0.01, p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-28

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in corpus striatum of control and experimental rats
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Table-30

120

140

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in corpus striatum of control and experimental rats

Experimental Bmax (fm?leslmg Kd (nM)
groups protein)
C 87.50 = 15.00 1.51 £ 2.50
H 130.30 + 16.50 * 1.30 £ 1.40
H+G+B 114.90 + 11.50 »%8 1.20 £ 1.10
H+G+D 112.30 + 12.00 ™8 | 1.42 +1.50

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
* p<0.001, ° p<0.01, “p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 29

Dopamine D1 receptor expression in the corpus striatum of control and experimental rats

A- Control, B- Hypoglycemia, C- Hypoglycemia treated with glucose, D - Hypoglycemia treated with Bacopa monnieri. E- Hypoglycemia
treated with Bacoside A, F- Hypoglycemia treated with Glucose and Bacopa monnieri. G- Hypoglycemia treated with Glucose and Bacoside A.
The scale bar represents 75 um.
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Table - 31

Dopamine D1 receptor expression in the corpus striatum of control and experimental rats

Experimental groups Mean pixel intensity
Control 82.50 + 3.50
H 39.20 £3.00
H+G 34.45£2.50
H+B 5125£3.05
H+D 6754255
H+G+B 72.65£5.00
H+G+D 79.50 £3.50

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, * p<0.01, °p<0.05 when compared to Control. ¢ p<0.001, ¢ p<0.01, p<0.05 when compared to Hypoglycemic group. & p<0.001,"
p<0.01 when compared to Hypoglycemic group treated with glucose. C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose,
H+B- Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside A, H+G+B- Hypoglycemia treated with Glucose
and Bacopa monnieri. H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 30

Dopamine D2 receptor expression in the corpus striatum of control and experimental rats

A- Control, B- Hypoglycemia, C- Hypoglycemia treated with glucose, D - Hypoglycemia treated with Bacopa monnieri. E- Hypoglycemia
treated with Bacoside A, F- Hypoglycemia treated with Glucose and Bacopa monnieri. G- Hypoglycemia treated with Glucose and Bacoside A.
The scale bar represents 75 pm.
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Table - 32

Dopamine D2 receptor expression in the corpus striatum of control and experimental rats

Experimental groups Mean pixel intensity
Control 52.50 + 3.50

H 87.20 £ 3.00

H+G 84.45£2.50
H+B 11254305
H+D 47544255
H+G+B 19.65£5.00
H+G+D 50.50 £3.50

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, * p<0.01, °p<0.05 when compared to Control. ¢ p<0.001, ¢ p<0.01, p<0.05 when compared to Hypoglycemic group. & p<0.001,"
p<0.01 when compared to Hypoglycemic group treated with glucose. C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose,
H+B- Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside A, H+G+B- Hypoglycemia treated with Glucose
and Bacopa monnieri. H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 31

cAMP content in the corpus striatum of control and experimental rats
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Table- 33
cAMP content in the corpus striatum of control and experimental rats
. cAMP content
Experimental
FOUDS (pmoles/mg
group protein)
C 4.07+0.03
H 2.45+0.06™"#
H+G 2.75+0.04™"#
H+B 3.11+0.02*¢
H+D 3.97+0.02°¢
H+G+B 4.06+0.04°*
H+G+D 3.87+0.06%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, © p<0.01, p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 32
IP3 content in the corpus striatum of control and experimental rats
5

a,g

IP3 content {pmoles/ mg protein)

c H H+G H+B H+D  H+G+B H+G+D

Table- 34
IP3 content in the corpus striatum of control and experimental rats

. IP3 content
Experimental
(pmoles/mg
groups protein)
C 2.07+0.03
H 4.45+0.06™%
H+G 3.75+0.04*"
H+B 2.11+0.02*¢
H+D 2.97+0.02%¢
H+G+B 2.06+0.04%#
H+G+D 2.07+0.06"*

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 33

Real Time PCR amplification of PhospholipaseC mRNA in the corpus

striatum of control and experimental rats
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Table- 35
Real Time PCR amplification of PLC mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ

groups

C 0

H 2.63+0.08"¢
H+G 1.59+0.15™¢
H+B 0.36+0.06"¢
H+D 0.66+0.06""#
H+G+B 0.10+0.01%¢
H+G+D 0.17+0.05%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure -34
Real Time PCR amplification of CREB mRNA in the corpus striatum of

control and experimental rats
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Table- 36
Real Time PCR amplification of CREB mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H 3.59+0.036*
H+G 3.51+0.09*
H+B 1.20+0.02 ¢
H+D 0.95+0.03 ¢
H+G+B 1.06+0.01 **
H+G+D 0.07+0.01 %*

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 35

Real Time PCR amplification of GLUT-3 mRNA in the corpus striatum of
control and experimental rats
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Table- 37
Real Time PCR amplification of GLUT-3 mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ

groups

C 0

H -0.83+0.07*#
H+G 1.67+0.07*¢
H+B 0.33+0.03%%¢
H+D 0.36+0.01%%#
H+G+B 1.32+0.04"%¢
H+G+D 1.54+0.05>%"

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 36
Real Time PCR amplification of Akt -1 mRNA in the corpus striatum of
control and experimental rats
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Table- 38
Real Time PCR amplification of Akt-1 mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H 0.2420.007 *
H+G 0.2420.010°
H+B 0.18+0.008 *
H+D 0.21+0.008 *
H+G+B 0.09+0.003 >*¢
H+G+D 0.10+0.020 >*#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, © p<0.01, p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 37
Real Time PCR amplification of TNF-a mRNA in the corpus striatum of
control and experimental rats
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Table- 39
Real Time PCR amplification of TNF-a mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H -1.13 +0.03*
H+G -1.07 +0.04°
H+B -0.18 +0.04 ¢
H+D -0.32 +0.03 ¢
H+G+B -0.04 +0.02 ¢
H+G+D -0.07 +0.06 £

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 38

Real Time PCR amplification of GDNF mRNA in the corpus striatum of
control and experimental rats
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Table- 40

Real Time PCR amplification of GDNF mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H -2.93+0.02°
H+G -2.57+0.02°
H+B -0.46+0.02*%¢
H+D -0.74+0.02%¢
H+G+B -0.35+0.02*%¢
H+G+D -0.44+0.03*%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 39
Real Time PCR amplification of BDNF mRNA in the corpus striatum of
control and experimental rats
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Table- 41

Real Time PCR amplification of BDNF mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H -1.71+0.07°
H+G -1.19+0.09°
H+B -0.64+0.03°""
H+D -0.90+0.07""
H+G+B -0.30+0.12*%#
H+G+D -0.60+0.13*"#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, ® p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 40
Real Time PCR amplification of NF-KB mRNA in the corpus striatum of
control and experimental rats
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Table- 42
Real Time PCR amplification of NF-KB mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H -2.57 +0.30*2
H+G 1.67 +0.14 ¢
H+B 0.20 +0.68 >
H+D 0.73 +0.30 ¢
H+G+B 0.83 +0.32 ¢
H+G+D 1.07 +0.09 **#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 41

Real Time PCR amplification of SOD mRNA in the corpus striatum of
control and experimental rats
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Table-43

Real Time PCR amplification of SOD mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H -11.84+0.11°
H+G -9.87+0.17*
H+B -7.10+0.081*#
H+D -7.30+0.12 %2
H+G+B -4.53+0.15 %
H+G+D -5.03+0.14 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, lp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 42
Real Time PCR amplification of GPx mRNA in the corpus striatum of
control and experimental rats
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Table- 44
Real Time PCR amplification of GPx mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ

groups

C 0

H -0.62+0.02°
H+G -0.59+0.01°
H+B -0.40+0.01*"#
H+D -0.39+0.03*%#
H+G+B -0.24+0.02"%¢
H+G+D -0.15+0.01%

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 43

Real Time PCR amplification of Bax mRNA in the corpus striatum of control
and experimental rats
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Table- 45
Real Time PCR amplification of Bax mRNA in the corpus striatum of control
and experimental rats

Experimental Log RQ

groups

C 0

H 0.61+0.01°
H+G 0.56+0.01"
H+B 0.35+0.01 "¢
H+D 0.40+0.01 ™"
H+G+B 0.17+0.01 *%#
H+G+D 0.20+.01 ¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 44

Real Time PCR amplification of caspase 8 mRNA in the corpus striatum of
control and experimental rats
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Table- 46
Real Time PCR amplification of caspase 8 mRNA in the corpus striatum of
control and experimental rats

Experimental Log RQ
groups
C 0
H 0.68+0.06"
H+G 0.52+0.04°
H+B 0.210.05 *8
H+D 0.25+0.10 ¢
H+G+B 0.03+0.01 %#
H+G+D 0.06:0.01 ™98

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure- 45

Real Time PCR amplification of Dopamine D1 receptor mRNA in the
cerebellum of control and experimental rats
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Table- 47

Experimental Log RQ
groups
C 0
H -1.71 + 0.05*#
H+G -1.52 +0.03*¢
H+B -0.91 = 0.01*%8
H+D -0.62 = 0.02%%8
H+G+B -0.49 + 0.03>%8
H+G+D -0.33 £ 0.03>%8

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

*p<0.001, * p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 46

Real Time PCR amplification of Dopamine D2 receptor mRNA in the

cerebellum of control and experimental rats
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Table- 48
Real Time PCR amplification of Dopamine D2 receptor mRNA in the
cerebellum of control and experimental rats

Experimental Log RQ
groups
C 0
H 2.36 +0.02°
H+G 1.86 + 0.01°
H+B 1.56 + 0.01*¢
H+D 1.28 +0.02*#
H+G+B 0.39 +0.01%¢
H+G+D 0.34 + 0.06"¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-47

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in cerebellum of control and experimental rats
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Table-49

35

Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in cerebellum of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 31.20 + 3.20 10.42 £ 0.53
H 22.71 £ 1.25° 12.61 + 0.44"
H+G 28.62 + 2.80 14.50 + 0.62°
H+B 29.71 +2.15 11.31 + 0.45
H+D 30.10 + 1.65 9.02 + (.24

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
* p<0.001, ® p<0.01, “p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Scatchard analysis of Dopamine D1 receptor using [*’H] SCH 23390 binding
against SCH23390 in the cerebellum of control and experimental rats

Figure-48
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Table-50

30

Experimental Bmax (fmoles/mg Kd (nM)
groups protein)
C 31.20 +£3.20 10.40 + 0.03
H 22,71 +1.25°¢ 12.60 + 0.04"
H+G+B 26.11 + 2.61 11.81 +0.01°
H+G+D 29.20 +4.52 10.81 + 0.02

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-

Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside

A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-49
Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in cerebellum of control and experimental rats
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Table-51
Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in cerebellum of control and experimental rats

Experimental Bmax (fmoles/mg Kd (nM)
groups protein)
C 120.08 + 11.50 7.61 % 0.01
H 187.90 + 10.67 * 8.16 + 0.05°
H+G 153.31 + 12.25 ¢ 6.90 + 0.05>¢
H+B 162.83 + 10.74 >%2 7.42 +0.04 %8
H+D 169.51 + 11.55>% 6.71 + 0.03 >%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, ® p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-50
Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in cerebellum of control and experimental rats
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Table-52
Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in cerebellum of control and experimental rats

