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I started my research work in February 

27, 2012 which has been documented 

in t his  d isse r t at io n ent it led , 

“Immunopharmacological Evaluation 

of Leaf Extract of an Ethnomedicinal 

Herb, Croton bonplandianus Baill. 

( E u p ho r b ia c e a e ) ”  u n d e r  t he 

supervision of Professor Tapas Kumar 

Chaudhuri, Cellular Immunology 

Laboratory, Department of Zoology, 

University of North Bengal.  

Since the last few decades, with the 

increasing rate of publications in 

medical and pharmacological journals, 

it was quite apparent that evidence 

based pharmacognostic studies on 

complementary and herbal medicine 

were booming. Synergistic activities of 

known phytochemicals, plant extracts 

or novel bioact ive leads were 

constant ly being ident ified by 

biophysical screening of medicinal 

plants. Furthermore, traditionally 

known therapeutic uses of different 

med ic ina l p la nt s were be ing 

established through in vivo trails.   

At that juncture, I decided to evaluate 

certain immunopharmaco logica l 

properties of Croton bonplandianus, is 

an ethnopharmacological plant . 

Various parts of C. bonplandianus are 

extensively used in the treatment of 

diverse ailments. Moreover, it is well 

known for its therapeutic efficacies in 

Indian and Chinese tradit ional 

medicinal systems.  

Therefore, in the present study, 6 

d if fe r ent  b io act iv it ie s  o f C. 

b o n p l a n d i a n u s  l e a f  n a m e l y 

phytochemical estimation, antioxidant 

and free radical scavenging activity, 

i m m u n o m o d u l a t o r y ,  a n t i -

inflammatory, neuromodulatory and 

hepatoprotective act ivit ies were 

evaluated using both in vivo and in 

vitro techniques. In addition, detail 

phytochemical investigations were 

performed using various techniques 

like FTIR and GCMS analyses.  

The findings of the study are published 

in various research journals and are 

presented and discussed in details in 

the Results and Discussion part of this 

dissertation.  
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Herbal medicine is the core of traditional 

medicine. Several plants have been 

identified and extensively utilized for their 

therapeutic value from the very beginning 

of civilization. Croton bonplandianus 

Baill. (Euphorbeaceae) commonly known 

as ‘ban tulsi’ is a perennial herb grows 

mainly as a bush, profoundly grows 

around the canal, river bank, wastelands 

and road side area. It is routinely used in 

Indian and Chinese traditional medicine 

for the treatment of various diseases. 

Indian Ayurvedic medicinal system 

describes the usage of different parts of the 

plant to cure numerous aliments. Different 

groups of researchers have also reported 

some of its bioactivities. However, in spite 

of extensive usages for therapeutic 

purposes, many of its claimed medicinal 

and pharmacological properties have never 

been studied through a systematic 

approach. Moreover, very few of the 

previous studies remained confined in the 

bioactivity of C. bonplandianus leaf. Thus, 

detailed pharmacological properties of C. 

bonplandianus leaf remained unexplored. 

The complete phytochemical profile was 

mostly unknown as well, even though 

some bioactive constituents were identified 

and isolated previously. 

Therefore, the present study was 

conducted to evaluate some of the 

medicinal properties and related 

pharmacological potentialities of C. 

bonplandianus leaf. Initial screening was 

done by evaluating the in vitro antioxidant 

and free radical scavenging activities. The 

effect of C. bonplandianus on immune 

system was evaluated by its effect on 

modulation of humoral immune response 

and macrophage activities. The effect of C. 

bonplandianus leaf extract on various pro- 

and anti-inflammatory parameters were 

evaluated to study the possible anti-

inflammatory activities as mentioned in 

ethnopharmacology. The acclaimed 

neuromodulatory activity of C. 

bonplandianus was investigated on 

scopolamine induced murine model. The 

potent hepatoprotective potentiality was 

studied on haloalkane induced acute 

hepatic damage in mouse. In addition, 

detailed phytochemical analyses were also 

performed to elucidate the major bioactive 

species in the plant. 

The results indicated that the hydroxyl 

radical, hydrogen peroxide and 

hypochlorous acid scavenging activities 

were very significant in leaf, whereas the 

DPPH scavenging activity was greatest 

among them. The potentialities to 

scavenge superoxide radical and inhibit 

lipid peroxidation were also good. In case 

of other antioxidant assays, significant 

Summary 



  

iii 

results were observed in leaf extract for 

peroxynitrite and iron chelation activities. 

The extract demonstrated superior 

bioactivities than the respective standards 

in case of hydroxyl, nitric oxide and 

hypochlorous acid scavenging assays. The 

estimated high level of phenolic an 

flavonoid content, also correlated with the 

antioxidant and free radical scavenging 

activities of C. bonplandianus. 

In case of immunomodulatory activities, 

the extent of stimulation to murine humoral 

immunity evaluated by Plaque Forming 

Cell assay, Immunoglobulin M estimation 

and Hemagglutination (HA) titre were 

highly significant in leaf. Leaf extract 

demonstrated significant (P<0.001) activity 

to modulate total macrophage count, 

phagocytic capacity as well as the 

respiratory burst activity. Percentage 

inhibition of cell adhesion property of 

macrophage and their myeloperoxidase 

reduction were found moderately 

significant in leaf extract. Evaluation of 

anti inflammatory activities demonstrated 

up-regulating IL-2, IFN-γ, IL-10 

expression and down-regulating IL-4, TNF

-α expression in vitro.  The effect of leaf 

extract was most prominent on inhibition 

on COX activities. The decrease in 

prostaglandin E2 level highly correlated 

with the inhibition of COX activities.  

C.  bonplandianus  demonst rated 

neuromodulatory activity by the inhibition 

of in vitro and in vivo acetylcholinesterase, 

catalase, GSH and SOD activities. The 

extent of inhibition of lipid peroxidation 

was significant in leaf extract. The neuro-

therapeutic effect of CBLE on memory 

deficits in a mouse model of amnesia 

(passive avoidance test) induced by 

scopolamine was evaluated. As a result, 

passive avoidance test , a fear motivated 

avoidance test, was employed to describe 

the way in which the animal learn to avoid 

an aversive stimulus (electric foot shock) 

as a part of long term memory. 

The hepatoprotective evaluation of C. 

bonplandianus extract demonstrated the 

substantial normalization of lever enzymes 

and biochemical parameters such as ACP, 

ALP, AST, GGT, ALT, albumin, globulin, 

bilirubin, urea, uric acid, LDH, cholesterol 

etc. both  in vitro and in vivo models. 

Normalization of hepatic catalase activity 

was very significant in leaf extract. 

Inhibition of lipid peroxidation activity and 

protection form CCl4 mediated direct 

cellular death was also significant in leaf 

extract. In vitro inhibition of the 

inflammatory markers viz. TNF-α and 

nitric oxide were highly significant in leaf 

compared with control and standard group. 

Visual signs of amelioration of CCl4 

toxified liver was documented through 

histopathological studies,  which 

demonst r ated the lower ing of 

hepatocellular necrosis, bile duct 

proliferation, sinusoidal dilatation, 

inflammation (leukocyte infiltration), 

vascular congestion, loss of structure of 

hepatic nodules, hepatocellular fibrosis, 
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fatty infiltration, vacuolar degeneration 

and calcification in the extract treated 

groups. For phytochemical profiling, C. 

bonplandianus leaf was initially screened 

biochemicalyl for the presence/absence of 

the major classes of phytochemicals such 

as Tannin, terpenoid, glycoside, phenolics, 

flavonoid, steroid, anthraquinone, saponin, 

alkaloid etc. Quantitative estimation of 

various phytochemicals were performed 

which revealed the presence of varying 

degree of alkaloid, flavonoid, saponin, 

phenolics, riboflavin, thiamine, ascorbic 

acid, tannin etc. Various functional groups 

like alcohol, alkane, acid, amide, amine, 

aliphatic ketone, carbonyl, nitro group etc. 

belonging to different phytochemicals 

were identified using FTIR analysis. 

Moreover, GC-MS analysis revealed the 

presence of several bioactive compounds 

with known pharmacological activities like 

α-Linolenic acid, phytol, Squalene, α-

Amyrin, oleic acid, tocopherol, 

stigmasterol, sitosterol, Campesterol etc. 

The present investigation thus, 

demonstrates potent medicinal and 

pharmacological activities of C. 

bonplandianus as claimed in the traditional 

t h e r a p e u t i c  s y s t e m s .  T h e 

immunopharmacological potentialities of 

C. bonplandianus are attributed to the vast 

array of bioactive constituents identified in 

the plant. 
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the pivotal roles for the successful 
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years I looked up to Prof. Chaudhuri as a 
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India is very popular for its traditional 

medicine treatment like Ayurveda, Siddha, 

and Unani, as mentioned even in the 

ancient Vedas and other scriptures. 

(Subhose et al., 2005). Ayurveda means 

“science of life” and “science of 

longevity”, because ancient Indian system 

of health care focused on views of human 

and their illness. It offers a complete 

system to live a long healthy life. In India, 

during the Buddhist period plant resources 

were used for treating many diseases. 

Ayurvedic medicine has a vast literature in 

Sanskrit covering various aspects of 

diseases, therapeutics, and pharmacy. Rig 

veda, an ancient Indian sacred collection 

of Vedic Sanskrit hymns, and the 

Atharvaveda, the fourth and last Veda of 

Hindu literature, are the earliest references 

to such plants, minerals, and animal 

products with their usage for medical 

purposes (Pan et al., 2014). India 

possesses almost 8% of the estimated 

biodiversity of the world including 

126,000 species. Among 400 families of 

flowering plants in the world, at least 315 

of these can be found in India (Pan et al., 

2014). Currently, about 45,000 species 

(nearly 20% of the global species) are 

found in the Indian subcontinent (Singh, 

2006). The western part of the Himalayan 

region possesses about 80% of herbal 

drugs in Ayurveda, 46% of Unani, and 

33% of allopathic systems (Figure 1) 

(Baragi et al., 2008). The Indian Herbal 

Medicine (IHM) is derived either from the 

whole plant or from different organs, like 

leaves, stem, bark, root, flower, seed, and 

so forth. Some drugs are also prepared 

from excretory plant products such as 

gum, resins, and latex and commonly used 

spices, herbs, and herbal formulae are used 

for the treatment of about 28 kinds of 

chronic diseases in humans (Sharma et al., 

2007).  

Herbal drugs still have their place in day-

to-day therapy in spite of the presence of 

modern synthetic drugs and antibiotics. 

Indian Herbal Medicines are popular 

because of ease in access, low-cost and 

comparative freedom from serious side-

effects. There are many adverse side-

effects like hepatotoxicity, 

hypersensitivity, immunosuppression and 

allergic reactions associated with the 

synthetic drugs and antibiotics. Thus, 

bioactive compounds or chemicals derived 

from the plants have drawn the main 

Chapter 1 
Introduction 
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attention as a source of alternative 

medicines. 

Evaluation of antioxidant and free radical 

scavenging activities of medicinal herbs 

are the first and highly preferred 

approaches for the screening of herbal 

medicines for their therapeutic purpose. 

Oxygen is indispensable for the survival of 

most of the life forms. However, most of 

the unused oxygen is transformed into 

various reactive species. This reactive 

oxygen species (ROS) are mainly produced 

in the cell by the mitochondrial respiratory 

chain which imparts an oxidative stress 

producing super oxide anion (O2
.-), 

hydrogen peroxide (H2O2), hydroxyl 

radical (OH•) etc. during endogenous 

metabolic reactions. ROS are also 

produced by myeloperoxidase (MPO) - 

Halide - H2O2 system where, in the 

presence of chloride ion H2O2 is converted 

to hypochlorous acid, a potent oxidizing 

agent (Balasaheb and Pal, 2015). ROS in 

low concentration is essential for our 

physiological functions like cellular 

growth, gene expression and this may 

provide defense against infection too. 

However, inability to detoxify excess ROS 

by our body may cause oxidative stress.  

The oxidative stress may in turn increases 

Figure 1: Plant species in India and Indian herbal medicine (IHM) (Pan et al., 2014) 
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the risk of various diseases like diabetes, 

cancer, obesity, rheumatoid arthritis, 

cognitive disorders and ageing 

(Durackova, 2010; Poyton et al., 2009). 

On the other hand, reactive nitrogen 

species (RNS) as well as nitric oxide (NO) 

are generated under hypoxic condition 

during mitochondrial respiratory chain 

(Poyton et al., 2009). RNS induces 

excessive lipid peroxidation which may 

lead to the production of other reactive 

species like reactive aldehydes and 

malondialdehyde. These „oxyradical 

overload‟ may lead to a variety of diseases 

including cellular inflammation, cancer by 

way of DNA damage, protein modification 

and by changing transcriptional 

parameters. All these may lead to the 

increased cellular homeostatis. Besides, 

accumulation of ROS by soluble mediators 

like arachidonic acid, cytokines and 

chemokines secreted by inflammatory 

cells, activate several signal transduction 

cascades including changes in transcription 

factors such as NF-κβ, AP-1, Nrf2, p53, 

SP1, HIF-1α, STAT3 and PPARγ. The 

activation of these transcription factors by 

ROS may lead to sustained inflammation 

Figure 2: Schematic representation showing the free radical generation followed by the 

chain of by-product (ROS/RNS) formed due to oxidative stress and how they affect 

biological systems by cellular stress and even leading to carcinogenesis. [HOCl: Hy-

pochlorous acid; H2O2: Hydrogen peroxide; 1O2: Singlet oxygen; O2
.-: Superoxide; OH•: 

Hydroxyl radical; 8-OHdG: 8-hydroxy2-deoxy guanosine; OONO-: Peroxynitrate; NO.: Ni-

tric oxide; Fe2+: Iron ion; Cu+: Copper ion; Cl-: Chlorine ion; ROS: Reactive oxygen species; 

RNS: Reactive nitrogen species; NOS: Nitric oxide synthase; MPO: Myeloperoxidase; 

MDA: Malondialdehyde; 4-HNE: 4-hydroxynonenol]. 
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or an oxidative environment which in turn 

might lead to the damage of healthy 

neighbouring epithelial and stomatal cells 

over a long period of exposure which 

might lead to cancer (Figure 2) (Hussain 

and Harris, 2007; Reuter et al., 2010).  

“Everybody knows what stress is, and 

nobody knows what it is”, once noted by 

Hans Selye (1973). According to current 

knowledge, it is safe to define stress as “a 

physical, chemical, or an emotional factor 

that causes bodily harm often causing 

disease”. The association between stress, 

anxiety, depression and cognitive 

dysfunction comes to mind, if we focus on 

stress as an “emotional factor”. Now-a-

days, „stress‟ can be defined as altered 

biochemical process produced or enhanced 

by psychological, physiological or 

environmental stimuli. High oxygen 

consumption makes the brain vulnerable to 

redox imbalance. Oxidative stress in the 

brain causes the nervous system 

impairment and kick off depression, 

anxiety disorder and high anxiety level. 

Anxiety is an unpleasant emotional state, 

in which the feeling of fear is 

incommensurate to the nature of the threat 

Figure 3: Schematic representation showing the free radical generation followed by the 

chain of by-product (ROS/RNS) formed due to oxidative stress and how they affect 

biological systems by cellular stress and even leading to different types of mental disor-

ders. [HOCl: Hypochlorous acid; H2O2: Hydrogen peroxide; 1O2: Singlet oxygen; O2
.-: Su-

peroxide; OH•: Hydroxyl radical; 8-OHdG: 8-hydroxy2-deoxy guanosine; OONO-: Per-

oxynitrate; NO.: Nitric oxide; Fe2+: Iron ion; Cu+: Copper ion; Cl-: Chlorine ion; ROS: Reac-

tive oxygen species; RNS: Reactive nitrogen species; NOS: Nitric oxide synthase; MPO: 

Myeloperoxidase; MDA: Malondialdehyde; 4-HNE: 4-hydroxynonenol; NOX: Nitrous ox-

ide; TNF α: Tumor necrosis factor α; ERK: Extra cellular signal regulated kinases; SOD: 

Super oxide dismutase]. 
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(Weinberger, 2001). There are many 

factors like emotional stress, behavioral, 

expressive and physiological features 

enhance the subjective features of anxiety. 

Anxiety is very common in US 

populations and constitutes approximately 

28.8% of the total population (Kessler et 

al., 2005). In India, about 29% of girls and 

23% of boys among school going kids 

were found to suffer from Psychiatric 

disorders (Jayanthi et al., 2015). A 

population based study revealed that 

anxiety disorder goes almost untreated (de 

Graaf et al., 2002; Issakidis et al., 2002). 

Oxidative stress causes the lipid 

peroxidation in the brain and result in 

decrease of the membrane fluidity, damage 

in membrane protein inactivating 

receptors, enzyme and ion channels (Valko 

et al., 2007; Delattre et al., 2005; Lebel, 

1991). As a result, neurotransmission, 

neural function and overall brain activity 

can be altered by „oxidative 

stress‟ (Delattre et al., 2005; Cardozo et 

al., 1999). ROS generated oxidative stress 

has been linked with several diseases 

which are specific for nervous system 

impairment including neurodegenerative 

and neuropsychiatric diseases, such as 

schizophrenia, bi-polar disorder and major 

depressive disorder (Figure 3) (Valko et 

al., 2007; Delattre et al., 2005; Bilici et al., 

2001; Yao et al., 2001).  

In our biological system, excessive 

reactive species derived from oxygen and 

nitrogen may lead to the oxidative damage 

tissues and organs. Oxidative stress can be 

considered as a combined pathological 

mechanism, and it induces the initiation 

and progression of liver injury. The liver is 

associated with most of the physiological 

and metabolic functions in our body 

system. Bio-transformation and 

metabolism of xenobiotic compounds are 

enhanced by liver, which in some cases 

cause liver damage. Liver is a crucial 

organ attacked by ROS (Sanchez-Valle et 

al., 2012). Parenchymal cells may get 

damaged by oxidative stress and cause 

injury in liver. ROS are produced by 

mitochondria, microsomes and 

peroxisomes in parenchymal cells, 

regulating on PPARα, a fatty acid 

oxidation gene expression. Moreover, 

oxidative stress molecules are potentially 

more sensitive for kupffer cells, hepatic 

stellate cells and endothelial cells. 

Oxidative stress is produced by variety of 

cytokines like TNF-α secreted by kupffer 

cells. Drug induced hepatotoxicity has 

become the leading cause behind the acute 

liver failure among the patients of United 

States (Kaplowitz, 2005). Among all the 

organs in our body, liver is one of the most 

vital organs which safeguards from the 

harmful chemicals. Continual exposure of 

xenobiotics causes serious damage of liver 

due to its portal location in the circulation 

and central role in detoxification (Jones, 

1996; Dey et al., 2013). Halogenated 

alkenes are the organic xenobiotics which 

hold the potentialities to cause liver injury 
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(Dey et al., 2013; Subramonium and 

Pushpangadan, 1999).  

In recent years, Drug Induced 

Hepatotoxicity (DIHT) has emerged as a 

tremendous concern in medicine where 

around 75% of idiosyncratic drug reactions 

result in either liver transplantation or 

proves to be lethal (Mehta et al., 2014). 

Around 2000 cases of acute liver failure 

occurs in US every year and out of these 

cases 50% are associated with DIHT 

(Dewantara, 2008). Carbon tetrachloride 

(CCl4) is considered as a haloalkene model 

which is extensively used to study the 

pathophysiological implications of 

xenobiotic metabolism and 

hepatoprotective potentialities of natural 

compounds (Weber et al., 2003). Liver 

Figure 4: Schematic representation showing the free radical generation followed by the 

chain of by-product (ROS/RNS) formed due to oxidative stress and how they affect 

biological systems by cellular stress and CCl4 induced hepatotoxicity. The pathway 

demonstrates the mechanism of CCl4 induced hepatotoxicity which is predominantly 

mediated by oxidative stress and inflammatory injury due to the formation of reactive 

metabolic intermediates and the free radical formation cascade during xenobiotic in-

duced hepatotoxicity causing oxidative and nitrosative stress. Cyt P450 = cytochrome 

P450, CCl3 
● = trichloromethyle radical, CCl3OO● = trichloromethylperoxy radical, TNF-α = 

tumor necrosis factor-α,; HOCl: Hypochlorous acid; H2O2: Hydrogen peroxide; 1O2: Singlet 

oxygen; O2
.-: Superoxide; OH.: Hydroxyl radical; 8-OHdG: 8-hydroxy2-deoxy guanosine; 

OONO-: Peroxynitrate; NO.: Nitric oxide; Fe2+: Iron ion; Cu+: Copper ion; Cl-: Chlorine ion; 

ROS: Reactive oxygen species; RNS: Reactive nitrogen species; NOS: Nitric oxide syn-

thase; MPO: Myeloperoxidase; MDA: Malondialdehyde. 
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damage by CCl4 is primarily generated by 

free radicals mediated tissue injury and 

inflammatory damages. On the other hand, 

a number of reactive oxygen or nitrogen 

species can kick off intracellular signaling 

cascade that intensify pro-inflammatory 

gene expression (Anderson et al., 1994; 

Flohe et al., 1997). Thus, oxidative stress 

is directly related with inflammation. CCl4 

is linked to its metabolic activation to short 

lived reactive intermediates. Terminal 

oxidase of the oxidase system cytochrome 

P450 catalyzed CCl4 to form 

trichloromethyl radicals (Weisburger, 

1977). The radicals formed by the 

metabolism of CCl4 are highly energetic 

and cause lipid per oxidation and 

membrane damage. Secondary 

inflammatory response produced by 

kupffer cells lead to the secretions of 

several chemokines and cytokines like 

TNF-α.  Repeated cycle of injury, 

inflammation and repair leads to the 

fibrosis and eventually hepatocellular 

carcinoma (HCC), the most common 

primary malignancy of the liver. The 

mechanism of HCC is chronic 

inflammation associated with oxidative 

stress occurred in cirrhotic liver (Figure 4).  

Herbal immunomodulators are plant 

derived substances, possess the potentiality 

to stimulate or suppress any component or 

function of the immune system (both 

innate and humoral) or work as adjuvant 

with other compounds (Agarwal and 

Singh, 1999). Immunostimulants may 

provide protection against microbial 

infections as well as enhance body‟s 

resistance to allergy, autoimmunity and 

cancers. Immunosuppressants may provide 

control of pathological immune response 

during autoimmune diseases, graft and 

hypersensitive reactions. Besides, 

immunoadjuvants may be used to intensify 

the efficiency of vaccines. Emerging 

vaccines coupled with botanical 

immunodrugs are coming up as an exciting 

field of therapeutics where conventional 

vaccines fail to deliver required immune 

response (Bendelac and Medzhitov, 2002). 

Bioactive polysaccharide containing 

Japanese traditional medicine Hochu-ekki 

cause human dendritic cell (DC) 

maturation by means of up-regulating 

CD80, CD83 and CD86 expression 

without the presentation of antigen

(Nabeshima, et al., 2004). Saponins from 

Tripterygium wilfordii may provide an 

alternative class of pharmaceuticals 

because of its down-regulation of around 

75% CD80 in human DC in an IL-10 

independent manner, (Wang et al., 2001). 

Targeting B-lymphocytes for effective 

antibody based immunity is also a routine 

method of immunomodulation. A 

polyphenol-rich extract of mango 

(Mangifera indica Linn) containing 2.6% 

mangiferin was demonstrated to elevate 

the anti-sRBC hemagglutination titre (HA) 

around 20 fold in murine model (Makare, 

et al., 2001). Furthermore, intraperitoneal 

immunization with dietary supplement 
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components (carvone, limonene, and 

perillic acid) were shown to enhance the 

anti-sRBC HA titre 10 fold, which was 

proposed to occur as a result of B-

lymphocyte proliferation, resulting in 

upraised anti-sRBC plaque forming cell 

(PFC) response (Raphael and Kuttan, 

2003). Similar approach was taken by Roy 

and his group (2013) who demonstrated 

the modulation of HA titre and PFC values 

by Diplazium esculentum (Koenig ex 

Retz.) Sw. in experimental mice. Targeting 

TH1/TH2 cell effector function has evolved 

as a promising strategy where modulation 

of TH1 response into TH2 response appears 

provocative (Patwardhan & Gautam, 

2005). Saikosaponin-D, isolated from 

Chinese Thoroughwax (Bupleurum 

falcatum L.) enhanced Con A stimulated 

murine splenic lymphocytes which was 

associated with elevated IL-2 production 

(Kato et al., 1994). Similar effect was 

observed in case of a bioactive fraction of 

Dioscorea alata L. underground tuber, 

which demonstrated the enhanced 

proliferation of murine splenic 

lymphocytes and modulated TH1/TH2 

cytokine balance in vitro (Dey and 

Chaudhuri, 2014). 

Alternatively, Toll-like receptor (TLR) and 

associated innate immunity markers are 

presently being targeted for effective 

immunoadjuvant actions by botanical 

immunodrugs (Patwardhan and Gautam, 

2005; Chahal et al., 2013). Liu et al., 

(2008) demonstrated that a bioactive 

polysaccharide fraction from Dioscorea 

batatas stimulates murine macrophages 

trough TLR-4 associated protein kinase 

signalling in order to induce TNF-α 

secretion in vitro. Very recently 

Ghochikyan et al., (2014) reported 

Immunomax®, an herbal polysaccharide 

which possesses TLR-4 agonistic activity 

may contribute in its anti-cancer 

efficiency. Cytokines being the central in-

house immunoregulators of the system, 

provides an excellent approach in the 

treatment and prevention of diseases and 

infections (Spelman et al., 2006). 

Strategies of cytokine modulation include 

antagonist, agonist, inhibitory and 

stimulatory models in vivo and in vitro. 

For instance, Hodge et al., (2002) 

proposed the use of garlic extract (Allium 

sativum L.) in the treatment of 

inflammatory bowel disease through 

inhibition of TNF-α, IL-1α, IL-6, IL-8 in 

monocytes and IFN-γ, IL-2, and TNF-α i n 

T -lymphocytes. A detailed review on 

selective botanical immunodrugs, 

inc lu di ng di et a r y  su pp lement s 

demonstrating cytokine modulatory 

activity, is given by Sommer (1999). 

Numerous herbal remedies are presently 

being targeted towards different 

inflammatory mediators such as kinins, 

platelet-activating factors, arachidonic 

metabolites (prostaglandins), leukotrienes, 

amines, purines, pro- and anti-

inflammatory cytokines, chemokines and 

celladhesion molecules (CAM) (Levine 
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and Reichling, 1999). In most anti-

inflammatory studies, the strategies 

involved are: up-regulation of anti-

inflammatory cytokines and down-

regulation of proinflammatory cytokines, 

suppression of COX activities leading to 

inhibition of prostaglandin levels, 

suppression of NF-κβ activation and 

suppression of iNOS induction. NF-κB 

controls the expression of genes encoding 

different pro-inflammatory cytokines (IL-

1, IL-2, IL-6, TNF-α,), chemokines (IL-

8,MIP-1α, MCP1), adhesion molecules 

(ICAM, VCAM, Eselectin), inducible 

enzymes (COX-2 and iNOS), growth 

factors, some of the acute phase proteins, 

and immune-receptors, all of which play a 

critical role in controlling most of the 

inflammatory processes (Barnes and 

Karin, 1997; Ghosh and Karin, 2002). 

Cognitive disorders (CDs), one kind of 

abnormalities that affects brain capability 

to remember and process information 

(Trivedi, 2006) at late age, could be 

balanced by the antioxidative defense 

system. CDs include dementia, amnesia, 

Alzheimer disease (AD), Parkinson‟s 

disease (PD), trauma, seizures and other 

neurodegenarative deisorders (NDs) 

(Chattipakorn et al., 2007). Dysfunction of 

dopaminargic neurons, cholinergic 

abnormalities, mitochondrial dysfunction 

and extensive neuronal loss in brain are the 

main factors of occurring NDs. In addition, 

ROS generates continuously in brain 

leading to a progressive accumulation of 

cellular damage, correlated with the onset 

of AD and PD (Gandhi and Abramov, 

2012). AD is believed to be linked to a 

deficiency in the brain neurotransmitter, 

acetylcholin (ACh). Inhibition of 

acetylcholinesterase enzyme (AChE) is a 

rational pathway for the systematic 

treatment of AD (Prince at el., 2013). PD, 

t h e  s e c o n d  m o s t  c o m m o n 

neurodegenerative disorder after AD, is 

characterized by resting tremor, 

bradykinesis, muscular rigidity, and 

prostural imbalance occurring due to 

progressive death of substansia nigral cells 

leading to dysfunction of dopaminergic 

neurons (Chattipakorn et al., 2007). A 

recent survey reflected that about 35.6 

million people lived with dementia 

worldwide in 2010, likely to be doubled by 

2030 (Prince et al., 2013). Hence, 

neurodegenerative disorder has emerged as 

a great public health concern, thereby 

demand intervention to ameliorate 

oxidative stress. Several approved drugs 

including donepezil, tacrine, rivastigmine, 

galanthamine etc., to some extent, alleviate 

the symptoms of cognitive impairments. 

However, their chronic use is often 

associated with exerting side effects 

(Chattipakorn et al., 2007). Herbal 

formulations on the other hand have been 

documented effective against several 

cognitive disorders so far (Mathew and 

Subramanian, 2014). 

Potent therapeutic properties of the phyto-

medicine are due to the presence of diverse 
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class of bioactive phytochemicals, most of 

which are secondary metabolites (Figure 

5). Around 30% of FDA approved 

medicines have a botanical origin (De 

Smet, 2002; Licciardi and Underwood, 

2011) and designer drugs are continuously 

being synthesized solely based on the 

structural and functional template of plant 

derived compounds. Till date, numerous 

plant derived compounds have been used 

in clinical practice. Few such major 

compounds are antineoplastic Paclitaxel 

from Taxus brevifolia, anti-cancer 

Vincristine/Vinblastine from Rosy 

periwinkle, anti-malarial Quinine from 

Cinchona ledgeriana, cadiotonic Digoxin 

from Digitalis lanata, analgesic morphine 

from Papaver somniferum, anti-

hypertensive Reserpine from Rauwolfia 

serpentine, anti-cholinergic Atropine from 

Atropa belladonna, anti-asthmatic 

Ephedrine from Ephedra sinica, 

bronchodilator Theophylline from 

Camellia sinensis etc. Phytocompounds of 

diverse chemical natures such as 

isoflavonoids, indoles, phytosterols, 

polysaccharides, sesquiterpenes, alkaloids, 

polyphenols, glucans and tannins are 

currently being investigated for possible 

immunomodulatory activities. Few such 

immunoactive leads from herbal source are 

Ginsan (polysaccharide from Panax 

ginseng), Triptolide (terpenoid from 

Tripterygium wilfordii); Mistletoe lectin 

(lectin from Viscum album); Piperine 

(alkaloid from Piper longum), Matrine 

(alkaloid from Sophora alopecuoides), 

Sinomenine (alkaloid from Sinomenium 

Figure 5: Schematic representation of cytokine interactions during inflammation 

(GeneCopoeia, 2001). 
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acutum), Artemisinin (lactone from 

Artemisia annua), Apocynin (glycoside 

from Picrorhiza kurroa) and Shatavarin 

(saponin from Asparagus racemosus). 

Plant derived phenolic compounds possess 

aromatic rings with one or more hydroxyl 

group attached to it. These are secondary 

metabolites comprising a large variety of 

compounds including simple phenols, 

phenolic acids, coumarins, flavonoids, 

stilbens, hydrolysable and condensed 

tannins, ligans and lignins (Naczk & 

Shahidi, 2004). Numerous phenolic 

compounds have been identified to posses 

various medicinal properties such as 

antioxidant, anti-carcinogenic/anti-

mu t a g e n i c ,  a n t i - i n f l a m ma t o r y , 

immunomodulatory,  anti-diabetic, 

hepatoprotective, anti-microbial etc. 

(Huang et al., 2010). The physiological 

and pharmacological properties of the 

phenolic compounds are mainly attributed 

to their antioxidant and free radical 

scavenging capacities (Surh, 2003), which 

varies in different phenolic compounds 

depending on the number and position of 

the hydroxyl groups as well as chemical 

substitutions (Cai et al., 2006; Heim et al., 

2002). The basic mechanism of their 

antioxidant capacity includes: (i) ROS 

scavenging, (ii) inhibiting generation of 

ROS either by enzymatic suppression or 

metal chelation and (iii) up-regulating 

antioxidative defence enzymes. 

Different medicinal plants such as 

Barringtonia racemosa, Cornus officinalis, 

Cassia auriculata, Polygonum aviculare, 

Punica granatum, Rheum officinale, Rhus 

chinensis, Sanguisorba officinalis, and 

Terminalia chebula and different dietary 

supplements like tea, clove and thyme are 

reported to contain gallic acid which 

posses a vast array of bioactivities (Huang 

et al., 2010). Bioactive p-coumaric acid, 

ferulic acid and caffeic acid are the major 

bioactive constituents of various medicinal 

herbs, vegetables and fruits (Cai et al., 

2004). Medicinal plants of the 

Apocynaceae and Asclepiadaceae family 

are reported to contain chlorogenic acid, 

which is ester of caffeic acid (Huang et al., 

2007). Potent antioxidant phenolic 

compound rosmarinic acid is abundant in 

mint, sweet basil, oregano, rosemary, sage, 

and thyme (Shan et al., 2005). 

Flavonoids are the most common and 

widely distributed naturally occurring 

phenolic compounds in photosynthetic 

plants (Kumar and Pandey, 2013). 

Antioxidant activity of flavonoids depends 

on the arrangement of functional groups 

around the nuclear structure. The B-ring 

hydroxyl group configuration is the 

primary determinant of the antioxidant and 

free radical scavenging capacity of 

flavonoids, because it donates proton and 

an electron to different free radicals and 

thereby, generating a stable flavonoid 

radical (Cao et al., 1997). Flavonoids 

possess lower redox potentials and 

therefore, are thermodynamically capable 

to reduce some highly oxidizing free 
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radicals such as OH•, peroxyl, O2•- and 

alkoxyl radicals (Kumar and Pandey, 

2013). Catechin, apigenin, quercetin, 

naringenin, rutin and different other 

flavonoids are reported to possess 

hepatoprotective capacities (Tapas et al., 

2008). The flavonoid silymarin, composed 

of silibinin, silydianine, and silychristine, 

is a well-known hepatoprotective agent 

and routinely used as a standard in other 

hepatoprotective studies (Wellington and 

Jarvis, 2001; Saller et al., 2001; Ball and 

Kowdley, 2005). The pharmacological 

properties of silymarin includes 

maintenance of cell membrane 

permeability and integrity, inhibition of 

leukotriene, ROS scavenging, suppression 

of NF-κβ activity, depression of protein 

kinases, collagen production (He et al., 

2004) and has clinical application in liver 

cirrhosis, ischemic injury, and toxic 

hepatitis (Saller et al., 2001). Different 

flavonoids such as hesperidin, apigenin, 

luteolin, and quercetin are reported to have 

anti-inflammatory and analgesic activities. 

The tyrosine and serine-threonine protein 

kinases involved in the inflammatory 

process are affected by Different 

flavonoids (Nishizuka, 1988). Moreover, 

flavonoids are also reported to inhibit and/

or down-regulate some of the major 

inflammatory mediators such as inducible 

NO synthase, cyclooxygenase and 

lipooxygenase (Tunon et al., 2009). 

However, this is noteworthy that in 

traditional medicinal systems, the 

phytocompounds are not isolated from 

their natural sources and are administered 

as whole in the form of crude extracts. 

Those possibly lead to either prominent 

bioactivities of one of the lead compound 

or synergistic activities of the 

phytochemical cocktail. 

1.1. Objectives 

C. bonplandianus is known for its 

therapeutic efficiencies for ages. 

Numerous surveys have enlisted the 

ethnopharmacological uses of C. 

bonplandianus by indigenous people for 

the treatment of diverse ailments. Evidence 

based research have already demonstrated 

different pharmacological properties of C. 

bonplandianus. However, majority of 

those studies were not systematic enough. 

Therefore, the present study was designed 

t o  e v a l u a t e  c e r t a i n 

immunopharmacological properties of C. 

b o n p la n d ia n u s ,  bas ed o n i t s 

ethnopharmacological claims. The 

investigation was primarily divided into 

six parts which evaluated the 

immunomodulatory, anti-inflammatory, 

antioxidant, neuromodulation and 

hepatoprotective properties of C. 

bonplandianus. Moreover, detailed 

phytochemical investigations were also 

aimed to reveal the chemical composition 

of C. bonplandianus. Thus, the present 

work was based on the following 

objectives: 

1. To  qualitatively  and  quantitatively  

estimate  the  amount  of  different  
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phytochemicals present in C. 

bonplandianus leaf extract. 

2. To study the immunomodulatory 

effects of the leaf extract of C. 

bonplandianus. 

3. To study the anti-inflamatory potential 

of the leaf extract of C. 

bonplandianus. 

4. To estimate the antioxidant profile and 

reactive oxygen species scavenging 

activity of leaf extracts of C. 

bonplandianus. 

5. To study the hepatoprotective activity 

of C. bonplandianus leaf extract. 

6. To investigate the neuromodulatory 

activity of C. bonplandianus leaf 

extract by studying its effect on the 

cholinergic nervous system of mouse.  



REVIEW OF LITERATURE          

 

The review of literature on Croton 

bonplandianus has been concentrated 

particularly on its medicinal and 

pharmacological aspects, with special 

emphasis on its ethno-medicinal use and 

evidence based scientific reports of its 

pharmacognostic activities. University of 

North Bengal library web portal 

(http://10.10.2.100/opac/opac.asp) and 

manual internet search were performed 

using various keywords related to the plant 

such as ‘Croton bonplandianus’, ‘Croton 

bonplandianum’, ‘Croton and traditional 

medicine, ‘Croton and therapeutic’, 

‘Croton and anti-cancer’ etc. In addition, 

reference and bibliographies of several 

published articles were searched for 

related keywords. Search for published 

research articles were separately 

performed in Medline, Scopus, Google 

Scholar and EBSCO. Different criteria of 

inclusion were adopted like: 

Croton bonplandianum ,  Croton 

sparsiflorus Morong, Croton rivinoides 

Chodat, Croton pauperulus Müll.Arg, 

Oxydectes bonplandiana (Baill.) Kuntze 

and locally Ban tulsi or kukka tulsi were 

considered to be the synonyms of Croton 

bonplandianus. 

2.1. Botanical description 

The plant C. bonplandianus (synonym 

Croton bonplandianu m,  Croton 

sporsiflorus Morong) is commonly known 

as Ban-tulsi, Kala bhanghra or Paitiya 

(Marma). C. bonplandianus is a much 

branched, woody herb, 22-50 cm tall, 

branches satellite hairy to glabrous. 

Flowers of this plant are tiny, peach color, 

tiny globe shaped, flower buds arranged in 

up right spikes with green fruits (Dutta et 

al., 2013).  

Classification of the plant is as follows: 

C. bonplandianus was collected from the 

garden and road side areas of the campus 

of University of North Bengal (NBU) and 

identified by the taxonomist Prof. A. P. 

Das, of the Department of Botany, NBU. 

The voucher specimen was stored at the 

Chapter 2 
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Kingdom: Plantae  

Division: Magnoliophyta 

Class: Magnoliopsida  

 Order: Euphorbiales 

   Family: Euphorbiaceae  

    Genus: Croton 

      Species: bonplandianus  

https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Plantae
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Magnoliophyta
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Magnoliopsida
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Euphorbiales
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Euphorbiaceae
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=CRBO4
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NBU herbarium of Department of Botany 

with an accession number 09870. 

C. bonplandianus was collected from the 

garden and road side areas of the campus 

of University of North Bengal (NBU) and 

identified by the taxonomist Prof. A. P. 

Das, of the Department of Botany, NBU. 

The voucher specimen was stored at the 

NBU herbarium of Department of Botany 

with an accession number 09870. 

C r o t o n  b o n p l a n d i a n u s  B a i l l . 

(Euphorbeaceae), commonly known as 

‘ban tulsi’ is a perennial herb grows mainly 

as a bush, profoundly grows around the 

canal, river bank, wastelands and road side 

area. The plant is native to the southern 

Bolivia, Paraguay, South Western Brazil 

and Northern America but also found in the 

Sub-Himalayan region of West Bengal, 

India (Dutta et al., 2013). 

C r o t o n  b o n p l a n d i a n u s  B a i l l . 

(Euphorbeaceae), commonly known as 

‘ban tulsi’ is a perennial herb grows mainly 

as a bush, profoundly grows around the 

canal, river bank, wastelands and road side 

area. The plant is native to the southern 

Bolivia, Paraguay, South Western Brazil 

and Northern America but also found in the 

Sub-Himalayan region of West Bengal, 

India (Dutta et al., 2013). 

