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INTRODUCTION 

The central nervous system (CNS) is comprised of the brain and spinal cord 

that receives sensory information from the nervous system and controls the body's 

responses through chemical messengers such as neurotransmitters, neuromodulators, 

neurohormones, neuropeptides etc... The significant neurotransmitters include 

noradrenaline, dopamine, serotonin (5HT), Gama Amino Butyric Acid (GABA) and 

glutamate. The most widely studied neuromodulators are purines such as adenosine, 

prostaglandins and nitric oxide. These neurochemicals generally interact with the 

target sites i.e. receptor and exert their actions
1
. 

The use of plants to influence brain function has long been essential to 

medical practice even before some 3500 years. However, very little attention was 

given by the scientific community to the benefits, as accepted by folk medicine, of the 

therapeutic usefulness of plants endowed with CNS activity due to the challenge in 

elucidation of mechanism of action to support the traditional uses2. Recently, the 

usage of herbal medicine for treating central nervous system has been increasing 

owing to the greater undesirable effects produced by the synthetic counterpart3. 

Comorbidity of CNS disorders 

Anxiety, depression and epilepsy are considered as the most common central 

nervous system ailments (CNS) affecting large number of human population 

worldwide and pain is believed to be a common symptom for all these conditions 
4
. 
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Comorbidity of anxiety in epilepsy 

Anxiety is the one of the most common psychiatric comorbidities in epilepsy 

affecting the quality of life of epileptic patients5. Multiple studies have reported 

increased rates of panic attacks, panic disorder, obsessive-compulsive disorder 

(OCD), social anxiety disorder and generalized anxiety disorder (GAD) in adult 

patients with epilepsy as compared with the general population6-8. Several factors 

have been found to be associated with anxiety symptoms and anxiety disorders in 

patients with epilepsy as follows. 

Certain areas of the brain particularly amygdala believed to cause paroxysmal 

anxiety directly mainly in the form of panic attacks which is also considered as the 

area responsible for generation of temporal lobe epilepsy9.  This, intern supported by 

the observation that patients with temporal lobe epilepsy and ictal anxiety symptoms 

have been found to have a reduced volume of amydala10.  

Neurotransmitter systems are also play a role in linking anxiety disorders with 

epilepsy. The role of GABA receptors and neurotransmitters including serotonin, 

dopamine and noradrenaline in both epilepsy and anxiety disorders indicate another 

pathophysiological similarity between the two disorders11, 12. 

Psychological factors, such as the unpredictability of seizures, the fear of 

death, feeling of poor control over seizures, and perceived stigma likely predispose 

some epilepsy patients to anxiety
13, 14

.  

  Higher seizure frequency has been found to be associated with anxiety 

disorders in some adult studies15 as well as in children and adolescents16, 17. In adults, 
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the risk of anxiety disorders appears to be higher in focal (especially temporal lobe) 

than in generalized epilepsies18.  

Apart from these factors, age of an epileptic patient and the usage of 

antiepileptic drugs also play a major role in developing anxiety in epilepsy. 

Comorbidity of depression in epilepsy 

Depression is the most frequent comorbid condition among the psychiatric 

disorders in patients with epilepsy1, yet it remains under recognized and under-

treated. Depression in persons with epilepsy may be related to psychosocial factors or 

may have a biologic explanation. Although previous studies have consistently shown 

an increased risk of depression after epilepsy onset, some data also show that 

depressed individuals have an increased risk of developing epilepsy. A population-

based control studies indicate that people with a history of depression have a 4- to 7-

fold higher risk of developing epilepsy19-21 and a prior history of suicidality intern was 

associated with a 5-fold increased risk of developing epilepsy21. The bidirectional 

relationship may suggest that common pathogenic mechanisms are operant in both 

conditions, with the presence of one disorder potentially facilitating the development 

of the other. 

The common pathogenic mechanisms shared by depression and epilepsy are as 

follows (for review) 
22
: 

� Abnormal CNS activity of several neurotransmitters, particularly serotonin (5-

hydroxytryptamine, 5-HT), norepinephrine, dopamine, GABA, and glutamate. 
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� Structural changes, presenting as atrophy of temporaland frontal-lobe 

structures (identified by high resolution MRI and volumetric measurements), 

in the amygdala, hippocampus, entorhinal cortex, temporal lateral neocortex, 

as well as in the prefrontal, orbitofrontal, and mesial-frontal cortex, and to a 

lesser degree, of the thalamic nuclei and basal ganglia. 

� Functional abnormalities (identified by positron emission tomography [PET] 

and single-photon emission computed tomography [SPECT]) in temporal and 

frontal lobes, consisting of decreased 5-HT1A binding in the mesial 

structures, raphe nuclei, thalamus, and cingulate gyrus. 

� Abnormal function of the hypothalamic–pituitary–adrenal axis. 

The epileptic patients with depression pose more severe consequences such as 

increased suicidal tendency which may affect the quality of life and also has 

considerable impact on cost management due to the requirement of multi drug 

therapy23. Studies described on an animal model of absence epilepsy suggest that 

preemptive treatment before the onset of the epileptic syndrome may protect against 

both the evolution of the epilepsy and the comorbid depressive symptoms
24
. 

Pain in CNS disorders 

Chronic pain and fibromyalgia may be related to physical inactivity, which is 

more often seen adults with a history of epilepsy than the non epileptic counterparts 

25. Conversely, pain disorders could be related to a higher incidence of bone injuries 

caused by seizures. Migraine and epilepsy are associated independent of seizure type, 

etiology, age at onset, or family history of epilepsy26. These two conditions might 
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share a common genetic susceptibility27 or a common environmental risk factor, such 

as traumatic head injury28. It has been suggested that depression and migraine with 

aura act synergistically in increasing the risk of incident unprovoked seizure and 

hence, these three disorders may result from a shared underlying mechanism29. 

Increased frequency of migraine in the relatives of individuals with benign rolandic 

epilepsy has been reported which provide the evidence for shared genetic 

susceptibility to migraine and some forms of epilepsy27. 

OVERVIEW OF EPILEPSY 

Definitions 

Epilepsy is one of the most prevalent neurological disorders, characterized by 

the recurrent appearance of spontaneous seizures due to neuronal hyperactivity in the 

brain and has a number of subtypes30. A seizure is a symptomatic, behavioral 

manifestation due to abnormal disorder, spontaneous but synchronizes, high 

frequency firing of neuron populations in the central nervous system31 .  

Types of seizures 

Epileptic seizures are generally classified into focal or partial and generalized. 

The clinical manifestation of focal seizures varies depending upon the origin of 

epileptic discharges (the epileptic focus) and includes motor, sensory, autonomic and 

psychic symptoms.  When the seizure discharge becomes sufficiently widespread and 

includes a strong participation of motor system circuitry, the result is occurrence of 

generalized seizure. Even focal seizures, however can become generalized (secondary 

generalized seizures)30. 
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Etiology of seizures 

Variety of etiologies are known in symptomatic epilepsies
30
  which can involve 

birth accidents, abnormal neurodevelopment32, infection, vascular diseases, head 

trauma, brain tumors, and neurodegeneration. However, there are also many examples 

of epilepsy without such clear epileptogenic lesions (cryptogenic epilepsy). 

Pathophyology of seizures 

The exact pathophysilogy of seizure is not yet clear but some commonly accepted 

hypotheses include changes in ionic micro-environment, alteration in ionic 

perturbations and synchronization of neurons. 

Alteration in ionic microenvironment 

The nervous system functions through its ionic milieu, i.e. the chemical and 

electrical gradients that create the setting for electrical activity. Resting potential is set 

normally in the neurons in such a way that inside a nerve cell the membrane potential 

is very negative relative to the external milieu.  This transmembrane potential about -

60mV is been created by the differential distribution of ions such as high potassium 

concentration inside, high calcium and sodium potassium outside and also by various 

other ions33. If the balance is disturbed this can promote depolarization that leads to 

abnormal activity in many ways
34
: depolarizing the nerve terminal leads to transmitter 

release finally leading to action potential discharge. Thus, the control of the ionic 

environment provides many potential targets for novel anticonvulsants. Abnormalities 

in the sodium channel might lead to a decrease in threshold for an action potential if 

the method by which sodium channel activation is through changes in the control 

mechanisms that maintain the ionic equilibrium
35
. Imbalance in electrolytes can 
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involve not just sodium but others like calcium, potassium, chloride may lead to 

seizure (for review)36.  

Synaptic transmission 

Glutamatergic and γ-aminobutyric acid (GABA)-ergic transmission, are major 

excitatory and inhibitory transmitters of the nervous system respectively. It has long 

been proposed that increased seizure susceptibility may be caused by an abnormality 

in the transmitter systems of the brain such as impaired inhibitory transmission 

(through GABA), excessive excitatory transmission (through Glutamate) or an 

imbalance between neuronal excitatory and inhibitory systems37. Having hyper 

excitable population of neurons among the healthy CNS tissue with a functional 

balance between excitation and inhibition is called epileptogenesis
38
. 

 It is important to point out, however, that both glutamate and GABA may not 

have a simple, direct relationship to seizures. One reason is that glutamatergic 

synapses innervate both glutamatergic neurons and GABA-ergic neurons in many 

neuronal systems. Exposure to glutamate could have little net effect as a result, or 

glutamate may paradoxically increase inhibition of principal cells because the GABA-

ergic neurons typically require less depolarization by glutamate to reach threshold38.  

Synchronization 

Excessive discharge alone does not necessarily cause a seizure but 

synchronization of a group of neurons is involved in the genesis of seizure. 

Glutamatergic interconnections are one example of a mechanism that can lead to 

synchronization it cause a giant excitatory postsynaptic potential39. Gap junctions on 
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cortical neurons are another mechanism for synchronization which allow a low-

resistance pathway of current flow from one cell to another, so that connected neurons 

are rapidly and effectively synchronized
40
. Another mechanism of synchronization 

involves inhibition through GABAergic neurons. When the GABA-ergic inter 

neurons that innervate cortical pyramidal cells discharge that leads to  

hyperpolarization of a population of pyramidal cells. As GABA-ergic inhibition 

wanes, voltage-dependent currents of pyramidal cells become activated. These 

currents, such as T-type calcium channels and others, are relatively inactive at resting 

potential, but hyperpolarization relieves this inhibition. The result is a depolarization 

that is synchronous in a group of pyramidal cells
41
. Some of the changes that develop 

within the brain of individuals with epilepsy also promote synchronization. These 

changes include growth of axon collaterals of excitatory neurons, typically those that 

use glutamate as a neurotransmitter and are principal cells42. 

 The occurrence of seizure in epileptic patients is controlled by using available 

antiepileptic drugs including the new anti epileptic drugs like vigabatrine, topiramate, 

zonisamide etc… for chronic period of time. 

 OVERVIEW OF ANXIETY DISORDERS 

Anxiety is a complex psychological disorder generally affecting the mood and 

causing irrational fear as one of the most prominent symptom. The most common sub 

types are phobia, panic disorders with or without agoraphobia, obsessive compulsive 

disorder (OCD), post-traumatic stress disorder (PTSD) and generalized anxiety 

disorder (GAD).  



9 

 

Neuroanatomic circuits involved in processing fear and anxiety 

Fear and anxiety normally comprise adaptive responses to threat or stress. 

These emotional-behavioral sets may arise in response to exteroceptive visual, 

auditory, olfactory, or somatosensory stimuli or to interoceptive input through the 

viscera and the endocrine and autonomic nervous systems. Anxiety may also be 

produced by cognitive processes mediating the anticipation, interpretation, or 

recollection of perceived stressors and threats. Emotional processing in general can be 

divided into evaluative, expressive, and experiential components. Evaluation of the 

emotional salience of a stimulus involves appraisal of its valence its relationship with 

previous conditioning and behavioral reinforcement experiences, and the context in 

which it arises. Emotional expression conveys the range of behavioral, endocrine, and 

autonomic manifestations of the emotional response, whereas emotional experience 

describes the subjective feeling accompanying the response. To optimize their 

capacity for guiding behavior, all these aspects of emotional processing are modulated 

by complex neurobiological systems that prevent them from becoming persistent, 

excessive, inappropriate to reinforcement contingencies, or otherwise maladaptive. 

The structures that function in concert with the amygdala during fear learning include 

other mesiotemporal cortical structures, the sensory thalamus and cortices, the orbital 

and medial prefrontal cortex (mPFC), the anterior insula, the hypothalamus, and 

multiple brainstem nuclei. Much of this network appears to participate in the general 

process of associating a conditioned stimulus (CS) or operant behavior with an 

emotionally salient unconditioned stimulus (US) (for review)43 
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Neurochemicals modulating fear and anxiety 

The neuroanatomic circuits that support fear and anxiety behavior are 

modulated by a variety of chemical neurotransmitter systems. These include the 

peptidergic neurotransmitters, CRH, neuropeptide Y (NPY), and substance P, the 

monoaminergic transmitters, NE, serotonin (5-hydroxytryptamine or 5-HT), and 

dopamine (DA), and the amino acid transmitters, GABA and glutamate. The 

neurotransmitter systems that have been best studied in association with responses to 

stress or threat involve the HPA axis and the central noradrenergic system. These 

neurochemical systems subserve important adaptive functions in preparing the 

organism for responding to threat or stress, by increasing vigilance, modulating 

memory, mobilizing energy stores, and elevating cardiovascular function. 

Nevertheless, these biological responses to threat and stress can become maladaptive 

if they are chronically or inappropriately activated. Additional neurochemical systems 

that play important roles in modulating stress responses and emotional behavior 

include the central GABAergic, serotonergic, dopaminergic, opiate, and NPY systems 

(for review)43. 

OVERVIEW OF DEPRESSION 

Depression is a heterogeneous syndrome comprised of numerous diseases of 

distinct causes and pathophysiologies. Various symptoms of depression includes 

depressed mood, irritability, low self esteem, feelings of hopelessness, worthlessness, 

guilt, decreased ability to concentrate and think, decreased or increased appetite, 

weight loss or weight gain, insomnia or hypersomnia, low energy, fatigue or increased 

agitation, decreased interest in pleasurable stimuli and recurrent thoughts of death and 

suicide. 
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 The etiology of depression is not clear may be spontaneous but often follows 

a traumatic emotional experience or can be a symptom of other diseases or also be 

triggered or precipitated by pharmacological agents or drug abuse
44
 . The prevalence 

is higher in woman (in the range of 1.5 to 2.5) and nearly 50% of the risk for 

depression is due to genetic factors 
45
. 

Neurotransmitter abnormalities in depression 

Monoamine depletion 

The observation that pharmacological manipulation of monoamine-influenced 

depressive symptoms led to the hypothesis that depression results from reduced 

availability or functional deficiency of serotonin or norepinephrine46. This view was 

supported by the pharmacological action of both tri cyclic antidepressants (TCAs) and 

mono amino oxidase inhibitors (MAOIs), namely, the resultant increase in synaptic 

levels of monoamines.  However, the effects are specific to the type of antidepressant 

that produced the initial clinical response. Patients who responded to an selective 

serotonin reuptake inhibitor (SSRI) relapsed with tryptophan depletion. These data do 

support abnormalities in monaminergic sensitivity but suggest that antidepressant 

response involves more than just monoamines 47. 

Increased cholinergic sensitivity 

Cholinergic agonists, cholinesterase inhibitors, and acetylcholine precursors 

have all been shown to worsen mood in depression48.  Furthermore, abnormalities in 

levels of cortical choline, an acetylcholine precursor, have been reported in several 

brain imaging studies49. It should be noted, however, that the increased levels of 
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choline may be localized in the frontal cortex with decreased levels of choline evident 

in other brain regions50. Imbalance in aminergic and cholinergic imbalance may play 

a role in depression
51
. Inherent in this view is the assumption that no single 

neurotransmitter abnormality underlies depression, a position that has become more 

appealing 
52
. 

Neuronal plasticity, information processing, neurogenesis and depression 

One emerging hypothesis suggests that problems in information processing 

within specific neural networks, rather than changes in chemical balance, might bring 

out depression. Depression may arise when some neuronal systems do not exhibit 

appropriate, adaptive plasticity in response to external stimuli. This possibility is 

supported by the fact that most antidepressant drugs induce plastic changes in 

neuronal connectivity, which gradually lead to improvements in neuronal information 

processing and recovery of mood
53
. Regulations of intracellular messenger cascades 

mediate the ability of neuronal systems to adapt in response to pharmacological and 

environmental stimuli54. A broad division classifies the intracellular signal 

transduction pathways into two categories, those that are regulated by G-protein 

receptors coupled second messengers and those that are regulated by receptors 

coupled directly or having a close interaction with protein tyrosin kinases
55
. The first 

category is controlled by neurotransmitters (monoamines and neuropeptides), the 

second by cytokines and growth factors (including the neurotrophin family, e.g. brain-

derived neurotrophic factor (BDNF)). Hence, regaining the plasticity within these 

molecular cascades is likely to contribute to the effects of the antidepressants. BDNF 

is the most widespread growth factor in the brain, responsible, among the other 

functions, of neuronal survival. To activate transcription of BDNF a phosphorylation 
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of calcium/cyclic-AMP responsive binding protein (CREB) at its transcriptional 

regulatory residue Serine-133 is necessary56. Levels of serum BDNF are decreased in 

major depressive patients
57
 and are associated with vulnerability to develop mood 

disorders in healthy subjects58. A common finding in animal studies is that, when 

administrated chronically, almost every antidepressant elevates CREB and its 

activated form, phosphorylated-CREB, in the hippocampus and cerebral cortex59. In 

line with this finding, increased CREB levels have been reported in postmortem 

brains of antidepressant-treated subjects60. Contrary to this, an increase in CREB and 

p-CREB is found in drug-free depressed suicide victims61. In rats, both chronic 

antidepressant treatments and electroconvulsive shock (ECS) increase BDNF levels
62
. 

Administration of BDNF displays antidepressant effects in two animal models of 

depression; the forced swim test (FST) and the learned helplessness model
63
. It has 

been suggested that a reduced hippocampal cell number may be involved in the 

pathophysiology of depression64 and treatment with antidepressants has been shown 

to increase hippocampal neurogenesis
65
. Clinically, there is evidence of reduced 

hippocampal volume in patients with MDD or other affective disorders66.  

Stress and affective disorders 

Hans Selye coined the term ‘stressor’ in 1950 to differentiate the condition of 

stress from the stimulus which evokes it. In the beginning of the ‘30s, Selye initiated a 

pioneering program of studies on the adaptive physiology of stress which set the 

standard for modern biological research in this area67, 68. Current theories distinguish 

four different aspects of the term ‘stress’; stress stimulus, stress experience, stress 

response and the experience of the stress response
69
. The occurrence of stress is 

described by basic phenomena that are the same across cultures and species70. A stress 
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response starts with the central nervous system processing sensory information related 

to external stimuli. When a particular situation is interpreted as potentially harmful, a 

complex cascade of neural, hormonal and behavioral responses is initiated to cope 

with the situation. Stress related alterations in neuronal and neuroendocrine processes 

generate an alarm response and general arousal. Briefly, this response includes 

increased attention to the surroundings, accelerated heart rate, increases in blood 

pressures, increase in respiration rate and alterations in metabolic processes. Stress as 

a functional response is necessary for successful coping with environmental 

challenges. It enables an organism to deal with the wide variety of aversive and 

undesirable situations present in everyday life facilitating survival in a continuously 

changing environment71. However, responses vary according to individual stress 

sensitivity (e.g. genetic or due to previous experience) and the type of stressors, 

whether it is acutely or chronically presented, whether it its controllable or 

uncontrollable. Stress experience has been suggested to have a direct or indirect 

causal association in the development of depression
72
. A manifestation or worsening 

of depression in adulthood is often related to acute life events or ongoing stress73. 

Depressed individuals often report that they feel helpless, hopeless, or unable to 

control events, and consequently exposure to uncontrollable stressful events has been 

hypothesized to be significant in bringing about depression74. Depression is often 

associated with physiological changes characteristic of a normal stress response. 

There has been a major focus on the role of the hypothalamicpituitary- adrenal (HPA) 

axis as a marker of the stress response. Stress response activates the HPA axis and the 

release of glucocorticoids, which increases the heart rate, blood pressure, and 

metabolism. A consistent finding in depressed patients is hyperactivity and 
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dysregulation of the HPA-axis, demonstrated by increased cortisol levels, 

enlargement of the pituitary and adrenal glands and decreased glucocorticoid receptor 

sensitivity
75
. Also, the HPA axis is found to be a mediator of changes in brain 

monoamines, e.g. locus coeruleus noradrenaline76 and raphe serotonin77. 

Antidepressants, both individually and in conjunction with anti-glucocorticoid agents, 

reverse a number of the HPA-axis abnormalities78. Other stress-regulated brain 

chemicals, e.g. certain cytokines that affect the HPA axis, may induce depressive-like 

syndromes in individuals without a history of mood disorders79. Childbirth provokes 

secretion of cytokines, which have been postulated to contribute to postnatal 

depression and cytokines also affect monoaminergic transmission
80
.  

OVERVIEW OF PAIN 

The International Association for the Study of Pain defines pain as ‘An 

unpleasant sensory and emotional experience associated with actual or potential tissue 

damage, or described in terms of such damage’. It is considered as a major symptom 

of various diseases that persists to produce severe physical and psychological distress 

for many patients by disrupting their quality of life81 

Various types of pain are classified as follows82  

� Acute physiological nociceptive pain-Pain elicited by application of an acute 

noxious stimulus to normal tissue.  

� Pathophysiological nociceptive pain-occurs when the tissue is inflamed or 

injured. 
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� Spontaneous pain-It is pain in the absence of any intentional stimulation or as 

hyperalgesia and/or allodynia 

Hyperalgesia is extreme pain intensity felt upon noxious stimulation, and 

allodynia is the sensation of pain elicited by stimuli that are normally below 

pain threshold. 

� Neuropathic pain-results from injury or disease of neurons in the peripheral or 

central nervous system. 

Nociception an overview 

Nociception is the encoding and processing of noxious stimuli in the nervous 

system that can be measured with electrophysiological techniques. Neurons involved 

in nociception form the nociceptive system. Noxious stimuli activate primary 

nociceptive neurons with “free nerve endings” (Aδ and C fibres, nociceptors) in the 

peripheral nerve.Most of the nociceptors respond to noxious mechanical (e.g. 

squeezing the tissue), thermal (heat or cold), and chemical stimuli and are thus 

polymodal. Nociceptors can also exert efferent functions in the tissue by releasing 

neuropeptides [substance P (SP), calcitonin gene-related peptide (CGRP)] from their 

sensory endings. Thereby they induce vasodilatation, plasma extravasation, attraction 

of macrophages or degranulation of mast cells, etc. This inflammation is called 

neurogenic inflammation. Nociceptors project to the spinal cord and formsynapses 

with second order neurons in the grey matter of the dorsal horn. A proportion of 

second-order neurons have ascending axons and project to the brain stem or to the 

thalamocortical system that produces the conscious pain response upon noxious 

stimulation. Other spinal cord neurons are involved in nociceptive motor reflexes, 
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more complex motor behaviour such as avoidance of movements, and the generation 

of autonomic reflexes that are elicited by noxious stimuli. Descending tracts reduce or 

facilitate the spinal nociceptive processing. The descending tracts are formed by 

pathways that originate from brainstem nuclei and descend in the dorsolateral 

funiculus of the spinal cord. Descending inhibition is part of an intrinsic 

antinociceptive system 83. 
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AIM AND OBJECTIVE 

 

Epilepsy, anxiety and depression are most common CNS disorders with 

interlinking etiology and common causative factors. Pain seemed to be most common 

symptom in all these CNS disorders. Use of herbal remedies for the treatment of 

central nervous system (CNS) ailments such as anxiety, depression, epilepsy and 

sleep disorders becomes emerging trend as herbal remedies are believed to produce 

less undesirable effects than the synthetic one2. 

The phytoconstituents, polyphenols and flavonoids have well attributed for the 

pharmacological activities of many plants. Plant species from Leguminosea family 

reported to contain flavonoids and isoflavonoids as major phytoconstituents. Hence, 

Cassia fistula L and Cassia auriculata L belonging to the family Caesalpiniaceae, a 

sub family of Leguminosea have been selected for the present study. 

AIM 

The present study aimed to evaluate the anxiolytic, anticonvulsant, 

antidepressant and analgesic potentials of Cassia fistula L. and Cassia auriculata L., 

to evaluate the mechanism underlying as well as the phytoconstiuents responsible for 

above pharmacological actions of selected plants. 

OBJECTIVES 

� To carry out the pharmacological screening of selected plants for anxiolytic, 

anticonvulsant, antidepressant, analgesic and anti-nociceptive activities. 

� To elucidate the mechanism involved in the above activities  

� To elucidate the phytoconstituent responsible for the above 

pharmacological activity of selected plants. 
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LITERATURE REVIEW 

Epidemiology of CNS disorders 

Epilepsy recent community-based surveys have shown that epidemiological 

indices of epilepsy in India are comparable to those from developed countries, with a 

prevalence rate of ~5 per 1000 and incidence rate of ~50 per 100,000
84
.  Burden of 

mental disorders such as anxiety and depression had also risen over last few decades. 

WHO estimated that globally over 450 million people suffer from mental disorders. 

Currently mental and behavioural disorders account for about 12 percent of the global 

burden of diseases and this is likely to increase to 15 percent by 2020. Major 

proportions of mental disorders come from low and middle income countries85. There 

seems to be lacunae in psychiatric epidemiology due to complexity related to defining 

a case, sampling methodology, under reporting, stigma, lack of adequate funding and 

trained manpower and low priority of mental health in the health policy86. 

An epidemiological study reports that the overall prevalence of chronic pain 

was 13%. Respondents with chronic moderate and chronic severe pain were 37% and 

63%, respectively. Pain in knees (32%), legs (28%), and joints (22%) was most 

prevalent. Respondents with chronic pain were no longer able to exercise, sleep, 

maintain relationships with friends and family, and maintain an independent 

lifestyle87. 

Co-morbidity depression, anxiety and pain with epilepsy 

The results of an epidemiological study conducted on the co-morbidity of 

psychiatric conditions in epilepsy reveals that the depression is the most existing co-
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morbidity in epilepsy with 32.5% reported cases and anxiety stood next to depression 

with the incidence of 22.4%. Though, the studies reported the same strategy of 

increased risk of depression and anxiety after the occurrence seizure attack, few 

studies also reported that the depressive patients are more anxious likely to have more 

chance of developing epilepsy. Furthermore, a review study reported by Sankar et al 

gives the detailed account of epilepsy and associated mood disorders, neurobiological 

basis, therapeutic approaches and animal models of epilepsy with related mood 

disorders. Pain, a common symptom in all these conditions intern considered as the 

etiological factor of psychological disorders4. 

Drug therapy and limitations of epilepsy, anxiety and depression 

The following antiepileptic drugs (AEDs) have been approved by regulatory 

agencies in the United States and Europe: acetazolamide, carbamazepine, 

clonazepam, clorazepate, ethosuximide, ethotoin, felbamate, gabapentin, lacosamide, 

lamotrigine, levetiracetam, mephenytoin, methsuximide, oxcarbazepine, 

phenobarbital, phenytoin, pregabalin, primidone, tiagabine, topiramate, trimethadione, 

valproate, vigabatrin, and zonisamide. The following additional agents are used 

mainly for the acute therapyof status epilepticus: diazepam, fosphenytoin, lorazepam, 

midazolam, and propofol
24
. The major drawback associated with the usage of 

currently available AEDs include88 

� Prophylactic treatment. Not much effective for long time followed by head 

injury or stroke 

� Idiopathic generalized epilepsies  are particularly prone to pharmacodynamic 

aggravation by the usage of AEDs 
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� Development of tolerance (i.e., reduction in response to a drug after repeated 

administration) is an adaptive response of the body to prolonged exposure to 

the drug, and tolerance to AEDs is no exception. 

� Drug treatment of epilepsy is characterized by unpredictability of efficacy, 

adverse drug reactions, and optimal doses in individual patients, which, at 

least in part, is a consequence of genetic variation. 