Experimental Bmax (fmoles/mg Kd (nM)
groups protein)
C 120.80 +11.50 7.60 +0.01
H 187.91 + 10.67 * 8.16 £ 0.05°
H+G+B 122.93 +12.55 %8 5.20 + 0.05 %2
H+G+D 132.61 +10.60 %8 5.73 +0.06 ~%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 51

cAMP content in the cerebellum of control and experimental rats
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Table- 53
cAMP content in the cerebellum of control and experimental rats
. cAMP content
Experimental
FOUDS (pmoles/mg
group protein)
C 1.27 £0.05
H 0.59 +0.03 »*
H+G 0.53 £0.07 **
H+B 0.73 £0.02 **#
H+D 0.76 £0.01 >*#
H+G+B 0.96 +0.03 **#
H+G+D 1.13 +0.05 %%

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri. H+G+D-
Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 52

IP3 content in the cerebellum of control and experimental rats
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Table- 54
IP3 content in the cerebellum of control and experimental rats
. IP3 content
Experimental
sroups (pmole§/mg
protein)
C 0.37 £0.03
H 1.60 +0.05 *®
H+G 1.32+£0.02°
H+B 1.06 +0.05 ***
H+D 0.86 +0.03 “*#
H+G+B 0.44 £0.01 °#
H+G+D 0.41 £0.02 *#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 53

Real Time PCR amplification of Phospholipase C mRNA in the cerebellum of

control and experimental rats
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Table- 55
Real Time PCR amplification of Phospholipase C mRNA in the cerebellum of
control and experimental rats

Experimental Log RQ
groups
C 0
H 1.46 + 0.07°
H+G 1.14 + 0.06 *
H+B 0.76 + 0.05 ¢
H+D 0. 05 + (.03 ¢
H+G+B 0.30 + 0.001%¢
H+G+D 0.40 + 0.002 *¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure -54

Real Time PCR amplification of CREB mRNA in the cerebellum of control
and experimental rats
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Table- 56
Real Time PCR amplification of CREB mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups

C 0
H -3.35 £0.01°%
H+G -2.50 +0.02*¢
H+B -1.50 + (.02 ™%
H+D -1.50 + (.02
H+G+B -0.57 +0.03 ¢
H+G+D -0.44 +0.01%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 55

Real Time PCR amplification of GLUT 3 mRNA in the cerebellum of control

and experimental rats
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Table- 57
Real Time PCR amplification of GLUT 3 mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups

C 0
H 0.40 +0.03 2
H+G 1.67 +0.04 ¢
H+B 0.78 +0.06 >*#
H+D 0.89 +0.05 >*#
H+G+B 1.14 +0.04 >%¢
H+G+D 1.25 +0.04 »%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 56

Real Time PCR amplification of Akt -1 mRNA in the cerebellum of control
and experimental rats
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Table- 58
Real Time PCR amplification of Akt-1 mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups
C 0
H -0.28 +0.027 ¢
H+G -0.21+ 0.052*
H+B 0.10 + 0.046 ¢
H+D 0.17 + 0.013*%¢
H+G+B 0.23 + 0.050 >*¢
H+G+D 0.18 + 0.037 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure -57

Real Time PCR amplification of TNF-o mRNA in the cerebellum of control

and experimental rats
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Table- 59
Real Time PCR amplification of TNF-o mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups
C 0
H 0.96 + 0.02 ¢
H+G 0.83 +0.01°
H+B 0.57 +0.06 "¢
H+D 0.54 + 0.02 "¢
H+G+B 0.46 + 0.01 "¢
H+G+D 0.33 +0.01*%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 58
Real Time PCR amplification of GDNF mRNA in the cerebellum of control
and experimental rats
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Table- 60
Real Time PCR amplification of GDNF mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups
C 0
H -2.24 +0.02*¢
H+G -1.62 +0.03*¢
H+B -0.38 +0.02"%
H+D -0.25 +0.01"%
H+G+B -0.13 +0.04"
H+G+D -0.10 +0.03%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 59

Real Time PCR amplification of BDNF mRNA in the cerebellum of control
and experimental rats
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Table- 61
Real Time PCR amplification of BDNF mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups
C 0
H -1.77 £0.06 *#
H+G -1.38 +0.02°
H+B -0.86 +0.02 **#
H+D -0.97 +0.06 >
H+G+B -0.28 +0.02 %€
H+G+D -0.36 +0.02 >

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 60

Real Time PCR amplification of NF-KB mRNA in the cerebellum of control
and experimental rats
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Table- 62

Real Time PCR amplification of NF-KB mRNA in the cerebellum of control
and experimental rats

Experimental Log RQ
groups
C 0
H -1.93 +0.02°
H+G -1.55 +0.01*¢
H+B -0.54 + 0.03 %
H+D -0.66 + 0.01 ¢
H+G+B -0.34 +0.02 "%
H+G+D -0.46 + (.02 ¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 61
Real Time PCR amplification of SOD mRNA in the cerebellum of control and
experimental rats
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Table-63

Real Time PCR amplification of SOD mRNA in the cerebellum of control and
experimental rats

Experimental Log RQ
groups
C 0
H -0.76 +0.07*
H+G -0.64 +0.01°
H+B -0.57 +0.01*¢
H+D -0.43 + 0.01 *%#
H+G+B -0.35 +0.01 ™"
H+G+D -0.38 + 0.04 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

“ p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 62

Real Time PCR amplification of GPx mRNA in the cerebellum of control and
experimental rats
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Table- 64

Real Time PCR amplification of GPx mRNA in the cerebellum of control and
experimental rats

Experimental Log RQ
groups

C 0
H -0.77 +0.04 *#
H+G -0.55 +0.03 ¢
H+B -0.31 +0.01 %
H+D -0.44 +0.05 >
H+G+B -0.19 +0.01%¢
H+G+D -0.30 +0.04 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 63

Real Time PCR amplification of Bax mRNA in the cerebellum of control and
experimental rats
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Table- 65
Real Time PCR amplification of Bax mRNA in the cerebellum of control and
experimental rats

Experimental Log RQ
groups
C 0
H 0.10 + 0.008"
H+G 0.07 +0.001 >
H+B 0.06 + 0.002 ¢
H+D 0. 50 + 0.001 ¢
H+G+B 0.03 +0.001 %€
H+G+D 0.01 + 0.001 *#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, ® p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 64

Real Time PCR amplification of caspase 8 mRNA in the cerebellum of
control and experimental rats
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Table- 66

Real Time PCR amplification of caspase 8 mRNA in the cerebellum of
control and experimental rats

Experimental Log RQ
groups
C 0.0000
H -0.76 +0.05 *
H+G -0.63 £0.04*
H+B -0.10 +0.04 %#
H+D -0.12 +0.10 %#
H+G+B -0.08 +0.04 %#
H+G+D -0.02 +0.04 %8

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-65

Real Time PCR amplification of Dopamine D1 receptor mRNA in the Brain
Stem of control and experimental rats
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Table-67

Real Time PCR amplification of Dopamine D1 receptor mRNA in the Brain
Stem of control and experimental rats

Experimental Log RQ
groups
C 0
H -1.76 +0.07 *#
H+G -1.34 20.07*4
H+B -0.93 +0.04 %8
H+D -0.67 £0.06 *%#
H+G+B -0.42 £0.03 %8
H+G+D -0.30 £0.01 %8

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
 p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure -66

Real Time PCR amplification of Dopamine D2 receptor mRNA in the Brain

Stem of control and experimental rats
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Table- 68
Real Time PCR amplification of Dopamine D2 receptor mRNA in the Brain
Stem of control and experimental rats

Experimental Log RQ
groups
C 0
H 2.37 +0.06*
H+G 2.08 +0.05*
H+B 1.86 +0.05 >*"
H+D 1.67 +0.04*%¢
H+G+B 0.63 +0.02 ¢
H+G+D 0.53 +0.02 ¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-67
Scatchard analysis of Dopamine D1 receptor using [*’H] SCH 23390 binding
against SCH23390 in brain stem of control and experimental rats
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Table- 69
Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 the brain stem of control and experimental rats

Experimental Bmax (fmoles/mg Kd (nM)
groups protein)
C 34.30 £ 2.16 9.80 +1.20
H 23.91 + 1.05° 15.07 £ 1.02°¢
H+G 30.92 +2.60" 16.27 +2.12°¢
H+B 32.80 +3.10 13.24 +2.00 "
H+D 31.61 £ 2.10 9.10 + 1.34°"

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, °p<0.05 when compared to Control.
dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-

Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside

A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Scatchard analysis of Dopamine D1 receptor using [*’H] SCH 23390 binding
against SCH23390 in brain stem of control and experimental rats
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Scatchard analysis of Dopamine D1 receptor using [’H] SCH 23390 binding
against SCH23390 in brain stem of control and experimental rats

Table- 70

30

Bound (fmoles/ mg protein)

Experimental Bmax (fmoles/mg Kd (nM)
groups protein)
C 34.30 + 2.16 9.81 1.2
H 23.91 +1.05* 15.07 £1.02°
H+G+B 28.30 +2.61" 9.50 + 1.85
H+G+D 28.42 +4.50" 12.05 +1.20

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.
dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-

Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside

A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure- 69

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in brain stem of control and experimental rats
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Table- 71

200

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in brain stem of control and experimental rats

Experimental Bmax (fm?les/mg Kd (nM)
groups protein)
C 99.86 + 14.10 2.60 + 0.05
H 191.30 + 16.15 * 5.21 +0.04
H+G 157.81 + 14.02° 4.27 +0.05
H+B 123.50 + 15.25 »%% 3.81 +0.05
H+D 118.42 + 14.10 %% 3.90 +0.01

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, ° p<0.01, p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure-70

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in brain stem of control and experimental rats
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Table-72

150

200

Scatchard analysis of Dopamine D2 receptor using [*H] YM-09151-2
against sulpiride in brain stem of control and experimental rats

Experimental Bmax (fmf)les/mg Kd (nM)
groups protein)
C 99.86 + 14.10 2.60 = 0.05
H 191.30 £ 16.15 %% | 5.21 + 0.04
H+G+B 171.81 +17.50 *%¢ | 552 +0.10
H+G+D 132.41 £ 15.02 ¢ | 4.80 +0.05

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, p<0.05 when compared to Control.
4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.
C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.
H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 71
cAMP content in the Brain Stem of control and experimental rats
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Table- 73
cAMP content in the Brain Stem of control and experimental rats
. cAMP content
Experimental
FOuDS (pmoles/mg
group protein)
C 0.77 +0.03
H 0.32+0.05 *#
H+G 0.42+0.03*
H+B 0.56+0.05 **
H+D 0.62+0.04 ~#
H+G+B 0.66+0.02*#
H+G+D 0.71+0.02 *#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
*p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 72
IP3 content in the Brain Stem of control and experimental rats
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Table- 74
IP3 content in the Brain Stem of control and experimental rats
. IP3 content
Experimental
groups (pmole§/mg
protein)
C 2.17 £0.03
H 0.70 £ 0.05°
H+G 0.82 +0.03°
H+B 1.06 + 0.05*"#
H+D 1.36 + 0.04 "%
H+G+B 1.04 + 0.02*%%
H+G+D 1.91 + 0.02 ¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

