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1. INTRODUCTION 

1.1 SIDDHA MEDICINE 

Traditional medicine is the sum total of knowledge, abilities and practices 

depending on the theories, notions and experiences specifically to different cultures, 

whether explicable or not explicable, meant for the maintenance of health as well as 

in the prevention, diagnosis, improvement or treatment of physical and mental 

illness. It is the description for traditional medicine by World Health Organization .
1 

Siddha system of medicine is one among the brilliant achievements as well 

as landmark of tamil culture which grew from southern regions of India. Siddha 

medicine came from dravidian values and was grown in the time of Indus valley 

civilization. It is believed that in olden age, the system was designed by  

eighteen siddhars (a group of tamil sages) like Agathiyar, Thirumoolar, Bogar and 

others.
2,3,4,5 

Siddhars knowledge of iatrochemistry, minerals, metals and plants were 

amazing. They effectively used them from time memorial. Various processes such 

as calcination of mercury, mineral, metals, preparation of the super salt called as 

muppu, animated mercury pill with higher potency processing, fabulous properties 

of transforming metals and capable of rejuvenating the entire human system as that 

of kayakarpam, is a clear cut example which implies that, even in the remote past 

when knowledge in chemical technology was very less, Siddhars possessed high 

calibre acumen about Indian medicine. 
2,3,4,5 

1.2 STRESS AND ANTIOXIDANTS 

In psychology, stress is evident by such feeling as anxiety, pressure as well 

as a pain. Small amounts of stress may pave way to stay healthy as well. Stress also 

results as a nonspecific response of the body to any demand faced by it. Normally 

stress-induced changes are with limitations as self-restricting and adaptable to an 

extent and where it exceeds ‘threshold’ limits becomes irreversible and pathological. 

As opined by World Health Organization (WHO), human health depends on mental 

well - being.  Stress is even the backbone for pathogenesis for numerous diseases as 

https://en.wikipedia.org/wiki/Psychology
https://en.wikipedia.org/wiki/Strain_(disambiguation)
https://en.wikipedia.org/wiki/Pressure_(disambiguation)
https://en.wikipedia.org/wiki/Psychological_pain
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hypertension, peptic ulcer, immune suppression, reproductive dysfunction and 

behavioural ailments. 

In Modern times, living is closely associated to more stressed up social 

environments
6
. Stress is nothing but an end reaction that strengthens the physical 

and mental status of an individual. Such stressful conditions amplified number of 

patients with depression, directly disturbing quality of life. Depression is a major 

clinical illness that affects the societal and financial wellness causing distress to 

9.5% of inhabitants. Changing effects of monoamine neurotransmitters have been 

observed in patients of depression. Some medications are presently used to cure 

stress and depression, which includes diazepam, caffeine and certain anabolic 

steroids. However, these drugs may be with severe toxicity and side effects.
7
Thus, 

stress management through dietary alterations
7
and natural herbs

6
 may even be a 

worthwhile substitute to antidepressant drugs. 

Using plant products for treating human ailments adopted as a natural 

approach to health care since human civilization evolved. By using therapeutic 

products to treat neurological disorders, medicinal plant research worldwide, has 

changed continuously thus showing the pharmacological effectiveness of different 

plant species taken from a variety of animal models. 

An antioxidant may be defined as “any compound which, when present in 

very low concentrations compared to that of an oxidisable substrate, significantly 

delays or even inhibits the oxidation of that substrate”. The physiological task of 

antioxidant is actually preventing damage to cellular elements arising as a result of 

chemical reactions relating to free radicals.
8 

Human cells are continuously subjected to reactive oxygen radicals 

generated by a number of biotic factors including irradiation, environmental factors, 

pollutants, stress or even by products of metabolic processes. Antioxidants are 

actually compounds which serve as radical scavengers when added to the food 

products and prevent the radical chain reaction of oxidation process and increase the 

shelf life by retarding the functions of lipid peroxidation.
8
 Antioxidants protect our 

entire body from free radical damage. Free radical damage within in the cells 
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has been associated with a range of disorders such as cancer, arthritis, 

atherosclerosis, stroke, alzheimer’s disease, diabetes, and emphysema of smokers 

etc.
9 

Free radicals have the capability to respond in an indiscriminate fashion 

leading to damaging almost every cellular constituent. A broad range of antioxidant 

defences, both endogenous and exogenous, do exist to protect cellular elements from 

free radical caused damage. These can be divided into three main groups viz., 

antioxidant enzymes, chain breaking antioxidants and transition metal binding 

proteins.
8   

Catalase was the first antioxidant enzyme to be characterised which catalyses 

the two stage conversion process of hydrogen peroxide into water and oxygen. 

Catalase is almost located within cells in peroxisomes, which contain most of the 

enzymes capable of creating hydrogen peroxide too. The amount of catalase in 

cytoplasm together with other subcellular compartments remains unclear, as 

peroxisomes are very easily ruptured during the manipulation of cells. The best 

activity of catalase is expressed in liver and erythrocytes but some catalases are 

found in all over the body. 

 The superoxide dismutase catalyse the dismutation of superoxide to 

hydrogen peroxide. The hydrogen peroxide needs to be made out by catalase or 

glutathione peroxidase. There are three types of superoxide dismutase within 

mammalian tissues, each with a specific subcellular location as well as various tissue 

distribution.  

Chain breaking antioxidants are in fact tiny molecules which can |acquire an 

electron from a radical or donate an electron to a radical with the development of 

stable by products. Such antioxidants can be conveniently segregated into aqueous 

phase and lipid phase antioxidants.  The most worthwhile lipid phase antioxidant is 

probably vitamin E. Vitamin E occurs in nature in eight different forms, that vary 

greatly in their degrees of biological activity. 
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The carotenoids are a group of lipid soluble antioxidants centred wholly an 

isoprenoid carbon skeleton. Most vital among these is a carotene, even though at 

least 20 others may be found in membranes and lipoproteins. The other important 

role of specific carotenoids is as precursors of vitamin A (retinol). 

Flavonoids are a large group of polyphenol antioxidants found in many 

fruits, vegetables, and beverages such as tea and wine. Over 4000 flavonoids have 

been identified and they are divided into numerous groups due to their chemical 

structures, as including flavonols (quercetin and kaempherol), flavanols (catechins), 

flavones (apigenin), and isoflavones (genistein). 

Transition metal impacting proteins (ferritin, transferrin, lactoferrin, and 

ceruloplasmin) work as a mainstay component of the antioxidant defence system by 

sequestering iron and copper so that they are not available to drive the formation of 

the hydroxyl radical. The main copper binding protein ie, ceruloplasmin, might also 

function as an antioxidant enzyme that can accelerate the oxidation of divalent iron.
8 

1.3 ANTISTRESS HERBS 

The WHO theorises that about majority of people living in the developing 

countries relies predominantly on herbal medicine as a primary means of their 

healthcare needs. India has vast ethno botanical knowledge, since ancient times.  

Siddha system of medicine consists of large numbers of herbs consisting 

medicinal and pharmacological vitality. Anti-stress herbs that are nontoxic produce 

a non-specific defensive reaction to stress that has a normalizing effect on the body. 

Antistress herbs help the body to adjust stress, assist its normal activities and regain 

stability. They further streamline the body’s resistance to various bands of stresses 

as physical, biological, emotional and environmental.
10

All antistress herbs show 

effects that help to regulate the neuroendocrine and the immune systems, thus 

effecting a defence against stress so as to increase the ability of a person to retain 

ideal homeostasis.
11

Flavonoids and phenolic compounds are responsible for the 

antioxidant activity of the herbs. A number of plants has antistress activity prevalent 

in them due to various kinds of chemical compounds. 
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Mechanisms of operation for herbal medicines employed for the treatment of 

psychiatric illnesses predominantly comprises modulation of neuronal 

communication, via specific plant metabolites culminating to neurotransmitter/ 

neuromodulator receptors as well through alteration of neurotransmitter synthesis 

inclusive of general function.
8 

Other actions may involve stimulating or sedating 

CNS activity, which thereby effects the healthy function of the endocrine system. 

Scientific knowledge of psychoactive plants has significantly advanced over 

the last two centuries after the making out of active constituents, such as morphine 

from opium poppies. Research into psychoactive plants that may affect the central 

nervous system has spread rapidly, with an abundance of pre-clinical in vitro and in 

vivo studies. 

Notable psychoactive constituents separated from plant life such as cocaine 

from Erythroxylon coca, morphine from Papaver somniferum, arecoline from Areca 

catechu, St johnswort from hypericum perforatum have underlined scientific 

evidence of beneficial therapeutic activity.
12 

Among the many notable features in Siddha System, Kayakarpam occupies a 

main and unique  therapeutic designs which targeted for rejuvenation, longevity and 

elimination of disease causing elements. The word kayakarpa means (kayam-body, 

karpa-able, competent) to make our body agile, fit and youthful.
13 

It is noteworthy 

feature of Siddha system of medicine which addresses complexities for life with 

longevity.  

Karisalai chooranam is a Siddha medicinal preparation adopted by 

Bogamunivar in his literature Bogamunivar Vaidya Kaviyam1000.
14 The 

components used in this preparation have strong indications for stress in the 

scientific literatures. 



 

 

 

Aim and Objectives 
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2. AIM AND OBJECTIVES 

 

AIM 

The aim of the study is to evaluate antistress and antioxidant effect of 

karisalai chooranam (KSC) against restraint stress induced oxidative damage.  

OBJECTIVES 

i. Standardization of “Karisalai chooranam”. 

ii. Safety studies of “Karisalai chooranam”. 

iii. Evaluation of antioxidant activity of “Karisalai chooranam” in 

restraint model. 

iv. Evaluation of antistress activity of “Karisalai chooranam” in 

restraint model. 



 

 

 

Review of Literature 
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3. REVIEW OF LITERATURE 

3.1 STRESS 

Mental illness and pain are the two most common grounds cited by people 

who perceive their health condition to be poor.
15 

Stress can be defined as ‘external 

events or conditions that affect the organism.
16

 Stressful feelings can best be defined 

as the difference between demands placed on us and our ability to overcome 

them.
15

Actually evidence prevails to collectively suggest that stress affects health 

directly by influencing autonomic and neuroendocrine responses. They also 

indirectly cause habitual and non-habitual health behaviours.
16 

In seriously affected stress environments, the brain impacts the adrenal 

glands to discharge stress hormones. Such Stressed hormones help mobilise energy, 

which in turn boosts up strength and concentration levels. Blood pressure, blood 

sugar and blood fat levels accelerate and also building up the blood’s clotting 

abilities. Sensitivity to pain is in fact lessened, the body’s immune response is 

activated and certain memory functions are enhanced. Facial muscles, the nape of 

the neck and the chest are contracted. In case of an unanticipated threat, the effects 

of this energy  deployments are beneficial. The human body is actually made up for 

physical exertion, struggle or flight, with capability to deal with physical injury by 

reducing bleeding and pain.  

At the mental level, the subject experiences fear, irritation, anger, hostility, 

aggressiveness and focused attention. When the stress situation ends, these 

emergency functions should be quickly shut down to allow the body to recuperate 

the losses. If the individual feels that the abnormality is overwhelming, he/she will 

often resort to the stress managing system in order to lessen the effect of a superior 

attacker. Such specific ‘resignation’ response to stress is often marked by a fainting 

feeling, tiredness, dizziness, muscular debilitation and stomach symptoms.
 15 

Regaining and retrieval from stress significantly affect the communications 

between the central nervous system, endocrine pathways as also the immune 

system.
17

The previous particular researches derived that psychological stress can 
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induce a series of malfunctions of the central nervous system, such as cognitive 

impairment, anxiety, amnesia and insomnia. The growth of many psychosomatic 

diseases has also been correlated with psychological stress, for example, tumour, 

hypertension and diabetes. Therefore, more attention was paid to studies of 

protecting effects of natural potential ingredients on stress-induced injury.
 18 

The acute neuroendocrine response to adverse stress stimuli is characterized 

by the multilateral activation of the three stress axes including the autonomic 

sympathetic nervous system, the direct neural innervation of the adrenal cortex, and 

a cascade of hypothalamic hormonal messengers. Both the sympathetic system and 

the hypothalamic spinal adrenal axis employ direct neural innervations of the 

adrenal medulla and cortex respectively to release adrenal catecholamine and prime 

the adrenal cortex for successive hormonal activation.
 19 

This is effected by neurosecretory neurons in the paraventricular nucleus of 

the hypothalamus, that produces both corticotropin releasing hormone and arginine 

vasopressin into the portal circulation of the pituitary gland. These two factors 

effectually work on pituitary corticotroph cells to induce the release of the pro-opio 

melanocortin peptide fragment, adrenocorticotropic hormone, into active blood 

circulation. Adrenocorticotropic hormone activates the melanocortin 2 receptor in 

the zona fasciculata of the adrenal cortex to initiate de novo synthesis and release of 

glucocorticoids, primarily cortisol in humans and corticosterone in 

rodents.
20

Together, this specific hormone flow forms the hypothalamic-pituitary-

adrenal (HPA) axis and is the primary system underlying stress physiology
 19

.In 

blood circulation, adrenal glucocorticoids reach vast levels of total plasma 

concentrations approximately 30 min after activation of the HPA axis.
 21 

At the 

cellular level, these hormones work in unison with catecholamine to enhance 

glucose availability and metabolic rates, which in turn culminates spontaneous 

production of free radicals. 
19  

3.2 STRESS AND HYPOTHALAMUS 

As spelled out by its name, the hypothalamus is ideally located below the 

thalamus, along the walls of the third ventricle just above the brainstem. Pivotal 
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among its functions is to begin and maintain homeostasis in effect to a changing 

environment. The hypothalamus is critical for the regulation of numerous vital 

functions including body temperature, hunger, thirst, fatigue, circadian rhythms, 

sleep, sexual activity, parenting, and attachment behaviors.
22

 Its compatibility is 

actually be sensitive to environmental signals such as light, olfactory stimuli, or 

stress. The hypothalamus also coordinates hormonal production and thereby affects 

functions running throughout the body.
 23 

 The medial forebrain bundle connects both the lateral and medial zones of 

the hypothalamus to the brainstem, basal forebrain, amygdala, and cerebral cortex. 

The pituitary is connected to the hypothalamus through a stalk that comprises axons 

of neurons and blood vessels. The hypothalamus controls the posterior pituitary via 

the axons of the magnocellular neurosecretory cells in the periventricular zone. 

These cells release two neurohormones into the bloodstream viz., oxytocin, and 

vasopressin. Further, the hypothalamus controls the anterior pituitary via the blood 

vessel system in the stalk, called hypothalamo pituitary portal blood circulation. The 

parvocellular neurosecretory cells in the periventricular zone generate 

hypophysiotropic hormones that in turn increase or inhibit the secretion of pituitary 

hormones into the general circulation directing other endocrine glands.
24,25 

By means of the autonomic nervous system in connectivity to the pituitary, 

the hypothalamus combines our bodily responses to stressful events. Specifically, 

within seconds of feeling stress exposure, the paraventricular nucleus of the 

hypothalamus activates two physiological systems. It induces the sympathetic 

branch of the autonomic nervous system which produces the release of adrenaline 

and noradrenaline from the adrenal medulla. Adrenaline and noradrenaline produces 

alertness, arousal attention and effects different bodily reactions like increased heart 

rate, respiration, and blood pressure.  

In addition, the hypothalamus also controls the secretion of the stress 

hormone cortisol via the hypothalamic pituitary-adrenal axis. This specific 

endocrine stress response starts through the secretion of a peptide, corticotrophin-

releasing hormone (CRH), by the parvo cellular neurosecretory cells of the 

hypothalamus. CRH travels via the hypothalamo pituitary portal circulation to the 
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anterior pituitary where it triggers the release of adrenocorticotrophic hormone 

(ACTH). ACTH reaches the bloodstream which stimulates the adrenal cortex to 

secrete cortisol. In our body, cortisol forms energy reserves and increases 

metabolism. Moreover, cortisol controls the basal HPA axis activity by means of 

negative feedback on the pituitary gland and hypothalamus. The binding of cortisol 

to its receptors in the hypothalamus and pituitary inhibits the secretion of CRH and 

ACTH leading to a decrease in the circulating levels of cortisol.
 26,27 

Stress response is characterized by the activation of the hypothalamus-

pituitary-adrenal (HPA) axis and the subsequent rise in glucocorticoid (GC) 

secretion. HPA axis activation is predominant to adaptive and defensive responses to 

stress. However, in the chronic stress process, the HPA axis is usually in a constant 

high-response level, culminating to increased GC and functional disorders of the 

nervous, endocrine, and immune systems among others. Previous scientific 

enumerations proposed that a stress reaction due to high concentrations of GC is one 

among the main reasons for harming the body.
 28 

Awareness on the functioning of the HPA axis under acute or chronic 

challenge is also a key to understanding the intimate link between stress response 

and the pathogenesis of stress related disorders. Increased hormone levels such as 

adrenocorticotropic hormone and cortisol/corticosterone or increased adrenal gland 

weight are considered to be biomarkers of stress response in preclinical models.
 29. 

The hypothalamic–pituitary–adrenal axis dominates a key role in adaptation 

to environmental stresses. Parvocellular neurons of the hypothalamic para 

ventricular nucleus produces corticotrophin releasing hormone (CRH) and arginine 

vasopressin (AVP) into pituitary portal system. CRH and AVP stimulate 

adrenocorticotropic hormone release through specific G-protein-coupled membrane 

receptors on pituitary corticotrophs, CRHR1 for CRH and V1b for AVP; the adrenal 

gland cortex secretes glucocorticoids in reaction to ACTH. 

 The glucocorticoids induces specific receptors in brain and peripheral 

tissues thereby making metabolic, immune, neuro modulatory, and behavioural 

changes to resist stress. While importance of CRH, as a key hypothalamic factor of 
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HPA axis regulation in basal and stress conditions in most species, is generally 

recognized, role of AVP needs to be clarified. Under most of the known stressors, 

AVP is essential for acute ACTH secretion but in a context-specific manner. The 

importance of the vaso pressinergic regulation of the HPA stress responsiveness is 

greatest during fetal development, in neonatal period, and in the lactating adult. 

Aging associated with increased variability in several parameters of HPA function 

including basal state, responsiveness to stresses, and special testing.
 29 

HPA axis is 

illustrated in the following figure - 3.1.  

 

                             

 

 

 

 

 

 

 

 

 

 

 

-Elizabeth C. Cottrell et al 2009
30 

Fig.3.1: Stress and hypothalamo pituitary adrenal axis 
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3.3   STRESS AND HIPPPOCAMPUS 

Stress is a common life experience that influences daily behaviours as well 

as the well-being of the organisms, and in conditions that are extraordinary, plays a 

role in many psychopathologies in humans, which includes that anxiety, post-

traumatic stress disorder (PTSD), depression, schizophrenia, and drug use relapse. A 

common thread binding these disorders seems to be stress-associated alterations in 

cognitive processes, such as learning and memory. In recent years, human and 

animal research has indicates that the hippocampus, a medial temporal lobe structure 

implicated in the development of healthy declarative (or explicit) memories, is 

extremely susceptible to stress.
 31 

The hippocampus is the essential brain region associated to learning, 

memory, cognition and emotion. It's additionally among probably the most crucial 

encephalic areas that mediate stress reaction. The hippocampus has the highest 

content of glucocorticoid receptors (GR) in the central nervous system. Thus, during 

stress, high level of GC result in decreased hippocampal nerve cell plasticity, 

hippocampal apoptosis, and regeneration disequilibrium, therefore resulting in nerve 

cell atrophy and loss, and eventually leading to causing regional structural and 

functional damages. Many research has reported on the mechanism by what stress 

impacts the features of the hippocampus at the single gene level. Nevertheless, 

investigations on the mechanism by what stress impacts the performance of the 

hippocampus in the entire genome level are lacking.
 28 

The previous scientific research findings have been reported that exposures 

to stress or elevated levels of corticosterone (CORT) weaken performance on 

memory tasks determined by the hippocampus. In human studies, people identified 

with having post traumatic stress disorder (PTSD) and depression are affected in 

various verbal recall tests. The evidence for the direct role of CORT is dependant on 

results of memory deficits in individuals with Cushing’s syndrome, and in healthy 

subjects administered with CORT. Similarly, rodent scientific studies have shown 

that exposures to stress and injections of high doses of CORT create deficits in 

spatial memory tasks which involve the hippocampus. Memory impairments are also 

found in transgenic mice with increased CORT because overexpression of 
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corticotropin-releasing factor. Latest research findings of stress altering the firing 

properties of place cells in the hippocampus, that are believed to support spatial 

navigation and memory, are in line with the stress influences on spatial memory  

tasks.
 31 

Prolonged and/or distressing stresses are proven to result in morphological 

modifications in the hippocampus. Particularly, and with substantial medical 

implications, human brain imaging research has reported that PTSD individuals had 

scaled-down hippocampal volume, which correlated with deficits in spoken 

memory. Chronic restraint stress transiently cuts down on the amount of dendritic 

spines as well as limbs of pyramidal neurons in the CA3 and also suppresses the 

generation of different granule neurons in the dentate gyrus regions of the 

hippocampus. These structural changes to the hippocampus observing stress appear 

to equate to the shortcomings in spatial navigation and episodic memory created by 

stress.
  31 

3.4 OXIDATIVE STRESS 

Oxidative stress characterizes probably the most typical denominators of 

toxicity. All kinds of elements as chemical, physical, and microbial can easily result 

in oxidative mediated stress of tissues and cells. Additionally, oxidative mediated 

reactions are actually engaged in numerous basic factors of living processes such as 

processes of cell respiration (mitochondria), lipid synthesis, metallic metabolism, 

lysosomes, phagocytosis of foreign bodies (inflammation and immunity), and 

xenobiotic biotransformation of organic and natural compounds.
 32 

The release of reactive oxygen species during these procedures is actually 

counteracted by a collection of antioxidant compounds such as reduced thiols, 

vitamins C and E, catecholamines as well as enzyme methods (superoxide 

dismutase, catalase, peroxidase, and glutathione reductase) in an effort to defend the 

integrity of cells or tissues. The delicate balance between antioxidants as well as the 

generation of reactive oxygen species might be compromised by exposure to toxic 

agents. For instance, the release of inflammation precursors (hydroxyl anion, 

superoxide anion) during phagocytosis of invading particles/microbes might meet or 
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exceed the antioxidant protective mechanisms and lead to oxidative harm like DNA, 

protein, or maybe lipid oxidation. Sustained oxidative stress and anxiety like lipid 

peroxidation may also take age related pigments & lipofuscins, that are oxidized 

insoluble fractions of lipids, proteins, and carbohydrates. Biomarkers of oxidative 

stress and anxiety stand for just about the most vital mechanisms by which chemical, 

physical, and biological agents help the outward exhibition of countless 

pathophysiological conditions.
 32 

3.5 OXIDATIVE STRESS AND CENTRAL NERVOUS SYSTEM 

Biochemical integrity of the human brain is actually essential for normal 

functioning of the central nervous system (CNS). One of the factors contributing to 

cerebral biochemical impairment is actually a chemical process known as oxidative 

stress. Oxidative stress happens upon too much free radical production resulting 

from an insufficiency of the counteracting antioxidant response feature. The brain, 

with the high oxygen consumption of its and lipid rich content, is extremely prone to 

oxidative stress. Thus, oxidative stress induced harm to the brain has a good 

potential to adversely impact ordinary CNS functions. Even though oxidative stress 

has historically been regarded as to be involved primarily in neurodegenerative 

conditions like alzheimer's, Parkinson, huntington diseases, the involvement of its in 

neuropsychiatric disorders, which includes depression and anxiety disorders, is 

actually starting to be recognized.
 33 

The accurate chain of events taking place in the main nervous system which 

possibly causes or perhaps leads to oxidative stress induced behavioural as well as 

cognitive decline is actually a fascinating subject and may be examined at several 

levels. Biochemically, it's apparent that various neurons have various levels of 

vulnerability to oxidative stress. For instance, amygdala, hippocampus, as well as 

cerebellar granule cells have been reported as probably the most prone to oxidative 

stress in several studies
34

& consequently are purported to be the first to undergo 

functional decline. Earlier preclinical study has recommended that cognitive and 

behavioural deficits are linked to 3 brain regions: prefrontal cortex, amygdala, and 

hippocampus. 
35 
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Hippocampus appears to be at the   hot seat, and it seems like this brain 

region undergoes significant biochemical modifications which eventually determine 

neuronal connections and functions. To the hippocampus, it's recognized that the 

dentate gyrus cornu ammonis method exhibits structural plasticity with 

regenerative/remodelling capacity.
33 

Furthermore, a few research has indicated that 

pyramidal cells of granule cells and CA3 of the dentate gyrus (DG) are actually 

oxidative stress prone parts, while others have suggested that pyramidal cells of 

CA1 are definitely more vulnerable to oxidative damage.
36 

Regardless, region 

specific elevation of oxidative stress in just cornu ammonis areas CA3 and CA1, and 

DG is actually vital and could have considerable functional consequences. This's 

very substantial as the DG has a preferential role of learning & memory function, 

and then ventral hippocampus is actually implicated in depression and anxiety. 