For anxiety, benzodiazepines, azapirones, some antidepressants and 

psychotherapy are most wildly accepted treatment options. Benzodiazepines are 

effective anxiolytics for short-term use and the antidepressants, paroxetine and 

venlafaxine, have demonstrated efficacy in patients with generalized anxiety 

disorders. Long-term efficacy has been shown with venlafaxine in the treatment of 

this chronic condition. The major drawback with these anxiolytics include adverse 

effect, tolerance, drug dependence etc
89,90

.  

For depression, one of the two initial classes used was the tricyclic 

antidepressants (TCAs), a family of structurally related compounds with reuptake 

inhibitory properties on brain monoamine metabolism. The second original class of 

drugs, the monoamine oxidase inhibitors (MAOIs), have never been widely 

prescribed because of real (and sometimes exaggerated) concerns about safety, 

despite their established efficacy in certain subtypes, especially atypical and bipolar 

depression. A majority of the newer compounds are considered to be SSRIs. 

.However, currently available antidepressants have notable limitations, relating to 

their only moderate efficacy relative to placebo, relatively slow onset of action, 

Suicidality due to antidepressants, possible withdrawal symptoms, and problems of 
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compliance. Sleep disturbances are often used to identify newly presenting depressive 

patients, and may be part of a more general alteration of bodily rhythms91. 

Use of plant drugs for CNS disorders 

The use of plants to influence brain function has long been essential to 

medical practice even before some 3500 years. However, very little attention was 

given by the scientific community to the benefits, as accepted by folk medicine, of the 

therapeutic usefulness of plants endowed with CNS activity due to the challenge in 

elucidation of mechanism of action to support the traditional uses
2
. Recently, the 

usage of herbal medicine for treating central nervous system has been increasing 

owing to the greater undesirable effects produced by the synthetic counterpart. Central 

nervous system (CNS) disorders are difficult to treat and have highly complicated 

patophysiology and cause high costs for clinical therapy and basic research due to 

unknown and puzzling mechanisms. Moreover, complementary and alternative 

medicine (CAM) has recently become highly recognized as therapeutic medicine and 

recommended by the World Health Organization (WHO) and herbal treatment is one 

among this92.  

Effect of polyphenols and flavonoids in CNS 

Phenolics, and flavanoids in particular, are ubiquitous in plants reported to be 

influence the mammalian brain. A wide range of phenolic compounds interact directly 

with neurotransmitter systems. As an example, in animal models, a diverse range of 

individual and combined flavonoids that occur in traditional medicinal extracts exert 

sedative/anxiolytic effects via direct binding to GABAA receptors, cognitive 

enhancement via antagonistic GABAA receptor binding and resultant cholinergic 
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upregulation, and antidepressant effects via monoamine oxidase inhibition and 

resultant increases in levels of serotonin, dopamine, noradrenaline and also certain 

neuromodulators such as adenosine, nitric oxide in selected brain areas. Plants also 

synthesize a range of phenolic phytoestrogens, including isoflavonones, flavones, 

stilbenes, and lignans, which function as defense chemicals against herbivory by 

disrupting the endocrine functions of the insect and modifying their life course. In the 

same way, in mammals and other vertebrates, phytoestrogens modulate hormonal 

systems, and therefore brain function, via a variety of mechanisms (for review)93. 

Overview of Cassia auriculata L. 

Cassia auriculata L. belonging to the family Leguminosea and sub family 

Ceaslpiniacea commonly known as tanners cassia is habitat India and Ceylon. This 

plant has been used in Indian traditional medicine system for treating wide varieties of 

ailments. The leaves were and fruits were used for fever, worm infestation, scorpion 

bite, diabetes, CNS disorders, leucorrhoea and for various skin diseases. Flowers are 

used for spermatorrhoea, white discharge and for heat diseases. The roots and bark 

powders are used for urinary discharges white discharges, tumor and 

ophthalmological applications94.  

   Various phytochemical studies revealed the presence of alkaloids, flovonoids, 

saponins, tannins, carbohydrates, phenolic substances, steroids, terpenoids, 

anthrocyanins etc... The phytochemicals isolated and characterized were quercetin o-

glycoside, rutin, Di-(2 ethyl)-hexyl phthalate, emodin, goratensidine, aurricalacadin, 

alkane nonacosane o-one, Kampferol, rhein, emodin and fisetinolde95. 
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 Pharmacological activities reported in earlier studies include anti-diabetic, 

antiviral, antispasmodic, antipyretic, antioxidant, analgesic and anti-nociceptive, 

anticancer, anthelmintic, nephroprotective, anti-bacteria and immunomodulatory 

activity. Among these, anti-hyperlipedemic and the anti-diabetic activities have been 

studied extensively. Toxicity profile studies of Cassia auriculata L. reported earlier 

showed that the aqueous leaf extract was non toxic at 5000mg/kg dose, ethanol extract 

of root was non toxic at 3000mg/kg and ethanol and aqueous extract of flowers were 

non toxic at 300mg/kg on acute administrations. In a sub-chronic toxicity study of 

aqueous leaf extract, 1000, 2000mg/kg doses once daily for three weeks were found 

to be non toxic  (for review)
96
. 

Overview of Cassia fistula L. 

 Cassia fistual L. also belonging to the family Leguminosea and sub family 

Ceaslpiniacea and most popularly known as Indian laburnum is habitat throughout 

India. In the Indian traditional medicine system, this plant has been used for treating 

various disorders of human and cattle. The bark is used for treating leprosy, wound 

washing and for painless delivery. Leaves were used for treating epilepsy, worm 

infestations, indigestion and various skin diseases. Seeds are used in fermentation 

process and diarrhea. Pods are used for treating cough, indigestion and typhoid. Roots 

are used in the treatment of hematemias, pruritis, diarrhea, diabetes, antipyretic, 

analgesic and laxative. The root of Cassia fistula is used by the Malamalsar tribes for 

revival of alcohol induced paralysis of nervous system94. 

Cassia fistula plant parts are known to be an important source of secondary 

metabolites, notably phenolic compounds. Fistucacidin as first extracted from the 
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heartwood. Kaempferol and a proanthocyanidin have been isolated from theacetone 

extract of the flower. A bianthraquinone glycoside, fistulin together with kaempferol 

and rhein have been isolated from ethanol extracts of Cassia fistula flowers. Besides 

phenolics and their derivatives, a certain amount of alkaloids have also been reported 

in the flowers; traces of triterpenes have been observed in both flowers and fruits. A 

compound, 3B-hydroxy-17-norpimar-8(9)-en-15-one was isolated from the pods of 

Cassia fistula
96. 

A flavonoid, catechin was isolated from methanolic extract of stem of Cassia 

fistula L. by bioassay guided fractionation97. Two new flavonoids known as fistula 

flavonoid 1 and 2 and five known flavonoids were isolated from bark and stems and 

structurally characterized98.  

The antioxidant properties of 90% ethanol extracts of leaves, and 90% 

methanol extracts of stem bark, pulp and flowers from Cassia fistula L. were 

investigated and the antioxidant potential was in the decreasing order of stem bark, 

leaves, flowers and pulp and was well correlated with the total polyphenolic content 

of the extracts99. The anti-oxidant activity of Cassia fistula L. seed powder has also 

been reported100. 

Senthilkumar et al., reported the wound healing potential
101
and Duraipandiyan 

& Ignanimuthu assessed the antifungal and antibacterial activities of hexane, 

chloroform, ethyl acetate, methanol and water extracts from the flower of Cassia 

fistula
102
.  

 Methanolic extract of Cassia fistula L. seed have shown to posses antitumor 

activity against Ehrlich ascites carcinoma as reported by and another study evaluated 
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the anticancer activity of a phytoconstituent rhein isolated from Cassia fistula flower 

against colon cancer cell lines103, 104. 

In addition, various other pharmacological activities like anti-fertility
105
, 

hepatoprotective106 and anti-diabetic96 anti-inflammatory, anti-leishmanial have been 

reported and well reviewed by Kainsa et al.,95. Though, number of scientific studies 

have been  reported the other pharmacological activities of Cassis fistula L,  only one 

preliminary study reported the central nervous system depressant activity of 

methanolic extract of Cassia fistula L. fruit pulps
107
. 

Aqueous and methanolic extract of Cassia fistula bark did not show any toxic 

symptom up to the dose of 2000mg/kg administered orally to the albino rats108. 

ANIMAL MODELS  

Animal models for screening anti-convulsant activity 

A number of animal models have demonstrated in the search for more 

efficacious and more tolerable antiepileptic drugs. Models like maximal electro shock 

seizure (MES), pentylenetetrzole induced seizure, picrotoxin induced convulsion, 

strychnine induced convulsion. In the discovery and development of new AEDs, 

animal models of seizures or epilepsy serve a variety of purposes described as follows 

(for review)109. 

� Discovery of new AEDs 

� Characterization of spectrum of anticonvulsant activity of new AEDs 

� Specific models for pharmacoresistant seizures 
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� Evaluation whether efficacy of new AEDs changes during chronic treatment 

� Comparison of adverse effects of new AEDs in epileptic against nonepileptic 

animals 

� Estimation of effective plasma concentrations of new AEDs for first clinical 

trials 

� Discovery of antiepileptogenic or disease-modifyingtreatments 

Not all animal models of seizures and/or epilepsy can be used for all of the above 

described purposes. Most animal models used in epilepsy research are models of 

epileptic seizures rather than models of epilepsy. 

In the s.c. PTZ (pentylenetrtrazole) seizure test, the convulsive dose of PTZ 

inducing a clonic seizure of at least 5 s duration in 97% of the animals. PTZ is 

subcutaneously injected and animals are observed for a post-injection period of 

usually 30 min for the occurrence of such a “threshold” seizure. The test is thought to 

be predictive of anticonvulsant drug activity against nonconvulsive (absence or 

myoclonic) seizures110. However, various AEDs that protect against nonconvulsive 

seizures in epilepsy patients failed in the PTZ test, so that other models of non 

convulsive seizures, including genetic rat mutants with spontaneous nonconvulsive 

seizures, are needed for correct prediction of AED efficacy against the particular type 

of seizure
111
.  

In most seizure models, investigational drugs are tested after administration of 

a single dose and the drug effect is then determined at one fixed time point following 

drug administration. However, treatment of patients with epilepsy is typically by 
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chronic, daily drug administration, which may change drug efficacy. Kindling model 

is the chronic model used to find out the efficacy of AEDs after chronic treatment. In 

PTZ kindling model, the sub convulsive dose of PTZ is administered until the 

occurrence of stage 5 seizure and the ability of the drug to prevent the seizure 

development or severity is predicted by this model
111
. 

Animal models for screening anxiolytic activity 

The EPM is etiologically validated and most widely accepted model for 

screening novel anxiolytic agents in mice
112
 as well as in rat

113
. Increase in the 

number of open arm entries and consequent increase in time spend in open arm are 

the two parameters generally considered as index of anxiolytic activity of a drug114. 

However, the interpretation of parameters in EPM is always complex. Studies 

also report increase in time spent in open compartment, open arm entries and no 

change in closed arm entries as criteria for drugs to have anxiolytic activity115. On the 

other hand, the total number of arm entries is more reliable measure for locomotor 

activity116. 

The open-field test is based on rodents intrinsic behaviour to stay near the 

periphery of a novel environment (i.e., thigmotaxis), which may serve the animal a 

sense of security. Increase in time spent in the central arena of the open field without 

affecting general motor activity is the indication of anxiolytic activity
117
. 

Burying behavior consists in forward shoving the diggable material over the 

source of aversion using the snout and forepaws in order to avoid and protect from the 

localized threat. Marble burying test has been suggested as a useful model for 
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evaluating anti- anxiety activity as no change in tendency of marble burying behavior 

occurred due to repeating the test118. Indeed, commonly used anxiolytic 

benzodiazepines such as diazepam and chlordiazepoxide decreased the marble 

burying tendency of rodents119. 

Animal models for screening antidepressant activity 

Depression is a heterogenic disorder with numerous symptoms. In fact, some 

symptoms like guilt, suicidality and sad mood are expected to be purely human 

features, other aspects of the depressive syndrome have been replicated in laboratory 

animals, and in several instances ameliorated with antidepressant treatment. These 

include measures of helplessness, anhedonia, behavioral despair and other 

neurovegetative changes such as alterations in sleep and appetite patterns (for 

review)120. 

The forced swim test (FST) and tail suspension test (TST) are the most widely 

used tests of antidepressant action and are also used to infer “depression-like” 

behavior. In the Porsolt test121 also known as the FST test, a mouse or rat is placed in 

an inescapable cylinder of water and, following an initial period of struggling, 

swimming and climbing, the animal eventually displays a floating or immobile 

posture. In the TST, immobility is scored while mice are suspended by their tails. 

Since water is not required, the TST is not confounded by challenges to 

thermoregulation122. FST or TST immobility has been interpreted as an expression of 

behavioral despair or entrapment
123
 and is reversed by the acute administration of 

almost all available antidepressants. However, antidepressants restore mood in 

depressed humans only after many weeks of administration. Numerous agents that act 
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independently of monoamine signaling have also been shown to reduce immobility 

time, such as recombinant ghrelin124, ketamine125, and estradiol126. In spite of above 

mentioned demerits, these models is their ability to rapidly screen novel agents and 

phenotype genetically manipulated mice, and both paradigms have been successfully 

automated to reduce errors in subjective scoring.  

Chronic mild stress (CMS), better described as chronic unpredictable stress 

(CUS), paradigms involve the application of varied intermittent physical stresses 

applied over a relatively prolonged time period. Sucrose drinking is the most 

commonly utilized assay to assess the impact of CUS and CUS-exposed rats or mice 

show deficits in their motivation to consume a dilute (1–2%) solution of sucrose 

measured either as total sucrose intake or as a preference against water127. CUS has 

also been shown to result in a number of other “emotional” changes that are difficult 

to objectively quantify, such as grooming deficits and changes in aggressive and 

sexual behavior. Many of these phenotypes are reversed by chronic antidepressants 

applied either during the stress or as a post stress treatment
128
.  

Animal models for screening antinociceptive activity 

Acetic acid induced writhing in mice is simple and most reliable inflammatory 

pain model widely used for the evaluation of peripheral analgesics. The pain caused 

by acetic acid is said to be an inflammatory pain due to increase in the capillary 

permeability and release of endogenous mediators such as PGE1, PGE2, histamine, 

bradykinin, substance P etc… which sensitize the nociceptive nerve endings
129
. 

NSAIDs are known to inhibit the COX enzyme in the peripheral tissues which is 

responsible for the production of pain mediators. 
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In the tail immersion test, animal’s tail is immersed in hot water which 

provokes an abrupt movement of the tail and sometimes the recoiling of the whole 

body and the reaction time is monitored
130
. Immersion of the tail in a hot liquid 

increases its temperature very quickly and in a more or less linear fashion, which is 

different from radiant heat. 

Hot plate test consists of introducing a rat or mouse into an open-ended 

cylindrical space with a floor consisting of a metallic plate that is heated by a 

thermode or a boiling liquid
131
. A plate heated to a constant temperature produces two 

behavioral components that can be measured in terms of their reaction times, namely 

paw licking and jumping. Both are considered to be supraspinally integrated 

responses. As far as analgesic substances are concerned, the paw licking behavior is 

affected only by opioids. On the other hand, the jumping reaction time is increased 

equally by less powerful analgesics such as acetylsalicylic acid or paracetamol, 

especially when the temperature of the plate is 50°C or less132 or if the temperature is 

increased in a progressive and linear fashion, e.g., from 43 to 52°C at 2.5°C/min
133
. 

The specificity and sensitivity of the test can be increased by measuring the reaction 

time of the first evoked behavior regardless of whether it is paw-licking or jumping  

or by lowering the temperature134. 

Formalin test model is useful in evaluating the anti-nociceptive activity in two 

different phases. In the initial phase, direct chemical stimulation of the sensory 

afferent nerve ending particularly C fibers causes neurogenic pain. In the later phase, 

induction of inflammatory pain occurs due to the increased production and/or action 

of various inflammatory mediators. Centrally acting analgesics such as morphine 

effectively reduce or prevent the paw licking in both the phases whereas, peripheral 
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analgesics such as diclofenac reduce paw licking only in late phase due to 

inflammatory pain135.  

Adenosine as a neuromodulator 

The term neuromodulator was employed to describe the substances that can 

influences neuronal activity in a manner different from that of neurotransmitters. The 

distinctive feature of modulator is that it originates from cellular and non-synaptic 

sites yet influences the excitability of nerve cells. 

Adenosine is a potent modulator of neuronal functions in the central and 

peripheral nervous system
136
. Previous works in this field have established a role for 

adenosine in a diverse array of neural phenomena, which include regulation of sleep 

and the level of arousal, neuroprotection, regulation of seizure susceptibility, 

locomotor effects, analgesia, depression, anxiety, psychosis, mediation of the effects 

of ethanol and in chronic drug use. 

It is mainly derived from the hydrolysis of nucleotides such as adenosine 

triphosphate (ATP), under normal physiological condition adenosine is derived 

continuously and the level of adenosine is regulated by several enzymes. ATP is co-

released with other neurotransmission on electrical stimulant such as acetylcholine, 

dopamine, serotonin & nor epinephrine. Released ATP is very rapidly hydrolyzed to 

adenosine and other metabolites by group of enzyme called as ecto & endo 

nucleotides136. Interstitial levels of adenosine are maintained in Nano molar to 

micromolar range via the activity of adenosine deaminase or adenosine kinase as well 

as distinct families of nucleoside transporters. 
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Adenosine mediates multiple physiological effects by acting on specific 

groups of G-protein coupled receptors. Till the date four adenosine receptor subtypes 

have been identified, A1AR, A2AAR, A2BAR and A3AR
136
. They are distinctly 

distributed throughout the body and control multiple physiological actions. Specific 

ligands of adenosine receptor subtypes have potential therapeutic activity. 
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Table 1. Distribution, characteristics and therapeutic potential of various adenosine receptors 

Receptor 

Type 

G 

Protein 

High abundance 
Medium/ 

low abundance 

Effects Major therapeutic potential 

A1 Gi/o 
Hippocampus, 

Neocortex, 

Amygdala, 

striatum, 

Adenylcyclase and Ca2+ 

Channel inhibition, 

Activation: seizure 

suppression, 

  
Cerebellum, 

spinal cord 

olfactory bulb 

thalamus, substantia 

nigra 

Activation of PLC 

and GIRKS 

neuroprotection, spinal 

analgesia 

A2A Gs/olf 
Striatum, 

olfactory bulb 

Hippocampus 

thalamus, neocortex 

Adenylcyclase activation. 

Inhibition of Ca2+ channels 

Activation: anti-inflammatory 

action. 

Inhibition: Parkinson’s disease 
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Adenosine and epilepsy 

The potential of adenosine as an anti-epileptic substance137-140  has emerged on 

the basis of following  observations: first, A1R are enriched in excitatory synapses, 

where they inhibit glutamate release, decrease glutamatergic responsiveness and 

hyperpolarise neurons, all desirable actions to decrease the hyper excitability 

associated with epilepsy; second, the levels of endogenous extracellular adenosine 

rise upon seizure activity141,142, which could be taken as an indication that adenosine 

would play a key role as an endogenous anti-epileptic compound. Accordingly, a 

wealth of studies have confirmed that the acute administration of either agents 

enhancing the extracellular levels of adenosine (inhibitors of adenosine transporters or 

of adenosine metabolism) or agonists of A1R attenuated seizure and/or convulsive 

activity in different animal models; conversely, the acute administration of either non-

selective antagonists of adenosine receptors (such as caffeine or theophylline) or 

selective A1R antagonists enhance the duration and severity of seizures and/or 

convulsions (for review)
137-140

. Thus, it seems evident that A1R effectively constitute a 

hurdle curtailing seizure activity, which is further confirmed by the ability of A1R to 

control the spreading of seizure activity143 and the greater susceptibility of A1R 

knockout mice to epilepsy144,145. Interestingly, this A1R-mediated control of epilepsy 

has recently been proposed to be a possible link for the antiepileptic effect of 

ketogenic diets
146
. However, several studies have now identified a decreased density 

and efficiency of synaptic A1R in models of epilepsy
146-148. Thus, the A1R-operated 

inhibitory system seems to act as a continuously active gate-keeper or hurdle to avoid 

initiating a seizure-like event; once this hurdle is overtaken, then there seems 

desensitization of this A1R system. 
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Adenosine and anxiety 

A strong link between the adenosine modulation system and the control of fear 

processing and anxiety is suggested by several types of studies, namely: i) animal 

models designed to mimic anxiety traits; ii) epidemiological studies with caffeine, 

both in normal subjects and in patients in anxiety disorders; iii) gene linkage studies 

in humans (for review)149,150. However, the role of adenosine receptors in specific 

anxiety disorders, like phobia, is still to be defined. Studies with caffeine consumption 

by phobic patients are rare, especially in comparison to research on caffeine 

consumption among patients with other anxiety disorders like panic disorder. A study 

from Boulenger and Uhde
151
 showed that panic disorder patients have increased 

sensitivity to caffeine and its consumption appears to be more strongly linked to 

generalized anxiety symptoms than to 'phobic-anxiety' symptoms. The work from 

Uhde
152
 also showed that anxiety symptoms are not made more severe by caffeine 

consumption in social phobics and that caffeine consumption in social phobic 

individuals does not differ from the general population. In addition, no differences in 

electroencephalographic activity of patients with panic disorder versus control 

subjects were observed after oral administration of caffeine153. On the other hand, 

another study reported that caffeine can induce panic attacks in both panic disorder 

and social phobic patients following consumption of a dose of 480 mg154. It was also 

demonstrated that caffeine ingestion per se does not appear to reduce fear extinction 

at least in some specific phobias, whereas changes in caffeine consumption, during 

learning or recall tests, can enhance the return of fear in spider phobia
155
. 
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Adenosine and depression 

The effect of the adenosine neuromodulation system in depression is complex, 

especially due to its ability to modulate several other neurotransmission systems, such 

as dopaminergic, glutamatergic and serotoninergic as well as the corticotrophin 

system (for review)156. Adenosine and its analogues were shown to cause a 

depressant-like response in behavioral despair models157-159, an effect that was 

prevented by the administration of classical antidepressants160. In contrast, other 

studies showed an antidepressant effect associated with adenosine administrated both 

systemically and centrally161-163. The strongest evidence supporting the relation 

between adenosine and depression in preclinical models came from manipulation of 

A2AR. The main evidence sustaining this hypothesis relies on the observation that the 

genetic depletion of A2AR results in an antidepressant-like phenotype in animal 

models
164,165

. In addition, A2AR blockade relieves the early hippocampal 

modifications induced by stress166, one of the major environmental factors favoring 

the implementation of depressive states
167
. It is important to highlight that different 

therapeutic strategies currently used to manage depressive disorders also have effects 

related to the adenosine system. Tricyclic antidepressants such as nortriptiline, 

chlorimipramine or desipramine can bind to adenosine receptors168 and dose-

dependently reduce the activity of ecto-nucleotidases and, expectedly, the levels of 

extracellular adenosine in cortical synapses
169
. In addition, both electroconvulsive 

therapy and sleep deprivation cause an increase of adenosine concentration and of 

A1R activation
170
. In conclusion, although at this stage the relation between adenosine 

and depression is still circumstantial, it seems evident that the adenosinergic system is 

able to modulate mood states by functioning as a normalizing system, and both too 
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high or too low levels of activation can cause a failure in the organism to adapt and a 

predisposition to disease170 

Adenosine and pain 

Adenosine mediated analgesia and interaction of adenosine with 

analgesic effect of opioids have been reported in several research studies. In 

animals, adenosine and adenosine agonists inhibit nociceptive reflexes in a 

variety of animal models of acute tactile, mechanical or heat pain as well as in 

models of persistent visceral pain induced by noxious chemicals. In addition, 

treatment of adenosine agonist enhances morphine-induced analgesia. While, 

methylxanthines such as caffeine and theophylline (potent adenosine receptor 

antagonists) have been reported to antagonize opioid effects effectively 

supporting a role for adenosine in the actions of opioids. Several investigations 

also suggest that the mechanism of action for opioids involves opioid induced 

release of adenosine. Recently, adenosine modulation has been described as a 

novel approach for analgesia and inflammation (for review)171. 
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PROFILE OF PLANTS 

Plant 1 

Name of the plant  : Cassia fistula   

Botanical name : Cassia fistula   Linn. 

Family   : Leguminoseae 

Sub family  : Caesalpiniaceae 

Name in different languages 

Tamil   : Sarakkondrai 

English  : Golden shower 

Malayalam  : Konna 

Hindi   : Amalthus 

 

Fig 1. Image of Cassia fistula L. 
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Plant description 

 Medium-sized trees, with 4-8 pairs of leaflets and yellow flowers in long 

axillary pendulous racemes. Pods cylindrical, long, blackish-brown when ripen.  

Medicinal Uses: Bark and fruits are used in traditional systems of medicine Plant is 

used in snakebite and scorpion sting. Bark has tonic and antidysenteric properties, and 

leaves possess antiperiodic and laxative properties. 

Plant 2 

Name of the plant : Cassia auriculata  

Botanical name : Cassia auriculata  L. 

Family   : Leguminoseae 

Sub family  : Caesalpiniaceae 

Name in different languages 

Tamil   : Avarai 

English  : Tanner’s cassia 

Malayalam  : Avirai 

Hindi   : Tarwar 
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Fig 2. Image of Cassia auriculata L. 

Plant description 

 Bushy shrubs, with 8-12 pairs of leaflets and glands between all pairs. Flowers 

yellow with orange veins, in axillary and terminal racemes. Pods flat. Flowering and 

fruiting period-August – November 

Traditional uses 

The Garasia tribals wash the eyes with the decoction of seeds in ophthalmia 

and conjunctivitis. Bhils take orally the fresh flowers with sugar to cure diabetes and 

urinary disorders. They also give leaves as an anthelmintic to the children. The 

Saharia tribals in Kota district make a paste of root-powder with mustard-oil to apply 

against skin disesses and on the abdomen against problems in urinary discharge. 

Kathodias cure cough and cold by taking orally the root-powder in Udaipur district 

and Bhils of Banswara cure diarrhea. The twigs are used as tooth-brush. 
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MATERIALS AND METHODS 

Pharmacognostic study 

Plant material 

 Cassia fistula L. and Cassia auriculata L. fruit pods were collected from 

surroundings of Coimbatore during the month of September and the specimens were 

authenticated by Dr.G.V.S. Moorthy, Botanical Survey of India, Agricultural 

University, Coimbatore. The sample voucher specimens BSI/SRC/5/23/2011-12/Tech 

781& 782 were deposited for future use. 

The pods were washed thoroughly in purified water to make it free from dirt 

followed by 10% potassium permanganate solution to remove the microbial 

contamination. The clean pods were dried in shade to remove moisture content and 

powdered. 

Ash values
172
 

The amount of inorganic compounds present in the crude drugs was 

determined by ash value.  The inorganic compounds such as carbonates, phosphates, 

silicates, potassium, calcium and magnesium are present as residues after incineration 

of a crude drug. 

Determination of total ash value  

The total ash value is to measure the total amount of material remaining after 

ignition that comprises both physiological (derived from plant tissue) and non-

physiological ash (extraneous matter adhering plant such as sand and soil). 2 g of 
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dried and powdered materials from both the plants were incinerated in a pre-ignited 

and tared crucible by gradually increasing heat up to 500-600ºC until getting white 

residue which was free from carbon.  The residues remained after incineration was 

cooled in a desiccator and weighed. The total ash content was calculated and 

expressed as in mg/g of dried material.  

Determination of acid insoluble ash 

Acid-insoluble ash is the residue that remains after boiling the total ash with 

dilute hydrochloric acid and igniting the remaining insoluble matter. This is the 

measure of silica present in the material specifically as sand and siliceous earth. 25 ml 

of hydrochloric acid was added to the each crucible containing total ash and boiled for 

5 min by covering with watch glass.  The insoluble residues were collected by using 

ash less filter paper then were ignited in the same crucibles until getting constant 

weights. The residues were cooled in suitable desiccators for 30 min and then 

weighed immediately. The acid-insoluble ash content in mg/gm of each air-dried 

material was calculated.  