1 p<0.001, ® p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 73

Real Time PCR amplification of Phospholipase C mRNA in the Brain Stem of
control and experimental rats
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Table- 75
Real Time PCR amplification of Phospholipase C mRNA in the Brain Stem of
control and experimental rats

Experimental Log RQ
groups
C 0
H 0.68 +0.02*
H+G 0.51 +0.03*
H+B 0.21 +0.01 >%¢
H+D 0.23 +0.01 ¢
H+G+B 0.20 +0.01 >*¢
H+G+D 0.12 +0.01 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 74

Real Time PCR amplification of CREB mRNA in the Brain Stem of control

and experimental rats
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Table- 76
Real Time PCR amplification of CREB mRNA in the Brain Stem of control
and experimental rats

Experimental
groups Log RQ
C 0
H 1.33 +0.11 *¢
H+G 1.15 +0.05 *¢
H+B 0.71 + 0.08 %
H+D 0.64 + 0.04™¢
H+G+B 0.57 + 0.09™¢
H+G+D 0.44 + 0.05*%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

# p<0.001, ° p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 75

Real Time PCR amplification of GLUT 3 mRNA in the Brain Stem of control
and experimental rats
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Table- 77
Real Time PCR amplification of GLUT 3 mRNA in the Brain Stem of control
and experimental rats

Experimental Log RQ
groups
C 0
H -2.22+ 0.06™2
H+G 2.25+ 0.04*°
H+B -1.97+ 0.08>%¢
H+D -1.59+ 0.05%#
H+G+B 1.73+ 0.03*%¢
H+G+D 1.29+ 0.03*%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 76

Real Time PCR amplification of Akt-1 mRNA in the Brain Stem of control
and experimental rats
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Table- 78
Real Time PCR amplification of AKT-1 mRNA in the Brain Stem of control
and experimental rats

Experimental Log RQ
groups
C 0
H -1.28 +0.03*
H+G -1.24 +0.05*¢
H+B -0. 60 +0.05 **¢
H+D -0.79 +0.01 ¢
H+G+B -0.14 +0.05%¢
H+G+D -0.14 +0.06 £

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 77

Real Time PCR amplification of TNF-o mRNA in the Brain Stem of control
and experimental rats
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Table-79
Real Time PCR amplification of TNF-o mRNA in the Brain Stem of control
and experimental rats

Experimental
groups Log RQ
C 0
H -1.50 + 0.02¢
H+G -1.31 +£0.01°
H+B -0.86 + 0.06™"¢
H+D -0.11 + 0.02%%#
H+G+B -0.02 +0.01%
H+G+D -0.05 + 0.01%#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 78

Real Time PCR amplification of GDNF mRNA in the Brain Stem of control
and experimental rats
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Table- 80
Real Time PCR amplification of GDNF mRNA in the Brain Stem of control
and experimental rats

Experimental Log RQ
groups
C 0
H -1.39+0.02 *#
H+G -1.22+0.03*¢
H+B -1.04+0.02 **#
H+D -1.080.07 **#
H+G+B -0.36+0.04 ¢
H+G+D -0.56+0.06 "¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 79

Real Time PCR amplification of BDNF mRNA in the Brain Stem of control
and experimental rats
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Table- 81
Real Time PCR amplification of BDNF mRNA in the Brain Stem of control
and experimental rats

Experimental Log RQ
groups
C 0.000
H -1.36+0.05*"
H+G -1.02+0.02*
H+B -0.640.07 %2
H+D -0.80+0.06 **#
H+G+B -0.30+0.03 "2
H+G+D -0.4240.02 **#

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, 'p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 80

Real Time PCR amplification of NF-kB mRNA in the Brain Stem of control
and experimental rats
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Table-82
Real Time PCR amplification of NF-KB mRNA in the Brain Stem of control
and experimental rats

Experimental
groups Log RQ
C 0
H -1.36 + 0.03**
H+G -0.87 + 0.04™¢
H+B -0.52 + (.05 >%
H+D -0.41 + 0.03 >%
H+G+B -0.13 + 0.04™%¢
H+G+D -0.30 + 0.04™¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

“ p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 81

Real Time PCR amplification of SOD mRNA in the Brain Stem of control
and experimental rats
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Table-83

Real Time PCR amplification of SOD mRNA in the Brain Stem of control
and experimental rats

Experimental
groups Log RQ
C 0
H -0.74 +0.02°
H+G -0.62 +0.01 ¢
H+B -0.40 + 0.08 >
H+D -0.45 + (.02 %
H+G+B -0.35 + (.05 *%¢
H+G+D -0.41 + 0.04™%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, lp<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 82

Real Time PCR amplification of GPx mRNA in the Brain Stem of control and
experimental rats
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Table- 84

Real Time PCR amplification of GPx mRNA in the Brain Stem of control and
experimental rats

Experimental Log RQ
groups
C 0
H -0.95 +0.05 *#
H+G -0.60 +0.06 **
H+B -0.13 +0.04 “%
H+D 0.23 +0.04 %
H+G+B 0.09 +0.05 *¢
H+G+D 0.29 +0.06 %

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.

* p<0.001, ® p<0.01, “p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 83

Real Time PCR amplification of Bax mRNA in the Brain Stem of control and
experimental rats
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Table- 85
Real Time PCR amplification of Bax mRNA in the Brain Stem of control and
experimental rats

Experimental Log RQ
groups
C 0
H 0.68 +0.03 *
H+G 0.53 +0.02°
H+B 0.42 +0.02 ¢
H+D 0.62 +0.02 ¢
H+G+B 0.19 +0.02 ¢
H+G+D 0.21 +0.01 >%¢

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
p<0.001, * p<0.01, °p<0.05 when compared to Control.

4p<0.001, ¢ p<0.01, ‘p<0.05 when compared to Hypoglycemic group.

£p<0.001," p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Figure - 84

Real Time PCR amplification of caspase 8 mRNA in the Brain Stem of

control and experimental rats
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Table- 86
Real Time PCR amplification of caspase 8 mRNA in the Brain Stem of
control and experimental rats

Experimental Log RQ
groups
C 0
H 1.95 £0.09*
H+G 1.41 £0.13%
H+B 0.69 +0.045 >%2
H+D 0.84 +0.03 >%#
H+G+B 0.26 +0.02 “#
H+G+D 0.13 £0.01 %8

Values are Mean + S.E.M of 4-6 separate experiments. Each group consist 4-6 rats.
“p<0.001, * p<0.01, °p<0.05 when compared to Control.

dp<0.001, ¢ p<0.01, fp<0.05 when compared to Hypoglycemic group.

€ p<0.001,h p<0.01 when compared to Hypoglycemic group treated with glucose.

C- Control, H- Hypoglycemia, H+G- Hypoglycemia treated with glucose, H+B-
Hypoglycemia treated with Bacopa monnieri. H+D- Hypoglycemia treated with Bacoside
A, H+G+B- Hypoglycemia treated with Glucose and Bacopa monnieri.

H+G+D- Hypoglycemia treated with Glucose and Bacoside A.
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Discussion

Glucose is the major source of energy for organ function. Although all organs
can use glucose, the human brain uses it almost exclusively as a substrate for energy
metabolism. Because cerebral glycogen stores are limited, maintenance of adequate
glucose delivery to the brain is an essential physiologic function. The high brain-to-
bodyweight ratio in the newborn results in a proportionately higher demand for
glucose compared with the capacity for glucose production. It is higher than that
encountered in the adult, with cerebral glucose use accounting for as much as 90% of
total glucose consumption (McGowan, 1999). Although alternate fuels, such as lactate
and ketone bodies, can be used as a substrate for energy production, the newborn’s
immature counter regulatory response limits the availability of these molecules. Thus,
neonates are extremely susceptible to any condition that impairs the establishment of
normal glucose homeostasis during the transition from intrauterine to independent
extrauterine life (Kalhan et al., 2000). Hypoglycemia is associated with acute
neurologic  dysfunction, and it has been associated with long-term

neurodevelopmental impairment (Burns et al., 2008).

BLOOD GLUCOSE AND BODY WEIGHT

The insulin induced neonatal hypoglycemic rat serves as an excellent model
to study the molecular, cellular and morphological changes in brain induced by stress
during neonatal hypoglycemia. Before birth, the fetus receives glucose through the
materno-placental circulation at a daily amount of 7 g/kg (Sann, 1989). When the
umbilical cord is clamped, the neonate must meet several metabolic challenges, two of
which are the maintenance of adequate circulating levels of glucose or alternate fuels
to the brain and other organs, and adaptation to intermittent milk feedings. If these
processes fail to occur, neonatal hypoglycemia develops (Hawdon et al., 1994).

Enzymes for gluconeogenesis are present by 3rd month of gestation. Insulin starts
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production by 12 Wks and increases by the third trimester and fetal glycogen deposits
begins by the ninth week and increases by third trimester. In the first week of life, the
neonate is very dependent on gluconeogenesis for glucose production (Haymond,
1989).

There was a significant decrease in blood glucose level of neonatal
hypoglycemic rats when compared to control group. Glucose, Bacopa monnieri leaf
extracts and Bacoside A treatment significantly increased the blood glucose level.

Previous reports confirmed the glucose increasing activity of Bacopa
monnieri leaf extract and Bacoside A. Bacopa monnieri contains the alkaloids
herpestine, brahmin, bacosine, bacosterols, monnierin, bacoside-A and bacoside-B.
Monnierin, on hydrolysis, gave glucose, arabinose and aglycone. Bacosides A and B
give glucose, arabinose and bacogenines A, A2, A3 and A4 (Gohil & Patel,
2010).This provides the slow release of glucose moieties into the blood and prevents
the rapid shift from hypoglycaemia to hyperglycemia.

Neonatal hypoglycemic rats also have showed a significant decrease in body
weight. Hypoglycemia and decreased body weight during neonatal hypoglycemia are
similar with previous reports. The availability of glucose and glycolytic intermediates
glucose 6 phosphate and lactate were decreased during hypoglycemia (Vanucci &
Vanucci, 2001) leading to low body weight. Earlier studies have have shown that
modulation of DAD2 receptor activity profoundly affects energy homeostasis in
humans and animals and drugs that block DAD2 receptor enhance appetite and induce
weight gain in animals and humans (Baptista, 1999). Our results have have shown an
increase in DAD2, which correlates with the loss of weight seen in the neonatal
hypoglycemic rats.

Treatment with Glucose, Bacopa monnieri and Bacoside A significantly
reduced body weight loss in neonatal hypoglycemic rats. Supplementation with
glucose increased the availability of glucose that was decreased during hypoglycemic

condition, thus reversing the loss of body weight. Bacopa monnieri and Bacoside A
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reduces the neonatal hypoglycemic complications by decreasing the DAD2 receptor

expression thus enhancing appetite and induce weight gain.

CNS DOPAMINERGIC SYSTEM

DA is intimately involved in the regulation of energy balance. DA plays an
important role in the complex physiology driving meal initiation and termination.
Moreover, DAergic neurotransmission profoundly affects glucose and lipid
metabolism (Cincotta & Meier, 1996). DAD?2 receptor agonists improve glucose and
lipid metabolism in patients with hyper prolactinemia and acromegaly (Yavuz et al.,
2003). Short term administration of DAD?2 receptor agonist-bromocriptine ameliorates
various metabolic anomalies in obese humans without affecting body weight and
longer term treatment improves glycemic control and serum lipid profiles (Cincotta et

al., 1993).