In addition, prefrontal cortex (PFC) and amygdala may encounter dendritic 

alterations, as evidenced in situations of chronic stress and anxiety. Dendritic 

shrinking in dendritic progress and medial PFC of amygdala neurons in reaction to 

stress also has been reported.
32

 Stressful stimuli are recognized to alter prefrontal 

dendritic structure as well as neuronal connectivity in the PFC. Interestingly, greater 

vulnerability of the hippocampus as well as amygdala to oxidative stress as well as 

breakdown of antioxidant defence system is apparent. Thus, it appears to be 

extremely plausible that oxidative stress and anxiety of the human brain 

compromises biochemical integrity of the amygdala and the hippocampus. 

It's recognized that the hippocampal DG - CA3 system regulates structural 

plasticity, regenerative/remodelling capacity, and also neurogenesis elements 

including brain derived neurotropic component. It's likewise been recommended that 

the pyramidal cells of CA1 as well as granule cells and CA3 of DG are extremely 

prone to oxidative damage. As a result, oxidative damage of DG CA feature might 

diminish cellular proliferation, impair remodelling capacity, alter structural 

plasticity, as well as disrupt neurogenesis, jointly disturbing normal synaptic 

neurotransmission. And, oxidative stress initiated neuroendocrine alterations to the 

amygdala, such as dendritic shrinking as well as amygdala hyperactivity
 33

 could 

additionally potentiate synaptic disturbances by disrupting the hippocampus 
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amygdala projections. In addition, free radicals are actually recognized to oxidize 

the extracellular sites of glutamatergic N-methyl-D-aspartate receptors, leading to 

attenuation of long term potentiation (LTP) along with synaptic neurotransmission.
37 

Collectively, these events present an appealing reason for oxidative stress induced 

behavioural as well as cognitive impairment. 

3.6 PSYCHOLOGICAL STRESS AND COGNITION 

In psychology, stress is a sensation of pressure and strain and it is a kind of 

psychological pain. Minimal level of stress might be even, beneficial, desired and 

even healthy. Biological or physiological stress is an organism's reaction to a 

stressor like an environmental problem. Pressure is actually the body's method of 

responding to an ailment like a a threat, challenge or even psychological and 

physical barrier. Mental pressure refers to the physiological and emotional reactions 

felt when a person confronts a circumstance in which the needs go beyond their 

coping resources. Mental pressure has been frequently showcased in scientific works 

at the same time as in media that are popular. Mental anxiety that is an adaptation to 

the fight-or-flight response throughout evolution, could induce a constellation of 

physiological responses (including immune, endocrine, and nervous systems) which 

normally may be unsafe within certain conditions. 

Based on the duration of anxiety, mental stresses might be split into two 

classes: severe mental stress and persistent mental anxiety which may be subdivided 

into disconnected and persistent mental stress. 
38 

Cognition is "the psychological activity or maybe process of obtaining 

understanding and knowledge through consideration, expertise, as well as the 

senses". Cognition is a phrase referring to the psychological processes involved in 

increasing comprehension as well as understanding. These procedures include 

problem-solving, judging, remembering, knowing, and thinking. These're higher 

level features of the mental faculties and encompass planning, perception, 

imagination, and language. The connection between stress and affected cognition 

has been perfectly reported in a lot of analysis findings. 
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3.7 PSYCHOLOGICAL STRESS AND INTERLEUKIN 

Interleukins are actually a group of cytokines which were initially seems to 

be conveyed by white blood cells. Interleukin can easily be split into 4 major groups 

depending on distinguishing structural capabilities. The human genome encodes 

greater than fifty interleukins as well as associated proteins. Both physical and 

psychological stressors may stimulate the transient increase in cytokines.  

IL 6 production can be directly stimulated by depression, other negative 

emotions and stressfull experiences especially related to chronic stress. 

Epidemiological studies demonstrated IL 6 was elevated in a group of people 

suffering from continual stress. Animal models also proved that emotional stress  

produces elevated IL 6 in rats.  IL-6 is actually a pleiotropic cytokine made by a 

number of cells like endothelial cells, fibroblasts, B cells, T cells, and macrophages. 

IL-6 plays crucial roles in a broad range of biological tasks as well as oncogenesis, 

inflammation, hematopoiesis and immune regulation.  

Previous research findings strongly suggested that IL 10 have a regulatory 

effect in the HPA axis by suppressing ACTH induced steroid production. It is one of 

the most important inflammatory cytokines prove to be relevant in depression. 

Interleukin 10 , initially recognized for the power of its to prevent activation as well 

as effector function of macrophages, monocytes and T cells.It is actually a 

multifunctional cytokine with several consequences on most hemopoietic cell types. 

The principal regular feature of IL 10 seems to be limiting and ultimately terminate 

the inflammatory reactions. Exclusively along with hemopoietic cytokines, IL 10 

has strongly related homologs in a number of virus genomes, and that give evidence 

to the important role of its in regulating inflammatory and immune responses.
39   

Scientific research about cytokine explained that the prolonged stress 

increases IL6 and decreases IL10 level in serum in animal models. And in depressed 

human beings serum showed increased level of IL 6 and decreased IL 10.Stress and 

recovery from stress definitely affect the Central nervous system, endocrine 

pathways and immune system.  
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3.8 RESTRAINT STRESS MODEL 

To demonstrating the difficulty of the stress reaction and the multifaceted 

manifestations are the leading ideas of experimental models used for stress induction 

in wet lab animals. After more than six decades of scientific research, nearly every 

part of the organism's responses to stress has been resolved, and numerous end-point 

limitations have been proposed as descriptors of general and specific reactions to 

stressful stimuli.
 40 

By the perception of stress modelling, three valid significances of the 

temporal aspect must be taken into consideration: the time point of assessment of 

signs of the stress, the period of the stressful challenge, and the phenomenon of 

habituation. Experimental modelling of stress needs specific meaning of the analysis 

goals, and deliberation of many elements that could alter specific facets of the stress.  

Behavioural changes to stress are generally linked with anxiety, and there is 

a considerable overlap of neurochemical mechanisms activated by stressful 

challenges and those involved in the control of anxiety. Evaluation of anxiety 

belongs to the standard collection for the assessment of behavioural effects of stress, 

as well as provides an immediate likelihood to disclose stress-associated 

neuropathological effects. Since habituation may rapidly appear in several 

experimental paradigms employed for the evaluation of anxiety, caution applies to 

their repeated use for the examination of long-term. 

Stress exerts powerfull effects on the acquisition, retention, and retrieval of 

new behavioural repertoire. As this procedure is actually an integral component of 

the development of techniques for coping with stress and correlations with 

morphological and neurochemical measures have been established. Assessment of 

learning and memory could be utilized for the evaluation of transient and persistent 

significances of stress. Stress triggers unique metabolic alterations, majority of 

which are immediately discernible. The “prototypic” metabolic reaction to intense 

stress consists of rapid and strong elevation of plasma concentrations of ketone 

bodies, glycerol, insulin, and glucose. 
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Under laboratory conditions, emotional stress could be conveniently 

emulated via several modalities. Nevertheless, anxiety modelling is related with 

extensive issues casting uncertainties on the quality of outcomes as well as the 

validity of conclusions.
 40 

Murine restraint stress is generally used in the study of behavioural and 

depressive disorders. Animals were placed into an individual properly ventilated 

50ml polystyrene tube at 9 O’clock and go back to its own cage in a horizontal 

resting position. At 3 O’clock, animals were removed from restraint tube and then 

permitted to move freely until the following stress cycle. In order to use the 

consequences of restraint stress on HPA axis and corticosterone, serum samples 

were collected from animals.  

Noise is a kind of environment stress when rats were subjected to noise 

stress (100dBA/4hrs/day), it might generate oxidative stress. Oxidative damage is 

regarded as a root cause of age related brain dysfunction, cognitive modifications, 

spatial learning and memory impairment. Broadband noise was created by a white 

noise generator and amplified by an amplifier, that was connected to a loudspeaker 

located at 30cms above the animal cage. The intensity of the noise was assessed by a 

sound level meter and maintained at 100dBA intensity with background noise level 

at 30±2dBA due to ventilation system. Stress group animals were subjected to noise 

at 09:00 – 13:00 hrs daily. The amount of 100dBA was selected since it was 

equivalent with the noise level used in discos & some industries.
40 

3.9 FREE RADICALS 

Free Radicals are molecules with an unpaired electron.  Because of the 

existence associated with a free electron, these particles are highly reactive. They are 

crucial intermediates in natural processes involved in cytotoxicity, control of 

vascular tone, and then neurotransmission. It is formed as a natural by product of the 

normal metabolism of oxygen and also have crucial roles in process of cellular 

signalling. Radiolysis is an effective method to generate particular free radicals and 

determine their reactivity.
41,42 
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3.9.1 Types of free radicals  

Stable radicals 

The key example of a stable radical is molecular oxygen O
2
. Organic radical 

groups might be longer lived whether they happen in a conjugated method, like the 

radical produced from α-tocopherol & vitamin E. Thiazyl radicals show amazing 

kinetic and thermodynamic stability, with just an extremely minimal scope of π 

resonance equilibrium.
43   

Persistent radicals 

Compounds with chronic radicals are long lived because of steric crowding 

around the radical center and also makes them physically hard to respond with 

another molecule. Some of these include gomberg's triphenyl methyl radical, fremy's 

salt-Potassium nitrosodisulfonate, nitroxides like TEMPO (2,2,6,6 –Tetra 

methylpiperidine-1-oxyl, verdazyls, nitronyl nitroxides, azephenylenyls, radicals 

produced from PTM (per chloro phenyl methyl radical) and TTM (tris (2,4,6-

trichlorophenylmethyl radical). The longest lived free radical is melanin, which may 

persist for countless years.
 48 

Di radicals 

Molecules containing two extreme centres belong in the di radical. Several 

radical centres can also occur in a molecule. Molecular oxygen normally (i.e. 

atmospheric oxygen) prevails as a di radical (in its ground state of its as triplet 

oxygen). The high fight-or-flight reactivity of atmospheric oxygen is owed relatively 

to its di predominant conditions. The presence of atmospheric molecular oxygen like 

a triplet-state radical will be the root cause of the paramagnetic character of its, that 

is usually quickly exhibited by appeal of much needed oxygen to an outside      

magnet. 
43-48

   



21 

3.9.2 Causes and formation of free radicals 

Generation of free radicals within the body is inescapable and continuous. 

The standard reasons are the following.
 49

(Figure 3.2) 

The immune system 

Body's immune system cells intentionally create ROS as well as oxy radicals 

(Reactive oxygen species) as weapons. 

Energy production  

During energy-producing cell generates abundantly and continuously ROS 

and oxy-radicals as harmful waste. The cell includes a number of metabolic 

processes, each of which can produce different free radicals. Thus, even a single cell 

can give birth to many different kinds of free radicals. 

Stress 

The pressures common in industrial societies are able to cause the body's 

stress reaction to produce huge free radicals. The stress response accelerates the 

body's energy-creating apparatus, raising the amount of free radicals as a toxic by-

product. Moreover, the hormones that helps the stress reaction in the body cortisol 

and catecholamine themselves degenerate into particularly destructive free radicals. 

During periods of environmental strain ROS levels are able to improve extremely, 

which may lead to harm that is considerable to cellular structures. Platelets 

participated in wound repair as well as blood homeostasis release ROS to release 

extra platelets to sites of injury.
 50 -53 

Pollution and other external substances 

Air pollutants like asbestos, benzene, carbon monoxide, chlorine, 

formaldehyde, ozone, tobacco smoke, and toluene, chemical solvents such as 

cleaning products, glue, paints, and paint thinners, over-the-counter and prescribed 

drugs, perfumes, pesticides, water pollutants including chloroform and other tri 

halomethanes due to chlorination ,cosmic radiation, electromagnetic fields, medical 
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and dental x-rays, radon gas, solar radiation ,the food with farm chemicals, such as 

fertilizers and pesticides, prepared foods that containing high mounts of lipid 

peroxides are all powerfull generator of free radicals.  

Dietary factors  

Additives, alcoholic beverages, coffee, foods of animal origin, foods items 

which were barbecued, broiled, fried, grilled, or perhaps usually prepared at 

temperatures that are very high, foods which have been browned or burned, 

herbicides, hydrogenated vegetable oils, pesticides, sugar. 

Toxins 

Carbon tetrachloride, paraquat, benzo (a) pyrene, aniline dyes and toluene 

are accountable for the generation of free radicals. 

 Drugs 

Medicines as adriamycin, mitomycin C, bleomycin, nitrofurantoin as well as 

chlorpromazine create free radicals. Aging, metabolism, stress will be the basic 

elements that are accountable for the free radical production. 

Usually, bonds do not split leaving a molecule with an unusual, unpaired 

electron. But when sensitive bonds split, free radicals are formed. Free radicals are 

extremely unstable and respond quickly along with other elements, attempting to 

record the necessary electron to get stability. If the "attacked" molecule loses the 

electron of its, it turns into a totally free radical itself, starting a chain reaction. All 

of this occurs in nanoseconds. After the procedure is going, it is able to cascade, at 

last causing the interruption of a living cell. A few free radicals might develop 

usually throughout metabolism and also by body's immune system's cells 

purposefully to neutralize bacteria and viruses may arise normally during 

metabolism and by immune system’s cells purposefully to neutralize viruses and 

bacteria. Normally, the body can handle free radicals, but if antioxidants are 

unavailable, or if the free radical production becomes excessive, damage can 

occur.
49
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Fig.3.2: Formation of free radicals 

 

3.9.3 Steps involving free radical generation 

In chemistry, free radicals engage in radical substitution as well as radical 

inclusion as reactive intermediates. Chain responses relating to free radical groups 

generation can generally be split into three distinct processes for example initiation, 

propagation, and termination. 

Initiation reactions are the ones, which lead to a net rise in the number of free 

radicals. They might entail the development of free radicals from healthy species or 

maybe they might involve reactions of free radical groups with healthy species to 

create much more free radicals. Propagation reactions involve free radicals in which 

the total number of free radicals remains the same. Termination reactions are 

actually those reactions resulting in a net reduction in the number of free radicals. 

Generally 2 free radical groups mix to develop a far more steady species, for 

example: 2Cl·→ Cl2. 
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Free radical-targets 

Free radicals attack three main cellular components. They are as follows; 

Lipids 

Peroxidation of lipids in cellular membranes are able to damage cell 

membranes by disrupting permeability as well as fluidity. Lipid peroxidation can 

negatively impact the performance of membrane bound proteins like receptors as 

well as enzymes. 

Proteins 

Direct harm to proteins could be brought on by free radicals. This could 

change numerous protein types, interfering with the performance and enzyme 

activity of structural proteins. 

DNA 

Disintegration of DNA caused by free radical hit causes activation of the 

poly (ADP ribose) synthetize enzyme. It splits NAD to help the repair of DNA. 

Nevertheless, if the harm is actually extensive, NAD+ levels can become depleted to 

an extent that the cell might not be in a position to function and dies. The site of 

tissue injury caused by free radicals is dependent on type of the tissue and the 

reactive species involved. Extensive damage is able to result in death of the cell; this 

might be by necrosis or apoptosis based on the kind of cellular damage. Whenever a 

cell membrane or an organelle membrane is destroyed by free radicals, it loses the 

safety properties of its as well as results in the wellness of the whole cellular at  

risk.
 43 

Damaging effects 

Cells normally protect themselves against reactive oxygen species (ROS) 

injury with the usage of enzymes including superoxide dismutase and catalase. 

Small molecule antioxidants such as for instance ascorbic acid (vitamin C), uric 
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acid, and glutathione additionally play crucial roles as cellular antioxidants. 

Likewise, polyphenol antioxidants help in stopping ROS injury by scavenging free 

radicals. The bad consequences of ROS on cellular metabolism include roles in 

programmed cell death & apoptosis, while good consequences include induction of 

host defence genes as well as mobilization of ion transport methods. In particular, 

platelets involved in wound repair and blood homeostasis release ROS to employ 

additional platelets to sites of injury. These also provide a link to the adaptive 

immune system through the recruitment of leukocytes. Reactive oxygen species are 

involved with cardiovascular disease, hearing impairment by cochlear damage 

induced by elevated sound levels, ototoxicity of medications such as cisplatin, and in 

congenital deafness in both animals and humans.
43 - 47 

Generally, destructive effects of reactive oxygen species on the cell are most 

often damage of DNA, oxidations of poly de saturated fatty acids in lipids, 

oxidations of amino acids in proteins, oxidatively inactivate specific enzymes by 

oxidation of co-factors. 

3.10 ANTIOXIDANTS AND FREE RADICAL SCAVENGING MECHANISM 

Substances that inhibit oxidation, and are capable of counteracting the 

damaging effects of oxidation in body tissue are labelled antioxidants. They prevent 

damage caused by free radical. They create a barrier from free radial damage that 

results in decaying process of oxidation. Oxidation causes aging in the skin, so 

antioxidants can reduce the process of aging. Antioxidants are intimately involved in 

the prevention of cellular damage, the common pathway for cancer, aging, and a 

variety of diseases.
55,56    

While there are many enzyme systems to the body which scavenge free 

radicals. Superoxide dismutase (SOD) is the first detoxification enzyme and most 

powerful antioxidant of the cell. It is an important endogenous antioxidant enzyme 

which functions like a part of first line defense system against reactive oxygen 

species (ROS). It catalyzes the dismutation of two molecules of superoxide 

anion (∗O2) to hydrogen peroxide (H2O2) and molecular oxygen (O2), consequently 

rendering the potentially damaging superoxide anion less dangerous. On the basis of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/detoxication
https://www.sciencedirect.com/topics/medicine-and-dentistry/reactive-oxygen-species
https://www.sciencedirect.com/topics/medicine-and-dentistry/reactive-oxygen-species
https://www.sciencedirect.com/topics/medicine-and-dentistry/superoxide
https://www.sciencedirect.com/topics/medicine-and-dentistry/superoxide
https://www.sciencedirect.com/topics/medicine-and-dentistry/hydrogen-peroxide
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the kind of metal ion needed as cofactor by SOD, many types of the enzyme 

exist. The metal ions that are normally bound by SOD are iron (Fe), zinc (Zn), 

copper (Cu) and manganese (Mn).With this regards, SODs are classified into three 

forms and those include Fe-SOD that is often used in prokaryotes and chloroplasts 

of certain plants. Mn-SOD which is contained in prokaryotes and mitochondria of 

eukaryotes and Cu/Zn-SOD is predominant in eukaryotes and more distributed, 

localized basically in cytosol but also found in chloroplasts and peroxisomes. 

Previous research findings encouraged the usage of cabbage, Brussels sprouts, wheat 

grass, barley grass and broccoli as natural sources of SOD.
55,56

 

Catalase is a common antioxidant enzyme contained almost in all living 

tissues which utilize oxygen. The enzyme utilizes either iron or manganese as a 

cofactor and catalyzes the degradation or reduction of hydrogen peroxide (H2O2) to 

water and molecular oxygen, consequently completing the detoxification process 

initiated by SOD. The enzyme is present primarily in the peroxisomes but lacking in 

mitochondria of mammalian cells. The only exception is the mitochondria present in 

the heart of rat. This means that the breakdown of hydrogen peroxide to water and 

oxygen is completed by another enzyme known as glutathione peroxidase in 

mammalian cellular mitochondria. 

Glutathione Peroxidase (GPx) is an essential intracellular enzyme that 

breakdown hydrogen peroxides (H2O2) to water; and lipid peroxides to their 

corresponding alcohols largely in the mitochondria and quite often in the 

cytosol. Most times, its activity depends on a micronutrient cofactor recognized 

as selenium. Because of this reason, GPX is usually called as selenocysteine 

peroxidase. The enzyme plays a more essential role of inhibiting lipid 

peroxidation procedure, and thus protects cells from oxidative stress. 