Determination of water soluble ash 

Water-soluble ash is determined by calculating the difference in weight 

between the total ash and the weight residue after treatment of the total ash with 

water. 25 ml of water was added to each crucible containing the total ash of the 

selected plant materials and boiled for 5 min. The water insoluble matter was 

collected in ash less filter paper and washed with hot water. Then the residues were 

ignited in crucibles for 15 min, at a temperature not exceeding 4500 C and weighed. 
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The difference in weight of total ash and water insoluble residue represents the water 

soluble ash.   

Extractive value
172
 

This value is to determine the quantity of active constituents that can be 

extracted with the solvent from a weighed quantity of plant drug.  

Determination of alcohol soluble extractive value
 

2g of air dried powder drug material of both the plants were taken in separate 

flasks and 100 ml of alcohol was added to the flasks and macerated for 24 h with 

frequent shaking for initial 6 h and allowed to stand for next 18 h. The contents were 

filtered immediately to avoid the loss of solvent, 25 ml of filtrate was evaporated and 

dried at 105ºC to constant weight and the weights of the residues were calculated. 

Percentage of alcohol soluble extract with reference to the air dried crude drug was 

calculated for each plant materials. 

Determination of water soluble extractive value
 

2g of the air dried drugs were macerated with 100ml of water in separate 

closed flasks for 24 h, shaken frequently during the first 6 h and allowed to stand for 

next 18 h then filtered. 25 ml of each filtrate was heated to get solid mass and dried at 

105°C to get constant weights. Dried at 105°C, to constant weight and weighed. The 

percentage of water soluble extract value for both the material was calculated with 

reference to the air dried drugs. 
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Preparation of extracts and fractionation
172
 

 Fresh samples were air-dried and ground, yielded 1500g of powder. From 

which, (500g) powder of dry pods from both plants were separately defatted with 

petroleum ether (40–60˚C) for 6 h. Then they were filtered and marc dried and 

extracted with a mixture of ethanol (700 ml): water (300 ml) (70: 30) as solvent for 24 

h at room temperature and placed in rotary shaker for 2 days to get hydro-alcoholic 

extracts by maceration method.  The extracts were filtered by using Whatmann No.1 

filter paper and filtrates were taken. The extraction was repeated two times and the 

filtered hydro-ethanolic extracts were mixed and evaporated under reduced pressure.  

50.0 g of hydroalcoholic extracrs were dissolved in 200 ml of methanol/water 

(7:3). N-Hexane, ethyl acetate and aqueous fractions were made from the solution 

obtained through liquid/liquid solvent partition of increasing polarity. From each 

fraction, the solvent was evaporated in rotary evaporator and dried. Fractions were 

designated as follows – hexane fraction (NHF), ethyl acetate fraction (EAF) – 

aqueous fraction (AQF),   dried to constant weight and stored at −10 ◦C until used for 

experiments. 

Heavy metal analysis
172
 

Heavy metal contents in spices and medicinal plants depend on climatic 

factors, plant species, air pollution, and other environmental factors. The fractions of 

both plant materials were subjected to the elemental analysis to find out the presence 

of heavy metals such as iron, cadmium, lead zinc and copper. The analysis was 

carried out using atomic absorption spectroscopy (AAS). 
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Preliminary phytochemical analysis172 

Hydoalcoholic extract of both the plant materials were evaluated for the 

presence of various phytoconstituents. 

Test for alkaloids: 

 About 0.2 g of the each extracts or fractions were warmed with 2% H2SO4 for 

two min.  It was filtered and few drops of Dragendroff’s reagent were added to both 

the test tubes. Orange red precipitate indicated the presence of alkaloids. 

Test for tannins: 

 Small quantity of extracts in separate test tubes were mixed with water and 

heated on water bath.  The mixtures were filtered and ferric chloride was added to the 

filtrates. A dark green solution indicates the presence of tannins. 

Test for anthraquinones (Borntragers test): 

 About 0.5 g of the each extracts or fractions were boiled with 10% HCl for 

few min in a water bath.  It was filtered and allowed to cool.  Equal volume of CHCl3 

was added to the filtrate.  Few drops of 10% NH3 were added to the mixture and heat.  

Formation of rose-pink colour indicates the presence of anthraquinones. 

Test for glycosides: 

 The extracts were hydrolysed with HCl solution and neutralized with NaOH 

solution.  A few drops of Fehling’s solution A and B were added.  Red precipitate 

indicates the presence of glycosides. 
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Test for reducing sugars:  

 The extracts were shaken with distilled water and filtered.  The filtrate was 

boiled with drops of Fehling’s solution A and B for min. An orange red precipitate 

indicates the presence of reducing sugars. 

Test for saponins: 

 About 0.2 g of the extracts were shaken with 5ml of distilled water and then 

heated to boil. Frothing (appearance of creamy miss of small bubbles) shows the 

presence of saponins. 

Test for flavonoids: 

 0.2 g of each extracts or fractions were dissolved in diluted NaOH and HCl 

was added. A yellow solution that turns colourless, indicates the presence of 

flavonoids. 

Test for steroids:  

 2ml of acetic anhydride was added to 0.5 g of the extracts of each with 2ml of 

H2SO4.  The colour changed from violet to blue or green in some samples indicating 

the presence of steroids. 

Test for terpenoids (Salkowski test): 

 0.2 g of the each extracts of the fruit pod samples were mixed with 2ml of 

chloroform (CHCl3) and concentrated H2SO4 (3ml) was carefully added to form a 

layer. A reddish brown coloration of the interface was formed to indicate positive 

results for the presence of terpenoids. 
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Polyphenolic content estimation
173
. 

The total phenolic content of all fractions was estimated by using Folin 

catechu reagent and measured at 765 nm using gallic acid as standard. Aliquots of 

fractions or gallic acid were mixed with 0.5 ml of Folin catechu reagent (diluted 1:1 

with water) and 2.5 ml of 20% aqueous sodium carbonate and allowed to stand for 45 

min in dark room and absorbance was measured by spectrophotometer. The total 

phenolic content in each fraction was calculated as gallic acid equivalent from the 

calibration curve.  

Flavonoid content estimation
174
 

Flavonoid content in all the fractions was determined by aluminium chloride 

colorimetric method.
 
Aliquot quantity of fractions was diluted with 1.50 ml of 

distilled water and 0.50 ml of 10% (w/v) aluminium chloride was added along with 

0.10 ml of 1 M potassium acetate and 2.80 ml of distilled water. This mixture was 

incubated at room temperature for 30 min. The absorbance of the resulting reaction 

mixture was measured at 415 nm UV spectrophotometer. Quantification of flavonoids 

was done on the basis of standard curve of quercetin prepared in 80% methanol and 

results were expressed in milligram quercetin equivalent (QE) per gm of dry fruits. 
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HPTLC studies of selected fractions 

Chromatographic condition 

Stationary phase : 
Silica Gel GF254 

Mobile phase : Toluene: Ethylacetate: formic acid (7:2:1 v/v) 

Chamber saturation time : 3 h 

Instrument : HPTLC (CAMAG-version  1.3.4,USA) 

Applicator : Linomat V 

Scanner : CAMAG TLC Scanner 

Developing chamber : Twin trough glass chamber (20×10) 

Developing mode : Ascending mode (multiple development) 

Detection reagent : Vanillin hydrochloride 

Scanning wavelength : 254 & 366nm 

Experimental condition : 25±2˚C Temp/RH: 55-65% 

HPTLC instrumentation 

The samples were spotted in the form of bands of width 6mm with a Camag 

microlitre syringe on precoated silica gel aluminium plate 60 F–254, (20 cm × 10 cm 

with 250 m thickness; E. Merck, Darmstadt, Germany, supplied by Anchrom 

Technologists, Mumbai) using a Camag Linomat IV (Switzerland). The plates were 

prewashed by methanol and activated at 60˚C for 5 min prior to chromatography. A 

constant application rate of 0.1 µl/s was employed and space between two bands was 
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5 mm. The slit dimension was kept at 5mm × 0.45mm and 10 mm/s scanning speed 

was employed. The monochromatic bandwidth was set at 20 nm, each track was 

scanned thrice and baseline correction was used. The mobile phase consisted of 

Toluene: ethylacetate: formic acid (7:2:1) and 15 ml of mobile phase was used per 

chromatography. Linear ascending development was carried out in (20 cm × 10 cm) 

twin trough glass chamber (Camag, Muttenz, Switzerland) saturated with the mobile 

phase and the chromatoplate development was carried out for two times with the same 

mobile phase to get good resolution. The optimized chamber saturation time for 

mobile phase was 3 hr at room temperature (25±2◦C) at relative humidity of 60 ± 5%. 

The length of chromatogram run was 8 cm. Subsequent to the development; TLC 

plates were dried in a current of air with the help of an air dryer. Densitometric 

scanning was performed on Camag TLC scanner III in the reflectance-absorbance 

mode at 486 nm and operated by CATS software (V 3.15, Camag). The source of 

radiation utilized was deuterium lamp emitting a continuous UV spectrum between 

254 and 366 nm. Concentrations of the compound chromatographed were determined 

from the intensity of diffusely reflected light. Evaluation was via peak areas with 

linear regression. 

Isolation and characterization of compounds 

Based on the results obtained from preliminary phytochemical analysis, 

HPTLC studies, quantification of polyphenols and flavonoids, the ethyl acetate 

fraction of Cassia fistula was taken for isolation of active principle by column 

chromatography and characterization by UV, IR, GC-MS and NMR analysis. 

 



54 

 

Column chromatography  

 Based on the phytochemical, HPTLC and polyphenol estimation the ethyl 

acetate fraction of Cassia fistula was taken for the column chromatography studies. 

About 1.3 g of the ethyl acetate fraction was thoroughly mixed with silica gel (60-120 

mesh) and fractionated by using tightly packed silica gel column. Chloroform was 

used as a solvent for packing the silica gel in the column. Then ratio of fractions of 

30:0, 25:5, 20:10, 15:15, 10:20, 5:25 (chloroform: methanol in ml) was collected. 

Among this, the fourth fraction was seemed to be denser and possessed the maximum 

phytoconstituents. Hence, the fourth fraction was taken for further fractionation by 

column chromatography and packed in a column and the ratio of 9.50:0.50, 9.0:1.0, 

8.5:0.5, 8:2, 7.5:2.5, 7:3, 6.5:3.5, 6:4, 5.5:4.5 (Chloroform: methanol in ml) was 

collected. In the column chromatography, the fraction obtained with 90% and 80% of 

chloroform in methanol mixture showed positive test with folin-ciocalteu reagent. 

HPTLC study of isolated fractions from ethyl acetate   

Method of preparing chromatographic fingerprint 

Stationary phase : HPTLC plate (10cm× 10cm; Merck) 

Mobile phase : Chloroform: methanol (11.8:0.2) 

Sample Application : Applied 2µl of sample and bands onto 

TLC Plates. 

Development : Developing distance 8 cm from the lower 

edge of the plate. The plates were dried 

below 50° C. 

Detection : Observed at UV 254 & 366 nm 
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HPTLC (CAMAG-version 1.4.4) chromatographic conditions 

 Pre coated aluminum plate (10 cm x10 cm) with silica gel 60 F254 (Merck, 

Darmstadt, Germany) was used as stationary phase to perform planer 

chromatography. Samples were applied to the plates that are 4mm wide and 10 mm 

from the bottom, by means of pressurized nitrogen gas (150kg/cm2) through CAMAG 

Linomat V fitted with a 100µl syringe. The rate of application and the distance 

between the tracks were set according to the type of analysis. The bands were 

visualized in Camag UV cabinet at 254 nm and 366 nm. Ascending development, 

with the mobile phase consisting of solvent chloroform: methanol (11.8:0.2) was 

performed in a twin-trough glass chamber (10cm x 10cm) obtained from CAMAG, 

with tightly fitting lids and previously saturated with the mobile phases for 20 min at 

room temperature (25±0.5◦C) and relative humidity (50 ± 5%). After the 

administration  of 2ml of nine fractions of   ethyl acetate fraction of Cassia fistula  

obtained by the column chromatography, the TLC plate was developed for a distance 

of 8mm (migration time of 30 min). After development, the plate was dried at 50 ± 

0.5 for 15 min and then it was scanned using Scanner 3 (CAMAG, Switzerland) at 

366nm using Win CATS 4 software. 

Separation of compound by preparative HPLC  

 HPLC separation of single band fraction (F2, F3 and  F4) of ethyl acetate 

fraction of Cassia fistula  was performed in Waters 515 pump, with manual rheodyne 

injector,  (volume of injection is 10µl run time 10 min) using acetonitrile and water  

as the mobile phase in the ratio of 70:30. The column used was C18 waters sun fire 

column, (15X5µmX4.6mm) and the detector was UV(2489) with the detection 
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wavelength of 214nm. The software used is waters Empower 2. A peak was eluted at 

the retention time of 5.2 min. The eluted fractions were collected in an eppendrof 

tube, directly from the column outlet. 

FTIR sample processing method 

Sample preparation: 

Pressed pellet technique: 

 The given powder sample was mixed with potassium bromide, which was kept 

in hot air oven for 1 hour at 90 degree Celsius, in the ratio of about 100 times its 

weight of powdered potassium bromide. The finely ground mixture was then passed 

through KBR pellet press under a pressure of about 25,000 Psi, maintained for about 

10 s. The resulting transparent pellet was subjected to FTIR analysis. 

Instrumental Procedure: 

 The instrument used was FTIR 8400s (CE) Shimadzu; it was calibrated by 

measuring power spectrum, polystyrene film and blank KBR pellet. This takes about 

2 min and the obtained spectrum along with the instrument generated report was 

monitored for pass result. The made sample pellets were subjected to FTIR analysis, 

resulting in IR spectra of the compound. 

GCMS analysis 

The GCMS used was a Thermo Scientific DSQ II series single quadrupole 

GC-MS. The GC was operated in the splitless injection mode with a flow of 1 ml/min 

through a DB-35ms capillary standard non-polar column (30 m length x 0.25 mm i.d. 
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x 0.25µm film thickness). Mass spectrometry was used in selected ion monitoring 

(SIM) scan mode and operated in the electron impact (EI) mode at 40eV. Oven 

temperature programme: 50°C (1 min. isothermal) to 260°C (at 10°C / min.). Carrier 

gas: helium at 1ml/min. Xcalibur version 2, software was used to analysis the data.  

NMR analysis of ethyl acetate extract of Cassia fistula  

 NMR spectra was obtained using Bruker Avance 400 equipped with BBI 

Inverse Probe ,equipped with an automatic tuning and matching (ATM) as well as Z-

gradients. 2 Channel amplifier system (20-420) MHz each) Communication control 

unit with high speed RISC processor, 16 MB memory, dedicated enternet connection 

ports for communication link to workstation. The spectra were acquired and processed 

using PC/NT workstation with NMR suite, NT software. The spectra were recorded in 

DMSOd6 solvent systems at 300 K and the chemical shift calibration was carried out 

either on the TSP signal or residual solvent peak. The size of all 1D spectra was 65 K 

and the number of transients varied for different types of spectra. The standard 1D H 

NMR spectra were acquired with 30 pulse length and a relaxation delay of 2 s, while 

the 1 H NMR45 spectra were acquired with 45 pulse length and a relaxation delay of 

60 s to enable an accurate quantification  of peaks . 

PHARMACOLOGY STUDIES 

In vitro pharmacological studies 

Superoxide radical scavenging activity
98-100

 

Measurement of superoxide anion scavenging activity of fractions was based 

on the method described previously.  Phenazine methosulphate (PMS)–nicotinamide 
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adenine dinucleotide (NADH) system generates superoxide radicals by oxidation of 

NADH and assayed by the reduction of nitroblue tetrazolium (NBT). In this 

experiment, the superoxide radicals were generated in 3ml of Tris–HCl buffer  (16 

mM, pH 8.0) containing 1ml of NBT (50 µM) solution, 1ml NADH (78 µM) solution 

and 0, 50, 100, 150, 200, 250 µg/ml of fractions were mixed. The reaction was started 

by adding 1ml of PMS solution (10µM) to the mixture. The reaction mixture was 

incubated at 25◦C for 5 min, and the absorbance at 560 nm in a UV-spectrophotometer 

was measured against blank samples.  Decrease in absorbance of the reaction mixture 

indicated increased superoxide anion scavenging activity. The percentage inhibition 

of superoxide anion generation was calculated using the following formula. 

Percentage inhibition = [A0 – A1/A0] X 100 

Where A0 was the absorbance of control (blank), and A1 was the absorbance of EAF/ 

NHF/ AQF or standard. 

Reductive ability
98-100

 

Reducing power ability was measured by mixing 50, 100, 150, 200 and 250 

µg/ml of EAFCF and NHFCA  prepared with distilled water and mixed with 2.5ml of 

phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide and 

incubated at 500◦C for 30 min. Trichloroacetic acid (2.5 ml, 10%) (TCA) were added 

to the mixture and centrifuged for 10 min at 3000 RPM and 2.5 ml from the upper 

portions were diluted with 2.5 ml water and shaken with 0.5 ml fresh 0.1%, ferric 

chloride. The absorbance was measured at 700 nm using UV‐spectrophotometer. The 

blank was prepared as above, but contained water instead of the samples. Increase in 



59 

 

the absorbance by reaction mixture indicates increased reducing power. All 

experiments were done in triplicate using butylated hydroxy toluene as standard. 

In vivo pharmacological studies 

Based on the preliminary pharmacognostical studies and In vitro 

pharmacological evaluations the ethyl acetate fraction of Cassia fistula L. pods 

(EAFCF) and n-hexane fraction of Cassia auriculata L. pods (NHFCA) were selected 

for further pharmacological evaluations. Prior approval from Institutional Animal 

Ethical Committee (IEAC), PSG Institute of Medical Sciences and Research were 

obtained for all the protocols in this study.  

Oral toxicity studies
175
 

The acute toxicity test was performed as per the guidelines of OECD for the 

testing of chemicals (OECD, 2001). There were no death observed as well as the 

animal did not show any change in food consumption and body weight up to the dose 

of 2000 mg/kg. However, behavioral alterations were noted in animals received 

higher doses of fractions. The doses for pharmacological evaluations were fixed based 

on the acute oral toxicity studies. 

Anti- convulsant activity 

Subcutaneous pentylenetetrazole seizure test (s.c.PTZ test)
109-111

 

 Mice were administered 60mg /kg dose of PTZ subcutaneously into a loose 

fold skin of the neck between shoulder blades and were placed in a Plexiglas arena 

and observed for 60 mins after PTZ administration. PTZ (60mg/kg, s.c.) has been 
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standardized as 100% convulsant with minimal mortality in mice. Parameters noted 

were latency to first minimal clonic seizure (MCS) which persist for at least a 5 s 

period, latency to first generalized tonic clonic seizure (GTCS), protection percentage 

against GTCS. 

Table 2. Grouping of animals for evaluation of anti-convulsant activity of 

EAFCF and NHFCA in s.c.PTZ model 

S.No Group 
Number of 

animals 
Treatment 

1 Group I 6 Control (Vehicle 10 ml/kg) 

2 Group II 6 Standard (Diazepam 2 mg/kg i.p.) 

3 Group III 6 EAFCF (50 mg/kg, p.o.) 

4 Group IV 6 EAFCF (100 mg/kg, p.o.) 

5 Group V 6 EAFCF (200 mg/kg, p.o.) 

6 Group VI 6 NHFCA (100mg/kg, p.o.) 

7 Group VII 6 NHFCA (200 mg/kg, p.o.) 

8 Group VIII 6 NHFCA (400 mg/kg, p.o.) 

 

PTZ kindling model
109-111

 

Rats received a sub-convulsant dose of PTZ (40 mg/kg, i.p) every alternate 

day until the occurrence minimum three consutive stage 5 seizures. Rats were treated 

with standard drug/ vehicle/ EAFCF (200 mg/kg) 60 min prior to the administration 

of PTZ and convulsive behavior was scored as follows stage 0; straub tail stage 1; 
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facial or jaw movements, stage 2; addition of head nodding, stage 3; unilateral 

forelimb clonus, stage 4; and rearing with bilateral forelimb clonus, with hind limb 

extension stage 5. 

Anxiolytic activity 

The following table shows the grouping pattern animals used for the 

evaluation of anxiolytic activity in EPM, OFT and marble burying behavior. 

Table 3. Grouping of animals for evaluation of anxiolytic activity of EAFCF and 

NHFCA  in EPM, OFT and marble burying behavior 

S.No Group 
Number of 

animals 
Treatment 

1 Group I 6 Control (Vehicle 10 ml/kg) 

2 Group II 6 Standard (Diazepam 1 mg/kg i.p.) 

3 Group III 6 EAFCF (25 mg/kg, p.o.) 

4 Group IV 6 EAFCF (50 mg/kg, p.o.) 

5 Group V 6 EAFCF (100 mg/kg, p.o.) 

6 Group VI 6 NHFCA (50mg/kg, p.o.) 

7 Group VII 6 NHFCA (100 mg/kg, p.o.) 

8 Group VIII 6 NHFCA (200 mg/kg, p.o.) 
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Elevated plus maze test
112
 

The elevated plus maze apparatus was made of Plexiglas and consisted of two 

open arms (30×5 cm) and two closed arms (30×5 cm) with 25 cm walls. The arms 

extended from a central platform (5×5 cm). The maze was elevated 38.5 cm from the 

room’s floor. Each animal was placed at the center of the maze, facing one of the 

enclosed arms. The number of entries and the time spent in enclosed and open arms 

were recorded for 5 min. Entry into an arm was defined as the animal placing all four 

paws onto the arm. Total exploratory activity (number of entries) and other 

ethologically derived measures (grooming, rearing, stretched attend postures and head 

dipping) were also registered. After each test, the maze was carefully cleaned up with 

wet cotton dipped in 10% ethanol solution. 

Open field test
116
 

This method is used to evaluate exploratory activity and emotionality of 

animals. The open field test apparatus consist of a square arena (60cm×60cm× 60cm) 

divided into 9 segments. The mice were placed in the center of arena facing the wall 

and allowed to explore freely in the apparatus for 5 min with experimenter out of 

animal sight. Parameters like ambulation (number of partitions crossed with all four 

paws), rearings (number of times mouse stood on its hind limbs), time spent in central 

compartment and number of crossings in central compartment were recorded. Mice 

were carried to the test room in their cages and were handled by the base of their tails 

at all times. After the 5min, test mice were returned to their home cages. The open 

field was cleaned with 70% ethyl alcohol and permitted to dry between tests. 
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Marble burying behavior
117
 

This experimental procedure is based on the self-protective burying behavior 

of rodents in response to aversive stimuli such as glass marbles. Mice were 

preselected based on their stable burying behavior and were treated with fractions or 

standard drug. 60 min later they were placed individually in cages containing 25 glass 

marbles placed in uniform distance for 30 min the mice were removed and number of 

marbles completely buried in sawdust were counted119.  

Antidepressant activity 

The following table represents the grouping pattern of animals followed for 

the evaluation of anti-depressant like activity of EAFCF and NHFCA in FST and 

TST. 

Table 4. Grouping of animals for evaluation of antidepressant activity of EAFCF 

and NHFCA in FST and TST 

S.No Group 
Number of 

animals 
Treatment 

1 Group I 6 Control (Vehicle 10 ml/kg) 

2 Group II 6 Standard (Fluoxetine 20 mg/kg, i.p.) 

3 Group III 6 EAFCF (25 mg/kg, p.o.) 

4 Group IV 6 EAFCF (50 mg/kg, p.o.) 

5 Group V 6 EAFCF (100 mg/kg, p.o.) 

6 Group VI 6 NHFCA (50mg/kg, p.o.) 

7 Group VII 6 NHFCA (100 mg/kg, p.o.) 

8 Group VIII 6 NHFCA (200 mg/kg, p.o.) 
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Mouse Forced Swim Test (FST)
121
: 

The method described by Porsolt and coworkers was used. Unlike Porsolt's 

method for mice which consists of direct immersion of animals after injecting drugs, 

we subjected the animals to "pre-test session" to avoid variations and for maintaining 

consistency in the immobility time between different groups. Briefly, mouse was 

forced to swim individually for 15 min in glass cylinder (21x12 cm) containing fresh 

water up to the height of 9 cm at a temperature of 25 ± 2ºC. This constituted the "pre 

test session", Twenty four h latter, the animals were treated either with a drug (test 

group) or vehicle (control group) and each animal was again forced to swim in similar 

environment for a period 6 min in "test session" and the duration of immobility was 

recorded. In this experimental paradigm after a phase of vigorous swimming in water, 

mice show an immobile floating posture. This immobility is postulated to represent a 

depression like state and is reduced or eliminated by clinically effective 

antidepressant drugs. Mouse was judged to be immobile if it ceased struggling and 

remained floating motionless in water making only those movements necessary to 

keep its head above water. Reduction in the duration of immobility by a drug was 

considered, as it possesses antidespair or antidepressant like effect. Each experimental 

group consists 5 mice and was chosen by means of completely randomized method.  

Illumination of 100Lux was maintained above the FST model throughout the 

experiment. 

Tail suspension test
123
 

 Tail suspension test was derived from the Porsolt’s forced swim test and was 

based on the observation that the mouse suspended by its tail shows alternate period 
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of agitation and immobility similar to that of FST. Briefly, mice were suspended from 

the edge of the shelves 50 cm above the floor by its tail. The duration of immobility 

was recorded for 6 min. The reduction in the duration of immobility by a drug was 

considered as it possess antidepressant activity. 

Chronic unpredictable stress induced anhedonia
127
 

Stress procedure 

Behavioral depression was induced to the animals by chronic unpredictable for 

the period of five weeks. The stressors used are as follows: 24 h food deprivation; 2 h 

immobilization; 24 h water deprivation; 5 min cold swim at 4ºC; 1 min tail pinch, wet 

bedding, placing novel items in the cage. The stressors were applied randomly so that 

the animal cannot have clue about the following stressors. Sucrose consumption test 

was performed before stress, two weeks after stress and five weeks after stress 

session. Forced swim test and Super oxide dismutase (SOD) activity assay were 

performed at the end of 5 weeks stress procedure. 

Table 5. Grouping of animals for evaluation of antidepressant activity of EAFCF 

in CUS induced anhedonia model 

S.No Group 
Number of 

animals 
Treatment 

1 Group I 6 Control (Vehicle 10 ml/kg) 

2 Group II 6 Model (Stressed) 

3 Group III 6 Standard (Fluoxetine 20 mg/kg, i.p.) 

4 Group IV 6 EAFCF (50 mg/kg, p.o.) 

5 Group V 6 EAFCF (100 mg/kg, p.o.) 
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Sucrose consumption test 

Sucrose consumption is considered as hedonic measurement and animals 

received chronic unpredictable stress for 5 weeks show decrease in sucrose 

consumption. Animals were habituated to consume 1% sucrose solution before the 

experiment. Sucrose consumption was measured by placing one bottle of drinking 

water and one bottle of 1% sucrose solution for one hour period and reweighing the 

pre-weighed bottles.  

SOD assay
176
 

Animals were withheld from drug treatment for twenty four h after the five 

weeks stress protocol. Blood samples were collected and erythrocytes were separated 

and hemolyzed in cold double distilled water then it was centrifuged with ice cold 

extractive reagent at 1500 RPM for 10 min. SOD activity in upper aqueous 

supernatant phase was assayed by addition of 0.3 ml of phosphate buffer, 0.025 ml of 

186µM PMS and 0.075 ml of 300 µM NBT and glacial acetic acid 0.025 ml. The 

reaction mixture was incubated for 90S at 30ºC and the color intensity was measured 

at 560nm in spectrophotometer. 