DOPAMINERGIC RECEPTOR EXPRESSIONS
CEREBRAL CORTEX

Cerebral cortex is comprised of layers of neurons exhibiting distinct
morphologies and synaptic connections (McConnell., 1991). The mechanisms that
induce neuronal injury following glucose deprivation are more complex than simply
depriving neurons of their primary energy source (Auer & Siesjo., 1993). As in brain
injury associated with ischemia and neurodegenerative conditions, altered
neurotransmitter action appears to play a role in hypoglycemic brain injury (Aral et
al., 1998; Auer, 1991; Auer & Siesjo., 1988). It results from the release of excitatory
amino acids, such as glutamate (McGowan et al., 2002) or other neurochemicals, such
as adenosine (Calabresi et al.,, 1997), which influence neuronal function and survival
(Dunwiddie & Masino, 2001; Turner e al., 2002°).

In the central nervous system, the cortical DAergic system is important in

regulating neuronal growth and development. The DA are widely expressed in the
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central nervous system because they are involved in the control of locomotion,
cognition, emotion and affect neuro-endocrine secretion (Missale et al., 1998).The
DAergic innervation of the cerebral cortex has been well characterized and DA
receptor-mediated effects have also been demonstrated in the cortex (Bannon et al.,
1982). Prefrontal cortex is a cortical area involved in selecting and retaining
information to produce complex behaviours (Arianna et al., 2007). Somatosensory
cortex has important role in food intake and obesity. (Tataranni et al., 1999). DAergic
modulation of pre frontal cortex neural activity is regulated by multiple DA receptor
subtypes. In animals, the meso prefrontal DAergic system is particularly vulnerable to
stress. Any disturbance in the central DAergic function will affect the normal memory
processing and cognition. DAergic innervations of the dorsal and medial prefrontal
cortex appear to be sensitive to stress and relatively low intensity levels of stress are
capable of disrupting functions like ‘working memory’ and attention. DADI receptor
is a metabotropic G- protein coupled receptor which leads to the activation of cAMP
metabolism. Hypoglycemic stress induced activation of apoptotic signalling cascade
further augment the cognitive impairment. Food consumption increases brain DA
levels in animals and humans (Small et al., 2003).

Cerebral cortical DA metabolism is reported to decrease because decreased
glucose during neonatal hypoglycemia affects the DAergic activites such as working,
memory and stress response. Our results have showed that in neonatal hypoglycemic
group and hypoglycemic group treated with glucose, DADI1 receptor binding
parameter - B, was significantly decreased with an down regulation in DADI1
receptor gene expression, whereas DAD2 receptor binding parameter - B, was
significantly increased and gene expression was up regulated. Confocal imaging
studies of DAD1 and D2 receptor expressions in cerebral cortex demonstrated the
decreased expression DAD1 receptors and increased expression of DAD?2 receptors in
neonatal hypoglycemic condition and treatment groups have showed significant

reversal. Confocal imaging studies confirm the receptor binding results and gene
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expression data. DA activity is related to the density of DA receptors. in the present
study increased DA level in the cerebral cortex augmented the expression of DAD2
receptors.

Altered levels of DA Dland DAD?2 in the present study indicated dysfunction
in the functional regulation of the DA receptors of the cerebral cortex in neonatal rats
exposed to hypoglycemic insult. During glucose treatment, significant decrease in
DADI receptor number and gene expression and significant increase in DADI1
receptor number and gene expression in the cerebral cortex was observed.
Supplementation of glucose to already excited system results in its hyper activity and
it affects the balance of various neurotransmitters. DAD1 stimulation optimizes
physiological signaling in prefrontal neurons engaged by working memory in,
whereas too little DADI1 stimulation resulted in diminished neuronal activation
(Williams & Goldman-Rakic., 1995). Higher DAD?2 receptor density is associated
with poorer performance on cognitive tasks involving corticostriatal pathways. It also
suggests that dopamine dysregulation is also a trait phenomenon related to psychosis
vulnerability (Hirvonen et al., 2005).

Our results have showed that treatment with Bacopa monnieri and Bacoside A
reversed the altered DA receptor expressions when compared with neonatal
hypoglycemic rats. Neonatal hypoglycemia and its complications are related with
oxidative stress. Cognitive deficits do not have shown consistent improvement with
presently available resuscitation with glucose alone. Bacopa monnieri and Bacoside A
is seen to to provide optimal stimulation of cortical DADI sites as well as to
antagonize DAD?2 receptors. Both the decrease in receptor number and receptor
affinity was restored back to near control levels by Bacoside A and Bacopa monnieri
supplementation. Previous studies suggest that Bacopa monnieri and Bacoside A
treatment normalises oxidative stress (Gupta et al., 2014). Although, the mechanism
of action of Bacopa monnieri is not established, its antioxidant property accounts for

the restoration of DAergic receptor expressions. In Bacoside A supplemented group,
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improved mitochondrial function and maintenance of ATPases contributes to decrease

in antioxidant levels (Sumathi et al., 2011).

CORPUS STRIATUM

The striatum is a subcortical part of the forebrain. It is the major input station
of the basal ganglia system (Bear ef al., 2001). The corpus striatum is a large
subcortical structure in the mammalian brain that is involved in motor coordination,
cognitive functions and complex processes associated with adaptive behaviours
(Schultz et al., 2000; Zhou et al., 1995). Several intrinsic neurotransmitters interact to
regulate its function, including DA from the nigrostriatal pathway and 5-HT from
afferent raphe projections (Walker et al., 1991). DA modulates a variety of functions
including striatal synaptic plasticity (Gerfen & Surmeier, 2011).The striatum, in turn,
gets input from the cerebral cortex. In rat striatum severe hypoglycemia causes an
irreversible nerve cell injury, which does not become manifest until during the post-
insult recovery period (Liden et al., 1998).

Dopamine exerts a powerful effect on the central regulation of motor activity
and behavior by the striatum. The importance of this neurochemical in the CNS is
emphasized by the fact that abnormalities in dopamine transmission have been
implicated in a wide range of striatal disorders including Parkinson’s disease,
schizophrenia, and drug addiction (Paul et al., 1992). DA is involved in the regulation
of energy balance. Studies suggest that excessive release of DA is responsible for the
development of ischemic cell damage in the striatum (Globus et al., 1988). Glucose
deprivation increases metabolic stress on neurophysiology, including dopamine
release. Hypoglycemia was associated with varied neurophysiological effects,
including increased cerebral blood flow (Bryan ef al., 1994) and increased striatal
concentrations of conjugated HVA, a dopamine metabolite (Cottet-Emard & Peyrin,
1982). DAD2 plays significant role in receptor-mediated mechanisms in striatal

excitotoxicity (Garside et al., 1996).
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The present study have showed decreased expression of DAD1 receptors and
increased expression of DAD2 receptors in the striatum in neonatal hypoglycemic
condition. The firing of DADI1 neurons projecting from the substantia nigra to the
striatum is reported to be rapidly suppressed by hyperglycemia leading to the
hypofunction of DADI receptors (Sailer & Chiodo, 1980). DAD2 receptor expression
increased in the striatum during hypoglycemia as a result of the decreased
transmission of DA. Hypoglycemia depresses the dopaminergic function. Therefore a
decreased dopaminergic activity is always suggested to increase the DAD?2 receptors.
An increase in the expression of DAD2 receptors gene results in the increased
receptor number. The metabolic abnormalities during disturbances in the striatum
cause alterations in DAergic neurons by decreasing their firing rate (Sailer & Chiodo,
1980). DAD2 receptor up regulation observed in the present study is a compensatory
mechanism to meet decreased DADI1 receptor expression. DAD2 receptors are
reported to regulate the release of DA from dopaminergic neurons originating in the
ventral tegmental area as well as in the substantia nigra (Plantje ef al., 1987), Insulin
induced hypoglycaemia damages the DADI receptors, decreasing the DA related
functions in the striatum and other brain regions. The two DA receptor subtypes
interact in a synergistic way (Paul et al., 1992) to adapt to the alterations in glucose
metabolism. During DA depletion there is increased activity of indirect pathway
neurons (striatopallidal neurons, which express mainly DAD?2 receptor) and decreased
activity of direct pathway neurons (striatonigral neurons, which express
predominantly DAD1 receptor). DA D2-type receptors have higher affinity for DA
than DADI receptors and D1-mediated effects emerge earlier during DA depletion
and small changes in DA levels could affect preferentially the activation of low
affinity versus high affinity receptors, while DAD2 receptor mediated effects become
more prominent as the disease progresses (Richfield et al., 1989).

Glucose treatment also have showed altered DA D1, D2 receptor mRNA

expressions and increased DAD?2 receptor binding sites in the striatum. High levels of
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glucose causes a shift from hypoglycaemia to hyperglycemia, which aggrevates cell
death (Moley & Mueckler, 2000), which in turn results in decreased DADI1 and
increased DAD2 receptor status. Bacopa monnieri and Bacoside A treatment
significantly increased the binding sites of total DA receptors, DADI1 receptors and
reversed the DAD2 receptor binding parameters and mRNA expression of both
receptor subtypes compared to neonatal hypoglycemic condition. Confocal imaging of
DA DI, D2 receptor expression studies are also in accordance with real time and
receptor assay data. Confocal imaging studies in striatum have showed decreased
DADI receptor expression and increased DAD2 receptor expression in neonatal
hypoglycemic condition and have showed reversal in treatment groups. Although the
processes and mechanisms underlying the neuroprotective effects of Bacoside A on
DA receptor expressions remain to be elucidated, several reports suggest, the
antioxidant properties of Bacoside A in this process. Studies suggest that bacoside
A protects the brain from the oxidative damage through its antioxidant potential

(Anbarasi et al., 2006).

CEREBELLUM

Cerebellum is a region of the brain that plays an important role in the
integration of sensory perception, memory consolidation, coordination and motor
control. In order to coordinate motor control, there are many neural pathways linking
the cerebellum with the cerebral motor cortex and the spino-cerebellar tract (Roberta
& Peter, 2003). There is currently enough anatomical, physiological and theoretical
evidence to support the hypothesis that cerebellum is the region of the brain for
learning, basal ganglia for reinforcement learning and cerebral cortex for unsupervised
learning (Doya, 1999). There is increasing evidence that the cerebellum is involved in
cognition, behaviour and emotion (Schmahmann & David, 2006). Cerebellar
dysfuncton is associated with poor fine motor skills, hypotonia (Wassmer et al.,

2003). Studies from our laboratory have demonstrated that cerebellum is susceptible
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to hypoglycemia (Joseph et al., 2007, 2008). Studies have have shown that in the
developing brain, Cerebellum significantly differs with respect to ischemia and
hypoxia, this response being directly related to the duration and intensity of the injury.
Cerebellar hypoxia is responsible for important aspects of cognitive deterioration and
motor disturbances in neurological disorders, such as stroke, vascular dementia and
neurodegeneration (Rodrigo et al., 2004). Hypoxia retards the development of
neuronal processes, resulting in a smaller cerebellum (Yu & Wan-Hua Yu, 1980).
Studies confirmed that presence of dopaminergic innervations in the cerebellum and
suggests there is a small dopaminergic element, whose properties are similar to the
well characterized system of striatum (Giompres & Delis, 2005). The cerebellum has
generally been suggested to be involved in the control and integration of motor
processes, as well as cognitive functions. Studies by Botez-Marquard, 2001,
originally suggested a cognitive role for the cerebellum. Since then, many studies
have confirmed that the cerebellum contributes to cognitive and other non-motor
functions.