The principle micronutrient (vitamin) antioxidants are vitamin E, beta-

carotene, and vitamin C. Additionally, selenium, a trace metal that is required for 

proper function of the body's antioxidant enzyme systems. The body cannot 

manufacture these micronutrients so they must be supplied in the diet.
 57 

https://www.sciencedirect.com/topics/medicine-and-dentistry/metal-ion
https://www.sciencedirect.com/topics/medicine-and-dentistry/manganese
https://www.sciencedirect.com/topics/medicine-and-dentistry/iron-superoxide-dismutase
https://www.sciencedirect.com/topics/medicine-and-dentistry/chloroplast
https://www.sciencedirect.com/topics/medicine-and-dentistry/manganese-superoxide-dismutase
https://www.sciencedirect.com/topics/medicine-and-dentistry/mitochondrion
https://www.sciencedirect.com/topics/medicine-and-dentistry/copper-zinc-superoxide-dismutase
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytosol
https://www.sciencedirect.com/topics/medicine-and-dentistry/peroxisome
https://www.sciencedirect.com/topics/medicine-and-dentistry/cabbage
https://www.sciencedirect.com/topics/medicine-and-dentistry/brussels-sprout
https://www.sciencedirect.com/topics/medicine-and-dentistry/broccoli
https://www.sciencedirect.com/topics/medicine-and-dentistry/hydrogen
https://www.sciencedirect.com/topics/medicine-and-dentistry/mammalian-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/glutathione-peroxidase
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-enzyme
https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxide
https://www.sciencedirect.com/topics/medicine-and-dentistry/alcohol-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/trace-element
https://www.sciencedirect.com/topics/medicine-and-dentistry/selenium
https://www.sciencedirect.com/topics/medicine-and-dentistry/selenocysteine
https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxidation
https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxidation
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
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A few synthetic and natural antioxidants are actually vitamin E, d alpha 

tocopherol a fat soluble vitamin present in nuts, seeds, fish, vegetable oils, whole 

grains , fortified cereals, and apricots. Vitamin C, ascorbic acid is actually a water 

soluble vitamin present in juices and citrus fruits strawberries, kiwi, cantaloupe, 

kale, broccoli, spinach, cabbage, green peppers, and juices. Beta-carotene is actually 

a precursor to vitamin A (retinol) and it is contained in grains, peaches, cantaloupe, 

tomato, yams, broccoli, squash, carrots, spinach, butter, milk, egg yolk, and liver. 

Simply because beta carotene is actually converted to vitamin A by the entire body 

there's no set requirement.
58-64 

Butylated hydroxy toluene (BHT), butylated hydroxy 

Anisole (BHA), gallic acid are artificial antioxidants. 

Antioxidants neutralize free radicals by donating one of the own electrons of 

theirs, ending the electron "stealing" reaction. The antioxidant nutrients themselves 

do not become free radicals by donating an electron since they're stable in both type. 

They serve as scavengers, helping to stop cellular as well as tissue damage which 

could result in cellular harm and illness. Vitamin E, probably the most abundant fat 

soluble antioxidant within the body is among the most effective chain breaking 

antioxidants offered. It's the main defender from oxidation, and it is the main 

defender from lipid peroxidation. Vitamin C, probably the most abundant water 

soluble antioxidant within the body. It acts largely in cellular fluid. It combats free 

radical formation triggered by pollution and cigarette smoke, likewise helps return 

vitamin E to its energetic form.
  57 

3.11 KAYAKARPAM IN SIDDHA MEDICINE 

Siddha medicine is one of the oldest system of treatment methods in India. 

The term ‘Siddha’ means achievements and ‘Siddhars’ were saintly persons who 

achieved outcomes in medicinal treatments. The original home allotted to mankind 

by the almighty was in the temperate and fertile region of the east and pointedly in 

India. It is from right here that the human race started its culture and career. India 

might, therefore, be properly reported as the very first state from which human 

society as well as civilization originated and spread. The science of medicine is 

actually of essential value to man's wellbeing as well as the survival of his and so it 
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should have originated with man and created as civilization spread. It is therefore 

rather pointless to figure out the actual point of time to which the starts of these 

systems could be traced.
65

 They are eternal, they started with man and may end with 

him. Instead of giving the name of individual as the father of these systems our 

ancestors attributed their origin to the creator. Based on the tradition it was Shiva 

that unfolded the expertise of Siddha system of medication to his concert Parvati 

that handed it down to the Siddhars and Nandi Deva. The Siddhars were excellent 

experts in old times. Based on tradition, the origin of Siddha system of medicine is 

actually linked to the great Siddhar Agastiyar.
66 

Some of the works of his continue to 

be regular publications of medicine as well as surgery being utilized among the 

Siddha medical professionals. 

Based on this system the human body is actually the replica of the universe 

and therefore are the food and medications irrespective of their origin. Siddha 

system believes that all objects in the universe as well as human body are composed 

of five primary components namely, earth, water, fire, air and space.
66

The food, 

which the human body takes and the medications it uses are all, made of those five 

elements The proportion of the components contained in the medications differ as 

well as the preponderance of theirs or perhaps usually is responsible for specific 

methods as well as healing benefits. The Siddha system also considers the human 

physique as a conglomeration of three humours, seven elementary tissues and the 

left-over products such as faeces, urine and sweat. The food is to be simple building 

material of human body which will get prepared into humours, body tissues as well 

as waste products. The equilibrium of humours is viewed as health and its 

disturbance or imbalance leads to disease or sickness. This system also deals with 

the idea of salvation in life. The exponents of this particular system consider 

achievement of this state is possible by medicines and meditation.
 65 

Kayakarpam is one among the unique therapeutic preparation in Siddha 

system advocated for rejuvenation, longevity and elimination of disease causing 

factors. The Siddhars had primly focussed on the religious wellbeing of theirs 

through this kayakarpam.
10 

In recent years lifestyle modification is one of the 
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primary reason for many diseases including cancer. So it necessitates to turn towards 

kayakarpa herbs that are loaded with natural source of antioxidants.
67 

Organic antioxidants are popular as dietary supplements for acquiring 

longevity in alternative treatment system of Siddha as well as Ayurveda, which are 

derived from India. These conventional systems of medicine are actually based upon 

the idea of tridosha concept, based on which vatha, pitha as well as kapha are 

actually the 3 humors that govern the physiological feature of the entire body. If the 

regular balance of the 3 humors is actually deranged they're referred to doshas which 

eventually results in pathological effects during the aging process.
68

A set of 

applications recognized as Kaya Karpam, which actually means transforming the 

body. 

Siddha medical related science most distinctly emphasizes the process of 

Kayakarpam to revitalize the body and mind, markedly retarding the biological 

ageing. The therapy of Kayakarpam is actually attained by Karpa aviztham (karpa 

medicines) as well as karpayogam (regimens of life). The sustainability of an 

organism definitely will depend on the specific components of its and the strong 

organaization of theirs. The intercellular organaization could be made efficient with 

assistance of medicines, especially prepared for that goal as amuri, muppu etc. and 

doing wonderful regimens as pranayama, meditation and yoga. Amuri, muppu as 

well as guru are highly recommended preparations in tamil siddha tradition. By 

consistent practice of yoga, strain and stress likewise gets relieved and lifespan 

increases. Kayakarpam offers both general and spiritual advantages, karpam as 

ashtanga yoga exercises makes this particular possible.
15 

Medicines or perhaps karpa avizhtham include animal, mineral, and herbal 

preparations. They're of 2 kinds, daily prepared and already prepared medicines. 

Organic Karpa avizhtham are actually talked about in Theraiyyar yamaga vemba, 

Bohar karpam 300, Bohar 7000, Thiruvalluvar karpam 300, Pulathiar karpam 300 

etc.and mineral karpa medications are actually contained in Agasthiyar 

chendooram300, Bohar 7000& 700 etc. Beyond these, you will find specific health 
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process as amuritharanai, dasadeeksha, iyamam (good character) as well as 

niyamam (good conduct) had been instructed by age-old siddhars.
69 

Karisalai Chooranam is one of the kayakarpa medicine taken from the 

Siddha Medicine literature called Bogamunivar Vaidya Kaviyam1000
14

. It was 

described by the following lines by Bogamunivar. 

                              ………………………………………. 
 

              - Bogamunivar Vaidya Kaviyam1000. 

 

Collect whole plants such as Karisalai, kupaimeni, karanthai, vallarai, neeli 

and kaiyanthagarai and clean them thoroughly. Dry them in the shade and make the 

dry herbs into fine powder. Mix well all the ingredients in equal amount and save 

the chooranam in air tight container. 

Take verukadi pramanam chooranam with honey, two times per day, relieves 

vatha, pitha, kabha diseases. It is a kayakalpa medicine.
21

 

3.12 TOXICITY STUDY 

Toxicity evaluation of completely new combinations is important for drug 

development technique. The preclinical toxicity tests on a lot of biological systems 

exposes the species, organ and dose dependent toxic effects of a new product. 

Paracelsus, who was a physician, alchemist, and astrologer, is considered as the 

father of toxicology. The following statement of his is frequently quoted: “All 

substances are actually poisons; there is none which is not a poison. The correct 

dose differentiates a poison and a remedy.”  
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The World Health Organization is completely conscious of the value of 

herbal medicines to the wellness of countless individuals around the globe, as 

mentioned in a number of determinations taken by the World Health Assembly and 

the Regional Committee for the Western Pacific. Most herbal remedies still have to 

be studied scientifically, although the experience obtained from the conventional 

usage of theirs through the years shouldn't be dismissed. Member States have been 

looking the cooperation of WHO in identifying secure as well as effective herbal 

medications for use in their national health care structures. 

Acute toxicity testing is carried through to determine the outcome of a single 

dose on a specific animal species. During acute toxicological testing, the tentative 

item is actually administered at various doses, and the influence is noticed for 

fourteen days. Every mortalities formed by the new product during the experimental 

period are captured and morphological, biochemical, pathological, and histological 

alterations in the dead animals are investigated. Acute toxicity testing permits the 

50% lethal dose (LD50) of the research product to be decided.
70

 

Chronic oral toxicity testing 

Chronic toxicity studies are conducted with a minimum of one rodent and 

one non rodent species. The test compound is given more than 90 days, and the 

animals are noted periodically. A chronic toxicology analysis provides ideas about 

the long term outcome of a test component in animals, and this can be extrapolated 

to the human safety of the test ingredient. The report on chronic oral toxicity is 

mandatory for new drug entities. During the study period, the animals are noted for 

regular physiological features, behavioural variations and alterations in biochemical 

heamatological parameters. At the conclusion of the study, tissues are collected from 

the animal and then subjected to histological analyses.
 70,71, 72    

3.13 STANDARDIZATION OF HERBAL MEDICINES 

Standardization of herbal medicines is the procedure of prescribing a set of 

standards, constant parameters, definitive qualitative and quantitative values which 

have a guarantee of quality, efficacy, safety and reproducibility. Many situations 
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typically affect the quality of herbal drugs. Herbal drugs are generally mixtures of 

many constituents, the active principles are, in many instances unfamiliar. Selective 

testing techniques or reference compounds might not be available commercially. 

The procedures of harvesting, drying, storage, transportation, and also affect herbal 

quality.
73

 

Herbal products are becoming ever more popular all over the world, one of 

the impediments in the acceptance of its is the absence of standard quality 

management profile. However, because of the complicated nature and inherent 

variability of the constituents of plant-based medicines, it is tough to build quality 

control parameter though modern analytical methods are anticipated to assist in 

circumventing this particular issues. 

Furthermore, the constituents accountable for the claimed therapeutic effects 

are generally unfamiliar or only partly explained. This is more involved by the way 

of the usage of combination of herbal ingredients as being used in traditional 

process. It is common to have as much as five distinct herbal ingredients in one 

product. Thus batch to batch variation starts from the collection of raw herbs itself in 

the lack of any reference standard for identification. These variations multiply 

during storage and further processing. Hence for herbal drugs and products, 

standardization must cover the cover the whole area of study from cultivation of 

medicinal plant to the clinical applications. Plant materials and herbal remedies 

produced from them represent substantial portion of global market and in this 

respect internationally recognized guidelines for the quality assessment of theirs as 

well as quality management are necessary.
73 

According to WHO
74,75,76

 standardization and quality control of herbals is the 

steps involved in the physicochemical analysis of crude drug covering aspects, such 

as selection and handling of crude material, safety, efficacy and stability assessment 

of completed product, documentation of safety and risk based on experience, 

provision of product info to consumer and product promotion. 

The deployment of modern analytical resources in testing the different 

quality parameters for a good quality control herbal product cannot be over 
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emphasized. The assurance of the safety and efficacy of a herbal drug requires 

monitoring of the quality of the product from collection to the finished packaged 

product. It is suggested that a variety of government agencies must follow a more 

common strategy to herbal quality by following the WHO guidelines and also 

developing monographs with the different quality parameters. This can reinforce the 

regulatory progression and reduce quality breach.
73 

Department of Ayurveda, Yoga and Naturopathy, Unani, Siddha and 

Homoeopathy (AYUSH), Central Council of Research in Ayurveda and Siddha and 

countless other collaborative facilities of WHO in India are assigned with a number 

of several Appraisal Project Work (APW) and Direct Financial Cooperation (DFC) 

projects which will strengthen Indian system of medicine as evidence-based 

medicine for the world wide acceptance of its. 

Department of AYUSH assigned Pharmacopoeial Laboratory for Indian 

Medicine, Ghaziabad developed protocol for testing. The protocol for testing of 

Ayurveda, Siddha and Unani product include different parameters for testing for 

various groups of single and compound formulations for the determination of safety 

and quality parameters. 

Analytical specification for chooranam is as follows: macroscopic and  

microscopic descriptions, loss on drying at 105
0
 C, total ash ,acid insoluble ash , 

water soluble extractive, alcohol  soluble extractive , particle size , 80-100 mesh for 

Chooranam, identifications by TLC/HPTLC with marker ,test for heavy metals, 

contamination of microbes, complete bacterial count, total fungal count, test for 

certain pathogen such as E. coli, Salmonella spp. S.aureus, Pseudomonas 

aeruginosa, pesticide residue like organochlorine pesticides, organophosphorus 

pesticides, pyrethroids and test for aflatoxins.
77   
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3.14 INDIVIDUAL HERBS’ PROFILE     

3.14.1. Eclipta prostrata - Vellai Karisalai 

 

                     

 

 

 

 

 

 

                      

   

 

Fig.3.3:  Eclipta prostrata 

Botanical name   : Eclipta prostrata Linn. 

Family   : Asteracea 

Tamil Name       : Vellai Karisalai                                  

English name            : False daisy 

Components used    : Whole plant 

Suvai            : Bitter 

Thanmai      : Heat 

Pirivu                       : Kaarpu 
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Phytochemical and pharmacological profile 

It's an erect or perhaps prostrate, a lot branched, nearly hairy, yearly, rooting 

at the nodes; the leaves are actually lanceolate, sessile, and opposite. It's likewise 

referred to as Bhringaraj and Karisilakanni, which is found a common weed 

throughout India China, Thailand and Brazil. The particular Eclipta prosrata means 

white which refers to the colour of the flowers.
78

  

It is an active component of many organic formulations recommended for 

liver ailments and shows effect on liver cell generation. It's utilized as a tonic and 

diuretic in hepatic and spleen enlargement. It is additionally used in catarrhal 

jaundice and for skin diseases. The alcoholic extract of the plant has proven antiviral 

activity against Ranikhet disease virus. The plant is widely used in hair oil all over 

India for very long hair as well as nutritious black color. The fresh juice of leaves is 

actually utilized for boosting appetite, improving digestion and as a slight bowel 

regulator. It is commonly used in viral hepatitis to promote bile flow and defend the 

parenchyma and popularly utilized to improve mind as well as learning. 
78 

Phytochemicals like polysaccharides, coumestans, flavonoids, glycosides, 

polyacetylenes, triterpenoids, ecliptin alkaloid & culumbin and wedelolactone are 

actually contained in eclipta prostrata.
79

 Main active principles comprise of 

coumestans like wedelolactone, desmethyl wedelolacton, furanocoumarins, oleanane 

and taraxastane glycosides. It's popularly utilized to improve memory as well as 

learning. 
78 

Mishra Swati undertaken the analysis to assess the antidepressant activity of 

eclipta alba leaf extract of rats employing tail suspension test (TST) & forced swim 

test (FST). Eclipta alba leaf extract (200 mg/kg) produced considerable 

antidepressant impact in FST & TST. Ecliptin alkaloid & culumbin, a flavonoid that 

are in eclipta alba leaf extract may be facilitating mono aminergic transmission 

there by creating antidepressant effects.
79 

The antioxidant effects of Eclipta prostrata was reported when the level of 

serum hydroxyl radical (nmol/mg protein per minute) and serum lipid peroxide 
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(nmol/mg protein) quantities decreased as in comparison to untreated group. 

100mg/kg dose greatly decreased carbonyl content of oxidatively modified 

proteins.
80 

Antioxidant activity of Eclipta prostrata was determined by based on FRAP, 

radical scavenging activity, reducing activity, and DPPH assay. The antioxidant 

capacity was improved by raising the focus of the extracts from twenty five to 

100mg/ml. The antioxidant activity of the hexane, ethyl acetate, ethanol and water 

extracts of E. prostrata was driven by ferric thiocynate (FTC).
78 

Swati S. observed that the methanolic and aqueous extracts of E. alba proved 

antioxidant activity of hydrogen peroxide scavenging assays, total antioxidant 

capacity, as well as through reducing ability assay.
81

  

Rownak Jahan reported that the extract of the plant had a powerful impact of 

scavenging 2, 2-diphenyl-1-picrylhydrazyl (DPPH), superoxide radicals, and 

chelating ferrous ion, exhibiting IC50 values, respectively 0.23mg/mL, 0.48mg/mL, 

and 1.25mg/mL.
82 

The possible cerebro protective as well as antioxidant effect of hydro 

alcoholic extract of E. alba has been evaluated in worldwide in rats. It caused 

significant depletion of superoxide dismutase (SOD), glutathione peroxidase (GPx), 

reduced glutathione (GSH), catalase (CAT), glutathione-S transferase(GST),and 

glutathione reductase(GR)and considerable increase in malondialdehyde (MDA) in 

brain. Pretreatment with hydroalcoholic extract significantly reversed the amounts of 

biochemical parameters and considerably decreased the edema and cerebral infarct 

size as compared to the ischemic control group.
83 

The antioxidant effects of Eclipta prostrata was reported when 50mg/kg and 

100mg/kg dose had been given orally into Charles River Sprague - Dawley CD rats 

which decreased serum hydroxyl radical (nmol/mg protein per minute) and serum 

lipid peroxide (nmol/mg protein) levels as compared to untreated group. 100mg/kg 

dose significantly reduced Carbonyl content of oxidatively modified proteins. 
84 



37 

The aqueous and hydro alcohol extracts of E. alba have been evaluated for 

sedative, muscle relaxant, anxiolytic, nootropic, and antistress activities at doses of 

150 as well as 300mg/kg, p.o. The findings indicated nootropic activity of the 

aqueous extract (300mg/kg, p.o.) and its hydrolysed fraction (30mg/kg, p.o.) The 

aqueous extract and the hydrolysed fraction had been observed to offer protection 

against cold restraint induced gastric ulcer development and in addition normalized 

the white blood cell count in the milk induced leukocytosis challenge model.
79

 

The aqueous extract of leaves of E.alba has been examined for its memory 

enhancing quality. Doses of hundred and two hundred mg of extract suspension in 

water (per kg body weight) had been administered to rats to assess transfer latency 

(TL) on an elevated plus maze trial. This particular technique will provide a degree 

of acquisition as well as retrieval learning. Spatial habitual learning tests had been 

conducted with mice at the previously mentioned two doses. With this technique, 

mice had been positioned at the centre of open field device to evaluate spatial 

habitual learning, noticed for 20 minutes for rearing and time spent during rearing 

for 30 minutes, 24 hours, 96 hours and 144 hours.  

The extract at both doses created a major reduction in TL in rats and the 

quantity of rearing in mice. The results indicate an extract induced enhancement in 

cognitive functions, that had been linked to the presence of luteolins in the extract .
85 
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3.14.2 Acalypha indica Linn – Kuppaimani 

 

                                         

 

 

 

 

 

 

 

 

 

Fig.3.4: Acalypha indica Linn. 

 

Botanical name        : Acalypha indica Linn. 

Family                   : Euphorbiaceae 

Tamil Name          : Kuppaimani 

English name            : Indian acalypha, Cat’s struggle 

Components used     : Whole plant 

Suvai                         : Bitter, Pungent 

Thanmai           : Vetpam (Hot) 

Pirivu                : Kaarpu   
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Phytochemical and pharmacological profile 

It is a weed widely sent out all over the plains of India and belonging to 

euphorbiaceae family. It is reported to be helpful in dealing with pneumonia, 

asthma, rheumatism and a number of other conditions. Acalypha indica is often 

referred to as Indian copper leaf and Indian nettle. It is a common annual herb, 

which grows in the hotter areas of India as Bihar, Assam and southwards 

of Kerala.
86

 

Acalypha indica comprises cyanogenic glycoside, acalyphin, especially 

leaves and twigs contains acalypamide, alkaloids, catechol, sterols, flavonoids, 

saponins and antioxidants.
87 

Phyto components found in Acalypha indica plant extracts are 1H-pyrrole-

2,5-dione, 1-ethenyl, cysteine, 3,8-Nanodiene-2-one, proline,3,4-didehydro-,  

4-amino-3-methoxypyrazolo[3,4-d] pyrimidine, propane nitrile, 5-diethylamino -1- 

methoxy-3-pentynyloxy in addition to kaempferol .
88 

The total antioxidant capacity of the EtOH and water extracts of A.indica 

was estimated depending on the development of the phosphor molybdenum 

complex, that had been measured spectro photometrically at 695 nm. The total 

antioxidant capacity of the EtOH and water extracts of A.indica was found to be 442 

as well as 338 nmol/g respectively. The different concentrations ranging from 100 – 

500 μg/ml of the ethanolic and water extracts of acalypha indica had been subjected 

to testing for their antioxidant activity by in vitro lipid peroxidation model. The 

highest percentage inhibition of EtOH and water extracts was discovered to be 

78.6% and 70.2 % respectively at the application of 500 μg/ml level.
89 

The antioxidant activity is actually done by four different organic crude 

extracts (methanol, ethyl acetate, petroleum ether and hexane extracts) by FRAP 

(Ferric Reducing Antioxidant Power) strategy shows that methanol extract has 

higher free radical scavenging activity in hexane extract and ethyl acetate extracts, 

performing medium amount of free radical scavenging activity and petroleum ether 

extract shows the lower free radical scavenging activity.
90 
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3.14.3. Sphaeranthus indicus Linn - Kottai karanthai 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5: Sphaeranthus indicus Linn 

                              

Botanical name             : Sphaeranthus indicus Linn.  