Analgesic and anti-nociceptive activity 

Analgesic and antinociceptive actions of EAFCF and NHFCA were assessed 

by acetic acid induced writhing, hot plate, tail immersion and formalin test. The below 

table (table 6) shows the grouping pattern of animals for the evaluation of analgesic 

and antinociceptive effect. 
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Table 6. Grouping of animals for evaluation of anti-nociceptive activity of 

EAFCF and NHFCA in hotplate, tail immersion and formalin tests 

S.No Group 
Number of 

animals 
Treatment 

2 Group II 6 Standard (Morphine 2mg/kg i.p.) 

3 Group III 6 EAFCF (25 mg/kg, p.o.) 

4 Group IV 6 EAFCF (50 mg/kg, p.o.) 

5 Group V 6 EAFCF (100 mg/kg, p.o.) 

6 Group VI 6 NHFCA (50mg/kg, p.o.) 

7 Group VII 6 NHFCA (100 mg/kg, p.o.) 

8 Group VIII 6 NHFCA (200 mg/kg, p.o.) 

 

Acetic acid induced writhing
129
 

Administration of chemical irritants such as acetic acid causes pain by 

releasing endogenous pain mediators. The mice were treated with standard drug or 

fractions, 60 min prior to the administration 0.7% acetic acid (10 ml/kg, i.p.).  The 

mice were observed immediately after acetic acid administration and the number of 

writhing was counted for 30 min.  Complete writhing considered when the animal 

showed contraction of the abdomen, elongation of the body, twisting of the trunk 

and/or pelvis ending with the extension of the limbs
45
.  
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Hotplate test
131
 

 Other side effects of herbal supplements have come from anecdotal reports.  

The sensitizing capacity of many herbal remedies resulted in allergic contact 

dermatitis, including 

Mice were placed on hotplate maintained at a temperature of 55± 1°C  and 

basal reaction  time of animal (forepaw licking, withdrawal of the paw(s) or jumping 

response) was recorded. The animals were treated with morphine or selected fractions 

and were placed on Eddy’s hotplate maintained at a temperature of 55± 1°C. The 

reaction times were noted again at 30, 60, 90, and 120 min interval. A cutoff period of 

20 s was set to avoid tissue damage in foot.  

Tail immersion test
130
 

Mice were treated with standard or selected fractions and one to two cm of the 

tail was immersed in hot water kept at the temperature of 55± 1°C. Time latency to 

withdraw the tail was noted at 30, 60, 120 min after the treatment. To prevent the 

excessive tail tissue damage, cut off latency period of 20 s was maintained.  

Formalin induced nociception
133
 

Rats were treated with standard or fractions, 60 min prior to the administration 

of with 0.03 ml of 1% formalin in the sub- planter region of right hind paw. The 

nociceptive responses (licking or biting of formalin injected site) were noted in two 

phases. First 5 min after the administration of formalin comprises the first phase and 

the second phase comprises the 15 to 30 min after the formalin administration. 
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Assessment of motor toxicity and sedative property of EAFCF and NHFCA 

Table 7. Grouping of animals for penobarbitone induced sleep time and rota rod 

behavior test of EAFCF and NHFCA 

S.No Group Number of animals Treatment 

1 Group I 6 Control (Vehicle 10 ml/kg) 

2 Group II 6 Diazepam (2mg/kg, i.p.) 

4 Group IV 6 EAFCF (100 mg/kg, p.o.) 

5 Group V 6 EAFCF (200 mg/kg, p.o.) 

7 Group VII 6 NHFCA (200 mg/kg, p.o.) 

8 Group VIII 6 NHFCA (400 mg/kg, p.o.) 

Phenobarbitone sodium induced sleeping time
177
 

Different groups of mice received phenobarbitone sodium (45 mg/kg i.p.) 

thirty min prior to the administration of extract fractions, vehicle (control) or 

diazepam (1mg/kg i.p.). The animals were observed and the latent period (time 

between the phenobarbitone administration and the onset of sleep) as well as the 

duration of sleep (time between the loss and recovery of the righting reflex) were 

recorded.  

Rotarod test
178
 

Mice were preselected based on their ability to withstand on a horizontal bar 

(2.5cm diameter) revolving at a speed of 15 rpm for 120 s. After drug treatment each 
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animal was evaluated for the time permanence on the rotating bar. Motor toxic drugs 

generally reduce the time permanence on rotarod.  

Neurochemical estimation
179
 

Animals were sacrificed at the end of chronic treatment with EAFCF and 

stress by decapitation and the brains were rapidly dissected out in ice-cold conditions 

and frozen in ice-cold 0.9% (w/v) saline at−20◦C until taken for neurochemical 

analysis. The tissue was homogenized with 2 volumes of 0.l M HCl and 0.15M NaOH 

solution prepared in 60% (v/v) methanol and later the pH was neutralized with l 

volume of 0.l5 M NaOH solution, also prepared in 60% (v/v) methanol. The 

homogenate was centrifuged 13000 rpm at 40C for 45 min and the supernatant was 

collected and stored at 4
0
C for further analysis. Neurochemicals such as GABA, 

serotonin, glutamate and adenosine were estimated using HPTLC (CAMAG — 

version 1.4.4, USA). 

Interaction studies 

Sub-effective and effective doses of ethyl acetate fraction of Cassia fistula L.   

was selected from the previous experiments. To evaluate the synergistic interaction 

with adenosine agonists sub-effective was chosen and for antagonistic interaction with 

adenosine antagonists the effective dose was chosen. After the treatment procedure 

the animals were exposed to forced swim test, elevated plus maze, s.c. PTZ test and 

formalin test. Separate sets of animals were used for each experiment.  
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Table 8. Grouping of animals for interaction studies 

S.No Group 
Number of 

animals 
Treatment 

1 Group I 6 
Vehicle + EAFCF 25(Vehicle 10 

ml/k) 

2 Group II 6 
Adenosine( mg /kg, i.p.)+ EAFCF (25 

mg/kg, i.p.) 

3 Group III 6 
CSC mg/kg, i.p.+EAFCF ( 25 mg/kg, 

p.o.) 

4 Group IV 6 
Dipyridamole mg/kg + EAFCF (25 

mg/kg, p.o.) 

5 Group V 6 
Vehicle (10 ml/kg, i.p.) + EAFCF 

(100 mg/kg, p.o.) 

6 Group VI 6 
Caffeine (mg/kg, i.p.) + EAFCF (100 

mg/kg, p.o.) 

Statistics 

The data obtained were evaluated by using ANOVA followed by Dunnet’s 

post hoc. The seizure development in PTZ kindling and the drug effects were 

analysed by repeated measures. The seizure score were analysed by the Kruskal-

Wallis H test followed by the Mann-Whitney U test. 
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RESULTS AND ANALYSIS 

Pharmacognostic studies  

Ash value 

 Total ash value, water soluble ash and acid soluble ash value were determined 

according the standard procedure and results are given in table 9. 

Table 9: Ash values of Cassia fistula L. and Cassia auriculata L. pods in %w/w 

S.No 
Name of the plant and part 

used 
Type of ash % Ash in w/w 

1.  

Cassia fistula L. 

Pods 

Total ash 9.25 

2.  Acid soluble ash 4.21 

3.  Water soluble ash 2.25 

4.  

Cassia auriculata L. 

Pods 

Total ash 10.1 

5.  Acid soluble ash 5.21 

6.  Water soluble ash 3.21 

 

Extractive value 

 Extractive values of Cassia fistula L. and Cassia auriculata  L. are given in 

table 10. 
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Table 10: Extractive value of Cassia fistula L. and Cassia auriculata L pods in % 

w/w 

S.No 
Name of the plant 

and part used 
Type of extract 

Extractive 

value w/w 

1.  

Cassia fistula L. 

Pods 

Alcohol soluble extract 10.25 

2.  Water soluble extract 25.36 

3.  Hydro alcohol soluble extract 35.23 

4.  

Cassia auriculata L. 

Pods 

Alcohol soluble extract 14.32 

5.  Water soluble extract 16.32 

6.  Hydro alcohol soluble extract 30.25 

 

Heavy metal analysis 

 Table 11 shows that among the five heavy metals, iron (Fe) has been found to 

contain in large quantities and all other elements are within the permissible range 

fractions.  

Table 11. Results of the metal contents from EAFCF and NHFCA (ppm) 

S.No Fractions 
Cd 

(ppm) 

Cu 

(ppm) 

Pb 

(ppm) 

Zn 

(ppm) 

Fe 

(ppm) 

1 EAFCF 0.0016 0.0012 0.2599 0.0087 0.559 

2 NHFCA 0.0013 0.1904 0.5657 0.0162 0.4019 

EAFCF- Ethyl acetate fraction of Cassia fistula L. pods, NHFCA, n-hexane fraction 

of Cassia auriculata L. pods, ppm- parts per million. 
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Preliminary phytochemical analysis 

The results of preliminary phytochemical analysis are given in table 12. It 

shows hydroalcoholic extract of Cassia fistula L. pods (HAECF) contains alkaloids, 

flavonoids, anthraquinones, tannins, glycosides, reducing sugars, steroids and 

terpenoids.  The ethyl acetate fraction of Cassia fistula L. pods (EAFCF) showed the 

presence of alkaloids, flavonoids, anthroquinones. Hydroalcohoic extract of Cassia 

auriculata L. pods (HAECA) showed the presence of alkaloids, saponins, tannins, 

flavonoids, anthraquinones, steroids and terpenoids. n-Hexane fraction of Cassia 

auriculata L. pods showed the presence of alkaloids, saponins, tannins, favonoids, 

steroids. 

Table 12. Preliminary phytochemical analysis of hydroalcoholic extract and 

fractions of Cassia fistula L and Cassia auriculata L 

S.No Tests HAECF EAFCF HAECA NHFCA 

1 Alkaloid + + + + 

2 Saponins - - + + 

3 Flavonoids + + + + 

4 Anthraquinones + + + + 

5 Tannins + - + + 

6 Glycosides + - - - 

7 Steroids - - + + 

8 Reducing sugars + - - - 

9 Terpenoids + + + + 

+ positive, - negative HAECF- Hydroalcoholic extract of Cassia fistula L 

EAFCF- Ethylacetate fraction of Cassia fistula L 

HAECA- Hydroalcoholic extract of Cassia auriculata L 

NHFCA- n-Hexane fraction of Cassia auriculata L 
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Polyphenolic content estimation 

EAFCF and NHFCA were found to contain more polyphenols than other 

fractions. The amount of phenolic constituent present in EAFCA was found to61.5 

µg/mg in terms of gallic acid equivalent and in NHFCA it was found to53.5 µg/mg.  

 

Fig 3. Standard curve of gallic acid 

Flavonoid content estimation 

 The total flavonoids content of EAFCF and  NHFCA was estimated and the 

total flavonoids present in the EAFCF was found to be 30.5 and in NHFCA it was 

found to be 25.5 mg/mg in terms of quercetin equivalent. . 
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Fig 4. Standard curve of quercetin 

Standardization with HPTLC 

 Standardization of two selected fractions that is EAFCF and NHFCA was 

done using HPTLC. During standardization the bands were visualized at 254 nm and 

366 nm. The solvents used are toluene: ethyl acetate: formic acid (7:2:1).  

HPTLC studies of EAFCF and NHFCA   

Fig 5 & 6 shows different bands observed in 254 nm and 366 nm for EAFCF 

and NHFCA. The bands obtained in fig 5 shows the various components present in 

EAFCF and NHFCA fractions. The brown coloured bands obtained in chromatogram 

6, shows the presence of flavonoids and phenolics in EAFCF and NHFCA fraction 

respectively. The presence of flavonoids was confirmed by derivatization with 

vanillin sulphuric acid and the presence of phenolics with Folin-ciocalteu reagent. 

Table 13 represents the various Rf values obtained for seven peaks. The Rf 

value also shows various constituents that is present in ethyl acetate fraction. Table 13 

represents the Rf values obtained for 7 peaks in NHFCA fraction. EAFCF and 

NHFCA had common peaks and Rf values of 0.48, 0.69, 0.46.  The standards used 

were quercetin, rutin, caffeic acid and catechin. 
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HPTLC fingerprinting of EAFCF and NHFCA 

 

 

 

 

 

 

 

Fig 5. HPTLC profile of EAFCF and NHFCA fraction at 254 nm 

 

 

 

 

 

 

 

Fig 6. HPTLC profile of EAFCF and NHFCA at 366nm 

 

EAFCF 

NHFCA 
Quercetin caff.acid catechin Rutin 

Rutin 
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Rf values of peaks from EAFCF and NHFCA 

 The below table represents the Rf values of EAFCF (table 13)  

Table 13.  HPTLC Profile of the EAFCF 

Peaks 1 2 3 4 5 6 7 

Rf  value 0.35 0.39 0.48 0.59 0.63 0.69 0.70 

Profile of NHFCA 

The below table represents the Rf values of NHFCA (table 14) 

Table 14. HPTLC Profile of the NHFCA 

Peaks 1 2 3 4 5 6 7 

Rf  value 0.35 0.40 0.46 0.50 0.57 0.66 0.73 

Peak densitiogram 

The below diagram showing the peak of various components present in 

EAFCF (fig 7) 
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Fig7. HPTLC chromatogram of EAFCF– Peak densitogram  display (Scanned at 

500 nm) 

 

The below diagram showing the peak of various components present in NHFCA 

 

Fig 8. HPTLC chromatogram of NHFCA – Peak densitogram display (Scanned 

at 500 nm) 
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Column chromatography  

 In column chromatography 6 fractions were obtained with 90% and 80% of 

chloroform in methanol mixture showed positive test with folin-Ciocalte reagent were 

further subjected to analytical studies by means of HPTLC. 

  HPTLC techniques, the flavonoids from EAFCF was determined by using 

solvent system Chloroform: methanol (11.8:0.2) as mobile phase. The fraction 

obtained by 80% and 70 % of chloroform mixture showed a single band of 

flavonoids, which gave peak at Rf 0.69 for flavonoid.  

 

Fig 9. 3D display of HPTLC chromatogram of EAFCF  at 254 nm 
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HPLC separation of single peak from EAFCF 

The single peak obtained fractions in HPTLC (F2, F3 and F4) were separated by 

using HPLC, a single band compound obtained at 6 min, the peek was collected at the 

column out let, acetonitrate was evaporated in room temperature and the compound 

was  precipitated by freeze drying  technique.  

Fig 10 : HPLC profile of compound isolated from EAFCF 

FTIR analysis of the isolated compound  

 A half white crystalline compound was obtained after freeze drying was 

subjected to FTIR studies to find out the functional groups present in the compound. 

IR spectra shows following vibrations in the range between 1256 to 800cm-1 

disubstituted benzene ring, at 1472 cm-1-1288cm-1and 1115cm-1-1147 cm-1 and 1242 

cm-1- 1288cm-1conforms the presence of  phenolic (C-OH) hydroxyl group. This 

conforms the presence various functional groups present in the isolated compound.  
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Fig 11 : FTIR spectrum of isolated compound EAFCF 
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Fig 12 : GCMS analysis of the isolated compound from EAFCF 

 

H
NMR spectrum analysis of the iolated compound from EAFCF 

  The NMR analysis of the isolated compound is shown in fig 13.The H NMR 

was based on the proton correlation. H coupling data and selective decoupling of H6 

and H2’,6’.there is an nuclear overhauser  from H2’,6’ to H3 and H8 but not in H6 

provied good evidance for 1H assignment the datas were at tabel 15. The NMR data 

firmly establishe the structure of the isolated compound fig 13. 
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Fig 13: 
H
NMR Spectrum of isolated compound from EAFCF 

 

Tabel 15: 
H
 NMR data of the isolated compound from EAFCF 

S. No Atom 
Exp. Shift 

(ppm) 
Multiplet 

1 4 2.50 M09 

2 4 2.84 M08 

3 3 3.97 M07 

4 2 4.56 M06 

5 9 5.85 M05 

6 7 5.92 M04 

7 16 6.71 M03 

8 15 6.76 M02 

9 12 6.83 M01 
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13
C NMR spectrum of the isolated compound from EAFCF. 

 From the 13C NMR study of our isolated compound, we found peaks at 60-100 

for (CH). the peak obtaied at 100-160 was for aromatic carbon atom and the peak at 

185 is for C=O.the 13 C NMR study  was based on the carbon  CH coretation . 

Structure of isolated compound from EAFCF 

 Based on the strucutrul analysis through FTIR, GC-MS and NMR, the 

following structrure has been derived for the isolated compound and the chemical 

name of the compound was identified as 2-(3,4-dihydroxyphenyl)chroman-3,4,7-triol.  

OH

OH

HO O

OH

OH

H

O

H

 

Fig 14. Chemical structure of the isolated compound from EAFCF. 

PHARMACOLOGICAL STUDIES 

In vitro studies 

Superoxide scavenging activity 

The super oxide scavenging ability of EAFCF and NHFCA is given in the 

table 16. The IC50 value of EAFCF in scavenging superoxide was found to be 

51.38µg/ml and for NHFCA it was found to be 53.23µg/ml 
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Table 16. Superoxide scavenging activity of EAFCF and NHFCA 

EAFCF NHFCA 

S.No 
Conc 

(µg/ml) 

% 

Inhibition 
IC50 

Conc 

(µg/ml) 

% 

Inhibition 
IC50 

1 20 17.46 

51.38 

 

20 14.25 

53.23 

 

2 40 33.46 40 28.92 

3 60 53.46 60 51.33 

4 80 69.46 80 62.53 

5 100 89.19 100 81.46 

Data expressed as average of three observations EAFCA= Ethayl acetate 

fraction of Cassia fistula L., NHFCA= n-hexane fraction of Cassia auriculata L. 

pods, NHFCA, n-hexane fraction of Cassia auriculata L. pods 

Reducing power ability 

The ability with which a natural anti-oxidant to donate electron is designated 

as reducing power activity. The reducing power ability of fractions was well 

correlated with their polyphenolic and flavonoid content. The results were shown in 

table 17. 

Table 17. Reductive ability of EAFCF and NHFCA 

S. No Conc (µg/ml) EAFCF NHFCA BHT 

1 20 0.183±0.0004 0.178±0.0102 0.193±0.0050 

2 40 0.221±0.0030 0.189±0.0180 0.247±0.0071 

3 60 0.254±0.0013 0.239±0.0012 0.260±0.00038 

4 80 0.278±0.0014 0.260±0.0029 0.386±0.0006 

5 100 0.348±0.0017 0.329±0.0017 0.569±0.00189 
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Data expressed as mean ± SEM of three observations. EAFCA= Ethayl acetate 

fraction of Cassia fistula L., NHFCA= n-hexane fraction of Cassia auriculata L. pods 

BHT= butylated hydroxyl toluene. 

In vivo pharmacological studies 

Oral toxicity studies 

There was no toxicity and no mortality was observed up to a dose of 

2000mg/kg of EAFCF and NHFCA treated animals during the 24 h. For 

pharmacological evaluation, the doses were fixed based on toxicity studies. 1/10th of 

the dose selected and further titrated. 

Anticonvulsant activity 

Anticonvulsant effect of EAFCF and NHFCA on PTZ induced seizure in mice 

Treatment with EAFCF and NHFCA resulted in significant (p<0.01) increases 

in the latency to the occurrence of minimal clonic convulsion, as well as tonic clonic 

convulsions produced by PTZ administration. In addition, EAFCF (100 mg/kg) 

protected the animals from death due to PTZ administration observed for 24h (table 

18). However, NHFCA did not show 100% protection from death due to PTZ 

administration. Unlike diazepam, the fractions did not protect the animal from onset 

of PTZ induced convulsion. 
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Table 18. Dose dependent anticonvulsant effect of EAFCF on PTZ induced 

seizure in mice. 

Groups Dose 
Latency to 

MCS (Min) 

Latency to 

GTCS (Min) 

% protection 

from 

mortality 

Vehicle 

EAFCF 

EAFCF 

EAFCF 

NHFCA 

NHFCA 

NHFCA 

Diazepam 

10 ml/kg, i.p. 

50 mg/kg, p.o. 

100 mg/kg, p.o 

100 mg/kg, p.o. 

100 mg/kg, p.o. 

200 mg/kg, p.o. 

400mg/kg, p.o. 

2 mg/kg, i.p. 

2.47±0.27 

3.59±0.416 

12.96±0.397* 

15.39±0.574* 

03.48±0.654 

7.58±0.342 

15.25±0.52 

60±0* 

3.44±0.262 

5.52±0.517 

39.86±0.847* 

54.66±1.136* 

05.01±1.23 

15.32±1.36 

39.86±0.98 

60±0* 

0 

33.3 

66.5 

100 

0 

33.3 

66.5 

100 

 Data represented as mean±SEM with n=6 MCS- Minimal clonic seizure, 

GTCS- Generalised tonic clonic seizure Data analysed by one way ANOVA followed 

by Dunnett’s test. *p <0.01 compared to vehicle control  

Repeated treatment of EAFCF did not alter the anticonvulsant effect in PTZ 

kindling model 

The course of seizure severity was parallel in control animals (day X group 

dF= 13, F= 0.53, p=0.9). However, the seizure scores was reduced in EAFCF treated 

animals compared to control animals (F (1, 14) = 4.20, p=0.05. The obtained results 

are represented in fig 15. This clearly indicate repeated treatment of EAFCF did not 

alter the anticonvulsive effectiveness shown in s.c.PTZ treatment. 
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Fig 15. Sub chronic treatment of EAFCF suppresses the seizure generation in 

PTZ kindling model 

PTZ 35 mg/kg, i.p. was given 60 min after the administration of EAFCF. Data 

expressed as mean±SEM of seizure score. Control animals received saline followed 

by PTZ. 

Anxiolytic effect of EAFCF and NHFCA in elevated plus maze using mice 

Acute administration of EAFCF and NHFCA dose dependently increased the 

percentage entries into open arm and time spent in the open arm when compared to 

the control (p<0.01), indicating anxiolytic activity. However, it did not significantly 

(p>0.05) change the total number of arm entries (table 19). EAFCF 25mg/kg and 

NHFCA 50 mg/kg did not significantly changes the parameters observed in EPM and 

were sub effective. 
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Table 19. Effect of EAFCF and NHFCA on behavioral parameters in EPM. 

Groups Dose 
% entries in 

open arm 

% time spent in 

open arm 

Total number 

of entries (n) 

Vehicle 

EAFCF  

EAFCF  

EAFCF  

NHFCA 

NHFCA 

NHFCA 

Diazepam  

10 ml/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

100 mg/kg, p.o. 

50 mg/kg, p.o. 

100 mg/kg, p.o. 

200 mg/kg, p.o. 

2 mg/kg, i.p. 

37.5±1.5 

44.6±1.29 

55.23±1.49* 

64.78±1.79* 

39.25±2.69 

49.25±2.56$ 

60.21±1.23* 

65.79±1.74* 

36.8±0.87 

43.32±1.34 

57.2±0.63* 

62.08±0.67* 

38.23±3.36 

51.23±3.14$ 

58.23±2.12* 

68.17±0.64* 

12.17±0.6 

13.67±0.66 

13.33±0.88 

15.67±0.66 

14.28±1.22 

13.69±2.33 

7.21±1.25 

10.17±0.95 

 Data expressed as mean ± SEM n=6 $p<0.05, *p<0.01 compared to 

vehicle treated group One way ANOVA followed by post hoc Dunnett’s test were 

performed. 

EAFCF and NHFCA reduced the thigmotaxic behavior of mice in OFT 

A significant increase (p<0.01) in the time spent in central compartment and 

the number of crossings of the open field were observed in mice which received 

EAFCF (50 and 100 mg/kg) and NHFCA (100 and 200 mg/kg). No significant 

(p>0.05) changes were noted in the total number of ambulation and the number of 

rearings (table 20).  
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Table 20. Effect of EAFCF and NHFCA on open field behavior in mice. 

Groups Dose 
No. of 

Rearings 

No. of 

ambulations 

No of 

central 

squares 

crossed 

Time spent in 

central 

compartment 

(s) 

Vehicle 

EAFCF  

EAFCF  

EAFCF  

NHFCA 

NHFCA 

NHFCA 

Diazepam 

10 ml/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

100 mg/kg, p.o. 

50 mg/kg, p.o. 

100 mg/kg, p.o. 

200 mg/kg, p.o. 

2 mg/kg, i.p. 

18.8±0.9 

16.7±0.9 

20.0±0.6 

16.3±0.6 

15.2±1.2 

14.5±0.9 

08.2±0.3 

8.20±0.6 

42.5±2.1 

37.8±1.1 

39.0±1.4 

39.5±1.9 

40.2±1.2 

38.2±2.3 

28.2±3.1 

23.0±1.5 

3.2±0.5 

3.7±0.7 

9.0±0.6* 

12.8±0.7* 

2.9±0.9 

6.2±0.9$ 

9.9±1.1* 

13.3±0.9* 

3.2±0.5 

5.2±0.3 

9.5±0.4* 

16.2±0.5* 

3.8±0.6 

7.5±0.3$ 

11.2±0.5* 

18.8±0.6* 

 Data shown as mean±SEM $p<0.05, *p<0.01 Vs vehicle, One way 

ANOVA followed by post hoc Dunnett’s test 

EAFCF and NHFCA reduced the marble burying behavior of rats 

Acute administration of EAFCF (50 and 100 mg/g) and NHECA (100 and 200 

mg/kg) dose dependently reduced the number of marbles buried by the rats. However, 

EAFCF 25 mg/kg and NHFCA 50 mg/kg found to be sub-effective (Fig 16)  
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Fig 16. Effect of EAFCF and NHFCA on marble burying behavior in rats 

 Data expressed as mean ± SEM n=6 p<0.01 compared to vehicle treated group 

One way ANOVA followed by post hoc Dunnett’s test were performed. 

Antidepressant activity 

Acute administration of EAFCF and NHFCA reduced the duration of 

immobility in FST. 

One way ANOVA showed significant changes (p<0.01) in the duration of 

immobility upon the acute oral administration of EAFCF and NHFCA in mice. Post 

hoc analysis revealed treatment of EAFCF (50 and 100 mg/kg) and NHFCA (100 and 

200 mg/kg) significantly reduced the duration of immobility in FST, whereas, EAFCF 

20 mg/kg and NHFCA 50 mg/kg were found to be sub-effective (fig. 17) 
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Fig 17. EAFCF and NHFCA reduced the  duration of immobility in FST 

 Data expressed as mean ± SEM n=6 
$
p<0.05, *p<0.01 compared to 

vehicle treated group One way ANOVA followed by post hoc Dunnett’s test were 

performed. 

Anti-immobility effect of EAFCF and NHFCA in TST 

One way ANOVA showed significant changes (p<0.001) in the duration of 

immobility in TST upon the drugs treatment. Post hoc test revealed EAFCF (50 & 

100 mg/kg) and NHFCA (100 & 200 mg/kg) significantly (p<0.01) reduced the 

immobility period. EAFCF 25 mg/kg and NHFCA 50 mg/kg did not significantly 

(p>0.05) altered the duration of immobility in TST. Results are given in fig 18. 
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Fig 18. Hyper mobility effect of EAFCF and NHFCA in TST 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to vehicle treated 

group One way ANOVA followed by post hoc Dunnett’s test were performed. 

Anti depressant activity of EAFCF and NHFCA in CUS model. 

Repeated treatment of EAFCF reversed the CUS induced decrease in sucrose 

consumption. 

Sucrose consumption was measured at 0 week, 2 weeks and at the end 5 

weeks.  At 0 week there was no change (p>0.05) in sucrose consumption among the 

groups. After the 2 weeks of CUS the model group showed reduced sucrose 

consumption (p<0.05) compared to the normal control group and at the end of 5 

weeks the model group showed still reduced (p<0.01) sucrose consumption compared 

to control group. All treated group except EAFCF 25 mg/kg reversed the reduction in 

sucrose consumption due to CUS (fig. 19). 
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Fig 19. Effect of sub chronic treatment of EAFCF on CUS induced changes in 

sucrose intake 

 Data expressed as mean ± SEM n=6  *p<0.01 compared to normal control 

group $p<0.01 comared to model group One way ANOVA followed by post hoc 

Dunnett’s test were performed. 

Effect of EAFCF on CUS induced changes duration of immobility in FST 

In the model group the duration of immobility was significantly (p<0.01) 

increased at the end of 5 weeks stress procedure when compared to non stressed 

animals. A significant decrease in duration of immobility (p<0.01) compared to the 

model group was observed in EAFCF and fluoxetine treated groups (fig 20). 
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Fig 20. Sub-chronic treatment of EAFCF reverses the CUS induced hyper-

immobility 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to normal control and 

#p<0.01 compared to model group One way ANOVA followed by post hoc Dunnett’s 

test were performed. 