Gene expression studies have showed that the mRNA level of DAD1 and
receptors in the cerebellum of hypoglycemic neonatal rats substantially increased
compared to control rats. Also, the binding parameters B,,,x of DADI1 were decreased
in experimental rats. Immunohistochemistry study using confocal microscope
confirmed a similar expression pattern in localization of DADI receptors in the
cerebellum of experimental rats. Expression studies on DAD2 have shownwed a
marked increase, substantiated by an increased B,,.x. Our results have shown that
dopaminergic transmission in the cerebellar circuitory is affected during
hypoglycemia and exacerbated by glucose treatment increasing the susceptibility of
cerebellar purkinje cells to neuronal damage. These dopaminergic receptor alterations
were reversed by Bacopa monnieri and Bacoside A supplementation. Hence the
decreased DA content and the altered DAD1 and DAD2 are suggested to play a

critical role in motor and cognitive functions dysfunction if not resuscitated during the
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critical period. Bacopa monnieri and Bacoside A supplementation proves beneficial to
reverse the hypoglycemic damage to dopaminergic function in the cerebellum. These
neurofunctional deficits are one of the key contributors to motor deficits and cellular
stress associated with hypoglycemia treated with glucose caused aggrevated damage

at molecular level than hypoglycemia.

BRAINSTEM

Chronic changes in glycemia induce alterations in brain glucose metabolism
in rodents (McCall et al., 1982; Nagy et al., 1994). Brain stem reticular formation has
been considered to play an important role in generating behavioural states as well as
in the modulation of pain sensation (Paré & Steriade 1993, Steriade, 1996). These
reticular functions originate from interacting neuronal groups in the brain stem,
including cholinergic, adrenergic and serotoninergic neurons (Steriade, 1996).
Hypoglycemia result primarily from a lowered glucose level in the brain and it
adversely affects the central and autonomic nervous systems (Charles et al., 2005).
Brainstem is an important part of the brain in monitoring the glucose status and the
regulation of feeding (Guillod et al., 2003). Also, it serves as one of the key centres of
the central nervous system for regulating body homeostasis.The brain stem is a
complex rostral continuation of the spinal cord and contains several collections of cell
bodies. Brain stem receives sensory information from the face and contains the motor
nuclei innervating the muscles of the face, eyes and the cranial parasympathetic
system. In addition, much of the specialized sensory information originating from the
cochlea and vestibular labyrinth, eyes, taste buds, cardiovascular, respiratory and
digestive systems directly reaches the brain stem, where it is further processed. The
sensory input and motor output of the brain stem is carried by cranial nerves.

In the central nervous system, glucose regulates the activity of glucose-
sensitive neurons present in the brain stem and the hypothalamus. Glucose sensing

neurons have a critical role in regulating glucose and energy homeostasis through

92



secretion of endocrine pancreas hormones, regulation of liver glucose production,
feeding behaviour and energy expenditure (Marty et al., 2007). These are glucose-
excited neurons, which increase their firing rate with elevation in extracellular glucose
concentrations and glucose-inhibited neurons, which are activated by a decrease in
extracellular glucose concentration or by cellular glucose deprivation (Routh, 2002).
Both types of neurons are widely distributed in the brain stem regions, in particular in
the nucleus of the solitary tract, the area postrema and the dorsal motor nucleus of the
vagus and it is involved in the control of energy homeostasis and food intake (Yettefti
etal., 1997).

Our results have showed differential expression pattern DA receptor subtypes
in brain stem of neonatal hypoglycemic rats. D1 receptor binding sites are
significantly decreased with a significant decrease in affinity whereas D2 receptor
binding sites are increased with an increase in affinity. Real time PCR analysis
demonstrated the down regulation of DADI receptor gene expression and up
regulation of DAD2 receptor gene expression in the brain stem of neonatal
hypoglycemic rats. Adverse effects of hypoglycemia on brain function are not limited
to higher centers but also involve the brain stem (Jones et al., 1990). Our previous
studies demonstrated adrenergic, serotonergic and dopaminergic, muscarinic and
receptor functional alterations in the brainstem of hypoglycemic rats (Robinson et al.,
2009; Joseph et al., 2009; Antony et al., 2010). These results indicate imbalance in
DAergic receptor expressions and suggest impaired DAergic activity and DA related
functions in the brain stem of hypoglycemic rats. Our results have showed that
treatment with Bacopa monnieri and Bacoside A reversed the altered DA receptor
expressions when compared with neonatal hypoglycemic rats and rats treated with
glucose. Resetting of doapminergic tone and activity in the striatum and cerebral
cortex by Bacopa monnieri and Bacoside A treatment has a significant role in the

modulation of DAergic receptor expressions in the brain stem.
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SECOND MESSENGERS IN BRAIN REGIONS

cAMP content in brain

cAMP is produced when G-proteins activate adenylyl cyclase in the plasma
membrane. cAMP produced by adenylyl cyclase, activates PKA by binding to the
regulatory subunits in ways that result in the release and nuclear translocation of
active catalytic subunits (Meinkoth et al., 1993). cAMP stimulates the proliferation of
many cell types, but in some cases cAMP inhibits cellular proliferation (Dugan et al.,
1999; Wang et al., 2000). cAMP regulate the activity of neurons throughout the
central nervous system, controlling metabolic processes, electrical signaling and
synaptic physiology (Nathanson, 1977).The cyclic nucleotides cAMP are involved in
a number of intracellular processes such as signal transduction, gene transcription,
activation of kinases and regulation of channel function (Burns et al., 1996).

In the present study cAMP content was significantly decreased in cerebral
cortex, striatum, cerebellum and brain stem of neonatal hypoglycemic rats. This
corresponds to the decreased DAD]1 signaling. Reports suggest that decrease of D1-
like family receptorsis coupled to the G protein Gy, which subsequently
deactivates adenylyl cyclase, decreasing the intracellular concentration of the cAMP
(Corvol et al., 2004). In the present study neonatal hypoglycemic associated DAergic
depletion and imbalance in the expression pattern of DA D1, D2 receptors attributed
to the decreased the content of cAMP. DA and cAMP regulate a diverse array of
neuronal functions ranging from ion conductance and synaptic plasticity to gene
expression (Cooper, 2003). cAMP regulate the activity of neurons throughout the
central nervous system, controlling metabolic processes, electrical signaling and
synaptic physiology (Nathanson, 1977). In the present study Bacopa monnieri and
Bacoside A treatment significantly increased cAMP content suggesting its significant

role in ameliorating the disturbances in dopaminergic signalling.
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IP3 content in brain

IP3 is a ubiquitous second messenger that functions by binding to IP3
receptors on the endoplasmic reticulum membrane to cause liberation of sequestered
Ca? (Berridge, 1998, 2002). The resultant cytosolic Ca*" transients serve numerous
signaling functions in neurons, including modulation of membrane excitability
synaptic plasticity and gene expression (Stutzmann et al., 2003). IP3 functions by
binding to receptors (IP3Rs) on the endoplasmic reticulum (ER) membrane to cause
liberation of sequestered Ca ** (Berridge, 1998, 2002). In the phosphoinositide
signaling pathway, agonist-induced interaction of cell surface receptors with G
proteins activates the enzyme phosphoinositol-specific PLC, which catalyzes the
hydrolysis of phosphatidylinositol 4,5-bisphosphate into IP3 and DAG (Berridge,
2002).

In the present study IP3 contents have showed differential expression pattern.
IP3 content were significantly increased in brain regions- corpus striatum and brain
stem, whereas IP3 content were significantly decreased in cerebral cortex and
cerebellum of neonatal hypoglycemic rats. Decreased expression pattern of DAD2
receptors observed in the present study, have played an important role in the down
regulation of phospholipase-C with a decrease in IP3 content. Increased gene
expression of phospholipase- C enzyme observed in different brain regions is
responsible for the increased content of IP3 in neonatal hypoglycemic rats. IP3
mobilizes Ca** from intracellular sources after binding with IP3 receptors; DAG
activates the phosphorylating enzyme protein kinase C (Berridge et al., 1998). These
events mediate cellular activation and subsequent biological responses such as
neurotransmitter release, cell growth, differentiation, neuronal development and gene
expression (Berridge, 1998). The neuronal intracellular calcium has an important role
in the regulation of synaptic plasticity (Barbara, 2002). Moreover, disruptions in this

pathway are implicated in neurodegenerative disorders (Mattson et al., 2000).
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Increased IP3 observed in the brain of neonatal hypoglycemic rats corresponds to
increased DAD?2 signalling. Reports also have shown that under abnormal conditions,
excessive phospholipase activation, along with a decreased ability to resynthesize
membrane phospholipids, lead to the generation of free radicals, excitotoxicity,
mitochondrial dysfunction and apoptosis/necrosis Bacopa monnieri and Bacoside A
treatment significantly decreased IP3 content in cerebral cortex, corpus striatum, brain
stem and cerebellum. Thus it is seen that, Bacopa monnieri and Bacoside A has a
crucial role in the modulation of second messenger cascade in neonatal hypoglycemic

rats.

PLC expression in brain

In the phospho inositol signaling pathway, agonist-induced interaction of cell
surface receptors with G proteins activates the enzyme phospho inositol-specific
phospholipase C, which catalyzes the hydrolysis of phosphatidylinositol 4,5-
bisphosphate into IP3 and DAG (Berridge, 2002). PLC has been categorized into three
major families: PLC B, PLC 93, and PLC 7y (Cockcroft &Thomas, 1992). All
Phospholipase C isozymes recognize PIP, as a substrate and carry out Ca** dependent
hydrolysis of inositol lipids; however, these isozymes are differentially regulated and
expressed (Cockcroft &Thomas, 1992). In the CNS, neurotransmitter receptor
coupling to phospholipase C has been extensively documented in [*H] inositol-labeled
tissue slices and synaptosomes obtained from animal brains (Chandler & Crews,
1990).

In the present study, we observed, up regulation of phospholipase C gene
expression in cerebral cortex, corpus striatum, brain stem and cerebellum of neonatal
hypoglycemic rats. Up regulation of the Phospholipase C in brain during neonatal
hypoglycemia contribute to the impaired signal transduction of G-protein coupled
neurotransmitter receptors. Altered phospholipase C expression fails to modulate the

activity of downstream proteins important for cellular signaling. Defective expression
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of phospholipase C results in high levels of IP3 causing the impaired release of Ca**
and bring up the level of intracellular calcium and thus causing excitotoxicity,
affecting the normal neuronal function in brain regions. Reports suggest that, neuronal
Ca’" accumulation and mitochondrial membrane depolarization in response to
glutamate is a requirement for the progression to cell death (Vaarmann et al., 2013).
Glucose treatment aggrevates the neuronal death caused. glucose infusion is one but it
induce complications such as hyperglycemia, rebound hypoglycaemia after
interruption of the infusion and hypersecretion of insulin which can induce recurrence
of hypoglycaemia; it also inhibit the compensative gluconeogenesis (Kalhan ef al.,
1986)

Bacopa monnieri and Bacoside A treatment significantly reversed the
expression pattern compared with neonatal hypoglycemic condition. These results
suggest neuromodulatory role of Bacopa monnieri and Bacoside A in neonatal

hypoglycemic condition.