2.2. Ethnopharmacology and traditional 

use of C. bonplandianus 

The traditional medicine all over the world 

is now-a-days evaluated by an extensive 

activity of research on different plant 

species consumed by the local or tribal 

populations of different parts of the world 

and their therapeutic principles. Based on 

indigenous theory, Herbal medicines are 

belief and experiences that are handed 

down from generation to generation 

(World Health Organization, 2000). 

Practices of traditional medicine have been 

developed in accordance with the life style 

and cultural practices of the society. Hands 

on practical training with traditional 

knowledge of herbal medicines have 

enriched throughout the globe. Herbal 

medicine have evolved as a complementary 

and alternative medicines to treat various 

kind of diseases caused by different kinds 

of stresses, anxious, industrial hazards, 

Figure 6: Picture of Croton bonplandianus. 
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pathogenic bacteria etc. In spite of modern 

synthetic drugs and antibiotics, herbal 

drugs still have their place in modern 

medicinal field and day to day therapy. 

There are many properties like 

effectiveness, ease in access, low cost and 

comparative freedom from serious side 

effects, makes herbal medicine not only 

popular but also an acceptable mode of 

treating diseases even in modern times.  

The knowledge for long life, Ayurveda is 

originated in India in the Vedic period 

(AYUSH, 2013). Susrata Sanhita and 

Charaka Sanhita, the core of the Ayurvedic 

medicinal system mentioned therapeutic 

uses of different medicinal plants. 

C. bonplandianus has many medicinal 

usages including the repellent property 

against the insect (Jeeshna et al., 2010). It 

has also anti-bacterial (Vadlapudi, 2010), 

anti-fungal (Asthana et al., 1989), anti-

oxidant (Divya et al., 2011), analgesic 

(Saggoo et al., 2010), nematicide (Maria et 

al., 2008), anti-coronary (Bhakat and Sen, 

2008; Chaudhuri, 2007; Nishanta et al., 

2002), hepatoprotective (Das et al., 2008) 

and wound healing activities (Chandel et 

al., 1996; Reddy, 1995). In the remote 

areas of West Bengal, local people use its 

root as a medicine against snake venom 

and the leaf extract used as a medicine for 

high fever (Ghosh et al., 2013). C. 

bonplandianus have been used to cure 

liver diseases against ring worm and skin 

diseases. Leaves of this plant have got high 

medicinal value and are used for 

controlling blood pressure, cuts and 

wounds. The seeds of C. bonplandianus 

are used for the treatment of jaundice, 

acute constipation, abdominal dropsy and 

internal abscesses. The fresh juice of this 

plant is used by tribal populations to cure 

head acne (Divya et al., 2011). The plant is 

also used by some migratory workers for 

the treatment of skin disorders. Less 

commonly, the juice of this plant is used 

Figure 7: Worldwide distribution of Croton bonplandianus. (Discover Life) 
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against helminthiasis and toothache 

(Singh, 2011). 

2.3. Bio-molecules of C. bonplandianus 

There are several bio-molecules or bio-

active compounds present in C. 

bonplandianus, responsible for preventing 

many diseases. Phyto-chemically the plant 

has been reported to contain rutin, 

crotsporinine, crotosparine and its methyl 

derivatives aphorbol play a key role in 

wound healing activity (Divya et al., 

2011). C. bonplandianus is a good source 

of steroids, unsaturated steroids, phenolics, 

alkaloids, flavon, flavonols, carotinoids, 

leuco-anthocyanine and flavonoids 

(Kothale, 2011). The plant also contains 

two groups of compounds, terpinoids and 

glycosides. C. bonplandianus is rich in bio

-polymars such as cellulose, hemi-

cellulose and lignin. Oil and ethanol can be 

obtained from this plant (Sharma, 1990). 3

-α hydroxyl-urs 12, 15-dien of ursane 

skeleton, oleanolic acid, ursolic acid and β-

sitosterol are the isolated compounds from 

the root of C. bonplandianus (Ghosh, 

2013),  and 3 -methoxy 4 ,  6 -

h y d r o x y m o r p h i n a n d i e n - 7 - o n e , 

norsinoacutin are the alkaloids isolated 

from the extract of C. bonplandianus.  

2.4. Bioactivity of C. bonplandianus 

2.4.1. Antimicrobial and genotoxic 

activity 

A wide range of diseases are caused by 

bacteria such as cholera, tetanus, 

diphtheria, tuberculosis, typhoid fever, etc. 

Numerous antibiotics derived from plant 

extract have displayed potent antimicrobial 

activity against a vast spectrum of 

pathogenic bacteria. C. bonplandianus has 

genotoxic and anti-microbial activities. 

The aqueous extract of leaf produced 

24.17% aberration in the root tip cells 

allium at the stage of anaphase and 

telophase. On the other hand methanolic 

and acetone extract produced 22.08% and 

21.55% aberration. Methanolic extract of 

leaf and fruit of C. bonplandianus are 

more effective against microorganisms like 

Bacillus subtilis, Escherichia coli, 

Klebsiella pneumonia, Pseudomonous 

aeruginosa and Staphylococcus aureus 

(Singh et al., 2010). Sarkar et al., (2004) 

proved that the leaf extract made in 

chloroform and benzene were most 

effective against Bacillus subtilis, B. 

megaterium, Escherichia coli, Proteus 

vulgaris, Pseudomonas aeruginosa and 

Staphylococcus aureus. 

2.4.2. Anti-fungal activity 

A vast array of diseases such as athlete’s 

foot ,  pneu mocys t is  pneu monia , 

candidia s is,  chronic pulmonary 

aspergillosis, etc. occurs due to the fungal 

infections. Under complementary and 

alternative medicinal approaches various 

plants are tested for their antifungal 

efficiency. C. bonplandianus has 

antifungal activity against two ringworm 

fungi like Microsporum gypseum and 

Trichophyton mentagrophytes (Ashma 

1989). Jeeshna et al., (2011) proposed that 
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the methanolic extract of leaf of C. 

bonplandianus was very active against the 

fungus Rhizopus sp. and Fusorium 

lycopersici. C. bonplandianus aqueous 

extract inhibis the growth of Aspergillus 

niger approximately MIC 100 mg/ml 

according to Singh et al. (2011). Divya et 

al., (2011) suggested that the latex of C. 

bonplandianus (1.5 v/v in 50 % acetone) 

showed anti-fungal activity against 

Microsporum gypseum and Trichophyton 

mentagrophytes. 

2.4.3. Anti-tumor activity 

Anti-tumor activity of C. bonplandianus 

was established by potato disc and radish 

disc bioassay, which showed that the root 

length and percent of seed germination 

was decreased (Islam et al., 2010). 

2.4.4. Cytotoxic and pro-apoptotic 

activity 

Acetone extract of C. bonplandianus was 

used for the study of cytotoxic and pro-

apoptotic study using MTT assay, acridine 

orange/ ethidium bromide (AO/EB) 

staining and cell cycle analyses (Bhabana 

et al., 2016). They proposed that the 

number of cells in G2/M phase increases 

with concurrent accumulation of cells in 

sub G0/G1 phase and this indicates the 

induction of apoptosis at G2M phase. They 

also suggested that A549 cells were more 

sensitive to acetone extract of C. 

bonplandianus with an IC50 of 15.68 ± 

0.006 µg/ml compared to the standard drug 

cisplastin (2.20 ± 0.008 µg/ml). 

2.4.5. Antioxidant activity 

‘Oxidative stress’ is the effect of free 

radicals, reactive oxygen species (ROS) 

and reactive nitrogen species (RNS), 

causing potential biological damage. It is 

nothing but the imbalance between 

oxidants and antioxidants in favor of the 

oxidants which are formed as a normal 

product of aerobic metabolism. Reactive 

oxygen species (ROS) are the causative 

agents behind a wide range of disorders. 

Several plant based products possess 

tremendous ROS scavenging capacity. 

Antioxidant activity of C. bonplandianus 

was evaluated by (Sridhar et al., 2013). 

They proposed that the plant extract has 

DPPH scavenging activity with IC50 value 

416.82 µg/ml when compared to standard 

BHT.  

2.4.6. Larvicidal activity 

The level of larvicidal activity of 

methanolic extract of C. bonplandianus at 

different concentration has been 

investigated. It is observed that IC50 value 

obtained at 124 ppm is effective against 

the mosquito Aedes aegypti (Jeeshana, 

2010). They proposed that the leaf extract 

of C. bonplandianus at 124 ppm is better 

for mosquito control.  

2.4.7. Anti-inflammatory activity 

Inflammation is a biological response 

against invading bacterial and viral 

pathogens, autoimmune reactions, and 

persistent foreign bodies which results in 

tissue damage. Inflammatory responses are 
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primarily mediated by various cytokines, 

inflammatory proteins and nitric oxide. 

2.4.8. Wound healing activity 

Divya et al., (2011) proposed that C. 

bonplandianus contain Rutin (C18H36O19) 

together with crotsparine and its methyl 

derivatives aphorbol play a key role in 

wound healing activity. The studies carried 

out Divya et al., showed that both aqueous 

and alcoholic extract of C. bonplandianus 

have wound healing activities. In case of 

aqueous extract, the percent of wound 

concentration was observed 29.2 % in 14 

days, 63.1% in 21 days and 89.2 % in 28 

days respectively. On the other hand in 

case of alcoholic extract, the percent of 

wound concentration was observed 36.6 % 

in 14 days, 66.2 % in 21 days and 91.6 % 

in 28 days. Finally Divya et al., suggested 

that on the basis of their study alcoholic 

extract of C. bonplandianus is more 

effective in wound healing than the 

aqueous extract.  

2.4.9. Phytochemical Analysis 

Dutta et al., (2013) performed the 

phytochemical analysis of various parts of 

C. bonplandianus and identified the 

presence of a wide range of 

phytochemicals such as phenolics, 

glycosides, alkaloids, tannin, flavonoid, 

etc., in the plant. Quantification of these 

phytochemicals revealed the presence of 

67.86 ± 1.54 g/100 g alkaloid, 82.53 ± 

2.41 mg/g phenolics, 1.01 ± 0.06 mg/100 g 

ascorbic acid in the root; 12.56 ± 0.67 

g/100 g saponin, 8.05 ± 0.19 mg/g 

flavonoid, 0.42 ± 0.04 mg/g riboflavin, and 

0.48 ± 0.05 mg/g thiamine in the leaves. 

2.5. Future Prospects  

Plant derived medicines could provide a 

unique opportunity to bio-prospect diverse 

chemical species. They could function 

synergistically on multiple target, resulting 

in a holistic therapeutic approach to 

improve the therapeutic efficiency of the 

drugs. In the global scenario, the shift of 

the pharmaceutical research towards herbal 

remedies from modern medicine is very 

much apparent. In case of plant like C. 

bonplandianus, mechanism based 

screening of bioactivities focusing on their 

ethnopharmacological use is of utmost 

importance. Various issues, which are only 

applicable to herbal medicine, must be 

considered for proper evaluation of these 

products (Kunle et al., 2012). Different 

issues such as: 

Herbal drugs are phytococtails which may 

contain multiple bioactive species. 

 The active constituents are mostly 

unknown. 

 Herbal constituents may be chemically 

and naturally variable as chemo-

variants and 

 Chemo-cultivars may be present. 

 Appropriate analytical method may 

not be present. 

 Authentication of source and quality of 

raw material. 
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 Assurance of quality, efficiency, safety 

and reproducibility. 

Unlike conventional drugs, the botanical 

drugs are not target specific and therefore, 

could be used to treat disease associated 

symptoms of infection and inflammation. 

Present immunomodulatory strategies have 

revealed that monovalent approach of 

isolated drug therapy is unlikely to provide 

a holistic treatment (Patwardhan and 

Gautam, 2005). It is very much expected 

to opt for a strategy which would consider 

the complex interplay between different 

biological pathways. Thus, the requirement 

of designer drugs based on synergistic 

approach of traditional medicine would be 

helpful. 
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3.1. Collection and authentication of 

plant material 

Fresh and disease free leaves C. 

bonplandianus plant were collected from 

the garden of University of North Bengal 

(26.71°N, 88.35°S), West Bengal, India. 

The plant material was identified and 

authenticated by Prof. Abhaya Prasad Das, 

senior Taxonomist of Department of 

Botany, University of North Bengal. A 

voucher specimen was stored at the 

herbarium of Department of Botany, 

University of North Bengal with an 

Accession no. 09870. 

3.2. Preparation of plant extract  

Leaves of C. bonplandianus (CBL) were 

separated and washed thrice with distilled 

water to remove dirt and dried at 50°C for 

two hours to eliminate moisture. Dried 

leaves were then milled with a grinder 

(Maharani,  India,  Model–Sujata 

Dynamix). A fine powdered leaf was 

stored in a refrigerator at −20°C. One 

hundred gm of the dried powder was 

stirred in 1 L of 70% methanol for 10 

hours. The mixture was refluxed for 2 

hours in soxhlet apparatus and centrifuged 

at 8000 rpm for 15 minutes. Supernatant 

was collected and concentrated by Rotary 

evaporator (45°C) and finally freeze dried. 

Extract was stored in air-tight vessel at 

−20°C for further studies. 

3.3. Ethical statement 

Croton bonplandianus (accession number- 

09870) was collected from the university 

campus area. These places are not under a 

National Park/Reserve Forest/Govt. 

protected area. All the experiments using 

animals were reviewed and approved by 

the Animal Ethical Committee of 

Department of Zoology, University of 

North Bengal (Permit No. 840/ac/04/

CPCSEA, Committee for the Purpose of 

Control and Supervision of Experiments 

on Animals). The experiments with 

animals were performed in accordance 

with the legislation for the protection of 

animals used for scientific purposes. 

3.4. Animal maintenance 

Swiss albino mice (6 male/group) were 

used for hepatoprotective analyses. All the 

mice were maintained in side cage bins 

(Tarson, India) wise rice husk bedding in 

the animal house of the department of 

Zoology, University of North Bengal at a 

constant 12 hour photoperiod (temperature 

Chapter 3 
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mg/kg dose. Therefore, 1/40th, 1/20th and 

1/8th of the maximum dose was 

considered for the in vivo studies. 

3.6. Collection of brain samples and 

blood 

Blood sample needed for hemolytic assay 

and erythrocyte membrane stabilizing 

activity was collected by puncturing the 

heart of Swiss albino mice under proper 

anesthesia and collected in an EDTA 

containing tube. The brain of the same 

mouse was used for lipid peroxidation 

assay.  

3.7. Phytochemical analysis 

The phytochemical constituents in C. 

bonplandianus were studied by the 

following methods: 

3.7.1.  Sample preparatio n for 

preliminary phytochemical analysis 

Disease free fresh leaves, stem and root 

were collected from a mature C. 

bonplandianus plant. The parts were 

washed properly first with tap water and 

then with double distilled water to remove 

dirt. The parts were then shade dried at 

room temperature for 14 days and grinded 

to powder using a blender (Lords® 

Hummer 1100). The powder was then 

passed through a 0.5 mm metallic mesh. 

Aqueous and methanolic fractions were 

prepared to perform the qualitative test. 

Aqueous extract: The crude dried powder 

(10 g) was taken in a 250 ml conical flask 

and 100 ml of double distilled water was 

added to it. The mixture was stirred on a 

25±2 °C; humidity 55±5 %) with food and 

water ad libitum. Blood for immunization 

purpose was collected from sheep by 

puncturing the jugular vein with a sterile 

syringe. The blood was diluted with equal 

volume of Alsever’s solution (114 mM 

dextrose, 27 mM sodium citrate, 71 mM 

NaCl, pH 6.1) and stored at 4°C as sheep 

RBC solution (sRBC) until further use. 

Blood was collected from a guinea pig by 

puncturing the heart using a sterile needle 

and allowed to clot at 4°C for 30 min to 

separate the serum. The blood was then 

centrifuged at 1000 rpm for 5 min and the 

clear supernatant serum was collected. 

This pooled serum was used as guinea pig 

complement and stored at 0°C to minimize 

the complement activity. All surgical 

procedures were performed following 

standard procedures according to Reeves 

and Reeves (2001). 

3.5. Acute toxicity study  

OECD guidelines (test 423: Acute oral 

toxicity – Acute toxic class method; 2002) 

were followed to study the acute toxicity 

of CBL extract on animal model (OECDi 

Library, 2002). Mice were divided into 

different groups (n=6) and kept on fast for 

overnight prior to the experiment. The 

plant extract was administered orally in an 

increasing dose upto 2000 mg/kg body 

weight (BW) and observed carefully for 

the development of clinical or 

toxicological symptoms at 30 min and then 

2, 4, 8, 24 and 48 h. No mortality was 

observed in the experimental mice at 2000 
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magnetic stirrer for 10 h and then filtered 

through Whatman filter paper number 1 

(150 mm). The filtrate was used for the 

following phytochemical tests. 

Methanolic extract: 10 g of crude dried 

plant powder was taken with 100 ml of 

70% methanol in a 250 ml conical flask. 

The mixture was mixed in a magnetic 

stirrer for 10 h in room temperature and 

filtered through Whatman filter paper 

number 1. The resultant extracts were used 

for the preliminary phytochemical 

investigations according to the standard 

chemical tests (Brain and Turner, 1975; 

The Indian Pharmacopoeia, 1996; 

Khandelwal, 2008; Gokhale and Kokate, 

2008). 

3.7.2. Qualitative tests 

3.7.2.1. Tannin 

The aqueous extract (10 ml) was mixed 

with few drops of 0.1% FeCl3 solution. 

Formation of blue-black precipitate 

indicated the presence of tannin. 

3.7.2.2. Phlobatannin 

The aqueous extract (10 ml) was taken in a 

boiling tube and 2 ml of concentrated HCl 

was added to it. The mixture was boiled 

for 1 minute. Deposition of red precipitate 

indicated the presence of phlobatannins. 

3.7.2.3. Carbohydrate 

The aqueous extract (2 ml) was mixed 

with 2 ml of Molish’s reagent (5% α-

napthol in absolute ethanol) and shaken 

vigorously. Concentrated H2SO4 (2 ml) 

was slowly added along the wall of the test 

tube. Formation of reddish-violet ring at 

the junction of two liquids indicated the 

presence of carbohydrates. 

3.7.2.4. Proteins 

The aqueous solution (2 ml) was mixed 

with 1 ml of 40% NaOH solution. Few 

drops of CuSO4 solution was added to it. 

Change of colour of the solution into violet 

indicated the presence of proteins. 

3.7.2.5. Terpenoid 

The methanolic extract (5 ml) was mixed 

with 2 ml of chloroform. Concentrated 

H2SO4 (3 ml) was added slowly along the 

wall of the test tube. Development of 

reddish-brown colour at the junction of 

two liquid phases indicated the presence of 

terpenoids. 

3.7.2.6. Glycoside 

The methanol extract (5 ml) was mixed 

with 2 ml of glacial acetic acid containing 

2% FeCl3 solution. Concentrated H2SO4 (1 

ml) was added slowly along the walls of 

the test tube. Formation of a brown ring at 

the interphase of two liquid notified the 

presence of glycoside. 

3.7.2.7. Steroid 

The methanol extract (5 ml) was treated 

with 0.5 ml of anhydrous CH3COOH and 

was cooled on an ice bath for 15 min. Then 

chloroform (0.5 ml) was added to the 

solution and 1 ml of concentrated H2SO4 

was poured along the walls of test tube. 

Formation of a reddish-brown ring at the 

separation level of two liquids was an 

indication of the presence of steroids. 

3.7.2.8. Cholesterol 

The methanolic extract (2 ml) was mixed 
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with 2 ml of chloroform followed by 

addition of 10-12 drops of acetic acid 

anhydride. Then, few drops of 

concentrated H2SO4 was added to it. 

Change of reddish-brown color to blue-

green on addition of H2SO4 indicated the 

presence of cholesterol. 

3.7.2.9. Alkaloid 

The methanolic extract (2 ml) was taken in 

a test tube and 2 ml of 2N HCl was added 

to it. The solution was shaken vigorously 

to mix and incubated for 5 min at room 

temperature. The aqueous phase formed 

was separated from the two liquid phases 

and few drops of Mayer’s reagent (HgCl2 + 

KI in water) was added to it and shaken. 

Generation of creamy coloured precipitate 

indicate the presence of alkaloids. 

3.7.2.10. Phenolics 

The methanolic extract (10 ml) was treated 

with 4-5 drops of 2% FeCl3 solution. 

Change of coloration of the solution 

indicates presence of phenolics. 

3.7.2.11. Flavonoid 

The crude powdered plant sample (2 g) 

was heated with 10 ml of ethyl acetate 

over a water bath for 5 minutes. The 

solution was filtered through Whatman 

filter paper number 1. The filtrate (2 ml) 

was mixed with dilute ammonia solution 

(10%) and shaken vigorously. Yellow 

coloration of the solution indicates the 

presence of flavonoids. 

3.7.2.12. Anthraquinone 

The crude plant powder (500 mg) was 

mixed with 20 ml of benzene and stirred in 

a magnetic stirrer for 4 h and filtered. The 

filtrate (10 ml) was mixed with 0.5 ml 

ammonia solution and mixed properly. 

Presence of violet colour at the layer phase 

indicates presence of anthraquinones. 

3.7.2.13. Saponin 

The powdered plant material (500 mg) was 

boiled with 15 ml of double distilled water 

in a boiling water bath. Formation of 

intensive froth is the indication of the 

presence of saponin. 

3.7.3. Quantitative tests 

The quantitative estimation of different 

phytochemicals were performed according 

to various standard methods with minor 

modifications. 

3.7.3.1. Alkaloid 

The total alkaloid content was estimated 

according to the methods with minor 

modifications (Obadoni and Ochuko, 

2001; Harborne, 1983). In brief, 5 g of 

powdered sample was mixed with 20% 

CH3COOH in ethanol. The mixture was 

shaken on a magnetic stirrer for 10 h and 

filtered. The filtrate was placed on a hot 

water bath (60 °C) until the volume turns 

¼th of its initial volume. Concentrated 

NH4OH was added drop wise till the 

saturation point which gave rise thick 

precipitate. The whole solution was 

allowed to settle down. The precipitate 

was collected by filtration, dried in an 

oven and weighed. 

3.7.3.2. Flavonoid 

A standard method (Boham and Kocipai 

DC, 1994) was followed with slight 
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modifications to quantify the total 

flavonoid content. The powered sample 

was mixed with 100 ml of 70% methanol 

and was stirred using a magnetic stirrer for 

3 hours and filtered. The remaining 

powdered material was re-extracted once 

again with 70% methanol and filtered as 

previous. Filtrates of both the phases were 

mixed and transferred into a crucible and 

evaporated to dryness over a water bath of 

60°C and weighed. 

3.7.3.3. Saponin 

Total saponin content was estimated 

according to a slightly modified standard 

method (Edeoga et al., 2005). The 

powdered plant material (10 g) was mixed 

with 100 ml of 20% ethanol and heated 

over a hot water bath of 55°C for a period 

of 5 h with stirring. The mixture was 

filtered and the supernatant liquid was 

separated. The residue was again 

reextracted with 20% ethanol as previous. 

The supernatant liquids of both phases 

were mixed and placed on a hot water bath 

of 90°C and heated till the volume of the 

extract was reduced to 20% of its initial 

volume. Then 10 ml of diethyl ether was 

added to it and shaken vigorously. After 

the solution settles down the aqueous layer 

was separated carefully into another flask 

and the ether layer was discarded. The 

purification process was repeated. Then 60 

ml n-butanol extracts were washed twice 

with 10 ml of 5% aqueous NaCl solution. 

The remaining solution was heated in a 

water bath at 50°C until the solvent 

evaporates and the solution turns to semi 

dried form. The sample was then dried in 

an oven into a constant weight. The 

saponin content was calculated by the 

following equation: Content of saponin 

was measured by the following equation: 

Amount of saponin = (WEP / WS) × 100, 

where, WEP = weight of oven dried end 

product and WS = weight of powdered 

sample. 

3.7.3.4. Tannin 

The assay was performed according to a 

previously described standard method with 

slight modifications (Van-Burden and 

Robinton, 1969). The crude powder 

sample (1 g) was mixed with 50 ml of 

double distilled water and shaken on a 

magnetic stirrer for 10 h at room 

temperature. The mixture was filtered and 

made up to 50 ml using distilled water. 

The solution (5 ml) was pipetted out in a 

test tube and 0.008 M K4[Fe(CN)6] and 

0.1 M FeCl3 in 0.1 N HCl was added to it. 

The absorbance was measured in 

spectrophotometer at 605 nm within 10 

minutes. A blank was prepared and read at 

the same wavelength. Tannic acid was 

used to prepare standard curve. 

3.7.3.5. Riboflavin 

The test was performed according to a 

standard method (Abe and Yamauchi, 

1992) with slight modifications. The dry 

powder (10 g) was mixed with 100 ml 

50% ethanol and stirred for 10 h on a 

magnetic stirrer at room temperature. The 

solution was filtered and 25 ml of 5% 
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KMnO4 solution was added to it. The 

mixture was stirred continuously while 25 

ml of 30% H2O2 was added to it. This was 

placed on a 80°C water bath for 30 min. 

Then, 5 ml 40% Na2SO4 was added to it 

and the absorbance was measured at 510 

nm against a suitable blank. The riboflavin 

content was calculated from a riboflavin 

standard curve. 

3.7.3.6. Thiamine 

A previously standard method was 

followed with slight modifications 

(Poornima and Rai, 2009) to quantify the 

thiamine content. The dried plant powder 

(50 g) was dispersed in 50 ml ethanolic 

NaOH (20%) and stirred over a magnetic 

stirrer for 3 h at room temperature and then 

filtered. Then, 10 ml of the filtrate was 

mixed with 10 ml of 2% potassium 

dichromate solution. The absorbance was 

read at 360 nm against a suitable blank. 

The thiamine content was calculated from 

a thiamine standard curve. 

3.7.3.7. Ascorbic acid 

Slightly modified method of Barakat et al., 

(1993) was followed to estimate the 

quantity of ascorbic acid. The dried 

powder sample (5 g) was mixed with 100 

ml extraction mixture (TCA: EDTA at 2:1) 

and stirred on a magnetic stirrer for 3 h at 

room temperature. This was centrifuged at 

2000 rpm for 30 min. After centrifugation 

the supernatant liquid was filtered and 2-3 

drops of 1% starch indicator was added to 

it and was titrated against 20% CuSO4 

solution until a dark end point is reached. 

 

3.7.3.8. Phenols 

To estimate total phenol (Obadoni and 

Ochuko, 2001) content the test sample 

needed to be fat free. The crude plant 

powder (5 g) was mixed with 100 ml n-

hexane and defatted using a soxlet 

apparatus for 2 h. The resultant was used 

for determination of total phenols. The fat 

free sample was boiled with 50 ml ether 

for 15 min. The resultant was filtered and 

5 ml of the filtrate was mixed with 10 ml 

of double distilled water. Then, 2 ml of 

NH4OH solution and 5 ml of concentrated 

amyl alcohol was added to the solution 

with constant stirring. The solution was 

incubated at room temperature for 30 min 

for colour development and the absorbance 

was read at 550 nm against a suitable 

blank. The phenolic content was evaluated 

from a gallic acid standard curve. 

3.7.3.9. Protein 

Total protein was estimated according to 

the method proposed by Lowry et al.

(1951) with slight modifications. Known 

concentrations of bovine serum albumin 

was taken as standard and the OD was read 

at 750 nm using a suitable blank. 

3.7.3.10. Lipid content 

The assay was performed according to a 

standard method (Jayaraman, 2011) with 

slight modifications. The dried sample (1 

g) was macerated with 10 ml distilled 

water. To this, 30 ml of chloroform-

methanol (2:1 v/v) was mixed thoroughly 

and the mixture was left overnight at room 
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temperature. Then, 20 ml chloroform and 

equal volume of distilled water was added 

and centrifuged at 1000 rpm for 10 min. 

After centrifugation three layers were 

formed, out of which the lower layer was 

collected which contained chloroform 

containing lipid. The mixture was kept in 

an oven for 60 min at 50°C to evaporate 

the chloroform. Weight of the remaining 

was calculated. 

3.7.3.11. Total sugar 

The total sugar content was determined 

according to DuBois et al. (1951) with 

slight modifications. The powdered sample 

(50 g) was macerated in a pestle and 

mortar with 20 ml of ethanol and kept for 

incubation at 30°C for 10 h. The mixture 

was centrifuged at 1500 rpm for 20 min 

and the supernatant was collected 

separately. To the resultant 1 ml of 

alcoholic extract, 1 ml 5% phenol solution 

was added and mixed thoroughly. Then, 5 

ml of concentrated H2SO4 was added 

rapidly with constant stirring. This was 

allowed to stand for 30 min at room 

temperature. Absorbance was measured at 

490 nm against a blank. 

3.7.3.12. Moisture and ash content 

Moisture and ash content of different parts 

of the plant was estimated by subjecting 

specific amount of sample to 90°C for 12 h 

in an oven and at 400°-450°C in a furnace 

for 5 min, respectively. The resultant 

weight was calculated for moisture and ash 

content estimation respectively. 

3.8. Fourier Transform Infrared 

Spectroscopy analysis 

FTIR spectrophotometry was used to 

identify the characteristic functional 

groups in CBLE. Small quantity (<10 mg) 

of the extracts were taken in CaF2 vessel 

and placed in a sample cup of a diffuse 

reflectance accessory. The IR spectrum 

was obtained using Shimadzu 8300 FT-IR 

spectrophotometer at ambient temperature. 

Background correction was made by 

taking IR spectrum of de-ionized water as 

the reference in identical condition. The 

sample was scanned from 400 to 4000 cm-1 

for 16 times to increase the signal to noise 

ratio. 

3.9.  Gas  chro matography -mass 

spectrometry analysis 

CBLE was separately dissolved in 

dichloromethane and n-hexane and the 

mixtures was centrifuged thrice at 12,000 

rpm for 15 min. The clear supernatant was 

used for GC-MS analysis. Agilent 5975C 

GC-MS system (Agilent Technologies, 

USA) attached with HP-5ms Capillary 

Column (30 m × 0.25 mm i.d. × 0.25 μm 

film thickness) and equipped with inert 

MSD triple axis mass detector conditioned 

at ion trap 200 °C, transfer line 280 °C, 

electron energy 70 eV (vacuum pressure- 

2.21e - 0.5 torr) was used for analysis. The 

carrier gas was helium at a flow rate of 1 

ml/min. The sample (2 μl) was injected in 

a splitless mode. The column temperature 

was set at 60 ºC for 1 min. followed by 5 

ºC/ min upto 250 °C. The major and 

essential compounds in NOLE were 
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identified by their retention times and mass 

fragmentation patterns using Agilent Chem 

Station integrator and the database of 

National Institute Standard and 

Technology (NIST) with a MS library 

version 2010. 

3.10. Immunomodulatory Activity 

Both in-vivo and in-vitro experiments were 

p er for med t o  inv es t iga t e t he 

immunomodulatory activities of C. 

bonplandianus. 

3.10.1. In-vivo experiments 

3. 10.1.1. Doses 

Swiss albino mice (male) were randomly 

divided into four groups (n=6) and 

following treatments were done once per 

day for 21 consecutive days: Control group 

received normal saline; low dose extract 

(CBLL) group received 50 mg/kg BW, 

medium dose extract (CBLM) group 

received 100 mg/kg BW and high dose 

extract (CBLH) group received 200 mg/kg 

BW of Croton bonplandianus leaf extract 

respectively.  

Measurement of the body and organ 

weight and counting of splenocyte and 

leukocyte at day 21, 24 h after the last 

dose, all the animals were sacrificed under 

proper anesthetic condition and relative 

organ weight (organ weight/100 g of BW) 

of liver, spleen and the percentage body 

weight gain/loss were measured. Single 

cell suspensions of spleen, (prepared in 

RPMI containing 5 % FBS) and total 

leukocyte were prepared (using 

Leishman’s stain) to count the cellularity 

by haemocytometer (Harisha, 2007). 

3.10.1.2. Plaque forming cell (PFC) assay 

The plaque forming cell assay (PFC), the 

key experiment to determine the effect of 

immunomodulation was done according to 

standard method (Raisuddin et al., 1991) 

with slight modifications. On day 17, mice 

were immunized with 0.1 ml of 25 % 

sRBC intravenously through tail vein and 

after 4 days of immunization whole blood 

was collected from the heart and stored for 

further use. Single cell suspension (2×106 

cells/ml) of the spleen was prepared for the 

dettermination of PFC assay. Guinea pig 

complement (50 µl) and 50 µl of 25% 

sRBC (prepared in PBS) were mixed with 

100 µl of the cell suspension of spleen. 

The whole nmixture was then charged into 

Cuningham chambers, prepared using 

glass slide and double gum tape and then 

sealed with sealing material prepared by 

mixing paraffin and petroleum jelly at 1:1 

ratio. All the chembers were incubated at 

370C for 3-4 h. The plaques were counted 

after incubation under a binocular and the 

activity was expressed as PFC/106 spleen 

cells. 

3.10.1.3. Estimation of total IgM 

Blood samples were collected from the 

immunised mice of the PFC assay and kept 

at room temperature for 60 min for 

separation of serum. After collection, 

serum was diluted 10,000 fold for the 

estimation of total IgM level using a 

commercially available kit (My Biosource) 

according to the manufacture’s instruction. 
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(Chakraborty and Chakravarty, 1984). 0.5 

ml of Freund’s incomplete adjuvant was 

injected in the peritoneum, one day prior to 

the experiment at day 20, to count the 

peritoneal macrophages. The peritoneal 

exudates were collected by washing the 

peritonium with PBS. The peritoneal 

exudate cells were collected after a spin 

for 5 min at 1,000 rpm in a centrifuge 

followed by washing two times in PBS; 

the remaining pellet was resuspended in 

PBS.  The total mixture was incubated for 

45 min at 370 C in a petridish. After 

incubation, the petridish was washed with 

2% EDTA in chilled PBS and centrifuged 

for 5 min at 1,000 rpm. After 

centrifugation, the pellet was mixed in 

PBS. Neutral red, a vital dye, was added to 

the cell suspension and the macrophages 

were counted using haemocytometer under 

the phase contrast microscope. 

3.10.1.6. Assessment of Phagocytic 

Activity of Macrophages 

Stimulation of phagocytic activity of 

macrophages was performed according to 

a standard method with little modifications 

(Lin et al., 1995). The procedure of 

macrophage collection was described 

previously. After the collection of 

macrophages from the C. bonplandianus 

treated mice (50 mg/kg BW; 100 mg/kg 

BW and 250 mg/kg BW respectively for 

20 days), cell suspension was prepared in a 

way that the density became 5 × 106 cells/

ml. Then 0.1 ml cell suspension, 0.1 ml of 

20 % FBS and heat-treated yeast cell 

 3.10.1.4. Hemagglutination (HA) titre 

assay 

HA titre assay was performed according to 

a standard method (Karthikumar et al., 

2011). Briefly, Swiss albino mice were fed 

with different doses of CBL extract for 20 

days. All the experimental mice were 

immunized with sRBC as was done in the 

PFC assay. On day 4 of the immunization, 

serum was collected and kept at 56 0C for 

45 min in a water bath to inactivate the 

complement activity. Khan tubes were 

used for determination of HA titre. Serum 

(0.1 ml) and PBS (0.9 ml) was added in 

the first Khan tube. In the remaining Khan 

tubes 0.5 ml of PBS was added. Then 0.5 

ml of mixture was added into the second 

khan tube from the first one and 0.5 ml of 

mixture was simultaneously added into the 

third tube from the second one. In the 

same manner, eight such dilutions were 

prepared as double fold dilution; 0.5ml of 

the solution was thrown away from the last 

tube, thus yielding a serial dilution of 1/10, 

1/20, 1/40, 1/80, 1/160, 1/320, 1/640 and 

1/1280. 0.1ml of 10% sRBC was added 

into each tube. Then all the khan tubes 

were incubated at 370 C for 12 h in a 

humidified atmosphere and after 

incubation, visible hemagglutination was 

observed and the degree of agglutination 

was also noted. 

3.10.1.5. Counting of Peritoneal 

Macrophages 

Peritoneal macrophages were enumerated 

according to the standard protocol 
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suspension (100×106 cells/ml) were mixed 

and incubated at 37°C for 1 h with 

occasional shaking. After incubation, the 

50 µl mixture was smeared on glass slide 

and stained with Wright-Giemsa. The 

stained slide was observed and 500 cells 

were counted under light microscope. The 

phagocytic activity was expressed as 

phagocytic capacity (PC). Phagocytic 

index (PI) was calculated using the 

following formula: 

PI = AB 

Where A = percentage of yeast-ingesting 

phagocytes and B = number of yeast-

ingested per phagocytes; PC = mean 

percentage of cells that engulfed ≥ 4 yeast 

cells. 

3.10.1.7. Estimation of Total Serum 

Protein, Albumin and Globulin  

Serum was collected on 21st day from the 

tail vein of mouse for the estimation of 

protein,  a lbumin and globulin. 

Commercially available kits (Crest 

Biosystems, India) were used to determine 

the total serum protein, albumin and 

globulin.  

3.10.2. In vitro experiments 

3.10.2.1. Hemolytic assay 

Blood samples were collected from Swiss 

albino mice (25±2 g) followed by three 

times washing of blood cells with 20Mm 

Tris-HCl containing 144mM NaCl (pH 

7.4). 2% erythrocyte suspension was 

prepared for hemolytic assay (Yeap et al., 

2011). The experiment was done in a 96 

well plate and 100 µl of 0.85% NaCl 

solution containing 10mM CaCl2 was 

added in each well. The first well 

containing only solvent served as control 

and from the second well onwards, 100 µl 

of plant extract was added with various 

concentrations (0-200 µg/ml). Triton X (0-

200 µg/ml) was added in the last well 

which served as positive control. Then 2% 

erythrocyte suspension was added in each 

well and incubated at room temperature for 

30 minutes. After incubation, the 

suspension was centrifuged and the 

supernatant was collected. Then the 

supernatant was used to measure the 

absorbance of liberated haemoglobin at 

540 nm. The hemolytic activity was 

calculated using the following formula: 

 

 

Where, H0 is the absorbance of the blank 

and H1 is the absorbance of sample and 

standard (Titron X). 

3.10.2.2. In vitro Cell Adhesion Assay 

Cell adhesion assay was performed 

according to the standard method with 

slight modifications (Malagoli, 2007). 0.5 

ml Freund’s incomplete adjuvant was 

injected intra peritoneally one day prior to 

the experiment. For the collection of 

macrophages, a midline incision was made 

in the abdomen of mice with proper 

anesthesia and the peritoneum was 

carefully washed with RPMI-1640 on the 

4th day. Then the peritoneal exudates cells 
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were collected and centrifuged at1000 rpm 

at 4 0 C for 10 min. The supernatant was 

discarded after centrifugation and the 

remaining pellet was resuspended in RPMI

-1640. The number of cell was adjusted to 

5×106cells/ml and seeded in 96 wells plate 

with different concentrations like 0–200 

µg/ml of C. bonplandianus extract. Then 

the total experimental set-up was 

incubated for 60 min and after incubation 

cells were gently washed with RPMI 1640. 

After washing, 100 µl crystal violet (0.5% 

dissolved in 25% of methanol) and 10% 

ethanol were added to each well and 

incubated for 4 h at 37ºC under humidified 

condition. At the end of the incubation, 

100 µl of 1% SDS was added and the 

absorbance was measured at 570 nm. 

Adherence property was measured using 

the following formula:  

Where, A0 =absorbance of the control 

(cells without treated plant extract) and A1 

= absorbance of the test sample. 

3.10.2.3. Respiratory burst activity  

The assay was performed according to 

standard protocol with some modifications 

(Cook et al., 2001). Murine peritoneal 

macrophages were collected in RPMI-

1640 as previously described and seeded 

into 96 wells plate. The plate was pre-

coated with 0.2% poly-L-lysine along with 

various concentrations (0-200 μg/ml) of C. 

bonplandianus extracts. Zymosan (0.1%) 

was added and the plate was incubated for 

30 min at 37°C under humidified 

condition. After incubation cells were 

washed thrice with RPMI-1640 followed 

by staining with 100 μl NBT (0.3%) at RT. 

NBT solution was discarded after 30 min 

and the reaction was stopped by addition 

of 100 μl absolute methanol. The formazan 

which was generated was dissolved in 120 

μl of 2M KOH and 140 μl of DMSO and 

the absorbance was immediately taken at 

630 nm.  