Family                               : Compositae 

English name                    : East Indian Globe Thistle 

Components used             : Whole plant 

Suvai   (Taste)                     : Bitter 

Thanmai (Potency)              : Hot 

Pirivu   (Transformation)     : Pungent 
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Phytochemical and pharmacological profile 

Spheranthus indicus Linn.popularly known as gallorakmundi is cultivated all 

over india
91

for its therapeutic benefits. The plant is traditionally used for the therapy 

of rheumatoid arthritis. It has identified for its antiallergic, anti-inflammatory and 

antidiabetic properties. Phytochemical constituents are flavonoids, carbohydrates, 

alkaloids, gums and mucilage.
92 

Many concentrations ranging from 2-1000 μgm/ml of the ethanolic extract of 

S.indicus had been subjected to testing for the antioxidants activity of theirs in 

various in vitro models. The final conclusion suggested that the free radicals were 

removed by the trial drug was in a concentration dependant manner. 

 The maximum inhibitory concentration (IC 50) in all models viz. ABTS, 

DPPH, superoxide dismutase, nitric oxide and iron chelating had been discovered to 

be 41.99, 33.27, 25.14, 22.36,14.2 respectively at 1ml / mg concentration. Total 

antioxidant capacity of the extract was discovered to be 160.85 nmol/g ascorbic 

acid.
93 

The hydroalcoholic extract in the doses of 100, 200, 500 mg/kg, p.o. was 

experimented on induced anxiety, depression and convulsions in rodents; 

anticonvulsant impact on pentylenetetrazole induced convulsions in mice; and 

maximal electroshock-induced convulsions in rats. S.indicus demonstrated 

anxiolytic, central nervous depressant and anticonvulsant activities in rodents; 

consequently supporting the folk medicinal use of this particular plant in nervous 

disorders.
94 
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3.14.4 Indigofera tinctoria Linn – Avuri       

                                     

 

 

 

 

 

 

 

 

 

 

Fig.3.6: Indigofera tinctoria Linn 

 

Botanical name           : Indigofera tinctoria Linn. 

Family                   : Fabaceae 

English name         : Indigo plant 

Components used     :  Whole plant 

Suvai (Taste)            : Bitter 

Thanmai (Potency)    : Veppam (Hot) 

Pirivu (Transformation) : Pungent 
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Phytochemical and pharmacological profile  

The plant Indigofera tinctoria Linn belongs to the family fabaceae which 

popularly referred to as neeli present in Tamilnadu and throughout India. 

A galactomannan, composed of galactose and mannose within molar ratio of 

1:1.52, isolated from seeds and flavonoids, terpinoids, alkaloids and glycosides, 

indigotine, indiruben, rotenoids had been isolated from Indigofera tinctoria. 
95 

The extract screened for phyto chemical analysis was discovered to contain 

bioactive compounds as falvonoid, saponins, tannins, steroidal terpens, phenols and 

anthroquinone had been identified by GC-MS analysis. Indigofera tinctoria is 

utilized for constipation, liver disease, heart palpitation and gout.
96 

The powerful antioxidant was observed at 250ugml-1 with an IC 50 value of 

51.66 that is above that of regular ascorbic acid.
97 

The leaves  of Indigofera tinctoria Linn. is traditionally used in the epilepsy 

along with other nervous disorders, bronchitis and liver ailments. In previous 

scientific research the connection in between seizure events and altered 

neurotransmitters such as noradrenaline, dopamine and serotonin in forebrain of rats 

in maximal electroshock seizures (MES) and pentylenetetrazole induced (PTZ) 

seizure models were estimated. In MES model, methanol extract of Indigofera 

tinctoria  (200 & 400 mg/kg) showed significantly restored the reduced amounts of 

brain monoamines including noradrenaline, dopamine and serotonin. Likewise in 

PTZ model, MEIT showed significantly improved the neurotransmitters in forebrain 

of rats. The methanol extract of Indigofera tinctoria enhanced the neurotransmitters 

on rat brain, which may be reduced the susceptibility to MES and PTZ induced 

seizure in rats. 
98 

Flavonoidal fraction of I.tinctoria had protective effect on benzo(a)pyrene 

(BP) induced lung cancer. The oral administration of flavonoidal fraction of 

I.tinctoria (100 mg/kg) showed a major rise in antioxidant enzymes including super 

oxide dismutase (SOD), glutathione reductase(GR), catalase(CAT) and 

nonenzymatic antioxidants such as reduced glutathione (GSH), vitamine C and 
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vitamine E had been considerably increase when compare to BP treated animals. 

The amount of lipid peroxidation were considerably reduced in the flavonoidal 

fraction of I.tinctoria treated regimes. The elevated levels of glycoproteins had been 

normalized in the animals exposed to flavonoidal fraction of I.tinctoria treatment.
99 

The phenolic content of I.tinctoria, owed 55.05 μg/mg of aqueous extracts. 

The quantity of total flavonoid content existing in aqueous extracts of I.tinctoria, 

showed 43.94μg/mg. The higher absorbance of total reducing power of I.tinctoria 

was 0.611/1 mg compared to potassium ferricyanide indicates the antioxidant 

activity of the extracts. 

The hydroxyl radical scavenging activity of aqueous extracts of I. tinctoria 

was assessed by Fenton reaction. The IC50 value of I.tinctoria was 483.78 ±1.
18

 

μg/mL, that had been as opposed to the regular ascorbic acid IC50 value was 372.01 

± 1.24 μg/mL. 

The nitric oxide radical scavenging activity of aqueous extracts of I.tinctoria 

was measured by percent of nitric oxide inhibition using the sodium nitroprusside as 

a reaction mixture. The IC50 value of I.tinctoria was 585.28 ± 1.24 μg/mL, that had 

been as opposed to the standard ascorbic acid showed 598.02 ± 1.20 μg/mL. 

The DPPH free radical scavenging is actually a commonly accepted 

technique to assess the free radical scavenging activity of antioxidants. The IC50 

value of aqueous extract of I.tinctoria and I.astragalina showed 512.66 ± 1.26 

μg/mL and 650.51 ± 1.20 μg/mL opposed to the standard ascorbic acid IC50 value 

was 345.57 ± 1.10μg/mL.
100 
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3.14.5 Centella asiatica Linn – Vallarai 

 

  

 

 

 

 

 

 

                                   

 

 

Fig.3.7: Centella asiatica Linn 

 

Botanical name               : Centella asiatica Linn. 

Family                               : Umbelliferae 

English name                        : Indian pennywort 

Components used       : Whole plant 

Suvai (Taste)                        : Astingent, Bitter, Sweet 

Thanmai (Potency)               : Thatpam (Cold) 

Pirivu (Transformation) :  Inipu (Sweet) 
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Phytochemical and pharmacological profile 

Centella asiatica Linn is a prostrate, stoloniferous perennial herb rooting at 

nodes. It belongs to the family umbelliferae is found throughout marshy areas of 

India and in middleeast. For Indian system of medicine it's often used to cure a 

variety of diseases like insomnia, memory impairment, skin diseases, gastric ulcer 

and epilepsy. It has cardiotonic, nervinetonic and sedative. All the parts of plants 

had been used for therapeutic objective.
101 

The phytochemical constituents are saponins (triterpenoids), asiaticoside, 

medacoside, medacassoside and asiatic acid, a new triterpenic acid is primarily 

responsible for the pharmacological activity. Since ancient times, it has been utilised 

as a memory enhancing, strength promoting, wound healing, immune booster, anti-

anxiety, anti-epilepsy and anti-stress substance
102,103 

Centella asiatica has been 

scientifically used in mentally retarded children as well as in the treatment of 

anxiety neurosis.
104

 This particular plant is discovered to boost short term memory 

and learning.
105 

Centella asiatica has additionally proven a protective effect from 

oxidative damage brought on by lead acetate induced neurotoxicity.
106 

Several 

research workers have proved that the plant possess cognition, memory enhancing 

and antioxidant properties.
101 

The animals treated with aqueous extract of the plant at an acute dose of 

100mg/kg and 200mg/kg of body weight greatly decrease the immobility time 

(p<0.05) by 40 sec as well as 50 sec as in comparison to the immobility time of 

control (i.e;) 130 sec. The results suggest that Centella asiatica might have 

an antistress like outcome. Recently it was reported that Centella asiatica might 

improve the GABA level of the human brain. The research study demonstrated that 

the aqueous extract significantly potentiate the phenobarbitone induced sleep by 

0.109 sec, 0.118 sec in a concentration dependent manner. The outcome of the 

analysis identified the aqueous extract of Centella asiatica has an antistress and 

hypnotic activity.
101 

MH Veerendra Kumar et.al.2003 found that the rats treated with  

C.asiatica displayed a dose‐dependent rise in cognitive behaviour in both passive 
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avoidance and elevated plus‐maze paradigms. A major reduction in MDA and an 

increase in glutathione and catalase levels were noticed in rats treated with 200 and 

300 mg/kg C. asiatica. The aqueous extract of C. asiatica is effective in preventing 

the cognitive deficits, in addition to the oxidative stress, caused by intra cerebro 

ventricular streptozotocin in rats.
107 
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3.14.6 Wedelia chinensis – Manjal Karisalai 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.8: Wedelia chinensis 

 

Botanical name                 : Wedelia chinensis  

Family                            : Asteraceae 

English name                    : Chinese wedelia 

Components used                 : Whole plant 

Suvai (Taste)                        : Bitter 

Thanmai (Potency)            : Heat 

Pirivu (Transformation) : Karppu 
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Phytochemical and pharmacological profile 

Portalaikaiyan belonging to the family astraceae is a procumbent, perennial 

herb found in wet locations in Uttar Pradesh, Assam, Andhra Pradesh and on the 

coastal areas. It is present in plains district of south India, China and Japan. 

Generally entire plant is utilized for dealing with disease.
108 

Decoction of the plant was thoroughly used by the tribes of Kolli Hills of 

Namakkal District, Tamil Nadu, India, to bring down the psychological tension and 

also to induce sleep.
109 

Traditionally the fruits, leaves, and stems are utilized in child birth and in the 

therapy of bites and stings, fever and infections. The leafs are used in the 

management of kidney dysfunction, cold, wounds and amenorrhea. The leaves are 

also for dyeing hair and for development of their growth. The tonic of the leaves is 

utilized in cough and cephalagia. Decoction of the leaves is used in menorrhagia as 

well as skin diseases.
109 

Based upon the results from different in vitro antioxidants model it is marked 

that methanolic extract of W.calendulaceae has an effective and considerable 

antioxidant profile.
110 

  The impact of alcoholic extract of W. chinensis leaves had been evaluated 

on stress induced changes in brain neurotransmitters and enzyme monoamine 

oxidase levels in albino rats. The extracts have been found possessing normalizing 

task against cold immobilization stress induced alterations in norepinephrine (NE), 

dopamine (DA), 5-hydroxy tryptamine (5-HT), 5-hydroxy indole acetic acid (5-

HIAA) and enzyme monoamine oxidase (MAO). The outcomes obtained offer 

biochemical proof for antistress activity of tested extract.
111 

Scientific research evaluated that the antioxidant activity of essential oil from 

Wedelia chinensis by in vitro and in lung cancer bearing laboratory animals. It 

showed a significant co-relation existing between the concentration of essential oil 

and percentage of inhibition free radicals. It concluded that essential oil can be 

recommended for treating diseases related to free radicals.
112 
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The neuro pharmacological tasks of the methanolic and aqueous extract 

of Wedelia stem were analysed in rats and mice. The extracts impact on 

pentobarbital-induced sleeping time, pentylenetetrazole- and styrychnine-induced 

seizure, spontaneous motor activity, exploratory behaviour, and rota-rod 

performance (motor coordination) had been evaluated. The methanolic extract (20 

and 50 mg/kg, i.p.) and aqueous extract (200 and 500 mg/kg, i.p.) produced a 

considerable (p<0.001) prolongation of pentobarbital-induced sleeping time, and 

reduced the SMA and exploratory behaviour.
113 

Acetone and methanol extract of the wedelia leaf exhibited greater than 80% 

radical scavenging activity for DPPH radical scavenging assay.
114

 The decrease in 

exploratory behavior of animals was very similar with the action of other CNS 

depressant agents. A tremendous absence of motor coordination as well as muscle 

relaxant activity was furthermore mentioned in animals treated with crude extract. 

The benefits entirely suggests in animals treated with crude extract. The benefits 

entirely suggests that the extract has CNS depressant activity.
115 
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4. SCOPE AND PLAN OF WORK 

 

Scope  

Standardization and safety studies of KSC followed by evaluation of its 

antioxidant, antistress activity in Restraint stress model. 

 

Plan of Work 

 

I. Standardization of “Karisalai chooranam” 

 Collection, identification and authentication of crude drugs.  

 Preparation of drug formulation according to the siddha literature 

 Analysis of physicochemical and phytochemical parameters. 

  HPTLC fingerprinting with markers in KSC. 

 II. In vitro studies for antioxidant activity of KSC 

  Nitric oxide scavenging activity study 

  Lipid peroxidation study 

  DPPH free radical scavenging study. 

 III. Safety studies of Karisalai chooranam 

 Acute toxicity study  

 Long term toxicity study 

IV. Antistress and Antioxidant study of Karisalai chooranam  

 Evaluation of antistress and antioxidant activity of Karisalai 

chooranam against restraint stress in hypothalamus and hippocampus. 

 

 

 



 

 
 

Materials and 

Methods 
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5. MATERIALS AND METHODS 

 

5.1 STANDARDIZATION OF TRIAL MEDICINE 

In order to evaluate the quality of Karisalai Chooranam, an essential 

procedure being followed is Standardization. Standardization is based on the 

concentration of their active principles, physicochemical and phytochemical 

properties. 

Physicochemical studies like total ash, water soluble ash, acid insoluble ash, 

fiber content, alcohol and hydro alcohol extract, pH value, loss on drying, microbial 

contamination, heavy metal analysis and pesticide residues were carried out as per 

the Pharmacopeial Laboratory of Indian Medicine (PLIM) protocol specifications 

prescribed for chooranam.
77

 Qualitative and quantitative phytochemical studies by 

HPTLC were also elucidated. 

5.1.1 Karisalai Chooranam 

Polyherbal formulation, Karisalai Chooranam
14 

is made up of six 

ingredients. They are as follows; 

1. Eclipta prostrata Linn. - Vellai Karisalai Samoolam 

2. Acalypha indica Linn. - Kuppaimani Samoolam 

3. Sphaeranthus indicus Linn. - Kottai karanthai Samoolam 

4. Indigofera tinctoria Linn. -Avuri Samoolam 

5. Centella asiatica Linn. -Vallarai Samoolam 

6.  Wedelia chinensis - Portalaikaiyan Samoolam 

5.1.2   Authentication of raw material 

The plants were collected and purchased from local raw material traders and 

send to Medicinal Botany Department, National Institute of Siddha, Chennai for 

herbal authentication. Plant collection number: NISMB1632015, Voucher was 

deposited at the Department of Medicinal Botany, National Institute of Siddha, 

Chennai. 
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5.1.3 Preparation of Karisalai Chooranam  

Purification of raw herbs 

Removed all unwanted materials like sand, dust and grass, washed the plants 

thoroughly and dried them in shade.  

Karisalai Chooranam preparation 

Equal quantities of the dried up plants (each 200 gm) were taken and ground 

into fine powder. The powder was sieved and then combined together in equal 

proportion in geometrical manner to get consistent mixer. The chooranam was kept 

in an air tight container for further study.
 14 

Dosage                              : Verukadi pramanam chooranam
 
-1gm.

 116
 

Adjuvant (Annubanam)    : Honey, two times per day for 40 days. 

Indication                      : It is a Kayakarpa medicine and it cures vatha, 

     pitha and kabha diseases. 

5.1.4 Organoleptic Evaluation 

The organoleptic characters of the KSC sample was evaluated by colour, 

odour, taste, and texture. 

5.1.5 Physicochemical Analysis 

5.1.5a Determination of loss on drying 

The percentage of loss on drying (% LOD) was tested for Karisalai 

Chooranam because excess of water in plant materials will promote microbial 

growth, fungi or insects, and effect deterioration following hydrolysis. The 

percentage of loss on drying was determined in which 5 gm of accurately weighed 

air-dried chooranam was placed in a previously dried and tarred flat weighing bottle. 

The sample was dried in an oven at 100–105 °C until 2 continuous weighing did not 

vary by more than 5 mg .
117 
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5.1.5b Determination of ash values 

Total ash  

About 4 gm of Karisalai Chooranam was accurately weighed and placed in a 

previously ignited and tarred silica crucible. The material was spread in an even 

layer and ignited by steadily increasing the heat to a temperature of 500–600 °C 

until it was white, indicating the absence of carbon. The material was cooled in a 

desiccator and weighed. The content of total ash was recorded in mg/gm of air-dried 

material.
117

 

Acid-insoluble ash  

In the crucible containing the total ash, 25 ml of hydrochloric acid was 

added, covered with a watch glass and heated carefully for 5 min. The watch glass 

was rinsed with 5 ml of hot water and this liquid was added to the crucible. The 

insoluble material was collected on an ash less filter paper and washed with water 

which was hot until the filtrate was neutral. The insoluble material left on the filter 

paper was transferred to the original crucible, dried on a hot plate and ignited upto to 

constant weight. The residue was permitted to cool in a suitable desiccator for 30 

min, and then weighed without delay. The content of acid-insoluble ash was 

estimated in mg/gm of air-dried material.
117 

Determination of water soluble ash 

The ash was boiled for 5 min with 25 ml of drinking water; the insoluble 

material was placed on an ash less filter paper and washed with water that is hot. It 

was ignited for 15 min at a temperature not exceeding 450ºC. The weight of the 

insoluble matter was deducted from the weight of the ash; the variation in the weight 

denotes the water-soluble ash. The measurement of water-soluble ash was estimated 

with reference to the air dried preparation.
 117 

5.1.5c Determination of crude fibre 

For determination of crude fibre, 2 gm of moisture and fat free material had 

been treated with 200 ml of 1.25 % H2SO4, after filtration and washing, the residue 
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was treated with 1.25 % NaOH, filtered, washed with warm sterilized water and then 

1 % HNO3 and once again cleaned with warm sterilized water. The residue was 

ignited and the ash weighed. Loss in the weight gives the weight of crude fibre.
118 

5.1.5d Extractive values 

The extractive values had been noted in alcohol and water with a view to 

learn the distribution of different constituents of Karisalai Chooranam. Accurately 

weighed 4.0 gm of powdered air-dried content was placed in a glass-stoppered 

conical flask and macerated with 100 ml of the solvent for 6 hrs, shaken often, and 

then permitted to stand for 18 hrs. The combination was filtered quickly with the 

motive not to shed any solvent. Twenty-five millilitre of the filtrate was transferred 

to a tarred flat-bottomed dish and evaporated to dryness on a water bath. The 

extracts was dried at 105°C for 6 hrs, cooled in a desiccator for 30 min, and weighed 

with no delay.
117 

5.1.6 Phytochemical Analysis 

Products of primary metabolism like carbohydrates, proteins and aminoacids 

are essential for the repairs and maintenance of normal human physiology, while 

others like alkaloids, phenolics, steroids, terpenoids are products of secondary 

metabolism and have toxicological, pharmacological and ecological values. The 

phytochemical studies of plants which have a suitable history of use in folklore have 

usually ended in the isolation of principles with remarkable bioactivities. Worth wile 

extraction techniques and analytical methods such as spectrophotometry, high 

performance thin layer chromatography (HPTLC), high performance liquid 

chromatography (HPLC), gas chromatography – mass spectrometry (GCMS) and 

fluorescence transmission – infrared spectroscopy (FT-IR) are developed for the 

study regarding phytochemicals. 

KSC ethanol extract was subjected to phytochemical qualitative analysis 

such as flavonoids, terpenes, saponins, phenolic-compounds, tannins, steroids, 

cardiac-glycosides, proteins, mono-saccharides, reducing sugars, carbohydrates, and 

alkaloids by employing standard conventional protocols.
119 
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Assessment of terpenes 

For 5 ml of the extract add 2 ml of chloroform and 3 ml of H2SO4 conc., 

development of a reddish brown ring confirms the presence of terpenes. 

Assessment of flavonoids 

A few drops of concentrated hydrochloric acid were added to a small amount 

of the extracts of the plant material. Development of a red colour was consider as an 

indication of the presence of flavonoids. 

Assessment of saponins 

Frothing test: Exactly 0.5 g of the extract was dissolved in distilled water in 

a test tube. Frothing that stayed on warming was considered to be initial proof for 

saponins. 

Assessment of steroids 

Liebermann–Burchard reaction: Added 2 ml of acetic anhydride and 2 ml 

conc. H2SO4 to 5 ml of the extract. Change of colour from violet to blue confirms 

the existence of steroids. 

Assessment of cardiac glycosides 

Added 2 ml of glacial acetic acid along with 1 drop of ferric chloride 

solution and 1 ml of concentrated H2SO4 Appearance of a brown ring suggest the 

occurrence of cardiac glycosides. 

Assessment of proteins 

Biuret test: Mixing of 4% of NaOH and few drops of 1% CuSO4 solution to 

3 ml of the extract. Development of violet or pink colour indicates the presence of 

proteins. 
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Assessment of Monosaccharide 

Barfoed’s test: Mix identical volumes of Barfoed’s reagent and the extract 

solution. Heated for 1–2 min in a boiling water bath and then cooled. Red colour 

was considered as an indication for the presence of monosaccharide. 

Assessment of reducing sugars 

Fehling test: Mixed 1 ml of Fehling’s A and Fehling’s B solutions, boiled for 

one minute.Added equal volume of test solution. Heated in a boiling water bath for 5 

–10 min. If yellow, followed by brick red precipitate is formed presence of reducing 

sugar is confirmed. 