CREB expression in brain

CREB is a critical factor in many important functions in the nervous system,
including neurogenesis and neuronal survival, development and differentiation, as
well as neuroprotection, axonal outgrowth and regeneration, synaptic plasticity (Barco
& Kandel, 2006). Genes whose transcription is regulated by CREB include:
c-fos, BDNF, tyrosine hydroxylase and neuropeptides such as somatostatin,
enkephalin, VGF and corticotropin-releasing hormone (Lauren, 2005). It is a crucial
neurotrophic factor and possess pro-survival and/or differentiation effects on several
neuronal populations and synaptic plasticity (Thoenen, 2000). CREB is a transcription
factor which is a downstream target of cyclic AMP signaling.

Our results demonstrated the up regulation of CREB in cerebral cortex, corpus
striatum, brain stem and a down regulation in the cerebellum of insulin-induced

neonatal hypoglycemia rats. In majority of the brain regions, there is an abnormal
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metabolic environment including low glucose, and high insulin. Accumulation of
ROS has been reported in severe hypoglycemic condition (Shin ef al., 2010). There is
a suggestion in the neuronal literature that oxidative stress interferes with acute
signaling to CREB. Glucose homeostasis mechanisms are highly regulated in the
hindbrain (Scott et al., 2012), which accounts or the cerebellum remaining protected
by the ROS production.

Up regulation of CREB in cerebral cortex, corpus striatum, brain stem and
cerebellum of neonatal hypoglycemic rats treated with glucose is seen. High glucose
can increase intracellular ROS by numerous mechanisms including activation of PKC,
advanced glycation end products (AGE) accumulation and release from mitochondria
(Nishikawa et al., 2000). The neuronal cell death, which arises after hypoglycemia, is
not simply a result of energy failure resulting from lack of glucose, but is instead the
result of a cell death program that is initiated by the re-introduction of glucose after a
period of hypoglycemia (Suh et al, 2007).

Our results have showed that Bacopa monnieri and Bacoside A treatment
significantly decreased the gene expression of CREB. This study demonstrated that
Bacopa monnieri and Bacoside A possess regulatory effect in the CREB expression,

which is crucial in maintaining the normal neuronal functions and neuroplasticity.

GLUT 3 expression

Glucose is the principle energy source for the mammalian brain. Delivery of
glucose from the blood to the brain requires transport across the endothelial cells of
the blood-brain barrier and into the neurons and glia (Vanucci et al., 1997). The brain
responds to large changes in plasma glucose and initiates compensatory responses to
maintain glucose homeostasis. The families of facilitative GLUT proteins are
responsible for the entry of glucose into cells throughout the periphery and the brain
(Vannucci et al., 1997). The expression, regulation and activity of glucose transporters

play an essential role in neuronal homeostasis, because glucose represents the primary
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energy source for the brain (Lund & Anderen, 1979). Although many isoforms of
glucose transporters have been identified in the brain, GLUT 3, the neuron-specific
glucose transporter, is solely responsible for the delivery of glucose into neurons in
the central nervous system. Our study investigated the effect of brain glucose
utilization in neonatal hypoglycemia associated neuronal damage.

The results of the current study have showed decreased expression of GLUT 3
in the cerebral cortex, striatum and brainstem, whereas an increased expression in
cerebellum of neonatal hypoglycemic rats. GLUT 3 mRNA expression was decreased
as a response to decreased glucose utilization in neonatal hypoglycemic condition.
The reductions in GLUT3 were is a potential cause of the deficits in glucose
metabolism (Simpson et al., 1994). the transporter contributes to brain glucose
utilization, as part of overall metabolism and metabolic interactions among cells and
alterations in energetic demand and/or substrate supply affect glucose transporter
expression Vannucci et al, 1997. Glucose homeostasis mechanisms play a highly
significant role the cerebellum, thus, maintaining the GLUT 3 gene expression (Scott
etal.,2012).

Glucose, Bacopa monnieri and Bacoside A significantly improved the glucose
transport system in brain regions of neonatal hypoglycemic rats by the modulation of
GLUT 3 gene expressions in cerebral cortex striatum, cerebellum and brain stem. The
maintenance of glucose level by Glucose, Bacopa monnieri and Bacoside A treatment
accounts for the increased expression of GLUT 3. Our findings suggest a modulation
of GLUT 3 expression in the brain regions with Bacopa monnieri and Bacoside A

supplementation which consecutively normalise the glucose transport in CNS.

NEURONAL SURVIVAL FACTORS
GDNF and BDNF gene expression in brain regions
GDNF is a potent neurotrophic factor for survival of dopaminergic neurons

(Xing et al., 2010). GDNF has been have shown to exert neuroprotective and
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restorative effect on the nigral DA system (Ding et al., 2004). GDNF promotes the
survival and affects the proliferation, migration, and differentiation of a number of
neuronal populations within the central and peripheral nervous. Several studies have
revealed a neuroprotective influence of GDNF against various toxic challenges
(Krieglstein et al., 1995). It has also been suggested that GDNF could also modulate
neuronal death induced by acute brain injury (Wang et al., 1997). After binding to its
specific receptor complex, GDNF activates several downstream intracellular
pathways, including MAP) (Worby et al., 1996) and PI-3 kinase (Soler et al., 1999),
resulting in long-term changes in gene expression (Messer ef al., 1999).The
neuroprotective activity of GDNF against ischemia-induced neuronal death is now
well established (Abe et al., 1997; Kitagawa et al., 1998),

BDNF is important in differentiation, survival and plasticity of the CNS.
BDNF belongs to the family of neutotrophins. The cellular actions of BDNF are
mediated through TrkB tyrosine kinase receptor and by p75 neurotrophin
receptor (Chao, 2006). The Ras pathway regulates neuronal survival and
differentiation through downstream signaling. BDNF signaling through PL;K plays an
important role in survival of neurons and the downstream signaling includes
serine/threonine kinases 3, phosphoinositide dependent kinase-1 (PDK1) and Akt
(Vanhaesebroeck & Alessi, 2000). Akt activated by PDK1 in turn activates substrates
involved in neuronal survival such as Bcl-2, Caspase-9 and IkB kinase (Roux &
Barker, 2002). PLC-y activation leads to increased levels of IP3 and DAG (Vetter et
al., 1991). BDNF is a survival gene contains cAMP response element. It is a crucial
neurotrophic factor and possess pro-survival and/or differentiation effects on several
neuronal populations and synaptic plasticity (Thoenen, 2000). CNS neurons are
supported by several neurotrophic and transcription factors. BDNF is a potent trophic
factor supports striatal cells and promotes survival and/or differentiation of

GABAergic neurons in vitro (Mizuno et al., 1994; Ventimiglia et al., 1995).
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GDNF and BDNF expression was significantly down regulated in cerebral
cortex, corpus striatum, brain stem and cerebellum of neonatal hypoglycemic rats.
Studies have suggested that enteric neuropathy is induced by decreased GDNF levels.
This change may be mediated, via a reduction its main downstream signalling
pathway PI3K/Akt, which is a survival signal for enteric neurons (Du et al., 2009).
GDNF exerts a selective neuroprotective activity against NMDA-induced neuronal
death. This neuroprotective activity of GDNF is caused by a reduction of the NMDA-
induced Ca*" influx; and the neuroprotective effect of GDNF involves the activation
of ERKs (Nicole et al., 2001). Activation of apoptotic factors -TNF-c, caspase-8 and
NFxB resulted in the decreased expression of BDNF in the cerebral cortex, corpus
stiatum, cerebellum and brain stem of neonatal hypoglycemic rats. BDNF is known to
regulate synaptic plasticity, neurogenesis and neuronal survival in the adult brain.
Impaired BDNF signaling is central to depression and anxiety disorders, but could
also play important roles in the pathogenesis of several age-related disorders,
including insulin resistance syndrome, Alzheimer's disease and Huntington's disease
(Mattson et al., 2004). This has showed a marked decrease in neuronal survival,
leading to increased neuronal loss. It is suggested that there is neonatal hypoglycemic
associated neuronal complication and neuronal loss in the brain.

Glucose supplementation has caused a significant decrease in GDNF and
BDNF. This is due to the rapid shift from hypo to hyperglycemia in the brain
aggrevating brain injury and neuronal damage in the developing brain. GDNF
supports the survival of dopaminergic midbrain neurons and motor neurons
(Milbrandt et al., 1998). Loss of dopaminergic neurons is consistent with the decrease
in GDNF levels.

Bacopa monnieri and Bacoside A treatment significantly reduced the
expression of GDNF and BDNF. Antioxidant properties of Bacopa monnieri and
Bacoside A played a crucial role in protecting the dopaminergic neurons and thus

ameliorating the defects in dopamine signalling. Treatment groups have showed
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significant reversal in BDNF expression and suggests neuroprotective role of Bacopa
monnieri and Bacoside A. Thus, enhancement of BDNF signaling may be a key
mechanism whereby cognitive stimulation preserve brain function during

developmental stages of the brain.

NF-xB gene expression in brain regions

NF-«B is ubiquitously expressed in peripheral and brain cells and regulates
the expression of a wide variety of genes involved in cell survival, growth, stress
responses, immune and inflammatory processes (Baldwin, 1996; Weih & Caamaii,
2003). NF«B controls the expression of genes that regulate a broad range of biological
processes in the CNS such as synaptic plasticity, neurogenesis and differentiation
(Ghosh & Hayden, 2008). NFxB is widely expressed in the central nervous system.
NFxB is a ubiquitous transcription factor comprising at least five DNA binding
protein subunits. Classic NFkB consists of two subunits, p5S0 and p65, which can bind
to DNA as a homo- or heterodimer (Baeuerle & Henkel, 1994). At least two different
cellular forms of NFkB exist: an inactive, non-DNA binding cytoplasmic form that is
bound by inhibitor proteins IkBa and IxBf3 and an activated form that appears when
IkB is released. Activated NFxB translocates to the nucleus where it interacts with
DNA-binding sites to regulate gene expression (Baldwin er al, 1996). After
activation, NFkB induces the expression of genes encoding cytokines, inflammatory

enzymes, cell adhesion molecules, cell surface receptors and acute-phase proteins.

In the present study NFxB gene expression in cerebral cortex, striatum,
cerebellum and brain stem of neonatal hypoglycemic rats was down regulated. NFxB
is also a modulator of apoptosis and ROS production. Basal levels of NFxB activity
are normally present within neuronal nuclei in the cerebral cortex, although white

matter is almost completely devoid of activated NFxB (Botchkina et al., 1999). Our
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results indicate a reduction in cortical NFKB expression in neonatal hypoglycemic
condition. Eventhough the possibility of sensitization of brain cells to the cytotoxicity
due to declined NFxB function is high, the reduced expression of TNF-a observed in
our study rules out that possibility. A mechanism of NFxB function reported by
Lesoualc'h et al., (1998) points to increased NFkB levels in neurons resistant to
oxidative cell death and an inhibition of NFxB activity reversing this resistance
thereby potentiating cell death.