3.10.2.4. Myeloperoxidase (MPO) release 

assay  

The assay was performed according to 

standard protocol with slight modifications 

(Sengupta et al., 2011). Murine peritoneal 

macrophages (2×106 cells/ml) were seeded 

into 96 wells culture plate. To this, 100 ng/

ml LPS and varying concentrations (0-200 

μg/ml) of plant extracts were added. The 

cells were then incubated at 37°C under 

humidified condition for 60 min and after 

incubation; the solutions from each well 

were centrifuged for 13,000 rpm for 10 

min. After centrifugation the supernatants 

were removed and 0.01% SDS (dissolved 

in RPMI-1640) was added to lyse the cells. 

The solution was centrifuged at 13,000 

rpm for 10 min and supernatant (100 μl) 

was collected from each group were mixed 

with 100 μl substrate buffer (ortho-

phenylenediamine). After 20 min, the 

reaction was stopped using 100 μl of 2N 

H2SO4 and the absorbance was read at 492 

nm. 
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3.10.2.5. Inhibition of Lipopolysaccharide 

(LPS) Induced Nitric Oxide Production 

Inhibition of nitric oxide (NO) production 

was done according to the standard 

methods with slight modification (Choi 

and Oh, 1999). Griess reagent method was 

applied to estimate the NO level. 

Macrophage was collected intra 

peritoneally by the method as described 

previously. 200 µl of cell suspension (2× 

106cells/ml) was added in each well of 96 

well plate with the addition of 50 U/ml 

penicillin, 50 U/ml streptomycin, 50 U/ml 

nystatin, 10 % FBS, 100 µl of plant extract 

of different concentrations (0–200 µg/ml) 

and LPS suspension (20 µg/ml). After 

addition, the total reaction mixture was 

incubated for 24 h under 5 % CO2 in 

humidified atmosphere of 90% air at 370C 

t emp era tur e.  Aft er  incuba t ion, 

centrifugation was done at 5,000 rpm for 5 

min.50 µl of the supernatant was mixed 

with 200 µl of Griess reagent in each well 

of 96-well plate and incubated for 20 min 

at room temperature. Purple azo-dye was 

formed after incubation and the dye was 

measured at 540 nm. The nitric oxide level 

was measured using the following 

formula: 

Where, A0= absorbance of the control 

(cells without treated plant extract) and 

A1= absorbance of the test sample. 

3.10.2.6. Carbon Clearance test 

The test was performed according to a 

standard method (Gonda et al., 1990) with 

minor modifications. Different doses (50 

and 200 mg/kg) of CBL were administered 

orally for 14 days to Swiss albino mouse 

and a control group received water as 

previously described. On 16th day (48 h 

after the last dose), 0.1 ml of Indian ink 

was injected in tail vein and then, 25 μl 

blood samples were drawn from the orbital 

vein at 0, 5, 10 and 15 min after injection 

and mixed with 2 ml of 0.1% Na2CO3. The 

absorbance was read at 650 nm to estimate 

the extent of carbon clearance or in other 

words the rate of the elimination of carbon 

from the blood. 

3.10.2.7. Cell proliferation assay 

Cell proliferation assay was performed 

using EZcountTM MTT Cell Assay Kit 

(HiMedia) according to the manufacturer’s 

instructions. In brief, murine splenocytes 

were cultured in 96 well plate for 48 h 

accordingt to previously described 

methods. After incubation 10 µl of MTT 

(5 mg/ml) solution was added to each well 

and incubated for 4 h. After incubation 100 

µl solubilizing reagent was added and the 

absorbance was measured at 570 nm using 

Bio-Rad (Hercules, CA, USA) iMarkTM 

microplate absorbance reader. 

3.10.3. Statistical analysis 

All data are reported as the mean ± SD of 

six measurements. One way analyses of 

variance (ANOVA) test was done to 

compare between the control and the test 

group using KyPlot version 2.0 beta 15 (32 

bit) for windows. P<0.05 was considered 
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of 90 % air at 370C temperature for 48 h. 

3. 11.2. Measurement of NO inhibition 

Murine splenocytes were incubated with 

different concentrations of CBLE (0–80 

µg/ml) for 48 h. Then the culture solutions 

from each group were centrifuged at 

2,850×g for 5 min and the extent of 

inhibition of NO was estimated from the 

supernatant using the Griess reagent 

method (Hibbs et al., 1988) with slight 

modifications. Culture supernatant (50 µl) 

was mixed with 200 µl of Griess reagent 

(1% sulfanilamide and 0.1 % N-(1-

naphthyl) ethylenediamine hydrochloride 

in 2.5 % H3PO4) and incubated at 37 0C for 

20 min. After incubation the absorbance 

was measured at 540 nm. 

3.11.3.  Est imatio n of cytokine 

expression 

Mouse splenocytes were cultured with 

different concentrations (0–80 lg/ml) of 

CBLE according to previously described 

methods. After 48 h of culture cell 

suspension was collected from the each 

well and centrifuged 2,850×g for 5 min.  

After centrifugation culture supernantents 

were collected to estimate the levels of IL-

2, IFN-γ, IL-4, IL-10 and TNF-a using 

RayBio ELISA kits according to the 

manufacturer’s instructions. Precisely, 100 

µl culture supernatant from different 

experimental groups were added to the anti

-mouse cytokine (IL-2, IFN-c, IL-4, IL-10, 

TNF-a) coated 96 well ELISA plate. The 

plate was incubated at room temperature 

for 2.5 h. After incubation all the wells 

significant. Percentage of inhibition/

scavenging was calculated by the 

following formula: (X0-X1)/X0×100, 

where X0= absorbance of control and X1= 

absorbance in the presence of the samples 

or standard. The IC50 (half maximal 

inhibitory concentration) values were 

calculated by the following formula: Y = 

A1/(X+A1)×100, where A1 = IC50, Y = 

response (Y = 100% when X = 0), X = 

inhibitory concentration. The linear 

correlation analysis was performed by 

Graph Pad Prism V6.0. 

3.11. Anti-inflammatory activity 

3.11.1. Culture of splenocytes 

Spleen was removed aseptically under 

proper anaesthesia from an untreated 

Swiss albino mouse (not fed with CBLE). 

Splenocyte suspension was prepared in 

RPMI-1640 using a tissue grinder. and 

washed thrice using RPMI-1640 (1000 

rpm) for 10 min. After proper washing the 

pellete resuspended in 1 N NH4Cl to lyse 

RBCs. Splenocytes were adjusted as 2×106 

cells/ml with RPMI- 1640 (supplemented 

with 50 U/ml penicillin, 50 lg/ml 

streptomycin, 50 U/ml nystatin and 10 % 

FBS). Splenocytes with all culture medium 

were seeded into six well culture plates. 

Concanavalin A (con A) was added to get 

a final concentration of 5 µg/ml and 100 µl 

of different concentrations of CBLE (0, 10, 

30, 50, 80 µg/ml) was then added to the 

wells. The plates were then incubated 

under 5 % CO2 and humidified atmosphere 
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were washed 4 times with 300 µl assay 

buffer. After proper washing 100 µl 

biotinylated anti-mouse cytokine (IL-2, 

IFN-c, IL-4, IL-10, TNF-a) antibody was 

added to each well. Then the plate was 

incubated at room temperature with 

continuous shaking for 1 h and washed 

with assay buffer as previously. 

Horseradish peroxidase (HRP) streptavidin 

conjugate solution (100 µl) was added into 

the culture plate. After adding HRP 

solution the plate was incubated for 45 min 

at room temperature with gentle shaking. 

100 µl of 3, 3, 5, 5´- tetramethylbenzidine 

(TMB) was added followed by 30 min 

incubation at room temperature in the dark 

and after 30 min 50 µl of 0.2 M sulphuric 

acid was added to each well to stop the 

reaction. Absorbance was taken at 450 nm 

using Bio-Rad iMarkTM microplate 

ELISA reader.  

3.11.4. Measurement of COX activities 

COX activity assay kit (Cayman 

Chemicals Company) was used to measure 

COX 1 and COX 2 activities by ELISA 

method. Briefly, as previously described 

methods mouse splenocytes were cultured 

with varying concentrations (0–80 lg/ml) 

of CBLE for 48 h. After incubation, the 

cell suspensions were centrifuged at 

2,850×g for 5 min. After centrifugation 

cell pellets were homogenized in cold 

buffer consisting of 0.1 M Tris- HCl in 1 

mM EDTA (pH 7.8) and the homoginate 

solution was centrifuged at 10,000×g for 

15 min. The resultant supernatants were 

used for the measurement of COX 

activities. Assay buffer, heme reagent, test 

samples and background samples were 

added according to the manufacturer’s 

instructions. The plate was incubated at 

250C for 5 min after adding DuP-697 

(COX 2 selective inhibitor) and SC-560 

(COX 1 selective inhibitor) to the 

respective inhibitor wells. 20 µl N,N,N ,́N´

-tetramethyl-p phenylenediamine (TMPD) 

and Arachidonic acid (20 µl) were added 

to each well to start the reaction. Then 

plate was incubated at 250C for 5 min. 

After incubation absorbance was measured 

at 590 nm. COX activity was calculated 

using the following formula: 

COX activity (nmol/min/ml) = (ΔA590 per 

5 min ÷ 0.00826 µM-1) × (0.21 ÷ 0.04) ÷ 2 

Where, 2 molecules of TMPD were 

required to reduce prostaglandin G2 

(PGG2) to prostaglandin H2 (PGH2). 

Percentage inhibition of COX activity was 

calculated by the following formula: 

Percentage of inhibition = [(TCAS – TCA1 

or TCA2) ÷ TCAs] × 100 

Where, TCAS = Total COX activity (COX 

1 + COX 2) of sample; TCA1 = COX 1 

activity (DuP-697 treated sample); TCA2 

= COX 2 activity (SC-560 treated sample). 

3.11.5. Measurement of Prostaglandin 

E2 Level 

Prostaglandin E2 was measured by PGE2 

EIA Kit (Cayman) according to the 

manufacturer’s instructions. In brief, 50 µl 

cell culture supernatants were added to the 

respective wells of a 96‑well plate 
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according to previously described 

methods. Then the cell culture 

supernatants were precoated with goat 

polyclonal anti‑mouse IgG, followed by 

50 µL of PGE2‑AChE tracer and 50 µL 

PGE2 monoclonal antibody and incubated 

for 18 h at 4°C. After incubation the 

culture plate was washed five times with 

wash buffer. Ellman’s reagent (200 µl) 

was added after proper washing and the 

culture was incubated in dark for 60 min 

with constant mild shaking. Absorbance 

was taken at 415 nm using Bio‑Rad 

iMark™ microplate absorbance reader.  

3.13.5. Molecular Docking 

Proteins were chosen based on literature 

survey, having functional implications in 

immunomodulatory activity. The X-ray 

structures of the proteins available in the 

Protein Data Bank (http://www.rcsb.org) 

were used. Molecular docking was 

conducted using Auto Dock Vina (Trott 

and Olson, 2010). The receptor structures 

were defined as rigid, and the grid 

dimensions were 100, 100 and 100 for the 

X, Y, and Z axes for proteins having PDB 

ID's 1cqe, 6cox, 1tnf. On the other hand 

for proteins with PDB ID's 1hik and 2h24 

grid dimension were 80, 80, 80 for X, Y 

and Z axes respectively.  Gasteiger charges 

were assigned for all the compounds, and 

nonpolar hydrogen atoms were merged. 

All torsions of the ligand were allowed to 

rotate during docking. The value for the 

exhaustiveness of the search was 8. All 

graphic manipulations and visualizations 

were performed using the AutoDock Tools 

and ligand docking with Autodock Vina. 

3.11.6. Statistical analysis 

All data are reported as the mean ± SD of 

six measurements. One way analyses of 

variance (ANOVA) test was done to 

compare between the control and the test 

group using KyPlot version 2.0 beta 15 (32 

bit) for windows. P<0.05 was considered 

significant. Percentage of inhibition/

scavenging was calculated by the 

following formula: (X0-X1)/X0×100, 

where X0= absorbance of control and X1= 

absorbance in the presence of the samples 

or standard. The IC50 (half maximal 

inhibitory concentration) values were 

calculated by the following formula: Y = 

A1/(X+A1)×100, where A1 = IC50, Y = 

response (Y = 100% when X = 0), X = 

inhibitory concentration. The linear 

correlation analysis was performed by 

Graph Pad Prism V6.0. 

3.12. Antioxidant assays 

A number of antioxidant assays were done 

to determine the antioxidant activity of C. 

bonplandianus against ROS. 

3.12.1. DPPH radical scavenging assay 

T he DPP H (2 ,  2 -dip hen yl -1 -

picrylhydrazyl) radical scavenging assay 

was done following the method of Saha et 

al., (2016) with slight modifications.  Bio-

Rad micro plate reader was used to 

measure optical density (OD) at 517 nm 

and compared with ascorbic acid standard. 

The following equation was used to 

calculate the percent of scavenging: 



MATERIALS AND METHODS   36 

 

 
Here, A1= absorbance in the presence of 

samples and standardandA0= absorbance 

of the control. 

3.12.2. Nitric oxide (NO) radical 

scavenging assay 

GriessI-llosvoy reaction (Garratt, 1964) 

was used to perform Nitric oxide radical 

(NO) scavenging assay followed by slight 

modification of Dey et al. (2012).Aqueous 

sodium nitroprusside (SNP) and oxygen 

react to generate NO. The diazotization of 

nitrite ions with sulphanilamideand 

c ou p l i n g w i t h  N - (1 - na p ht h y l ) 

ethylenediaminedihydrochloride (NED) 

generate pink azo dye. Here, curcumin was 

used as the standard. Above mentioned 

formula was used to calculate the 

percentage of inhibition.  

3.12.3. Superoxide radical scavenging 

assay 

The method of Fontana et al., (2001) with 

slight modifications was used to perform 

superoxide radical scavenging assay. Non-

enzymatic combination of reduced 

nicotinamide adenine dinucleotide 

(NADH) andphenazinemethosulfate 

(PMS) produces superoxide radical (O2
•−), 

that further reduces nitro blue tetrazolium 

(NBT) to purple-colored formazan. 

Quercetin was used as standard. 

3.12.4. Hydroxyl radical scavenging 

assay 

The method of Elizabeth and Rao, (1990) 

with slight modifications followed by Saha 

et al., (2016) was used to perform 

hydroxyl radical scavenging activity. 

Through Fenton reaction hydroxyl radical 

(OH•) was generated and the OD was 

measured at 532 nm using Bio-Rad micro 

plate reader. Mannitol was used as 

standard. Again equation I was used to 

calculate the percent of inhibition. 

3.12.5. Hydrogen peroxide scavenging 

assay 

The assay was performed according to a 

previously described method (Long et al., 

1999) with minor modifications. An 

aliquot of 50 mM H2O2 and various 

concentrations (0-2 mg/ml) of samples 

were mixed (1:1 v/v) and incubated for 30 

min at room temperature. After incubation, 

90 μl of the H2O2-sample solution was 

mixed with 10 μl HPLC-grade methanol 

and 0.9 ml FOX reagent was added (9 

volumes of 4.4 mM BHT in HPLC-grade 

methanol with 1 volume of 1 mM xylenol 

orange and 2.56 mM ammonium ferrous 

sulfate in 0.25M H2SO4). The reaction 

mixture was vortexed and incubated at 

room temperature for 30 min. The 

absorbance was measured at 560 nm. 

Sodium pyruvate was used as the reference 

compound. 

3.12.6. Total antioxidant activity (TAA) 

Total antioxidant activity (TAA) of the 

specimens was evaluated following the 

modified method of Prietto et al., (1999). 

The activity was measured observing the 

reduction of Mo6+ to Mo5+. In this purpose, 

ascorbic acid standard was used. 
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3.12.7. Hypochlorous acid scavenging 

assay 

The method of Aruoma and Halliwell 

(1987) was used for this assay with minor 

modifications by monitoring the 

absorbance decrease of catalase. At pH 6.2 

NaOCl and H2SO4 were mixed to prepare 

Hypochlorous acid (HOCl). As the 

standard, ascorbic acid was used. 

3.12.8. Measurement of reducing power 

The method described by Oyaizu, (1986) 

was followed with slight modification to 

evaluate the total reducing power of the 

CBL extracts. Different concentrations (0-

1 mg/ml) of extracts (0.5 ml) were mixed 

with 0.5 ml phosphate buffer (pH 6.6) and 

0.5 ml 0.1% potassium hexacyanoferrate. 

The solutions were incubated at 50 °C in a 

water bath for 20 min. Then, 0.5 ml of 

10% TCA was added in each tube to 

terminate the reactions. The upper portion 

of the solutions (1 ml) was mixed with 1 

ml distilled water, and 0.1 ml FeCl3 

solution (0.01%) was added. The reaction 

mixtures were left for 10 min at room 

temperature and the absorbance was 

measured at 700 nm against an appropriate 

blank solution. A higher absorbance of the 

reaction mixture indicated greater reducing 

power. Butylated hydroxytoluene (BHT) 

was used as a positive control. 

3.12.9. Iron chelation assay 

Slight modified method of Haro-Vicente et 

al., (2006) was used to evaluate iron 

chelation assay. This activity was 

determined through the measurement of 

the intensity decrease of violet complex 

which is generated by coupling of 

ferrozineandFe2+. As standard, EDTA was 

used. 

3.12.10. Lipid peroxidation inhibition 

assay 

The method of Kizil et al., (2008) 

followed by minor modifications of Saha 

et al., (2016) was used to assay lipid 

peroxidation inhibition. The activity of the 

both fruit extracts against lipid 

peroxidation was measured in the mice 

brain sample by the inhibition of OH− 

catalyzed malondialdehyde (MDA) 

production from the polyunsaturated fatty 

acid (PUFA). Both the fruit extracts (RLE 

and RTE) were compared with the 

standard Trolox.  

3.12.11. Peroxynitrite scavenging 

activity 

A previously described standard method 

(Beckman et al., 1994) was followed to 

synthesize peroxynitrite (ONOO-). In brief, 

5 ml 0.6 M KNO2 was mixed with an 

acidic solution (0.6 M HCl) of 5 ml H2O2 

(0.7 M) on ice bath and 5 ml of ice-cold 

1.2 M NaOH was added to it. The solution 

was subjected to treatment with granular 

MnO2 prewashed with 1.2 M NaOH to 

remove the excess H2O2. The reaction 

mixture was left overnight at -20°C. 

Peroxynitrite solution was collected from 

the frozen mixture and the concentration 

was measured at 302 nm (ε = 1670 M-1 

cm-1). The reaction mixture contained 50 

mM phosphate buffer (pH 7.4), 0.1 mM 
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DTPA, 90 mM NaCl, 5 mM KCl, 12.5 μM 

Evans Blue, various doses of plant extract 

(0- 200 μg/ml) and 1 mM peroxynitrite in 

a final volume of 1 ml. The mixture was 

incubated at 25 °C for 30 min and the 

absorbance was measured at 611 nm. 

Gallic acid was used as the reference 

compound. 

3.12.12. Singlet oxygen scavenging assay 

The method of Pedraza-Chaverrí et al., 

(2004) with some modifications was used 

for this assay. The reaction between H2O2 

and sodium hypochlorite (NaOCl) 

generates singlet oxygen (1O
2). This assay 

was performed by monitoring the 

bleaching of N,  N-dimethyl-4-

nitrosoaniline (RNO) by singlet oxygen 

(1O
2). Lipoic acid was used as standard. 

Equation I was again used to calculate 

singlet oxygen scavenging assay. 

3.12.13.  Erythrocyte membrane 

stabilizing activity (EMSA) 

Erythrocyte membrane stabilizing activity 

of CBL extract was performed by standard 

method as described by Dey et al., 2012. 

Briefly, varying concentrations of CBL 

extract (0–200 μg/ml) was added to the 

mixture of 50 mM phosphate buffer (0.5 

ml; pH 7.2), distilled water (1 ml), 10% 

RBC suspension (0.25 ml PBS), 12 mM 

EDTA (100 μl), NBT (150 μl of 1% 

solution), and riboflavin (100 μl).  The 

solution then kept under bright light for 30 

sec and incubated for 30 min at 50 °C 

followed by centrifugation at 1000 rpm for 

10 min. The absorbance of the supernatant 

was measured at 562 nm and compared 

with the standard compound, quercetin. 

3.12.14. Quantification of total flavonoid 

and phenolic content 

Total flavonoid and phenolic content of 

CBL were estimated by standardized 

method of Dey et al., (2012) at 510 nm 

and 725 nm respectively. The phenolic 

content was calculated from gallic acid 

(GA; R2 =0.9708) standard curve and 

flavonoid content was calculated from 

quercetin (QC; R2 =0.9891) standard 

curve. 

3.12.15. Statistical analysis 

All data are reported as the mean ± SD of 

six measurements. One way analyses of 

variance (ANOVA) test was done to 

compare between the control and the test 

group using KyPlot version 2.0 beta 15 (32 

bit) for windows. P<0.05 was considered 

significant. Percentage of inhibition/

scavenging was calculated by the 

following formula: (X0-X1)/X0×100, 

where X0= absorbance of control and X1= 

absorbance in the presence of the samples 

or standard. The IC50 (half maximal 

inhibitory concentration) values were 

calculated by the following formula: Y = 

A1/(X+A1)×100, where A1 = IC50, Y = 

response (Y = 100% when X = 0), X = 

inhibitory concentration. The linear 

correlation analysis was performed by 

Graph Pad Prism V6.0. 
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3.13. Hepatoprotective activity 

3.13.1. Experimental design: in vivo  

3.13.1.1. Doses 

Swiss albino mice were randomly divided 

into six groups (n=6) and following 

treatments were done once per day for 21 

consecutive days: Control group received 

normal saline; CCl4 group received 1:1 (v/

v) CCl4 in olive oil; Silymarin group 

received 1:1 (v/v) CCl4 in olive oil and 100 

mg/kg BW silymarin; low dose extract 

(CBLL) group received 1:1 (v/v) CCl4 in 

olive oil and 50 mg/kg, medium dose 

extract (CBLM) ) group received 1:1 (v/v) 

CCl4 in olive oil and 100 mg/kg and high 

dose extract (CBLH) groups received 1:1 

(v/v) CCl4 in olive oil and 250 mg/kg bw 

respectively.  

On 22nd day i.e. 24 h after the last dose, 

blood was collected by cardiac puncture 

under anesthesia and finally the animals 

were sacrificed with proper care. Blood 

was allowed to clot for 60 min at room 

temperature (20°C).  Then serum was 

separated by centrifuging at 1000 rpm for 

5 min from the clotted blood. The straw 

colored serum was used to study in vivo 

liver marker enzymes. Liver was separated 

from diaphragm by cutting the falciform 

and coronary ligaments. The liver was 

washed with phosphate buffer saline to 

remove blood. Isolated liver was 

homogenized and centrifuged. After 

centrifugation the supernatant was 

collected and used for in vivo antioxidant 

enzymatic assays. Liver tissue was 

chopped and preserved in 10% 

formaldehyde solution for histological 

study. 

3.13.1.2. Liver function test: in vivo  

Serum samples from each group were used 

to study several liver function tests like 

ACP, albumin, globulin, glucose, ALP, 

bilirubin, cholesterol, LDH, GGT, AST, 

ALT, total protein, urea and urea N2 levels 

using commercially available kits (Crest 

Biosystems, India).  

3.13.1.3. Estimation of peroxidase activity  

Peroxidase activity was estimated by 

measuring the oxidation of guiacol in the 

liver of treated mice according to a 

standard method (Sadasivam and 

Manickam, 2008). 50 mg of tissue samples 

were homogenized in 0.1M ice cold 

phosphate buffer (pH 7.0) and centrifuged 

at 3000 rpm for 15 min for the study of 

peroxidase activity. The supernatant (100 

μl) was mixed with 20 mM guiacol. Time 

was recorded for the increase of 

absorbance by 0.1 at 436 nm in presence 

of 300 μl H2SO4 (12.3 mM). 

3.13.1.4. Estimation of catalase activity  

Catalase activity was assessed by the 

standard protocol of (Luck and Bergmeyer, 

1971) with some modifications, wherein 

degradation of substrate H2O2 by catalase 

in the liver tissue samples was measured. 

50 mg of tissue samples were 

homogenized in 0.05 M of 1 ml Tris-HCl 

buffer (pH 7.0) and centrifuged at 10,000 

rpm for 10 min at 4°C for the study of 

catalase activity. The supernatant was 
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collected. In a spectrophotometric cuvette, 

500 μl of 0.34 mM H2O2, 2.5 ml H2O and 

40 μl supernatant were added and change 

in absorbance was noted six times at 30 

sec intervals at 240 nm. 

3.13.1.5. Estimation of reduced 

glutathione (GSH) 

Reduced glutathione activity was 

measured according to the standard 

protocol (Ellman, 1959). An aliquot of 1 

ml liver tissue supernatant was treated with 

0.5 of Elman reagent (19.8 mg DTMB 

dissolved in 100 ml of 0.1 % sodium 

nitrate). After the treatment with Elman 

reagent, 3 ml of phosphate buffer was 

added and the absorbance was measured at 

412 nm.  

3.13.1.6. Estimation of superoxide 

dismutase (SOD) 

For the estimation of superoxide 

dismutase, standard method was followed 

with minor modifications (Mishra and 

Fridorich, 1972). Reaction mixture was 

prepared using 1 ml of 50 mM sodium 

carbonate, 0.4 ml of 25 µM nitroblue 

tetrazolium and 0.2 ml of 0.1 mM freshly 

prepared hydroxylamine hydrochloride. 

Clear supernatant of liver homogenate (0.1 

ml, 1:10 w/v) was added to the reaction 

mixture. The changes in absorbance of the 

sample were recorded at 560 nm.  

3.13.2. Experimental design: in vitro  

In vitro hepatoprotective potentiality of C. 

bonplandianus extracts was studied 

according to the previously described 

standardized protocol with some 

modifications (Dey et al., 2015; Freshney, 

2005; Mishra et al., 2011). Different 

experimental groups of primary explant 

culture of mice hepatocytes were prepared 

in RPMI-1640 medium containing 50 U/

ml penicillin, 50 U/ml streptomycin and 50 

U/ml nystatin supplemented with 10% 

fetal bovine serum (FBS) for in vitro 

experimentation. Following treatments 

were done after 48 h of incubation: 

Control had no separate treatment; CCl4 

group received 25 µl/ml CCl4; Silymarin 

group received 25 µl/ml CCl4 and 100 µg/

ml silymarin; low dose extract group 

(CBLL) received 25 µl/ml CCl4 and 25 µg/

ml CBL; medium dose extract group 

(CBLM) received 25 µl/ml CCl4 and 50 

µg/ml CBL; high dose extract groups 

received 25 µl/ml CCl4 and 100 µg/ml 

CBL extract. The plates were incubated for 

2 h and centrifuged at 5000 rpm for 10 

min. After centrifugation culture 

supernatant was collected for further 

experiments. 

3.13.2.1. Liver function test: in vitro  

Culture supernatant from the experimental 

groups were analysed for ACP, ALP, 

bilirubin, LDH, AST, ALT and total 

protein levels using commercially 

available kits (Crest Biosystems, India).  

3.13.2.2. Measurement of lipid 

peroxidation  

Estimation of lipid peroxidation or MDA 

content was done using TBARS assay kit 

(Cayman, USA) according to the 

manufacturer’s instructions. Supernatant 
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was measured at 340 nm.  

3.13.2.3. Measurement of TNF-α  

TNF-α released in culture supernatants of 

the experimental mice were measured 

using TNF-α ELISA kit (Ray Bio, USA) 

according to the manufacturer’s 

instructions. Absorbance of the sample 

was immediately measured after the assay 

at 450 nm using Bio-Rad iMark™ 

microplate absorbance reader.  

3.13.2.4. Measurement of inhibition of 

NO  

Nitric oxide level was determined using 

the Griess reagent method (Hibbs et al., 

1988) with some modifications. Culture 

supernatants of the experimental groups 

were taken to quantify the NO level. 

Briefly, 60 µl culture supernatant from 

each group was mixed with 240 µl of 

Griess reagent [(1% sulfanilamide and 

0.1% N-(1-naphthyl) ethylenediamine 

hydrochloride in 2.5% H3PO4)] in a 96-

well plate. Then the plate was incubated 

for 20 min at room temperature for the 

development of purple azo-dye. The dye 

was detected at 540 nm. 

3.13.2.5. MTT cytotoxicity assay  

Carbon tetrachloride (CCl4) creates 

necrosis in hepatocytes. Therefore, MTT 

cytotoxicity assay was performed in six 

sets using EZcountTM MTT Cell Assay 

Kit (HiMedia) according to the 

manufacturer’s instructions, to examine 

the prevention rendered by CBL extract 

against CCl4 mediated toxicity.  

 

3.13.3. Histopathological studies 

Livers were removed from the 

experimental mice, cut into small pieces 

and fixed in 10% formaldehyde solution 

for overnight followed by dehydration. 

Dehydrated tissues were embedded in 

paraffin. 4 µm sections were cut using 

microtome. Then liver sections were 

dewaxed in xylene, rehydrated in a series 

of different grades of alcohol and then 

washed with distilled water for 5 min. The 

liver sections were stained with basic stain 

haematoxylin for  40 sec and 

counterstained with acidic stain eosin for 

20 sec. After proper staining the slides 

were observed (100X and 400X) using 

Nikon ECLIPS E200 microscope to 

identify the damages like necrosis, portal 

inflammation, vascular congestion, fatty 

infiltration, vacuolar degeneration, 

leukocyte infiltration, loss of structure of 

hepatic nodules and so forth (Knodell et 

al., 1981; Ruwart et al., 1989). Fibrosis 

was also observed in the CCl4 intoxicated 

group.  

3.13.4. Detection of intracellular ROS 

generation 

H 2 D C F D A  ( 2 ' ,  7 ' -

dichlorodihydrofluorescein diacetate), a 

hydrogen peroxide detecting probe, is used 

for the detection of hydrogen peroxide 

production in intact cells. Standard 

protocol (Cui et al., 2016) was followed 

with some modification for the 

measurement of intracellular ROS. The 

oxidation of 2-7 dichlorofluorescin 
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(H2DCF) to 2-7 dichlorofluorescein (DCF) 

can be used for the quantization of H2O2. 

Oxidation of H2DCF by ROS converts the 

m o l e c u l e  t o  2 ,  7 

dichlorodihydrofluorescein (DCF), which 

is highly fluorescent and the change in 

fluorescence intensity can be used to 

measure the intracellular production of 

ROS. Human hepatic cell line (WRL-68) 

was grown on coverslip in 35mm Petri-

plate culture dishes and incubated for 24 

hours at 37oC with 5% CO2 in N-biotech 

incubator. Then cells were treated with 

different experimental concentrations of 

extract (50, 80, 100, 150 and 200µg/ml) 

with CCl4 and two plates were kept 

without treatment for control.  After 23hrs 

of incubation, in one untreated plate H2O2 

(0.03%) was added again and kept for 1hr. 

All plates were washed twice with PBS 

and fresh serum media was added with 

20µM 2,7-dichlorofluorescein diacetate 

and incubated for 30 min at 37 °C in the 

CO2 incubator. Immediately after the 

incubation, cells were washed thrice with 

serum free media and glass slides were 

prepared by inverting coverslips on the 

slide in 20% glycerine/PBS solution. Cells 

were observed under LED-based 

fluorescence microscope, Magnus MLXi 

microscope. The cells were excited at 480 

nm using LED cassettes and emission was 

collected using a long pass filter. Cells 

were observed at10X magnification and 

images were captured by digital SLR 

Olympus camera mounted on the head for 

high resolution image. 

3.13.5. Molecular Docking 

Proteins were chosen based on literature 

survey, having functional implications in 

hepatotoxic activity. The X-ray structures 

of the proteins available in the Protein 

Data Bank (http://www.rcsb.org) were 

used. Molecular docking was conducted 

using Auto Dock Vina (Trott and Olson, 

2010). The receptor structures were 

defined as rigid, and the grid dimensions 

were 100, 100 and 100 for the X, Y, and Z 

axes for proteins having PDB ID's 1nfi, 

1vkx, 2jod. On the other hand for proteins 

with PDB ID's 1ilg, 1n3u, 3i7h, 7api grid 

dimension were 80, 80, 80 for X, Y and Z 

axes respectively.  Gasteiger charges were 

assigned for all the compounds, and 

nonpolar hydrogen atoms were merged. 

All torsions of the ligand were allowed to 

rotate during docking. The value for the 

exhaustiveness of the search was 8. All 

graphic manipulations and visualizations 

were performed using the AutoDock Tools 

and ligand docking with Autodock Vina. 

3.13.6. Statistical analysis 

All data are reported as the mean ± SD of 

six measurements. One way analyses of 

variance (ANOVA) test was done to 

compare between the control and the test 

group using KyPlot version 2.0 beta 15 (32 

bit) for windows and Graph Pad Prism 

V6.0. P<0.05 was considered significant. 

Percentage of inhibition/scavenging was 

calculated by the following formula: (X0-

X1)/X0×100, where X0= absorbance of 
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control and X1= absorbance in the 

presence of the samples or standard. The 

IC5 0  (ha lf  maxima l inhibitory 

concentration) values were calculated by 

the following formula: Y = A1/(X+A1)

×100, where A1 = IC50, Y = response (Y = 

100% when X = 0), X = inhibitory 

concentration.  

3.14. Neuromodulatory activity 

3.14.1. Experimental Design (In-vitro) 

3.14.1.1. Acetylcholinesterase (AChE) 

inhibitory activity 

Acetylcholinesterase inhibiting activity of 

C. bonplandianus leaf extract was carried 

out based on Ellman et al., (1961) method 

with concise modification. Briefly, a 

reaction mixture was prepared containing 

sodium phosphate buffer (0.1 mM), 5,5’-

dithiobis-2-nitrobenzoic acid (DTNB; 0.1 

mM), various concentration of plant 

e x t r a c t  ( 0 - 2 0 0  µ g / m l )  a n d 

acetylcholinesterase (2U/ml) in a 96 well 

micro plate and incubated for 15 min at 

250 C. Following incubation, acetylcholin 

iodide (0.05 mM) was added as substrate 

in the reaction mixture and the enzyme 

activity was measured immediately after 3 

min in a Bio-Rad iMarkTM microplate 

absorbance reader at 412 nm. Eserine was 

used as positive control. Percentage of 

inhibition was calculated in terms of 

percentage by dividing the difference of 

sample absorbance from control with 

control absorbance × 100.  

3.14.2. Experimental Design (In-vivo) 

3.14.2.1. Memory-Enhancing Behavioral 

Study  

3.14.2.1.1. Experimental design and drug 

administration 

A total of six group of mice, six in each 

group received the following treatment 

schedule: 

Group I: normal control, received normal 

saline for 20 days; Group II: Scopolamine 

treated mice (1 mg/kg BW; dissolved in 

Mili-Q water), received normal saline for 

20 days; Group III: Scopolamine-treated 

mice, received standard drug, Donepzil 1 

mg/kg BW per day (dissolved in Mili-Q 

water) for 20 days; Group IV: 

Scopolamine-treated mice, received low 

dose CBL extract (dissolved in Mili-Q 

water) at 50 mg/kg BW per day for 20 

days; Group V: Scopolamine-treated 

mice, received medium dose CBL extract 

(dissolved in Mili-Q water) at 100 mg/kg 

BW per day for 20 days; Group VI: 

Scopolamine-treated mice, received high 

dose CBL extract (dissolved in Mili-Q 

water) at 250 mg/kg BW per day for 20 

days. 

On the 21th day, plant extract/standard 

drug/normal saline was injected after 90 

min. of scopolamine treatment followed by 

behavioral test performed after 45 min of 

injection. The reaction of learned task was 

examined after 24 hour of last injection 

(22nd day). All the trial and examining 

sessions were carried out at night, 

preferably between 19:00 and 23:00 h due 

to restless movement of the mice during 

night. 
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3.14.2.1.2. Step-through passive 

Avoidance task 

The task was carried out as per previously 

described methods of Reddy, (1997), using 

a wooden two compartment passive 

avoidance apparatus (dark and night 

chamber, partitioned by a wall with an 

open able door in the middle part), with 

slight alterations of the time intervals. 

After compliance of the trial, on the 20th, 

the animal groups were kept in the 

experimental room. One hour leter, each 

mouse was placed in the light chamber for 

the attainment trial and was left to 

familiarize to the apparatus. After 100 s, 

the middle door was opened, and the 

mouse was allowed to enter the dark 

compartment. The latency time with which 

the animal crossed into the dark 

compartment was recorded. Animals that 

fail to enter the dark compartment within 

100s were removed from the experiments. 

Once the mouse entered with all its four 

paws to the dark compartment, the middle 

door was closed and the animal was 

transferred into its home cage. The same 

trial was again repeated after 30 min of the 

first test, but the door was opened after 5s. 

Once the animal reached to the dark 

compartment, the door was closed and a 

mild foot shock (25V, AC, 5s) was 

immediately transferred to its home cage. 

In this test, the initial latency (IL) period 

of entrance into the dark chamber was 

noted with in 120s (selected as maximum 

time). A retention test was performed to 

determine short time memory of mice after 

24 h of last training (i.e., 21st day). Briefly, 

each animal was placed in the light 

compartment for 20s and the middle door 

was opened. The step through latency 

(STL) was measured for entering into the 

dark compartment and the test session 

ended when the animal reached the dark 

chamber or waited in the light 

compartment for 300s. During these 

sessions, no electric shock was applied.  

3.14.2.1.3. Preparation of brain tissue 

sample 

After behavioral evaluations, the animals 

were anesthetized and sacrificed. The brain 

of the sacrificed mice of each group were 

removed quickly from the skull and 

washed consciously in ice cold normal 

saline followed by homogenization in 1X 

KH2PO4 saline (10%, w/v, pH8), to which 

BHT (0.004%, w/v) was added to prevent 

autoxidation of the samples. Subsequently, 

the homogenate was centrifuged at 10,000 

× g for 30 minutes at 40C and an aliquot of 

supernatant was separated for further 

biochemical studies. 

3.14.2.1.4. Determination of AchE 

activity in the brain tissue 

The brain AchE activity was measured as 

per Ellman’s methods (1961) using DTNB 

(5, 5’-dithiobis-2-nitrobenzoic acid). The 

absorbance was measured at 412 nm. 

3.14.2.1.5. Estimation of peroxidase 

activity  

Peroxidase activity was estimated by 

measuring the oxidation of guiacol in the 
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brain of treated mice according to a 

standard method (Sadasivam and 

Manickam, 2008). 50 mg of tissue samples 

were homogenized in 0.1M ice cold 

phosphate buffer (pH 7.0) and centrifuged 

at 3000 rpm for 15 min for the study of 

peroxidase activity. The supernatant (100 

μl) was mixed with 20 mM guiacol. Time 

was recorded for the increase of 

absorbance by 0.1 at 436 nm in presence 

of 300 μl H2SO4 (12.3 mM). 

3.14.2.1.6. Estimation of catalase activity  

Catalase activity was assessed by the 

standard protocol of Luck (Luck and 

Ber gmey er ,  1971)  wit h s ome 

modifications, wherein degradation of 

substrate H2O2 by catalase in the brain 

tissue samples was measured. 50 mg of 

tissue samples were homogenized in 0.05 

M of 1 ml Tris-HCl buffer (pH 7.0) and 

centrifuged at 10,000 rpm for 10 min at 4°

C for the study of catalase activity. The 

supernatant was collected. In a 

spectrophotometric cuvette, 500 μl of 0.34 

mM H2O2, 2.5 ml H2O and 40 μl 

supernatant were added and change in 

absorbance was noted six times at 30 sec 

intervals at 240 nm. 

3.14.2.1.7. Estimation of reduced 

glutathione (GSH) 

Reduced glutathione activity was 

measured according to the standard 

protocol (Ellman, 1959). An aliquot of 1 

ml brain tissue supernatant was treated 

with 0.5 of Elman reagent (19.8 mg 

DTMB dissolved in 100 ml of 0.1 % 

sodium nitrate). After the treatment with 

Elman reagent, 3 ml of phosphate buffer 

was added and the absorbance was 

measured at 412 nm.  

3.14.2.1.8. Estimation of superoxide 

dismutase (SOD) 

For the estimation of superoxide 

dismutase, standard method was followed 

with minor modifications (Mishra and 

Fridorich, 1972). Reaction mixture was 

prepared using 1 ml of 50 mM sodium 

carbonate, 0.4 ml of 25 µM nitroblue 

tetrazolium and 0.2 ml of 0.1 mM freshly 

prepared hydroxylamine hydrochloride. 