Treatment of EAFCF reversed the CUS induced changes in erythrocyte SOD 

level 

 The erythrocyte SOD activity was measured at the end of the experiment. A 

significant decrease (p<0.01) in the erythrocyte SOD activity was observed after the 

exposure of various stressors for 5 weeks when compared to the normal control group. 

Treatment of EAFCF dose dependently increased the SOD activity and the changes 

were statistically significant (p<0.01) when compared to the model group (fig 21). 
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Fig 21. Changes erythrocyte SOD activity by sub-chronic EAFCF treatment 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to normal control 

and #p<0.01 compared to model group One way ANOVA followed by post hoc 

Dunnett’s test were performed. 

Acetic acid-induced writhing model   

Administration of EAFCF (50, 100, and 200 mg/kg, p.o.)  and NHFCA (100, 

200 and 400 mg/kg, p.o.) reduced the acetic acid induced writhing significantly 

(p<0.001) compared to control group in dose dependent manner (table 21) and the 

reduction in writhing was observed as 91.07% in standard analgesic, diclofenac 

sodium (10 mg/kg, i.p.), treated animals and 40.18 %, 71.07% and 92.01% 

respectively, in 50,100 and 200 mg/kg of EAFCF treated animals. 
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Table 21. Analgesic activity of EAFCF in acetic acid induced writhing in mice 

Groups Dose 
Number of Writhing 

Mean± SEM 

Vehicle 

Diclofenac 

EAFCF  

EAFCF  

EAFCF  

NHFCA 

NHFCA 

NHFCA 

10 ml/kg, i.p. 

10 mg/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

100 mg/kg, p.o. 

100 mg/kg, p.o. 

200 mg/kg, p.o. 

400mg/kg, p.o. 

66±1.390 

5.83±0.477 

39.33±1.520 

19.17±0.946* 

05.33±0.613* 

58.13±1.22 

29.22±2.13 

07.23±0.9 

Values are expressed in terms of mean ± SEM, n = 6 in each group, *P <0.01 

statistically significant as compared with control group. EAFCF = Ethylacetate 

fraction of Cassia fistula L.. i.p.=intra peritoneal, NHFCA, n-hexane fraction of 

Cassia auriculata L. pods p.o.= per oral 

Eddy’s hot plate model in mice 

In this model, the reaction latency to thermal stimuli was increased 

significantly (P<0.01) in EAFCF and NHFCA treated groups compared to the control 

group. The maximum effect (reaction time of 18.4 s) was observed at the highest dose 

viz. 200 mg/kg p.o. at 60 min. while the standard drug morphine (1.5 mg/kg i.p.) 

showed highest reaction time of 17.8 s. The anti-nociceptive effect produced by 

EAFCF was found to be dose and time dependent (table 22). 
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Table 22. Anti-nociceptive effect of EAFCF and NHFCA in Eddy’s hot plate 

model using mice 

Group Dose 
Reaction time in sec 

Before 30 min 60 min 120 min 180 min 

Vehicle 

Morphine 

EAFCF  

EAFCF  

EAFCF  

NHFCA 

NHFCA 

NHFCA 

10 ml/kg, i.p. 

1.5 mg/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

100mg/kg, p.o. 

100mg/kg, p.o. 

200mg/kg, p.o. 

400mg/kg, p.o. 

3.8±0.05 

4.1±0.06 

5.1±0.09 

5.2±0.10 

4.8±0.12 

5.3±0.21 

3.2±0.09 

4.2±1.01 

3.6±0.08 

12.6±0.03* 

5.1±0.08* 

10.8±0.05* 

13.2±0.4* 

6.2±0.22 

11.2±0.23* 

14.23±0.1* 

4.2±0.03 

17.8±0.08* 

7.4±0.08* 

13.1±0.1* 

18.4±0.2* 

6.8±0.12 

14.3±0.31* 

19.5±0.28* 

4.6±0.09 

16.2±0.1* 

6.7±0.08* 

12.5±0.3* 

17.1±0.1* 

5.9±0.21 

14.36±0.3* 

19.8±0.21* 

4.8±0.08 

14.8±0.2* 

5.2±0.08* 

10.6±0.09* 

15.1±0.07* 

5.3±0.1 

10.6±0.2* 

13.6±0.32* 

Data expressed as mean ± SEM, n = 6 in each group, *P <0.01 statistically 

significant as compared with control group. EAFCF = Ethylacetate fraction of Cassia 

fistula L., NHFCA, n-hexane fraction of Cassia auriculata L. pods, i.p.=intra 

peritoneal,  p.o.= per oral 

Tail immersion test  

The antinociceptive activity exhibited by EAFCF, NHFCA and morphine in 

tail immersion test is given in table 23. EAFCF (100 & 200 mg/kg, p.o.) and NHFCA 

(200 & 400 mg/kg, p.o.) showed dose dependent increase in the reaction latency to 

hot-water induced thermal stimuli. (p<0.01). Morphine also produced similar effect as 

that of EAFCF 200mg/kg. EAFCF 50mg/kg was found to sub-effective. 
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Table 23. Anti-nociceptive activity of EAFCF in mouse tail immersion test 

Group Dose 
Reaction time in sec 

Before 30 min 60 min 120 min 180 min 

Vehicle 

Morphine 

EAFCF  

EAFCF  

EAFCF  

NHFCA 

NHFCA 

NHFCA 

10 ml/kg, i.p. 

1.5 mg/kg, i.p. 

25 mg/kg, p.o. 

50 mg/kg, p.o 

100 mg/kg, p.o. 

100 mg/kg, p.o. 

200 mg/kg, p.o. 

400mg/kg, p.o. 

3.8±0.05 

3.9±0.07 

4.5±0.1 

4.9±0.20 

5.6±0.22 

4.2±0.32 

3.9±0.12 

4.8±0.31 

3.6±0.01 

12.6±0.03* 

5.1±0.08 

9.8±0.05* 

14.2±0.4* 

5.3±0.31 

10.2±0.24* 

13.2±0.23* 

4.43±0.04 

17.8±0.08* 

6.4±0.08 

12.1±0.1* 

16.4±0.2* 

5.0±0.41 

13.6±0.2* 

16.6±0.36* 

4.7±0.09 

17.2±0.1* 

5.7±0.08 

11.5±0.3* 

16.1±0.1* 

4.8±0.21 

12.6±0.32* 

15.8±0.23* 

3.58±0.08 

10.8±0.2* 

5.2±0.08 

9.6±0.09* 

12.1±0.07* 

3.9±0.12 

7.8±0.32* 

10.2±0.4* 

Experimental data given as mean ± SEM, n = 6 in each group, *P <0.01 

statistically significant as compared with control group. EAFCF = Ethylacetate 

fraction of Cassia fistula L.. NHFCA, n-hexane fraction of Cassia auriculata L. pods, 

i.p.=intra peritoneal,  p.o.= per oral 

Formalin test  

Administration of EAFCF and NHFCA dose dependently reduced the paw 

licking induced by formalin in both early and late phases of the experiment (p<0.001). 

A complete inhibition of licking in late phase was evident from morphine treated 

animals (Table 24).  
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Table 24. Reduction of formalin induced paw licking by EAFCF and EAFCF 

and morphine treatment in rats 

S.No Treatmentb 

Hind paw licking 

Early phase 
% 

inhibition 

Late 

phase 

% 

inhibition 

1 

2 

3 

4 

5 

6 

7 

8 

Vehicle 10ml/kg, p.o. 

Morphine 5mg/kg, i.p. 

EAFCF 50mg/kg, p.o. 

EAFCF 100mg/kg, p.o  

EAFCF 200mg/kg,p.o. 

NHFCA 100 mg/kg, p.o 

NHFCA 200 mg/kg, p.o 

NHFCA 400 mg/kg, p.o 

113.6±0.91 

42.6±0.03* 

102.1±1.8 

59.8±1.25* 

40.6±0.4* 

110.6±2.3 

62.23±3.3 

41.2±3.2 

---- 

51.60 

10.12 

47.35 

64.2 

08.2 

53.23 

64.1 

123.8±0.89 

0 

98.8±2.2 

61.5±2.23* 

22.1±3.1* 

103.2±2.65 

71.5±3.2 

25.3±2.1 

---- 

100 

13.02 

45.8 

80.54 

15.3 

46.3 

78.6 

Values are given as mean ± SEM and as %, n = 6 in each group, *P <0.01 

statistically significant as compared with control group. EAFCF = Ethylacetate 

fraction of Cassia fistula L.. NHFCA, n-hexane fraction of Cassia auriculata L. pods, 

i.p.=intra peritoneal, p.o.= per oral 

Effect of EAFCF and NHFCA on rotarod behavior in mice        

 Treatment of EAFCF showed no significant (p>0.05) change in time 

permanence on the rotating bar when compared to control group. However, at higher 

dose (400 mg/kg) NHFCF reduced the time permanence (p<0.01) similar to that of 

standard drug diazepam (2 mg/kg)  
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Table 25. Effect of EAFCF on time permanence on rotarod. 

Groups Treatment Time permanence on rotarod (s) 

Vehicle 

EAFCF 

EAFCF 

EAFCF 

NHFCA 

NHFCA 

NHFCA 

Diazepam 

10 ml/kg, i.p. 

50 mg/kg, p.o. 

100 mg/kg, p.o 

200 mg/kg, p.o. 

100 mg/kg, p.o 

200 mg/kg, p.o 

400 mg/kg, p.o. 

2 mg/kg, i.p. 

116.21±0.58 

105.12±0.56 

108.16±0.47 

114.16±0.74 

112.23±5.62 

98.2±5.2 

42.2±2.1 

18.55±1.21* 

 Each value represent mean±SEM (n=8) *p<0.01 compared to control. One 

way ANOVA and Dunnett’s test as post hoc test were 

Effect of EAFCF and NHFCA on phenobarbitone induced sleeping time in mice 

 EAFCF did not exhibit sedative properties at the selected doses examined in 

this experiment as there was no significant (p>0.05) reduction in the latency to loss of 

righting reflex and the duration of sleep caused by phenobarbitone (table 26). 

However, at higher doses (>400 mg/kg, i.p.) the phenobarbitone induced sleeping 

time was potentiated significantly (p<0.01), similar to diazepam. 
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Table 26.  Effect of EAFCF on phenobarbitone induced sleeping time in mice. 

Groups Treatment 
Latency to 

sleep (min) 

Duration of 

Sleep (min) 

Vehicle 

EAFCF 

EAFCF 

NHFCA 

NHFCA 

Diazepam 

10 ml/kg, i.p. 

100 mg/kg, p.o. 

200 mg/kg, p.o 

200 mg/kg, p.o. 

400 mg/kg, p.o 

2 mg/kg, i.p. 

6.21±0.28 

7.44±1.66 

6.92±1.59 

8.52±1.21 

2.23±1.25* 

2.86±0.41* 

82.78±1.49 

85.65±3.38 

83.10±1.96 

88.54±3.92 

180.24±5.32* 

189.51±2.66* 

 Each value represented as mean±SEM (n=6) *p<0.01 compared to control. 

One way ANOVA and Dunnett’s test as post hoc test were performed. 

Neurochemical estimation 

Effect of EAFCF on GABA, glutamate, adenosine level 

CUS induced changes in neurochemicals such as a significant increase 

glutamate, decrease in GABA, serotonin and adenosine were reversed by 5 weeks 

treatment of EAFCF and the results are given in table 27 
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Table 27. Changes in neurochemical level upon administration of EAFCF 

Groups Dose 
GABA 

ηg/ mg 

Glutamate 

ηg/ g 

Serotonin 

ηg/ mg 

Adenosine 

ηg/ g 

Vehicle 

Model 

EAFCF 

EAFCF 

10 ml/kg, i.p. 

10 ml/kg, i.p. 

50 mg/kg, i.p. 

100mg/kg, i.p. 

782±21.3 

45±08.30 

325±14.3* 

650±25.4* 

2850 ±55.28 

3850±32.36 

1890±56.36* 

1520 ±45.23* 

750±21.2 

24±9.20 

390±18.3* 

685±12.3* 

79.44± 3.13 

37.33± 4.08 

82.36±4.87* 

115.19± 2.67* 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to normal vehicle 

control. One way ANOVA followed by post hoc Dunnett’s test were performed. 

Interaction studies 

Effect of adenosinergic agents on EAFCF induced changes in the s.c.PTZ model. 

Pretreatment of sub-effective dose adenosinergic facilitators such as 

exogenous adenosine, adenosine A1 receptor agonist, CHA and adenosine deaminase 

inhibitor dypyridamol potentiated the anti-seizure activity of EAFCF as they 

significantly increased the latency to the MCS and GTCS. Administration of 

adenosinergic blockers such as non selective adenosine receptor antagonist, caffeine 

and adenosine A1 receptor selective antagonist, DPX blocked the anti-convulsant 

activity of EAFCF in s.c.PTZ model as they reversed the EAFCF induced increase in 

the latency to MCS and GTCS (table 28). 
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Table 28. Modulatory effect of adenosinergic agents on the anti-seizure effect of EAFCF in s.c. PTZ model. 

Treatment 
Latency to MCS 

(Min) 

Latency to 

GTCS (Min) 

% protection from 

mortality 

Veh(10 ml/kg, p.o)+PTZ 60mg/kg, i.p 

Adenosine50mg/kg+ EAFCF 50 mg/kg + PTZ 60 mg/kg. 

CHA 1 mg/kg+ EAFCF 50 mg/kg + PTZ 60 mg/kg. 

Dipyridamole+ EAFCF 50 mg/kg + PTZ 60 mg/kg. 

EAFCF 200 mg/kg+ PTZ 60 mg/kg 

Caffeine 40mg/kg+ EAFCF 200 mg/kg + PTZ 60 mg/kg. 

DPX 1mg/kg+ EAFCF 200 mg/kg + PTZ 60 mg/kg.+ 

2.47±0.27 

8.59±0.416 

12.96±0.397* 

15.39±0.574* 

15.25±0.52* 

5.01±0.63$ 

4.36±1.63$ 

3.44±0.262 

35.52±0.517 

49.86±0.847* 

44.66±1.14* 

54.66±1.16* 

6.21±1.316$ 

5.81±0.53$ 

0 

66.5 

66.5 

100 

100 

0 

0 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to normal control and $p<0.01 compared to EAFCF 200 mg/kg treated 

group One way ANOVA followed by post hoc Dunnett’s test were performed. 
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Effect of adenosinergic agents on anxiolytic activity of EAFCF in EPM. 

Pretreatment of sub- effective dose adenosinergic facilitators such as 

exogenous adenosine, adenosine A1 receptor agonist, CHA and adenosine deaminase 

inhibitor dypyridamol potentiated the anxiolytic activity of EAFCF as evidenced from 

increased time spent in open arm and number of open arm entries. Administration of 

adenosinergic blockers such as non selective adenosine receptor antagonist, caffeine 

and adenosine A1 receptor selective antagonist, DPX blocked the axiolytic activity of 

EAFCF in EPM (table 29). 

Table 29. Modulatory effect of adenosinergic agents on the anxiolytic activity of 

EAFCF in EPM model 

Treatment 

% entries 

into open 

arm 

Time spent 

in open arm 

(sec) 

Total No. of 

arm entries 

Veh(10 ml/kg, p.o) 

Adenosine25mg/kg+ EAFCF 25 mg/kg  

CHA 1 mg/kg+ EAFCF 25 mg/kg 

Dipyridamole+ EAFCF 25 mg/kg 

EAFCF 100 mg/kg 

Caffeine 2 mg/kg + EAFCF 100 mg/kg 

DPX 1mg/kg+ EAFCF 100 mg/kg  

37.5±1.5 

68.6±1.29 

55.23±1.49* 

64.78±1.79* 

39.25±2.69 

39.25±2.56$ 

35.21±1.23$ 

36.8±0.87 

53.32±1.34* 

57.2±0.63* 

62.08±0.67* 

38.23±3.36 

31.23±3.14$ 

38.23±2.12$ 

12.17±0.6 

13.67±0.66 

13.33±0.88 

15.67±0.66 

14.28±1.22 

13.69±2.33 

12.21±1.25 

 Data expressed as mean ± SEM n=6 *p<0.01 compared to normal control 

and $p<0.01 compared to EAFCF 200 mg/kg treated group One way ANOVA 

followed by post hoc Dunnett’s test were performed. 
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Effect of adenosinergic agents on anti immobility effect of EAFCF in FST. 

Pretreatment of sub- effective dose adenosinergic facilitators such as 

exogenous adenosine, adenosine A1 receptor agonist, CHA and adenosine deaminase 

inhibitor dypyridamol potentiated the anti immobility activity of EAFCF. 

Administration of adenosinergic blockers such as non selective adenosine receptor 

antagonist, caffeine and adenosine A1 receptor selective antagonist, DPX blocked the 

anti immobility activity of EAFCF in FST (fig 22) 
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Fig 22. Pretreatment of adenosinergic agents changes the anti-immobility effect 

of EAFCF 

Data expressed as mean ± SEM n=6 *p<0.01 compared to normal control and 

$p<0.01 compared to EAFCF 200 mg/kg treated group One way ANOVA followed 

by post hoc Dunnett’s test were performed. 
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DISCUSSION 

Epilepsy, anxiety and depression are co-morbid conditions with interlinking 

etiology requiring chronic drugs treatment4. The problems associated with available 

current therapy with synthetic chemicals are poor response, remission and severe 

undesirable side effects. Hence, the search for novel drug continues and medicinal 

plant source became important source for new drug development for these CNS 

ailments
2
.  

A large number of plants which were used traditionally exhibit 

pharmacological properties with great potential for therapeutic applications in the 

treatment of central nervous system disorders
2
. Cassia fistula L. and Cassia 

auriculata L. belonging to the family Leguminoseae have been selected based on their 

traditional use and their rich flavonoid content nature
95
, as flavonoids were reported to 

have potential CNS effects93. 

The plants were collected form Coimbatore district of Tamilnadu, and 

authenticated by botanical survey of India, Coimbatore. The ash values such as total 

ash, water soluble ash and alcohol soluble ash were determined in order to find out the 

inorganic compound present in the powder of pods. These ash values determined may 

be served as standard parameters of the original plant and to compare the values for 

their pharmacognostical standards172. Extractive values such as alcohol extractive and 

aqueous extractive values were also determined and this gives information about the 

aqueous soluble fraction and the organic soluble fraction present in the root of the 

plant.  Both the plant gave considerable amount of alcohol soluble extracts and water 
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soluble extracts and therefore hydroalcoholic extract of both the plants were prepared 

and further fractionation were carried out by using for this study.  

The percentage yield obtained by various solvent fractions from hydro-

alcoholic extract of Cassis fistula L. and Cassia auriculata L. pods was calculated to 

carry out extraction and fractionation. 

The preliminary phytochemical studies revealed the presence of flavonoids, 

anthroquinones, glycosides and terpenoids in Cassia fistula L.  and Cassia auriculata 

L.  From preliminary evaluation we found out that the flavonoids and phenolic 

compounds were present in the ethyl acetate fraction of Cassia fistula L. (EAFCF) 

and n-Hexane fraction of Cassia auriculata L. (NHFCA). Estimation of polyphenols 

and flavonoids were also carried out and the results indicated that both EAFCF and 

NHFCA contain more polyphenols and flavonoids content among various fractions. 

The polyphenol content of EAFCF and NHFCA was found to be 61.5 µg/mg and 53.5 

µg/mg galic acid equivalents respectively. The flavonoid content of EAFCF was 30.5 

mg/mg and NHFCA contains25.5 µg/mg in terms of quercetin equivalent. 

The phytoconstituents, particularly polyphenols and flavonoids have been 

shown to possess anti-oxidant activity180. Phenolics range from simple low-molecular 

weight compounds, such as the simple phenylpropanoids, coumarins, and benzoic 

acid derivatives, to more complex structures such as flavanoids, stilbenes and tannins. 

Of these, flavonoids represent the largest, most diverse group, encompassing some 

6000 compounds, all of which share a common underlying structure of two 6-carbon 

rings, with a 3-carbon bridge, which usually forms a 3rd ring. Flavanoids can then be 
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subdivided according to modifications of this basic skeleton into chalcones, flavones, 

flavonols, flavanones, isoflavones, flavan-3-ols and anthocyanins  (for review)93. 

 Heavy metal analysis by AAS showed that the metals like cadmium, lead, 

copper, zinc and iron were present within the permissible limits in EAFCF and 

NHFCA. 

 HPTLC is a method commonly applied for the identification, the assay and 

the testing for purity, stability, dissolution or content uniformity of raw materials 

(herbal and animal extracts, fermentation mixtures, drugs and excipients) and 

formulated products.  Earlier studies on Cassia fistula L. and Cassia auriculata L. 

reported the presence of triterpene derivatives, anthraquinone derivatives, 

polyphenolics, comprising flavonoids, catechins and proanthocyanidins
95
. EAFCF and 

NHFCA were standardised using quercetin, rutin, caffeic acid and catechin in 

HPTLC.  Results indicate the presence of flavonoids in EAFCF and NHFCA which 

was confirmed by derivatization with vanillin sulphuric acid spraying reagent.  

 The number of peaks obtained showed the presence of various 

phytoconstituents in the two different plant extract fractions. The same Rf values (i.e. 

0.48 and 0.69) obtained in both the fractions showed presence of similar 

phytoconstituents in both the plants.  To rationalize the use of botanicals, the novel 

concept of ‘marker’ is gaining momentum for evaluation of medicinal plants.  The 

characteristic finger print together with phytochemical evaluation may help to 

establish the identity and standardize profile of this plant for use as raw material as 

well as in formulation for effective herbal dosage form. 
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HPTLC study of the extract also showed the presence of flavonoids in the 

EAFCF. Hence, it was subjected to column chromatography to isolate the flavonoids 

present in it. Some six fractions obtained from the column chromatography showed 

positive test with folin catechu reagent and those fractions were further analysed by 

HPTLC 

 The fraction showed a single band at   Rf 0.69 for flavonoids. The 2nd, 3rd and 

4th fractions showed single band green fluorescent peak. The fractions obtained from 

the column chromatography (2, 3 and 4
th
) were taken for HPLC study and found that 

the fraction showed single peak in the HPLC at 6 min and it was collected from the 

column outlet. 

 The IR spectra of the isolated compound from the EAFCF shows following 

vibration which confirmed certain functional groups for flavonoids. IR spectra shows 

following vibrations in the range between 1256 to 800cm
-1 
di-substituted benzene 

ring, at 1472 cm-1-1288cm-1and 1115cm-1-1147 cm-1 and 1242 cm-1-  1288cm-

1conforms the presence of  phenolic (C-OH) hydroxyl group. This conforms the 

presence various functional groups present in the isolated compound.  

 Gas chromatography /Mass spectral (GCMS) selected ion monitoring scan 

spectra showed ion with m/z 290, 245 and 153. In comparison with the NIST library 

which corresponded with a molecular ion composition of C15H12O5 to ions with m/z at 

290.0 for the assigned structure of the isolated compound with IUPAC name   2-(3,4-

dihydroxyphenyl) chroman-3,5,7-triol.  

  NMR studies have been done in DMSO-d6 solvent which gives an optimum 

viscosity and high resolution. The peaks obtained by the H NMR studies integrate 9 
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protons. The doublet peaks at 5.92, 6.71, 6.76 and 6.83 conform the following 

positions for aromatic protons (7’, 16’, 15’, 12’) the peak at 6.92(S) confirm the 9th 

position -H in the structure and the 4.56 and 3.97 confirm the 2
nd
 and 3

rd
 protons in 

the structure. The peaks at 2.84 and 2.54 confirm the 4th position. The spectral 

analysis data confirmed the structure of the compound. 

 Free radicals are frequently generated in our body during normal cellular 

metabolism as well as under certain environmental conditions, these radicals are more 

reactive as they lack of an electron and try to become neutral by accepting an electron 

from or donate an electron to adjacent molecules and create new free radicals. This in 

turn initiates a chain of reaction that can damage several molecules through accepting 

or donating an electron leads to degenerative diseases181.   The phytochemicals such 

as phenolic acids, polyphenols and flavonoids are generally known as anti-oxidants 

and their beneficial effects in several chronic ailments have been reported
180
. In 

addition, the synthetic anti-oxidants available at present are known to produce 

negative health effects. 

 The Present study clearly states the significant anti-oxidant activity of EAFCF 

and NHFCA and among these the EAFCF showed the superior anti-oxidant potential 

than the NHFCA as evidenced from the reducing power ability and super-oxide 

scavenging activity. 

The reducing property of the plant drug is generally believed to be because of 

the presence of reductones such as polyphenols and flavonoids. Reductones exert their 

antioxidant property by breaking the free radical chain by donating hydrogen atoms. 
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They also react with certain precursor molecules of free radicals and prevent the 

formation of superoxides 182. 

 EAFCF and NHFCA, subjected to toxicity studies as per the OECD guidelines 

420 and found that there was no mortality up to 2000mg/kg body weight of the 

animals. So it is clear that both the plant extract fractions were safe and free from any 

toxicity. 

From the preliminary pharmacognostical analysis it was clear that EAFCF and 

NHFCA were rich in polyphenols and flavonoids. Enormous research reports state the 

role of flavonoids in normal functioning of brain and the beneficial effect in CNS 

disorders (for review)183. In view of this the present study evaluated the antiepileptic, 

anxiolytic and antidepressant activity of EAFCF and NHFCA. 

Epilepsy is one of the most prevalent neurological disorders, characterized by 

the recurrent appearance of spontaneous seizures due to neuronal hyperactivity in the 

brain and has number of subtypes 30. A seizure is a symptomatic, behavioral 

manifestation due to abnormal disorder, spontaneous but synchronizes, high 

frequency firing of neuron populations in the central nervous system 
36
. Several 

studies have clearly indicated the significant role of free radical generation and 

neuroprotective ability of anti-oxidants isolated from medicinal plants against various 

types of seizures (for review)93. Anti-oxidant activity of Cassia fistula L. and Cassia 

auriculata L. has been well documented in previous studies and our present study 

revealed the potent anti-oxidant activity of EAFCF and NHFCA. However, the CNS 

activities of both the plants have less well documented.  

In PTZ induced convulsions, the EAFCF and NHFCA dose dependently 
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increased the onset of MICS and GTCS (p<0.01) and protected the animal from death.  

This shows that the treatment of EAFCF and NHFCA delays the seizure generation in 

mice. Although the extract fraction showed protection from death in PTZ induced 

convulsion, it could not protect the occurrence of seizure. Further enrichment of 

flavonoids or treatment with higher dose of EAFCF may produce the seizure 

protection in PTZ induced convulsion model.  Clinical management of seizure 

involves the usage of medications for chronic period88. Hence, the present study also 

evaluated the anti convulsant activity in PTZ kindling model, where in the sub 

convulsive dose of PTZ was given for sub chronic period until the occurrence of 

seizure and the effect of EAFCF and the results clearly indicated that the repeated 

treatment of EAFCF did not cause decrease in anti seizure activity. The mechanisms 

postulated for PTZ induced convulsions include blockade of GABAA receptor 

activity, antagonizing the adenosine mediated inhibitory action on neuronal firing, 

opioidergic mediation, glutamineric modulation, through alteration of hormonal 

activity and by increasing the Ca
2+
 T current (for review)

109
.  Further investigations 

are required to find out the exact mechanism by which EAFCF produced anti-seizure 

activity in PTZ induced convulsive model. 

 In addition to the anticonvulsant action most of the antiepileptic drugs produce 

anxiolytic activity184. Anxiety is a complex psychological disorder generally affecting 

the mood and causing irrational fear as one of the most prominent symptom
112
. 

Pharmacological treatment of anxiety disorders involves the use of benzodiazepines, 

buspirone and antidepressant drugs. These drugs shows considerable clinical efficacy 

but have several demerits such as amnesia, dependence liability and sedation 90. Use 

of herbal remedies for treating anxiety disorder has been increasing and mechanism of 
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action of several anti-anxiety herbs has been elucidated185. With this view, the present 

study was also evaluated the anxiolytic activity of EAFCF and NHFCA in EPM, OFT 

and marble burying behavior.  