Thus, in the present context the severe oxidative stress and declined
antioxidant system in the cortical region resulted in the decreased NFkB expression.
This along with the reduced TNF-ot expression is suggested to be a defensive
mechanism of central nervous system to counteract the fight against apoptosis or
oxidative brain damage to prevent or prolong the onset of neonatal hypoglycemic
encephalopathy. Reports suggest that impaired insulin-signaling activity acts
unfavorably on the expression and translocation of NFkB and CREB with effects on
proinflammatory factors and apoptosis (Francis et al., 2008). Thus in our study the
modulatory role of Bacoside A is suggested to alter the expression pattern of NFkB in

neonatal hypoglycemic rats.

ANTIOXIDANT ENZYME EXPRESSION IN THE BRAIN REGIONS

GPx and SOD gene expression in brain

Neonatal hypoglycemia causes a variety of functional and structural disorders
in the central and peripheral nervous systems (Biessels et al., 1994). Low and high
glucose levels produce ROS as a result of glucose auto-oxidation, metabolism and the
development of advanced glycosylation end products. The level of antioxidant

enzymes critically influences the susceptibility of various tissues to oxidative stress
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and is associated with the development of complications in neonatal hypoglycemia

(Baynes, 1991).

In the present study GPx gene expression significantly up regulated whereas
SOD gene expression down regulated in neonatal hypoglycemic condition. SOD has
ability to directly neutralize a number of free radicals and reactive oxygen and
nitrogen species, it stimulates several antioxidant enzymes that increase its efficiency
as an antioxidant. In the present study SOD gene expression was significantly down
regulated to compensate with the oxidative stress induced by hypoglycemia. Decrease
in SOD activity leads to an increased production of superoxide (O, ) which has been
implicated in cell dysfunction. Decreased level of SOD attributes to the free radical
accumulation in neonatal hypoglycaemia which in turn confirmed the cell death

(Junqging et al., 2005).

Glucose supplementation causes a decrease in the antioxidant enzymes. High
levels of glucose cause a shift from hypoglycemia to hyperglycamia, which mediates
apoptotic pathways (Moley & Mueckler., 2000). Research suggests that hypoglycemic
induced oxidative stress and neuronal death may be attributed to the activation of
NADPH oxidase during glucose reperfusion. Suh et al. 2007, have showed increased
oxidative injury to neurons receiving glucose supplementation after a hypoglycemic
event. Following hypoglycemia, the production of ROS was excessive when glucose
was returned to normal or supranormal levels. While oxidative injury still occurred in
neurons exposed to hypoglycemia alone, this study may support the clinical relevance

of goal-directed therapy to subnormal glucose levels.

Bacopa monnieri and Bacoside A treatment significantly modulated the
expression of SOD and GPx in the brain of neonatal hypoglycemic rats. They help to
increase the production of SOD to overcome the stress caused due to free radical

accumulation. Antioxidant properties of Bacopa monnieri and Bacoside A are
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responsible for this modulation. Reports suggest that the antioxidant phytochemical
such as flavonoids, alkaloids, sterols, tannins, phlobotannins and flavonoid glycosides
present in the leaf extract possess free radical scavenging activity. Bacosine and
monnierin compounds in Bacopa monnieri have independently have shown their
activity against oxidative stress. The presence of Bacosine, a compound in Bacopa
monnieri that is not one of the standard Bacosides (A and B) has insulin mimetic
properties. The total phenolic content, flavonoid content and the presence of bacosine
confer anti-oxidant capabilities to Bacopa monnieri. It is have shown increase anti-
oxidant defence enzymes (Catalase by 26%, Glutathoine Peroxidase by 22%, SOD by
21%) and reduces levels of pro-oxidant compounds like MDA (15-21%) ROS (18-
25%) and hydroperoxide (34-40%); these reductions in oxidants occurred in the
cytosol and the mitochondria of neurons (Gohil & Patel., 2010). In Bacoside A
supplemented group, improved mitochondrial function and maintenance of ATPases
contributes to decrease in antioxidant levels (Sumathi et al., 2011).The present study
suggests antioxidant properties of Bacopa monnieri and Bacoside A in protecting the

brain regions from neonatal hypoglycemia associated oxidative stress.

APOPTOTIC FACTORS EXPRESSION IN THE BRAIN REGIONS

Akt-1 gene expression in brain regions

Akt is implicated in cellular processes such as cell survival, proliferation and
growth, glucose metabolism, apoptosis, angiogenesis, transcription and migration
(Scheid &Woodgett, 2003). Akt consists of three homologous members known as
Akt-1, Akt-2 and Akt-3 (Robertson, 2005). Binding of phosphoinositide 3-OH kinase
(PI;K) products results in Akt translocation to the plasma membrane where it is
activated via phosphorylation by upstream kinases such as the PDK1. Akt is an
important mediator of the physiological effects of several growth and survival factors

and promotes cell survival through the inhibition of apoptosis (Datta et al., 1999).
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Within the nucleus, Akt controls expression of genes involved in cell survival via the

transcription factors- Forkhead, NFxB and CREB (Brunet ef al., 2001).

In the present study, the transcriptional profile of Akt-1 have showed up
regulation in cerebral cortex and corpus striatum, and a down regulation in the
cerebellum and brain stem of neonatal hypoglycemic rats. Up regulation of Akt-1 and
activated expression of apoptotic factors in the brain suggests neonatal hypoglycemia
associated neuronal loss. Reports suggest that, the neuronal death resulting from
hypoglycemia is not a straight forward result of energy failure but instead results from
a sequence of events. These events include activation of neuronal glutamate receptors,
production of ROS, neuronal zinc release, activation of poly(ADP-ribose)
polymerase—1 and mitochondrial permeability transition. The strong
counterregulatory mechanisms in the hinb brain is seen to protect it from the oxidative
damage produced. Glucose supplementation is seen to aggrevate the cell death process
by the up regulation of AKT. This is in correspondence with reports which suggest
that correction of plasma glucose concentration alone does not interrupt this cell death
process (Su et al., 2007).Bacopa monnieri and Bacoside A treatment has a modulatory
role in the expression of Akt-1. Akt is a central player in insulin and growth factor
signaling and a regulator of several cellular functions including cell growth and
apoptosis (Hanada et al., 2004). PI3K/Akt pathway promots the anti-apoptotic signals

and also inhibit proapoptotic gene (Nakamura et al., 2001).
TNF-a expression in brain regions

Emerging evidence suggests impairment of neuronal function or loss of
neurons in neonatal hypoglycemia. Oxidative stress seems to play a central role in
neuronal damage (Bonnefont-Rousselot, 2002). Brain injury appears to result from a
number of processes that are initiated when blood glucose concentration is altered.

Many cytokines have been suggested to participate in neurodegeneration and
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neurotoxicity. TNF-a is a major mediator of apoptosis and inflammation (Chen &
Goeddel, 2002; Wajant et al., 2003). Increased expression of TNF-a have been
observed before neuronal death (Little & O'Callagha, 2001). TNF- a, the most widely
studied cytokine, plays many roles as a signaling and as an effector molecule in both
physiology and pathophysiology of the central nervous system (Munoz-Fernandez &
Fresno, 1998). TNF- a is released during various inflammatory diseases of the CNS,

being synthesized by microglia, astrocytes and some populations of neurons

(Lieberman et al., 1989; Chung et al., 2005).

TNF-a expression was significantly down regulated in cerebral cortex, corpus
striatum and brain stem and up regulated in the cerebellum of neonatal hypoglycemic
rats. Decreased TNF-a expression in brain regions suggests neuronal damage caused
by dysfunctional TNF-a signaling in neurodegeneration and it is supported by
previous reports. hypoglycemia induces proinflammatory changes including an
increase in the plasma concentration of interleukin (IL)-6 and increases in other
proinflammatory mediators, including leucocytosis, ROS generation, lipid
peroxidation, and levels of  TNFa, IL-1B, and IL-8 . Even though the
neurodegenerative activity of TNF-a was documented in many studies, several reports
emphasise the neuroprotective role of the same (Fontaine et al., 2002). TNF-a induces
neuroprotection against excitotoxic damage in primary cortical neurons via sustained
NF-kB activation (Dolga et al., 2008). A significant reduction of TNF- a levels in
cerebellum observed in our study, indicate the spatial variation in the vulnerability of
brain parts to hypoglycemia and its related brain complications. Glucose
supplementation has caused a marked increase in TNF alpha. This is due to the rapid
shift from hypo to hyperglycemia in the brain, leading to the release of pro
inflammatory cytokines, aggrevating brain injury and neuronal damage in the
developing brain. Our results correspond with the studies conducted by Desouza et al.,

2010, which suggest that hyperglycemia is associated with increased
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proinflammatory cytokines (TNF-alpha, IL-1beta, IL-6, and IL-8), markers of lipid
peroxidation, ROS, and leukocytosis. Bacopa monnieri and Bacoside A treatment
significantly reduced the expression of TNF- a and rendered neuroprtotective effect.
Previous studies suggest antioxidant and neuroprotective role of Bacoside A and
Bacopa monnieri in normalizing neonatal hypoglycemic related oxidative stress
(Majumdar et al., 2012). Antioxidant properties of Bacopa monnieri and Bacoside A

played a crucial role in this modulation.
Bax and Caspase 8 expression in the brain regions

Bax, a member of the Bcl-2 family proteins, are distinct regulators of early
stages of the apoptotic process by forming oligomers onto the mitochondrial outer
membrane and creating a channel for the release of cytochrome C and other apoptotic
substances (Antonsson et al., 2001). Studies also suggested that Bax can bind to the
voltage-dependent anion channel and promote the release of cytochrome C from it,
(Vander Heiden et al., 1997). Bax translocation onto the mitochondrial membrane
therefore becomes one of the important indicators for the onset of mitochondria-
mediated apoptosis. A critical role in initiation and progression of apoptosis has been
attributed to members of the caspase family (Alnemri et al, 1996). The major
executioners in the apoptotic program are proteases known as caspases (cysteine-
dependent, aspartate-specific proteases (Friedlander, 2003). Upstream caspases are
activated by the cell-death signal (e.g., TNF ) and have a long N-terminal prodomain
that regulates their activation. These upstream caspases activate downstream caspases,
which directly mediate the events leading to the demise of the cell. Downstream
caspases have a short N-terminal prodomain (Hengartner, 2000). In caspase dependent
cell death, caspase-8 activation is the most upstream event, and caspase-3 activation is
the critical downstream event. Caspase-8 is prototypical initiator caspase of the

extrinsic cell death pathway.
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In the present study, we examined whether gene expression of pro-
apoptotic Bax is altered or affected by hypoglycemia. Results have shown that
hypoglycemia induces an up regulation in Bax and Caspase 8 expression in the brain
regions, except cerebellum where caspase 8 has have shown a down regulation. The
up regulated Bax expression is a marker of high apoptotic cell death in the brain
regions. Increased TNF-o expression, observed in the neonatal hypoglycemic
condition has contributed to the increased caspase-8 expression. Activation of the
caspases represents a pivotal step in the cell death signaling cascade. The cell death in
the brain regions in the early stage of development can drastically affect the memory
and cognition in the later stages of life. Cerebellum have showed inhibition in the
expression of caspase-8 expression, owing to its strong glucose homeostatic
mechanisms (Scott et al., 2012). Hypoglycemia further up regulated the increased
mRNA expression during glucose supplementation. In hypoglycemia, starvation of the
cell takes place since there is deprivation of glucose. Up regulation of Bax and
Caspase 8 mRNA and protein has been reported for CAl neurons after global brain
ischemia in rat (Campagne et al., 1998) and is associated with DNA damage (Levine
et al., 1997).Thus in both hypoglycemia and glucose treated rats,, the cells are starved
which is suggested to up regulate the pro - apoptotic protein expression.