Assessment of carbohydrates 

Molisch test: Take 2–3 ml of the aqueous extract, mix with two drops of 

alpha napthol solution in alcohol. Shake well and then add concentrated H2SO4 from 

the sides of test tube. If violet ring is created presence of carbohydrate is confirmed. 

Assessment of tannins and phenolic compounds 

Red coloured solution with acetic acid suggest the presence of tannins and 

phenolic compounds. 

Assessment of alkaloids 

0.5 g of the extract was stirred with 5 ml of the 1% aqueous HCl acid on a 

steam bath. A few drops of dragendorff’s reagent were used to treat 1 ml of the 

filtrate. Turbidity or precipitation with this particular reagent was considered as 

proof for the presence of alkaloids. 

5.1.7 HPTLC finger printing analysis  

Sophisticated modern methods of standardization such as TLC and HPTLC 

provide quantitative and semi quantitative information regarding the main active 

constituents or marker compounds present in the crude drug or herbal products. 
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HPTLC fingerprint analysis was utilised as a diagnostic tool for the appropriate 

identification of the plants in the trial medicine.  

Presence of chemical markers such as Wedelolactone, Asiaticoside, 

Quercetin and Rutin in the Siddha medicine Karisalai Chooranam were analysed 

and quantified. For HPTLC instrumentation, CAMAG (Switzerland), Scanner (Mod 

no.201433) Sample applicator (Model No. 210441) had been used. Development 

Mode: Ascending mode.
120 

Preparation of sample and biomarker compounds  

Two gm of KSC was extracted with ethanol in a soxhlet extractor. Filtered, 

concentrated and made upto 10 ml in a standard flask. Marker compounds such as 

wedelolactone, asiaticoside, quercetin and rutin had been weighed and dissolved in 

ethanol to acquire a concentration of 10 mg in 10ml each for analysis. 

Chromatographic condition and calibration curves   

Marker specific solvent system and their scanning wavelength were selected 

depending on the literature. Standards such as wedelolactone, asiaticoside, quercetin 

and rutin were prepared (1-0mg in 10 ml Ethanol). For wedelolactone quantitation, 

solvent system, Toluene: Ethyl acetate: Formic acid (5: 1.5: 0.5), standard curve: 

0.667, 1.000, 1.333, 1.667, 2.000 µg, sample solution: 2 gm in 10 ml, sample 

applied 30 µl (triplicate), scanning wavelength: 254 nm were used. For asiaticoside 

standard curve: 2, 4, 8, 1.5, 2.0 µg, sample solution: 2 gm in 10 ml, sample applied: 

15 µl (triplicate), scanning wavelength: 600 nm had been used. For quercetin 

quantitation, solvent system, Toluene: Ethyl acetate: Methanol (5: 3:2), standard 

curve: 2, 4, 6, 8, 10 µg, sample solution: 2 gm in 10 ml, sample applied: 15 µl (4 

times), scanning wavelength: 254 nm were used. For rutin quantitation, solvent 

system, Toluene: Ethyl acetate: Methanol (5: 3:2), standard curve: 2, 4, 6, 8, 10 µg, 

Sample solution: 2 gm in 10 ml, sample applied: 15 µl (4 times), scanning 

wavelength: 254 nm were used. 
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5.1.8 Heavy metal analysis 

KSC was examined for the presence of lead (Pb), cadmium (Cd), mercury 

(Hg), arsenic (As) by following the procedure namely SO-IN-MUL-TE-063 method 

by ICP-MS (Inductively coupled plasma mass spectrometry). This specific analysis 

was carried out in SGS India Pvt. Ltd, Chennai.
121 

5.1.9 Microbial analysis 

The majority of the organic preparations are actually utilized in various kinds 

and could carry a lot of different sorts of microbes originating from dirt typically 

adhering to leaves, stems, flowers, root and seed of the herbs.
122 

The complete 

bacterial count, identification of specified organisms like Escherichia coli, 

Staphylococcus aureus as well as Salmonella spp. count was calculated. 

5.1.9a Total bacterial count  

The method of Colle and Miles (1989) was used with a few modifications. A 

stock solution of the sample was prepared by weighing one gram (1g) of the sample 

into 25ml of 0.1% sterile peptone water and shaken extensively. A ten-fold serial 

dilution of the bacterial suspension was made. It was carried out until 10-7 dilution 

was achieved. 0.1ml was then pipetted from the 10-7 dilution onto the surface of 

each of two Petri dishes containing 20ml of a solidified and sterile Plate Count Agar 

(PCA), and then spread evenly with sterile glass spreader. The plates were then 

incubated for a maximum of 48 hr at 37°C (including the control plates). Counting 

of the bacterial colonies was done using the Stuart Digital colony counter.
123

 

5.1.9b Isolation and identification of Staphylococcus aureus 

Enrichment of the bacteria was carried out with the addition of one gram 

(1g) of the sample in peptone bath in sterile McCartney bottle and incubated for 

eighteen hr at 37C. Isolation of the Staphylococcus aureus was accomplished by 

streaking the pre enriched culture from the peptone water on to a selective 

differential agar plate of Mannitol Salt Agar (MSA) that had been freshly prepared 

following manufacturer's directions. The plates were then incubated at 37C for 24 
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hrs beneath aerobic state. Colonies showing golden yellow colour or maybe 

colourless had been regarded as to be Staphylococcus and were present through 

biochemical assessments like catalase and also slide as well as tube coagulase for 

the confirmation of Staphylococcus aureus.
123 

5.1.9c Isolation and identification of Escherichia coli  

Enrichment of the bacteria was accomplished with the addition of one gram 

(1g) of the sample into a sterile McCartney container that contains sterile nutrient 

broth and then incubated for twenty four hrs from 37C. The pre enriched culture was 

next inoculated into the specifically differentiate E. coli medium and incubated at 

44C for 24 hr. Inoculum from E. coli medium was next streaked upon the surface 

area of an Eosin methylene bluish (EMB) agar and incubated for twenty four hours 

from 44C. Dark colonies with metal sheen indicated the presence of lactose 

fermenters and were confirmed to be Escherichia coli by IMViC examinations.
123

 

5.1.9d Isolation and identification of Salmonella typhi  

Enrichment was carried out by transferring 1gm of the sample into 10ml of 

selenite cysteine broth and incubated for twenty four hours from 37C. The enriched 

colonies following incubation was subsequently streaked on duplicate plates of 

freshly prepared Bismuth Sulphite Agar (BSA), (a gently and one heavily), and 

incubated with the control plate of Bismuth Sulphite Agar (BSA) at 37C for twenty 

four hours. Following incubation, normal black & purple colonies had been viewed 

as positive for Salmonella. The colonies were then applied on the nutrient agar slants 

for more biochemical identifications applying Triple Sugar Iron (TSI) and Lysine 

Iron Agar (LIA) tests.
123 

Aflatoxin - B1, G1, B2, G2 were evaluated based on the AOAC recognized 

technique 999.07 by liquid chromatography (LC). This particular evaluation was 

carried through in SGS India Pvt Ltd, Chennai. 
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5.1.10 Pesticide analysis 

Herbal formulations are likely to include pesticide residues, which 

accumulate from agricultural methods, like spraying, treatment of soils throughout 

cultivation, and administering of fumigants during storage space. Certain pesticide 

residues as organochlorine compounds, pyrethroids as well as organophosphorus 

compounds were analysed by following the procedure namely PrEN 15662:2007(E) 

- QuEchERS method by LC MS/MS. This particular evaluation was carried through 

in SGS India Private Ltd, Chennai.
124 

5.2 IN VITRO ANTIOXIDANT STUDY OF KARISALAI CHOORANAM  

In the present study, in vitro antioxidant and free radical scavenging capacity 

of methanol extracts of KSC had been evaluated by utilizing in vitro models such as 

2,2-diphenyl-1-picryl-hydrazyl (DPPH), lipid peroxidation and nitric oxide 

scavenging (NO) activities which were explained in Subramanion L. Jothy et al., 

2012.
125

The percentage of inhibition of each concentration was statistically 

compared with positive control by student T test by Graphpad prism 7.04 software. 

Solvent Extraction of Karisalai chooranam  

Dried sample (approximately 100g of KSC) was added to methanol (300mL) 

and soaked for 4 days at room temperature (30 ± 2◦C). The suspension was stirred 

from time to time to enable the KSC powder to completely dissolve in the methanol. 

Removal of the sample from the solvents were carried out by filtration through 

cheesecloth followed by filter paper (Whatman no.1).The filtrate was concentrated 

under vacuum to one-fifth of its volume using a rotary evaporator at 60◦C and then 

sterilized by filtration using a 0.22 mm membrane. The thick paste obtained was 

further dried in an oven at 40◦C. The resulting extract was maintained at 4◦C for 

more analysis. Methanol was used for the extraction in this study to mimic the usage 

of water to make decoction. Water and methanol have the highest polarity in the 

polar protic solvent group. Moreover, the use of methanol makes the process of 

evaporation easier compared to that of water. 
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5.2.1 DPPH free radical scavenging assay 

          The stable 1, 1 diphenyl-2-picryl hydrazyl radical (DPPH) was used at the 

determination of free radical scavenging activity of the extract. The reaction mixture 

contained 50µL of different concentrations of the extracts and 5mL of 0.04% (w/v) 

solution of DPPH in 80% methanol. Following 30min incubation at room 

temperature, the absorbance was recorded at 517nm using a spectrophotometer 

(HITACHI U-1900 spectrophotometer 200V). The well-known antioxidant, Vitamin 

C was used as a positive control. The experiment was carried out in triplicate. The 

percentage of the DPPH free radical was calculated using the following equation: 

DPPH scavenging effect (%) = [(A0 −A1) / atA0] ×100, where A0 was the absorbance 

of the control, and A1 was the absorbance in the presence of the extract.  

5.2.2 Lipid peroxidation assay 

The lipid peroxidation activity of methanol extract of KSC was determined 

by the standard method with some modification. Chicken liver was obtained from a 

local market and perfused with normal saline through hepatic portal vein. The liver 

was harvested and the lobes were briefly dried between filter papers to get rid of 

extra blood and cut thinly with a heavy-duty blade. The small pieces were then 

transferred to a sterile vessel with phosphate buffer (pH 7.4) solution. After draining 

the buffer solution as completely as possible, the liver was instantly ground to create 

a tissue homogenate (1g/mL) using freshly prepared phosphate buffer (pH 7.4).  

The extracts with different concentrations were combined with liver 

homogenate (2.9mL), 50mM FeSO4 (0.2mL) and incubated for 30 minutes at 37◦C. 

One mL of reaction mixture was mixed with 2.5mL of 10% TCA -0.67% TBA 

(thiobarbituric acid) in acetic acid (50%) for blocking the reaction. Subsequently the 

mixture was boiled for 1 hour at 90◦C and centrifuged at 10,000 rpm for 5 minutes. 

Supernatant was taken for absorbance at 535nm. LP % was calculated using the 

following formula:  
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Percentage of inhibition (%) = [(A0 −A1) / A0] ×100  

Where A0 was the absorbance of the control, and A1 was the absorbance of 

the extract.  

5.2.3 Nitric Oxide Scavenging Assay 

At physiological pH, nitric oxide produced from aqueous sodium 

nitroprusside (SNP) solution interacts with oxygen to produce nitrite ions which was 

assessed by the Griess Ill osvoy reaction. The reaction mixture contained SNP 

(10mM), phosphate buffer saline (pH 7.4) along with different concentrations of the 

extract and incubated for 180min at 25◦C. Then Griess reagent (1% sulphanilamide, 

0.1% naphthyl ethylene diamine dichloride (NED) and 3% phosphoric acid) was 

added and the combination was further incubated for 30min at 25◦C. The pink 

chromophore created during diazotization of nitrite ions with sulphanilamide and 

subsequent coupling with NED was calculated spectro photometrically at 540nm 

against blank sample. Quercetin was used as a positive control. All readings were 

carried out in triplicate. The nitric oxide radicals scavenging activity was estimated 

based on the following equation:                                           

Percentage of Inhibition = [(A0 −A1)] / A0 ×100 

Where A0 was the absorbance of the control, and A1 was the absorbance in 

the presence of the extract. 

5.3 SAFETY STUDY OF KARISALAI CHOORANAM   

The toxicity study was designed based on WHO guidelines
70

 1993 with 

modification in accordance with previous research work. (Mutiat B Ibrahim et al 

2016, Journal of ethino pharmacology).
72 

Animal ethical committee approval  

The protocol for the animal experiment was authorized by Institutional 

Animal Ethics Committee of Siddha Central Research Institute, Arumbakkam, 

Chennai, the IEAC approval no was 146/PHARMA/SCRI,2014.And the Centre for 
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Laboratory Animal Technology and Research, Sathyabama University, Chennai, the 

IAEC approval no was SU/CLATR/IAEC/IX/073/2017. 

5.3.1 Experimental animals  

Procurement of experimental animals  

Healthy adult male and female wistar albino rats 12-14 weeks old was 

received from Centre for Laboratory Animal Technology and Research, Sathyabama 

University, Chennai. 

Housing of animals  

The animals were housed in polypropylene cages (55x 32.7x 19 cms) paddy 

husk was the bedding substance used. All animals were kept in properly ventilated 

space with 100% fresh air by air conditioning. A 12hour light/dark artificial 

photoperiod was maintained. The temperature was maintained between 20°C ± 2ºC. 

The moisture was set to be maintained between 50-70%. 

Identification of animals  

The animals were marked with picric acid on the fur of head, body and tail 

region and housed in cages. The body weight was recorded before the beginning of 

the experiment. Randomization procedure was followed for grouping before starting 

the experiment. Cage card was tagged in each cage and indicated with animal 

number, animal group, sex and weight. Animals were acclimatized for 7 days in the 

animal house prior to the experimentation. The animal weight ranged between 170 -

220 gms. 

Animal feed and water  

The animals were given with standard laboratory animal feed furnished by 

Provimi Animal Nutrition India limited, Bengaluru and RO water (Kent RO water 

filter cum purifier) ad libitum. The animals were handled humanly as per CPCSEA 

guidelines. 
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5.3.2 Acute toxicity study 

During acute oral toxicity of the formulations was evaluated in wistar albino 

rats. Animals were divided into four groups, each group containing 3 females. First 

group served as vehicle control was given by honey and the others for test drug KSC 

with honey at three different doses by oral gavage. Grouping and treatment details 

were as follows (Table 5.1). 

Table 5.1: Grouping and treatment details of acute toxicity study 

S. No Doses No. of Species 

1 Group I: Vehicle Control 3 female 

2 Group II: 50mg/kg bodyweight 3 female 

3 Group III: 300mg/kg bodyweight 3 female 

4 Group IV: 2000mg/kg bodyweight 3 female 

 

Observation 

Animals were observed individually after dosing for 14 days. Attention was 

given to toxic signs like tremors, convulsions, salivation, diarrhoea, lethargy and 

sleep. Mortality rate of animals was noticed throughout the entire study period. 

Gross necropsy 

On 14
th

day animals were weighed and sacrificed for gross necropsy. It 

consist of examination of the external surface of the body, all orifices, and organs 

like brain, liver, kidney of all animals. All gross pathological changes were recorded 

for all animals.  

5.3.3 Long term toxicity study 

Long term toxicity study was carried out based on the method discussed in 

WHO guidelines
 
1993

70
 with modification in accordance with earlier research work, 

Mutiat B. Ibrahim et al., 2016.
72

 Rats were administered with the KSC orally for  

90 days. The animals were divided into four groups, each group consists of 6 

animals (3 males and 3 females). First group served as vehicle control (honey), and 
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the other three groups for test drug KSC at three dosage levels (low, mid and high) 

along with honey. 

Table 5.2: Grouping and treatment details of long term toxicity study 

S.No. Doses No of species 

1 Group I – Vehicle Control 6 (3M+3F) 

2 Group II – KSC - 40mg/kg bw 6 (3M+3F) 

3 Group III - KSC -200mg/kg bw 6 (3M+3F) 

4 Group IV – KSC -1000mg/kg bw 6 (3M+3F) 

 

Observation 

For all experimental animals, the general signs were noticed every day, and 

body weight was recorded once in a week. 

Haematology  

At the end of the study, the animals blood sample was collected in all the 

overnight fasted rats, via retro orbital puncture. The blood sample was analyzed for 

investigations like complete red blood cell count, total and differential count of 

leucocytes, platelet count and clotting time.   

Clinical Bio chemistry 

Investigation of plasma or serum included glucose, total cholesterol, 

triglicerides, urea, creatinine, alanine amino transferase and aspartate amino 

transferase. 

Gross necropsy 

Gross necropsy included examination of the external surface of the body, all 

orifices, cranial, thoracic, abdominal cavities, their contents, brain, liver, and kidney 

of all animals. Organs like brain, lungs, liver, kidney, spleen, heart, stomach, testis, 

uterus and ovary were weighed and noted. 
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Histopathology 

Control and all KSC treated groups of animals were subjected to 

histopathological investigation. Various organs like brain, liver, kidney were 

collected from all the animals and preserved in 10% buffered neutral formalin, 

sliced at 5 or 6μm sections. Tissue sections were stained with hematoxylin and eosin 

and examined for histopathological changes.
72

 

5.4 EFFICACY STUDY OF KARISALAI CHOORANAM 

In the antistress and antioxidant efficacy study, six groups of animals were 

used such as the Group I rats were kept as vehicle control (honey). Group II rats 

were given only stress, the Group III rats were administered with diazepam  

(2mg/kg) along with stress as a positive control. Diazepam belongs to 

benzodiazepine group of drugs, is used commonly to treat anxiety, seizures and 

sleeplessness. Group IV, V & VI were subjected to restraint stress for 3 weeks and 

also administered with KSC 100,200,400 mg/kg dosage along with honey.
18, 126 

According to Bogamunivar Vaidya Kaviyam -1000, the dose of Karisalai 

Chooranam (KSC) for human beings is one gm two times per day.Therapeutic  

dosage of KSC was calculated by extrapolating the human dose to that of animal 

(rats) based on the surface area ratio by referring to the standard table of Paget and 

Barnas 1964.
127

 

Table 5.3: Grouping and treatment details of efficacy study of                      

Karisalai chooranam 

S. No Dose No of species 

1 Group I – Vehicle Control 6 Male 

2 Group II- Stress Control 6 Male 

3 Group III- Diazepam 2mg/kg bw + stress 6 Male 

4 Group IV- Stress  +100 mg  KSC/kg bw 6 Male 

5 Group V- Stress +200 mg KSC/kg bw 6 Male 

6 Group VI -  Stress + 400 mg KSC/kg bw 6 Male 
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5.4.1 Restraint stress model   

Restraint stress tube was prepared according to Wei - Qiang Chen et al., 

2010 with some modification. It was about 8.5 inches length and 2.5 inches breadth 

cylindrical plastic tube. Its end has few small air holes for ventilation. This tube fits 

closely to the body size of the rat and inhibited the motion. Rats are subjected to 

restraint stress for six hours per day for 3 weeks. It is one of the animal model for 

inducing psychological stress.
18 

It was illustrated in the following figure 5.1 & 5.2. 

 

 

Fig.5.1: Restraint test tube 
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Fig. 5.2: Restraint test tube showing holes for ventilation 

               

5.4.2 The Morris water maze task 

In the last week of psychological stress, the morris water maze task was 

carried out one hour after the restraint stress (Figure 5.3). This task was performed 

according to the method presented in Saeedeh ebrahimpour et al., 2017
 128 

with some 

modifications. The Morris water maze task was utilized to determine cognitive skills 

such as spatial recognition and reference memory. The apparatus was a circular pool 

of 136 cm in diameter and 60 cm in depth. The pool was loaded with water to a level 

of 25 cm, and the water temperature remained between 20 - 22°C. The surface area 

of the water was split into four equal quadrants. 

The very first day of the experiment, 60 seconds swimming training in the 

absence of platform was given. On the trial days, the rats were subjected to  

2 sessions with 10-seconds intervals for each of 2 trials to locate a hidden, 

transparent platform submerged 1 cm beneath the water’s surface area. In every trial, 

the rat was placed in the water facing the wall of the pool in one of the four probable 

starting locations. Every day the order of the starting points was randomly chosen. 
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The rat was permitted to search for the platform for 60 seconds and was carefully 

guided whether it couldn't attain it. Rats were allowed to remain on the platform for 

15 seconds to learn extra maze cues. After the learning period, during the test run, 

time taken to reach the platform was recorded as escape latency on 17
th

,18
 th

,19
 th

, 

and 20
th

 days. This parameter was considered as a sign of spatial recognition. 

 In the last day of the trial, each rat was subjected to a probe trial, in which 

the platform was eliminated from the swimming pool, and the animals were tested in 

a 60-second spatial probe trial. The time spent in the quadrant in which the platform 

had been located during the training days was assessed. This particular parameter 

was considered as a sign of reference memory.  
 

 

 

 

Fig. 5.3: Morris water maze 
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5.4.3 Elevated plus maze task 

In the last day of psychological stress elevated plus maze (EPM) trial was 

performed (Figure 5.4). All of the rats in experimental groups were subjected to 

EPM for normal duration of five minutes to assess the anxiety levels in rodents. The 

EPM consisted of two open arms measuring 16 × 5 cm, two closed arms, measuring 

16 × 5 × 12cm and a central platform 5 × 5 cm. The central platform was connected 

with the two arms. The EPM was raised to a height of 25cm above the flooring 

level. Each Wistar albino rat was placed at the centre of the elevated plus maze with 

its head facing towards an open arm and the stop watch was started and following 

parameters were noted for 5 min. a) Number of entries in open and closed arms (An 

arm entry defined as the entry of four paws into the arm) b) Time spend in the open 

arm and time spend in the closed arm. 
126

 

 

Fig. 5.4:  Elevated plus maze 
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At the end of the trial all animals were weighed and noted accurately. 

Animals were provided anaesthesia and performed necropsy. Blood sample were 

collected in EDTA coated tubes stored in ice cold temperature and centrifuged at 

1000 × g for 20 min at 4°C. Plasma was separated and aliquots were saved at −80°C 

for further analysis like corticosterone, IL 6 and IL 10. Organs like brain, thymus, 

adrenal and spleen were weighed and recorded. 

The brain of all animals were removed and placed in ice-cold saline. The  

regions of brain hypo thalamus and hippocampus were dissected out in ice-cold 

condition (4
o
c). 