Clear supernatant of brain homogenate 

(0.1 ml, 1:10 w/v) was added to the 

reaction mixture. The changes in 

absorbance of the sample were recorded at 

560 nm.  

3.14.3. Histopathological studies 

Brains were removed from the 

experimental mice, cut into small pieces 

and fixed in 10% formaldehyde solution 

for overnight followed by dehydration. 

Dehydrated tissues were embedded in 

paraffin. 4 µm sections were cut using 

microtome. Then brain sections were 

dewaxed in xylene, rehydrated in a series 

of different grades of alcohol and then 

washed with distilled water for 5 min. The 

brain sections were stained with basic stain 

haematoxylin for  40 sec and 

counterstained with acidic stain eosin for 

20 sec. After proper staining the slides 

were observed (100X and 400X) using 

Nikon ECLIPS E200 microscope to 
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identify the damages.  

3.14.4. Statistical analysis 

All data are reported as the mean ± SD of 

six measurements. One way analyses of 

variance (ANOVA) test was done to 

compare between the control and the test 

group using KyPlot version 2.0 beta 15 (32 

bit) for windows and Graph Pad Prism 

V6.0. P<0.05 was considered significant. 

The IC50 (half maximal inhibitory 

concentration) values were calculated by 

the following formula: Y = A1/(X+A1)

×100, where A1 = IC50, Y = response (Y = 

100% when X = 0), X = inhibitory 

concentration.  
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4.1. Phytochemical analysis 

4.1.1. Qualitative phytochemical 

screening 

The results of qualitative screening of 

various classes of phytochemicals are 

enlisted in Table 1. 

Table 1: Qualitative determination of 

various classes of phytochemicals 

present in leaf of C. bonplandianus. 

4.1.2. Quantitative phytochemical 

screening 

The results of quantitative screening of 

various classes of phytochemicals are 

enlisted in Table 2. 

4.1.3. Gas chromatography-mass 

spectrometry (GC-MS) analysis 

GC-MS analysis showed the chemical 

fingerprint of the CBL extract (Figure 8 

and Table 3). The GC-MS data reported 

that the presences of several bioactive 

compounds, of which many of them are 

documented, possess distinct and 

definitive pharmacological activities.  

4.1.4. Fourier transforms infrared 

spectroscopy (FTIR) analysis 

FTIR analysis of CBLE (Figure 68-70) 

was performed to identify the predominant 

chemical groups present in the extracts. 

Peak shifts in FTIR analysis are very 

common phenomenon. Some of the 

functional groups may thus, be affected by 

peak shift. The IR spectrum (Figure 9) of 

CBLE displayed different peaks (Table 4) 

at corresponding to different functional 

groups (Silverstein et al., 2007). 

 

 

Chapter 4 
Results 

 

Phytochemicals Leaf 

Tannin + 

Phlobatannin + 

Cholesterol + 

Terpinoid + 

Glycoside + 

Phenolics + 

Flavonoid + 

Steroid + 

Anthraquinone - 

 

Saponin + 

Carbohydrate + 

Protein + 

Alkaloid + 
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Phytochemicals Mean S.D. S.E.M. Variance Coef. Var. 

Flavonoide 4.36 0.48 0.27 0.23 0.11 

Alkaloidd 59.60 4.79 2.76 23.00 0.08 

Saponind 17.19 1.35 0.78 1.82 0.07 

Phenole 75.29 3.19 1.84 10.21 0.04 

Ascorbic acidf 0.71 0.05 0.02 0.00 0.07 

Thiaminef 0.54 0.01 0.00 0.00 0.02 

Riboflavinf 0.55 0.03 0.01 0.00 0.05 

Total proteine 55.04 2.09 1.20 4.38 0.03 

Lipide 37.53 2.46 1.42 6.09 0.06 

Soluble sugare 2.53 0.40 0.23 0.16 0.15 

Tanninf 26.18 2.63 1.52 6.95 0.10 

Moistureg 65.20 3.19 1.84 10.18 0.04 

Ashg 1.53 0.24 0.13 0.05 0.15 

S.D. = Standard deviation; SEM=Standard error of mean; Coef.Vr=Co-efficient of Variance. All values are the 
mean of three replicate experiments. d Units are in g/100g; e Units are in mg/g; f Units are in mg/100g; g Units 
are in %.  

Table 2: Quantitative determination of various phytochemicals present in leaf of C. bon-

plandianus. All values are represented as mean ± SD of three replicative assays. 

Figure 8: Gas Chromatography Mass Spectrometry (GC-MS) analysis of Croton bonplan-

dianus. 
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Table 3: Chemical fingerprint of CBL extract revealed by GC-MS analyses corresponding 

to Figure 8. 

Compounds name Molecular 

weight Formula RT 

2-Pyrrolidinone, 1-methyl- 99 C5H9NO 9.20 

Propanoic acid, 2-[(trimethylsilyl)oxy]-, trimethylsilyl ester 234 C9H22O3Si2 9.83 

Hexanoic acid, trimethylsilyl ester 188 C9H20O2Si 10.01 

2-Methyl-4-pentenoic acid, trimethylsilyl ester 186 C9H18O2Si 10.14 

Acetic acid, [(trimethylsilyl)oxy]-, trimethylsilyl ester 220 C8H20O3Si2 10.19 

2-Hexenoic acid, trimethylsilyl ester 185 C9H18O2Si 11.26 

Ethanedioic acid, bis(trimethylsilyl) ester(syn. Oxalic acid, bis

(trimethylsilyl) ester) 
234 C8H18O4Si2 11.72 

Propanoic acid, 3-[(trimethylsilyl)oxy]-, trimethylsilyl ester 234 C9H22O3Si2 12.01 

p-Trimethylsiloxybenzaldehydeoxime, trimethylsilyl- 281 C13H23NO2Si2 12.09 

Butanoic acid, 3-[(trimethylsilyl)oxy]-, trimethylsilyl ester(syn. β-

Hydroxybutyric acid (2TMS)) 
248 C10H24O3Si2 12.47 

Propanedioic acid, bis(trimethylsilyl) ester 248 C9H20O4Si2 13.66 

D-Erythro-Pentonic acid, 2-deoxy-3,5-bis-O-(trimethylsilyl)-, γ-

lactone 
276 C11H24O4Si2 14.13 

1,3-Bis(trimethylsilyloxy)butane 234 C10H26O2Si2 14.46 

1-Phenylethanol, tert-butyldimethylsilyl ether 236 C14H24OSi 14.63 

Octanoic acid, trimethylsilyl ester 216 C11H24O2Si 15.11 

Glycerol, tris(trimethylsilyl) ether 308 C12H32O3Si3 15.70 

Phosphoric acid, tris(trimethylsilyl) ester 314 C9H27O4PSi3 15.77 

Butane, 1,2,3-tris(trimethylsiloxy)- 322 C13H34O3Si3 16.19 

Butanedioic acid, bis(trimethylsilyl) ester 262 C10H22O4Si2 16.55 

Glyceric acid, (3TMS) 322 C12H30O4Si3 17.20 

Itaconic acid, bis-TMS ester 274 C11H22O4Si2 17.35 

Fumaric acid, bis(trimethylsilyl) ester 260 C10H20O4Si2 17.40 

Methylmaleic acid, bis(trimethylsilyl) ester 274 C11H22O4Si2 17.57 

2(3H)-Furanone, dihydro-3,4-bis[(trimethylsilyl)oxy]-, trans- 262 C10H22O4Si2 18.19 

Methylmaleic acid, bis(trimethylsilyl) ester 274 C11H22O4Si2 18.78 

β-Caryophyllen 204 C15H24 19.25 

Decanoic acid, trimethylsilyl ester 244 C13H28O2Si 20.11 

Butanedioic acid, [(trimethylsilyl)oxy]-, bis(trimethylsilyl) ester

(syn. Malic acid (3TMS) 
350 C13H30O5Si3 21.24 

L-Threonic acid, tris(trimethylsilyl) ether, trimethylsilyl ester 424 C16H40O5Si4 23.17 

Pentanedioic acid, 2-[(trimethylsilyl)oxy]-, bis(trimethylsilyl) ester 
 (syn. 2-Hydroxyglutaric acid, tri-TMS) 

364 C14H32O5Si3 23.26 

Ethanol, 2-(octadecyloxy)-(syn. 2-Octadecyloxyethanol) 314 C20H42O2 23.44 

Dodecanoic acid, trimethylsilyl ester 272 C15H32O2Si 24.71 

Ribitol, 1,2,3,4,5-pentakis-O-(trimethylsilyl)- 512 C20H52O5Si5 25.17 

14-Methyl-pentadecane-1,2-diol, bis(trimethylsilyl) ether 402 C22H50O2Si2 26.57 

Benzoic acid, 2-[(trimethylsilyl)oxy]-, trimethylsilyl ester(syn. 

Benzoic acid, 2-[(trimethylsilyl)oxy]-, trimethylsilyl ester) 
282 C13H22O3Si2 26.76 

5,8,11-Eicosatriynoic acid, trimethylsilyl ester 372 C23H36O2Si 26.97 

Ethanol, (2-(3,4-dihydroxyphenyl)-, tris(trimethylsilyl)- 370 C17H34O3Si3 27.43 

Contd… to next page. 
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Compounds name 
Molecular 

weight 
Formula RT 

Cinnamic acid, p-(trimethylsiloxy)-, trimethylsilyl ester (syn. p-

Coumaric acid, bis-TMS) 
308 C15H24O3Si2 27.79 

Tetradecanoic acid, trimethylsilyl ester 300 C17H36O2Si 28.90 

D-Pinitol, pentakis(trimethylsilyl) ether 554 C22H54O6Si5 29.87 

1,5-Anhydro-D-sorbitol, tetrakis(trimethylsilyl) ether 452 C18H44O5Si4 30.06 

n-Hexadecanoic acid (syn. Palmitic acid) 256 C16H32O2 31.13 

L-Ascorbic acid, 2,3,5,6-tetrakis-O-(trimethylsilyl)-(syn. Ascor-

bic acid (4TMS) 
464 C18H40O6Si4 31.42 

Hexadecanoic acid, trimethylsilyl ester 328 C19H40O2Si 32.75 

Phytol 296 C20H40O 33.95 

9,12-Octadecadienoic acid (Z,Z)-(syn. Linoleic acid) 280 C18H32O2 34.28 

9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 278 C18H30O2 34.41 

Octadecanoic acid (stn. Stearic acid,) 284 C18H36O2 34.81 

Ethyl iso-allocholate 436 C26H44O5 35.28 

α-Linolenic acid, trimethylsilyl ester 350 C21H38O2Si 35.83 

Octadecanoic acid, trimethylsilyl ester (syn. Stearic acid, 

trimethylsilyl ester) 
356 C21H44O2Si 36.26 

Eicosanoic acid, trimethylsilyl ester (syn. Arachidic acid, 

trimethylsilyl ester) 
384 C23H48O2Si 29.50 

psi.,.psi.-Carotene, 1,1',2,2'-tetrahydro-1,1'-dimethoxy- 600 C42H64O2 40.00 

Sucrose, octakis(trimethylsilyl) ether 918 C36H86O11Si8 41.70 

D-(+)-Turanose, octakis(trimethylsilyl) ether 918 C36H86O11Si8 42.04 

α-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-β-D-

fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 
918 C36H86O11Si8 42.66 

1-Monolinoleoylglycerol trimethylsilyl ether 498 C27H54O4Si2 44.49 

Squalene 410 C30H50 45.20 

Hentriacontane 436 C31H64 46.10 

Tocopherol-γ-tms-derivative 488 C31H56O2Si 47.62 

1-Octacosanol, trimethylsilyl ether 482 C31H66OSi 49.29 

(+)-α-Tocopherol, O-trimethylsilyl- 502 C32H58O2Si 49.46 

17-Pentatriacontene 490 C35H70 50.11 

Campesterol, TMS ether 472 C31H56OSi 50.95 

Stigmasterol trimethylsilyl ether 484 C32H56OSi 51.38 

β-Sitosteroltrimethylsilyl ether 586 C32H58OSi 52.23 

α-Amyrin, trimethylsilyl ether 498 C33H58OSi 52.98 

Contd… from previous page. 
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Table 4: Fourier transform infrared spectroscopy peak values of C. bonplandianus. 

Characteristic 

Absorptions (cm-1) 
Type of bonds Functional Group Type of Vibration Intensity 

3691.63 

O-H Alcohol stretch, free strong, sharp 

3691.28 

3691.58 

3677.85 

3677.88 

3651.33 

3630.59 

3630.38 

3677.54 

3650.87 

3620.92 

3630.54 

3589.60 

3569.14 

3385.80 
O-H Alcohol 

stretch, H 

bonded 
strong, broad 

2925.28 

C-H Alkane stretch strong 

2924.92 

2924.70 

2854.57 

2854.75 

2854.60 

2345.89 

C=O Aliphatic Ketone Stretching -------- 2345.93 

2345.75 

1735.77 

C=O Carbonyl stretch strong 

1774.14 

1735.86 

1719.33 

1701.98 

1701.95 

1735.86 

1719.44 

1701.99 

1686.08   

  

C=O 

  

  

Amide 

  

  

stretch 

  

  

strong 
1654.56 

1686.04 

1654.45 

1654.57 

1647.94 

1637.71 N-H Amide bending -------- 

1637.80 

N-H Amide bending -------- 

1637.42 

1618.07 

1618.11 

1618.04 

1560.38 

1542.35 

1578.08 

1560.38 

1560.32 

1542.34 
N-O Nitro stretch strong, two bands 

1542.31 

1508.35 

C=C Aromatic stretch 
medium-weak, 

multiple bands 

1508.31 

1508.35 

1459.27 

1458.83 

1458.71 

1377.58 -C-H Alkane bending variable 

1376.89 

1376.50 

1053.21 C-O Alcohol stretch strong 

722.32 =C-H Alkene bending strong 
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4.2. Immunomodulatory activities 

4.2.1. Effect of Plant Extract on Body 

Weight, Organs weight, Cellularity and 

the Leukocyte Count 

Effect of different doses of C. 

bonplandianus leaf extracts in different 

organs on the basis of weight is shown in 

the Table 5. No significant changes in 

terms of increase or decrease in the body 

weight, liver weight and spleen weight 

were observed in mice that were fed with 

leaf extract for 20 days when compared 

with respective control groups. 

 

Figure 9: Fourier transform infrared spectra of CBLE.  
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4.2.2. Assessment PFC assay and HA 

titer 

Humoral immune response modulate by 

CBLE is shown in Figure 10. In case of 

plaque forming cell assay the most 

significant value was found at 250 mg/kg 

BW dose compared to the control group. 

The highest visible agglutination was 

observed in case of HA titer assay (Table 

6) at 100 mg/kg dose, followed by 250 and 

50 mg/kg dose of CBLE when compared 

to the control. 

Table 5: Effect of different doses of C. bonplandianus leaf extract (CBLE) on liver, spleen 

and body weights of mice after 20 days along with the phagocytic index (PI) of stimulation 

of phagocytosis assay.   

Group 

Initial 

body 

weight 

Final 

body 

weight 

%  

body 

weight 

change 

Liver 

weight 

Rela-

tive 

liver 

weight 

Spleen 

weight 

Relative 

Spleen 

weight 

PI of 

yeast 

cell 

phago-

cytosis 

Control 
26.91 ± 

0.95 

30.04 ± 

1.75* 

10.36 ± 

2.05▲ 

4.75 ± 

0.48 

22.15 ± 

0.80 

0.67 ± 

0.04 

26.23 ± 

0.92 

63.85 ± 

4.06 

CBL (50 

mg/kg 

BW) 

25.53 ± 

0.76 

28.53 ± 

1.08** 

10.48 ± 

1.16▲ 

4.44 ± 

0.59NS 

21.09 ± 

0.74 

0.59 ± 

0.03* 

24.93 ± 

0.75 

70.51 ± 

4.31NS 

CBL (100 

mg/kg 

BW) 

25.98 ± 

1.20 

28.83 ± 

0.96** 

  9.92 ± 

1.15▲ 

3.87 ± 

0.43* 

22.10 ± 

0.78 

0.68 ± 

0.02NS 

25.29 ± 

1.18 

74.90 ± 

4.18NS 

CBL (250 

mg/kg 

BW) 

25.35 ± 

1.00 

28.19 ± 

0.55** 

10.11 ± 

1.77▲ 

4.16 ± 

0.30NS 

21.19 ± 

0.98 

0.60 ± 

0.03NS 

24.74 ± 

0.96 

78.83 ± 

4.98* 

NS p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. Final body weight was compared with initial body 

weight of corresponding group and liver weight of treated groups was compared with liver weight of 

control group. ▲ represents increase. 

Figure 10: Photomicrograph of formation of plaques in the PFC assay. Antibody secreting 

cell in the centre, surrounded by sRBC lysis zone, formed due to IgM-complement complex. 

Photomicrograph (40 X) of viable murine splenic lymphocytes visualized using Trypan Blue 

staining. 
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4.2.3. Immunoglobulin M (IgM) level 

In-vivo IgM level is displayed in Table 6 

and Figure 11 C. The IgM level at 0 mg/kg 

was 0.367 ± 0.05 mg/ml. At 250 mg/kg, 

the level of IgM was 0.73 ± 0.06 mg/ml. 

The dose-dependent correlation between 

PFC value and IgM level demonstrated 

high correlation between two inter-related 

parameters (Figure 11 D). The coefficient 

of determination (R2) of PFC and IgM 

correlation for CBLE was 0.9533. 

4.2 .4 .  Co unt ing o f Per i to nea l 

Macrophage 

Stimulation of murine immune response 

was supported by elevation of peritoneal 

macrophage level with the increase in the 

dose of CBLE (Table 7). The most 

significant increase of the macrophage 

population was found at the dose of 250 

mg/kg body weight (26.36 ± 0.97) in case 

of CBLE when compared with control 

groups. 

Table 6: Summarizes the immunomodulatory effect of CBLE by Plaque Forming Cell 

(PFC) assay, Immunoglobulin M (IgM) levels and Hemagglutination (HA) titre assay.  

Group PFC IgM HA Titre 

Control 107.13 ± 4.38 0.367 ± 0.05 1:40 

CBL (50 mg/kg BW) 137.59 ± 5.41* 0.53 ± 0.05NS 1:40 

CBL (100 mg/kg BW) 147.98 ± 5.023* 0.59 ± 0.05** 1:160 

CBL (250 mg/kg BW) 157.97 ± 5.23** 0.73 ± 0.06* 1:80 

NSP>0.05, *P<0.05, **P<0.01 and ***P<0.001 vs control. 

Figure 11: A. Increase in number of plaques in the PFC assay. B. Effect of CBLE on splenic 
lymphocyte viability. C. Dose dependent increase in total IgM expression. D. Correlation 

between PFC and IgM. [Where, R2 = coefficient of determination. N.S. = non-significant 

(P≥0.05), *P≤0.05, **P≤0.01, ***P≤0.001 versus group 1 (control) and α = P≤0.05 and δ = 

non-significant (P≥0.05) compared to the 0 µg/ml group.] 
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4.2.5. Cell proliferation assay 

The in vitro effect of CBLE on the murine 

splenic lymphocyte proliferation was 

showed in Figure 11 B. Cell viability of 

the con A stimulated group (0 CBLE µg/

ml) was 111.00 ± 3.60 %when the cell 

viability of the control group was 

considered as 100 %. Cell viability at the 

highest dose (80 µg/ml) was 130.67 ± 3.06 

%. 

4.2.6. Stimulation of the degree of 

Phagocytic Activity of Macrophages 

The effect of CBLE on the phagocytic 

capacity of murine peritoneal macrophage 

is illustrated in Figure 12 A. The 

phagocytic capacity was measured by 

mean percentage of macrophages 

engulfing >4 yeast cells. CBLE 

demonstrated significant increase (P<0.01) 

in phagocytic capacity at 250 mg/kg dose 

(39.62 ± 2.08) compared to 0 mg/kg dose 

(17.26 ± 1.25). Phagocytic index (PI) of 

CBLE on murine peritoneal macrophage is 

illustrated in Figure 12 B. The phagocytic 

index was calculated by multiplying the 

percentage of yeast-ingesting macrophages 

with the number of yeast-ingested per 

macrophages. Compared to 0 mg/kg, the 

PI of CBLE was significant (P<0.05) at 

250 mg/kg dose (181.99 ± 7.04).  

4.2.7. Determination of Total Protein, 

Albumin, Globulin Levels in Serum 

Total serum protein, albumin and globulin 

levels poignantly increased with the 

increment in the doses of CBLE (Table 7). 

The protein, albumin and globulin level 

were significantly increased at 250 mg/kg 

body weight respectively 10.30 ± 1.00, 

5.93 ± 0.33 and 6.99 ± 0.77 g/dl when 

compared with control group.  

4.2.8. Hemolytic activity 

The hemolytic activity of CBLE on murine 

erythrocytes was negligible when 

compared to the standard Titron X, as 

presented in the Figure 12 C. The percent 

of hemolysis increased in a dose dependent 

manner in case of CBLE.  

 

Table 7: Effect of different doses of C. bonplandianus leaf extract (CBLE) on total serum 

protein, albumin and globulin levels; splenocyte, leukocyte, and macrophage count after 20 

days treatment. 

Group Proteina Albumina Globulina Spleenocyteb Leukocytec 
Macro-

phageb 

Control 5.73 ± 

0.80 

2.97 ± 0.52 3.43 ± 

0.77 

396.72 ± 8.25 9955.22 ± 

249.59 

17.51 ± 

1.18 

CBL  

(50 mg/kg 

BW) 

6.57 ± 

1.24NS 

4.01 ± 

0.63NS 

4.53 ± 

1.15NS 

424.01 ± 

10.32* 

10696.37 ± 

223.05* 

19.95 ± 

1.38NS 

CBL  

(100 mg/kg 

BW) 

8.92 ± 

0.82* 

4.49 ± 

0.79* 

5.95 ± 

0.89* 

452.63 ± 

8.94* 

11899.65 ± 

193.13** 

24.08 ± 

1.56* 

CBL  

(250 mg/kg 

BW) 

10.30 ± 

1.00** 

5.93 ± 

0.33* 

6.99 ± 

0.77NS 

474.28 ± 

8.17** 

13023.62 ±  

258.29*** 

26.36 ± 

0.97* 

a; Amount in g/dl, b; Mean ± SD × 106 cells per ml, c; Mean ± SD cells/mm3  N.S. Non significant, 

*P<=0.05, ** P<=0.01, *** P<=0.001; when compared with control. 
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4.2.9. In Vitro Cell Adhesion Assay 

Adherence property of macrophages 

increased in a dose dependent manner with 

the increase in CBLE concentration 

(Figure 12 D). Percent increase of 

adhesion was increased in a dose 

dependent manner.  

4.2.10. Respiratory brust assay 

Increase of absorbance signifies increased 

respiratory burst activity (Figure 13 A). 

Significance increases in absorbance were 

observed at highest dose (200 μg/ml) when 

compared with control group (0 μg/ml).  

4.2.11. Inhibition of Lipopolysaccharide 

Induced Nitric Oxide Production 

The inhibition of NO production from LPS 

stimulated macrophage by CBLE is 

represented in Figure 13 B. The inhibition 

of NO is increased in a dose dependent 

manner for CBLE. The plant extract 

showed significant NO suppression 

capacity for each dose. At the highest 

concentration of 250 mg/kg body weight, 

the percentage of inhibition was 67.01 ± 

3.96, which is very convincing.  

4.2.12. Myeloperoxidase release assay 

Significant (P<0.001) MPO reducing 

capacity (Figure 13 C) was observed in 

case of CBLE. At 200 μg/ml, the amount 

of reduction of MPO for CBLE was 25.54 

± 2.58 %. 

4.2.13. Carbon-Clearance assay 

The extent of removal of foreign particle 

through macrophage activity resulting in 

carbon clearance is expressed in terms of 

absorbance value. Lower absorbance value 

at 650 nm with increase in time represents 

clearance of the carbon particles from the 

Figure 12: The effect of C. bonplandianus extracts on A. Phagocytic capacity and B. 

Phagocytic index of murine peritoneal exudate macrophages. C. Haemolytic activity D. In 

vitro cell adhesion assay. N.S. = non-significant (P≥0.05), *P≤0.05, **P≤0.01, ***P≤0.001 

versus control.  
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central circulation. Figure 13 D displays 

the effect of CBLE on the carbon-

clearance in murine model. In this present 

study, CBLE at 200 mg/kg dose 

demonstrated highest degree of carbon 

clearance activity at 15 min compared to 

the control group. 

4.3. Anti-inflammatory activities 

4.3.1. Measurement of the inhibition of 

NO 

The NO inhibitory capacity of CBLE is 

depicted in the Figure 15 B. NO 

expression of control was considered as 

100 %. Gradual dose dependent decrease 

in NO expression was evident and at the 

highest dose the level of NO expression 

was 131.38 ± 9.53 % which was 

significantly (P≤0.01) lower than 0 µg/ml 

group. 

4.3.2. Estimation of cytokine expression 

Cytokine expression was displayed in 

Figure 14 and 15. Expression of all 

cytokines were increased except TNF-a 

and IL-4 and the expression of IL-2 was 

significantly (P≤0.001) increased from 

9.69 ± 0.68 pg/ml (control) to 57.78 ± 3.50 

pg/ml (80 µg/ml). Expression of IFN-γ 

was also increased significantly (P≤0.001), 

from 68.38 ± 7.20 pg/ml (control) to 

315.39 ± 14.61 pg/ml (80 µg/ml). The 

expression of IL-4 was decreased 

compared to control group. The level of IL

Figure 13: A. The respiratory burst activity of murine peritoneal exudates macrophages. B. 

Lipopolysacharide (LPS) induced nitric oxide production by CBLE. C. The percentage of 

MPO reduction by CBLE in murine peritoneal macrophages. D. Removal of non-specific 

carbon particles from the systemic circulation as evaluated by Carbon Clearance test.  
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-10 was elevated from129.54 ± 15.75 pg/

ml (control) to 3679.65 ± 213.04 pg/ml (80 

lg/ml). TNF-α significantly decrease at 

highest dose 80 µg/ml compared to control 

group 0 µg/ml. A major determinant of 

immunomodulatory activity was the ratio 

of IFN-γ/IL-4 which was also found to be 

elevated when increasing the CBLE dose 

form 0 to 80 µg/ml. 

4.3.3. Measurement of COX activities 

The effect of CBLE on the COX activity 

of murine splenic lymphocytes was 

displayed in Figure 16. Activity of both 

COX 1 and COX 2 was inhibited in a dose 

dependent manner with gradual increase in 

CBLE concentration.  Inhibition of COX 1 

and COX 2 resulting in suppression of 

total COX activity. At 0 µg/ml and 80 µg/

ml (High dose), the total COX, COX 1 and 

COX 2 activities were 48.10 ± 2.99 U/ml 

(nmol/min/ml), 18.97 ± 1.48 U/ml and 

29.13 ± 1.52 U/ml, and 26.07 ± 2.26 U/ml 

(nmol/min/ml), 13.22 ± 1.21 U/ml, 12.85 ± 

1.51 U/ml respectively. Highly significant 

decrease in COX (P≤0.001) activity was 

found at the highest dose (80 µg/ml) when 

compared to the 0 µg/ml group.  

4.3.4. Inhibition of Prostaglandin E2 

CBLE has the potentiality to inhibit PGE2 

synthesis in murine splenic lymphocytes 

was showed in Figure15 C and 15 D. Due 

to stimulation with Con A, PGE2 level was 

increased to 495.66 ± 24.49 pg/mL at 0 µg/

ml, which was significantly down 

regulated (P < 0.001) to 142.58 ± 7.59 pg/

mL at 80 µg/ml due to the effect of CBLE.  

Figure 14: The effect of CBLE on Con A (5 μg/ml) stimulated A. IL-10, B. IFN-γ, C. IL-4 

D. TNF-α release in murine lymphocytes. N.S. = non-significant (P≥0.05), *P≤0.05, 

**P≤0.01, ***P≤0.001 versus group 1 (control) and α = P≤0.05, β = P≤0.01, γ = P≤0.001 

and δ = non-significant (P≥0.05) compared to the 0 µg/ml group. 
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Figure 15: The effect of CBLE on Con A (5 μg/ml) stimulated A. IL-2 release in murine 

lymphocytes, B. NO Expression in murine lymphocytes, C. PGE2 level in murine lympho-

cytes D. Percentage of inhibition of PGE2 level. N.S. = non-significant (P≥0.05), *P≤0.05, 

**P≤0.01, ***P≤0.001 versus group 1 (control) and α = P≤0.05, β = P≤0.01, γ = P≤0.001 

and δ = non-significant (P≥0.05) compared to the 0 µg/ml group. 

Figure 16: The effect of CBLE on Con A (5 μg/ml) stimulated COX-1, COX-2 and total 

COX activities in murine lymphocytes. N.S. = non-significant (P≥0.05), *P≤0.05, **P≤0.01, 

***P≤0.001 versus group 1 (control) and α = P≤0.05, β = P≤0.01, γ = P≤0.001 and δ = non-

significant (P≥0.05) compared to the 0 µg/ml group. 



          RESULTS      60 

 

4.3.5. Correlation study 

Correlation analysis between all the 

cytokines (Figure 17, 18, 19) revealed that 

the expression of IL-10 was highly 

correlated with expression of IL-2, where 

both the cytokines were up-regulated and 

high negative correlation of IL-2 resided 

with TNF-a. Correlations between the 

expression of different cytokines and NO 

were displayed in Figure 20, 21, where a 

highly negative correlation was found 

between IFN-γ and NO. The linear 

correlation analyses between the PGE2 

levels with different cutokines are 

demonstrated in Figure 22, 23. High 

positive correlation was observed between 

PGE2 level with COX‑1 and COX‑2 

activities. The highest degree of 

correlation was found between PGE2 and 

IL‑2 level. 

Figure 17: Correlation between the expressions of A. IL-2 versus IFN-γ; B. TNF-a versus 

IFN-γ; C. IL-4 versus IFN-γ; D. IL-10 versus IFN-γ. Axes „x‟ and „y‟ denote correlation 

points of respective cytokines measured at pg/ml at different doses of CBLE (0–80 µg/ml). 

Where, R2 = coefficient of determination. 
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Figure 18: Correlation between the expressions of A. TNF-a versus IL-2; B. IL-4 versus IL-

2; C. IL-10 versus IL-2 and D. IL-4 versus TNF-a. Axes „x‟ and „y‟ denote correlation 

points of respective cytokines measured at pg/ml at different doses of CBLE (0–80 µg/ml). 

Where, R2 = coefficient of determination. 

Figure 19: Correlation between the expressions of A. IL-10 versus TNF-α and B. IL-10 ver-

sus IL-4. Axes „x‟ and „y‟ denote correlation points of respective cytokines measured at pg/

ml at different doses of CBLE (0–80 µg/ml). Where, R2 = coefficient of determination. 
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Figure 20: Correlation of NO with A. IFN-γ; B. IL-2; C. TNF-α expression under the influ-

ence of CBLE. Axes „x‟ and „y‟ denote correlation points of respective cytokines measured 

at pg/ml and NO levels at different doses of CBLE (0–80 lg/ml). Where, R2 = coefficient of 

determination. 

Figure 21: Correlation of NO with A. IL-4 and B. IL-10 expression under the influence of 

CBLE. Axes „x‟ and „y‟ denote correlation points of respective cytokines measured at pg/ml 

and NO levels at different doses of CBLE (0–80 lg/ml). Where, R2 = coefficient of determi-

nation. 
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Figure 22: Correlation of prostaglandin E2 level with the expression of different pro‑ and 

anti‑inflammatory mediators. An ax “x” and “y” denotes correlation points of respective 

parameters measured at pg/mL at different dose of CBLE (0–80 μg/mL). Where, R2 = coef-

ficient of determination. 

Figure 23: Correlation of prostaglandin E2 level with the expression of different pro‑ and 

anti‑inflammatory mediators. An ax “x” and “y” denotes correlation points of respective 

parameters measured at pg/mL at different dose of CBLE (0–80 μg/mL). Where, R2 = coef-

ficient of determination. 
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4.3.6. Molecular Docking 

The bioactive compounds of Croton 

bonplandianus was checked for possible 

interactions with several proteins playing 

the essential role in different immunogenic 

pathways of humans and other major 

vertebrates. These proteins acted as 

receptors required for molecular docking 

experiments. The ligands required to 

conduct the experiment are the compounds 

identified my GC-MS analysis of the plant 

extract. Upon a series of receptor-ligand 

interaction study, it is seen that α-amyrin 

has the highest interaction with all the 

receptors on an average followed by Ethyl 

iso-allocholate (Figure 24).  On the other 

hand Octadecanoic acid has the least 

binding affinity with the receptors.. The 

highest binding affinity was found 

between α-amyrin and a protein with PDB 

ID 1cqe which is the crystal structure of 

prostaglandin (Figure 25,26). The 

molecular surface view shows that the 

phytochemical fits perfectly inside the 

binding pocket of prostaglandin molecule 

(Figure 26). The association between 

prostaglandin and the amino acids (Figure 

25) and the low energy of binding between 

the two hints a stable conjugation. Such 

kind of association is can alter the 

regulation of metabolic response arose by 

immune response. 

Figure 24: Heatmap based on binding energy among proteins and phytochemicals. The phy-

tochemicals which served as ligands for molecular docking experiment are along the Y axis 

and the proteins are placed on the X-axis. 
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Figure 25: Molecular docking between prostaglandin protein and α-amyrin. 

Figure 26: Molecular docking (molecular surface view) between prostaglandin protein and 

α-amyrin. 
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4.4. Antioxidant and free radical 

scavenging activities 

The free radical scavenging activity of 

CBL in dose dependent manner and the 

differences in the activities compared with 

standard compound. Half maximal 

inhibitory concentration (IC50) of CBL and 

corresponding references are shown in the 

Table 8. 

4.4.1. Total antioxidant activity 

At 200 μg/ml the percentage of inhibition 

(Figure 29) for CBLE and standard 

ascorbic acid were 84.15±0.53 and 

69.29±0.07 respectively with an IC50 value 

of 46.57±2.19 and 116.46±5.91 

respectively. 

4.4.2. DPPH radical scavenging activity 

At 20 μg/ml the percentage of inhibition 

(Figure 27) for CBLE and standard 

ascorbic acid were 90.13±0.86 and 

87.40±5.04 respectively with an IC50 value 

of 3.79±0.06 and 10.49±0.77 respectively. 

4.4.3. Hydroxyl radical scavenging 

activity 

The percentage of inhibition (Figure 27) of 

hydroxyl radical scavenging for CBLE and 

standard mannitol at 200 μg/mL were 

70.56±2.33 and 31.31±0.84 with an IC50 

value of 173.65±4.96 and 597.15±11.90 

respectively. 

4.4.4. Superoxide radical scavenging 

activity 

At 50 μg/mL the percentage of inhibition 

for CBLE and standard quercetin (Figure 

31) were 60.29±1.83 and 39.46±1.46 

respectively with an IC50 value of 

44.69±1.90 and 94.59±3.75. 

4.4.5. Nitric oxide scavenging activity 

The percentage of inhibition of NO 

scavenging for CBLE and standard 

curcumin (Figure 32) at 75 μg/mL were 

59.82±2.86 and 34.98±1.67. The IC50 

value of CBLE and curcumin were 

36.74±2.79 and 129.82±7.31 respectively. 

Table 8: IC50 values of Croton bonplandianus (CBL) and standard for different antioxidant 

and free radical scavenging assays. 

Antioxidant Parameters CBL Standard 

DPPH 3.79±0.06** 10.49±0.77 (Ascorbic Acid) 

Hydroxyl Radical 173.65±4.96*** 597.15±11.90 (Mannitol) 

Hydrogen Peroxide 222.95±11.53** 2185.22±187.45 (Sodium Pyruvate) 

Nitric Oxide 36.74±2.79*** 129.82±7.31 (Curcumin) 

Superoxide Anion 44.69±1.90*** 94.59±3.75 (Quercetin) 

Hypochlorous Acid 66.58±4.39** 117.50±10.02 (Ascorbic Acid) 

Total Antioxidant Activity 46.57±2.19** 116.46±5.91 (Ascorbic Acid) 

Peroxynitrite 785.48±59.32*** 785.84±59.75 (Gallic Acid) 

Singlet Oxygen 257.00±3.22*** 48.41±2.02 (Lipoic Acid) 

Lipid Peroxidation 19.70±1.32** 11.16±0.26 (Trolox) 

Iron Chelation 123.46±1.92*** 10.23±0.89 (EDTA) 

Units in μg/ml. Data expressed as mean ± S.D (n=6). *p<0.05; **p<0.01; ***p<0.001; NS 
– Non significant when compared with standard. 
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Figure 27: Antioxidant activity of Croton bonplandianus. (A) & (B) DPPH scavenging ac-

tivity; (C) % of hydroxyl radical (OH●) scavenging Vs standard mannitol; (D) depicts re-

maining unneutralized OH●. Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ 

p<0.001; NS-Non significant when compared with standard. 

Figure 28: Antioxidant activity of Croton bonplandianus. (A) % of inhibition of hydrogen 

peroxide (H2O2)Vs standard sodium pyruvate; (B) depicts remaining unneutralized H2O2; 

(C) % inhibition of Hypochlorous acid (HOCl) Vs standard ascorbic acid; (D) depicts un-

neutralized HOCl radicals. Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ 

p<0.001; NS-Non significant when compared with standard. 
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4.4.6. Hydrogen peroxide scavenging 

activity 

At 200 µg/ml the percentage of inhibition 

for CBLE and standard sodium pyruvate 

(Figure 28) were 55.81±3.27 and 

7.64±0.68 respectively with an IC50 value 

222.95±11.53 and 2185.22±187.45 

respectively. 

4.4.7. Peroxynitrite scavenging activity 

The percentage of inhibition of OONO-

scavenging for CBLE and standard gallic 

acid (Figure 32) at 200 μg/mL were 

19.59±1.40 and 17.68±0.21 respectively 

with an IC50 value of 785.48±59.32 and 

785.84±59.75 respectively. 

4.4.8. Singlet oxygen scavenging activity 

At 200 μg/ml the percentage of inhibition 

for CBLE and standard lipoic acid (Figure 

31) were 51.580000±0.370000 and 

77.980000±0.3459769. The IC50 values 

were 257.00±3.22 and 48.41±2.02 

respectively. 

4.4.9. Hypochlorous acid scavenging 

activity 

The percentage of inhibition of HOCL 

scavenging for CBLE and standard 

ascorbic acid (Figure 28) at 100 μg/ml 

were 38.66±1.50 and 59.09±1.92. The IC50 

values were 66.58±4.39 and 117.50±10.02 

respectively. 

Figure 29: Antioxidant activity of Croton bonplandianus. (A) % inhibition of lipid peroxi-

dation Vs standard trolox; (B) depicts remaining unneutralized lipid peroxides (ROO●); (C) 

& (D) concentration dependent Total antioxidant activity and extent of Mo6+ reduction;. 

Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ p<0.001; NS-Non significant 

when compared with standard. 
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Figure  30: Antioxidant activity of Croton bonplandianus. (A and B) Fe2+-chelation Vs 

standard EDTA; (C) depicts remaining unneutralized Fe2+; (D) Total reducing power activ-

ity. Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ p<0.001; NS-Non signifi-

cant when compared with standard. 

Figure 31: Antioxidant activity of Croton bonplandianus. (A) % inhibition of Superoxide 

(O2
●ˉ) Vs standard quercetin; (B) depicts unneutralized  superoxide (O2

●ˉ) radicals. (C) % 

inhibition of Singlet O2 (
1O2) Vs standard lipoic acid; (D) depicts unneutralized Singlet O2 

(1O2). Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ p<0.001; NS-Non signifi-

cant when compared with standard. 
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4.4.10. Iron chelating activity 

At 100 μg/ml the percentage of Fe2+-

ferrozine complex for CBLE were 

59.36±1.80 (Figure 30). The percentage of 

Fe2+ -ferrozine complex for standard 

EDTA was 8.59±0.90. The IC50 values 

were 123.46±1.92 and 10.23±0.89. 

4.4.11. Reducing power assay 

Increase in absorbance value at 700 nm 

denotes higher reducing power (Figure 

30). At 0.4 mg/ml, the absorbance value of 

CBLE and BHT acid were 0.22±0.01 and 

0.46±0.01 respectively. 

4.4.12. Inhibition of lipid peroxidation 

activity 

The percentage of inhibition of lipid 

peroxidation for CBLE and standard trolox 

(Figure 29) were 56.68±1.79 and 

77.81±0.90. The IC50 values were 

19.70±1.32 and 11.16±0.26 respectively. 