The Bacoside A and Bacopa monnieri supplementation helps to overcome the
high level of Bax expression. Bacopa monnieri contains the alkaloids herpestine,
brahmine, bacosine, bacosterols, monnierin, bacoside -A and bacoside —B. Monnierin,
on hydrolysis, gave glucose, arabinose and aglycone. Bacosides A and B give glucose,
arabinose and bacogenines A, A2, A3 and A4 (Gohil & Patel, 2010). This prevents the
rapid shift from hypoglycemia to hyperglycemia thus minimizing the neuronal death
in the brain regions. Reduction in Bax expression suggests the anti apoptotic
modulation of Bacopa monnieri and Bacoside A in reducing neonatal hypoglycemia
related complications. Inhibition of caspase activation protects against neuronal loss in

several animal models of brain diseases involving hypoxic ischaemia, brain trauma
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and Parkinsons’s disease (Schulz et al., 1998, Depino et al., 2003). Supplementation
with antioxidants allows a delay in the appearance or in the development of neuronal
complications (Hayoz et al., 1998).

Thus our results have showed that neuronal damage inflicted by oxidative
stress is one of the key mechanisms that results in severe neurological implications in
neonatal hypoglycemia. This neurological damage is aggrevated during glucose
supplementation, resulting in a rapid shift from hypo to hyperglycemia. The treatment
programme we have put forth, suggesting Bacopa monnieri and Bacoside A alone and
in combination with glucose, ameliorates the negative effects of oxidative stress with
its neuroprotective and antioxidant ability. It therefore plays a neuroprotective role in
the brain regions by maintaining glucose homeostasis and aiding in the dopamine

functional recovery.
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Summary

1. Insulin induced neonatal hypoglycemic rats were used as model to study the
expression patterns of dopamine receptor subtypes DA D1 and DA D2, status
of second messengers- cCAMP and IP3, transcription factor - CREB, second
messenger enzyme phospholipase- C, GLUT 3, neuronal survival factors -
NFxB, GDNF and BDNF , antioxidant enzymes- GPx and SOD and apoptotic
factors - Akt-1, TNF- o, Bax and caspase-8. Experiments were designed to
study the neuroprotective role of Bacopa monnieri and Bacoside A in

neonatal hypoglycemia management.

2. Antihypoglycemic activity of Bacopa monnieri and Bacoside A were
evaluated by the measurement of blood glucose in experimental rats. Neonatal
hypoglycemic rats showed decreased blood glucose level. Glucose, Bacopa
monnieri and Bacoside A treatments to neonatal hypoglycemic rats

significantly reversed the blood glucose level.

3. Dopamine D1 and D2 receptor binding studies were done in cerebral cortex,

corpus striatum, cerebellum and brain stem of control and experimental rats.

4. Dopamine D1 and D2 receptor subtypes showed differential expression
pattern. Dopamine D1 receptors were decreased in cerebral cortex, corpus
striatum, cerebellum and brain stem in neonatal hypoglycemic rats and
hypoglycemic rats treated with glucose. The gene expression studies of
dopamine D1 receptor showed a significant down regulation in cerebral

cortex, corpus striatum, cerebellum and brain stem. Bacopa monnieri and



Bacoside A treatment reversed the altered expression of dopamine D1

receptor number and gene expression.

Dopamine D2 receptors were increased in cerebral cortex, corpus striatum,
cerebellum and brain stem of neonatal hypoglycemic rats and hypoglycemic
rats treated with glucose. The gene expression studies of dopamine D2
receptors showed a significant up regulation in cerebral cortex, corpus
striatum, cerebellum and brain stem of neonatal hypoglycemic rats and
hypoglycemic rats treated with glucose. Bacopa monnieri and Bacoside A
treatment reversed the altered expression of dopamine D2 receptor number

and gene expression.

cAMP contents were significantly decreased in cerebral cortex, corpus
striatum, cerebellum and brain stem of neonatal hypoglycemic rats and
hypoglycemic rats treated with glucose. Bacopa monnieri and Bacoside A

treatment reversed cAMP contents in neonatal hypoglycemic rats.

IP3 contents showed differential expression pattern. IP3 content were
significantly increased in brain regions- corpus striatum and brain stem,
whereas IP3 content were significantly decreased in cerebral cortex and
cerebellum of neonatal hypoglycemic rats and hypoglycemic rats treated with
glucose. Bacopa monnieri and Bacoside A treatment reversed the IP3 content

in cerebral cortex, corpus striatum, cerebellum and brain stem.

Second messenger enzyme - phospholipase C showed an increased expression
in hypoglycemic brain regions - cerebral cortex, corpus striatum, cerebellum
and brain stem. Treatment groups, Bacopa monnieri and Bacoside A showed

significant reversal when compared with hypoglycemic group.
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10.

11.

12.

Gene expressions of CREB showed differential expression pattern. CREB
expression was up regulated in cerebral cortex, corpus striatum and brain
stem, whereas in cerebellum, CREB mRNA showed decreased expression in
neonatal hypoglycemic rats and hypoglycemic rats treated with glucose.
Bacopa monnieri and Bacoside A treatment to neonatal hypoglycemic rats

significantly reversed the differential expression pattern.

GLUT 3 mRNA expressions were studied in cerebral cortex, corpus striatum,
cerebellum and brain stem. GLUT 3 mRNA showed differential expression
pattern. GLUT 3 was up regulated in brain regions- corpus striatum and
cerebellum, and down regulated in the cerebral cortex and brain stem of
neonatal hypoglycemic rats compared to control. Glucose, Bacopa monnieri
and Bacoside A treatment reversed the disrupted GLUT 3 gene expression in

brain regions.

Akt-1 showed differential expression patterns in cerebral cortex, corpus
striatum, cerebellum and brain stem. Akt-1 gene expression was up regulated
in cerebral cortex and corpus striatum, whereas in cerebellum and brain stem
it was seen to be down regulated in neonatal hypoglycemic rats and
hypoglycemic rats treated with glucose. Bacopa monnieri and Bacoside A
treatment to neonatal hypoglycemic rats showed significant reversal in brain

regions.

TNF- oo mRNA showed differential expression patterns in cerebral cortex,
corpus striatum, cerebellum and brain stem. TNF- o« mRNA was decreased in

cerebral cortex, corpus striatum and brain stem, whereas cerebellum showed
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13.

14.

15.

16.

increased expression of TNF- o in neonatal hypoglycemic rats and
hypoglycemic rats treated with glucose. Bacopa monnieri and Bacoside A
treatment to neonatal hypoglycemic rats showed significant reversal in brain

regions.

Gene expression of neuronal survival factors - GDNF, BDNF and NFkB was
down regulated in cerebral cortex, corpus striatum, cerebellum and brain stem
of neonatal hypoglycemic rats and hypoglycemic rats treated with glucose.
Treatment groups Bacopa monnieri and Bacoside A showed significant

reversal in GDNF, BDNF and NFxB expression.

Anti oxidant enzymes - GPx and SOD showed differential expression pattern
in cerebral cortex, corpus striatum, cerebellum and brain stem of neonatal
hypoglycemic rats and hypoglycemic rats treated with glucose. GPx gene
expression was down regulated whereas SOD gene expression was up
regulated in neonatal hypoglycemic group. Treatment groups, Bacopa
monnieri and Bacoside A showed significant reversal in GPx and SOD gene

expressions.

Apoptotic marker- Bax, gene expression in cerebral cortex, corpus striatum,
cerebellum and brain stem was up regulated in hypoglycemic condition and
hypoglycemic rats treated with glucose compared to control. Bacopa monnieri
and Bacoside A treatment to neonatal hypoglycemic rats showed significant

reversal in Bax gene expression.

Caspase 8 showed differential expression pattern in cerebral cortex, corpus

striatum, cerebellum and brain stem. Caspase 8 gene expression in cerebral
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cortex, corpus striatum and brain stem was up regulated, whereas in the
cerebellum it was down regulated in hypoglycemic condition and
hypoglycemic rats treated with glucose compared to control. Bacopa monnieri
and Bacoside A treatment to neonatal hypoglycemic rats showed significant

reversal in caspase 8 gene expression.

In the present study, we summarize, that dopaminergic receptor
subtypes showed differential expression pattern in brain regions and it has
significant role in glucose metabolism. Glucose transporter- GLUT 3 was
altered in hypoglycemic condition. Transcription factor- CREB,
Phospholipase- C, second messengers, antioxidant enzymes and apoptotic
factors alterations were seen in neonatal hypoglycemic rats. Bacopa monnieri
and Bacoside A treatment decreased the expression of apoptotic factors and
increased the expression of neuronal survival factors in neonatal
hypoglycemic rats. The adverse effects of glucose infusion alone as a
resuscitation method were also evident from the present study. Our results
showed that glucose administration along with Bacopa monnieri and Bacoside
A treatment as a resuscitation method will be of tremendous advantage in
neonatal care. Thus the results suggest the therapeutic role of Bacopa
monnieri and Bacoside A in ameliorating CNS dysfunctions, to overcome

neonatal hypoglycemia and for a better intellect in the later stages of life.
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Conclusion

Repetitive and profound hypoglycemia in newborn infants can result in
irreversible brain damage and lead to severe neurologic sequelae and motor and
developmental abnormalities. Our results showed imbalance in the expression pattern
of dopaminergic receptor subtypes in neonatal hypoglycemia and its role in glucose
regulation. Disrupted dopaminergic signalling and increased hypoglycemic stress in
neonatal hypoglycemia contributed to the neuronal loss. Neuronal loss in neonatal
hypoglycemic rats is mediated through the expression of pattern of second
messengers- cAMP and IP3, transcription factor- CREB, second messenger enzyme-
PLC and Glucose transporter- GLUT 3. Decrease in the expression of neuronal
survival factors — NFkB, GDNF, BDNF and antioxidant enzymes — SOD, GPx and
activation of apoptotic factors - Akt-1, TNF-o, Bax and caspase-8 clearly indicated
the extent of brain damage inflicted by both hypoglycemia and glucose infusion
induced hyperglycemia. We observed that the adverse effects of neonatal
hypoglycemia are a result of oxidative stress in the brain tissue which inflicts
irreversible tissue damage. In our study, we have suggested a resuscitation program
using a neuroprotectant, Bacopa monnieri crude extract and its active component,
Bacoside A. Treatment of neonatal hypoglycemic rats with Bacopa monnieri and
Bacoside A significantly reversed the altered dopaminergic neurotransmission, second
messenger signalling and activation of apoptotic factors. The present study confirmed
the increased antioxidant protection offered by Bacopa monnieri and Bacoside A,
there by decreasing neuronal damage and providing effective functional recovery of
dopaminergic system. We have thus put forth a promising herbal therapy which
ameliorates the risks for permanent neuronal damage and reduces the incidence of

lifelong disabilities.
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