5.5 ESTIMATION OF CORTICOSTERONE  

Corticosterone in vitro competitive Enzyme-Linked Immuno sorbent Assay 

(ELISA) is designed for the quantitative measurement of plasma corticosterone 

levels in the test sample. It was estimated by using, elisa plate reader, read well 

touch / version 3.3/ robonik (India) Pvt Ltd. 

Corticosterone specific antibody has been precoated upon 96-well plates and 

blocked. Standards or test samples are added to the wells and consequently 

biotinylated corticosterone is added and then followed by cleaning with wash buffer. 

Avidin-biotin-peroxidase complex is added and unbound conjugates are washed 

away with wash buffer. Tetra methyl benzine (TMB) is then utilized to visualize 

horseradish peroxidase (HRP) enzymatic reaction. TMB is catalyzed by HRP to 

creat a blue colour product which changes into yellow after adding acidic stop 

solution. The intensity of the colour is measured at 450 nm. The density of yellow 

coloration is inversely proportional to the quantity of corticosterone captured in 

plate. 

Absorbance of standard (1 to 1000 ng/ml) were run from which the 

concentration vs absorbance curve were been plotted and the concentration of 

unknown test samples were estimated by multiplying with the dilution factor and 

represented in ng/ml. Test were run in duplicate to verify the sensitivity and 

accuracy.
129
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5.6 ESTIMATION OF PLASMA IL-6 

Plasma IL-6 was estimated utilizing ray bio rat- IL 6 ELISA kit. 

Manufacturer’s directions were followed for quantification of plasma IL-6 using 

elisa kit. Assay employs an antibody specific for rat IL-6 coated on a 96-well plate. 

Standards and samples are pipetted into the wells and IL-6 contained in a sample is 

bound to the wells by the immobilized antibody. The wells are cleaned and 

biotinylated anti-rat IL- 6 antibody is included. After cleaning away unbound 

biotinylated antibody, HRP-conjugated streptavidin is pipetted to the wells. The 

wells are again washed, a TMB substrate solution is actually added to the wells and 

colour develops in proportion to the amount of IL-6 bound. The stop Solution alterrs 

the colour from blue to yellow, and the intensity of the colour is calculated at 450 

nm. Absorbance of standard (40 to 10000 pg/ml) were run from which the 

concentration vs absorbance curve were been plotted and the concentration of test 

samples were calculated and represent in pg/ml. Test were run in duplicate to verify 

the sensitivity and precision.
 130

 

5.7 ESTIMATION OF PLASMA IL-10 

Plasma IL- 10 was estimated utilizing ray bio rat IL 10 ELISA kit. Plasma 

was separated and aliquots were stored at −80°C for IL-10 estimation. This 

particular assay engages an antibody specific for rat IL-10 coated on a 96-well plate. 

Standards and samples are pipetted into the wells and IL-10 contained in a sample is 

bound to the wells by the immobilized antibody. The wells are washed and 

biotinylated anti-rat IL-10 antibody is included. After washing away unbound 

biotinylated antibody, HRP- conjugated streptavidin is pipetted to the wells. The 

wells are again washed, a TMB substrate solution is added to the wells and colour 

develops in proportion to the quantity of IL-10 bound. The stop Solution alters the 

colour from blue to yellow, and the intensity of the colour is measured at 450 nm. 

Absorbance of standard (10 to 6000 pg/ml) were run from which the concentration 

vs absorbance curve were been plotted and the concentration of test samples were 

calculated and represent in pg/ml. Test were run in duplicate to confirm the 

sensitivity and precision.
131 
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5.8   EVALUATION OF ANTIOXIDANTS IN BRAIN TISSUES  

        HYPOTHALAMUS AND HIPPOCAMPUS 

Preparation of Tissue Homogenate 

The excised hippocampus and hypothalamus was homogenized in ice-cold 

50 mM sodium phosphate buffer (pH 7.4) containing 0.1 mM ethylene diamine 

tetraacetic acid (EDTA) and 0.9 % saline by making use of a glass-teflon 

homogenizer. The supernatant was separated by means of centrifugation at 1000 ×g 

for 20 min at 4∘ 
C and was then frozen at -80

o
 c until using for antioxidant 

analysis.
132 

The Wistar albino rat brain tissue like hypothalamus and hippocampus 

were subjected to antioxidant estimation. 

5.8.1 Estimation of Lipid peroxidation  

Principle 

LPO was estimated by the method of Ohkawa et al., 1979.
133

 Lipid 

peroxidation reacts with thiobarbituric acid to develope a pink chromogen 

(Thiobarbituric acid-2-malondi - aldehyde adduct), which was measured at 532 nm 

against blank using spectrophotometer.  

Reagents 

1. Thiobarbituric acid (TBA-0.8%) 

2. Sodium dodecyl sulphate (SDS-8.1%) 

3. Acetic acid (20% v/v) 

4. n-butanol/pyridine mixture (15:1, v/v) 

Procedure 

To 0.2 ml of test sample, 0.2 ml of SDS, 1.5 ml of acetic acid and 1.5 ml of 

TBA were added. The combination was made up to 4 ml with DD water and heated 

in a water bath at 95°C for 60 minutes. After cooling, 1 ml of DD water and 5 ml of 

n-butanol /pyridine mixture were added and shaken vigorously. Following 

centrifugation at 4000 rpm for 10 minutes, the organic layer was taken and its 
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absorbance was read at 532 nm. The Thiobarbituric acid reactive substance 

(TBARS) thus measured was conveyed as n.moles of MDA formed/min/mg protein 

in tissue samples. 

5.8.2 Estimation of catalase  

Principle 

Catalase activity was estimated by the technique of Asru.K.Sinha 

,1972.
134

The method is based on the fact that dichromate in acetic acid is reduced to 

chromic acetate when heated in the existence of hydrogen peroxide (H2O2), resulting 

in the development of per chromic acid as an unstable intermediate. The chromic 

acetate, thus produced was measured spectro-photometrically. 

Reagents 

1. Phosphate buffer solution (50 mM) 

A) Dissolving 6.81 gm of KH2PO4 in 1000 ml distilled water.  

B) Dissolving 6.9 gm of Na2HPO4 in 1000ml distilled water.390 ml from 

solution (A) are mixed with 610 ml from solution (B), the pH adjusted to 7 

2. Potassium dichromate (K2Cr2O7. 7H2O-5%) 

3.  Dichromate-acetic acid reagent (1:3 v/v): This reagent was prepared by 

blending one volume of 5% potassium dichromate solution with 3 volumes 

of glacial acetic acid. 

4.  Hydrogen peroxide 0.2M: This solution was used for initiation of reaction 

with tissue homogenate. 

Procedure 

Tissue homogenates 100l were taken in test tube and were mixed with 1.0 

ml of phosphate buffer. 500 l of H2O2 was added to these tubes to initiate reaction. 

The response was arrested instantly by inclusion of 2.0 ml of dichromate-acetic acid 

reagent at 15 and 30 second intervals. The reagent blank was prepared by addition of 

2 ml of buffer and 0.9 ml of dichromate-acetic acid reagent taken in different tubes. 
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Both the test and blank tubes were heated in boiling water bath for 10 min to 

develop colour. The tubes were cooled to room temperature and their colour 

intensity was measured at 570 nm utilizing spectrophotometer against the blank. 

 The activity of CAT in tissue homogenate is expressed as μ moles of H2O2 

utilized/min/mg protein. The reaction occurs immediately after the addition of H2O2. 

Solutions are mixed nicely and the first absorbance (A1) is read after 15 seconds (t1) 

and the second absorbance (A2) after 30 seconds (t2).The absorbance is read for 

wave length 240 nm. 

5.8.3 Estimation of superoxide dismutase 

Principle 

          SOD was estimated by the method of Misra and Fridovich.
135

SOD enzyme 

appears to act like an inhibitor for the epinephrine present in the assay system, the 

inhibitory response is necessarily a nonlinear function of the enzyme concentration, 

and the useful range is necessarily restricted by the upper limit of 100% inhibition. 

One unit SOD activity is defined as that concentration of enzyme which required 

causing a 50% inhibition under specified situation. 

Reagents 

1. Carbonate buffer (100mM, pH 10.2) 

a. (Solution A: 0.1M sodium bicarbonate 8.40gm/L) 

b. (Solution B: 0.1M sodium carbonate decahydrate 28.62 gm/L) 

2.         Epinephrine (3mM)  

Procedure 

The SOD activity in supernatant is measured by the method of Misra and 

Fridovich. The supernatant (200 µl) is added to 0.7ml of carbonate buffer (100mM, 

pH 10.2) and 100 µl of epinephrine (3mM). The change in absorbance of each 

sample was then recorded at 480 nm in spectrophotometer for 2 min at an interval of 

15 sec.  
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One unit of SOD is described as the amount of enzyme required for 50% 

inhibition of epinephrine auto oxidation. The reaction mixtures are diluted just 

before taking the readings in spectrophotometer. 

5.8.4 Estimation of glutathione Peroxidases 

Principle 

Glutathione Peroxidase was estimated by the method of Rotruck et al.
136

GSH 

is converted to oxidised Glutathione (GSSG) in the presence of the enzyme GPx by 

the subsequent reaction.  

Reagents 

1. 0.1M phosphate buffer (pH 7.0)  

2. 2.5 mM H2O2  

3. 10 mM sodium azide  

4. 4 mM Reduced glutathione  

5. 1 mM EDTA 

6. 10% TCA  

7. 0.6mM DTNB solution (37 mg of DTNB was dissolved in 100 ml of 1% 

trisodium citrate) 

8. Trisodium citrate (1%) 

Procedure 

2ml of phosphate buffer (pH 7.0), 0.1ml of EDTA and 0.05ml of Sodium 

azide to which approximately 0.1 ml of tissue homogenate (homogenized in 0.4 M, 

Tris HCl buffer, pH 7.0), 0.05 ml glutathione, and 0.1 ml of 2.5 mM hydrogen 

peroxide were added for reaction mixture. The contents were maintain at a 

temperature of 37°C for 10 min. The response was stopped by 0.1 ml of 10 % TCA 

and centrifuged at 2000 Xg. Take 0.5 ml of supernatant add 0.5 ml of Ellman’s 

reagent (19.8 mg of 5, 5’- dithio bisnitro benzoic acid-DTNB in1% trisodium 

citrate) and the colour formed was read at 420 nm instantly. The GPx activity is 

expressed as µ mole of glutathione oxidized / min / mg of protein. 



78 

5.8.5 Estimation of glutathione reductase 

Principle 

Glutathione reductase was estimated by the technique of Irene Anundi and 

Stahl et al., 1982.
137

Glutathione reductase catalyzes the change of oxidized 

glutathione to reduced glutathione employing NADPH as substrate. The quantity of 

NADPH utilized is a direct measure of enzyme activity. 

Reagents 

1.  Phosphate buffer (0.3 M; pH 7) 

2.  EDTA (0.25M) 

3.  Sodium azide (10mM) 

4.  Glutathione oxidized, GSSG (0.012 M) 

5.  NADPH (0.003 M) 

Procedure 

The assay system was made by the mixer of 0.1ml of tissue homogenate, 

0.1ml of EDTA, 0.1ml of sodium azide, 0.1ml of oxidized glutathione and 1ml of 

phosphate buffer. The volume was maintained up to 2ml added by distilled water. 

The test tubes were incubated for 3 minutes and 0.1ml of NADPH was included. 

The absorbance was read at 340nm by a spectrophotometer at every fifteen second 

interval for 2-3 minutes. For each sequence of measurement, controls were set up 

which contained water instead of oxidized glutathione. The enzyme activity was 

expressed as µmoles of NADPH oxidized / min/ mg protein. 

5.9 STATISTICAL ANALYSIS 

Data obtained were statistically analysed by analysis of variance (ANOVA) 

followed by Tukey’s multiple comparison test and T test to evaluate the significance 

between control and experimental groups. Data will be expressed as Mean ± SEM 

with significance at the level of p < 0.05. Graphpad prism 7.04 statistical software 

was employed for analysis. 



 
 

 

Results and 

Analysis 
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6. RESULTS AND ANALYSIS 

 

6.1 STANDARDIZATION OF KARISALAI CHOORANAM 

6.1.1Authentication of KSC ingredients 

KSC ingredients were identified and certified by Dr.D.Aravind, Assistant 

Professor of Botany, National Institute of Siddha, Chennai.Plant collection number 

was NISMB1632015, sample of each plant was deposited in the department of 

medicinal botany, for future reference. 

6.1.2 Organoleptic characters of Karisalai Chooranam 

Organoleptic characters of Karisalai Chooranam like colour, odour and taste 

were monitored and tabulated as follows. (Table 6.1, Figure 6.1) 

 

 

Fig. 6.1: Karisalai Chooranam 
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Table 6.1: Organoleptic characters of Karisalai Chooranam 

 

Sl. No. Organoleptic characters Karisalai Chooranam 

1 Colour Brownish green 

2 Odour Characteristic 

3 Taste Slightly astringent and bitter 

4 Texture Fine powder 

 
 

6.1.3 Physicochemical evaluation of Karisalai Chooranam 

The following physicochemical characters were analysed in KSC sample and 

the results were tabulated as follows (Table 6.2). 

Table 6.2: Physicochemical evaluation of Karisalai Chooranam 

S. No Parameter KSC 

1. Loss on drying at 105
0
 c 36 % 

2. Total ash 9.8 % 

3. Water soluble ash 13.25 % 

4. Acid insoluble ash 5.3 % 

5. Alcohol Extractive 6.8 % 

6. Hydro alcoholic Extractive 5.95 % 

7. Crude fiber content 11.3 % w/w 

8. pH value (water) 6 
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6.1.4 Phytochemical analysis of Karisalai Chooranam 

 Phyto chemicals analysis showed the presence of following compounds 

namely terpenes, flavonoids, saponins, steroids, cardiac glycosides, proteins, mono 

saccharides and Carbohydrates and it was tabulated as follows. (Table 6.3) 

Table 6.3: Phytochemical analysis of Karisalai Chooranam 

Sl. 

No. 
Parameters Methods Results Inference 

1 Terpenes 

                               

Chloroform + conc. 

H2SO4 

Reddish brown  

Ring 

+++ 

2 Flavonoids Add conc.HCL Red colour +++ 

3 Saponins Frothing test Frothing ++ 

4 Steroids Liebermann–Burchard 

reaction,acetic 

anhydride + conc. 

H2SO4 

 

Violet to blue 

 

+++ 

5 Cardiac glycosides Glacial acetic acid + 

Ferric chloride solution 

 

Brown ring 

 

+ 

6 Proteins Biuret test Violet or pink 

colour 

+ 

7 Monosaccharides Barfoed’s test Red colour +++ 

8 Reducing sugars Fehling’s test No Yellow ppt. - 

9 Phenolic 

compounds 

Add acetic acid No red colour - 

10 Tanins Add acetic acid No red colour - 

11 Carbohydrates Molisch test Violet ring + 

12 Alkaloids 1% aqueous HCL acid 

+Dragendroff’s reagent 

No turbidity or 

precipitation 

- 

 

+++High concentration, ++ moderate concentration, + low concentration, − absence. 
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6.1.5 HPTLC analysis of Karisalai Chooranam 

High performance thin layer chromatography technique was used to do 

fingerprint analysis of formulation taken for the study. Presence of chemical markers 

such as wedelolactone, asiaticoside, quercetin and rutin in the Siddha medicine 

Karisalai Chooranam were identified. It was described by the following figures 

from 6.2 to 6.5. HPTLC of KSC showed the presence of comestan substance 

wedelolactone 0.02 %, titerpene glycoside substance asiaticoside 0.04 % and 

flavonoid substances such as quercetin 0.02 % and rutin 0.02 %.  
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               Fig. 6.2: HPTLC analysis of Wedelolactone in KSC 

                                                                  

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        (A)  Peak area of Wedelolactone in KSC 
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         (B) HPTLC profile of KSC for Wedelolactone at 254 nm 

                                                                  

 

 

 

 

 

 

 

 

 

 

 

                                     

(C) Calibration curve of standard Wedelolactone 

Wedelolactone 
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      Fig. 6.3: HPTLC analysis of Asiaticoside in KSC 
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(B)   HPTLC profile of KSC for Asiaticoside at 600 nm 

 

 

 

 

 

 

 

 

 

 

 

                    

 

 

 

(C) Calibration curve of standard Asiaticoside 

Asiaticoside 
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      Fig. 6.4:  HPTLC analysis of Quercetin in KSC                                                                           
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(B) HPTLC profile of KSC for Quercetin at 254 nm 

 

  

 

 

 

 

 

 

  

 

 

 

                                       

                                         

 

 

 

(C) Calibration curve of standard Quercetin 

Quercetin 
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  Rutin 

Fig. 6.5: HPTLC analysis of Rutin in KSC 
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(B) HPTLC profile of KSC for Rutin at 254 nm 
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(C) Calibration curve of standard Rutin 

Rutin 
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6.1.6 Heavy metal analysis of Karisalai Chooranam 

Quantitation of heavy metal contamination of KSC was carried out by ICP-

MS and the results were tabulated as follows. (Table 6.4) And it was found to have 

following namely lead 1.8 ppm, cadmium 0.08 ppm, mercury 0.03 ppm and arsenic 

0.58 ppm. The concentration of the heavy metals present in KSC is within the limit 

of AYUSH. 

 Table 6.4: Concentration of Heavy metals in Karisalai Chooranam 

S.No. Heavy Metals 
Concentration in 

KSC 

Permissible 

 Limit(AYUSH) 

1 Lead (as Pb ) 1.80 ppm 10 ppm  

2 Cadmium  ( as Cd ) 0.08 ppm 0.3 ppm  

3 Mercury (as Hg ) 0.03 ppm 1ppm 

4 Arsenic (as As) 0.58 ppm 3 ppm 

 

6.1.7 Microbial analysis of Karisalai Chooranam 

Microbial analysis of Karisalai Chooranam has been analysed and tabulated 

as follows.(Table 6.5) Total bacterial count in KSC sample was about 10
3
/gm. The 

specific pathogens like Escherichia coli, Salmonella spp. Staphylococcus aureus and 

Pseudomonas aeruginosa are absent in KSC. Fungal contamination was not found in 

the sample.  

Table 6.5: Microbial analysis of Karisalai Chooranam 

Sl. 

No 
Microbial analysis Results 

Permissible Limit 

(AYUSH) 

1 Total bacterial count 10
3
/g 10

5
CFU/gm 

2 Total fungal count Absent 10
3
CFU/gm 

3 Escherichia coli ,  Salmonella 

spp. 

Absent Absent 

4 Staphylococcus aureus ,  

Pseudomonas aeruginosa 

Absent Absent 
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6.1.8 Pesticide residue analysis of Karisalai Chooranam 

Specific pesticide residues like organo chlorine compounds, organo-

phosphorus compounds and pyrethroids were estimated by LC-MS/MS method and 

tabulated as follows. (Table 6.6) They were present within the Ministry of AYUSH, 

Government of India prescribed limits. 

Table 6.6: Pesticide residues of Karisalai Chooranam 

Pesticide residues 
Unit 

(mg/Kg) 

AYUSH 

Limits(mg/kg) 

Organochlorine compounds   

Alpha HCH, Beta HCH, Gama HCH (Lindane), Delta 

HCH 

BLQ *(LOQ:0.01) - 

Aldrin, Dieldrin,Trans chlordane Cischlordane, Endrin, 

Endrinaldehyde, Endrinketone 

BLQ (LOQ:0.01) 0.05 

Endosulphan-I, Endosulphan-II, Endosulphan Sulphate  BLQ (LOQ:0.01) 3.0 

Heptachlor, Heptahclorepoxide , Chlorthalonil BLQ (LOQ:0.01) - 

Dicofol 0.01 - 

o,p”DDT,p,p”DDT,o,p”DDD,p,p,DDD,o,p”DDE,p,p”DDE BLQ (LOQ:0.01) 1.00 

Organophosphorous compounds   

4-Bromo, 2-chlorophenol 0.08 - 

Chlorfenvinphos BLQ (LOQ:0.01) 0.5 

Acephate, dimethoate, etrimfos, 

iprobenphos,methamidothos, monocrotophos, omethoate, 

parathion ethyl, Parathion methyl, phorate, phosalone, 

phosphamidon, profenophos, phorate sulphone, phorate 

sulphoxide 

BLQ (LOQ:0.01) - 

Chlorpyrifos 0.98 0.2 

Diazinon BLQ  (LOQ:0.01) 0.5 

Dichlorvos, malathion BLQ (LOQ:0.01) 1.0 

Ethion BLQ (LOQ:0.01) 2.0 

Fenitrothion, Oxydemeton-methyl BLQ (LOQ:0.01) 0.5 

Oxydemeton-methyl BLQ (LOQ:0.01) - 

Quinalphos,Triazophos BLQ *(LOQ:0.01) - 

Pyrethroids   

Permethrin(sum of isomers), Cypermethrin (including 

isomers) 

BLQ (LOQ:0.01) 1.0 

Cyfluthrin (including isomers), Ethofenprox, Lambda-

cyhalothrin. 

BLQ  (LOQ:0.01) - 

Deltamethrin BLQ  (LOQ:0.01) 0.5 

Fenvelerate &Esfenvelerate (RR&SS isomers) BLQ  (LOQ:0.01) 1.5 

Fenvelerate &Esfenvelerate (RR&SR isomers) BLQ  (LOQ:0.01) 1.5 

*BLQ – Below the limit of Quantitation 
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6.1.9 Aflatoxin analysis of Karisalai Chooranam 

Aflatoxins B1, B2, G1 and G2 were analysed by liquid chromatography on 

the basis of AOAC 99.07 method and tabulated as follows. They were present 

within the Ministry of AYUSH, Government of India prescribed limits. 

Table 6.7: Aflatoxin analysis of Karisalai Chooranam 

Sl. No. Test parameters Aflatoxin (μg/kg) AYUSH Limits 

1 Aflatoxin B1 BLQ (LOQ:1.0) 0.5ppm 

2 Aflatoxin B2 BLQ (LOQ:0.5) 0.1ppm 

3 Aflatoxin G1 BLQ (LOQ:1.0) 0.5ppm 

4 Aflatoxin G2 BLQ (LOQ:0.5) 0.1ppm 

5 Total Aflatoxin 

B1,B2,G1,G2 

BLQ (LOQ:0.5) - 

 

6.2 IN - VITRO ANTIOXIDANT ACTIVITY OF KARISALAI CHOORANAM 

In the present study, in vitro antioxidant and free radical scavenging capacity 

of methanol extracts of KSC was evaluated using established in vitro models such as 

DPPH, lipid peroxidation and nitric oxide radical scavenging assays.  