4.4.13. Determination of phenol and 

flavonoid content in CBL extract 

Total amount of phenoloic content present 

in the hydromethanolic extract of CBL was 

found to be 75.06 ± 2.33 mg/ml gallic acid 

equivalent per 100 mg plant extract and 

the total flavonoid content of CBL extract 

was 52.17 ± 4.36 mg/ml quercetin 

equivalent per 100 mg plant extract. 

4.4.14. Differential effects on the 

individual components of Haber–Weiss 

reaction (Fenton chemistry) 

The Fenton chemistry as a part of the 

Haber-Weiss reactions is considered 

central to the intracellular free radical 

formation cascade. C. bonplandianus 

extract was evaluated for their capacity to 

directly affect the individual components 

of the Haber–Weiss reaction. C. 

bonplandianus demonstrated significantly 

H2O2 neutralizing activity (Figure 30 A). 

The ferric iron (Fe2+) chelation capacity of 

C. bonplandianus at 200 μg/mL was 59.36 

± 1.81 % (Figure 30 B). EDTA, however 

demonstrated significantly (P<0.001) 

superior ferric chelation capacity as 

demonstrated by its low IC50 value of 

10.23±0.89 μg/ml. In case of direct 

scavenging of OH●, C. bonplandianus 

demonstrated superior activity than that of 

the standard mannitol.  

4.4.15. Inhibition of OH●: bivariate 

analysis  

Dose-dependent bivariate correlation 

analysis of Fe2+ chelation and H2O2 

inhibition were performed vs inhibition of 

OH● in order to reflect how individually C. 

bonplandianus may inhibit the formation 

of OH●. Fe2+ chelation activity by the 

inhibition of OH● is higher in the presence 

of C. bonplandianus (r = 0.8925 and r2 = 

0.7966). The correlation between the 

inhibitions of OH● and H2O2 were much 

more comparable, with minor trend 

towards H2O2 mediated effect (r = 0.9825 

and r2 = 0.9652) (Figure 33A and 33B). 

4.5. Hepatoprotective activities 

4.5.1. Acute toxicity study 

CBL extract was administrated to the 

experimental animals up to 2,000 mg/kg 

body weight. However, at the 2000 mg/kg 
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body weight dose, no sign of mortality and 

physiological deformation were observed 

in the experimental animals. Therefore, 50 

mg/kg BW, 100 mg/kg BW and 250 mg/kg 

BW doses were selected as a low, medium 

and high dose in the in vivo 

hepatoprotective experiments. 

4.5.2. Body and liver weight 

Significant body weight changes were 

observed in CCl4, CBLE and silymarin 

Figure 32: Antioxidant activity of Croton bonplandianus. (A) % inhibition of Nitric oxide 

(NO) Vs standard curcumin; (B) depicts unneutralized nitric oxide (NO). (C) % inhibition of  

Peroxynitrite (OONOˉ) Vs standard gallic acid; (D) depicts unneutralized Peroxynitrite 

(OONOˉ). Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ p<0.001; NS-Non 

significant when compared with standard. 

Figure 33: Pairwise correlation of H2O2 inhibition and Fe2+-chelation Vs OH● scavenging 

for C. bonplandianus represented in section (A) & (B), respectively. All data are expressed 

as mean ± S.D. (n = 6). r= Pearson‟s correlation coefficient, r2= coefficient of determination 

and P= significance value. 
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groups shown in Table 9. Final body 

weight was decreased only in CCl4 groups 

(12.53 ± 1.39). On the other hand liver 

weight of CCl4 group (5.16 ± 0.15) 

resulted in the highest relative liver weight 

(26.37 ± 1.40) among all the groups. 

Interestingly only high dose group 

(CBLH) prevented utmost percent of body 

weight changes. The relative liver weight 

of all the groups were closes another, 

except CCl4 group.  

4.5.3. In vitro liver marker enzymes and 

biochemical parameters  

The effect of CCl4 and the subsequent 

administration of silymarin and CBL on 

the various serum enzymatic and 

biochemical parameters are shown in 

Table 10. All the in vivo experimental 

parameters were increased in case of CCl4 

group and subsequently decreased with 

silymarin and CBL treatment except 

protein and albumin. 

4 . 5 . 6 .  E s t i ma t i o n  o f  he p a t i c 

antioxidative enzymes: Catalase, 

Peroxidase, Superoxide dismutase and 

reduced glutathione  

Significant inhibition of enzymatic 

catalase and SOD (superoxide dismutase) 

and non-enzymatic reduced glutathione by 

CBL extract occurred in CCl4 intoxicated 

mice when compared with the control 

(Figure 34). CBL treatment enabled 

significant increase in the percent of 

inhibition of catalase and reduced 

glutathione when compared with CCl4 

toxicated groups. On the other hand 

silymarin treatment significantly increase 

the percent of inhibition compared with the 

CCl4 treated mice. On the other hand the 

activity of peroxidase enzyme in hepatic 

tissue is significantly lowered as a result of 

CCl4 treatment (Figure 34). The peroxidase 

activity in the control group was 14.79 

unit/mg tissues which were lowered 7.43 

unit/mg tissues due to CCl4 administration. 

The lowered peroxidase activity was 

Table 9: Changes of body weight (g) and liver weight (g) in different experimental groups 

of hepatoprotective model. Data represented as mean ± SD of six observations.  

Group 
Initial body 

weight 

Final body 

weight 

%  body 

weight change 
Liver weight 

Relative 

liver 

weight 

Control 22.82 ± 0.65 25.84 ± 0.18 * 11.69 ± 2.63 ▲ 4.70 ± 0.16 18.21 ± 

0.68 

CCl4 22.06 ± 0.29 19.61 ± 0.50 ** 12.53 ± 1.39 ▼ 5.16 ± 0.15 NS 26.37 ± 

1.40 

Silymarin 22.71 ± 0.54 24.67 ± 0.85 *   7.92 ± 1.24 ▲ 4.52 ± 0.21 NS 18.33 ± 

0.57 

CBL (50 mg/kg 

BW) 

23.22 ± 0.41 23.87 ± 0.17 *   2.72 ± 1.08 ▲ 5.07 ± 0.12 NS 21.24 ± 

0.42 

CBL (100 mg/

kg BW) 

22.05 ± 0.52 22.99 ± 0.48 **   4.06 ± 0.32 ▲  4.89 ± 0.25 NS 20.88 ± 

0.60 

CBL (250 mg/

kg BW) 

22.73 ± 0.76 24.59 ± 0.41 *   7.57 ± 2.72 ▲ 4.63 ± 0.22 NS 18.83 ± 

1.12 

NS p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. Final body weight was compared with initial body 

weight of corresponding group and liver weight of treated groups was compared with liver weight of 

control group. ▲ represents increase and ▼ represents decrease.  
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significantly elevated by CBLH (12.74 

unit/mg tissue) when compared with the 

standard silymarin treated group (12.07 

unit/mg tissue).  

4.5.7. In vitro liver marker enzymes and 

biochemical parameters  

The hepatoprotective potential of CBL 

extract was reflected through in vitro liver 

marker enzymes and biochemical 

parameters. The results were compared 

with the standard drug silymarin as shown 

in Table 11. The CCl4 group showed the 

higher toxicity than the other groups.  

4.5.8. Lipid peroxidation (MDA level) 

Lipid peroxidation or MDA level in the 

treated groups are illustrated in (Figure 

35). The MDA content was elevated from 

8.99 µM/litre in control to 19.27 µM/litre 

in CCl4 group. Significant results found 

when the elevated MDA level was lowered 

Table 10: Describes the levels of various enzymatic and biochemical parameters in the se-

rum of six (n=6) treated groups of hepatoprotective model. The data represented as mean ± 

SD of six observations. 

Parame-

ters 

(units) 

Control CCl4 Silymarin 
CBL (50 mg/

kg BW) 

CBL (100 

mg/kg BW) 

CBL (250 

mg/kg BW) 

ACP 

(K.A.) 

3.81 ± 

0.04 

13.13 ± 

0.63** 

6.02 ± 

0.48*b 

11.21 ± 

0.23***d 

9.88 ± 0.73**a 8.21 ± 

0.22**b 

ALP 

(K.A.) 

13.09 ± 

0.30 

31.16 ± 

0.25*** 

16.23 ± 

0.35***c 

29.30 ± 

0.48***d 

28.24 ± 

0.35***b 

23.07 ± 

0.66***c 

AST (u/

ml) 

63.34 ± 

0.59 

142.19 ± 

0.66*** 

82.66 ± 

0.94***c 

141.70 ± 

0.81***d 

127.72 ± 

0.91***b 

108.49 ± 

1.11***c 

ALT (u/

ml) 

47.94 ± 

0.65 

137.39 ± 

0.61*** 

56.53 ± 

0.87**c 

123.18 

±0.39***c 

105.72 ± 

1.11***c 

77.20 ± 

0.32***c 

GGT (u/l) 3.76 ± 

0.11 

8.26 ± 

0.52** 

4.90 ± 

0.20*b 

7.06 ± 0.33**d 6.32 ± 0.26**d 5.60 ± 

0.32*b 

Glucose 

(mg/dl) 

57.04 ± 

1.53 

85.18 ± 

1.19** 

63.85 ± 

1.32*b 

81.72 ± 

2.20**d 

72.15 ± 

0.65**c 

67.41± 

0.91**b 

Protein 

(g/dl) 

5.93 ± 

0.06 

4.07 ± 

0.05*** 

5.72 ± 

0.07NSb 

4.11 ± 

0.06***d 

4.26 ± 

0.09***a 

5.12 ± 

0.31*a 

Albumin 

(g/dl) 

4.54 ± 

0.33 

2.27 ± 

0.20* 

3.43 ± 

0.17**a 

2.52 ± 0.13*d 2.87 ± 0.10*d 3.03 ± 

0.16*d 

Globulin 

(g/dl) 

2.19 ± 

0.02 

0.84 ± 

0.03*** 

1.99 ± 

0.03*c 

0.99 ± 

0.03***b 

1.16 ± 

0.03***c 

1.72 ± 

0.04**c 

Bilirubin 

(mg/dl) 

0.81 ± 

0.04 

2.04 ± 

0.07** 

1.05 ± 

0.05**b 

1.88 ± 0.09**d 1.71 ± 0.04**b 1.33 ± 

0.04**b 

Urea (mg/

dl) 

35.43 ± 

3.94 

128.76 ± 

6.38** 

58.16 ± 

4.76*b 

116.46 ± 

4.29***d 

100.51 ± 

1.68**b 

78.24 ± 

3.04**b 

Urea N2 

(mg/dl) 

12.69 ± 

0.96 

72.55 ± 

1.91*** 

30.65 ± 

0.91***b 

68.05 ± 

1.38***a 

53.70 ± 

1.45***b 

40.61 ± 

1.24**b 

LDH (u/l) 240.73 ± 

2.89 

571.83 ± 

4.41*** 

296.01 ± 

2.15**c 

548.55 ± 

4.45***c 

502.66 ± 

6.04***b 

340.50 ± 

2.67***c 

Choles-

terol (mg/

dl) 

68.66 ± 

1.51 

132.17 ± 

2.38*** 

90.37 ± 

2.05**c 

113.38 ± 

3.55***b 

101.35 ± 

2.19**b 

93.22 ± 

1.67**b 

NSP= non significant (p> 0.05), *P < 0.05, **P < 0.01 and ***P < 0.001vs control group; whereas dP= 

non significant (p> 0.05), aP < 0.05, bP < 0.01 and cP < 0.001 vs CCl4 group. 
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Table 11: Changes in the levels of various enzymatic and biochemical parameters of the 

culture supernatants of the experimental groups of hepatoprotective model. Data represented 

as mean ± SD of six observations.  

Parameters 

(units) 
Control CCl4 Silymarin 

CBL (50 

mg/kg 

BW) 

CBL (100 

mg/kg BW) 

CBL (250 

mg/kg BW) 

ACP (K.A.) 0.80 ± 

0.04 

1.95 ± 

0.04
***

 

1.21 ± 

0.03
**b

 

1.72 ± 

0.03
***a

 

1.58 ± 

0.04
**a

 

1.36 ± 

0.05
**b

 

ALP (K.A.) 3.38 ± 

0.05 

8.06 ± 

0.07
***

 

4.92 ± 

0.23
**c

 

6.83 ± 

0.14
***b

 

6.22 ± 

0.12
**b

 

5.45 ± 

0.23
**b

 

AST (u/ml) 15.54 ± 

0.66 

54.63 ± 

0.75
***

 

20.32 ± 

0.94
**c

 

43.98 ± 

0.52
***d

 

40.30 ± 

1.11
***b

 

28.52 ± 

0.85
**b

 

ALT (u/ml) 7.71 ± 

0.34 

34.57 ± 

1.64
**

 

13.95 ± 

0.29
***b

 

29.29 ± 

0.77
***d

 

26.28 ± 

0.80
***a

 

18.42 ± 

1.00
**c

 

GGT (u/l) 0.64 ± 

0.03 

1.16 ± 

0.03
***

 

0.79 ± 

0.04
*b

 

1.08 ± 

0.03
***b

 

1.03 ± 

0.01
***a

 

0.913 ± 

0.02
***b

 

Bilirubin 

(mg/dl) 

0.21 ± 

0.02 

0.67 ± 

0.02
***

 

0.316 ± 

0.02
**c

 

0.64 ± 

0.03
***d

 

0.54 ± 

0.02
***c

 

0.41 ± 

0.02
**b

 

Protein (g/

dl) 

7.49 ± 

0.04 

5.69 ± 

0.27
**

 

7.05 ± 

0.06
**a

 

5.99 ± 

0.03
***d

 

6.63 ± 

0.27
*a

 

6.91 ± 0.16
*b

 

LDH (u/l) 42.59 ± 

1.10 

211.01 ± 

2.59
***

 

121.18 ± 

1.36
***c

 

188.94 ± 

2.78
***a

 

167.48 ± 

3.04
***b

 

135.20 ± 

1.49
***c

 
NSP= non significant (p> 0.05), *P < 0.05, **P < 0.01 and ***P < 0.001vs control group; whereas dP= 

non significant (p> 0.05), aP < 0.05, bP < 0.01 and cP < 0.001 vs CCl4 group. 
  

Figure 34: The effect of Croton bonplandianus on the (A) Peroxidase; (B) Catalase; (C) 

Reduced glutathione (GSH); (D) Superoxide dismutase (SOD) activities in CCl4 intoxicated 

liver samples. Comparisons were made with control for statistical inference („t‟ test for 

paired comparison) to interpret significant difference. Data expressed as mean ± S.D (n=6). α 

p<0.05; β p<0.01; γ p<0.001; NS-Non significant.  
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to 10.60 µM/litre after CBLH 

administration.  

4.5.9. MTT cytotoxic effect 

Viability of cells were decreased in the 

CCl4 group significantly (p<0.01) 

compared to the control group (Figure 35). 

The viability of the cells in CCl4 group 

was only (43.67 ± 6.11), where in the 

standard silymarin group the percent of 

viability of cells was (87.00 ± 5.29) which 

was very close to the control group. On the 

other hand, in the experimental groups, the 

cell viability was increased gradually. 

Percentage of cell viability in CBLH group 

(70.33 ± 8.02) was very close to the 

standard group.  

4.5.10. Measurement of the release of 

TNF- α 

Measurement of TNF-α release are 

demonstrated in the Figure 35. The level of 

TNF-α in control group was 120.32 ± 8.04 

pg/ml, which was increased 1259.20 ± 

96.96 pg/ml due to CCl4 toxicity. However 

the TNF-α level decreased better by CBLH 

group (716.66 ± 73.06 pg/ml) when 

compared with the standard silymarin 

group (786.22 ± 49.70 pg/ml). 

4.5.11. Inhibition of nitric oxide (NO) 

CCl4 toxicity resulted increases in NO 

release when compared to the control 

(Figure 35). However, significant (p < 

0.001) lowering of NO level was observed 

in the treated groups. The NO level in 

silymarin and CBLH groups were 141.33 

± 12.70 and 175.33 ± 12.50 % 

respectively, when NO release of control 

was considered as 100 %. 

4.5.12. Detection of intracellular ROS 

generation 

Human hepato cell line WRL-68 was used 

to examine the effects of CBL under 

oxidative stress. CCl4 increases oxidative 

stress levels in the liver tissue, and based 

on that study, it is speculated that CCl4 

may induce the oxidative stress in WRL-

68 cells. Therefore, WRL-68 cells were 

treated with CCl4 for 0–24 h, and 

intracellular oxidative levels were 

measured using the dichlorofluorescein 

assay.  Figure 36 demonstrated that cells 

exposed to CCl4 exhibited significantly 

increase in ROS levels. Tremendous 

decrease in fluorescence was detected at 

higher doses of CBL (200µg/ml) at 24h 

post exposure compared to the CCl4 

(Figure 36). The resulting change in 

fluorescence intensity gives strength to the 

hypothesis that CBL affects in the 

production of intracellular ROS. 

4.5.13.Histopathological examination 

There are several hiotological parameters 

showed the injury level of experimental 

groups as enlisted in Table 12. The 

haematoxilin-eosin staining of hepatocytes 

displayed clearly the well maintained 

hepatocellular integrity, healthy cellular 

architecture, and clear cytoplasm with 

prominent nucleus in the control group. 

But in the CCl4 group, several damages 

have been observed. Hepatocytes of the 

CCl4 groups showed hepatocellular 
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necrosis, bile duct proliferation, sinusoidal 

dialation, inflammation (leukocyte 

infiltration), vascular congestion, loss of 

structure of hepatic nodules, fatty 

Figure 35: The effect of Croton bonplandianus on (A) MDA level; (B) TNF-α level; (C) 

Cell viability; (D) NO release activities in CCl4 intoxicated liver samples. Comparisons were 

made with control for statistical inference („t‟ test for paired comparison) to interpret signifi-

cant difference. Data expressed as mean ± S.D (n=6). α p<0.05; β p<0.01; γ p<0.001; NS-Non 

significant. 

Figure 36: Effects of CBL in depletion of intracellular ROS production generated by CCl4 

in WRL-68 cells. Production of ROS was measured by cleavage of acetate group of   non-

fluorescent H2DCFDA (2',7'-dichlorodihydrofluorescein diacetate) which convert into  DCF

(2′ ,7′ -dichlorofluorescein) highly fluorescent. Cells were exposed to CCl4 before treatment 

with CBL 50, 80, 100, 150 and 200 μg/ml for 24 h. The ROS production displays the inten-

sity of fluorescence through the images of WRL-68 cells treated with different concentration 

of CBL (D-H), CCl4 (C), H2O2 (B) and control (A).  
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infiltration, vascular degeneration and 

calcification. Most strikingly fibrosis, the 

thickening and scoring of connective 

tissue, as a result of injury was notified in 

the CCl4 group (Figure 37, 38, 39). The 

injury level found in the CCl4 group was 

down regulated by the administration of 

standard drug silymarin. Interestingly, in 

the present study it was observed that high 

dose of plant extract (CBLH) down 

regulates the injury better or similar 

compared to the standard silymarin. 

4.5.14. Molecular Docking 

The bioactive compounds of Croton 

bonplandianus was checked for possible 

interactions with several proteins playing 

the essential role in different metabolic 

pathways of humans and other major 

vertebrates. The proteins were chosen 

those have relationship with the health of 

the liver. These proteins acted as receptors 

required for molecular docking 

experiments. The ligands required to 

conduct the experiment are the compounds 

identified my GC-MS analysis of the plant 

extract. Upon a series of receptor-ligand 

interaction study, it was identified that 

each of the ligands has different binding 

affinity with the selected proteins. It is 

seen that α-amyrin has the highest 

interaction with all the receptors on an 

average followed by Campesterol and 

Ethyl iso-allocholate (Figure 40).  On the 

other hand 1- Octacosanol has the least 

binding affinity with the receptors. For the 

comparative analysis a standard was used. 

Silymarin a proven drug against hepato 

toxicity was used as a standard in this 

regard. One of the phytochemical α-

amyrin had a binding affinity better than 

silymarin with all the receptors on average. 

The highest binding affinity was found 

Table 12: Describe the effect of CBL on liver histology parameters of the CCl4 induced in-

jured liver. 

Parameters studied Control CCl4 Silymarin CBLL CBLM CBLH 

Hepatocellular necrosis 0 7 2 6 5 3 

Bile duct prolifaration 0 2 0 2 1 1 

Sinusoidal dilatation 0 1 0 1 0 0 

Inflammation 

(leukocyte infiltration) 
1 8 2 6 5 3 

Vascular congestion 0 3 1 3 2 1 

Loss of structure of 

hepatic nodules 
0 5 2 4 2 2 

Hepatocellular fibrosis 0 4 0 1 1 0 

Fatty infiltration 0 1 0 0 0 0 

Vacuolar degeneration 0 3 0 2 0 0 

Calsification 0 2 1 1 1 0 

Cumulative score 1 36 8 26 17 10 
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Figure 37: Photomicrographs (100×) of the histopathological examinations of the liver sam-

ples of different groups. Even though the extract treated groups possessed injury marks how-

ever, the extent of signs of injury were much lower in the extract treated groups compared to 

CCl4 group. (A) Control group liver demonstrated normal liver architecture with normal si-

nusoids (NS), hepatocytes with intact nucleus (IN), un-inflamed portal vein (PV); (B) CCl4 

group liver demonstrated significant loss of hepatocellular architecture with extensive fatty 

infiltration (FI) leading to steatosis, bile duct proliferation (BdP), vascular congestion (VC) 

and haemorrhagic necrosis (HN) around portal vein. Loss of hepatic nodular structure and 

disorganized hepatocytes marked the CCl4 induced liver damage; (C) Silymarin group dem-

onstrated hepatoprotective activity by substantial amendment of proliferated bile duct (Bd) 

with normal sinusoids (NS) and intact portal veins (PV); (D) CBLL group was marked by 

less leukocyte infiltrations (LI), sinusoidal dilations (SD) and bile duct proliferation (BdP); 

(E) CBLM group reflected comparatively less haemorrhagic necrosis (HN) and fatty infiltra-

tions (FI); (F) CBLH group demonstrated lowering of most of the injury signs however, leu-

kocyte infiltrations (LI) could be identified in the liver samples. 
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Figure 38: Photomicrographs (400×) of the histopathological examinations of the liver sam-

ples of different groups. (A) Control group liver sampled possessed well packed hepatocytes 

with intact nucleus (IN) and normal sinusoids (NS); (B) CCl4 group liver possessed exten-

sive fatty infiltrations (FI), Necrotic hepatocytes (N), prominent signs of inflammation with 

leukocyte infiltrations (LI), prominent calcification (C) around the congested vesicles (VC) 

with bile duct proliferations (BdP); (C) Silymarin group liver samples were characterized 

with normal sinusoids (NS) and intact nucleus (IN) containing healthy hepatocytes; (D) 

CBLL group demonstrated lower fatty infiltrations (FI), sinusoidal dilations (SD) and leuko-

cyte infiltrations (LI); (E) CBLM group resulted in renewal of normal hepatic architecture 

with several hepatocytes with intact nucleus (IN) and lowered sinusoidal dilations (SD); (F) 

CBLH group showed near to normal hepatic architecture with predominantly intact nucleus 

(IN) containing normal hepatocytes and undiluted normal sinusoids (NS). 
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Figure 39: Photomicrographs (400×) of the histopathological examinations of the liver sam-

ples of CCl4 group showing fibrosis. 
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between α-amyrin and a protein with PDB 

ID 3i7h which is the crystal structure of 

DDB1 in complex with H-Box Motif of 

HBX (Figure 41). NFκβ protein and 

Campesterol. also has good binding 

affinity and as seen in the molecular 

surface view of the protein moiety the 

ligand binds nicely inside a cavity in the 

protein surface (Figure 42). 

4.6. Neuromodulatory activity 

4.6.1. Acute toxicity study 

CBL extract was administrated to the 

experimental animals up to 2,000 mg/kg 

body weight. However, at the 2000 mg/kg 

body weight dose, no sign of mortality and 

physiological deformation were observed 

in the experimental animals. Therefore, 50 

mg/kg BW, 100 mg/kg BW and 250 mg/kg 

BW doses were selected as a low, medium 

and high dose in the in vivo 

neuromodulatory experiments. 

4.6.2. Body and liver weight 

Significant body weight changes were 

observed in CCl4, CBLM and silymarin 

groups shown in Table 13. Final body 

Figure 40: Heatmap based on binding energy among proteins and phytochemicals. The phy-

tochemicals which served as ligands for molecular docking experiment are along the Y axis 

and the proteins are placed on the X-axis. 
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Figure 41: Molecular docking between Hepatitis BX protein and α-amyrin. 

Figure 42: Molecular docking (molecular surface view) between NFκβ protein and Campes-

terol. 



          RESULTS      83 

 

weight was decreased only in CCl4 groups 

(12.53 ± 1.39). On the other hand liver 

weight of CCl4 group (5.16 ± 0.15) 

resulted in the highest relative liver weight 

(26.37 ± 1.40) among all the groups. 

Interestingly only high dose group 

(CBLH) prevented utmost percent of body 

weight changes. The relative liver weight 

of all the groups were closes another, 

except CCl4 group. 

4.6.3. Acetylcholinesterase (AChE) 

inhibitory activity 

The inhibition of cholinesterase enzyme 

activity is evident by fading of yellow 

color of the compound. In the present 

study, AChE inhibitory activity of CBLE 

was found to be 73.47±0.303% at 200 µg/

ml with lower IC50 value of 75.91±2.28 µg/

ml. However, the IC50 value of CBLE was 

found to relatively higher than standard 

serine (0.02±0.005 µg/ml).  

4.6.4. Effects of CBLE on scopolamine-

induced memory impairment in mice 

Table 14 revealed that the initial latency 

time to enter the dark chamber was 

significantly longer in the mice given only 

scopolamine as compared to the control 

group suggesting amnesic effect of mice. 

The treatment with CBLE significantly 

(P≤0.001) attenuated the scopolamine 

induced memory deficit in mice to a great 

extent and also associated with the short-

term memory (STL) improvement 

suggesting anti-amnesic effect of extracts 

in the scopolamine induced rodent model. 

While considering brain AChE-inhibitory 

activity, CBLE was also recorded to be 

reversed the scopolamine induced memory 

impairment in mice by increasing 

cholinergic activity through the inhibition 

of AChE (Figure 43 A).  

4 . 6 . 5 .  E s t i ma t i o n  o f  he p a t i c 

antioxidative enzymes: DPPH, Catalase, 

Superoxide dismutase and reduced 

glutathione  

Significant inhibition of enzymatic 

catalase and SOD (superoxide dismutase) 

and non-enzymatic reduced glutathione by 

CBL extract occurred in scopolamine 

induced mice when compared with the 

control and positive control donepezil 

(Figure 43, 44, 45). CBL treatment 

Table 13: Changes of body weight (g) and liver weight (g) in different experimental groups 

of neuromodulation. Data represented as mean ± SD of six observations.  

Group Initial body weight Final body weight %  body weight change 

Control 34.01±1.61 35.99±0.71 5.51±3.06▲ 

Scopolamine 34.19±1.44NS 29.71±0.81*           13.03±3.13▼ 

Donepezil 35.17±1.79NS 36.66±1.72NS 4.04±2.24▲ 

CBL (50 mg/kg 

BW) 

33.74±1.42NS 35.36±0.88NS 4.57±2.85▲ 

CBL (100 mg/kg 

BW) 

33.48±2.22NS 35.34±0.8NS 5.34±4.13▲ 

CBL (250 mg/kg 

BW) 

32.34±1.00NS 35.42±0.98NS 8.65±3.45▲ 

NS p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. Final body weight was compared with initial body 

weight of corresponding group and liver weight of treated groups was compared with liver weight of 

control group. ▲ represents increase and ▼ represents decrease. 
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enabled significant increase in the percent 

of inhibition of catalase and reduced 

glutathione when compared with 

scopolamine induced group. On the other 

hand, donepezil treatment significantly 

increase the percent of inhibition 

compared with the scopolamine treated 

mice. On the other hand the inhibition of 

DPPH in brain tissue is significantly 

lowered as a result of scopolamine 

treatment (Figure 43B). The inhibition of 

DPPH activity significantly higher when 

the scopolamine induced mice 

simultaneously treated with standard drug 

donepezil and different doses of CBL 

extract.  

4.6.6. Lipid peroxidation (MDA level) 

Lipid peroxidation or MDA level in the 

treated groups are illustrated in (Figure 44 

B). Significant results found when the 

elevated MDA level was lowered after 

CBLH administration.  

Table 14: Effect of CBLE on scopolamine induced memory impairment in the passive 

avoidance test. 

Groups IL (Sec.) STL (Sec.) 

Group I (Control) 26.31 ± 3.57 149.65 ± 3.76 

Group II (SCP) 106.35 ± 6.99*** 83.97 ± 4.99** 

Group III (SCP + Donepezil) 40.50 ± 4.29NS β 178.46 ± 5.26** β 

Group IV (SCP + CBL-50 mg/kg BW) 91.35 ± 3.61*** α B 135.81 ± 4.10NS γ A 

Group V (SCP + CBL-100 mg/kg BW) 71.52 ± 5.07* α B 146.25 ± 3.66NS γ A 

Group VI (SCP + CBL-250 mg/kg 

BW) 
58.61 ± 3.05** α B 160.29 ± 4.58NS γ D 

IL – Initial latency; STL – Step through latency; SCP - Scopolamine; * p≤0.05; ** p≤0.01; *** 

p≤0.001; NS = Non significant Vs Control group; α p≤0.05; β p≤0.01; γ p≤0.001; δ = Non signifi-

cant Vs Scopolamine induced group; A p≤0.05; B p≤0.01; C p≤0.001; D = Non significant Vs SCP 

+ Donepezil group. Data represented as mean ± SD. 

Figure 43: Effect of CBLE on scopolamine induced memory impairment in mice. A. AChE, 

B. DPPH activity of CBLE extract. * p≤0.05; ** p≤0.01; *** p≤0.001; NS = Non significant 

Vs Control group; α p≤0.05; β p≤0.01; γ p≤0.001; δ = Non significant Vs Scopolamine in-

duced group. Data represented as mean ± SD. 
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Figure 44: Effect of CBLE on scopolamine induced memory impairment in mice. A. Cata-

lase, B. MDA (Lipid peroxidation) activity of CBLE extract. * p≤0.05; ** p≤0.01; *** 

p≤0.001; NS = Non significant Vs Control group; α p≤0.05; β p≤0.01; γ p≤0.001; δ = Non sig-

nificant Vs Scopolamine induced group. Data represented as mean ± SD. 

Figure 45: Effect of CBLE on scopolamine induced memory impairment in mice. A. GSH, 

B. SOD (Superoxide dismutase) activity of CBLE extract. * p≤0.05; ** p≤0.01; *** 

p≤0.001; NS = Non significant Vs Control group; α p≤0.05; β p≤0.01; γ p≤0.001; δ = Non sig-

nificant Vs Scopolamine induced group. Data represented as mean ± SD. 

4.5.13.Histopathological examination 

There are several hiotological parameters 

showed the injury level of experimental 

groups. The haematoxilin-eosin staining of 

mice brain showing severe chromatolysis 

(arrows), Gliosis and edema in cortex.  

CBL extract (250mg/kg BW) showed 

moderate necrotic and degenerative 

changes. On the other hand in 

Hippocampus region control mice 

showed a normal glial cell layer, 

molecular layer and Purkinje layer. 

Scopolamine induced mice brain 

showed severe chromatolysis of 

nuclear material and most of the 

Purkinje neurons are necrotic. CBL 

extract (250mg/kg BW) showed 

significantly less necrotic degeneration 

of Purkinje neurons, lysis of glial cells. 
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Figure 46: Photomicrograph control and treated mice brain (cortex, A-F), 40X. (A) Control 

mice showing various types of normal neurons, glial cells arranged in several layers. (B) 

Scopolamin induced mice brain showing severe chromatolysis (arrows), Gliosis and edema 

in cortex. (C) Mice brain exposed to donepzile showing less necrotic (arrows) and degenera-

tive changes with normal neurons and glial cells.  (D) CBL extract (50mg/kg BW) showing 

marked gliosis (arrows) and reduced severity of necrotic and degenerative lesions in brain 

cortex compared to B. (E) CBL extract (100mg/kg BW) showing marked gliosis (arrows) 

and reduced severity of necrotic and degenerative lesions in brain cortex compared to B and 

D. (F) CBL extract (250mg/kg BW) showing moderate necrotic and degenerative changes 

compared to B,  D and E. 
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Figure 47: Photomicrograph control and treated mice brain (Hippocampus region, A-F), 

40X. (A) Control mice showing a normal glial cell layer, molecular layer and Purkinje layer. 

(B) Scopolamine induced mice brain showing severe chromatolysis of nuclear material 

(arrows) and most of the Purkinje neurons are necrotic. (C) Donepzil exposed mice showing 

reduced severity of necrotic (arrows) and degenerative lesions in hippocampus of the brain. 

(D) CBL extracts (50mg/kg BW) showing necrotic degeneration of Purkinje neurons, lysis 

of glial cells (arrows) compared with B. (E) CBL extracts (100mg/kg BW) showing moder-

ate necrotic degeneration of Purkinje neurons, lysis of glial cells (arrows) compared with B 

and D. (F) CBL extract (250mg/kg BW) showing significantly less necrotic degeneration of 

Purkinje neurons, lysis of glial cells (arrows) compared with B, D and E.  
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The present study was concentrated on the 

medicinal, immunological and 

phytochemical investigations of the 

ethnomedicinal plant Croton 

bonplandianus Baill. C. bonplandianus is 

a well-known name in the 

ethnopharmacological domain all over the 

world especially in India and traditional 

medicinal systems. Though numerous 

studies exists on the medicinal properties 

of the plant, but the present study for the 

first time have evaluated and compared the 

medicinal properties of plant in a more 

comprehensive way and correlated the 

results with the phytochemical 

composition to highlight its physiological 

implications. 

The central idea of the present study was 

to investigate the ethnopharmacological 

claim of the medicinal properties of C. 

bonplandianus through pharmacological 

perspectives and also to elucidate the 

mechanisms and underlying rationale 

behind these bioactivities. 

Hydromethanolic extracts of C. 

bonplandianus were chosen as the test 

material because in ethnophatmacology 

and traditional system, medicines are 

prepared mostly in polar solvents. Besides, 

many ethnopharmacological medicines are 

actually tinctures prepared by 

hydroalcoholic solvent extraction 

processes. Moreover, it is a well-known 

fact that phenolic and flavonoid 

phytochemical species are the primary 

mediators of bioactivities of herbal 

medicines. Initial screening of C. 

bonplandianus revealed presence of high 

quantity of phenolic and flavonoids in the 

70% methanolic extracts and that is why 

the extracts were chosen for the present 

study. Besides, according to Harborne 

(1998), one of the best methods of total 

phenolic species isolation from the plant 

source is performed with aqueous-

alcoholic solvent system such as 

hydromethanolic extraction. Therefore, 

considering the aforementioned facts, 70% 

hydromethanolic extracts of C. 

bonplandianus were chosen for the 

bioactivity study. 

In the present study, chemical 

characterization of CBLE was performed 

using biochemical and spectrophotometric 

methods, Fourier Transform Infrared 

Spectroscopy (FTIR) and Gas 

Chromatography-Mass Spectrometry (GC-

MS) analysis. The results identified the 

Chapter 5 
Discussion 
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presence of various classes of 

phytocompounds which directly correlated 

with the bioactivities of the C. 

bonplandianus ext ract s .  Init ia l 

phytochemical qualitative screening 

identified the presence of tannin, 

phlobatannins, terpenoids, glycosides, 

phenolics, flavonoids, alkaloids, saponins, 

proteins and carbohydrates. These are the 

essential constituents of herbal medicine 

and also commonly detected in most of the 

angiosperms. 

Alkaloids are ubiquitous in plant system 

and the pharmacological activities of 

different alkaloids, isolated from plants, 

are well known. Most alkaloids from 

plants pr imar ily modulate the 

neurotransmitters (Robetrs and Wink, 

1998). However, different alkaloids 

isolated from plants such as opium, 

strychnine, piperine, reserpine, caffeine, 

quinine, cinchonine, colchicine and vinca 

alkaloids are well established for their 

wide range of pharmacological activities. 

In recent years, several bioactive alkaloids 

were identified which demonstrated their 

potent anti-inflammatory activities by 

inhibiting COX activities (Souto et al., 

2011). Plant phenolics are broadly 

categorized into very common phenolic 

acids, flavonoids, tannins and less 

abundant stilbenes and lignans. Phenolics 

are considered as potent free radical 

scavengers than vitamin C, vitamin E and 

carotenoids (Dai and Mumper, 2010). 

Reduced risk of cardiovascular disorders, 

cancers and osteoporosis are associated 

with the consumption of phenolic rich 

fruits and vegetables. Numerous phenolics 

are identified which possess potent anti-

d i a b e t i c  ( As g a r ,  2 0 1 3 )  a n d 

hepatoprotective (Madrigal-Santillan et al., 

2014) activities and their activities are 

chiefly governed by their antioxidant and 

free radical scavenging properties. 

Moreover, phenolics are considered as the 

alternative to conventional anti-

inflammatory therapeutics in case of 

chronic inflammatory diseases (Sergent et 

al., 2010). Flavonoids are one of the most 

ubiquitous phenolic compounds found in 

plants and are associated with diverse 

bioactivities such as anti-hyperglycaemic, 

a n t i o x i d a n t ,  h ep a t o p r o t ec t i v e , 

immunomodulatory, cardioprotective, anti-

microbial activities and more (Tapas et al., 

2008). Glycosides are diverse classes of 

compounds which are natural derivatives 

of vitamins, phenols, alkaloids, 

glycopeptides, cardiac glycosides, steroid, 

terpenoid etc. with various bioactivities. 

Different cardiac glycosides have already 

been isolated from C. bonplandianus 

which have already demonstrated 

promising anti-cancer activities (Newman 

et al., 2008). Besides, three essential 

micronutrient i.e. thiamine, riboflavin and 

ascorbic acid were identified in C. 

bonplandianus which not only play 

profound role in maintaining the normal 

health status but also are capable of 

scavenging harmful free radicals through 
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their potent antioxidant activities. 

Moreover, several other bioactive 

phytochemicals such as α-Linolenic acid, 

phytol, Squalene, α-Amyrin, oleic acid, 

tocopherol, stigmasterol, sitosterol, 

Campesterol etc. were also identified using 

GC-MS analysis. The aforementioned 

compounds have also been reported in 

various other bioactive plant extracts. In 

the present study, the antioxidant, 

neuromodulatory, hepatoprotective, 

immunomodulatory and anti-inflammatory 

activities demonstrated by 70% 

hydromethanolic extracts of C. 

bonplandianus resulted possibly due to the 

synergistic activities of these bioactive 

phytochemicals. 

Immunomodulatory evaluation of CBLE 

was performed using both in vivo and in 

v i t r o  m e t h o d s .  T h o u g h  t h e 

immunomodulatory potentialities of C. 

bonplandianus have been claimed in the 

traditional medicinal systems, but very few 

studies were performed to evaluate such 

claim. Initial evaluation of the stimulation 

of murine humoral immune system was 

performed by PFC assay and 

corresponding IgM level estimation. The 

PFC assay is based on complement 

mediated lysis of foreign antigen (sRBC) 

through immunoglobulin activity 

(Bondada and Robertson, 2003). sRBC is a 

particulate T-cell dependent natural 

antigen which activates T-cell to induce 

activation of enough B-cells in whole 

splenocyte population. Thus, further 

challenge with the same antigen (sRBC) 

evokes IgM mediated immune response at 

higher multitude followed by the 

complement mediated lysis of sRBC. IgM 

binds guenia pig complement more 

efficiently, thus the PFC value is 

influenced by the generation of IgM level. 

The plaque forming cells are detected 

under binocular microscope through IgM-

complement complex mediated lysis of 

sRBC, which remained surrounded to the 

antibody secreting cells in the Cuningham 

chamber (Bondada and Robertson, 2003). 

sRBC mediated antibody response are also 

routinely used in immunotoxicological 

studies (Roy et al., 2013; Ladics, 2007). In 

the present study, CBLE demonstrated 

gradual dose-dependent stimulation of the 

murine humoral immune system as 

evaluated by PFC and IgM assay. The 

significant increase (P<0.001) of the PFC 

value of CBLE at 200 mg/kg dose was 

higher than that of the control. The PFC 

value without any antigenic stimulation 

usually remains at basal level (5-30 

PFC/106 cells) (Bondada and Robertson, 

2003). Furthermore, the secreted IgM 

levels from the same assay, estimated 

using ELISA corroborated the results of 

the PFC assay. The increase in IgM level 

for CBLE at 200 mg/kg compared to 

control.  