The EPM is etiologically validated and most widely accepted model for 

screening novel anxiolytic agents in mice112 as well as in rat113. Increase in the 

number of open arm entries and consequent increase in time spend in open arm are 

the two parameters generally considered as index of anxiolytic activity of a drug114. 

However, the interpretation of parameters in EPM is always complex. Studies also 

report increase in time spent in open compartment, open arm entries and no change in 

closed arm entries as criteria for drugs to have anxiolytic activity
115
. On the other 

hand, the total number of arm entries is more reliable measure for locomotor 

activity116.  The present work showed the dose dependent anxiolytic effect as 

evidenced from the significant increase (p<0.01) in the frequency and time spent in 

open arms by the animals treated with 50 and 100 mg/kg of EAFCF and 100 and 200 

mg/kg of NHFCA orally. Moreover, these drugs did not alter the total number of arm 

entries indicating that the drugs produce anxiolytic activity without influencing the 

locomotor activity. 

The open-field test is based on rodents intrinsic behaviour to stay near the 

periphery of a novel environment (i.e., thigmotaxis), which may serve the animal a 

sense of security. Increase in time spent in the central arena of the open field without 

affecting general motor activity is the indication of anxiolytic activity117.  In this 

study, the treatment of EAFCF and NHFCA did not alter number of rearings and 

ambulations whereas, significantly (p<0.01) reduced the thigmotaxis indicating their 
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anxiolytic activity. The drugs which were previously reported to show anxiolytic 

activity in OFT include midazolam116, buspirone186 and chordiazepoxide 187.  

Burying behavior consists in forward shoving the diggable material over the 

source of aversion using the snout and forepaws in order to avoid and protect from the 

localized threat117. Marble burying test has been suggested as a useful model for 

evaluating anti- anxiety activity as no change in tendency of marble burying behavior 

occurred due to repeating the test118. Indeed, commonly used anxiolytic 

benzodiazepines such as diazepam and chlordiazepoxide decreased the marble 

burying tendency of rodents119. In the present study, acute administration of EAFCF 

and NHFCA dose dependently decreased the number of marbles (p<0.01) indicating 

their anti-anxiety activity. 

Depression is a heterogeneous syndrome comprised of numerous diseases with 

distinct causes and pathophysiologies. The symptoms of depression include depressed 

mood, irritability, low self esteem, feelings of helplessness, worthlessness, guilt, 

decreased ability to concentrate and think decreased or increased appetite, weight loss 

or gain, insomnia or hypersomnia, low energy, fatigue or increased agitation, 

decreased interest in pleasurable stimuli and recurrent thoughts of death and suicide. 

Outcomes from the epidemiological studies indicate that behavioral depression is the 

most common co-morbid condition associated with epilepsy4. A number of anti-

convulsant drugs are investigated both clinically and pre-clinically for the treatment 

of depression. Intern, some psychiatrists have advocated the use of anticonvulsants for 

the management of depression188.  Hence, the present study also aimed to evaluate the 

anti-depressant activity of EAFCF and NHFCA in animal models of depression. 
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In the present study, acute administrations of EAFCF and NHFCA showed 

dose dependent (p<0.01) anti-immobility in FST and TST. The immobility which is 

exhibited in the FST and TST represents the behavioral despair in animals that is 

claimed to reproduce the situation similar to depression in clinical conditions.  

Reduction in the duration of immobility by a drug was considered as it posses anti 

despair or antidepressant effect.  

Generally, the drugs which enhance the psychostimulant effect show false 

positive results in behavioral despair models and open field test is used to 

discriminate the psycotimulant action from anti despair effect122. In the present study 

EAFCF and NHFCA did not altered the ambulatory and rearing behavior in OFT at 

the doses effective in TST and FST indicating that the antidepressant effect showed 

by EAFCF and NHFCA is due to escape directed behavior and not by central 

excitation.  However, the NHFCA at higher dose used here (400 mg/kg) showed 

sedative property in phenobarbitone induced sleeping time and motor in-coordination 

in rota rod analysis.  

Another major drawback of these behavioral despair models is that most of the 

clinically used antidepressants show positive effect after acute administration, but 

these drugs when used clinically, takes at least three weeks to produce the desired 

therapeutic effect (for review)120. Hence, the present study also included the study of 

antidepressant activity of EAFCF in chronic model that can reproduce some aspects 

of behavioral depression in patients.  

Involvement of stress directly or indirectly has been suggested in the 

development of human depression
76
. In animals, a wide range of behavioral 
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parameters changes have been noted including changes in locomotor and explorative 

behavior, impairment of feeding, drinking and sexual behavior and most notably the 

anhedonia (decreased interest in pleasurable events) due unpredictable stressors
127
. 

Similar behavioral changes are most often seen in human psychiatric disorders. A 

regime of uncontrollable stress has been used extensively to model the deficits in 

motivation and reward. CUS involves exposure to unpredictable mild stressors over 

several weeks, designed to mimic the daily hassles that reportedly provoke the onset 

of depression in humans127. In the CUS model, the major symptom of human 

depression, anhedonia, is claimed to be reflected in the animals’ decreased 

consumption of palatable solutions
128
. The intake or preference for sucrose solutions 

is the hedonic measure that has been most widely adopted. 

Therefore, the antidepressant activity of EAFCF was assessed in CUS model, 

a most reliable animal model reflecting anhedonia which is core symptom of human 

depression. The interesting finding of the present study is that the chronic 

unpredictable stress induced significant (p<0.01) reduction in the intake of sweet 

solution was normalized by chronic treatment of EAFCF. In this experiment, mice did 

not show loss of body weight due to the chronic unpredictable stress indicating that 

the reduction in sucrose solution intake is not due to the loss of body weight. 

Numerous studies have shown that the CUS induced sub-sensitivity to reward can be 

reversed by chronic treatment with commonly used antidepressants including tricyclic 

antidepressants, atypical antidepressants, selective serotonin reuptake inhibitors 

(SSRIs) and mono amino oxidase inhibitors (MAOI) as well as repeated electro 

convulsive shock (for review)120. 



118 

 

Pain, on the other hand, is considered as a major symptom of various diseases 

including the CNS disorders that is capable to produce severe physical and 

psychological distress for many patients and the most predominant symptom affecting 

their quality of life. The definition given for pain by International Association for the 

Study of Pain is “An unpleasant sensory and emotional experience associated with 

actual or potential tissue damage, or described in terms of such damage”81.  Most of 

the drugs used at present for analgesic effect are synthetic in nature, prolonged use of 

which causes several side and toxic effects including respiratory depression, 

constipation, kidney damage, physical dependence as well as gastric irritation. In 

addition, the drugs used for treating epilepsy, anxiety and depression are also used for 

the clinical management of pain189. In this context, the present study aimed in 

evaluation of EAFCF and NHFCA for analgesic activity  

EAFCF and NHFCA were evaluated for their nociceptive activity in 

peripheral as well as central analgesic models. Acetic acid induced writhing in mice is 

simple and most reliable inflammatory pain model widely used for the evaluation of 

peripheral analgesics. The pain caused by acetic acid is said to be an inflammatory 

pain due to increase in the capillary permeability and release of endogenous mediators 

such as PGE1, PGE2, histamine, bradykinin, substance P etc… which sensitize the 

nociceptive nerve endings 129. NSAIDs are known to inhibit the COX enzyme in the 

peripheral tissues which is responsible for the production of pain mediators. In this 

study, EAFCF and NHFCA showed dose dependent analgesic and antinociceptive 

activity as evident through significant (p<0.01) reduction in number of writhing 

caused by acetic acid. Hence, EAFCF and NHFCA may act via blockade of the 
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release or activity of endogenous pain mediators resulted in the interruption of pain 

stimuli transduction similar to that of the standard drug diclofenac sodium. 

Treatment of EAFCF and NHFCA in mice, increased the reaction time 

significantly (p<0.01) to the thermal stimuli in both hotplate and tail immersion 

model. These two models are mainly used for centrally acting analgesics, while the 

peripheral analgesics are found to ineffective. The reaction to the hotplate 

demonstrates the supraspinal reflex and tail immersion explains the spinal reflex 

mediated by various sub-types of opioid receptors
130,131

.  Findings of the present study 

indicate that the EAFCF and NHFCA may act as an anti-nociceptive by central 

mechanisms. 

Administration of EAFCF and NHFCA also significantly (p<0.01) reduced the 

paw licking caused by sub-plantar formalin injection. This model is useful in 

evaluating the anti-nociceptive activity in two different phases. In the initial phase, 

direct chemical stimulation of the sensory afferent nerve ending particularly C fibers 

causes neurogenic pain. In the later phase, induction of inflammatory pain occurs due 

to the increased production and/or action of various inflammatory mediators. 

Centrally acting analgesics such as morphine effectively reduce or prevent the paw 

licking in both the phases whereas, peripheral analgesics such as diclofenac reduce 

paw licking only in late phase due to inflammatory pain133.  

In this study, EAFCF and NHFCA showed dose dependent (p<0.01) inhibition 

of paw licking in early neurogenic and late inflammatory pain phases. Reduction of 

neurogenic pain perception by EAFCF and NHFCA was also confirmed in hotplate 

and tail immersion tests; while the effect of EAFCF and NHFCA in acetic acid 
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induced writhing further confirms the anti-nociceptive action in inflammatory pain 

conditions. 

Previous research reports have stated that the drugs having anxiolytic,  

anticonvulsant activity at low doses such as benzodiazepines produce sedative or 

myorelaxant activity at high doses190, 191. Considering this, the present study also 

evaluated the effect of EAFCF and NHFCA on phenobarbitone induced sleeping time 

and time permanence on rota rod and the results showed that, the EAFCF at the doses 

used in this study did not significantly (p>0.05) alter motor co ordination, and  only at 

higher dose of NHFCA (400mg/kg)  potentiated the phenobarbitone induced sleeping 

time (p<0.01).  Moreover, EAFCF did not alter the locomotor activity as it had not 

significantly (p>0.05) influenced the rearing and ambulation in OFT and total number 

of entries in EPM. This indicates that actions produced by EAFCF in this study is 

neither through peripheral neuromuscular blockade and nor by altering locomotor 

activity. In contrast, methanolic extract of Cassia fistula pods has been shown to 

produce sedation and motor in co-ordination
107
.
 
  

Fractionation of crude extract in to flavonoid rich portion may be responsible 

for this non sedative action at low dose of EAFCF as natural and synthetic flavonoids 

are believed to have potent anxiolytic activity without producing sedative effect. 

However, NHFCA may have motor toxic and sedative property at higher doses192.  

Indeed, EAFCF contains apart from flavonoids, several components such as 

anthraquinones, terpenoids, and tannins.  Hence, further studies to be focused to 

identify the components responsible for antiepileptic and anxiolytic potential and the 

mechanisms underlying the properties. However, one cannot rule out the significant 

fact about phytochemistry that crude plant extracts are generally proved to be more 
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potent medicines than pure isolated compounds probably due to synergistic 

interactions and several actions of complex mixers of components 193.  

Determining the mechanism underlying the pharmacological activities of 

herbal medicines presents certain challenges distinct from the studying the synthetic 

drugs. For example, synthetic drugs are studied as single component. Whereas, herbal 

medicines often contain multiple active substances that act in combination. In terms 

of CNS function, a wide range of phenolic compounds interact directly with 

neurotransmitter systems. As an example, in animal models, a diverse range of 

individual and combined flavonoids that occur in traditional medicinal extracts exert 

sedative/anxiolytic effects via direct binding to GABAA receptors, cognitive 

enhancement via antagonistic GABAA receptor binding and resultant cholinergic 

upregulation, and antidepressant effects via monoamine oxidase inhibition and 

resultant increases in levels of 5-hydroxytryptamine (5-HT), Dopamine (DA), and 

noradrenaline in select brain areas (for review)93. 

Various neurotransmitters levels were considered to be altered in most of the 

CNS disorders and the drugs used to alleviate the symptoms of underlying disease in 

most of the cases found to be act by restoring altered neurotransmitter level. Hence, 

the present study evaluated the changes in various neurochemicals such as GABA, 

glutamate, serotonin and adenosine.  The results revealed that the treatment of EAFCF 

for sub chronic period caused significant (p<0.01) increase in GABA, serotonin and 

adenosine level and considerable decrease in glutamate level. 

Adenosine is a ubiquitous neuromodulator, which takes part in a variety of 

process in the central nervous system by acting on distinct membrane bound G-



122 

 

protein coupled receptor subtypes, namely A1, A2A, A2B and A3 receptors
136. It exhibits 

different array of behavioral effects, including locomotor depressant effect, catalepsy, 

antipsychotic, anticonvulsant, anxiolytic, neuroprotection and also in sleep wake 

rhythms. In the brain, endogenous adenosine exerts a potent depressant effect on 

neurons probably by reducing neurotransmitter release, presynaptically and increasing 

potassium conductance; postsynaptically might be especially through A1 or A2A 

receptors because of their ubiquitous distribution in brain. The role of A2B and A3 

receptors in the mediating the central effect of adenosine seems to less important as 

there is a paucity of these receptors in the brain (for review)171. 

Therefore to elucidate the probable mechanism of action of EAFCF, we 

focused on modulatory role of adenosine in the seizure initiation and propagation. 

Adenosine is an endogenous neuromodulator which is released during seizure, 

ischemia and hypoxia
138-142

. The multiple physiological actions of adenosine are 

mediated by binding of adenosine with four type of receptor belonging to the family 

G- protein coupled receptors namely, A1, A2A, A2B and A3 adenosine receptors. Out of 

which, A1 and A2A adenosine receptors are found to be widely expressed in CNS
136.   

In central nervous system, adenosine inhibits the release of several 

neurotransmitters, in particular, the release of excitatory neurotransmitters like 

acetylcholine, glutamate, noradrenaline, dopamine and 5-hydroxytryptamine and this 

inhibitory role of adenosine is mainly mediated through A1 receptors, when linked via 

Gi/o proteins to both Ca
2+ and K+ ion channel. Activation of adenosine via post 

synaptic A1 receptors leads to stabilization of the membrane potential by modulation 

of Ca
2+
 and K

+
 fluxes. Adenosine A1 receptors mainly localized in the cerebral cortex, 
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cerebellum and hippocampus of the central nervous system  and believed to mediate 

seizure suppression and neuroprotection (for review)171. 

 With this view the current study evaluate the role of adenosinergic system in 

the observed effects of EAFCF in epilepsy, anxiety and depression models.  

Pretreatment of sub effective dose of adenosine, adenosine A1 receptor 

agonist, CHA and adenosine deaminase inhibitor, dipyridamole with sub effective 

dose of EAFCF showed following changes. In s.c.PTZ model, enhanced the onset of 

MCS and GTCS and protected the animals from death. In FST, duration of 

immobility was reduced and in EPM, number of entries to open arm and time spent in 

open arm enhanced. These results indicate the synergistic interaction of adenosinergic 

enhancers with EAFCF.  

To further confirm the role of adenosinergic system in the observed effects of 

EAFCF, the adenosine blockers such as non selective adenosine receptor anagonist, 

caffeine and adenosine A1 receptor antagonist, DPX were pretreated with effective 

dose of EAFCF and the results showed the blockade of anticonvulsant effect of 

EAFCF in s.c.PTZ, anxiolytic activity in EPM and antidepressant activity in FST. 

The potential of adenosine as an anti-epileptic substance137-140  has emerged on 

the basis of following  observations: the first significant observation is that the  A1R 

are predominately located  excitatory synapses, where they inhibit glutamate release, 

decrease glutamatergic responsiveness and hyperpolarise neurons, all desirable 

actions to decrease the hyper excitability associated with epilepsy; another important 

observation is that the levels of endogenous extracellular adenosine level 

demonstrated to rise upon seizure activity141,142, which could prove that adenosine 



124 

 

would play a key role as an endogenous anti-epileptic compound. Accordingly, a 

wealth of studies have confirmed that the acute administration of either agents 

enhancing the extracellular levels of adenosine (inhibitors of adenosine transporters or 

of adenosine metabolism) or agonists of A1R attenuated seizure and/or convulsive 

activity in different animal models; conversely, the acute administration of either non-

selective antagonists of adenosine receptors (such as caffeine or theophylline) or 

selective A1R antagonists enhance the duration and severity of seizures and/or 

convulsions (for review)137-140. Thus, it seems evident that A1R effectively constitute a 

hurdle curtailing seizure activity, which is further confirmed by the ability of A1R to 

control the spreading of seizure activity
143
 and the greater susceptibility of A1R 

knockout mice to epilepsy144,145. Interestingly, this A1R-mediated control of epilepsy 

has recently been proposed to be a possible link for the antiepileptic effect of 

ketogenic diets146. However, several studies have now identified a decreased density 

and efficiency of synaptic A1R in models of epilepsy
146-148. Thus, the A1R-operated 

inhibitory system seems to act as a continuously active gate-keeper or hurdle to avoid 

initiating a seizure-like event; once this hurdle is overtaken, then there seems 

desensitization of this A1R system. 

In the present experiment, pretreatment adenosinergic enhancers potentiated 

the anxiolytic activity in EPM while the inhibitors of adenosinergic system blocked 

the anti anxiety activity of EAFCF. These results are in line with the previous reports 

discussing the potent modulation of anxiety by adenosine. 

A strong link between the adenosine modulation system and the control of fear 

processing and anxiety is suggested by several types of studies, namely: i) animal 

models designed to mimic anxiety traits; ii) epidemiological studies with caffeine, 
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both in normal subjects and in patients in anxiety disorders; iii) gene linkage studies 

in humans (for review)149,150. However, the role of adenosine receptors in specific 

anxiety disorders, like phobia, is still to be defined. Studies with caffeine consumption 

by phobic patients are rare, especially in comparison to research on caffeine 

consumption among patients with other anxiety disorders like panic disorder. A study 

from Boulenger and Uhde151 showed that panic disorder patients have increased 

sensitivity to caffeine and its consumption appears to be more strongly linked to 

generalized anxiety symptoms than to 'phobic-anxiety' symptoms. The work from 

Uhde152 also showed that anxiety symptoms are not made more severe by caffeine 

consumption in social phobics and that caffeine consumption in social phobic 

individuals does not differ from the general population. In addition, no differences in 

electroencephalographic activity of patients with panic disorder versus control 

subjects were observed after oral administration of caffeine153. On the other hand, 

another study reported that caffeine can induce panic attacks in both panic disorder 

and social phobic patients following consumption of a dose of 480 mg
154
. It was also 

demonstrated that caffeine ingestion per se does not appear to reduce fear extinction 

at least in some specific phobias, whereas changes in caffeine consumption, during 

learning or recall tests, can enhance the return of fear in spider phobia 155. 

In the present study, the potent modulatory role of adenosine in antidepressant 

activity also demonstrated as the pretreatment of adenosine enhancers synergistically 

increased the antidepressant activity and while, the pretreatment of suppressors 

adenosinergic system blocked the antidepressant activity in FST. 

The effect of the adenosine neuromodulation system in depression is complex, 

especially due to its ability to modulate several other neurotransmission systems, such 
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as dopaminergic, glutamatergic and serotoninergic as well as the corticotrophin 

system (for review)156. Adenosine and its analogues were shown to cause a 

depressant-like response in behavioral despair models
157-159

, an effect that was 

prevented by the administration of classical antidepressants160. In contrast, other 

studies showed an antidepressant effect associated with adenosine administrated both 

systemically and centrally161-163. The strongest evidence supporting the relation 

between adenosine and depression in preclinical models came from manipulation of 

A2AR. The main evidence sustaining this hypothesis relies on the observation that the 

genetic depletion of A2AR results in an antidepressant-like phenotype in animal 

models
164,165

. In addition, A2AR blockade relieves the early hippocampal 

modifications induced by stress166, one of the major environmental factors favoring 

the implementation of depressive states
167
. It is important to highlight that different 

therapeutic strategies currently used to manage depressive disorders also have effects 

related to the adenosine system. Tricyclic antidepressants such as nortriptiline, 

chlorimipramine or desipramine can bind to adenosine receptors
168
 and dose-

dependently reduce the activity of ecto-nucleotidases and, expectedly, the levels of 

extracellular adenosine in cortical synapses
169
. In addition, both electroconvulsive 

therapy and sleep deprivation cause an increase of adenosine concentration and of 

A1R activation
170. In conclusion, although at this stage the relation between adenosine 

and depression is still circumstantial, it seems evident that the adenosinergic system is 

able to modulate mood states by functioning as a normalizing system, and both too 

high or too low levels of activation can cause a failure in the organism to adapt and a 

predisposition to disease 
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These interaction study results clearly indicate that the enhancement of 

adenosinergic system by the adenosine facilitators potentiated the anti convulsanat, 

anxiolytic and antidepressant actions of EAFCF and suppression of adenosinergic 

system by adenosine antagonists block the actions of EAFCF.  

In any given case, a sole mechanism may be in effect, or there may be 

complex interactions among active constituents and multiple neurotransmitter system 

in brain. Since the effects of EAFCF which we observed in this study are obtained by 

using crude ethyl acetate fraction of the Cassia fistula L. pods and not in isolated 

compound, it important to understand the effects of active constituents in combination 

and in isolation and their interactions with other neurochemicals.  

  



128 

 

SUMMARY AND CONCLUSION 

 Anxiety, epilepsy and depression are co-morbid conditions with interlinking 

etiology requiring chronic drugs treatment. The problems associated with available 

current therapy with synthetic chemicals are poor response, remission and severe 

undesirable side effects. Hence, the search for novel drug continues and medicinal 

plant source became important source for new drug development for these CNS 

ailments.    

 Cassia fistula L. and Cassia auriculata L have been selected based on their 

traditional use and their rich flavonoid content nature as flavonoids were reported to 

have potential CNS effects. 

 Preliminary phytochemical analysis showed the presence of flavonoids, 

terpenoids, tannins, carbohydrate and proteins in various solvent fractions of Cassia 

fistula L. pods and Cassia auriculata L. pods. In the quantitative estimation of 

phytoconstituents, ethyl acetate fraction of C. fistula (EAFCF) and n-hexane fraction 

of C. auriculata (NHFCA) showed to contain more polyphenols and flavonoids. 

HPTLC studies also carried out to confirm the presence of flavonoids in above said 

fractions. A flavonoid from EAFCF was isolated through column chromatography 

and further subjected to NMR, FT-IR and mass analysis. 

 Results of In vitro antioxidant studies showed that EAFCF and NHFCA 

possessed high antioxidant property than the other fractions as both the fractions 

showed free radical scavenging activity and reducing power ability similar to that of 

the standards used. The flavonoid rich EAFCF was subjected to column 

chromatography and  fractions were obtained. The fractions obtained from the column 

chromatography study were subjected to HPTLC finger print analysis.  The fractions 
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which shows single band in the HPTLC finger print analysis were taken for HPLC 

study. In the HPLC study a single peak was obtained at 6 minutes, was collected at 

the column outlet. 

 Fractions collected from the HPLC outlet were evaporated to remove the 

organic solvent and aqueous phase was freeze dried and a dirty white powder was 

obtained. The isolated compound was subjected to various characteristic analyses like 

IR, MASS and NMR. The chemical structure of the isolated compound was 

elucidated and identified. The isolated compound was a flavonoid having a molecular 

weight of 290 and the compound was identified as 2-(3,4-dihydroxyphenyl) chroman-

3,5,7-triol. 

 In acute oral toxicity studies, conducted as per OECD (guideline 420) showed 

no mortality or toxicity up to the dose of 2000 mg/kg observed for 24 hours period. 

Doses for the pharmacological evaluation were fixed based on the results of acute 

toxicity studies. 

 Evaluation of anticonvulsant activity of EAFCF and NHFCA was carried out 

in s.c. PTZ and PTZ kindling models. Both the fractions exhibited significant 

anticonvulsant activity as evidenced from increase in the time latency for MCS and 

GTCS in s.c.PTZ model and significant decrease in seizure score in EAFCF treated 

animals PTZ kindling model. 

EAFCF and NHFCA were evaluated for anxiolytic activity in EPM, OFT and 

in marble burying behavior models.  A significant increase in open arm entries and 

time spent in open arm by the animals received EAFCF and NHFCA have been noted 

in EPM, while decrease in number of marbles buried and thigmotaxis in OFT also 

were noted indicating the anxiolytic activity of the fractions. 
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 Initially, both EAFCF and NHFCA were evaluated for their antidepressant 

activity in FST, TST models. A significant decrease in duration of immobility was 

exhibited by the animals treated with the fractions compared to control animals was 

observed in both FST and TST which shows the antidepressant potential of fractions 

on acute treatment. However, the clinical scenario is such that the symptoms of 

depression can be minimized only after three weeks of drugs treatment. Hence, the 

present study later evaluated antidepressant activity of the EAFCF in CUS induced 

anhedonia model. In this, the model group, received only the stressors exhibited 

depression like behavior as shown by the decrease in the sucrose consumption, 

increase in the duration of immobility and decrease in erythrocyte SOD activity. 

Above parameters were reversed by the treatment of fractions indicating the 

antidepressant potential after chronic treatment. 

 Most of the currently used antiepiletics and antidepressants are also used for 

alleviating pain as they possess analgesic and anti-nociceptive abilities. Therefore, in 

the present study, both EAFCF and NHFCF were screened for analgesic and anti-

nociceptive activities in acetic acid induced writhing, tail flick, hot plate and formalin 

tests.  Acetic acid induced writhing model is employed for screening peripheral 

analgesics and both the fractions significantly reduced the acetic acid induced 

writhing indicating the peripheral analgesic potentials probably through blockade of 

release of pain mediators. In hot plate and tail flick models, latency of response to 

pain stimuli was increased significantly in EAFCF and NHFCA treated animals 

demonstrating the anti-nociceptive potential. In addition, the fractions reduced the 

initial neurogenic and later inflammatory pain in formalin test as evidenced from the 

significant decrease in paw licking responses.  
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 Drugs showing either of anxiolytic, anticonvulsant, antidepressant or analgesic 

activity or combination of above activities may possess sedative property or motor 

toxicity as adverse effects. In the present study, EAFCF was not shown either of the 

adverse affects in the doses used in the present study. However, NHFCA at highest 

dose used in this study showed mild sedative and skeletal muscle relaxant properties 

(p<0.05). 

 To find out the mechanism involved in above discussed pharmacological 

activities, the changes in the neurochemicals level such as GABA, glutamate, 

serotonin and adenosine upon the treatment EAFCF were estimated in HPTLC. 

Treatment of EAFCF significantly increased the levels of GABA, serotonin and 

adenosine while it decreased the glutamate level.  

Adenosine is one of the significant neuromodulater believed to modulate the 

release of most of the neurotransmitters.  Hence, the present study further focused on 

the evaluation role of adenosinergic system on the CNS effects of EAFCF. A 

synergistic interaction of exogenous adenosine administration and its receptors 

agonists with EAFCF treatment was noted in EPM, FST, s.c. PTZ and formalin test. 

Meanwhile, adenosinegic blocking agents showed antagonistic interaction with 

EAFCF in the above chosen models of anxiety, seizure, depression and pain. These 

results indicate that the EAFCF possess anxiolytic, anticonvulsant, antidepressant and 

analgesic activity through modulation of adenosinergic system. 

In conclusion, the plants Cassia fistula and Cassia auriculata have potential 

anxiolytic, anticonvulsant, antidepressant and analgesic activities and adenosine may 

play a role in the CNS effects of Cassia fistula.  
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In vitro anti-oxidant activity of various solvent fractions 
of Cassia fistula L. pods 

 
Chinnasamy Kalaiyarasi, Kaliavaradhan Karthika, Padi Lalithkumar, 
Govindaraj Ragupathi, Sampath Saravanan 
 
Abstract 
Cassia fistula L. is a common medicinal plant has been used for the treatment of various ailments such as 
convulsion, inflammation, pain, infectious diseases etc. The Present study was aimed to estimate the total 
phenolic and flavonoid content and to examine the antioxidant activity of such as n-hexane (NHF), ethyl 
acetate (EAF) and aqueous fractions (AQF) of Cassia fistula L. pods. The antioxidant activity was 
assessed by superoxide scavenging and reducing power abilities. The antioxidant potency was found to 
be decreasing order of EAF, NHF and AQF and had good co-relation with their polyphenolic and 
flavonoid content.  This study shows that Cassia fistula L pods can serve as a good source of antioxidants 
and thus used for preventing oxidative stress related disorders. 
         