6.2.1 DPPH free radical scavenging assay  

The results of the DPPH scavenging activity of the extracts are as shown in 

Table 6.8.The extracts KSC showed higher DPPH scavenging activity in 

1000,500,250,125 &62.5 µg/ml concentration level and lower activity in 31.25, 

15.62, 7.81, 3.9 &1.95 µg/ml concentration level when compared to vitamin C used 

in this study.  
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Table 6.8: DPPH radical scavenging activity 

S.No 
Concentration 

(µg/ ml) 

KSC 

Inhibition % 

Vitamin C 

Inhibition % 

1 1.95 30.13 ± 2.88*** 65.18±0.58 

2 3.9 32.83 ± 0.05**** 83.40±0.53 

3 7.81 37.57 ± 2.28**** 89.28±0.49 

4 15.62 53.03 ± 4.75** 90.43±0.53 

5 31.25 83.95 ± 2.33 89.97±0.53 

6 62.5 93.36 ± 0.51* 90.89±0.46 

7 125 97.11 ± 0.37*** 90.09±0.49 

8 250 95.39 ± 0.56*** 89.74±0.28 

9 500 95.13 ± 0.00** 89.97±0.61 

10 1000 97.04 ± 1.07* 89.62±0.44 

 
Values are mean ± SEM, KSC compared with vitamin C by Student unpaired T test. 

*p< 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 significantly different from vitamin C. 
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6.2.2 Lipid peroxidation activity 

In this study, an experiment was performed to analyse the lipid peroxidation 

activity of methanolic extract of the KSC on chicken liver homogenate from 1.95 

mg/mL to 1000 mg/mL by measuring the levels of malondialdehyde (MDA), which 

were produced, based on the acid-catalyzed decomposition of lipid peroxides. KSC 

showed higher activity in all concentration except 250 µg/ml, 500 µg/ml and 1000 

µg/ml compared to quercetin (Table 6.9). 

 

Table 6.9: Lipid peroxidation activity 

Sl. No. 
Concentration 

(µg/ ml) 

KSC 

Inhibition % 

Quercetin 

Inhibition % 

1 1.95 38.63±2.91 32.51±0.52 

2 3.9 42.35±1.39** 35.12±0.54 

3 7.81 49.22±1.25** 39.25±0.79 

4 15.62 53.73±7.49 41.25±0.56 

5 31.25 63.33±1.80** 53.65±0.53 

6 62.5 62.16±2.91 61.15±0.48 

7 125 73.53±2.63 71.89±0.56 

8 250 77.65±0.28*** 84.12±0.53 

9 500 78.82±0.55**** 96.15±0.51 

10 1000 79.61±1.39*** 96.35±0.48 

                                                      

Values are mean ± SEM, KSC compared with quercetin by Student unpaired T test 

*p< 0.05, **p < 0.01,***p < 0.001,****p < 0.0001 significantly different from quercetin. 
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6.2.3 Nitric oxide scavenging assay  

The relative NO scavenging potential of the extracts of KSC in the study as 

compared with quercetin are presented in the table 6.10. The extracts KSC showed 

higher nitric oxide scavenging activity in 31.25, 15.62, 7.81, 3.9 &1.95 µg/ml 

concentration level and lower activity in 500,250,125 &62.5 µg/ml concentration 

level compared to the positive control.   

                                 Table 6.10: Nitric oxide scavenging activity 

Sl. No. 
Concentration 

(µg/ ml) 

KSC 

Inhibition % 

Quercetin 

Inhibition % 

1 1.95 43.85±1.89*** 15.19±0.56 

2 3.9 53.21±5.48**** 29.25±0.28 

3 7.81 59.09±1.32**** 32.65±0.22 

4 15.62 58.56±1.32* 38.44±0.58 

5 31.25 63.64±2.65** 54.76±0.47 

6 62.5 62.83±2.08 69.73±0.59 

7 125 65.51±0.19* 76.32±0.581 

8 250 80.75±4.54** 85.68±0.58 

9 500 86.36±1.70*** 94.05±0.55 

10 1000 89.84±0.00** 98.12±0.58 

 
Values are mean ± SEM, KSC compared with quercetin by Student unpaired T test 

*p < 0.05,  **p < 0.01, ***p < 0.001, ****p < 0.0001 significantly different from quercetin. 

 

 

 



97 

6.3 SAFETY PROFILE OF KARISALAI CHOORANAM  

6.3.1 Acute toxicity study 

In acute toxicity study, the test drug KSC was administered at 50,300, 

2000mg/kg b.w dosages and it did not reveal any abnormal clinical signs in tested 

animals. During the study period behavioural changes or abnormal clinical signs of 

toxicity was not observed. All the animals survived and no treatment related 

mortality recorded during the 14 days. Gross necropsy did not reveal any abnormal 

pathological findings in any animal. 

6.3.1a Body weight of animals in acute toxicity study 

Every week the body weight of animals were monitored. The body weight 

gained or lost in the KSC treated groups were observed and statistically compared 

with vehicle control group.There was no significant changes in the body weight. It 

was described in the following table (Table 6.11). 

Table 6.11: Body weight of animals in acute toxicity study 

Days Vehicle control 
KSC  

50 mg /kg 

KSC 

 300 mg/kg 

KSC  

2000 mg/kg 

0 day (gm) 181.67 ± 1.67 186.67 ± 6.67 193.3 ± 4.41 190.00 ± 2.89 

7
th

 day (gm) 178.33 ± 1.67 180.00  ±  5.77 183.33 ± 3.33 183.33 ± 3.33 

14
th

day (gm) 181.67 ± 1.67 175.00 ± 5.77 180.00  ± 2.89 178.33 ± 7.26 

 
Vehicle control Vs 50 mg, 300 mg, 2000 mg KSC / kg b.w, One way ANOVA followed by Tukey's 

multiple comparison test, Values are mean ± SEM, P > 0.05, no significant different was observed 

from vehicle control. 

 

 

 

 

Rutin 
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6.3.1b Biochemical parameters in acute toxicity study 

Biochemical parameters such as blood glucose, total cholesterol, SGOT, 

SGPT, triglicerides, urea and creatinine were analysed in study animals to know 

about the functions of organs like liver and kidney. There were no significant 

difference observed in total cholesterol, SGPT, triglicerides, urea and creatinine in 

KSC treated group (50,300,2000mg/kg bw) compared with vehicle control by one 

way ANOVA with post Tukey’s multiple comparison. Regarding blood glucose 

level significant difference seen in between 50 mg/kg dosage and vehicle control 

group.                   

Table 6.12: Biochemical parameters in acute toxicity study 

 

Sl. 

No. 
Parameters 

Vehicle 

control 

KSC 

50mg/kg 

KSC 

300mg/kg 

KSC 

2000mg/kg 

1 Glucose 

mg/dL 

110.2 ±  6.86 135.2± 4.29* 111±5.91 128.2 ± 1.87 

2 Total 

cholesterol 
mg/dL 

39.62±1.23 50.82± 2.89 47.59 ± 2.29 51.53 ± 5.49 

3 SGPT U/L 67.6 ± 4.83 70.53 ±  10.01 74.23 ± 2.75 55.77 ±  0.58 

4 SGOT U/L 138.3 ± 3.25 137.0 ± 6.08 131.2 ± 2.89 131.7 ± 10.12 

5 Trigliceride 

mg/dL 

13.5 ± 0.75 15.96 ± 1.18 14.41 ± 0.49 12.79 ± 1.32 

6 Urea mg/dL 27.18 ± 5.14 21.71± 8.63 39.3 ± 0.55 36.67 ± 1.38 

7 Creatinine 

mg/dL 

0.51 ± 0.18 3.58 ± 2.79 0.73 ± 0.03 0.74 ± 0.03 

 

Control Vs 50 mg, 300 mg, 2000 mg KSC / kg b.w, One way ANOVA followed by Tukey's multiple 

comparisons test. Values are mean ± SEM,*p ≤ 0.05 significantly different from vehicle control. 
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6.3.1c    Haematological parameters in acute toxicity study 

At the end of the study haematological parameters such as white blood cell, 

red blood cell, platelet, haemoglobin, monocyte, granulocyte, lymphocyte, 

hematocrit, mean corpuscular volume, MCH concentration, mean platelet volume, 

red blood cell distribution width, platelet distribution width and procalcitonin were 

analysed in all acute toxicity study animals. There was no significant difference 

observed in between vehicle control and KSC treated animals by one way ANOVA 

with post Tukey’s multiple comparison. It is described in the following table 6.13.    

Table 6.13: Haematological Parameters in acute toxicity study 

Sl. 

No 
Parameters 

Vehicle 

control 

KSC 

50mg/kg 

KSC 

300mg/kg 

KSC 

2000mg/kg 

1 White blood cell  

10
3
 μl 

13.87 ± 0.95 11.43 ± 2.28 5.3 ± 2.54 10.47 ±1.12 

2 Red blood cell 10
6
 μl 6.73 ±  0.42 6.91 ± 1.18 7.27 ± 0.44 6.21 ± 0.65 

3 Platelet 10
3
 μl 907.0 ± 45.51 831.0 ± 256.5 997.3 ± 165.3 1227.0 ± 123.8 

4 Haemoglobin g/dl 11.95± 0.71 13.67± 0.96 11.57 ± 0.63 13.17 ± 0.73 

5 Monocyte % 2.93 ± 0.22 3.2 ± 0.35 3.2± 0.34 3.77 ± 0.19 

6 Granulocyte % 14.23 ± 2.26 15.87± 2.17 22.6 ± 4.40 21.13 ± 1.30 

7 Lymphocyte % 77.9+  6.27 78.3± 3.36 83.13 ± 5.87 76.9± 1.89 

8 Hematocrit % 41.1 ±1.60 43.47 ± 2.39 46.7 ± 1.57 41.9 ±2.52 

9 Mean corpuscular 

volume fl 

60.2± 2.63 56.93 ±1.59 60.5±2.09 59.6 ±0.74 

10 Mean corpuscular 

haemoglobin pg 

18.35±1.76 18.25 ±1.33 18.40 ± 1.06 18.12 ± 1.58 

11 MCH concentration  

g/dl 

31.47± 0.99 33.5± 0.59 30.87±0.90 32.73±0.71 

12 Mean platelet volume 6.30 ± 0.46 5.36 ±0.28 6.1 ±0.26 6.07 ±0.38 

13 Red blood cell 

distribution width % 

12.87 ±  1.03 13.15  ± 0.47  17.40 ± 5.02  12.12 ± 1.23  

14 Platelet distribution 

width 

16.37 ±  0.90 16.08 ±  1.05 17.55 ±  0.56 17.28 ± 0.42 

15 Procalcitonin  % 0.39 + 0.11 0.50 +  0.15 0.42+ 0.12 0.29 +0.10 
 

Vehicle control Vs 50 mg, 300 mg, 2000 mg KSC / kg b.w, One way ANOVA followed by Tukey's 

multiple comparisons test.Values are mean ± SEM, P > 0.05, no significant different was observed. 
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6.3.2  Long term toxicity study of Karisalai Chooranam 

6.3.2a Body weight of rats in long term toxicity study 

Every week the body weight of all animals were monitored. The body weight 

gained or lost in the KSC treated groups were observed and statistically compared 

with vehicle control group. All animals involved in the study gained body weight 

throughout the study period. But there is no significant changes in the body weight 

when compared with vehicle control group. It was described in the following table 

(Table 6.14). 

            Table 6.14: Body weight of rats in long term toxicity study 

Days 
Vehicle 

control 

KSC 

40mg /kg 

KSC  

200 mg/kg 

KSC  

1000 mg/kg 

0 day (gm) 171.66 ±  1.05 169.16±1.54 170.00  ±  1.29 169.16 ± 1.54 

30
th

 day (gm) 188.33 ± 1.05 186.66  ±1.66 188.33 ±1.05 186.67 ± 2.47 

60
th

 day (gm) 206.66 ± 1.66 204.16 ±1.53 207.50  ± 3.09 200.83  ±  1.53 

90
th

 day (gm) 220.83 ± 2.00 220.00 ±2.88 218.33 ± 2.78 221.66 ± 3.80 
 

Control Vs 40 mg, 200 mg, 1000 mg KSC / kg b.w, One way ANOVA followed by Tukey's multiple 

comparisons test. Values are mean ± SEM, P > 0.05, no significant difference was observed.  

 

6.3.2b Biochemical parameters in long term toxicity study. 

Biochemical parameters such as blood glucose, total cholesterol, SGOT, 

SGPT, triglicerides, urea and creatinine were analysed in study animals to know 

about the functions of organs like liver and kidney. There were no significant 

difference observed in blood glucose, total cholesterol, SGPT, triglicerides, urea and 

creatinine in KSC dosage group (40,200,1000mg/kg bw) compared with vehicle 

control. 

In the case of SGOT significant difference were seen in between control and 

drug treated groups, P values were 0.0034.0.0047, 0.0057 by one way ANOVA with 

post Tukey’s multiple comparison. But the changes were within the physiological 

reference range (63-175 U/L) when compare to previous report
138

. It is described in 

the following table 6.15. 
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Table 6.15:  Biochemical parameters in long term toxicity study. 

Parametres 
Vehicle 

control 

KSC 

40mg/kg 

KSC 

200mg/kg 

KSC 

1000mg/kg 

Glucose mg/dL 120.0 ± 9.4 131.3±15.0 99.7± 5.8 130.2 ± 5.8 

Total cholesterol 

mg/ dL 

80.3 ± 4.2 45.7± 5.7 77.0 ± 6.1 75.7 ± 8.9 

SGPT U/L 47.2 + 6.0 48.5 ± 6.4 29.7 ± 3.5 34.3 ±  6.8 

SGOT U/L 76.5 ± 10.6 136.8 ± 11.6
**

 134.7 ± 10.0
**

 133.3 ± 10
**

 

Triglicerides 

mg/dL 

95.5 ± 17.2 93.8 ± 13.3 88.0 ± 13.6 96.3 ± 10.8 

Urea mg/dL 25.5 ± 3.3 25.7 ± 3.7 27.5 ± 2.4 22.0 ± 3.6 

Creatinine mg/dL 0.2 ± 0.02 0.2 ± 0.02 0.2 ± 0.03 0.2 ± 0.02 

 

Vehicle control Vs 40 mg, 200 mg, 1000 mg KSC / kg b.w., One way ANOVA followed by Tukey's 

multiple comparison test. Values are mean ± SEM, ** p ≤ 0.01significantly different from vehicle 

control. 

 
 

6.3.2c   Haematological parameters in long term toxicity study 

At the end of the study haematological parameters such as white blood cell, 

red blood cell, platelet, haemoglobin, monocyte, granulocyte, lymphocyte, 

hematocrit, mean corpuscular volume, MCH concentration, mean platelet volume, 

red blood cell distribution width, platelet distribution width and procalcitonin were 

analysed in all 90 days toxicity study animals. There was no significant difference 

observed in between vehicle control and KSC treated animals by oneway ANOVA 

with post Tukey’s multiple comparison. It is described in the following table 6.3.2c. 
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Table 6.16: Haematological parameters in long term toxicity study 

Parameters 
Vehicle 

control 

KSC 

40mg/kg 

KSC 

200mg/kg 

KSC 

1000mg/kg 

White blood cell 10
3
 

μl 
11.4 ± 0.6 12.8 ± 2.2 5.3 ± 0.7 6.2 ± 1.5 

Red blood cell 10
6
 μl 7.1 ±  0.5 7.2 ± 0.6 6.2 ± 1.2 6.4 ± 0.7 

Platelet 10
3
 μl 780.5 ± 180.6 752.8 ± 201.2 877.2 ± 89.4 753.3±203.6 

Haemoglobin g/dl 14.1 ± 0.5 15.1 ± 0.9 11.3 ± 2.1 12.0 ± 1.3 

Monocyte % 3.4 ± 0.5 3.8 ± 0.6 3.5 ± 0.7 4.5 ± 0.4 

Granulocyte % 18.5 ± 3.4 23.1 ± 3.1 22.2 ± 4.1 24.8 ± 2.1 

Lymphocyte % 76.1 ± 2.7 71.2 ± 5.7 74.4 ± 4.7 59.4 ± 8.8 

Hematocrit % 43.9 ± 1.8 42.0 ± 2.5 35.7 ± 6.7 38.9 ± 4.2 

Mean corpuscular 

volume fl 
58.48 ± 1.18 56.6 ± 2.66 59.42 ± 1.24 59.42 ± 1.24 

Mean corpuscular 

haemoglobin pg 
18.35 ± 1.76 18.25 ±1.33 18.40 ± 1.06 18.12 ± 1.58 

MCH concentration  

g/dl 

32.05 ± 0.32 32.15 ± 0.40 31.35 ± 0.72 31.33 ± 1.04 

Mean platelet 

volume 
5.52 ± 0.34 4.93 ± 0.72 4.93 ± 0.72 5.9 ± 0.26 

Red blood cell 

distribution width % 
12.87 ± 1.03 13.15 ± 0.47 17.40 ± 5.02 12.12 ± 1.23 

Platelet distribution 

width 
16.37 ± 0.90 16.08 ± 1.05 17.55 ± 0.56 17.28 ± 0.42 

Procalcitonin  % 0.65 ± 0.24 0.63 ± 0.22 0.52 ± 0.05 0.32 ± 0.08 
 

Vehicle control Vs 40 mg, 200 mg, 1000 mg KSC / kg b.w , One way ANOVA followed by Tukey's 

multiple comparison test. Values are mean ± SEM, P > 0.05 no significant difference was observed. 
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6.3.2d  Necropsy findings of long term toxicity study  

At the end of 90 days toxicity study wistar albino rats were exposed to gross 

necropsy and the organs such as brain, lungs, liver, spleen, stomach, kidney, testis, 

uterus and ovary were properly weighed and noted. There was no significant 

difference between vehicle control and KSC treated groups. (Table 6.17) 

 

 

Fig. 6.6: Necropsy findings in long term toxicity study 
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Table 6.17: Animal organ weight in long term toxicity 

 

Name of the 

organ (gm) 

Vehicle 

control 

KSC 

40mg/kg 

KSC 

200mg/kg 

KSC 

1000mg/kg 

Brain  1.7 ± 0.04 1.7 ± 0.05 1.8 ± 0.03 1.9 ± 0.04 

Heart 0.8 ± 0.09 0.7 ± 0.04 0.8 ± 0.05 0.8 ± 0.05 

Lungs 1.5 ± 0.09 1.4 ± 0.11 1.4 ± 0.13 1.6 ± 0.07 

Liver 6.4± 0.29 6.1 ± 0.33 6.3 ± 0.29 6.9 ± 0.33 

Kidney 1.4 ± 0.07 1.3 ± 0.09 1.4 ± 0.06 1.4± 0.05 

Spleen 0.8 ± 0.11 0.9 ± 0.11 0.8 ± 0.12 0.8 ± 0.08 

Stomach 1.6 ± 0.10 1.7 ± 0.09 1.7±  0.03 1.8 ± 0.12 

Testis 3.0 ± 0.59 2.2± 0.10 2.3 ± 0.99 2.8 ± 0.19 

Uterus 0.6 ± 0.11 0.7 ± 0.14 0.4 ± 0.18 0.5 ± 0.06 

Ovary 0.1 ± 0.04 0.1 ± 0.03 0.2 ± 0.01 0.04 ± 0.02 

  
Vehicle control Vs 40 mg, 200 mg, 1000 mg KSC / kg b.w, One way ANOVA followed by Tukey's 

multiple comparison test. Values are mean ± SEM, P > 0.05 no significant difference was observed.  

 

6.3.3 Histopathological assessment in long term toxicity study   

In long term toxicity study the trial drug KSC was administered orally for 

ninety days. In this study, renal histology showed normal histology at 40 mg, 200 

mg and1000 mg dosages. Moreover brain histology showed normal histology at 40 

mg, 200 mg and1000 mg dosages.  

In the case of liver 40 mg and 200mg dosage groups animals did not show 

toxicity signs such as apoptosis and cell necrosis. Only in KSC 1000 mg/kg dosage 

group when the drug was given for ninety days toxic signs such as apoptosis and cell 

necrosis were seen in liver histology. It was illustrated in the following Figures 6.7 - 

6.18.                        
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Fig. 6.7: Photomicrograph section of the brain in Vehicle control rats  

(x10 magnification) 

 

 

Fig. 6.8: Photomicrograph section of the brain in KSC 40 mg/kg rats  

(x 10 magnification) 
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Fig. 6.9:  Photomicrograph section of the brain in KSC 200mg/kg rats 

(x 10 magnification) 

 

Fig. 6.10: Photomicrograph section of the brain in KSC 1000 mg/kg rats 

(x 10 magnification) 
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Fig. 6.11: Photomicrograph section of the Liver in Vehicle control rats  

(x 10 magnification) 

 

 

Fig. 6.12: Photomicrograph section of the Liver in KSC 40 mg/kg rats  

(x 10 magnification) 
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Fig. 6.13: Photomicrograph section of the Liver in KSC  200mg/kg rats   

(x 10 magnification) 

 

 

 

 

 

 

 

 

 

 

Fig. 6.14: Photomicrograph section of the Liver in KSC 1000 mg/kg rats  

(x 10 magnification) 
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Fig. 6.15: Photomicrograph section of the Kidney in Vehicle control rats  

(x10 magnification) 

 

Fig. 6.16: Photomicrographs of the Kidney in KSC 40 mg/kg rats  

(x 10 magnification) 
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Fig. 6.17: Photomicrograph section of the Kidney in KSC 200MG/KG rats  

(x10 magnification) 

              

 

Fig. 6.18: Photomicrograph section of the Kidney in KSC 1000 mg/kg rats  

(x10 magnification) 
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6.4 EFFICACY OF KARISALAI CHOORANAM AGAINST  

      RESTRAINT STRESS 

6.4.1 Restraint stress and animal body weight 

In the pharmacology study six groups of animals were used. Rats were 

subjected to restraint stress for six hours per day for 3 weeks. It is one of the animal 

models of psychological stress. At the end of the trial all animals were weighed and 

noted properly. 