F o l l o w i n g  t h e  P F C  a s s a y , 

hemagglutination (HA) titre assay was also 

performed to measure the stimulation of 

murine humoral immune system by 
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different extracts of C. bonplandianus. HA 

titre assay measures the relative 

concentration of antibody which is 

expressed as titre value. Therefore, if PFC 

assay is the qualitative test, then HA titre 

is considered as the quantitative test for 

assessment of stimulation of the humoral 

immunity. On encounter with antigen, 

naïve B-cells proliferate to generate 

plasma cells which are programmed to 

secret antibodies against the antigen. 

Stabilization of antigen takes place 

through a complex cross-linking latex 

formation with the antibody. The insoluble 

agglutination complex is later internalized 

and digested by the phagocytic cells. In the 

present study, on initial immunization, 

murine naïve B-cells generate antibodies 

against the foreign particle i.e. sRBC. The 

antibodies present in the serum specific to 

sRBC later recognize and bind to the 

sRBC and from agglutination complex in 

the Khan tubes. Detection of antigen-

antibody agglutination complex at higher 

dilution reflects not only the stimulation of 

the humoral immune response but also 

highlights immunogenicity of the plant 

extracts. Compared to control, CBLE 

showed visible hemagglutination at higher 

dilutions of the antiserum. Antibody titre 

at 50 mg/kg, 100 mg/kg and 200 mg/kg 

dose of CBLE were 1/80, 1/160 and 1/320, 

r esp ect ively.  T her efor e,  CBLE 

demonstrated stimulation of murine 

humoral immunity as evidenced from the 

significant increase in the humoral 

antibody titre. Hemagglutination is a 

routinely used method to evaluate the 

effect of phytomedicins on the B-

lymphocyte function, because B-

lymphocytes are most crucial for 

promoting antibody based immunity 

against invading pathogens such as 

bacteria. This method on the other hand, 

provides evidence that  cer tain 

phytocompounds could be used as 

immunogenic adjuvants along with 

conventional vaccines to provide better 

protection by stimulating the immune 

response. Using similar approach, Makare 

et al., (2001) demonstrated that oral 

administration of a polyphenol rich 

fraction from Mangifera indica in mice 

elevated the anti-sRBC antibody titre 

multiple folds. Moreover, different 

monoterpene compositions from fruits 

were demonstrated to elevate the anti-

sRBC hemagglutination titre value and the 

data was validated by increase in anti-

sRBC PFC response (Raphael and Kuttan, 

2003). In the present study, various 

experiments were performed using murine 

peritoneal exudates macrophages to 

demonstrate the immunomodulatory 

activities of CBLE. The peritoneum cavity 

is populated with two sub-sets of 

macrophages. Around 90% of them are 

large peritoneal macrophages, expressing 

CD11b and F4/80 surface markers which 

are typical to macrophages. These cells 

disappear rapidly from the peritoneal 

cavity following lipopolysaccharide (LPS) 
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or thioglycolate stimulation (Ghosn et al., 

2010). The remaining 10% are small 

peritoneal macrophages which express 

CD11b and F4/80 in lower levels but 

express MHC-II at higher extent. The in 

situ non-adherent murine peritoneal 

macrophages have higher expression of 

inducible NO synthase and IL-12 

compared to the macrophages of the 

splenic origin (Liu et al., 2006). Wang et 

al., (2013) demonstrated that macrophages 

of peritoneal origin are of larger size 

compared to splenic and bone marrow 

derived macrophages. Besides, peritoneal 

macrophages express significantly low 

levels of CD-80 which regulates T-

lymphocyte activation and survival, CD-86 

which regulates T-lymphocyte activation 

and survival, CD115 which is a colony 

stimulating factor-1 and Gr-1 which is 

myeloid differentiation antigen. Whereas 

expression of B7-H1 which regulates T- 

and Blymphocyte activation or inhibition 

was found to be higher in peritoneal 

macrophages compared to other 

macrophage sub-sets (Wang et al., 2013). 

The present study demonstrated the effect 

of orally administered CBLE on the total 

peritoneal macrophage count in mice. The 

results demonstrate that CBLE stimulated 

significant (P<0.001) proliferation of 

macrophages. The increase in macrophage 

count at 200 mg/kg CBLE, compared to 

control. Similar immunostimulatory 

activity of other plant material like the 

edible tuber of Dioscorea alata L. 

demonstrated the elevation in murine 

peritoneal macrophage count (Dey et al., 

2014) and immunosuppressive activity by 

of Diplazium esculentum (Koenig ex 

Retz.) Sw demonstrated the dose 

dependent decrease in murine peritoneal 

macrophage count (Roy et al., 2013). In a 

similar approach, Garcia et al., (2002) 

demonstrated the modulation of peritoneal 

macrophage count by intraperitoneal 

injection of Mangifera indica extracts in 

male Wistar rats. 

Phagocytosis is one of the first lines of 

defence of the immune system which is 

chiefly mediated by phagocytes such as 

macrophages. In the present study, the 

effect of C. bonplandianus extract was 

evaluated for possible effect on the 

phagocytic activity of the murine 

peritoneal macrophages. The effect of 

CBLE on the reticulo-endothelial system 

comprising of mononuclear mobile and 

fixed-tissue macrophage was evaluated by 

the carbon clearance test. These 

phagocytes play a profound role in the 

clearance of non-specific foreign 

particulates from the systemic circulation 

(Gokhale et al., 2003). On injection of the 

colloidal Indian ink containing carbon 

particle through the tail vein, the rate of 

macrophage medicated clearance of the 

particles from the blood stream occurs at 

an exponential rate which could be 

measured in a time dependent manner 

using spectrophotometry. Gradual decrease 

in absorbance at 650 nm with time 
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indicates the rate of carbon-clearance from 

the systemic circulation. Furthermore, 

peritoneal macrophages isolated from C. 

bonplandianus extract treated mice were 

subjected to yeast phagocytic assay. 

Macrophages were co-cultured with heat 

killed yeast cells, which resulted in 

phagocytosis of the yeast cells by the 

macrophages. CBLE at 200 mg/kg 

demonstrated significant (P<0.01) increase 

in phagocytic capacity which was higher 

than the control. Similar trend was 

observed in case of the phagocytic index 

with dose-dependent significant (P<0.05) 

increase of PI of CBLE at the highest dose. 

The present study therefore, findings that 

C. bonplandianus leaf extract possess 

stimulatory activity on the phagocytes. 

The present study investigated the in vitro 

myeloperoxidase, nitric oxide inhibitory 

and respiratory burst activities of the 

isolated murine peritoneal macrophage. 

Recognition and internalization of 

invading bacteria is the primary function 

of the macrophages. Inside the phagosome, 

activation of NADPH oxidase results in 

generation of superoxide anion, which is 

deprotonated to from O2 and H2O2, from 

which the highly reactive hypochlorous 

acid (HOCl) is generated through the 

myeloperoxidase reaction (Hampton et al., 

1998). Generation of a plethora of 

oxygenated radical such as superoxide 

radical, H2O2, hydroxyl radical, singlet 

oxygen, HOCl, chloramines, nitric oxide, 

peroxynitrite, in order to kill the 

internalized pathogen, is termed as 

respiratory burst activity. Although the 

respiratory burst process is quintessential 

in acute inflammation, but constitutive 

release of these free radicals cause local 

tissue damage. In practice, LPS is utilized 

to activate macrophages to secrete 

proinflammatory mediator such as NO, 

TNF-α and IL-1b (Coligan, 2005). NO is 

released from the activated macrophages 

and functions as marker for inflammatory 

progression and cytotoxic activity (Mac 

Micking, et al., 1997). LPS cause the 

activation inducible NO synthase (iNOS) 

to catalyse the conversion of L-arginine to 

L-citrulline by oxidizing the guanidine 

nitrogen of L-arginine to release NO. NO 

itself possess bactericidal activity and 

coupling with superoxide radical further 

generates highly reactive peroxynitrite 

radical. Therefore, suppression of NO 

release during inflammatory process has 

been a central idea behind the functioning 

of anti-inflammatory drugs (Liu et al., 

2012; Lee et al., 2013; Saad et al., 2011; 

Hung et al., 2011). In the present study, 

the elevated level of NO due to LPS (20 

μg/ml) was significantly (P<0.001) 

lowered by CBLE in a dose-dependent 

manner. However, the present study 

demonstrated the potent activity of C. 

bonplandianus extracts to inhibit the 

expression of NO in LPS stimulated 

macrophages. The same has also been 

demonstrated on murine splenic 

lymphocytes stimulated with concanavalin 
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A, which is discussed later.  

CBLE was further studied for their effect 

on the respiratory burst activity and 

myeloperoxidase (MPO) level on murine 

peritoneal exudate macrophages. It was 

observed that although the respiratory bust 

activity was significantly increased 

(P<0.001) in case of CBLE, but the MPO 

level was reduced significantly (P<0.001). 

Respiratory burst activity was measured at 

630 nm, where increase in absorbance 

signifies increase in respiratory burst 

activity. It is interesting to note, that the 

increase of phagocytic activity and 

respiratory burst activity were not 

accompanied by the MPO release, which 

might seem to be paradoxical. However, it 

has been previously demonstrated that 

phagocytic activity elevates in MPO 

deficient granulocytes (Hasui et al., 1991; 

Stendahl et al., 1984; Gerber et al., 1996). 

Respiratory burst is actually a process in 

which various free radicals are generated 

such as superoxide radical, NO, H2O2, 

peroxynitrite, hypochlorous acid (HOCl), 

hydroxyl radical etc (Hampton et al., 

1998). In this regard, it is essential to note 

that CBLE has demonstrated potent free 

radical scavenging activity which has been 

discussed later. Gerber and her group 

(1996) have hypothesised that the 

phagocytic activity in the MPO deficient 

cells may be enhanced due to the increased 

receptor expression such as of complement 

3b- or Fc-receptor which could be 

translocated from intracellular pool to the 

cell surface which is comparatively easier 

in the MPO deficient cells (O'Shea et al., 

1985). Stendahl et al., (1984) further 

demonstrated that the extent of 

complement 3b- and Fc-receptor mediated 

phagocytosis is decreased in zymozan-

activated MPO deficient cells when 

induced with extracellular MPO. 

Murine peritoneal macrophages, under 

stimulation with CBLE had demonstrated 

significant (P<0.001) inhibition of cell-

adhesion properties. During inflammatory 

situation due to microbial invasion in the 

body, the circulatory macrophages are 

recruited to the site of inflammation and 

enter the target tissue by adhering and 

passing between the endothelial cells 

lining of the blood vessels in an innate 

immune response termed as extravasation. 

P- and M-selectins and their carbohydrate 

counter ligands initially mediate rolling 

and tethering of the macrophages 

(Middleton et al., 2002). Thereafter, the 

integrins and their ligands mediated firm 

cell adhesion. In this process, various 

mediators such as IL-8 and macrophage 

inflammatory protein (MIP-1b), TNF-α, IL

-1β and different chemokines play a vital 

role in activating the integrins on the 

surface of the macrophage (Carveth et al., 

1989; Detmers et al., 1990). The present 

study demonstrated the inhibition of cell 

adhesion properties due to C. 

bonplandianus leaf extract, which remains 

in accordance with other studies. Previous 

reports suggests that plant extracts with 
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immunomodulatory or anti-inflammatory 

properties possess the potentiality to down

-regulate the cell adhesion properties in 

phagocytes either by inhibiting expression 

of vascular cell adhesion protein-1 

(VCAM-1) or P-selectin (Thounaojam et 

al., 2012; Jadeja et al., 2012; Kim et al., 

2014). Therefore, from the present study, it 

is quite evident that C. bonplandianus 

holds the potentiality to modulate 

cellularity, phagocytic activity, respiratory 

burst, MPO release and cell adhesion 

properties of murine per itoneal 

macrophages. 

The anti-inflammatory activity was 

evaluated on murine splenic lymphocytes, 

which were stimulated with Concanavalin 

A (Con A). Spleen functions primarily as a 

blood filtration apparatus in the body. 

However, it generates and maintains 

immunologically active cells which 

participate in recognition and elimination 

of foreign invading pathogens. Splenic 

lymphocytes predominantly regulate the 

pro-inflammatory conditions through 

cytokine production and modulation of the 

immunocompetent cells (Semaeva et al., 

2010). The white pulp of the spleen 

remains chiefly populated with the B- and 

T-lymphocytes. Con A is a lectin from the 

plant Canavalia brasiliensis and functions 

as a potent T-lymphocyte polyclonal 

activator (Andrade et al., 1999) and also as 

a potent mediator of chronic inflammation 

through JAK/STAT3 pathway (Akla et al., 

2012). Con A at 5 μg/ml is considered the 

optimal dose for blastoid differentiation 

and activation of the lymphocytes 

(Chaudhuri and Chakravarty 1981; Forni 

et al., 1987). Liu (2004) demonstrated that 

5 μg/ml Con A results in optimal 

augmentation of proliferation of the T-

lymphocytes. Therefore, Con A is 

routinely used in similar studies to activate 

lymphocytes and to study the possible 

immunomodulatory and anti-inflammatory 

activities of plant extracts and bioactive 

compounds (Checker et al., 2012; Amro et 

al., 2013; Jin et al., 2013; Kenny et al., 

2013; Moriyama et al., 2003; Shi et al., 

2012). Besides, con A is also routinely 

used to induce hepatitis in experimental 

mice model (Tiegs et al., 1992; Tiedge 

1997). NO is a potent pro-inflammatory 

mediator. Plant lectins such as Con A 

induces murine mononuclear cells to 

express NO especially when both adherent 

and non-adherent cells are co-cultures 

(Andrade et al., 1999). Various chronic 

diseases such as multiple sclerosis, 

arthritis, juvenile diabetes, asthma, 

psoriasis, systemic sclerosis and ulcerative 

colitis are associated with chronic release 

of nitric oxide (Kroncke et al., 1998). The 

present study demonstrated the inhibitory 

effect of CBLE extracts on the release of 

NO from Con A stimulated murine 

lymphocytes. The inducible form of NO is 

primarily stimulated by proinflammatory 

signals such as TNF-α, IL-1β, IFN-γ 

(Andrade et al., 1999). However, in this 

case, under 5 μg/ml Con A stimulation and 
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in presence of CBLE extract (0-80 μg/ml), 

the level of TNF-α was down-regulated, 

whereas the level of IFN-γ was up-

regulated. Under same condition, the 

inversed expression of NO with IFN-γ 

signifies that the inhibition of NO was not 

IFN-γ mediated. In the present study, 

CBLE had already demonstrated the 

ability to inhibit NO expression in vitro, in 

addition to in vitro capacity to inhibit LPS 

induced NO expression in murine 

per itoneal macrophages.  Similar 

observations were incurred by two 

independent studies who demonstrated that 

the inhibition of iNOS is medicated by 

suppression of TNF-α through IL-10 

activity (Gazzinelli et al., 1992; Oswald et 

al., 1992). IL-10 is a potent anti-

inflammatory meditator. Besides, IL-10 is 

well-known inhibitor of NO biosynthesis 

(Cuhna et al., 1992; Hamid et al., 1993; 

Kallio et al., 1997; Huang et al., 2002). 

Ameredes et al., (2001) showed the 

elevation of NO production in IL-10 

knockout mice. Therefore, from the 

present observation, it could be stated that 

down regulation of NO was probably 

mediated by CBLE influenced inhibition 

of TNF-α as well as up-regulation of IL-

10. The dual affect of CBLE to down 

regulate both NO and IL-4 may prove 

beneficial in asthma patients since both the 

factors are critically associated with 

asthmatic conditions (Batra et al., 2007). 

Cytokines are known as in-house 

immunoregulatory an molecule which are 

not only responsible for the fine tuning of 

the immune response but also mediates 

proper communication in immune system 

for activation, growth, development and 

functionality of the immunocompetent 

cells. In reference to their activities during 

immune response in inflammation, 

cytokines can be divided into two broad 

categories i.e. pro-inflammatory and anti-

inflammatory cytokines. Pro-inflammatory 

cytokines mediate immediate immune 

response during the acute inflammation 

but proved to be deleterious in chronic 

inflammation. Even though the anti-

inflammatory cytokines perform critical 

functions in activating and regulating 

different sub-sets of immunocompetent 

cells, but they also play a crucial role in 

controlling the pro-inflammatory immune 

response which has proven to be beneficial 

in protect ion aga ins t  chronic 

inflammations and auto-immune disorders. 

The present study deals with the effect of 

CBLE on mitogen activated expression of 

proinflammatory (IL-2, IFN-γ, TNF-α) and 

anti-inflammatory (IL-4 and IL-10) 

cytokines in murine splenic lymphocytes. 

Activation of mast cells, eosinophils and 

basophils and also promotion of IgM to 

IgE class switching in B-lymphocytes are 

mediated by IL-4. It is a potent mediator of 

allergic inflammation and promotes 

conditions such as asthma and atopic 

syndrome. Besides, IL-4 has also been 

found to be associated with the 

development of allergic airway 
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inflammation and airway hypersensitivity 

(Karp et al., 1996) as well as may play a 

key role in inflammatory arthritis (Ohmura 

et al., 2005). IL-10 is an anti-inflammatory 

cytokine which repress pro-inflammatory 

signals and restricts unnecessary tissue 

damage during inflammatory response 

(Ouyang et al., 2011). It is also considered 

as immunosuppressive cytokine due to its 

property of indirectly inhibiting antigen-

specific T cell activation (de Vries 1995). 

IFN-γ mediates antiviral and anti-tumor 

environment (Schroder et al., 2004) apart 

from activation of macrophage, 

stimulating MHC expression and 

amplifying leukocyte migration. IFN-γ has 

clinically been used in the treatment of 

prophylaxis of chronic granulomatous 

disease, visceral leishmaniasis and also 

possesses utility in leprosy, cutaneous 

leishmaniasis, and disseminated atypical 

mycobacterial infection (Murray, 1996). IL

-2 mediates the innate response against 

microbial infections, proliferation of CD4+ 

and CD8+ T-lymphocytes and self/foreign 

antigen recognition is mediated by IL-2. 

It is also a favourable immunotherapeutic 

agent for the next generation treatment of 

metastatic melanoma, acute myelogenous 

leukemia, and metastatic renal cell 

carcinoma (Atkins, 2002). TNF-α is a 

potent mediator of inflammation and 

exerts tissue damage in sepsis, tumor 

cachexia and autoimmune diseases 

(Pfeffer, 2003). Elevated level of TNF-α 

has been found to be associated with 

autoimmune conditions such as 

rheumatoid arthritis, psoriasis and Crohn's 

disease (Scheinfeld, 2004). In the present 

study, C. bonplandianus demonstrated its 

potentiality to down-regulate TNF-α and 

IL-4 expression and up-regulate IL-2, IFN-

γ and IL-10 expression in activated 

lymphocytes in vitro. Leaf extract of C. 

bonplandianus also down-regulates the 

TNF-α level in murine hepatocytes which 

was demonstrated under hepatoprotective 

evaluation. This has been discussed later. 

IL-10 possess inhibitory effects on TH1 

cytokine expressions. But in this case, 

increase in IL-10 expression had no 

suppressive effect on IL-2 or IFN-γ 

e x p r e s s i o n  ( b o t h  T H 1  a n d 

proinflammatory), even though TNF-α was 

down-regulated significantly. In addition, 

two major pro-inflammatory mediators, 

NO and TNF-α were significantly down-

regulated by CBLE. TNF-α and NO shared 

positive correlation. Therefore, in the 

present study, down-regulation of TNF-α 

and IL-2 and up-regulation of IL-10 may 

contribute to the anti-inflammatory 

activities of C. bonplandianus. High 

negative correlation resided between IL-10 

and TNF-α in case of CBLE which may 

prove to be beneficial target in the 

conditions such as psoriasis, ulcerative 

colitis, psoriatic arthritis and Crohn’s 

disease (Cutler and Brombacher, 2005). 

Besides, increase in CBLE mediated IL-2 

level may prove beneficial in autoimmune 

colitis, rheumatoid arthritis, allograft 
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rejection, as IL-2 is primarily associated 

with immune tolerance (Lee and Margolin, 

2011). The complex immunological 

associations during inflammatory 

conditions are mediated by fine regulation 

of pro and anti-inflammatory cytokines 

and formation of arachidonic metabolites 

through the enzymatic cascade of 

cyclooxygenase (COX). Among the two 

isoforms of COX, COX-1 is constitutively 

expressed whereas COX-2, the inducible 

isoform, is predominantly activated during 

inflammatory conditions. Prostaglandins 

(PG) are the metabolites of arachidonic 

acid which are generated through an 

enzymatic cascade of COX and PG 

synthase, that leads to the cardinal signs of 

inflammation i.e. redness due to increase 

of blood flow, swelling due to vasodilation 

and pain due to induction of peripheral 

sensory neurons (Phipps et al., 1991). PGs 

are the terminal mediators of hyperalgesia, 

generation of fever, increase in vascular 

permeability as well as primarily 

responsible for vascular diseases and 

angiogenesis. COX is considered as the 

central molecule of inflammation and 

therefore, COX inhibitors are routinely 

used as therapeutics to inhibit PG synthesis 

to eliminate inflammation in a wide range 

of diseases (Chizzolini and Brembilla, 

2009). Previously, Singhal, (2012) 

demonstrated COX-1 and COX-2 

inhibitory activities of methanolic CBLE. 

In the present study, compared to control, 

the increase of COX-1 and COX-2 

expression at 0 μg/ml was attributed to 

Con A induction. The dose dependent 

inhibition of both the COX isoforms were 

evident with increased concentration of C. 

bonplandianus leaf extract. Cardiac 

glycosides at present are considered as one 

of the novel candidates for anti-

inflammatory drug as well as various such 

compounds isolated from natural source 

such as quabain, digitoxin, digioxin, etc. 

are effective against different cancer cells 

(Newman et al., 2008). The COX 

inhibitory effect of CBLE was also 

reflected by the gradual decrease of PGE2, 

the level of which is dependent on 

metabolism of arachidonic acid by COX. 

In case of CBLE high positive correlation 

resided between total COX and COX-1 

demonstrating that total COX activity was 

influenced more by COX-1 activity than 

COX-2. NO is a well-known inducer of 

COX activity (Salvemini et al., 1993). 

This was even evident in case of CBLE, 

where the inhibition of NO has profound 

effects on down regulation of COX 

activities as demonstrated by the high 

positive correlations for both COX-1 and 

COX-2 activities. Moreover, the PGE2 

level, which is a direct measure of COX 

activity, has demonstrated decent 

correlation with COX activities in case of 

CBLE. This signifies that there might have 

other factors in action for the regulation of 

PGE2 level and COX activities. 

In last two decades, the basic idea of the 

causative effects of disease whether 
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microbial infections, autoimmune 

disorders or inflammatory diseases, their 

progression, clinical and pathological 

manifestation had went through 

tremendous changes. In most of the cases, 

reactive oxygen and nitrogen species, 

harmful free radicals and reactive 

metabolites were found to play a cardinal 

role in the pathogenesis of diseases. 

Mechanism based screening of herbal 

medicines have not only revealed the 

beneficial effects of herbal medicines 

through their antioxidative properties, 

different health-enhancing and disease-

preventing foods were also identified 

which provide antioxidative defences 

through scavenging of free radicals. 

Previously, two different groups of 

researchers back to back studied the free 

radical scavenging activities of the flower 

fractions.  

Oxidative stress is an imbalance between 

the production and elimination of free 

radicals mainly by antioxidants. Such an 

imbalance due to the excess production of 

free radicals (ROS and RNS) may lead to 

the damage of important bio-molecules 

and cells including those associated to our 

immune system. It is seen that the 

members of reactive oxygen and nitrogen 

species switches on intracellular signaling 

cascade that stimulate the proinflammatory 

gene expression (Anderson et al., 1994; 

Flohe et al., 1997). Of late medicine or 

health supplement of natural origin has 

increased many folds because of their 

potential to prevent and reduce the risk of 

several oxidative damage with minimal 

side effects (Aruoma, 2003). Antioxidant 

property covers a broad spectrum of 

chemical phenomenon and definite 

antioxidant activity should not be 

concluded based on a single experimental 

model. Therefore, in practice several in 

vitro antioxidants or free radical 

scavenging activities were carried out with 

our sample of interest. In the present 

antioxidant profiling, C. bonplandianus 

leaf extract showed potential free radical 

scavenging activities. The molecule DPPH 

is a free radical that can accept an electron 

or hydrogen radical to become stable and 

reacts with reducing agent to form new 

bond, changing the color of the solution. 

The colored DPPH solution mixed with 

natural antioxidants. DPPH gives rise to 

the reduced form with the loss of violet 

color by the effect of natural antioxidants. 

Thus, DPPH scavenging activity by CBL 

extract proves the presence of significant 

antioxidant properties. Human beings are 

exposed to H2O2 indirectly via 

environment. This, H2O2 may enter into 

the human body by normal physiological 

function. Inhibition of H2O2 indirectly 

from environment is rapidly decomposed 

into oxygen and water and this may 

produce hydroxyl radicals (OH.) that can 

cause lipid peroxidation and DNA damage 

in the body. Therefore, the ability of CBL 

extract to scavenge H2O2 proves beneficial 

for our health. Nitric oxide plays an 
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important role as pro-inflammatory 

mediators. Nitric oxide (NO.) is 

synthesized from the amino acid L-

arginine by the activation of nitric oxide 

synthase (NOS). During chronic 

inflammation iNOS (Calcium independent 

isoform of NOS) is activated by LPS 

(Lipopolysaccharide) and produces huge 

amount of nitric oxide. The active NO. 

translocate NF-κβ and leads to the 

formation of cancer. In mitochondria 

excess amount of nitric oxide reacts with 

superoxide radical to produce reactive 

peroxynitrite radical which further cause 

oxidative stress related disorder. In the 

present study, it is demonstrated that nitric 

oxide is down regulated by CBL extract 

when compared to standard silymarin. 

Thus, C. bonplandianus might inhibit the 

inflammation related disorders. On the 

otherhand peroxynitrate (OONO-), a 

reactive nitogen species containing free 

radical, is a cytotoxic agent with strong 

oxidizing properties. The oxidizing 

properties of peroxynitrate (OONO-) 

towards various cellular constituents 

including amino acids, lipid, and 

nucleotide can cause cell death, lipid 

peroxidation and alleviating chances of 

carcinogenesis. Therefore, peroxynitrate 

scavenging activity by CBL extract is 

beneficial for health. Hydroxyl radical 

generated from hydrogen peroxide by 

Fenton reaction is one of the potent 

reactive oxygen species in the biological 

system that react with phospholipids 

containing polyunsaturated fatty acid 

moieties of cell membrane and cause 

damage of cell (Huang et al., 2005). 

Hypochlorous acid produced from the site 

of chronic inflammation resulting from the 

oxidation of Cl- ion by the neutrophil 

enzyme, myelo-peroxidase. Hypochlorous 

acid degrades heme prosthetic group and 

inactivates the antioxidant enzyme 

catalase. Leaf extract of C. bonplandianus 

also prove that it has the potentiality to 

scavenge proxynitrate, hydroxyl radical, 

superoxide, singlet oxygen and other free 

radicals that cause the harmful effect in 

our biological system. Thus, CBL extract 

might prove to be a key component in 

prevention of various diseases related to 

oxidative stress and free radical 

generation. Keeping in mind the crucial 

role played by oxidative stress in liver 

disease, medicinal plant derived 

antioxidant can clearly be considered as a 

good therapeutic strategy. In the present 

study it is tried to establish how 

antioxidants are linked with hepatic 

damage or disorder. For this above 

mentioned study CCl4 (Haloalkane) was 

chosen to induce hepatic damage in murine 

model amelioration by the leaf extract of 

C. bonplandianus was investigated 

through antioxidant and anti-inflammatory 

activities. The toxicity profile of CCl4 is 

well established worldwide (Ruprah et al., 

1985; Stewart et al., 1964; New et al., 

1962). Extensive usage of CCl4 in 

industrial sectors has a rich history of 
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environmental toxicity and occupational 

hazards. This had lead to awareness in the 

industrial and domestic use of CCl4 from 

the early 70’s, leading to the production 

and import of CCl4 (U.S. Environmental 

Protection Agency, 2010). Multiple 

sources for generation of reactive oxygen 

species (ROS) have been identified; 

among them CCl4 was used in the present 

study as a source for intracellular 

production of ROS. Hydrogen peroxide 

(H2O2) is a stable free radical having 

important role in signalling pathways 

(Ohno and Gallin, 1985). Increased levels 

of ROS productions are associated with 

oxidative stress in cell.  H2DCFDA was 

used to detect the production of 

intracellular ROS generation. H2DCFDA 

detects hydrogen peroxide by exhibiting 

fluorescence on WRL-68 cell line exposed 

to H2O2, suggesting a H2O2 induced 

oxidative stress. Generally, CCl4 

contribute to increase in ROS level. 

However, a substantial reduction in 

fluorescence intensity was seen with the 

increase in concentration of CBL from 50-

200µg/ml. This suggests that under the 

influence of CBL, CCl4 induced ROS was 

diminished proportionately. It can be 

inferred that CBL plays an important role 

in reducing the impact of CCl4 on normal 

intracellular function.  

Carbon tetrachloride (CCl4) induced 

hepatoxicity is caused to some extent by 

the partial pressure of reactive oxygen in 

tissues. Low partial pressure of oxygen 

results in the formation of CCl3
* and 

CHCl2
* radicals (De Groot et al., 1988; 

Masuda and Nakamura,  1990).  

Metabolism of lipid is hampered by CCl4 

and cause steatosis or fatty liver. On the 

other hand, high partial pressure of oxygen 

shifts CCl4 metabolisms towards the 

formation of CCl3-OO* radical with 

consequent lipid peroxidation and lead the 

cells from steatosis into apoptosis (De 

Groot et al., 1988; Kiezcka and Kappus, 

1980). In CCl4 induced liver injury model, 

oxidative stress can provoke and promote 

lipid peroxidation that damage the 

hepatocellular membrane (De Groot et al., 

1988). This hepatocellular damage is 

followed by the release of pro-

inflammatory chemokines and cytokines 

(Feng et al., 2011). 

Now a day’s CCl4 is required for the 

synthesis of chlorofluorocarbons (CFCs) 

that are used as heat transfer agents in 

refrigerating equipments and as aerosol 

propellants. In United States, CCl4 has 

been widely used for industrial and 

domestic cleaning and sterilisation. There 

are many cells like kupffer cells, hepatic 

stellate cells and endothelial cells those are 

more sensitive to oxidative stress related 

molecules. TNF-α can be produced in 

kupffer cells by oxidative stress, which 

might increase inflammation and 

apoptosis. In studied animal model 

significant (P<0.001) loss of body weight 

and relative liver weight have occurred 

after CCl4 toxicity. After the treatment 
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with CBL extract, the changes in the final 

body weight were much less compared to 

control and sylimarin group. This result 

indicates CBL extract has the potentiality 

in restricting drastic body weight changes 

through anti-hyperlipidimic activity. 

Biomarker of hepatotoxicity represents the 

altered levels of hepatobillary enzymes 

transaminase and phosphatase. Whereas 

normalization of these enzymatic 

parameters represent the improvement of 

normal liver function (Amacher, 2002; 

Zimmerman, 1998; Zimmerman, 2000). 

Significant elevation of ACP, ALP, AST, 

ALT, GGT, LDH, glucose, urea, globulin, 

bilirubin and cholesterol levels and 

subsequent liver injury are caused due to 

CCl4 toxicity. All the parameters were 

subsequently normalized to certain extent 

due to the sylimarin extract and CBL 

extract administration. Cultured liver cells 

can serve as a model for evaluation of in 

vitro hepatotoxicity because of its 

similarity between intact hepatic systems 

(Weber et al., 2003). The in vitro 

enzymatic result also supports the 

hepatoprotective potentialities of the plant 

extract. CCl4 is biotransformed by 

CYP2E1.  CYP2E1 is a member of 

cytochrome P450 mixed function oxidase 

system. CYP2E1 is involved in the 

metabolism of xenobiotics in the body to 

produce CCl3
. and CCl3OO., and as a result 

of that tremendous hepatocellular necrosis 

is casued. Zonal haemmorrhagic necrosis 

around the portal veins in the CCl4 group 

demonstrated the hepatocellular injury. 

Hepatic injury was also supported by MTT 

cell viability assay which showed loss of 

cell viability due to CCl4 toxicity. However 

significant improvement was observed 

after the treatment with CBL extract. 

Generation of oxidative stress due to CCl4, 

deactivates the cellular anti-oxidative 

enzymes (Tsai et al., 2009). Peroxidase, 

catalase and superoxide dismutase are the 

major anti-oxidative enzymes responsible 

for the neutralization of free radicals. 

Hydrogen peroxide and lipid peroxides 

converts into non reactive species by the 

action of peroxidase enzyme. On the other 

hand catalase prevents the formation of 

highly reactive OH. by scavenging H2O2, 

the key molecule of fenton reaction. SOD 

(super oxide dismutase) alternatively 

catalyzes the dismutation of superoxide 

radicals into ordinary molecular oxygen or 

hydrogen peroxide. Glutathione is a major 

anti-oxidant enzyme that can also serve as 

a redox or cell signaling regulator and 

guard the cells against oxidative injury by 

reducing H2O2 and scavenging reactive 

oxygen and nitrogen radicals. CCl4 derived 

trichloromethyl peroxy radicals (CCl3OO.) 

accept the proton from polyunsaturated 

fatty acid in the biological membrane and 

cause lipid peroxidation and inhibition of 

oxidative enzymes. By the inhibition of 

anti-oxidative enzymes, there is 

accumulation of O2
.- and H2O2  which is 

cascade phenomenon of free radical 

formation and cause hepatic damage (Tsai 
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et al., 2009). Due to high levels of 

polyunsaturated fatty acid and transition 

metals, lipid membranes are vulnerable to 

oxidative stress and nitrosative stress and 

this transition metals such as iron are 

capable of damaging nuclear protein, 

DNA, inhibit enzymes and degrade lipid 

membrane through oxidative Haber-Weiss 

reaction (Stohs and Bagchi, 1995; Flora et 

al., 2008; Valko et al., 2004). CCl4 toxicity 

markedly increases oxidative stress, 

lowering liver anti-oxidative enzymes. In 

this study it is established that the 

diminished catalase, peroxidase and 

superoxide dismutase levels and elevated 

MDA levels were subsequently normalize 

by CBL administration.  

Liver disease/failure is accompanied by 

the up and down inflammatory conditions. 

TNF-α and NO plays a major role as pro-

inflammatory mediators during oxidative 

stress related liver injury which leads 

towards the apoptotic cell death and 

fibrosis (Weber et al., 2003; Morio et al., 

2001). Kupffer cells secret a vast array of 

cytokines (TNF-α, IL-1, IL-6, IL-8), 

chemokines (KC/GRO, IP-109, MIP-2, 

MCP-1) and pro-inflammatory mediators 

like NO which initiates hepatic 

inflammation and toxicity under such 

xenobiotic induced hepatotoxic condition. 

Reactions of the hepatotoxicity and 

fibrinogenesis are initiated by the action of 

TNF-α and the overproduction of NO 

resulting in endotoxin shock and 

inflammatory hepatic injury. Excess 

amount of NO couples with O2
.- to 

generate highly reactive ONOO- in the 

liver mitochondria. In the present study 

CCl4 toxicity resulted significant (P<0.001) 

increase in TNF-α and NO levels, those 

were significantly lowered by the 

administration of CBL extract. These 

results proved that leaf extract of C. 

bonplandianus exhibited potent anti-

inflammatory activities through the 

suppression of pro-inflammatory 

mediators of chronic hepatotoxicity.  

A key aspect of liver injury is the role of 

GSH (reduced glutathione) in response to 

exogenously and endogenously imposed 

stress by redox reaction. This stress 

activates various signal transduction and 

transcriptional pathways. TNF-α is a 

crutial cytokine which mediates liver 

injury. The binding of soluble TNF-α to 

TNFR1 on the plasma membrane of 

hepatocytes trigger the exposure of 

cytoplasmic death domain of TNFR1 to 

form complex 1, which activates NF-κβ, 

JNK and P53 cascade to propagate 

inflammation and survival signaling . GSH 

is depleted due to CCl4 toxicity after the 

susceptibility of hepatocytes by TNF-α 

(Matsumaru et al., 2003; Nagai et al., 

2002). The altered GSH level due to CCl4 

toxicity was subsequently controlled by 

the administration of CBL extract. The 

hepatoprotective potentialities of leaf 

extract of C. bonplandianus were further 

established by detailed histopathological 

study. The results clearly demonstrated 
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that due to CCl4 toxicity hepatic 

architectures were deformed and 

subsequently attenuated by CBL extract. 

CCl4 toxicity initiates tremendous 

hepatocellular damages like hepatocellular 

necrosis, bile duct proliferation, leukocytes 

infiltration (inflammation) and vascular 

congestion, loss of structure of hepatic 

nodules, hepatocellular fibrosis, fatty acid 

infiltration, vascular degeneration and 

calcification. All these were normalized by 

the action of CBL extract. Phytochemical 

constituents were further identified using 

FTIR and GC-MS analyses for the potent 

hepatoprotective potentialities.  

The constituents of the plant extract were 

detected by GC-MS and FTIR. In 

biochemical terms these phytochemicals 

are the constituents of CBL extract, 

responsible for all the exciting results 

obtained so far in this study. This result 

suggests the presence of acitve 

biochemicals in the plant extract. 

Therefore, help of in silico methods were 

followed to further understand these 

bioactive molecules on a molecular level. 

Molecular Docking experiments were 

carried out for the same. The bioactive 

chemicals treated as ligand showed overall 

good binding affinity with the proteins 

taken as receptors for the molecular 

docking experiments. Among the 

receptors, Hepatitis BX (PDB ID 3I7H) 

protein showed best binding affinity with 

the phytochemicals.  Hepatitis BX may act 

as the precursor for Hepatocellular 

carcinoma (HCC). Hepatitis BX promotes 

the expression of insulin-like growth factor 

(IGF) in HCC. Thus blocking this protein 

with this phytochemical can reduce the 

chances of development of HCC in case of 

liver diseases. The protein with second 

highest binding affinity is of Human 

Cytochrome p450 3A4.  Cytochrome p450 

3A4 is the major isozyme in the human 

liver. Proteins like preganane X and NF-

κB also showed good interactions with 

these phytochemicals. Preganane X is a 

nuclear receptor whose primary function is 

to sense the presence of foreign toxic 

substances and in response up regulate the 

expression of proteins involved in the 

detoxification and clearance of these 

substances from the body. NF-κB controls 

cytokine production and cell survival, but 

in certain cases its regulation is related to 

cancer, inflammation and autoimmune 

diseases. Phytochemicals from the CBL 

extract act as suitable ligand for all these 

receptors. So whether it is because of the 

individual bioactive phytochemical or the 

result of synergestic effects of all the 

biochemicals, the plant can be considered 

to have medicinal benefits against 

hepatotoxicity. Silymarin, a potent 

antooxidant and hepatoprotective agent, is 

used as standard for molecular docking. It 

is seen that a compound named α-Amyrin 

is present in CBL extract as detected by 

GC-MS procedure; α-Amyrin has best 

binding affinity with all our receptors. 

Even it showed better results than 
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silymarin. So, even for those who does not 

agree with synergistic effect of compounds 

in herbal medicine, α-Amyrin has a point 

to prove as it shows better molecular 

binding affinity than an already established 

drug.  

Despite of potent antioxidative function of 

extracts claiming their indirect role against 

neurodegenerative disorder or NDs 

(Barnham et al., 2004), it was further 

intended to assess the AChE inhibitory 

activity of CBLE over NDs for the first 

time. The experiment was undertaken 

considering the complexities of several age

-related disorders (eg., dementia, AD and 

PD) occurring due to oxidative stress 

which lowers the function of acetylcholine 

(ACh) and dopamine in brain 

(Chattipakorn et al., 2007). Synthesis of 

ACh by AChE is the most crucial pathway 

for the pathophysiology of AD. Therefore, 

use of acetyl cholinesterase inhibitor 

(AChEI) to suppress the degradation of 

ACh seems to be a rational approach 

which would maintain the balance of ACh 

in synaptic cleft (Birks, 2006). In essence, 

acetyl cholinesterase enzyme hydrolyses 

the substrate (acetylthiocholine iodide) and 

produces thiocholine which in turn reacts 

with Ellman’s reagent (5,5’-dithiobis-2-

nitrobenzoic acid) and a yellow color 

compound, 5-thio-2-nitrobenzoic acid is 

thus produced (Chattipakorn et al., 2007).  