Keywords: Cassia fistula, Polyphenol estimation, Superoxide scavenging activity, Reducing power 
assay, Flavonoid content estimation 
 

1. Introduction 
Natural antioxidants present in the plant parts such as whole grains, fruits and vegetables are 
important ingredients of food as they scavenge free radicals [1]. Free radicals are frequently 
generated in our body during normal cellular metabolism as well as under certain 
environmental conditions, these radicals are more reactive as they lack of an electron and try to 
become neutral by accepting an electron from or donate an electron to adjacent molecules and 
create new free radicals. This in turn initiates a chain of reaction that can damage several 
molecules through accepting or donating an electron leads to degenerative diseases. The 
phytochemicals such as phenolic acids, polyphenols and flavonoids are generally known as 
anti-oxidants and their beneficial effects in several chronic ailments have been reported [2]. In 
addition, the synthetic anti-oxidants available at present are known to produce negative health 
effects. Thus, the search for antioxidants from plant source has been increased recently. Plants, 
owing to their healing potential have been greatly by the practitioners of Indian traditional 
medicinal system [3]. 
Cassia fistula L. commonly known as Indian laburnum belonging to the family 
Caesalpiniaceae has been  widely used in traditional medicine for worm infestation, wound 
healing, convulsion, antipyretic, haematemesis, pruritus, intestinal disorders, leucoderma, 
diabetes, analgesic, antipyretic and as laxative [4]. The various medicinal implications have 
been mainly attributed due to the presence of alkaloids, triterpene derivatives, anthraquinone 
derivatives, polyphenolics, comprising flavonoids, catechins and proanthocyanidins [5-7]. The 
phytoconstituents, particularly polyphenols and flavonoids have been shown to possess anti-
oxidant activity [8].  Hence, the present study was aimed to estimate the amount of polyphenols 
and flavonoids present and to study the antioxidant activity of various fractions of Cassia 
fistula pods. 

 
2. Materials and Methods 
2.1 Collection of plant material and authentication 
With the support of professional collectors, pods of Cassia fistula were collected from the 
surroundings of Coimbatore and shade dried.   The plant material was taxonomically identified 
by a Scientist F (Dr. G.V.S. Murthy), Botanical survey of India, Coimbatore, Tamil Nadu, 
India and the voucher specimen BSI/SRC/5/23/2011-12/Tech 782 was retained in our 
laboratory for future reference. 
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2.2 Preparation of hydroalcoholic extract 
Fresh samples were air-dried and ground, yielding 1500 g of 
powder. From this, 500 g of powder was defatted with 
petroleum ether (40–60 ˚C) for 6 hours [9] and filtered. The 
resultant marc dried and extracted with a mixture of ethanol 
(700 ml): water (300 ml) (70:30) as solvent for 24 h at room 
temperature and placed in a rotary shaker to get hydro-
alcoholic extract by maceration method for 2 days. The extract 
was filtered by using Whatman No.1 filter paper and the 
filtrate was taken. The extraction was repeated two times and 
the filtered hydro-ethanolic extracts were mixed and 
evaporated under reduced pressure (56 g) and denoted as 
HAE.  
 
2.3 Fractionation of hydroalcoholic extract of Cassia fistula 
L. 
50.0 g of HAE was dissolved in 200 mL of methanol/water 
(7:3). N-Hexane, ethyl acetate and aqueous fractions were 
made from the solution obtained through liquid/liquid solvent 
partition of increasing polarity. From each fraction, the solvent 
was evaporated in rotary evaporator and dried. Fractions were 
designated as follows – hexane fraction (NHF), ethyl acetate 
fraction (EAF) – aqueous fraction (AQF),   dried to constant 
weight and stored at −10 ◦C until used for experiments. 
 
2.4 Total phenolic content estimation. 
The total phenolic content of all fractions was estimated by 
using Folin catechu reagent and measured at 765 nm using 
gallic acid as standard [10]. Aliquots of fractions or gallic acid 
were mixed with 0.5 ml of Folin catechu reagent (diluted 1:1 
with water) and 2.5 ml of 20% aqueous sodium carbonate and 
allowed to stand for 45 min in dark room and absorbance was 
measured by spectrophotometer.  The total phenolic content in 
each fraction was calculated as gallic acid equivalent from the 
calibration curve.  
 
2.5 Determination of total flavonoid content 
Flavonoid content in all the three fractions was determined by 
aluminium chloride colorimetric method [11]. Aliquot quantity 
of fractions was diluted with 1.50 ml of distilled water and 
0.50 ml of 10% (w/v) aluminium chloride was added along 
with 0.10 ml of 1 M potassium acetate and 2.80 ml of distilled 
water. This mixture was incubated at room temperature for 30 
min. The absorbance of the resulting reaction mixture was 
measured at 415 nm UV spectrophotometer. Quantification of 
flavonoids was done on the basis of standard curve of 
quercetin prepared in 80% methanol and results were 
expressed in milligram quercetin equivalent (QE) per gm of 
dry fruits. 
 
2.6 Superoxide radical scavenging activity 
Measurement of superoxide anion scavenging activity of 
fractions was based on the method described by [12].  
Phenazine methosulphate (PMS)–nicotinamide adenine 
dinucleotide (NADH) system generates superoxide radicals by 
oxidation of NADH and assayed by the reduction of nitroblue 
tetrazolium (NBT). In this experiment, the superoxide radicals 
were generated in 3 ml of Tris–HCl buffer  (16 mM, pH 8.0) 
containing 1 ml of NBT (50 µM) solution, 1 ml NADH (78 
µM) solution and 0, 50, 100, 150, 200, 250 µg/ml of fractions 
were mixed. The reaction was started by adding 1 ml of PMS 

solution (10 µM) to the mixture. The reaction mixture was 
incubated at 25 ◦C for 5 min, and the absorbance at 560 nm in 
a UV-spectrophotometer was measured against blank samples.  
Decrease in absorbance of the reaction mixture indicated 
increased superoxide anion scavenging activity. The 
percentage inhibition of superoxide anion generation was 
calculated using the following formula. 
  

Percentage inhibition = [A0 – A1/A0] X 100 
 
Where, A0 was the absorbance of control (blank), and A1 was the 
absorbance of EAF/ NHF/ AQF or standard. 
 
2.7 Reductive ability 
Reducing power ability was measured by mixing 50, 100, 150, 
200 and 250 µg/ml of EAF, NHF and AGF prepared with 
distilled water and mixed with 2.5ml of phosphate buffer (0.2 
M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide and 
incubated at 500 ◦C for 30 minutes. Trichloroacetic acid (2.5 
ml, 10%) (TCA) were added to the mixture and centrifuged for 
10 min at 3000 RPM and 2.5 ml from the upper portions were 
diluted with 2.5 ml water and shaken with 0.5 ml fresh 0.1%, 
ferric chloride. The absorbance was measured at 700 nm using 
UV‐spectrophotometer. The blank was prepared as above, but 
contained water instead of the samples. Increase in the 
absorbance by reaction mixture indicates increased reducing 
power. All experiments were done in triplicate using butylated 
hydroxy toluene as standard [13]. 
 
3. Results and discussion 
3.1 Polyphenolic content estimation 
EAF and NHF were found to contain more polyphenols than 
AQF. The amount of phenolic constituent present in EAF was 
found to 61.5 µg/mg in terms of gallic acid equivalent and in 
NHF and AQF it was found to 53.5 µg/mg and 13.5 µg/mg 
gallic acid equivalents respectively. Phenolic compounds are 
one of the most significant phytoconstituent because their 
hydroxyl groups confer scavenging ability [14] and they are 
known as powerful chain breaking antioxidant [15]. The 
calibration curve of standard polyphenol, gallic acid is shown 
in figure 1 
                       

  
 

Fig 1: Standard curve of gallic acid 
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Fig 2: Standard curve of quercetin 

 
3.2 Flavonoid content estimation 
Flavonoids are considered to be the most important group of 
polyphenolic compounds and have been shown to exhibit  
 

several pharmacological activities such as neuroprotective, 
cardioprotective, anti-diabetic, anti-inflammatory, anti-
hepatotoxic, anti-ulcer, anti-allergic, anti-viral and anticancer 
activities [16]. Their phenolic hydroxyl groups effectively 
scavenge the O2 free radicals and considered to be most potent 
antioxidants [17]. The total flavonoids content of CAF, NHF 
and AQF was estimated to be 30.5, 25.5 and 5.5 mg/mg 
respectively in terms of quercetin equivalent. 
 
3.3 Reducing power ability 
The ability with which a natural anti-oxidant to donate electron 
is designated as reducing power activity [18-19]. Several research 
reports stated the direct correlation between the anti-oxidant 
activity and reducing power ability of plant extracts [1, 18]. The 
order reducing power ability was found as follows 
BHT>EAF>NHF>AQF. The reducing power ability of 
fractions was well correlated with their polyphenolic and 
flavonoid content. The results were shown in table 1. 

 
 

Table 1: Reductive ability of various fractions of Cassia fistula L. pods
  

Sl. NO 
Conc 
µg/mg 

Absorbance (Mean±SEM)* 
EAF NHF AQF BHT 

1 20 0.183±0.0004 0.178±0.0102 0.083±0.0007 0.193±0.0050 
2 40 0.221±0.0030 0.189±0.0180 0.100±0.0069 0.247±0.0071 
3 60 0.254±0.0013 0.239±0.0012 0.128±0.0074 0.260±0.00038 
4 80 0.278±0.0014 0.260±0.0029 0.150±0.0032 0.386±0.0006 
5 100 0.348±0.0017 0.329±0.0017 0.193±0.0074 0.569±0.00189 

 
¥ Data expressed as mean±SEM of three observations EAF= Ethyl acetate fraction, NHF= n-hexane fraction, AQF= aqueous 

fraction of hydroalcoholic extract of Cassia fistula L. pods. BHT= butylated hydroxyl toluene 
 
 
3.4 Superoxide scavenging activity 
The relationship with reducing power and anti-oxidant activity 
has long been established [13, 20]. Among all the fractions 
examined in our study, the EAF showed a higher reducing 
power than the rest of the fractions. The lower anti-oxidant 

activity of AQ could be attributed to the presence of reducing 
sugars [21] as reducing sugars have been shown to generate 
prooxidants and that may nullify the anti-oxidant activity of 
other phytoconstituents [22]. 
 

 
 

Table 2:  Superoxide scavenging activity of various fractions of Cassia fistula L. pods 
 

EAF NHF AQF 

S.No 
Conc 

(µg/ml) 
% Inhibition IC50 

Conc 
(µg/ml) 

% Inhibition IC50 
Conc 

(µg/ml) 
% Inhibition 

IC50 

 
1 20 17.46 

51.38 
 

20 14.25 

53.23 
 

100 5.99 

440.52 
2 40 33.46 40 28.92 200 18.79 
3 60 53.46 60 51.33 300 28.93 
4 80 69.46 80 62.53 400 44.93 
5 100 89.19 100 81.46 500 60.39 

 
¥ Data expressed as average of three observations EAF= Ethyl acetate fraction, NHF= n-hexane fraction, AQF= aqueous fraction of 

hydroalcoholic extract of Cassia fistula L. pods. BHT= butylated hydroxyl toluene 
 
 
4. Conclusion 
The Present study clearly states the significant anti-oxidant 
activity of EAF and NHF and among these the EAF showed 
the superior and AQF showed the inferior anti-oxidant 
potential. This study further reveals that the presence of 

polyphenols and flavonoids could play a major role in the anti-
oxidant activity of the EAF and AQF. The inferior anti-oxidant 
potential of AQF may be due to the presence of negligible 
amount of polyphenols and flavonoids or may be due to the 
presence of pro-oxidants such as reducing sugars. Hence, the 
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findings of the present study clearly reveal the anti-oxidant 
activity of Cassia fistula L. pods. However, further study 
focused on the isolation of active anti-oxidant molecule and in 
vivo studies could be useful in understanding the mechanism 
of action of anti-oxidants. 
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Abstract 

The objective of the present study was to evaluate the anti-nociceptive activity of ethylacetate fraction of Cassia fistula L. 

pods (EAFCF).Various groups of animals received EAFCF at the doses of 50, 100 & 200 mg/kg through oral route and 

anti-nociceptive activity was evaluated using acetic acid induced writhing model, hotplate test, tail immersion test and 

formalin induced paw licking model. EAFCF reduced the number of acetic acid induced abdominal contractions and both 

early and late phases of formalin induced paw licking.  Moreover, it has increased the reaction latency in hotplate and tail 

immersion test. These findings indicate both central and peripheral anti-nociceptive effects of EAFCF. The study 

concluded the presence of central and peripheral anti-nociceptive potential of Cassia fistula L. pods and justified the 

traditional use of this plant for treating various painful conditions. 
© 2014 Universal Research Publications. All rights reserved 
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1. Introduction 

According to an estimate by World Health Organization 

(WHO), about 70 to 80% of the people around the world 

use herbal medicine for primary health care. Synthetic 

drugs used currently for the management of pain cause 

several unwanted effects [1].  Plants, in spite of extensive 

research, represent huge number of unidentified source of 

structurally new compounds that might serve as lead for the 

development of novel drugs [2]. 

Cassia fistula L. (Leguminosea) is commonly is commonly 

known as Indian laburnum and is native to South Asia. 

Traditionally, parts of the plant were used for burns, 

diabetes, pain, epilepsy, worm infestation, fever and 

stomach disorders [3]. Studies reported on the 

phytochemical analysis of Cassia fistula pods showed the 

presence of flavonoides, phenolic compounds, 

proanthocyanidins, alkaloids, tannins and saponins as 

secondary metabolites [4, 5, 6] 

Various pharmacological activities of Cassia fistula L. such 

as Central Nervous System (CNS)  depressant activity [7], 

antioxidant [8] , wound healing [9], antifungal and 

antibacterial [10] antitumor [11], anti-fertility [12], 

hepatoprotective [13], anti-diabetic [14] and analgesic 

activity [15,16] have been reported.  Though the other 

pharmacological activities studied extensively, the anti-

nociceptive activity has of Cassia fistula L. pods has not 

been reported adequately. The results of preliminary study 

conducted in our laboratory revealed the  presence of high 

flavonoides in ethyl acetate fraction of Cassia fistula L. 

pods than the other plant parts and extract fractions.    

Hence, the present study seeks to evaluate anti-nociceptive 

activity of ethyl acetate fraction of Cassia fistula L. pods.  

2. Materials and methods 

2.1. Plant material 

Fruit of Cassia fistula pods were collected from 

surroundings of Coimbatore and voucher specimen 

authentication was done by scientist ‘F’, Botanical Survey 

of India, Agricultural University, Coimbatore. The sample 

voucher specimen BSI/SRC/5/23/2011-12/Tech78 was 

deposited future use.  

2.2. Animals 

Healthy albino Sprague Dawley rats of 100-150g and Swiss 

albino mice weighing 20-25 g were obtained from the 

animal house of PSG institute of Medical Sciences and 

Research, Coimbatore, India after obtaining ethical 

approval for protocol and animal usage from Institutional 

Animal Ethical Committee (IEAC). The animals were 

housed under standard environmental condition 
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(Temperature 20-22° C, humidity 65-70%, 12 h light/dark 

cycle) with free access for food and water. The 

experimental protocols were conducted as per guidelines of 

Committee for the Purpose of Supervision and Control of 

Experiments on Animal (CPCSEA). 

2.3. Extraction and fractionation of pods 

The fruit pods were air dried in shade and the dry material 

was powdered. The hydroalcoholic extract of powdered 

pods was prepared using 70% ethanol and 30% distilled 

water by maceration method for two days followed by 

evaporation in oven at 60° C for 24 h to get dried waxy 

brown to black solid hydroalcoholic extract (46 g). From 

this, 25 g was taken for further fractionation and was 

dissolved in water and extraction with chloroform was done 

in separating funnel. Chloroform layer was partitioned with 

ethylacetate and solvent was evaporated to get ethylacetate 

fraction of Cassia fistula L. pods (EAFCF) (4.7 g) [17].  

2.4. Phytochemical investigations 

EAFCF was qualitatively analyzed for the presence of 

various phytoconstituents such as flavonoids, saponins, 

carbohydrates, tannins, alkaloids, glycosides, reducing 

sugars, proteins and steroids by using standard procedures 

[18]. 

2.5. Pharmacological evaluations  

2.5.1. Dosing schedule 

Animals were randomly divided into 5 groups of 6 animals 

each. Group I served as control, group II, III, IV received 

EAFCF at the doses of 50, 100 & 200 mg/kg, p.o., 

respectively and group V received diclofenenac sodium (10 

mg/kg, i.p.)  in acetic acid induced writhing model.  

Morphine sulphate (1.5 mg/kg, i.p.) was given to group V 

animals in hotplate and tail flick tests and morphine (5 

mg/kg, i.p.) in formalin induced pain model. In rotarod 

experiment, animals received diazepam (2mg/kg, i.p.) 

served as standard. 

2.5.1. Acetic acid-induced writhing test  

This pharmacological evaluation was performed to find out 

whether the treatment of EAFCF produces peripheral and 

central anti-nociceptive activity against chemically induced 

nociception. The mice were treated with drug or extract, 30 

minutes prior to the administration 0.7% acetic acid (10 

ml/kg, i.p.).  The mice were observed immediately after 

acetic acid administration and the number of writhing was 

counted for 30 min [19]. Complete was writhing considered 

when the animal showed contraction of the abdomen, 

elongation of the body, twisting of the trunk and/or pelvis 

ending with the extension of the limbs.  

2.5.2. Hotplate test  

Mice were placed on hotplate maintained at a temperature 

of 55± 1°C  and basal reaction  time of animal (forepaw 

licking, withdrawal of the paw(s) or jumping response) was 

recorded. The mice that did not show any response to 

nociceptive stimuli within 15 s were excluded from this 

study. The animals were treated with morphine or EAFCF 

and were placed on Eddy’s hotplate maintained at a 

temperature of 55± 1°C and the reaction times were noted 

again at 30, 60, 90,and 120 minutes interval . A cutoff 

period of 20 s was set to avoid tissue damage in foot [20] 

2.5.3. Tail immersion test 

This test was performed to evaluate the central analgesic  

property and this model based on the observation that the 

central analgesics such as morphine increase the latency to 

withdraw the tail of a rodent when it is immersed in hot 

water [21].  Mice were treated with standard or EAFCF and 

one to two cm of the tail was immersed in hot water kept at 

the temperature of 55± 1°C  time latency to withdraw the 

tail was noted at 30, 60, 120 minutes after the treatment.   

To prevent the excessive tail tissue damage, a latency 

period of 20 s was maintained.  

2.5.4. Formalin induced nociception 

Rats were treated with standard or EAFCF 30 minutes prior 

to the administration of with 0.03 ml of 1% formalin in the 

sub- planter region of right hind paw. The nociceptive 

responses (licking or biting of formalin injected site) were 

noted in two phases. First 5 minutes after the administration 

of formalin comprises the first phase and the second phase 

comprises the 15 to 30 minutes after the formalin 

administration [22]. 

2.5.5. Rotarod test 

Animals were placed on a horizontal bar (2.5cm diameter) 

revolving at a speed of 15 rpm. The parameters such as 

time permanence on the rotating bar and the number of falls 

for 1 minute were assessed in each animal [17]  

2.6. Statistical analysis  

The data obtained from all experiments were expressed as 

mean±SEM. The results were statistically analyzed using 

one way analysis of variance (ANOVA) followed by 

Dunnett’s post hoc test or Bonfer- roni’s test as appropriate 

and were performed with Prism 4.0. Difference between the 

groups were considered significant when p<0.05.  

3. Results 

3.1. Preliminary phytochemical analysis  

The results of preliminary phytochemical screening 

indicated the presence of flavonoids, anthraquinones, 

terpenoids, phenolic compounds in EAFCF 

3.2. Acetic acid-induced writhing   

Administration of EAFCF (50, 100, and 200 mg/kg, p.o.)  

reduced the acetic acid induced writhing significantly 

(p<0.001) compared to control group in  dose dependent 

manner (Table 1) and the reduction in writhing was 

observed as 91.07% in standard analgesic, diclofenac 

sodium (10 mg/kg, i.p.),  treated animals and 40.18 %,   

71.07% and 92.01% respectively, in 50,100 and 200 mg/kg 

of EAFCF treated animals. 

3.3. Eddy’s hot plate model in mice 

In this model, the reaction latency to thermal stimuli was 

increased significantly (P<0.01) in EAFCF treated groups 

compared to the control group. The maximum effect 

(reaction time of 18.4 s) was observed at the highest dose 

viz. 200 mg/kg p.o. at 60 min. while the standard drug 

morphine (1.5 mg/kg i.p.) showed highest reaction time of 

17.8 s. The anti-nociceptive effect produced by EAFCF 

was found to be dose and time dependent (Table 2). 

3.4. Tail immersion test  

The antinociceptive activity exhibited by EAFCF and 

morphine in tail immersion test  is  given in Table 3. 

EAFCF (100 & 200 mg/kg, p.o.) showed dose dependent 

increase in the reaction latency to hot-water induced 

thermal stimuli (p<0.01). Morphine also produced similar  
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Table 1. Analgesic activity of EAFCF in acetic acid induced writhing in mice 

S.No Treatment No. of  writhing % Reduction 

1 

2 

3 

4 

5 

Vehicle 10ml/kg, p.o 

Diclofenac  10mg/kg, i.p. 

EAFCF 50mg,kg, p.o. 

EAFCF 100mg/kg, p.o. 

EAFCF 200mg/kg, p.o 

66±1.07 

5.89±0.9* 

39.48±0.67* 

19.09±0.57* 

5.27±0.89* 

- 

91.07 

40.18 

71.07 

92.10 

Values are expressed in terms of mean ± SEM, n = 6 in each group, * P<0.001 statistically significant as compared with control group.                               
EAFCF = Ethylacetate fraction of Cassia fistula L.. i.p.=intra peritoneal,  p.o.= per oral 

Table 2. Anti-nociceptive  effect of EAFCF in Eddy’s hot plate model using mice 

S.No Treatment 
Reaction time in seconds 

pretreatment 30 min 60 min 90 min 120 min 

 

1 

2 

3 

4 

5 

 

Vehicle 10ml/kg, p.o. 

Morphine 1.5mg/kg, i.p. 

EAFCF 50mg/kg, p.o. 

EAFCF 100mg/kg, p.o 

EAFCF 200mg/kg, p.o.  

3.8±0.05 

4.1±0.06 

5.1±0.09 

5.2±0.10 

4.8±0.12 

3.6±0.08 

12.6±0.03* 

8.1±0.08* 

10.8±0.05*13

.2±0.4* 

4.2±0.03 

17.8±0.08* 

10.4±0.08* 

13.1±0.1* 

18.4±0.2* 

4.6±0.09 

16.2±0.1* 

9.7±0.08*1

2.5±0.3*17.

1±0.1* 

4.8±0.08 

14.8±0.2* 

7.2±0.08* 

10.6±0.09* 

15.1±0.07* 

Data expressed as mean ± SEM, n = 6 in each group, *P <0.01 statistically significant as compared with control group. EAFCF = Ethylacetate fraction of 

Cassia fistula L.. i.p.=intra peritoneal,  p.o.= per oral 

Table 3. Anti-nociceptive activity of EAFCF in mouse tail immersion test 

S.No Treatment 
Reaction time in seconds 

pretreatment 30 min 60 min 90 min 120 min 

1 

2 

3 

4 

5 

 

Vehicle 10ml/kg, p.o. 

Morphine 1.5mg/kg, i.p. 

EAFCF 50mg/kg, p.o. 

EAFCF 100mg/kg, p.o 

EAFCF 200mg/kg, p.o. 

 

3.8±0.05 

3.9±0.07 

4.5±0.1 

4.9±0.20 

5.6±0.22 

3.6±0.01 

12.6±0.03 * 

5.1±0.08 

9.8±0.05 * 

14.2±0.4 * 

4.43±0.04 

17.8±0.8 * 

6.4±0.08 

12.1±0.1 * 

16.4±0.2 * 

4.7±0.09 

17.2±0.1 * 

5.7±0.08 

11.5±0.3 * 

16.1±0.1 * 

3.58±0.08 

10.8±0.2 * 

5.2±0.08 

9.6±0.09 * 

12.1±0.07 * 

Experimental data given as  mean ± SEM, n = 6 in each group, *P <0.01 statistically significant as compared with control group. EAFCF = Ethylacetate 
fraction of Cassia fistula L.. i.p.=intra peritoneal,  p.o.= per oral 

Table 4. Reduction of formalin induced paw licking by EAFCF and morphine treatment in rats 

S.No 

 
Treatment 

Hind paw licking 

Early phase % inhibition Late phase % inhibition 

1 

2 

3 

4 

5 

Vehicle 10ml/kg, p.o. 

Morphine 5mg/kg, i.p. 

EAFCF 50mg/kg, p.o. 

EAFCF 100mg/kg, p.o 

EAFCF 200mg/kg, p.o.  

113.6±0.91 

42.6±0.03 * 

102.1±1.8 

59.8±1.25 * 

40.6±0.4 * 

---- 

51.60 

10.12 

47.35 

64.2 

123.8±0.89 

0 

98.8±2.2 

61.5±2.23 * 

22.1±3.1 * 

---- 

100 

13.02 

45.8 

80.54 

Values are given as  mean ± SEM and as %, n = 6 in each group, * P<0.001statistically significant as compared with control group. EAFCF = 

Ethylacetate fraction of Cassia fistula L.. i.p.=intra peritoneal,  p.o.= per oral 

Table 5. Effect of EAFCF on time permanence on rotarod. 

Sl. No Groups Treatment 
Time permanence on rotarod 

(s) 

 

1. 

2. 

3. 

4. 

5. 

 

Vehicle 

EAFCF 

EAFCF 

EAFCF 

Diazepam 

 

 

10 ml/kg, i.p. 

50 mg/kg, p.o. 

100 mg/kg, p.o 

200 mg/kg, p.o. 

2 mg/kg, i.p. 

 

116.21±0.58 

105.12±0.56 

106.16±0.47 

94.16±0.74 

18.55±1.21* 

 Each value represent mean±SEM (n=8) 

*p<0.01 compared to control. One way ANOVA and Dunnett’s test as post hoc test were performed.  EAFCF = Ethylacetate fraction of Cassia fistula L.. 
i.p.=intra peritoneal,  p.o.= per oral 
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effect as that of EAFCF 200mg/kg. EAFCF 50mg/kg was 

found to sub-effective. 

3.5. Formalin test  

Administration of EAFCF orally at the doses of 50,100, 

and 200 mg/kg  dose dependently reduced the paw licking 

induced by formalin in both early and late phases of the 

experiment (p<0.001). A complete inhibition of licking in 

late phase was evident from morphine treated animals 

(Table 4).  

3.6. Effect of EAFCF on rotarod behavior in mice        

Treatment of EAFCF showed no significant (p>0.05) 

change in time permanence on the rotating bar when 

compared to control group. However, at higher dose (>400 

mg/kg) EAFCF reduced the time permanence (p<0.01) 

similar to that of standard drug diazepam (2 mg/kg)  

4. Discussion 

In the present study, EAFCF was evaluated for its 

nociceptive activity in peripheral as well as central 

analgesic models. Earlier studies reported the analgesic and 

anti-nociceptive activity of Cassia fistula L.  leaves [16, 

17], while this study, for the first time, investigated the 

anti-nociceptive potential of Cassia fistula L. pods.   