Table 6.18: Restraint stress and animal body weight 

Body 

weight 

(gm) 

Vehicle Stress 
Diazepam + 

Stress 

KSC 

100mg/kg 

+Stress 

KSC 

200mg/kg 

+Stress 

KSC 

400mg/kg 

+Stress 

0 Day 205.0±2.9 195±6.5
#
 183.3± 22.9

$
 195.8±4.5

$
 184.2±4.4

$
 199.2±5.4

$
 

7
th

 Day 233.3±3.3 211.7± 9.2
#
 211.7 ±26.1

$
 220.0±13.4

$
 248.3±19.1

$
 200.8± 13.7

$
 

14
th

  Day 248.3±4.4 225.8±10.8
#
 202.5±20.3

$
 220.0±11.0

$
 243±20.1

$
 210.8 ± 11.6

$
 

12
th

  Day 286.7±10.9 256.7±13.9
#
 231.7± 15.4

$
 249.8±14.9

$
 274.8±19.8 236.7± 10.0

$
 

 

 P > 0.05 no significant different was observed,  One way ANOVA followed by Tukey's multiple 

comparisons test,  # Stress group compare with vehicle group,   $ Drug treated groups (Diazepam, 

KSC 100, 200, 400 mg/kg) compared to stress group. 

 



112 

6.4.2 Restraint stress and organ weight          

At the end of the trial all animals were given anaesthesia and performed 

necropsy. Organs like brain, thymus, adrenal and spleen were weighed and recorded. 

It was tabulated as follows, (Table 6.19)   

Table 6.19: Restraint stress and organ weight 

 

Name 

of the 

organ 

(gm) 

Vehicle Stress 
Diazepam 

+ Stress 

KSC 

100mg/kg 

+Stress 

KSC 

200mg/kg 

+Stress 

KSC 

400mg/kg 

+Stress 

Brain 1.80±0.11 1.81±0.07# 1.84±0.02
$
 1.77±0.04

$
 1.89±0.04

$
 1.77±0.03

$
 

Adrenal  0.17±0.022 0.19±0.12# 0.05±0.00
$
 0.06+0.02

$
 0.04±0.00

$
 0.09±0.04

$
 

Spleen 1.6±0.11 1.0±0.18# 1.0± 0.13
$
 1.3±0.15

$
 1.0±0.06

$
 1.0±0.21

$
 

Thymus   0.2±0.04 0.0±0.02# 0.4±0.10
$
 0.1±0.02

$
 0.1±0.02

$
 0.1±0.03

$
 

 
 P > 0.05 no significant different was observed,  One way ANOVA followed by Tukey's multiple 

comparison test,  # Stress group compare with vehicle group,  $ Drug treated groups (Dia., KSC100, 

200, 400 mg/kg) compared to stress group. 
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6.4.3 Restraint stress and corticosterone          

Blood sample were collected in EDTA coated tubes kept in ice cold 

temperature and centrifuged at 1000 × g for 20 min at 4°C. Plasma was separated 

and aliquots were stored at −80°C. Plasma corticosterone was estimated using, 

ELISA plate reader.   

Graph 6.1 shows that the plasma corticosterone level after 21 days restraint 

stress was significantly increased in stress control group when compared to vehicle 

control group. Diazepam 200mg/kg was used as positive control. Corticosterone 

level was significantly decreased in KSC 100,200 and 400mg/kg KSC treated group 

when compared to stress control group.  

 

Graph 6.1: Effect of KSC on corticosterone after restraint stress 

                 

Data are expressed as mean ±S.E.M. (n=6). The significance is fixed at P < 0.05, # Stress group 

compared to vehicle group. (P < 0.001), $ Drug treated groups (Diazepam, KSC100, 200, 400 mg/kg) 

compared to stress group. (P < 0.0001, < 0.0206, <0.0132, <0.0001) 
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6.4.4 Restraint stress and IL 6 

Plasma IL-6 was estimated using Ray Bio Rat- IL 6 ELISA Kit. IL 6 level in 

plasma was significantly increased in stress control group when compared to vehicle 

control group. IL 6 level was decreased in KSC treated groups (100,200, &400 

mg/kg) compared to stress control. 

 

 

 

Graph 6.2: Effect of KSC on IL 6 after restraint stress 

 

Data are expressed as mean ± S.E.M. (n=6).The significance is fixed at P < 0.05, # Stress group compared with 

vehicle group. (P < 0.0001), $ Drug treated groups (Diazepam, KSC100, 200, 400 mg/kg) compared with stress 

group. (P < 0.0001, < 0.0001, <0.0001, < 0.0001) 
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6.4.5 Restraint stress and IL 10 

Plasma IL-10 was estimated using Ray Bio Rat- IL 10 ELISA Kit. IL 10 

level was reduced significantly in stress control when compared to vehicle control. 

IL 10 level was higher in KSC treated groups (100,200 and 400mg/kg bw) compared 

to stress control group. 

                          

 

Graph 6.3: Effect of KSC on IL 10 after restraint stress 

 

Data are expressed as mean ± S.E.M. (n=6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group. (P < 0.0053), $ Drug treated groups (Diazepam, KSC100, 200, 400 

mg/kg) compared with stress group, (P < 0.0036, < 0.0008, <0.0007, < 0.0003) 
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6.5 EFFICACY OF KARISALAI CHOORANAM AGAINST OXIDATIVE  

 STRESS IN HYPOTHALAMUS AND HIPPOCAMPUS 

 Graph 6.4 - 6.13 explained about the antioxidant level in both hypothalamus 

and hippocampus tissues. Lipid peroxidation was significantly increased in stress 

control animals when compared to vehicle control animals in both hypothalamus 

and hippocampus tissues. Increased lipid peroxidation produced by restraint stress 

was reduced by Karisalai Chooranam significantly in hypothalamus at 100,200 and 

400 mg/kg dosage level and in the case of hippocampus only at 200,400mg dosage 

level. 

Antioxidants catalase, glutathione peroxidase and glutathione reductase were 

significantly decreased in stress control animals when compare to vehicle control 

animals in brain hypothalamus and hippocampus tissues. Depletion in antioxidant 

enzymes such us catalase, glutathione peroxidase and glutathione reductase were 

prevented both in hypothalamus and hippothalamus by Karisalai Chooranam in 

100,200 and 400 mg/kg dosage groups significantly. 

Depletion in the superoxide dismutase activity produced by restraint stress 

was prevented by KSC in hypothalamus at 100, 200 and 400 mg dosage groups and 

in the case of hippocampus only at 200 and 400 mg dosage groups. 
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Graph 6.4: Effect of KSC on catalase level in hypothalamus after  

restraint stress 

 

Data are expressed as mean ±S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P < 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared with stress group, (P < 0.0001, < 0.0018, < 0.0001, < 0.0001) 

$ 

**** 

 
$ 

** 

 

$ 

**** 

 

$ 

**** 

 

# 

**** 

 



118 

 

 

 

 

 

Graph 6.5: Effect of KSC on catalase level in hippocampus after restraint stress 
 

 
Data are expressed as mean ±S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P < 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared with stress group. (P < 0.0001, < 0.0104, < 0.0001, < 0.0001) 
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Graph 6.6: Effect of KSC on Lipid peroxidase level in hypothalamus after 

restraint stress 

 

Data are expressed as mean ±S.E.M. (n= 6).The significance is fixed at P < 0.05, # Stress group 

compare with vehicle group.  (P < 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0062, < 0.0001, < 0.0001, < 0.0001) 

 

 

 

 

 

 

 

 

$ 

**** 

 

$ 

**** 

 $ 

**** 

 

 # 

 **** 

 
$ 

** 

 



120 

 

 

 

Graph 6.7: Effect of KSC on Lipid peroxidase level in hippocampus after 

restraint stress 

 

Data are expressed as mean ±S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.5571, < 0.0479, < 0.0001) 
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Graph 6.8: Effect of KSC on Superoxide dismutase level in hypothalamus after 

restraint stress 

 

Data are expressed as mean ±S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compare with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0073, < 0.0001, < 0.0001) 
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Graph 6.9: Effect of KSC on Superoxide dismutase level in hippocampus after 

restraint stress 

 

Data are expressed as mean ±S.E.M (n= 6). The significance is fixed at P < 0.05, # Stress group 

compare with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.1144, < 0.0001, < 0.0001) 
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Graph 6.10: Effect of KSC on Glutathione peroxidase level in hypothalamus 

after restraint stress 
 

Data are expressed as mean ±S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compare with vehicle group.  (P<0.0001). $ Drug treated group (Diazepam, KSC 100,200,400 mg/kg) 

compared to stress group, (P < 0.0001, < 0.0001, < 0.0001, < 0.0001) 
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Graph 6.11: Effect of KSC on Glutathione peroxidase level in 

hippocampus after restraint stress 

 

Data are expressed as mean ±S.E.M (n= 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0001, < 0.0001, <0.0001) 
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Graph 6.12: Effect of KSC on Glutathione reductase level in 

hypothalamus after restraint stress 
 

 

Data are expressed as mean ±S.E.M. (n=6). The significance is fixed at P < 0.05, # Stress group 

compare with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0001, < 0.0001, < 0.0001) 
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Graph 6.13: Effect of KSC on Glutathione reductase level in hippocampus after 

restraint stress 

 

Data are expressed as mean ± S.E.M. (n= 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P< 0.0001), $ Drug treated group (Diazepam, KSC 100,200,400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0009, < 0.0001, < 0.0001) 
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6.6 RESTRAINT STRESS AND MEMORY 

The Morris water maze task was used to determine the spatial memory 

impairment. The time spent to reach the quadrant where the platform had been 

located during the training days was measured. This parameter was taken as an 

indicator of spatial memory. In last week 17,18,19,20 & 21
st
 days of psychological 

stress, the morris water maze task was performed one hour after the restraint stress. 

Graph 6.14, 6.15 explained about the escape latency and spatial working memory of 

morris water maze.  

In probe trial, time spent in the target quadrant was measured which is higher 

in KSC treated (100, 200 & 400mg/kg) groups when compared to stress control 

group. 

Spatial recognition trial was carried out on the 17
th

,18
th

,19
th 

and 20
th

 days. 

Changes in the escape latency were statistically insignificant on 17
th

,18
th 

and 19
th

 

days between vehicle control and stress group. Spatial recognition trial on 20
th

 day 

showed significant increase in the escape latency in stress group compared to 

vehicle control, indicating development of abnormality in spatial recognition 

memory of the stressed group. In the drug treated groups (100,200,400mg/kg) 

groups, escape latency time was reduced in the 100mg/kg, 200mg/kg and in 

400mg/kg groups significantly. This indicates efficacy of KSC in preventing stress 

induced changes in spatial recognition memory. 
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Graph 6.14: Effects of KSC on spatial recognition - Morris Water Maze trial: 

Escape latency on 20
th

 day 

 

 

Data are expressed as mean ± S.E.M. (n = 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P < 0.1750), $ Drug treated group (Diazepam, KSC100, 200, 400 

mg/kg) compared to stress group, (P < 0.0375, < 0.0146, < 0.0637, < 0.0086) 
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Graph 6.15:  Effects of KSC on reference memory - Morris Water Maze:  

             Probe trial, Time spent on target quadrant on 21
st
day. 

 

Data are expressed as mean ± S.E.M. (n = 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P < 0.0005), $ Drug treated group (Diazepam, KSC100, 200, 400 

mg/kg) compared to stress group, (P < 0.0170, < 0.0010, < 0.0001, < 0.0001) 
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6.7 RESTRAINT STRESS AND ANXIETY 

Elevated plus maze (EPM) trial was performed on 21
st
 day of restraint stress. 

All the rats in experimental groups were exposed to EPM for normal duration of five 

minutes to assess the anxiety levels in rodents. From figures no 6.16 to 6.17, the 

following points were observed in elevated plus maze trial. 

Open arm entries are lower in the stress group, when compared to vehicle 

control group.Number of entries in open arm were higher in the KSC 100,200 and 

400mg/kg groups when compared to stress control group. 

Time spent in the open arm was lower in the stress control group, when 

compared to vehicle control group. Time spent in the open arm was higher in the 

KSC treated 100,200 and 400mg/kg groups when compared to stress control group. 

Decrease in the open arm entries and open arm time spent indicate the 

development of anxiety due to restraint stress in the stress alone group. Increase in 

open arm entries and open arm time spent in the KSC treated groups indicate 

efficacy of trial drug in preventing stress induced anxiety. 
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Graph 6.16: Effects of KSC on anxiety using the EPM trial, Number of   

entries in open arm 

 
 

Data are expressed as mean ± S.E.M. (n = 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group.  (P < 0.0009), $ Drug treated group (Dia, KSC100, 200, 400 mg/kg) 

compared to stress group, (P < 0.0001, < 0.0351, < 0.0001, < 0.0001) 
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Graph 6.17: Effects of KSC on anxiety using the EPM trial,  

Time spent in open arm 

 

Data are expressed as mean ± S.E.M. (n = 6). The significance is fixed at P < 0.05, # Stress group 

compared with vehicle group. (P < 0.0017), $ Drug treated group (Diazepam, KSC100, 200, 400 

mg/kg) compared to stress group, (P < 0.0001, < 0.0002, < 0.0001, < 0.0001) 
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7. DISCUSSION 

 

Consistency of trial drug formulation (KSC) is important for successful 

execution of this research study. Hence, standardization procedures were carried out 

for KSC. Phytochemicals like terpenes, flavonoids, saponins, steroids, cardiac 

glycosides, proteins, monosaccharides and carbohydrates were found to be present 

in the KSC in phytochemical analysis. HPTLC analysis of KSC with markers, 

showed presence of comestan substance “Wedelolactone”, triterpene glycoside 

substance “Asiaticoside” and flavonoid substances such as “Quercetin” and “Rutin”.   

These compounds have already reported to have beneficial activities as 

follows. Wedelolactone possesses neuroprotective potential by blocking oxidative 

stress-induced cell damage.
139

Asiaticoside has anti-stress
107

and neuroprotective
140

 

effects. Both Rutin and Quercetin are reported to have antioxidant and antistress 

activity in various acute and subacute stress models.
141 

Total bacterial count and the total fungal count in KSC sample were within 

Ministry of AYUSH, Government of India prescribed limits. The specific pathogens 

like Escherichia coli, Salmonella spp. Staphylococcus aureus and Pseudomonas 

aeruginosa were absent in KSC. Fungal contamination and aflatoxins are not found 

in the KSC sample. The pesticide residues like organo chlorine compounds, organo 

phosphorous compounds and pyrethroids were not present. 

In safety studies, acute toxicity study did not show any toxic sign. In clinical 

practise cumulative toxic effects occur even at very low doses of herbal medicine is 

possible.
142

 In order to evaluate the cumulative toxic effects, long term toxicity study 

was conducted. Body weight changes are one of the sensitive indices for adverse 

effects of drugs in toxicity studies.
143

It was observed that there was no effect on 

body weight of KSC treated rats in long term toxicity. 

KSC showed no significant changes in almost all the biochemical parameters 

in long term toxicity study. The raise in SGOT level observed, were within the 

physiological/normal reference range (63-175 U/L) in 40 mg, 200 mg and 

1000mg/kg KSC dosage groups which is in accordance with previous report.
138 
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SGPT is the most sensitive serum marker enzyme for liver damage.
144 

In the present 

study SGPT did not show any changes. Unlike SGPT, SGOT is not a highly specific 

marker for the liver damage as its serum level can also be raised in other 

pathological conditions in organs like heart, brain, muscles and kidney.
145 

Alterations in the internal organ weight is an indication of toxicity following 

exposure to toxic substances.
145,146

In long term toxicity, no significant difference 

was observed in internal organ weight. In long term toxicity study 40 mg, 200 mg 

and 1000mg/kg KSC dosage groups showed normal brain and kidney histology. In 

liver histology, cell necrosis and apoptosis were not observed at 40mg/kg and 

200mg/kg dosages when KSC was administered for 90 days except in 1000mg/kg 

dosage.  

In vitro studies namely DPPH, lipid peroxidation and nitric oxide scavenging 

assays suggested the anti-oxidant potential of the formulation taken for the study. In 

vivo studies, hypothalamus and hippocampus showed elevation of lipid peroxidase 

activity and decline in SOD, catalase, GPX and glutathione reductase due to three 

weeks of restraint stress. Oxidative stress is induced, when the production of free 

radicals beyond threshold.  

This study showed elevation of corticosterone after restraint stress indicating 

activation of the Hypothalamo Pituatary Adrenal (HPA) axis. It has already been 

reported that at the cellular level, high level of corticosterone can act in conjunction 

with catecholamines to facilitate glucose availability and increase metabolic rate, 

which in turn increases spontaneous production of free radicals, resulting in 

oxidative stress.
147,148 

High lipid peroxidation and decrease in the SOD, catalase, 

GPX and glutathione reductase observed in the hypothalamus and hippocampus are 

due to oxidative stress induced by restraint stress. 

Hiroya Sato et al., 2010 and Zafir A et al., 2009 both have reported decline 

in SOD, catalase, GPX and glutathione reductase level in brain region when 

corticosterone was administered exogenously.
149,150

Exogenous administration of 

corticosterone mimics corticosterone elevation in response to stress. In this study 

also, corticosterone level was elevated due to restraint stress. The altered in vivo 



135 

antioxidant status in this study strongly correlates to those reports. The decline in the 

antioxidant enzymes, could be due to exhaustion of enzymatic antioxidants or down 

regulation of synthesis of antioxidant enzymes or damage to antioxidant enzymes by 

excessive reactive oxygen species (ROS) itself.  

In the KSC treated animals the decline in the oxidative enzymes and the 

elevation of lipid peroxidation were prevented indicating the antioxidant potential of 

the trial medicine taken for this study. Reduction in lipid peroxidation by KSC was 

observed both in vitro and in vivo studies. The role of flavonoids in antioxidant 

defense mechanism is well known. Subramanian L.Jothy et al.2012, suggested that 

the protective effects of flavonoids in biological systems are ascribed to their 

capacity to transfer electrons to free radicals and activate antioxidant enzymes.
125

 In 

this study, presence of flavonoid such as “Quercetin” and “Rutin” in the KSC were 

found by HPTLC. 

Association of altered cytokine profile with psychiatric illness and neuro 

behavioural changes are well known. In this study, it was found that three weeks of 

restraint stress, produced rise in the plasma IL 6 and decrease in the IL10 level. 

Psychological stressors can stimulate transient increases in pro inflammatory 

cytokines. Janice K.Kiecolt - Glaser et al.2003, reported that production of IL-6 and 

other pro inflammatory cytokines can be directly induced by depression and 

stressful experiences.
151

Low serum level of IL 10 in adult depression patients have 

already been reported.
152

 Besides, Jeffrey L.Voorhees et.al.2013, reported that 

prolonged restraint stress in animals, can cause increased IL-6 and decreased IL-10 

in the serum.
153

These findings strongly correlate to this study.  The rise in IL 6 level 

and decrease in IL10 level were prevented by the KSC.  

In the present study during Morris water maze trial, decline in the cognitive 

skills especially spatial recognition skill and reference memory functions of rats 

were observed in the stress group. Elevated corticosterone level was also observed 

in the stress group. It has been reported that glucocorticoids enhances cell death in 

cultured hippocampus cell by Behl.C et.al. 1997.
154

Oxidative damage to the 

hippocampus after exogenous administration of corticosterone has already been 

reported by Hiroya Sato et.al 2010.
149

The damage to hippocampus can affect the 
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regulation of HPA axis as reported by Jacobson.J.et.al. 1991.
155

The excessive ROS 

can cause oxidative damage to brain especially hypothalamus and hippocampus. 

Damage to hippocampus cells ultimately can cause deficiency in cognitive functions 

including memory and neuro - behavioural changes. In addition to that, the possible 

role of Elevated IL6 in mood disorders and depression, has already been 

reported.
156,157

Hence,collectively abnormal elevation of corticosterone, IL6 and 

excessive ROS might have affected the memory function of stressed rats. The effect 

of KSC in preventing detrimental effects on spatial recognition skill and reference 

memory can also be understood by this study.  
    

 

In elevated plus maize trial, enhanced anxiety level was observed after 

restraint stress. Increased ROS can cause neuro behavioural changes as reported by 

Samina Salim, 2016
158

.The influence of oxidative stress mechanisms in psychiatric 

illnesses such as depression, anxiety disorders, schizophrenia and autism spectrum 

disorders have already been reported (Valko et al., 2007; Ng et al., 2008;  

Bouayed et al., 2009)
159-161

.The anxiety developed due to restraint stress was 

prevented by the KSC. These findings highlighted the antioxidant and antistress 

potential of KSC. 
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8. SUMMARY AND CONCLUSION 

 

Restraint stress is an established animal model for psychological stress. 

Restraint stress induces oxidative stress through elevation of corticosterone. 

Development of oxidative stress can be understood from the changes in the status of 

Antioxidant enzymes and of lipid peroxidation particularly in hypothalamus and 

hippocampus.  

Restraint stress induced oxidative stress disrupts functions of hypothalamus 

and hippocampus particularly disruptions in special recognition, memory and 

anxiety were observed. Moreover, Restraint stress induced oxidative stress altered 

the cytokine profile of animal, namely IL6, IL10 which are associated with  

psychological stress. 

KSC which is a herbal preparation from Siddha Medicine, consists of six 

medicinal plants, was standardised as per ministry of AYUSH, Government of India, 

standards. It showed its efficacy in preventing psychological stress induced 

abnormal deviations especially in spatial recognition memory functions and anxiety. 

The efficacy of KSC against detrimental effects of psychological stress, could be 

due its antioxidant potential. Possible mechanisms of action for its antistress activity 

are, by preventing development of oxidative stress induced disruptions in 

hypothalamus & hippocampus functions and by preventing development of 

dysregulation in cytokines which have important role in psychological wellbeing. 

From the present study, two research publications have already been made (Refer 

annexures) with respect to KSC.Further evaluation through clinical studies are   

required for human usage. 
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9. IMPACT OF THE STUDY 

 

Stress extracts a high price from our body as well as our mind. Many 

degenerative diseases are associated with free radical induced oxidative damage. 

There is great need for safe and effective prevention strategies to combat the 

ravages of stress on our body. Karisalai chooranam (KSC) preparation may be a 

promising alternative treatment on preventive aspect for a variety of degenerative 

diseases.  In this study, KSC has been proved experimentally for its efficacy against 

restraint stress in an animal model. Hence, it can be used for its antistress and anti-

oxidant potential. Moreover, the results of the standardization parameters from the 

present study can be used as a reference standard in future to find out batch to batch 

variations. This study acquires significance for its health care and standardization 

perspectives. 
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