The inhibition of cholinesterase enzyme 

activity is evident by fading of yellow 

color of the compound. In the present 

study, the AChE inhibitory activity CBLE 

was found to be higher than the standard 

eserine. Even although, the result reflected 

better AChE inhibitory activities than 

other reported medicinal plants (Mathew 

and Subhramanian, 2015; Mukherjee et al., 

2007), thereby suggesting the potent role 

of CBLE as cholinesterase inhibitors 

(AChEI) and might be useful as anti-

cholinesterase drug against AD and PD.  

Since enhanced result was observed from 

in vitro AChE inhibitory assay, it was 

intended to perceive whether CBLE have 

any memory improvement or retention 

activity on scopolamine induced rodent 

model. In essence, scopolamine causes 

oxidative stress by means of interference 

with acetylcholine in brain leading to 

cognitive impairment as well as increases 

the levels of AChE (Rahnama et al., 2015). 

The oxidative stress contributes to 

pathogenesis and histological changes in 

paitents with NDs (Gilgum-Sherki et al., 

2001). In this context, CBLE had already 

been exposed to be potent anti-oxidative 

agents in the present study. Therefore, the 

neuritherapeutic effect of CBLE on 

memory deficits in a mouse model of 

amnesia (passive avoidance test) induced 

by scopolamine was evaluated. As a result, 

passive avoidance test , a fear motivated 

avoidance test, was employed to describe 

the way in which the animal learn to avoid 

an aversive stimulus (electric foot shock) 

as a part of long term memory. Hence, it 

can be inferred that CBLE could be a 
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potent AChE-inhibitors by hindering the 

destruction of ACh (McGleenon et al., 

1999), thereby confirm the results as found 

in-vitro tests. This result also supports the 

ideas which might be due to a decrease in 

gene transcription, translation and enhance 

cholinergic activity thereby improving 

cognitive function (Shahidi et al., 2008). 

It has been well speculated that every 

cellular organism sustains its own 

antioxidant stability to protect tissues from 

oxidative damage at a certain stage. SOD, 

catalase, GSH, MDA etc. are the 

fundamental antioxidant enzymes that 

protect tissues from highly reactive 

hydroxyl radicals and superoxide anions, 

linked with NDs (Gilgum-Sherki et al., 

2001). Hence, the result suggest 

antioxidative prospective of CBLE that 

contributed to effective neuronal plasticity 

and memory function. Thus, most 

importantly, we provide first evidence for 

a potent neurotherapeutic role of CBLE in 

the protection from ROS-mediated 

neuronal damage as well as we identified 

some of the responsible target 

phytocompounds that cloud be treated as 

future CNS drug.  

The neuromodulatory potentialities of leaf 

extract of C. bonplandianus were further 

established by detailed histopathological 

study. The results clearly demonstrated 

that due to scopolamine administration 

m i c e  b r a i n  s h o w e d  s e v e r e 

chromatolysis, Gliosis and edema in 

cortex. All these were normalized by the 

action of CBL extract.  
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The present study provided scientific 

evidence of the therapeutic efficiencies 

of C. bonplandianus which were 

claimed in the ethnopharmacological 

domain. The ent ire work was 

performed with 70% hydromethanolic 

extract of C. bonplandianus because 

this extraction process is generally 

considered one of the best method for 

extraction of the phenolic and 

flavonoid compounds, which are 

known responsible for bioactivities of 

any herbal medicine. Moreover, in 

ethnopharmacology, the majority of the 

medicines are actually tinctures, 

p r e p a r e d  t h r o u g h  s i m i l a r 

hydroalcoholic solvent extraction 

process. 

Initial screening of CBLE was 

performed through the evaluation of 

their antioxidant and free radical 

scavenging activities. At first, the 

overall antioxidant capacity was 

confirmed by DPPH (IC50: 3.79±0.06 

μg/ml)  assay, which revealed 

satisfactory bioactivit ies of the 

extracts. Thereafter, selective free 

radical scavenging assays were 

performed against different free 

radicals to find out whether the extracts 

could demonstrate inhibitory activity 

on individual free radicals. CBLE in 

case of OH• (IC50: 73.65±4.96 μg/ml) 

and NO (IC50: 36.74±2.79 μg/ml) and 

in case of HOCL (IC50: 66.58±4.39 μg/

ml) scavenging activity demonstrated 

better efficacy than the respective 

standards (IC50: OH• (mannitol) 

571.45±20.12 μg/ml; NO (curcumin) 

90.82±4.75 μg/ml; HOCL (ascorbic 

acid) 235.96±5.75 μg/ml). The results 

of the free radical scavenging assays 

were convincing, which led us to 

evaluate possible in vitro lipid 

peroxidat io n inhib ito ry ( IC 5 0 : 

19.70±1.32 μg/ml) and iron chelation 

(IC50: 123.46±1.92 μg/ml) activities of 

the extracts. Total phenolic and 

flavonoid contents were also estimated 

in parallel to the antioxidant assays as 

the antioxidant capacity of any herbal 

formulations rely mostly on the load of 

both classes of phytocompounds. On 

later part of this study, the protective 

roles of C. bonplandianus through its 

antioxidative properties were also 

Conclusion 
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d e mo ns t r a t e d  u nd e r  i n  v i v o 

neuromodulatory and hepatoprotective 

evaluations. 

The assessment of immunomodulatory 

activities of C. bonplandianus was 

divided into two broad sections i.e. the 

overall immunomodulatory activities 

and anti-inflammatory activities. The 

assays were performed both through in 

vitro and in vivo methods. The effect of 

CBLE on the murine humoral response 

was evaluated through PFC, HA titre 

assay and subsequent estimation of 

IgM levels in serum samples. CBLE 

resulted in significant stimulation of the 

humoral immune system. The extract 

was in parallel investigated for their 

efficiency to modulate the effector 

functions of the macrophages, isolated 

from the murine peritoneal cavity. 

Elevation in the phagocytic capacity 

was observed in case of CBLE. 

Ho w e ver ,  mi ld  inc r e a s e s  in 

macrophage population (1.69, 1.05 and 

1.20 fold) were observed for all the 

ext ract s.  The extracts further 

demonstrated modulation of cell 

adhesion property and phagocytosis 

related respiratory burst (1.70, 1.32 and 

1.31 fold increase) and MPO release 

under in vitro condition. Majority of 

the anti-inflammatory study was 

performed on in vitro murine splenic 

lymphocytes which were stimulated 

with optimum dose (5 μg/ml) of Con A. 

Quantification of different pro-and anti-

inflammatory markers demonstrated 

the efficiency of C. bonplandianus 

extracts to down-regulate TNF-α and 

IL-4 in addition up-regulate IL-2, IL-10 

and IFN-γ levels. The release of NO 

from lymphocytes and macrophages 

demonstrated inhibitory activity of the 

extracts. The ant i-inflammatory 

activities were further established 

through inhibition of COX-1 (0.48, 

0.80, 0.84 fold), COX-2 (0.39, 0.55, 

0.68 fold) activities and associated 

PGE2 release from the lymphocytes.  

Under hepatoprotective evaluation, 

hepatic injury to murine liver was 

introduced through oral administration 

of a potent haloalkane hepatotoxin CCl4 

and subsequently treated with C. 

bonplandianus extracts. Biochemical 

analysis of the serum samples from the 

experimental animals revealed decrease 

of various liver marker enzymes and 

biochemical parameters such as ALT 

(0.51, 0.64 and 0.75 fold), AST (0.57, 

0.72 and 0.80 fold), ACP (0.66, 0.79 

and 0.78 fold), ALP (0.49, 0.78 and 

0.77 fold), GGT (0.53, 0.80 and 0.73 

fold), bilirubin (0.53, 0.78 and 0.87 

fold) etc. in the extract treated groups. 

Outcomes of the in vitro results were 
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also in accordance with the in vivo 

studies performed through liver explant 

cultures. Hepatic catalyse (0.52 fold) 

and peroxidase (0.48 fold) activities, 

which were significantly lowered due 

to CCl4 toxicity, were found to be up-

regulated (catalase: 1.52, 1.27 and 1.26 

fold; peroxidase: 1.21, 1.18 and 1.22 

fold) due to extract treatment. This also 

correlated with the lowering of lipid 

peroxidation (0.56, 0.79 and 0.78 fold). 

Two major hepato-inflammatory 

markers i.e. NO (0.19, 0.44 and 0.50 

fold) and TNF-α (0.14, 0.28 and 0.38 

fold) were also found to be lowered in 

case of extract treated groups. 

Furthermore, histopathological studies 

of the liver samples provided evidence 

for lowering of hepatic inflammation, 

fatty infiltration, bile duct proliferation, 

hepatocellular necrosis, calcification, 

sinusoidal dilatation etc. in the extract 

treated groups. Molecular docking 

analyses revealed that the compound α- 

amyrin present in leaf extract of C. 

bonplandianus has the potent 

hepatoprotective role better than the 

standard molecule silymarin.  

The photochemical composition of leaf 

of C. bonplandianus was investigated 

in it ia l ly t hro ugh b io che mica l 

spectrophotometric methods, which 

revealed the presence of alkaloid, 

saponin, polyphenols, flavonoids and 

vitamins. CBLE were further subjected 

to FTIR analysis which revealed the 

major chemical groups (alcohol, amide, 

alkane, nitro, acid, ketone etc.) in the 

extract. Further bi-fractionation of the 

extracts using DCM and n-hexane and 

subsequent GC MS analysis revealed 

the presence of different bioactive 

phytocompounds (vanillin, phytol, 

vaccenic acid, vitamin E, stigmasterol, 

β-sitosterol, α-amyrin etc.). 

The major findings of the present 

study may thus, be summarized as 

follows: 

 C. bonplandianus possess 

potent antioxidant activities as 

demonstrated by DPPH, total 

ant ioxidant  act iv it y and 

reducing power activities. 

 Free rad ica l scaveng ing 

p o t e n t i a l i t i e s  o f  C . 

bonplandianus was established 

through inhibition of the oxygen 

and nitrogen free radicals, 

which would further prove 

beneficial in attenuation of 

oxidative stress in various 

diseases. 

 In vivo immunomodulatory 

studies revealed stimulation of 

humoral immunity by C. 

bonplandianus. 
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 C. bonplandianus demonstrated 

p r o fo u nd  in f lu e n c e  o n 

macrophage activities. 

 Modulation of cytokine levels 

along with inhibition of COX 

activities, PGE2 and NO levels 

would provide protection in 

inflammatory conditions. 

 N o r ma l i z a t io n  o f  l i ve r 

biochemical and enzymatic 

markers may provide beneficial 

under chronic hepatic damage. 

 Inhibition of NO and TNF-α 

associated lowering of liver 

injury scores would prove 

b e n e f i c i a l  i n  h e p a t i c 

inflammation. 

 E l e v a t e d  c a t a l a s e  a n d 

peroxidase activities along with 

t he  inh ib it io n o f l ip id 

peroxidat ion would prove 

beneficial under hepatic damage 

and neuromodulation. 

 Bioactivity of C. bonplandianus 

leaf was found higher than that 

of stem and root in most cases. 

 The various phytocompounds 

identified through FTIR and GC

-MS analysis, are responsible 

for the potent bioactivities of C. 

bonplandianus. 

 α-amyr in,  t he compound 

indentified by GC-MS analyses 

present in the leaf extract of C. 

bonplandianus has the potent 

hepatoprotective activity than 

the standard silymarin.  
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List of  Instruments 

 Mixer grinder: Lords® Hummer 1100. 

 Shaking incubator: Remi Laboratory Instruments. 

 Rotary evaporator: Buchi Rotavapour®. 

 Lyophilizer: SJIA-10N. 

 UV-Viz spectrophotometer: Shimadzu UV-2450, Rayleigh UV-1800 UV/VIS, 

Rayleigh UV-2100 UV/VIS. 

 Centrifuge: Medico centrifuge Remi, Heraeus biofuge pico bench top centrifuge (LP 

1366), Eppendorf 5417R, Sigma 3K30, MPW MED works 260R, Sigma 3-18K 

 Cooling centrifuge: Heraeus Instruments Biofuge Stratos Refrigerated Centrifuge, 

Eppendorf 5804-R, Eppendorf 5424-R, Eppendorf 5417-R 

 ELISA plate reader: BioRad iMark Micro Plate Reader 

 Electronic balance: Sartorius electronic analytical balance BT224S. 

 Incubator: Macro scientific works, Lab instruments and chemical works, Digilab 

 Autoclave: Lab instruments and chemical works. 

 Gas chromatography-mass spectrometry: Agilent 5975C GC-MS system 

 Fourier Transform Infrared Spectroscopy: Shimadzu 8300 FT-IR spectrophotometer. 

 High Performance Liquid Chromatography: Agilent Technologies 

 Distilled water system: Riviera 

 Ultra-pure water system: Millipore Milli-Q attached with Millipore Elix. 

 Laminar flow cabinet: Thermodyne 

 Microscope: Olympus CH20i, Olympus CX31, Olympus Magnus trinocular MLXTR. 
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All the reagents were procured from HiMedia Laboratories Pvt. Ltd. (Mumbai, India), unless 

otherwise indicated. 

 BDH chemicals (England): Evans blue. 

 Cayman Chemicals Company (Ann Arbor, Michigan, USA): COX activity assay kit, 

PGE2 EIA Kit, Thiobarbituric acid reactive substances assay kit 

 ChromaDex (USA): HPLC standards. 

 Crest Biosystems (Goa, India): Albumin, acid phosphatase, Alkaline phosphatase, 

Bilirubin, γ-glutamyl transferase, Glucose, Protein, Aspartate transaminase, Alanine 

transaminase, Lactate dehydrogenase, Cholesterol, Triglyceride, Creatinine, and Urea 

estimation kits. 

 Fluka (Buchs, Switzerland): Trolox 

 Loba Chemie (Mumbai, India): Thiobarbituric acid 

 Merck Specialties Pvt. Ltd. (Mumbai, India): Sulphuric acid, Chloroform, Acetic 

acid, Ethyl acetate, Trichloroacetic acid, Diethyl ether, Iso-amyl alcohol, Hydrogen per-

oxide, Potassium hexacyanoferrate, Folin-Ciocalteu reagent, Sodium carbonate, Buty-

lated hydroxytoluene, Sodium hypochloride, Aluminium chloride, Ammonium iron (II) 

sulfate hexahydrate, Potassium nitrite, N,N-dimethyl-4-nitrosoaniline, Xylenol orange 

 Monobind Inc. (USA): AccuBind insulin ELISA kit. 

 MP Biomedicals (France): Analytical grade gallic acid and curcumin. 

 MyBiosource (San Diego, USA): Mouse IgM ELISA kit. 

 Qualigens Fine Chemicals (Mumbai, India): Sodium nitrite 

 RayBio (Georgia, United States): Mouse IL-2, IFN-γ, TNF-α, IL-4 and IL-10 ELISA 

kits. 

 Roche Diagnostics (Mannheim, Germany): ABTS. 

 SD Fine Chemicals (Mumbai, India): Manganese dioxide 

 Sigama Aldrich (USA): Nystatin, Concanavalin A, HPLC standards, Silymarin 

 Sisco Research Laboratories Pvt. Ltd. (Mumbai, India): Potassium persulfat, Ethyl-

enediamine tetraacetic acid, Ascorbic acid, 2-deoxy-2-ribose, Trichloroacetic acid, Man-

nitol, Nitro blue tetrazolium, Reduced nicotinamide adenine dinucleotide, Phenazine 

methosulfate, Sodium nitroprusside, Sulfanilamide, Naphthylethylenediamine dihydro-

chloride, L-histidine, Lipoic acid, Sodium pyruvate, Quercetin, Ferrozine 

 Spectrochem Pvt. Ltd. (Mumbai, India): Diethylene-triamine-pentaacetic acid 

 Thomas baker chemicals Pvt. Ltd. (Mumbai, India): Phosphoric acid, Hydrochloric 

acid. 
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ABSTRACT 

Objective: Leaves of various herbs are rich in phytochemicals which may provide protection from various diseases. Therefore, the objective of the 
present study was preliminary screening of the phytochemicals like tannin, phlobatannin, cholesterol, glycoside, terpinoids, phenolics, flavonoid, 
steroid, anthraquinone, saponin, carbohydrate, alkaloid and protein in leaf of Croton bonplandianum Baill. and quantify some of these 
phytochemical.  
Method: Standardized biochemical and UV-Vis spectrophotometric methods were followed to analyze the phytochemical status of the leaves. 
Principal component analysis and correlation matrix on the basis of the quantity of the bioactive phytochemicals were performed in order to 
elucidate the interrelation between the various phytochemicals. 
Result: Quite a high percentage of alkaloid (59.60 ± 4.79 g/100g), saponin (17.35 ± 1.35 g/100g), phenolic content (75.39 ± 3.19 mg/g), protein 
(55.04 ± 2.09 mg/g), lipid (37.53 ± 2.43 mg/g), tannin (26.18 ± 2.63 mg/100g), thiamine (26.18± 2.36 mg/100g) and very satisfactory quantity of 
riboflavin or vitamin B2 (0.55 ± 0.03 mg/100g), ascorbic acid (0.71 ± 0.05 mg/100g)  has been detected in the leaves of this plant. It is fascinating to 
note that the phenol with lipid and the riboflavin content have displayed almost linear positive correlation with correlation coefficient of 0.999. 
Conclusion: It can be concluded from the present study that the leaf of C. bonplandianum possesses rich in various phytochemicals like alkaloid, total 
phenol, saponin, flavonoid, protein and tannin. These phytochemicals possess various bioactive properties and may be used as external therapeutic 
supplement. This study may lead to a new dimension regarding the medicinal value of C. bonplandianum.  

Keywords:  Croton, flavonoid, herbal medicine, multivariate statistics, pharmaceutical, phenol, phytochemicals, principal component analysis. 

INTRODUCTION 

Medicinal plants are the core of traditional medicine among the rural 
dwellers worldwide since the very beginning of civilization. The 
therapeutic use of herbs dates back to the third millennium BC 
during the Sumerian and the Acadian civilizations and are still 
utilized to treat numerous ailments in the traditional Chinese, 
Egyptian, Ayurvedic, Unani, Siddha and medicinal system. In western 
countries herbal medicine has been coined as the Complementary 
and Alternative Medicine (CAM). Around the globe about 3.4 billion 
people representing about 88% world population depends primarily 
on plant-based traditional medicines. The therapeutic efficiency of 
these herbs has mainly been attributed to the presence of various 
phytochemicals such as vitamins,  terpenoids,  phenolic  acids,  
lignin,  stilbene,  tannins, flavonoids,  quinones,  coumarins,  
alkaloids,  amines,  betalains,  and other  secondary metabolites. 
Studies  have  demonstrated  that  many  of  these  phytochemicals 
contribute as antioxidants,  anti-inflammatory,  anti-atherosclerotic,  
antitumor, anti-mutagenic,  anti-carcinogenic,  antibacterial,  and  
antiviral agents  [1]. Consumption of dietary supplements rich in 
natural  phytochemicals have linear correlation  with  reduced  risks  
of  cancer,  cardiovascular  disease, diabetes,  and  other  diseases  
associated  with  ageing [2,3]. In  recent  years,  secondary  plant  
metabolites  present in berry  crops,  teas,  herbs, oilseeds, beans, 
fruits and vegetables have  been extensively investigated as a source 
of therapeutic agents [4] . 

Croton bonplandianum (Euphorbiaceae) is an exotic weed commonly 
found in the wastelands and commonly known as ‘Bantulsi’ in 
Bengali and “Kukka tulsi” in Telugu [5]. Leaves of C. bonplandianum 
possess immense medicinal value and have demonstrated 
antimicrobial activity [5]. The leaves of C. bonplandianum are used in 
the treatment of skin diseases, cuts and wounds and as has been 
claimed to be antiseptic in nature [6]. Leaves of the many plants of 
this species have been found to contain diterpene resins which have 
been used experimentally in the studies of tumor initiation and 
conceivably prove to be useful in cancer therapy [7]. This species of  

 

Croton is considered as chologogue and purgative. The plant is 
reported to possess potent hepatoprotective and anti-helmenthic 
properties. Leaves of this exotic weed are highly medicinal and used 
for controlling high blood pressure [8,9,10]. Leaves infusion is used 
to cure fever caused due to infection of glands. Latex of the plant has 
wound healing activity. The fresh juice of the leaves of the plant is 
used against headache [11]. 

Therefore, the aim of the present study was to investigate the 
presence of different types of phytochemicals both qualitatively and 
quantitatively that will lead us to a clear photochemical status of C. 
bonplandianum. Therefore, in the present study, leaf was examined 
for the presence of different phytochemicals such as tannin, 
phlobatannin, terpenoid, glycoside, phenolics, flavonoids, steroids, 
anthraquinone, saponin, alkaloid, cholesterol, carbohydrate and 
protein. The quantification of tannin, alkaloid, total phenol, 
flavonoid, saponin, ascorbic acid, soluble sugar, thiamine, riboflavin, 
total protein, lipid, moisture and ash content in the leaves of the 
plant have also been studied. 

MATERIALS AND METHODS 

Sample collection  

The leaves of C. bonplandianum, one of the exotic weeds were 
collected from the campus and the adjacent areas of University of 
North Bengal, India. The plant was identified by Taxonomist Prof. A. 
P. Das of department of Botany, University of North Bengal and the 
voucher specimen was stored at the Botany Department Herbarium, 
University of North Bengal with an accession number of 09870. 

Sample preparation  

The leaves were washed properly first with tap water and then with 
double distilled water to remove dirt’s. The leaves were then shade 
dried at room temperature for two weeks and grinded to powder. 
The powder was passed through a 0.5 mm metallic mesh. The 
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resultant crude fine powder was used for the phytochemical 
investigations. 

Chemicals and Reagents  

Chemicals were obtained from Sisco Research laboratories Pvt. Ltd. 
(Mumbai, India), unless otherwise indicated. Analytical grade H2SO4, 

chloroform, acetic acid, ethyl acetate, trichloroacetic acid (TCA), 
diethyl ether and isoamyl alcohol were purchased from Merck 
Specialties Pvt.Ltd. (Mumbai, India). α-napthol, ferric chloride, 
sodium sulphate, bovine serum albumin (BSA), tannic acid, gallic 
acid, thiamine and riboflavin were obtained from HiMedia 
laboratories Pvt.Ltd. (Mumbai India).  HCL was supplied by Thomas 
Baker (Mumbai. India). 

Qualitative Test of phytochemicals present in leaves of Croton 
bonplandianum  

Two types of extracts from the leaves were used for the following 
qualitative tests those were performed according to Dey et. al. 2012 
[12]. 

Aqueous extract of leaves  

Crude dried powder (10 g) of leaves was mixed with 100 ml double 
distilled water taken in a 250 ml conical flask. Magnetic stirrer was 
used to mix the solution for 10 h. The mixture was filtered through 
Whatman filter paper number 1 (150 mm) and filtrate was used for 
the following phytochemical tests. 

Methanolic extract of leaves  

Crude dried powders (10 g) of leaves were taken in a 250 ml conical 
flask and 100 ml 70% methanol was mixed with the leaf extract. The 
mixture was mixed thoroughly using magnetic stirrer at room 
temperature for 10 h. The mixture was then filtered with Whatman 
filter paper number 1. The filtrate was used for the following 
phytochemical tests. 

Test for Carbohydrate  

Molish’s reagent was prepared first using 5% α-napthol in absolute 
ethanol. Two milliliters of aqueous extract was then mix with 2 ml of 
Molish’s reagent and shaken vigorously to mix properly. Two 
milliliters of concentrated H2SO4 was then added carefully with the 
help of pipette along the wall of the test tube. Appearance of 
reddish-violet ring at the junction of two liquids indicates the 
presence of carbohydrate. 

Test for Protein 

Two milliliters aqueous solution was mixed with 1 ml of 40% NaOH 
solution and 1-2 drops of CuSO4 was added to it. Change in the color 
of the solution to violet color indicates the presence of peptide 
linkage in a solution which in turn is an indication of the presence of 
protein. 

Test for tannin 

Ten milliliters of aqueous extract was taken in the test tube and few 
drops of 0.1% FeCl3 solution was added to it. Formation of blue black 
precipitation indicates the presence of tannin. 

Test for phlobatannin 

Ten milliliters of aqueous extract was taken in a test tube and 
allowed to boil. Two milliliters of concentrated HCL was added in the 
test tube with proper caution so that the solution dose not bumped 
out. The mixture was boiled for 1 minute. Deposition of red 
precipitate indicates the presence of phlobatannin. 

Test for Terpinoid 

Five milliliters of methanolic leaves extract was mixed with 2 ml of 
chloroform. Three milliliters of concentrated H2SO4 was added to the 
solution slowly along the wall of the test tube. Care was taken not to 
stir the solution of the test tube. Reddish brown coloration formed at 
the junction of two liquid phases indicates the presence of terpinoid. 

 

Test for Glycoside 

Five milliliters of methanolic extract was taken in a separate test 
tube and the mixture of 2 ml of glacial acetic acid with 2% FeCl3 was 
added to the test tube. One milliliter of concentrated H2SO4 was 
added slowly along the walls of the test tube carefully by using a 
pipette. Formation of brown ring at the interphase indicates the 
presence of glycoside. 

Test for Steroid 

Five milliliters of methanolic filtrate was treated with 0.5 ml of 
anhydrous CH3COOH and was cooled in an ice bath for 15 min. Five 
hundred µl of chloroform was added to the solution. One milliliter of 
concentrated H2SO4 was poured along the walls of the test tube very 
carefully. At the separation level of two liquids, a radish brown ring 
was formed, as an indication of the presence of steroids. 

Test for Cholesterol 

Two milliliters of methanolic extract was mixed with 2 ml of 
chloroform. Acetic acid anhydride (10-12 drops) was added to the 
test tube and shaken vigorously. Two drops of concentrated H2SO4 
was added to the solution. Change of the reddish brown coloration 
to blue-green on addition of H2SO4 indicates the presence of 
cholesterol. 

Test for Alkaloid 

Two milliliters of methanolic filtrate was taken in a test tube and 2 
ml of 2N HCL was added to it. The solution was shaken vigorously to 
mix and kept aside for 5 min. Aqueous phase was separated from the 
two liquid phase and a few drops of Mayer’s reagent (HgCl2 + KI in 
water) was added to it and shaken to observe the formation of 
creamy colored precipitation. 

Test for Phenol 

Ten milliliters of methanolic extract was mixed with 4-5 drops of 2% 
FeCl3 solution and change of coloration of the solution indicates the 
presence of phenolics. 

Test for Flavonoid 

Two grams of crude powdered leaves of C. bonplandianum heated 
with 10 ml of ethyl acetate in a hot water bath for a period of 5 min. 
The solution was filtrated using Whatman filter paper. The 
methanolic filtrate (1.4 ml) was mixed with 10% dilute ammonia 
solution and shaken vigorously. Yellow coloration of the solution 
indicates the presence of flavonoid. 

Test for Anthraquinone 

In 100 ml conical flask 0.5 g of crude powder of leave was taken and 
20 ml of benzene was added. Magnetic stirrer was used to mix the 
solution for about 4 h and the solution was filtered. Ten milliliters of 
filtrate was mixed properly with 0.5 ml of ammonia solution. At the 
layer phase appearance of violet color indicates the presence of 
anthraquinone. 

Test for Saponin 

 Crude powder of leave (0.5 g) was boiled with 15 ml of double 
distilled water in a hot water bath. Intensive forth formation 
indicates the presence of saponin. 

Quantitative Test of phytochemicals present in leaves of C. 
bonplandianum 

The quantitative estimation of different phytochemicals of leaves of 
C. bonplandianum performed according to the standard protocols. 

Determination of Alkaloid 

The experiment was performed according to the standard method 
[12,13]. Five grams sample of leaves powder was taken into a 250 ml 
beaker and 250 ml of 20% CH3COOH in ethanol was added to it. 
Magnetic stirrer was used to mix the solution for 10 h at room 
temperature.   The   solution  was  filtered  using   Whatman  paper  
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number 1 and the resultant was placed on a hot water bath (60o C) 
until the extract volume turns 1/4

th of its initial volume. Concentrated 
NH4OH was added drop wise which form thick precipitate. NH4OH 
was added till the formation of the precipitate was complete. The 
whole solution was allowed to settle down. The precipitate was 
collected by filtration, dried in an oven and weighted. 

Determination of Flavonoid  

A standard method [14] was followed with slight modification to 
quantify the total flavonoid content. Ten grams of crude leaves 
powder was taken in a 250 ml conical flask and 100 ml of 70% 
methanol was added to it. Magnetic stirrer was used to mix the 
solution for 3 h and filtration of the solution was done using 
Whatman paper number 1. The remaining powdered material was 
re-extracted once again with 70% methanol and filtered in a similar 
way. Both the filtrates were mixed and transferred into a crucible 
and evaporated to dryness in a hot water bath of 600C and weighted. 

Determination of Tannin 

The experiment was performed according to the standard method 
[15]. One gram of crude leaves powder sample was taken in a 100 ml 
conical flask and 50 ml of double distilled water was added to it and 
shaken in a magnetic stirrer for 10 h at room temperature. The 
solution was filtered in a 50 ml volumetric flask and made up to the 
mark using distilled water. Five milliliters of filtered solution was 
taken in a test tube and 0.0008M K4[Fe(CN)6] and 0.1 M FeCl3 in 0.1N 
HCL was added to it. The absorbance was measured in 
spectrophotometer at 120 nm wavelength within 10 minutes. A 
blank was prepared and the reading was taken in the same 
wavelength. A standard was prepared using tannic acid to get 100 
ppm and measured. 

Determination of Saponin 

Estimation of saponin was done according to slightly modified 
standard method [16]. Ten grams of powder sample was taken in 
250 ml conical flask and 100 ml of 20% ethanol was added to it. The 
mixture was heated in a hot water bath of 550C for 5 h with 
continuous stirring. The mixture was filtrated through Whatman 
paper number 1 and the supernatant liquid was separated. The solid 
residue was mixed with 20% ethanol and heated in a similar way for 
about 5 h. The solution was filtered and mixed with previously 
filtered solution. The combined filtered solution was placed on a hot 
water bath of 900C and heated still the volume was reduced to 20% 
of its initial volume. The concentrated sample was transferred into a 
250 ml separating funnel and 10 ml of diethyl ether was added to it 
and shaken vigorously. The aqueous layer was separated carefully 
after setting down the solution. The purification process repeated 
again. Sixty milliliters of n-butanol extracts were washed twice with 
10 ml of 5% aqueous NaCl solution. The remaining solution was 
heated in a water bath at 500C until the solvent evaporates and the 
solution turns into semi dried form. The sample was then dried in an 
oven. This saponin content was calculated by the following equation: 

             Percentage of saponin = (WEP / WS)*100 

Where, WEP = Weight of oven dried end product; WS= Weight of 
powdered sample taken for test. 

Thiamine Determination 

Thiamine determination was done using the standard method with 
slight modification [17]. Fifty grams of crude leaves powder sample 
was dispersed in 50 ml ethanolic 20% NaOH and stirred over a 
magnetic stirrer for 3 h at room temperature. The resultant was 
filtrated through Whatman paper number 1 in a 100 ml conical flask. 
Ten milliliters filtrate was mixed with equal volume of 2% 
potassium dichromate solution. As a result, color will develop which 
was read at 360 nm against a suitable blank. The blank contains all 
but lacks the leaves extract. The thiamine content was calculated 
from the thiamine standard curve. 

Determination of Riboflavin 

The experiment was performed according to the standard method 
[18] with slight modification. Ten grams crude powder of leaves was 

mixed with 50% ethanol in a 250 ml conical flask. The mixture was 
stirred on a magnetic stirrer for about 10 h. The solution was 
filtrated and the filtrated solution was mixed with 25 ml of 5% 
KMnO4 solution. In the solution 25 ml of 30% H2O2 was added with 
continuous stirriring. The whole mixture was placed on 800 C hot 
water bath for about 30 minutes. Five milliliters of 40% Na2SO4 was 
added to it and the absorbance was measured at 510 nm using a 
spectrophotometer. The blank was prepared without leaves extract. 
The riboflavin content was calculated from a riboflavin standard 
curve. 

Determination of Ascorbic Acid 

Standard protocol [19] was used to estimate the ascorbic acid in 
leaves of C. bonplandianum with slight modification. First, extraction 
mixture was prepared using TCA and EDTA in a ratio of 2:1. Five 
grams powder of leaves sample was mixed with this extracted 
mixture and stirred on a magnetic stirrer for about 3 h at room 
temperature. The solution was transferred to a centrifuge tube and 
centrifuged at 2000 rpm for 30 min. After centrifugation the 
supernatant solution was filtered through Whatman number 1. Two-
three drops of 1% starch solution was added to the filtrated solution 
and the solution was titrated against 20% CuSo4 solution until a dark 
end point is reached. 

Determination of Total Phenol  

To quantify the total phenol [12] content the crude leaves powder 
sample needed to be fat free. Five grams of crude powder was mixed 
with 100 ml n-hexane to prepare the fat free sample using soxhlet 
apparatus for 2 h. The resultant was used to determination of the 
total phenol content. 

The fat free sample was boiled with 50 ml of ether for 15 min. The 
resultant mixtures were filtrated and 5 ml of the filtrate was 
pipetted out into 50 ml conical flask. Ten milliliters double distilled 
water, 2 ml of NH4OH solution and 5 ml of concentrated amyl alcohol 
were added to the solution with constant stirring. The conical flask 
was incubated for 30 min at room temperature for color 
development. The absorbance of the colored solution was read using 
spectrophotometer at 550 nm against a suitable blank. 

Total protein Estimation 

Total protein was estimated according to the Lowry’s method [20] 
with slight modification. Bovine serum albumin with known 
concentration was taken as standard and the OD was read at 750 nm 
using a suitable blank. 

Estimation of Total lipid 

Standard method [21] was applied to perform the experiment with 
slight modification. One gram of dried leaves sample was macerated 
with 10 ml distilled water. Thirty milliliters of chloroform-methanol 
(2:1 v/v) was mixed with the solution and the mixture was left 
overnight at room temperature. Twenty milliliters of chloroform and 
equal volume of distilled water was mixed with the mixture solution 
and the solution centrifuged at 1000 rpm for 10 min. After 
completion of the centrifugation three layers were formed. Out of 
the three layers, the lower layer was collected which contained 
chloroform containing lipid. The mixture was kept in an oven for 1 h 
at 500C which result in the evaporation of chloroform. Weight of the 
remaining was taken. 

Estimation of Total Sugar 

Estimation of total sugar was performed according to the standard 
method [22] with slight modifications. Fifty grams of powder leaves 
sample macerated in a pastel and the mortar with 20 ml of ethanol 
and kept for incubation at 30oC for 10 h. The solution was 
centrifuged at 1500 rpm for 20 min and the supernatant was 
collected separately. One milliliter of 5% phenol was added With 1 
ml of alcoholic extract and mixed thoroughly. Five milliliters of 
concentrated H2SO4 was added rapidly with constant stirring in the 
next step. This was allowed to stand at room temperature for 30 
min. The color of the solution was changed to yellow orange and the 
OD was measured at 490 nm against a blank. Known concentration 
of glucose was used to prepare the standard curve of the blank 
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solution. The quantity of the sugar was expressed as mg/g fresh 
weight of the sample. 

Determination of total moisture and ash content 

Moisture and ash content of the leaves of C. bonplandianum was 
estimated by subjecting specific amount of the sample to 90oC for 12 
h in an oven and at 400o- 450 oC in a in a furnace for 5 min 
respectively. The resultant weight of the sample was calculated for 
moisture and ash content estimation. 

Statistical Analysis 

All the experiments were performed three times and the data were 
analyzed for descriptive statistics using KyPlot version 2.0 beta 15 
(32 bit) for windows. The final quantification of the phytochemicals 
is the value of mean ± SD of three measurements. To find out any 
possible interrelation among the phytochemicals quantified, a 
Principal Component Analysis (PCA) based on the correlation matrix 
was performed using the SPSS statistics version 20.0 software 
package. 

RESULT AND DISCUSSION 

C. bonplandianum is being used as the traditional medicine not only 
in different parts of India but also throughout the world for the time 
immemorial. The result of the phytochemical screening of leaf of this 
plant directly correlates with the facts of using this plant as an 
ethnomedicine. We detected the presence of steroids, phenolics, 
saponin, flavonoids, terpinoids, tannins, glycoside and other 
phytochemicals in the leaves of the plant which are essential 
constituents of the herbal medicines and also determined the 
quantity of some of the phytochemicals and phytonutrients. 

The leaf of C. bonplandianum showed either presence or absence of 
different phytochemicals. The results are listed below in the table1 
and table 2. 

Table1: Comparison of the presence of various phytochemicals 
in leaf of C. bonplandianum. 

 

 

 

 

 

Table 2: Describes the results of the descriptive statistics for 
the thirteen phytochemicals parameters studied namely 
flavonoid, alkaloid, saponin, phenol, ascorbic acid, thiamine, 
riboflavin, total protein, lipid, soluble sugar, tannin, moisture 
and ash content. S.D. = Standard deviation; SEM=Standard error 
of mean; Coef.Vr=Co-efficient of Variance.  All values are the 
mean of three replicate experiments. d Units are in g/100g; e 
Units are in mg/g; f Units are in mg/100g; g Units are in %. 

Phytochemicals Mean S.D. S.E.M. Variance Coef. 
Var. 

Flavonoide 4.36 0.48 0.27 0.23 0.11 
Alkaloidd 59.60 4.79 2.76 23.00 0.08 
Saponind 17.19 1.35 0.78 1.82 0.07 
Phenole 75.29 3.19 1.84 10.21 0.04 
Ascorbic acidf 0.71 0.05 0.02 0.00 0.07 
Thiaminef 0.54 0.01 0.00 0.00 0.02 
Riboflavinf 0.55 0.03 0.01 0.00 0.05 
Total proteine 55.04 2.09 1.20 4.38 0.03 
Lipide 37.53 2.46 1.42 6.09 0.06 

Soluble sugare 2.53 0.40 0.23 0.16 0.15 
Tanninf 26.18 2.63 1.52 6.95 0.10 
Moistureg 65.20 3.19 1.84 10.18 0.04 
Ash g 1.53 0.24 0.13 0.05 0.15 

Quite a high percentage of alkaloid has been detected in the leaves of 
the plant (59.60 ± 4.79 g/100g). Alkaloid is a class of nitrogen 
containing natural compound. More than 12,000 alkaloids are 
known to exist in about 20% of plant species and only few have been 
exploited for medicinal purposes such as vinblastine and vincristine 
as anti-tumor agents, reserpine as anti-hypertensive and quinine as 
anti-malarial agent. The bioactive compounds of the plant C. 
bonplandianum can play important role in developing anti-tumor 
drugs in human being. The increase of the inhibition of tumor 
growth with the increasing concentration of plant extract is 
documented. It claimed that the plant conceivably prove to be useful 
in Cancer therapy [23]. Presence of high percentage of alkaloid in 
leaves of this plant, perhaps, supports these findings [18, 24]. 

Saponin is regarded as high molecular weight compound. A sugar 
molecule present in the saponin combined with triterpene or steroid 
glycone. It belongs to the class glycosides and has cholesterol 
binding property. Microbial proliferation is inhibited by saponin and 
used in the preparation of traditional medicines [25,26]. 
Therapeutically, Saponins are very important as they are shown to 
have hypolipidemic and anti-cancer activity. The natural anti-cancer 
agent saponin reacts cholesterol rich plasma membrane of various 
cancer cells and arrests their proliferation [27]. Very high levels of 
saponin (17.35 ± 1.35 g/100g) found in the leaves of C. 
bonplandianum. This high level of saponin present in the leaves 
directly correlates with the fact that the leaf of C. bonplandianumhas 
been used traditionally as medicine for cancers [7]. 

Flavonoids are important group of polyphenols widely distributed 
among the plant flora and containing a benzopyrone which use as 
antioxidants or free radical scavengers [28] and also have 
cardioprotective roll [28]. By inhibiting the estrogen producing 
enzyme flavonoid suppress the progression of cancer. For example, 
flavonoid inhibited the estrogen synthesis which binds estrogen to 
its receptor. The percentage of total flavonoid in leaf was (4.36 ± 
0.48 mg/g). This moderately high level of flavonoid present in the 
leaf could be attributed to its antioxidant capacity. 