Acetic acid induced writhing in mice is simple and most 

reliable inflammatory pain model widely used for the 

evaluation of peripheral analgesics. The pain caused by 

acetic acid is said to be an inflammatory pain due to 

increase in the capillary permeability and release of 

endogenous mediators such as PGE1, PGE2, histamine, 

bradykinin, substance P etc… which sensitize the 

nociceptive nerve endings [23]. NSAIDs are known to 

inhibit the COX enzyme in the peripheral tissues which is 

responsible for the production of pain mediators. In this 

study, EAFCF showed dose dependent analgesic and 

antinociceptive activity as evident through reduction in 

number of writhing caused by acetic acid. Hence, EAFCF 

may act via blockade of the release or activity of 

endogenous pain mediators resulted in the interruption of 

pain stimuli transduction similar to that of the standard 

drug, diclofenac sodium. 

Treatment of EAFCF in mice, increased the reaction time 

significantly to the thermal stimuli in both hotplate and tail 

immersion model. These two models are mainly used for 

centrally acting analgesics, while the peripheral analgesics 

are found to be ineffective [24]. The reaction to the hotplate 

demonstrates the supraspinal reflex and tail immersion 

explains the spinal reflex mediated by various sub-types of 

opioid receptors [25].  Findings of the present study 

indicate that the EAFCF may act as an anti-nociceptive by 

central mechanisms. 

Administration of EAFCF also reduced the paw licking 

caused by sub-plantar formalin injection. This model is 

useful in evaluating the anti-nociceptive activity in two 

different phases. In the initial phase, direct chemical 

stimulation of sensory afferent nerve endings particularly C 

fibers causes neurogenic pain. In the later phase, induction 

of inflammatory pain occurs due to the increased 

production and/or action of various inflammatory 

mediators. Centrally acting analgesics such as morphine 

effectively reduce or prevent the paw licking in both the 

phases whereas, peripheral analgesics such as diclofenac 

reduce paw licking only in late phase due to inflammatory 

pain [26]. In this study, EAFCF showed dose dependent 

inhibition of paw licking in early neurogenic and late 

inflammatory pain phases. Reduction of neurogenic pain 

perception by EAFCF was also confirmed in hotplate and 

tail immersion tests; while the effect of EAFCF in acetic 

acid induced writhing further confirms the anti-nociceptive 

action in inflammatory pain conditions. 

Treatment of EAFCF at the doses used in this study, did not 

alter the skeletal muscle tone as it did not cause any 

significant change in time permanence on rotarod. This 

clearly indicates that EAFCF particularly reduces the pain 

perception and not through central nervous system 

depression or skeletal muscle relaxation. 

In conclusion, the results of the present study clearly 

demonstrated the strong anti-nociceptive activity of cassia 

fistula pods are in central as well as peripheral pain models.  

The anti-nociceptive effect of Cassia fistula L. pods may be 

through inhibition of pain transmission as well as by 

inhibition of peripheral inflammatory mediators. Current 

study justifies the traditional use of Cassia fistula L. for 

treating burns and pain of various origins. However, further 

phytochemical characterization of fraction and elucidation 

of molecular mechanism responsible for anti-nociceptive 

activity of Cassia fistula L. pods is required which could 

prove identification of lead molecule for the development 

of new analgesic drugs. 
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ABSTRACT

Context: Cassia fistula L. (Leguminacea) is used by Indian and Tanzanian traditional healers for treating various 
ailments related to the central nervous system. Aims: The present study aimed to evaluate the anticonvulsant and 
anxiolytic activity of the ethyl acetate fraction obtained from a hydroalcoholic extraction of Cassia fistula pods 
(EAFCF) and thereby to provide scientific validation for its traditional use. Methods: Preliminary phytochemical 
analysis and estimation of the flavonoid content of the ethyl acetate fraction was performed. Anticonvulsant 
activity was assessed by the subcutaneous pentylenetetrazole test (s.c. PTZ test). Anxiolytic activity was assessed 
by elevated plus maze (EPM) and open field tests (OFT). The sedative and motor toxicity was evaluated by a 
phenobarbitone induced sleep test and rotarod behavior respectively. Results: Photochemical analysis revealed 
the presence of a high flavanoid content in the ethyl acetate fraction. Treatment of EAFCF (50 and 100 mg/kg) 
significantly increased the latency to the onset of minimal clonic seizure and generalized tonic clonic seizure and 
animals were completely protected from death due to PTZ administration. Administration of EAFCF at the dose of 
100 mg/kg markedly increased the open arm entries and time spent in open arm in EPM. In OFT, EAFCF increased 
the number of central squares crossed and time spent in the central compartment. EAFCF in the doses used in this 
experiment did not produce sedation or motor toxicity. Conclusion: The results obtained herein clearly indicate the 
anticonvulsant and anxiolytic activity of EAFCF which may be due to the high flavonoid content. These findings give 
the scientific support for common use of this plant for treating epilepsy and anxiety.

Key words: Pentylenetetrazole, elevated plus maze, thigmotaxic behaviour, flavonoid content estimation, Cassia 
fistula, neurobehavioral profile.

Anticonvulsant and anxiolyic activities of ethyl acetate 
fraction of Cassia fistula Linn. pods in mice
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INTRODUCTION

Epilepsy and anxiety are the two most common co-mor-
bid conditions. Epilepsy is a neurological disorder charac-
terized by frequent occurrence of  seizure due to abnormal 
discharge of  group of  cortical neurons.1 Anxiety, on the 
other hand, is a psychological disorder generally affecting 
the mood and causing irrational fear as one of  the most 
prominent symptoms.2 The demand for traditional and 

Corresponding Address
Sampath Saravanan 
Department of Pharmaceutical Analysis,
The Erode College of Pharmacy,
Erode, Tamilnadu. India., Erode-India
E Mail: saravecp@yahoo.co.in
DoI : 10.5530/pc.2015.1.8 

complementary medicine has been increasing worldwide. 
Moreover, native healers remain the sole or main health 
providers for millions of  people living in rural areas of  
some developing countries. Use of  herbal remedies for 
the treatment of  central nervous system (CNS) ailments 
such as anxiety, depression, epilepsy and sleep disorders 
has long been practiced.3 Plant extracts that can suppress 
the occurrence of  seizure and that possess anxiolytic 
activity would provide an alternative and complementary 
therapy for treating epilepsy and associated anxiety.

Cassia fistula L. (commonly known as Indian laburnum) 
belongs to the family Leguminacea. It has been used in 
folk medicine to cure burns, constipation, convulsion, 
depression, dysurea, worm infestation etc.4 Several phar-
macological activities of  cassia fistula L. including antioxi-
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dant,5-7 CNS depressant,8 wound healing,9 antifungal and 
antibacterial,10 antitumor,11,12 anti-fertility,13 hepatoprotec-
tive14 and anti-diabetic15 have been reported. 

Previous phytochemical studies on Cassia fistula pods 
showed the presence of  flavonoids, phenolic compounds, 
proanthocyanidins such as epiafzelechin, epicatechin, cat-
echin, and procyanidine B-2 as secondary metabolites.16-18 
Although a number of  scientific studies have reported 
other pharmacological activities of  Cassis fistula L,  only 
one preliminary study has reported the central nervous 
system depressant activity of  methanolic extract of Cassia 
fistula L. fruit pulps.8 In a preliminary study conducted on 
the various fractions in our laboratory, the ethyl acetate 
fraction of  a hydro-alcoholic extract showed a notable 
CNS depressant potential and was consequently selected 
for further evaluation. The present study aimed to investi-
gate the anxiolytic and anticonvulsant activity of  the ethyl 
acetate fraction of  Cassia fistula pods in mice.

MATERIALS AND METHODS 

Plant material
Cassia fistula L. fruit pods were collected from surround-
ings of  Coimbatore by Mr Ragupathy G and the speci-
men was authenticated by Scientist “F”, Botanical Survey 
of  India, Agricultural University, Coimbatore. The sam-
ple voucher specimen BSI/SRC/5/23/2011-12/Tech 
781 was deposited for future use.

Preparation of ethyl acetate fraction from hydro 
alcoholic extract
The plant material was washed with distilled water and 
dried in the shade at room temperature for 45 days. The 
dry material was ground to obtain a powder of  2–5mm 
particles. Milled material (500 g) was defatted with petro-
leum ether (40–60˚C) for 6 hours  and the dried  marc  
extracted in 1 liter of  hydroalcoholic solution (70% etha-
nol: 30% distilled water) by placing in a rotary shaker to 
obtain a hydro-alcoholic extract by maceration method 
for 2 days.  The resultant extract was dehumidified by 
keeping it in an oven at 60°C for 24 h to yield dried waxy 
brown to black solid hydroalcoholic extract of  Cassia fis-
tula (HAECF) with a yield of  46g. An amount of  25 g of  
the extract was taken for fractionation and was dissolved 
in water and extracted with chloroform in separating fun-
nel. A NaCl solution (10%) was added drop wise to the 
aqueous layer in order to precipitate out the tannins. The 
organic layer was partitioned with ethyl acetate and the 
solvent was evaporated to yield the ethyl acetate fraction 
of  Cassia fistula pods (EAFCF) (4.7 g).19

Animals
Adult male Swiss albino mice (25-30g) were used in this 
study.  The animals were housed in standard environmen-
tal conditions (21± 2º C; humidity 60± 5) under  12 hours 
dark: 12 hours light cycle. Animals had free access to food 
and water and they were acclimatized to laboratory condi-
tion for one week prior to the experiments. The experi-
ments were carried out during 10.00AM – 1.00PM. The 
experimental protocols were approved by Institutional 
Animal Ethics Committee of  PSG Institute of  Medical 
Sciences and Research and conducted according to the 
guidelines of  the Committee for the Purpose of  Control 
and Supervision of  Experiments on Animals (CPCSEA), 
Government of  India.

Drugs
Phenobarbitone sodium, quercetin and pentylenetetrazole 
were purchased from Hi-media labs, India. Diazepam was 
from Ranbaxy laboratories, India. Flumazenil and pheno-
barbitone from Srides Arcolab Ltd. and Abbott Health-
care Pvt. Ltd., India, respectively. All other chemicals used 
were of  analytical grade.

Phytochemical screening and determination of total 
flavonoid content 
Crude hydro-alcoholic extract and the ethyl acetate frac-
tion were screened for the presence of  phytochemicals 
including flavonoids and tannins by using standard pro-
cedures.20 Flavonoid content in the crude extract and 
ethyl acetate fraction was determined by the aluminium 
chloride colorimetric method.21 Briefly, 0.50 ml of  extract 
sample was diluted with 1.50 ml of  distilled water. A vol-
ume of  0.50 ml of  10% (w/v) aluminium chloride was 
added along with 0.10 ml of  1 M potassium acetate and 
2.80 ml of  distilled water. This mixture was incubated at 
room temperature for 30 min. The absorbance of  result-
ing reaction mixture was measured at 415 nm using a UV 

Table 1: Preliminary phytochemical analysis of HAECF 
and EAFCF

Tests HAECF EAFCF
Alkaloid + +

Saponins - -

Flavonoids + +

Anthraquinones + +

Tannins + -

Glycosides + -

Steroids - -

Reducing sugars + -

Terpenoids + +

+ positive, - negative
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spectrophotometer. Quantification of  flavonoids was 
performed on the basis of  standard curve of  quercetin 
prepared in 80% methanol and results were expressed in 
milligram quercetin equivalent (QE) per gm of  dry fruits.

Evaluation of pharmacological activity
EAFCF was suspended in 1% carboxy methyl cellu-
lose (CMC) and administered one hour before the test 
through oral route at the doses of  25, 50, 100 mg/kg. 
The animals treated with 1% CMC (10 ml/kg p.o.) served 
as a control group and the animal received diazepam 2 
mg/kg served as standard. PTZ was dissolved in saline 
and administered at the dose of  80 mg/kg via subcutane-
ous injection of  the animals which received EAFCF one 
hour prior. To evaluate possible role of  the GABAergic 
system, flumazenil (2 mg/kg, i.p.) was administered 30 
minutes prior to the administration of  EAFCF (100 mg/
kg). Separate groups of  animals were used for each exper-
imental protocol.

Subcutaneous pentylenetetrazole seizure test (s.c. 
PTZ test)
Seizure was chemically induced in animals using pen-
tylenetetrazole 80 mg/kg dose s.c into a loose fold skin 
of  the neck between shoulder blades. Test animals were 
placed in a plexiglas arena for 30 minutes for observa-
tion. Parameters noted were latency until the first mini-
mal clonic seizure (MCS) which persist for at least a 5 
sec period, latency to first generalized tonic clonic seizure 
(GTCS) and protection percentage against death.22 The 
ability of  the plant extract fraction to prevent this feature 
or prolong the latency or onset of  the MCS and GTCS 
was taken as an indication of  anticonvulsant activity.

Elevated plus maze test
The elevated plus maze apparatus was made of  plexi-
glas and consisted of  two open arms (30×5 cm) and 
two closed arms (30×5 cm) with 25 cm walls. The arms 
extended from a central platform (5×5 cm) and were 
open at the top. The maze was elevated 40 cm from the 
room’s floor. The animals were placed individually at the 
center compartment, facing one of  the open arms. The 
number of  entries and the time spent in the closed and 
open arms were recorded for 5 min. Entry into an arm 
was defined as the animal placing all four paws onto the 
arm. After each test, the maze was thoroughly cleaned 
up with wet cotton dipped in 10% ethanol solution fol-
lowed by dry cloth.23 An increase in the time spent on 
open arms (open × 100/300) and percentage of  open 
arm entries (open × 100 (open + closed) by the treatment 
of  drug was considered as the drug possessing anxiolytic 
activity. Changes in the loco motor activity (total number 

of  arm entries) were also observed in order to differenti-
ate anxiolytic activity from central nervous system stimu-
latory activity.

Open field test (OFT)
The effect of  EAFCF on exploratory activity of  the mice 
was assessed in OFT.2 The OFT apparatus consist of  a 
square arena (60cm×60cm× 60cm) divided into 9 seg-
ments. The mice were placed at center of  arena facing the 
wall and observed for 5 minutes.  Parameters like ambula-
tion (number of  partitions crossed with all four paws), 
rearings (number of  times the mouse stood on its hind 
limbs), time spent in central compartment and number 
of  crossings in central compartment were recorded. The 
open field was cleaned with 10% ethyl alcohol and per-
mitted to dry between tests.

Phenobarbitone sodium induced sleeping time
Different groups of  mice received phenobarbitone 
sodium (45 mg/kg i.p.) thirty minutes prior to the admin-
istration of  the extract fraction, vehicle (control) or diaz-
epam (1mg/kg i.p.). The animals were observed and the 
latent period (time between the phenobarbitone adminis-
tration and the onset of  sleep) as well as the duration of  
sleep (time between the loss and recovery of  the righting 
reflex) were recorded.24

Rotarod test
Mice were preselected based on their ability to remain on 
a horizontal bar (2.5cm diameter) revolving at a speed of  
15 rpm for 120 sec. After drug treatment, each animal was 
evaluated for the time permanence on the rotating bar. 
Motor toxic drugs generally reduce the time permanence 
on rotarod.19

Acute toxicity test
The acute toxicity test was performed as per the guide-
lines of  OECD for the testing of  chemicals.25 A total of  
nine animals were grouped into three groups and EAFCF 
was administered at the doses of  500 and 2000mg/kg, p.o 
and 10 ml/1kg of  CMC 1% (vehicle, p.o., control group).
Thirty minutes thereafter, the animals were observed for 
several behavioral parameters such as spontaneous motor 
activity, tremors, grips strength, abnormal behavior, con-
vulsions, abdominal contortions, gait, piloerection, palpe-
bral closure, and constipation. The same procedure was 
repeated three times a week for 2 weeks. During the test 
period, animal death, animal weight and food consump-
tion also were noted.

Statistical analysis
All data were expressed as mean ± SEM. One-way 
ANOVA followed by Dunnett’s test as post hoc test 
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was used to analyse the data.  All statistical analy-
ses were performed with Prism 4.0 and difference 
between the groups were considered significant 
when p<0.05.

RESULTS

Preliminary phytochemical analysis and 
flavonoid content estimation.
The results of  preliminary phytochemical screen-
ing indicated the presence of  flavonoids, anthraqui-
nones, terpenoids, glycosides, phenolic compounds, 
reducing sugars and tannins in both crude extract 
and except tannins, glycosides and reducing sugars 
other constituents were found to present in ethyl 
acetate fraction (Table 1).  The total flavonoid con-
tent analysis was done for hydro-alcoholic extract, 
ethyl acetate fraction and the results indicated the 
presence of  high content of  flavonoid (30.5±0.75 

mg/g quercetin equivalent) in ethyl acetate frac-
tion than in crude hydro alcoholic extract (5.5±0.75 
mg/g quercetin equivalent).

Anticonvulsant effect of EAFCF on PTZ induced 
seizure in mice
Treatment with EAFCF resulted in significant (p<0.01) 
increases in the latency to the occurrence of  minimal 
clonic convulsion, as well as tonic clonic convulsions 
produced by PTZ administration. In addition, the ethyl 
acetate fraction (100 mg/kg) protected the animals from 
death due to PTZ administration observed for 24h (Table 
1). Unlike diazepam, the fraction did not protect the ani-
mal from onset of  PTZ induced convulsion.

Anxiolytic effect of EAFCF in elevated plus maze 
using mice
Acute administration of  EAFCF dose dependently 
increased the percentage entries into open arm and time 
spent in the open arm when compared to the control 

Table 2: Dose dependent anticonvulsant effect of EAFCF on PTZ induced seizure in mice.

Groups Treatment Latency to MCS (Min) Latency to GTCS (Min) % protection from 
mortality

Vehicle 10 ml/kg, i.p. 2.47±0.27 3.44±0.262 0

EAFCF 25 mg/kg, p.o. 3.59±0.416 5.52±0.517 33.3

EAFCF 50 mg/kg, p.o 12.96±0.397* 39.86±0.847* 66.5

EAFCF 100 mg/kg, p.o. 15.39±0.574* 54.66±1.136* 100

Diazepam 2 mg/kg, i.p. 60±0* 60±0* 100
§ Data represented as mean±SEM with n=6 ; MCS- Minimal clonic seizure, GTCS- Generalised tonic clonic seizure ; Data analysed by one way ANOVA followed by Dunnett’s 
test. ; *p <0.01 compared to vehicle control 

Table 3: Effect of EAFCF on behavioral parameters in EPM.

Groups Treatment % entries in open arm % time spent in open 
arm

Total number of entries 
(n)

Vehicle 10 ml/kg, i.p. 37.5±1.5 36.8±0.87 12.17±0.6

EAFCF 25 mg/kg, p.o. 44.6±1.29 43.32±1.34* 13.67±0.66

EAFCF 50 mg/kg, p.o 55.23±1.49* 57.2±0.63* 13.33±0.88

EAFCF 100 mg/kg, p.o. 64.78±1.79* 62.08±0.67* 15.67±0.66

Diazepam 2 mg/kg, i.p. 65.79±1.74* 68.17±0.64* 10.17±0.95
§ Data expressed as mean ± SEM n=6 ; *p<0.01 compared to vehicle treated group ; One way ANOVA followed by post hoc Dunnett’s test were performed.

Table 4: Effect of EAFCF on open field behavior in mice.

Groups Treatment No. of  Rearings No. of ambulations No of central 
squares crossed

Time spent 
in central 
compartment (s)

Vehicle 10 ml/kg, i.p. 18.8±0.9 42.5±2.1 3.2±0.5 3.2±0.5

EAFCF 25 mg/kg, p.o. 16.7±0.9 37.8±1.1 3.7±0.7 5.2±0.3

EAFCF 50 mg/kg, p.o 20.0±0.6 39.0±1.4 9.0±0.6* 9.5±0.4*

EAFCF 100 mg/kg, p.o. 16.3±0.6 39.5±1.9 12.8±0.7* 16.2±0.5*

Diazepam 2 mg/kg, i.p. 8.20±0.6 23.0±1.5 13.3±0.9* 18.8±0.6*
§Data shown as mean±SEM  ; *p<0.01 Vs vehicle, One way ANOVA followed by post hoc Dunnett’s test
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(p<0.01), indicating anxiolytic activity. However, it did 
not significantly (p>0.05) change the total number of  arm 
entries (Table 2).

EAFCF reduced the thigmotaxic behavior of mice 
in OFT
A significant increase (p<0.01) in the time spent in central 
compartment and the number of  crossings of  the open 
field were observed in mice which received EAFCF (50 
and 100 mg/kg). No significant (p>0.05) changes were 
noted in the total number of  ambulation and the number 
of  rearings (Table 3).  

Effect of EAFCF on phenobarbitone induced 
sleeping time in mice
EAFCF did not exhibit sedative properties at the selected 
doses examined in this experiment as there was no signifi-
cant (p>0.05) reduction in the latency to loss of  righting 
reflex and the duration of  sleep caused by phenobar-
bitone (Table 4). However, at higher doses (>400 mg/
kg, i.p.) the phenobarbitone induced sleeping time was 
potentiated significantly (p<0.01), similar to diazepam.

Effect of EAFCF on rotarod behavior in mice 
Treatment of  EAFCF showed no significant (p>0.05) 
change in time permanence on the rotating bar when 
compared to control group. However, the standard drug 
diazepam (2 mg/kg) significantly (p<0.01) reduced time 
permanence on rotarod.

Toxicity
Animals which received vehicle alone showed normal 
behavior whereas behavioral alterations such as decrease 

in loco motor activity, low grip strength and constipa-
tion were noted in EAFCF treated animals. However, no 
death was observed, nor did the test animals show any 
change in food consumption and body weight.

DISCUSSION
The search for alternative and complementary therapy 
from medicinal plants for CNS ailments has been increas-
ing considerably in recent years.26 in this study, EAFCF 
was evaluated for its anticonvulsant and anxiolytic activ-
ity. The preliminary phytochemical studies revealed the 
presence of  flavonoids, anthroquinones, glycosides and 
terpenoids. Quantitative estimation of  flavonoid content 
showed that the fractionation of  hydroalcoholic extract to 
produce an ethyl acetate extract increased the concentra-
tion of  flavonoids. In addition to flavonoids, the presence 
of  other phytoconstituents may also have contributed to 
the observed effect of  EAFCF on CNS.    

In PTZ induced convulsions, the EAFCF dose depend-
ently increased the onset of  MICS GTCS and protected 
the animal from death.  This shows that the treatment of  
EAFCF delays the seizure generation in mice. Although 
the extract fraction showed protection from death in 
PTZ induced convulsion, it could not protect against the 
occurrence of  seizure. Further enrichment of  flavonoids 
or treatment with higher dose of  EAFCF may produce 
seizure protection in the PTZ induced convulsion model. 
The mechanisms postulated for PTZ induced convulsions 
include blockade of  GABAA receptor activity, antagoniz-
ing the adenosine mediated inhibitory action on neuronal 
firing, opioidergic mediation, glutamineric modulation, 

Table 4: Effect of EAFCF on phenobarbitone induced sleeping time in mice.

Groups Treatment Latency to  sleep (min) Duration of Sleep (min)
Vehicle 10 ml/kg, i.p. 6.21±0.28 82.78±1.49

EAFCF 25 mg/kg, p.o. 7.44±1.66 85.65±3.38

EAFCF 50 mg/kg, p.o 6.92±1.59 83.10±1.96

EAFCF 100 mg/kg, p.o. 5.52±1.21 88.54±3.92

Diazepam 2 mg/kg, i.p. 2.86±0.41* 189.51±2.66*
 Each value represented as mean±SEM (n=6) ; *p<0.01 compared to control. One way ANOVA and Dunnett’s test as post hoc test were performed.

Table 5: Effect of EAFCF on time permanence on rotarod.

Groups Treatment Time permanence on rotarod (s)
Vehicle 10 ml/kg, i.p. 120±0

EAFCF 25 mg/kg, p.o. 120±0

EAFCF 50 mg/kg, p.o 120±0

EAFCF 100 mg/kg, p.o. 120±0

EAFCF 400mg/kg, p.o. 106±0.931

Diazepam 2 mg/kg, i.p. 18.55±1.21*
§ Each value represent mean ± SEM (n=6) ; *p<0.01 compared to control. One way ANOVA and Dunnett’s test as post hoc test were performed.
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through alteration of  hormonal activity and by increasing 
the Ca2+ T current.27 Further investigations are required to 
find out the exact mechanism by which EAFCF produced 
anti-seizure activity in PTZ induced convulsive model.

In addition to the anticonvulsant action most of  the anti-
epileptic drugs produce anxiolytic activity.28 Therefore, 
the present study also evaluated the anxiolytic activity 
of  EAFCF in EPM and OFT. The EPM is etiologically 
validated and most widely accepted model for screening 
novel anxiolytic agents in mice2 as well as in rats.29 An 
increase in the number of  open arm entries and a conse-
quent increase in time spent in the open arm are the two 
parameters generally considered as an index of  anxiolytic 
activity of  a drug.30 The present work showed the dose 
dependent anxiolytic effect as evidenced from the signifi-
cant increase in the frequency and time spent in open arms 
by the animals treated with 50 and 100 mg/kg of  EAFCF 
orally. Since, benzodiazepines are used for validating this 
animal model30 and flavonoids are believed to modulate 
GABAergic system,31 it is suggested that EAFCF, being 
rich in flavonoids, may produce its anxiolytic activity by 
acting on GABAA receptor mediated GABAergic system. 
To investigate the role of  GABAergic system, flumazenil 
(GABAA receptor antagonist) was administered before 
the treatment of  EAFCF and the results showed that the 
pretreatment of  flumazenil blocked the anxiolytic effect 
of  EAFCF in EPM. This clearly indicates the involvement 
of  GABAergic system in mediating the anxiolytic activity 
of  EAFCF. Similarly, other plants (eg. Loeselia Mexicana,32 
Piper methysticum,33 Euphorbia hirta,34 and Cymbopogon citratus) 
have also been reported to mediate their anxiolytic activity 
through GABAergic system.31,35 

The open-field test is based on the rodents intrinsic behav-
iour to stay near the periphery of  a novel environment (ie. 
thigmotaxis), which may provide the animal a sense of  
security. An increase in the time spent in the central arena 
of  the open field without affecting general motor activity 
is the indication of  anxiolytic activity.36 In this study, treat-
ment with EAFCF did not alter the number of  rearings 
and ambulations, whereas it significantly reduced thigmo-
taxis, indicating its anxiolytic activity. Other drugs which 
have previously been reported to show anxiolytic activity 
in OFT include midazolam,37 chordiazepoxide,38 and bus-
pirone.39

Previous research reports have stated that the drugs hav-
ing anxiolytic and anticonvulsant activity at low doses (eg. 
benzodiazepines) produce sedative or myorelaxant activ-
ity at high doses.40,41 Considering this, the present study 
also evaluated the effect of  EAFCF on phenobarbitone 

induced sleeping time and time permanence on rota rod 
and the results showed that, the EAFCF at the doses used 
in this study did not alter motor co-ordination. Only at 
higher dose (>400mg/kg) did it potentiate the pheno-
barbitone induced sleeping time.  Moreover, EAFCF did 
not alter the loco motor activity as it had not influenced 
the rearing and ambulation in OFT and total number of  
entries in EPM.  This indicates that actions produced by 
EAFCF in this study is neither through peripheral neu-
romuscular blockade, nor by altering loco motor activity. 
In contrast, the methanolic extract of  Cassia fistula pods 
has been shown to produce sedation and motor coordi-
nation deficits.8 Fractionation of  the crude extract into 
a flavonoids rich portion may be responsible for this 
nonsedative action at low dose of  EAFCF, as natural and 
synthetic flavonoids are believed to have potent anxiolytic 
activity without producing a sedative effect.42 In contrast, 
EAFCF also contains several components such as anth-
raquinones, terpenoids, and tannins.  Hence, further stud-
ies are needed to identify the components responsible for 
antiepileptic and anxiolytic potential and the mechanisms 
underlying the properties. However, one cannot rule out 
the significant fact about phytochemistry that is crude 
plant extracts are generally shown to be more potent 
medicines than pure isolated compounds in all likelihood 
due to synergistic interactions and various actions of  
complex mixers of  components.43

CONCLUSION

In conclusion, the present study clearly gives the scientific 
evidence for traditional use of  Cassia fistula L. for treat-
ing epilepsy and other associated behavioural disorders. 
Further studies are ongoing in our laboratory to investi-
gate its mechanism, the effect on chronic treatment and 
isolation and the characterization of  active principle(s) of  
this plant.
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