The leaf of C. bonplandianum has very high quantity of total phenolic 
compound. The host of natural antioxident essentially represented 
by the phenolic compounds used as nutraceuticals, and found in 
apples, green-tea, and red-wine and in many medicinal plants as 
phytochemical or secondary metabolites. Phenolic compound has 
enormous ability to combat cancer and are also thought to prevent 
heart ailments to an appreciable degree and sometimes are anti-
inflammatory agents. They are potent vasodilator [29] and for the 
presence of hydroxyl group they possessing potent scavenging 
activity [30]. The leaf showed considerably high amount of phenolic 
content (75.39 ± 3.19 mg/g). The detection and quantification of 
total phenolic compound present in the leaf of C. bonplandianum 
may in future contribute in field of herbal remedy as potent 
antioxidant. 

The leaf of the plant possesses very high quantity of protein (55.04 ± 
2.09 mg/g). The leaf of the plant can be used as an animal feed if the 
non-functional factor like phytates can be removed or degraded. 
With rich in protein, C. bonplandianum contains very high quantity of 
lipid in leaf (37.53 ± 2.43 mg/g). For the presence of high level of 
lipid it can be served as an alternative source of energy in rural 
areas. Moderately high quantity of soluble sugar in present in the 
leaf (2.53 ± 0.40 mg/g). These many types of polysaccharides have 
turned to be bioactive and immunomodulatory agents isolated and 
purified from Chinese medicinal herbs [31].  

The leaves of C. bonplandianum possess very satisfactory quantity of 
riboflavin or vitamin B2 (0.55 ± 0.03 mg/100g). In the combination 
with ultraviolet ray, riboflavin has been proved to kill harmful 
pathogen found in blood which causes disease. Besides, this 
riboflavin has anti-jaundice, anti-migraine and pain relieving effects. 
The fresh juice of the leaves of the plant is used against headache 
[10]. So the presence of very high quantity of riboflavin supports this 

Chemicals Leaves 
 Tannin  + 
Phlobatannin + 
Cholesterol + 
Terpinoid + 
Glycoside + 
Phenolics + 
Flavonoid + 
Steroid + 
Anthraquinone - 
Saponin + 
Carbohydrate + 
Protein  + 
Alkaloid + 
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finding. There is also very high quantity of thiamine present in the 
leaf (26.18± 2.36 mg/100g). Good amount of ascorbic acid found in 
the leaf as well (0.71 ± 0.05 mg/100g). The potent antioxidant, 
ascorbic acid terminate the chain radical reaction by electron 
transfer and scavenges free radicals. 

Tannin is phenolic compounds of high molecular weight used as 
antiseptic and this activity is due to presence of the phenolic group. 
This is also associated with antiviral activity. In presence of very 
high quantity of tannin, there are many viruses like polio virus, 
herpes simplex viruses have been found to get inactivated [32]. The 
leaf of C. bonplandianum contains very high level of tannin (26.18 ± 
2.63 mg/100g). The presence of very high quantity of tannin 
supports the leaf of this plant has antimicrobial activity. 

The leaf of the plant have been found to contain (1.53 ± 0.24 %) ash, 
the end product when the organic matter is burnt at very high 
temperature (>550) in presence of an oxidizing agent, usually 
oxygen. The leaf has been found to contain (65.20 ± 3.19%) of 
moisture. 

 

Figure 1: Represents the principal component analysis (PCA) 
under varimax rotation for the phytochemicals of C.  

bonplandianum leaf. Where, Alk= Alkaloid; Flavo= Flavonoid; 
Phen= Phenol; Sapo= Saponin; Lip= Lipid; Thia= Thiamine; 
Ribo= Riboflavin; Asco= Ascorbic acid; Tan= Tannin; Pro= 
protein; Mois= Moisture; ash= Ash content. PCA was performed 
for two principal factors, the variance of which were 67.80% 
and 32.19%, respectively.  

In this present investigation, PCA was performed to understand how 
the thirteen parameters namely flavonoid, alkaloid, saponin, phenol, 
ascorbic acid, thiamine, riboflavin, total protein, lipid, soluble sugar, 
tannin, moisture and ash content contribute to the overall 
phytochemical profile of the C. bonplandianum leaf extract. The 
loading plot (figure 1) was used to draw an overview of the 
significance among the quantification of the phytochemicals and the 
correlation matrix (table 3) describes how intricately the correlation 
between the phytochemical constituents exists. The loading of first 
and second principal components, PC1 and PC2 accounted for 
67.80% and 32.19% of the variance respectively (figure 1). The 
loading plot demonstrated that tannin, phenol, flavonoid, saponin, 
ascorbic acid, riboflavin, protein and lipid content were heavily 
loaded positively on the PC1 with squared cosine value of 0.999, 
0.890, 0.977, 0.982, .600, 0.629, .689 and 0.835, respectively. 
Whereas only the soluble sugar content displayed high quantum of 
positive loading on PC2 with squared cosine value of 0.776. 

The antioxidant capacity of the plant extracts are mainly attributed 
to the phenolic and flavonoid species of compounds [33] and it is 
very interesting to note that these compounds have resided in the 
same cluster with very high PC1 positive value. From the results of 
PCA, it can be said that the phytochemicals of C. bonplandianum leaf 
resides in three major clusters. The largest cluster bearing the 
tannin, saponin, flavonoid, phenol and lipid content may contribute 
highest to the bioactive profile of the plant, followed by the second 
major cluster riboflavin and bearing ascorbic acid, protein. Table 3 
represents the correlation matrix of the various phytochemicals 
quantified. Though interrelation between the variables were non-
significant (p>0.05) for the most cases but it is very interesting to 
note that two important variables namely, flavonoid and saponin are 
completely correlated (coefficient of correlation 1.00) with each 
other. 

 

Table 3: Represents the correlation matrix of different phytochemicals based on the Principal Component Analysis performed by SPSS 
statistics version 20.0 software package. Where NSCorrelation is not-significant (1-tailed); *Correlation is significant at the 0.05 level (1-
tailed) and **Correlation is significant at the 0.01 level (1-tailed). 

 

Other variables too have displayed very close correlations, like 
tannin has almost linear positive correlation with flavonoid and 
saponin with correlation coefficient of 0.985 and 0.989, respectively. 
The phenol content possesses close positive correlation with 
flavonoid (0.967) and saponin (0.960). Saponin with lipid (0.924), 
ascorbic acid with protein (0.993), riboflavin with protein (0.997) 
and lipid with flavonoid (0.993) content have displayed very   close  

 

positive correlation between them. It is fascinating to note that the 
phenol with lipid and the riboflavin content have displayed highly 
positive correlation with correlation coefficient of 0.999. Form the 
correlation matrix it can be concluded that out of all the parameters 
studied, the variable which contributed in the correlation pattern of 
PCA is the protein content, followed by riboflavin content with a 
cumulative correlation coefficient of 3.390 and 3.314, respectively. 

Correlation Tannin Alkaloid Phenol Flavonoid Saponin Ascorbic 
Acid 

Sugar Moisture Ash Thiamine Ribof-
lavin 

Prot- 
ein 

Lipid 

Tannin 1.000             
Alkloid -.896NS 1.000            
Phenol .908NS -1.000** 1.000           
Flavonoid .985NS -.960NS .967NS 1.000          
Saponin .989* -.952NS .960NS 1.000** 1.000         
Ascorbic 
Acid 

.567NS -.143NS .169NS .415NS .438NS 1.000        

Sugar -.159NS .581NS -.559NS -.328NS -.304NS .723NS 1.000       
Moisture -.913NS .999* -

1.000** 
-.970NS -.964NS -.181NS .548NS 1.000      

Ash -.813NS .470NS -.494NS -.700NS -.717NS -.941NS -
.445NS 

.505NS 1.000     

Thiamine -.931NS .672NS -.692NS -.853NS -.866NS -.828NS -
.212NS 

.701NS .969NS 1.000    

Riboflavin .597NS -.179NS .205NS .443NS .471NS .999* .697NS -.217NS -
.952NS 

-.849NS 1.000   

Protein .695NS -.257NS .283NS .519NS .540NS .993* .638NS -.295NS -
.974NS 

.888NS .997* 1.000  

Lipid .857NS -.997* .994* .993NS .924NS .061NS -
.646NS 

-.993* -
.396NS 

-.609NS .097NS .177NS 1.000 
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CONCLUSION 

 It can be concluded from the present study that the leaf of C. 
bonplandianum possesses various phytochemicals like alkaloid, total 
phenol, saponin, flavonoid, protein and tannin in very high quantity. 
These phytochemicals possess various bioactive properties and may 
be used as external therapeutic supplement. Medicinal value of C. 
bonplandianum is well recognized throughout the world in different 
ethnopharmacological practices and the presence of high quantities 
of these bioactive phytochemicals may attribute to its medicinal 
value. Present study is the first of its kind that provides not only the 
overall phytochemical screening of the leaves of this plant but also 
elucidates the correlation in quantities among the different 
phytochemicals present in it. PCA is one of the rational approaches 
that can be taken to correlate the quantities of different 
phytochemicals present in the leaf sample. We are now trying to 
identify and isolate the different phytochemicals from the leaf of C. 
bonplandianum and to test these bioactive compounds for their 
antioxidant, immunomodulatory, hepatoprotective and anti-cancer 
activity. 
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ABSTRACT 
The present study was undertaken, to analyse the phytochemical profiles C. bonplandianus stem. Various 
standard biochemical and spectrophotometric methods were employed. All the analysis were performed in 
multiple sets. The total alkaloid, flavonoid and phenolic content were found to be 59.44±0.28 g/100 g, 
3.86±0.12 mg/g and 67.37±0.46 mg/g respectively besides the presence of a certain amount of tannin 
(51.94±0.38 mg/100 g) and saponin (16.10±0.05 g/100 g). Among the three vitamins, total riboflavin 
(0.35±0.02 mg/100 g) and ascorbic acid (0.91±0.02 mg/100 g) content were found to be higher, followed by 
thiamine content of 0.31±0.02 mg/100 g. From the present study, it may be concluded that the stem of C. 
bonplandianus contains very high amount of various important phytochemicals. These phytochemicals are 
chiefly responsible for various medicinal properties of a plant. Therefore, the presence of the high quantity 
of phytocompounds may lead to the potent medicinal capacity of C. bonplandianus stem. 
 
Keywords: Antioxidant, Croton, Herbal medicine, Phytochemical, Plant extract, Principal component 
analysis.  
 
1. Introduction 
Plant-based traditional medicine system continues to play a vital role in the health care system 
with about 80% of the world’s inhabitants relying mainly on traditional medicines for their 
primary health care. Modern knowledge on medicinal plant research still contains at least 25% 
drugs and many others, which are synthetic analogues, built on prototype compounds isolated 
from medicinal plants. The ongoing growing recognition of medicinal plants is due to escalating 
faith in herbal medicine. There are many contradictory theories on the subject of herbal 
medicines and their relationship regarding with human physiology and mental function [1, 2]. 
There is a need to develop evaluative data by using sophisticated modern techniques of 
standardization of Ayurvedic formulations to tackle the issues of negative criticism of 
Ayurvedic formulations and increased toxicity reports [3]. These kinds of phytochemical 
investigation both qualitatively and quantitatively will help in understanding the phytochemical 
composition and safety of herbal formulation. 
Croton bonplandianus Baill. is a monoecious exotic weed. The plant is usually 30-40 cm in 
height, with whorled ranches which grows in sandy clay soil along road side, railway abandoned 
field in wide open ravines, and paddy or sugarcane fields [4]. It has been reported that this plant 
is native to Southern Bolivia, Paraguay, South Western Brazil, North Argentina, Bangladesh, 
South America, India and Pakistan [5, 6]. In India it is widely distributed in the Sub-Himalayan 
region of West Bengal. Due to the resemblance of the leaves and flower cymes to that of Tulsi, 
this plant is often called Ban Tulsi locally in the Sub-Himalayan region of West Bengal. C. 
bonplandianus possess immense medicinal value and its stem latex is used by different tribes of 
Cachar district, Assam, as a medicinal plant for the treatment of fresh cuts and wounds to stop 
bleeding [7]. It has got antimicrobial activity and act as good medicine for skin diseases, cut and 
wounds and also claimed to have the antiseptic properties [8, 9]. 
Hypertension, hepatoprotective, analgesic and anti-helminthic properties of C. bonplandianus   
have also been documented [10, 11, 12]. Diterpene resins present in C. bonplandianus stem was 
used experimentally for cancer therapy and conceivably result was achieved and its methanolic 
extract possess tremendous importance for its antitumor potentiality which was evaluated with 
phytotoxic analysis [13]. Local people use the root as well as stem of C. bonplandianus against 
snake bite in the remote areas of West Bengal, India. 
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Therefore, the present paper deals with the investigation of 
different types of phytochemicals qualitatively and quantitatively 
such as tannin, phlobatannin, terpenoid, glycoside, phenolic, 
flavonoid, steroid, anthraquinone, saponin, alkaloid, cholesterol, 
carbohydrate and protein for a clear understanding regarding the 
phytochemical status of the stem of C. bonplandianus which may 
help  future investigators  in  their  Pharmacological  analysis  of  
this species. 
 
2. Materials and Methods 
2.1 Plant material 
Stem of C. bonplandianus was collected from the campus and the 
adjacent areas of University of North Bengal, India from the 
month of March to June 2013. The plant specimen was identified 
by Prof. A. P. Das, Plant Taxonomy Lab, Department of Botany, 
University of North Bengal, and a specimen has been deposited 
there in the herbarium under Voucher No. 09870. 
 
2.2 Sample preparation  
Stems were washed properly with tap water to remove soil and 
other dirt’s and dried in shade at room temperature for two weeks 
and then grinded to powder. The powder of the Croton stem was 
passed through a 0.5 mm metallic mesh to yield crude powder for 
the use of phytochemical investigations.  
 
2.3 Chemicals and Reagents 
Chemicals were obtained from Sisco Research Laboratories Pvt. 
Ltd. (Mumbai, India), unless otherwise indicated. Analytical 
grade H2SO4, chloroform, acetic acid, ethyl acetate, trichloroacetic 
acid (TCA), diethyl ether and isoamyl alcohol were purchased 
from Merck Specialties Pvt. Ltd. (Mumbai, India). α-napthol, 
ferric chloride, sodium sulphate, bovine serum albumin (BSA), 
tannic acid, gallic acid, thiamine and riboflavin were obtained 
from HiMedia laboratories Pvt. Ltd. (Mumbai, India). HCL was 
supplied by Thomas Baker (Mumbai, India). 
 
2.4 Qualitative profiling 
Aqueous and methanolic extract of Croton stem were used for 
qualitative assessment for the major classes of phytochemicals 
namely tannin, phlobatannin, terpenoid, glycoside, phenolic, 
flavonoid, steroid, anthraquinone, saponin, alkaloid in addition to 
the major biomolecules namely cholesterol (lipid), carbohydrate 
and protein. The tests were performed according to various 
standard methods [1, 9, 10, 11]. standard methods [1, 9, 10, 11]. 
 
2.5 Quantitative profiling 
The quantitative estimation of various phytochemicals present in 
the stem of C. bonplandianus was performed according to the 
standard protocols with slight modifications. 
 
2.5.1 Quantification of Alkaloid content 
The experiment was done according to the standard protocol with 
slight modifications [14, 15]. Five grams of stem powder was mixed 
with 250 ml of 20% CH3COOH in ethanol in 250 ml beaker and 
the solution was mixed using a magnetic stirrer for 10 h at room 
temperature. The solution was filtered using Whatman filter paper 
number 1(150 mm). The resultant filtrate was placed on a hot 
water bath (60 °C) until the extract volume turns 1/4

th of its initial 
volume. Concentrated NH4OH was added drop wise in the final 
solution which formed thick precipitate. The precipitate was 
collected by filtration, dried in an oven and weighed to quantify 
the alkaloid present in the stem of C. bonplandianus. 

2.5.2 Quantification of Flavonoid content 
Total flavonoid quantification was done using standard method 
[16] with slight modifications. Ten grams of crude stem powder 
was mixed with 100 ml of 70% methanol in a 250 ml conical 
flask. Magnetic stirrer was used to mix the solution for 3 h and 
the mixture solution was filtrated using Whatman filter paper 
number 1(150 mm). The resultant filtrate material was re-
extracted once again with 70% methanol and filtered in a similar 
way. Both the filtrates were transferred into a crucible and 
evaporated to dry in a hot water bath at 60 0C and weighed. 
 
2.5.3 Determination of total Tannin content 
Determination of tannin was performed according to the standard 
method [17]. One gram of crude stem powder was mixed with 50 
ml of double distilled water in a 100 ml conical flask. The 
solution was shaked in a magnetic stirrer for 10 h at room 
temperature and filtered in a 50 ml volumetric flask using 
Whatman filter paper No. 1(150 mm). Distilled water was added 
up to the 50 ml of the volumetric flask. Filtered solution (5 ml) 
was taken in a test tube in which 0.0008M K4[Fe(CN)6] and 0.1 
M FeCl3 in 0.1N HCL were added. The absorbance was measured 
within 10 minutes with the help of spectrophotometer at 120 nm 
wavelength. A blank and tannic acid as a standard were prepared 
and read in the same wavelength for quantification of tannin. 
 
2.5.4 Determination of total Saponin content 
The experiment was done according to the standard method [18]. 
Ten grams of stem powder was mixed with 100 ml of 20% 
ethanol in 250 ml conical flask. The mixture was heated with 
continuous stirring on a hot water bath of 55 0C for 5 h. The 
mixed solution was filtered using Whatman filter paper number 
1(150 mm). The solid residue was mixed again with 20% ethanol 
and heated in a similar way for about 5 h and filtered. The newly 
prepared filtered solution was added with previously filtered 
solution and placed on a hot water bath at 90 0C till the volume 
was reduced to 20% of its initial volume. Ten milliliters of diethyl 
ether and the concentrated sample was in a 250 ml separating 
funnel and shaked vigorously. After settling down the solution, 
the aqueous layer was separated carefully. Sixty milliliters of n-
butanol extract was washed using 10 ml of 5% aqueous NaCl 
solution and the remaining solution was heated in a water bath at 
50 0C and dried in an oven until the solvent evaporates and turns 
into semi dried form. Quantification of saponin was calculated 
with the help of the following equation: 
                             

Percentage of Saponin = (WEP / WS)*100 
 
Where, WEP = Weight of oven dried end product; WS= Weight of 
powdered sample taken for test. 
 
2.5.5 Quantification of thiamine content 
Thiamine content was defected and quantitated by using the 
standard method with slight modifications [19]. Fifty grams of 
crude stem powder was dissolved in 20% NaOH prepared in 
ethanol. The mixture was stirred using magnetic stirrer for 3 h at 
room temperature. The resultant was filtrated in a 100 ml conical 
flask through Whatman filter paper number 1(150 mm). Ten 
milliliters filtrate and equal volume of 2% potassium dichromate 
solution were mixed well. As a result a color was developed and 
this colored solution was read at 360 nm against a suitable blank 
contains all except the stem extract. According to thiamine 
standard curve the total thiamine content in stem was determined. 
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2.5.6 Determination of total Riboflavin content 
Quantification of riboflavin was done according to the standard 
method with slight modification [20]. In a 250 ml conical flask 10 
g crude powder of the stem was mixed with 50% ethanol. The 
mixture was stirred on a magnetic stirrer for about 10 h and 
filtrated using the above mentioned method. The filtered solution 
was mixed with 25 ml of 5% KMnO4. Twenty five milliliters of 
30% H2O2 was added with continuous stirring in the solution. The 
whole mixture solution was placed at 80 0C hot water bath for 
about 30 minutes for boiling. After boiling 5 ml of 40% Na2So4 
was added to the mixture solution. The blank was prepared 
without stem extract and the absorbance was measured in respect 
to blank at 510 nm using a spectrophotometer. Quantification of 
riboflavin in the stem was calculated using riboflavin standard 
curve. 
 
2.5.7 Determination of ascorbic acid 
The experiment was done using standard protocol [21] with slight 
modifications. Five grams of stem powder was added in TCA and 
EDTA in the ratio of 2:1. The mixed solution was stirred on a 
magnetic stirrer for about 3 h at room temperature. The solution 
was then centrifuged at 2000 rpm for 30 min and the supernatant 
was filtered through Whatman filter number 1(150 mm). Two to 
three drops of 1% starch solution was added to the filtrated 
solution. The solution was then titrated against 20% CuSo4 
solution until a dark end point is reached. 
 
2.5.8 Quantification of total Phenolic content 
Determination of total phenol was done [14] from the fat free crude 
stem powder of C. bonplandianus. Five grams crude stem powder 
was mixed with 100 ml n-hexane using soxhlet apparatus for 
about 2 h for making the sample fat free and the resultant mixture 
was used for the following steps. 
The fat free sample and 50 ml ether and was boiled for 15 min. 
The boiled solution was filtrated using Whatman filter paper No 1 
(150 mm. Five milliliters of the filtrate solution was pipetted out 
in a 50 ml conical flask. Ten milliliters double distilled water, 
NH4OH solution and 5 ml concentrated amyl alcohol were added 
to it with continuous stirring. The prepared mixture solution was 
incubated for 30 min at room temperature for the development of 
proper color. The absorbance of the developed colored solution 
was read against a suitable blank at 550 nm using 
spectrophotometer for quantification of phenol. 
 
2.5.9 Estimation of total protein 
Lowry’s method [22] with slight modifications was applied to 
estimate the total protein. Bovine serum albumin was used for the 
preparation of standard curve at 750 nm. 
 
2.5.10 Quantification of total lipid content 
Standard method [23] with slight modifications was applied to 
estimate the total lipid in the stem of C. bonplandianus. One gram 
of dried stem sample was macerated with 10 ml distilled water. 
Thirty milliliters of chloroform-methanol (2:1 v/v) was mixed 
with the solution and left for overnight at room temperature. 
Twenty milliliters of chloroform and equal volume of distilled 
water were added in the mixture solution and centrifuged at 1000 
rpm for 10 min. Three layers were formed at the end of the 
centrifugation and the lower layer was collected which contained 
lipid dissolved in chloroform and was kept in an oven for 1 hour 
at 50 0C for evaporation of chloroform. Solution without the 
chloroform was weighed for the estimation of lipid. 
 

2.5.11 Estimation of Total Sugar 
The experiment was done using standard method [24] with slight 
modifications to quantify the total sugar content in the stem. Fifty 
grams of stem powder was macerated in a pastel and mixed with 
20 ml of ethanol. This ethanolic mixture was incubated for 10 h at 
30 0C and centrifuged at 1500 rpm for 20 min. The supernatant 
was collected separately. One milliliter of 5% phenol and 1 ml of 
supernatant were mixed thoroughly. Five milliliters of 
concentrated H2SO4 was added rapidly with constant stirring. The 
whole mixture was left at room temperature for 30 min for the 
development of color. Yellow orange color was developed and 
the optical density was measured against a blank at 490 nm. The 
standard curve was prepared with known concentration of glucose 
for the determination of total sugar content. 
 
2.5.12 Estimation of total moisture and ash content 
The specific amount of the crude stem extract was kept at 90 0C 
for 12 h in an oven and followed by 400 to 450 0C in a furnace for 
5 min. The resultant weight of the sample was calculated for the 
estimation of total moisture and ash content. 
 
3. Statistical Analysis 
All the experiments for phytochemical determination, both 
qualitatively and quantitatively, were performed three times. 
KyPlot version 2.0 beta 15 (32 bit) for windows was used to 
analyze for descriptive statistics. Final quantifications of the 
phytochemicals in the stem were calculated on the basis of mean 
value ± SD (standard deviation) of three measurements. Principal 
Component Analysis (PCA) based on the correlation matrix was 
performed under varimax method using the SPSS statistics 
version 20.0 software package to find out any possible 
interrelation among the phytochemicals quantified in the stem of 
C. bonplandianus.   
 
4. Result  
The results of the qualitative analysis have been presented in 
Table 1. All the screened phytochemical parameters were present 
in in the stem of C. bonplandianus except terpenoid and 
anthraquinone. Based on qualitative analyses, only the 
phytochemicals that has been found to be present in the stem were 
quantified by standard protocols as mentioned above with slight 
modifications. The results of the quantitative analyses have been 
presented in Table 2. 
 

Table 1: Display the presence/ absence of different 
phytochemicals in the stem of C. bonplandianus. 

Phytochemicals Stem 
Tannin + 

Phlobatannin + 
Cholesterol + 
Terpinoid _ 
Glycoside + 
Phenolic + 

Flavonoid + 
Steroid + 

Anthraquinone - 
Saponin + 

Carbohydrate + 
Protein + 

Alkaloid + 
The quantitative estimation of different phytochemicals in the 

stem of C. bonplandianus are enlisted in table 2. 
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Table 2: Shows the results of the descriptive statistics for the thirteen phytochemicals parameters studied, namely flavonoid, alkaloid, 

saponin, phenol, ascorbic acid, thiamine, riboflavin, total protein, lipid, soluble sugar, tannin, moisture and ash content. S.D. = Standard 
deviation; SEM=Standard error of mean; Coef. Vr=Co-efficient of Variance.  All values are the mean of three replicate experiments. d 

Units are in g/100g; e Units are in mg/g; f Units are in mg/100g; g Units are in %. 
 

Phytochemicals Sum Mean S.D. S.E.M. Variance Coef. Var. 
Flavonoide 11.57 3.86 0.12 0.07 0.01 0.03 
Alkaloidd 178.33 59.44 0.28 0.16 0.08 0.00 
Saponind 48.29 16.10 0.05 0.03 0.00 0.00 
Phenole 202.12 67.37 0.46 0.27 0.21 0.01 

Ascorbic acidf 2.74 0.91 0.02 0.01 0.00 0.02 
Thiaminef 0.92 0.31 0.02 0.01 0.00 0.05 
Riboflavinf 1.04 0.35 0.02 0.01 0.00 0.06 

Total proteine 1.30 0.43 0.08 0.05 0.01 0.19 
Lipide 33.00 11.00 1.40 0.81 1.97 0.13 

Soluble sugare 3.71 1.24 0.01 0.01 0.00 0.01 
Tanninf 155.82 51.94 0.38 0.22 0.14 0.01 

Moistureg 151.10 50.37 0.04 0.02 0.00 0.00 
Ash g 5.52 1.84 0.03 0.02 0.00 0.02 

 
 
4.1 Multivariate statistical analysis and correlation patterns 
Principal component analysis (PCA) is the simplest of the true 
eigenvector-based multivariate statistical analyses which allows 
visualizing the underlying pattern of the variables in an 
experiment [25]. In PCA, the variables are cumulatively arranged 
in the most simplified way to highlight the overall pictures of the 
correlation between the phytochemicals. The result of a PCA are 
usually discussed in terms of component scores which 
transformed variable values corresponding to a particular data 
point the weight by which each standardized original variable 
should be multiple to get the component score. In recent work 
worldwide PCA is used to analyze data sets of different branches 
of the biological science ranging from cytokine and chemokine 
study in the neuro-inflammatory pathway [26], global genetic 
structure analysis [27], a study of the antioxidant profile of 

therapeutics [25] etc. Therefore, in this investigation, PCA was 
performed to understand how the thirteen phytochemicals namely 
flavonoid, alkaloid, saponin, phenol, ascorbic acid, thiamine, 
riboflavin, total protein, lipid, soluble sugar, tannin, moisture and 
ash content contribute to the overall phytochemical profile of the 
C. bonplandianus stem extract. The loading plot (fig. 1) of first 
and second principal components, PC1 and PC2 accounted for 
65.49% and 34.51% of the variance, respectively. Alkaloid, sugar, 
riboflavin, and flavonoid content were loaded high on PC1 
making a separate cluster from the other variables, with a loading 
value of 0.985, 0.996, 0.989 and 0.954 respectively. Ascorbic 
acid, ash and thiamine content were highly loaded on PC2 with 
loading value of 0.991, 0.916 and 0.975, respectively. Besides, 
Protein content resided very high negative on PC1 (-0.880) and 
moisture content was loaded highly negative on PC2 (-0.964). 

 
 

 
Fig 1: Represents the Principal Component Analysis (PCA) under varimax reaction for the phytochemicals of C. bonplandianus stem. 
Where, Alk = Alkaloid; Flavo = Flavonoid; Phen = Phenol; Sapo = Saponin; Lip = Lipid; Thia = Thiamine; Ribo = Riboflavin; Asco = 
Ascorbic Acid; Tan = Tannin; Pro = Protein; Mois = Moisture; Ash = Ash content. PCA was performed for two principal factors, the 

ariances of which were 65.49% and 34.51% respectively.
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Table 3: Represents the correlation matrix of different phytochemicals based on the Principal Component Analysis performed by SPSS 
statistics version 20.0 software package. Where,*Correlation is significant at the 0.05 level (1-tailed) and **Correlation is significant at 

the 0.01 level (1-tailed).
  

 
Tannin 

Alka- 
loid 

Phe- 
nol 

Flavo- 
noid 

Sapo-
nin 

Ascor-
bic 

Sugar 
Mois- 
ture 

Ash 
Thia- 
mine 

Ribo- 
flavin 

Pro- 
tein 

Lipid 

Tannin 1 
Alkaloid -0.982 1 
Phenol 0.986 -0.937 1 

Flavonoid -0.998* 0.991* -0.975 1 
Saponin 0.983 -0.932 1.000** -0.971 1 

Ascorbic -0.307 0.479 -0.942 0.359 
-

0.127 
1 

       

Sugar -0.899 0.965 -0.812 0.922 
-

0.803 
0.693 1 

      

Moisture 0.434 -0.595 0.277 -0.484 0.262 
-

0.991* 
-

0.786 
1 

     

Ash -0.559 0.703 -0.411 0.604 
-

0.397 
0.961 0.866 

-
0.990* 

1 
    

Thiamine -0.392 0.556 -0.231 0.442 
-

0.217 
0.996* 0.756 

-
0.999* 

0.982 1 
   

Riboflavin -0.978 1.000** -0.928 0.988* 
-

0.923 
0.500 0.971 -0.614 0.721 0.577 1 

  

Protein -0.755 0.619 -0.854 0.717 
-

0.862 
-0.393 0.390 0.263 

-
0.123 

-
0.308 

0.600 1 
 

Ipid 0.178 0.008 -0.342 -0.123 0.356 0.882 0.270 -0.809 0.716 0.835 0.033 
-

0.780 
1 

 
 
The correlation matrix (table 3) display inter-relations between the 
various phytochemical parameters present in the stem of C. 
bonplandianus. The correlation significant at 0.01 levels (1-tailed) 
found between riboflavin and alkaloid as well as saponin and 
phenol. On the other hand the correlation significant at 0.05 levels 
(1-tailed) found between flavonoid and tannin, flavonoid and 
alkaloid, riboflavin and flavonoid, moisture and thiamine with 
ascorbic acid, ash and thiamine with moisture respectively. 
 
5. Discussion 
Phytochemicals are the core of phytomedicines; their therapeutic 
efficiency directly correlates with the presence of various 
phytochemicals. In this study, we have identified and quantified the 
major phytochemicals present in the stem of C. bonplandianus. 
Flavonoids containing a benzopyrone, one of the major classes of 
phytochemicals, associated with diverse pharmacological activities 
which include antioxidant and anti-aging properties [28]. Flavonoid 
also associated with anti-cancer activity by inhibiting the estrogen 
producing enzyme. 
Flavonoid belongs to the largest phenolic group, consisting more 
than 600 natural compounds [29]. Generally, flavonoids with two 6-
carbon rings and one 3-carbon linkage (usually forming a 3rd ring) 
are divided into chalcones, flavones, flavonols, flavanones, 
isoflavones, flavan-3-ols, and anthocyanins [29, 30]. Flavonoids may 
bind to gamma-aminobutyric acid A receptors having sedative or 
anxiolytic effects on the nervous system and also can act to up-
regulate the cholinergic nervous system [29, 31] and may reduce 
neurodegenerative processes and abnormal detoriations in 
cognitive performance [32]. This moderately high level of flavonoid 
content in the stem of C. bonplandianus may use in the future as 
the potent antioxidant and anti-cancer agent in the field of herbal 
remedy.  
 
Alkaloids are nitrogen based natural compounds belong to plant 

secondary metabolites. The alkaloid derivative morphine from the 
plant Papaver somniferum is extensively used as a pain reliever. 
Furthermore, in modern medicine Artopine is used as an antidote to 
nerve-gas poisoning, caffeine is used as a stimulant of central 
nervous system, Sanguinarine is used for antibacterial, vincristine 
and vinblastine are treated as anti-cancer agents, reserpine and 
quinine used as anti-hypersensitive and anti-malarial agents 
respectively. Saponins are characterized by its ability of foaming in 
aqueous solution. Saponin has hypolipidemic and anti-cancer 
activity. It has cholesterol binding property and reacts with 
cholesterol rich plasma membrane of various cancer cells to arrest 
the proliferation [33]. High level of alkaloid and saponin found in 
the stem of C. bonplandianus directly correlates with the fact that it 
has been used traditionally as medicine for cancers [23-27]. 
Tannins have been considered in traditional medicine to treat 
various diseases. Regression of viral activities has been found with 
high tannin content [34]. Synergistic effects of certain tannins with 
various antibiotics have been proved beneficial against antibiotic 
resistance bacteria [35]. Moreover is tannin associated with anti-
cancer, anti-mutagenic and tumor promotion inhibitory activities 
[35].  
Phenolic compounds are used as nutraceuticals, and found in 
apples, green-tea, and red-wine and also in many medicinal plants 
as phytochemical or secondary metabolites. Antioxidant and 
reactive oxygen species (ROS) scavenging capacity of the plant is 
primarily attributed to the presence of phenolic compounds that 
hold the ability to inhibit the formation of ROS by inhibiting the 
activation of redox sensitive transcription factor like nuclear-factor 
κβ [36]. Various phenolic compounds derived from medicinal plant 
such as curcumin, genistein, resveratrol and catechins act as potent 
inhibitors of growth factor and signaling pathways associated with 
cancer [36]. Resveratrol the phenolic compound has the ability to 
halt cell-cycle at various stages in different cancer models [36]. 
Phenolic compounds have also demonstrated immunomodulatory 
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activity by modulating cytokines and chemokine’s [37, 38].  
Vitamins not only act as micronutrients but also as one of the 
essential components for the prevention of diseases. Riboflavin 
proved to kill harmful pathogens found in blood, which cause 
disease in the combination with ultraviolet ray. It has also anti-
jaundice, anti-migraine and pain relieving activity. The fresh juice 
of this plant is very useful against headache [39]. Ascorbic acid 
terminates the chain radical reaction by scavenging free radicals is 
essential for growth and repair of tissue. On the other hand 
thiamine plays a major role in the electrolyte balance of muscle and 
nerve cells. So the presence of satisfactory quantity of riboflavin, 
thiamine and ascorbic acid present in the stem supports this 
finding. 
Therefore, phytochemicals play a major role in the prevention of 
diseases. Moreover, out of 250,000 plant species, more than 70,000 
species are utilized as therapeutic of different diseases in different 
ethno medicinal practices [40]. The medicinal property [7-13] of C. 
bonplandianus may be due to the presence of the phytochemicals.  
 
6. Conclusion 
The present study may conclude that the stem of C. bonplandianus 
possess various phytochemicals like alkaloid, total phenol, saponin, 
flavonoid, protein and tannin in a high quantity and possess various 
bioactive properties. Throughout the world C. bonplandianus is 
well recognized in different ethnopharmacological practices and 
the presence of high quantities of these bioactive phytochemicals 
may attribute to its medicinal value. The Bio-induction study will 
be helpful for improving the yield of these metabolites. Detailed 
phytochemical analysis will be performed using HPLC and GC-MS 
in the future. All these information leads us to conclude that stem 
of C. bonplandianus Baill. harbours immense qualities and can 
further prove a pivotal role in the field of phytochemical research.  
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ABSTRACT 

Objective: Seventy percent methanolic extract of Croton bonplandianum root (Family: Euphorbiaceae) was studied to preliminary screen and 
quantitate the presence of phytochemicals like tannin, phlobatannin, cholesterol, glycoside, terpinoids, phenolics, flavonoid, steroid, anthraquinone, 
saponin, carbohydrate, alkaloid and protein. Root extract of C. bonplandianum may provide the protection of various diseases and may also develop 
the resistance against some diseases because of the presence of different phytochemicals.  

Method: Spectrophotometric and other standard biochemical methods provided a rapid and easy approach for the detection and quantification of 
the phytochemicals in roots of the plant. Principal Component Analysis (PCA) based on the correlation matrix was performed to correlate among 
these phytochemicals available in the root. 

 Result: High percentages of alkaloid (55.71 ± 0.11 g/100g), saponin (14.25 ± 0.11 g/100g), phenolic content (64.36 ± 6.82 mg/g), protein (45.71 ± 
6.82 mg/g), lipid (17.05 ± 1.43 mg/g), tannin (26.68 ± .94 mg/100g), thiamine (0.37 ± 0.01 mg/100g) and also certain quantities of riboflavin or 
vitamin B2 (0.25 ± 0.03 mg/100g), ascorbic acid (0.35 ± 0.03 mg/100g) have been detected in the root of this plant.  

Conclusion: It may be concluded from the present study that the root of C. bonplandianum possesses various phytochemicals like alkaloid, total 
phenol, saponin, flavonoid, protein and tannin in very high quantity. These phytochemicals posses various bioactive properties which may be used 
as external therapeutic supplements. This study may lead to a new dimension regarding the medicinal value of C. bonplandianum.  

Keyword: Croton, Flavonoid, Herbal medicine, Multivariate statistics, Pharmaceutical, Phenol, Phytochemicals, Principal component analysis, Root. 

 

INTRODUCTION 

More than three-quarters of the world population depend on 
traditional remedies for health care according to the World Health 
Organization (WHO). Ancient civilizations of Mesopotamia, Egypt, 
Greece, India and China used medicinal plants for inflammation, 
cancer and also as the preventive measure to maintenance health. 
The world is now looking towards India for the new drugs to 
manage various challenging diseases because of its rich biodiversity 
of medicinal plants and abundance of traditional knowledge how 
such as Siddha, Ayurveda etc., to cure different diseases.  

Therapeutic Goods Administration (TGA) and Dietary Health and 
Supplement Education Act (DHSEA) of Australia regulated plant-
derived medicines and classified as complementary and alternative 
medicines (CAM) under the Federal Drug Administration (FDA) in 
the USA. Phytochemicals contribute as antioxidants, anti-
inflammatory, anti-atherosclerotic, antitumor, anti-mutagenic, anti-
carcinogenic, antibacterial, and antiviral agents which are already 
studied and demonstrated [1]. Reduced risks of cancer, 
cardiovascular disease, diabetes, and other diseases associated with 
ageing have linear correlation with dietary supplements rich in 
natural phytochemicals [2, 3]. 

Croton bonplandianum Baill. (Euphorbiaceae) is an exotic weed 
native to the southern Bolivia, Paraguay, Southwestern Brazil, and 
Northern Argentina of South America and commonly known as 
‘Bantulsi’ in Bengali and “Kukka tulsi” in Telugu [5]. These plants 
now grow widely along roadsides, railway abandoned field in wide 
open ravines, and paddy or sugarcane fields and on sandy or sandy 
clay soils. This plant is often called Ban Tulsi locally due to the 
resemblance of the leaves and flower cymes to that of Tulsi.  

C. bonplandianum possess immense medicinal value. It has got 
antimicrobial activity [5]. It act as good medicine for skin diseases, 
cut and wounds and also claimed to have the antiseptic properties 
[6]. Hypertention, hepatoprotective and anti-helmenthic properties 
have also been documented [8, 9, and 10]. Diterpene resins present 
in C.bonplandianum was used experimentally for cancer therapy and 
conceivably result was achieved. Methanolic extract of 
C.bonplandianum possess tremendous importance as antitumor 

potentiality which was evaluated with phytotoxic analysis [7]. Local 
people using roots of C.bonplandianum against snake bite in the 
remote areas of West Bengal, India. 

Therefore, the aim of the present study was to investigate the 
presence of different types of phytochemicals such as tannin, 
phlobatannin, terpenoid, glycoside, phenolics, flavonoids, steroids, 
anthraquinone, saponin, alkaloid, cholesterol, carbohydrate and 
protein. The quantifications of tannin, alkaloid, total phenol, 
flavonoid, saponin, ascorbic acid, soluble sugar, thiamine, riboflavin, 
total protein, lipid, moisture and ash content were evaluated both 
qualitatively and quantitatively for a clean understanding regarding 
the photochemical status of the root of Croton bonplandianum. 

MATERIALS AND METHODS 

Sample collection  

Root of C. bonplandianum, one of the exotic weeds, were collected 
from the campus and the adjacent areas of University of North 
Bengal, India. The scientific identification of the plant has been 
checked by Professor A. P. Das, Plant Taxonomy Lab., Department of 
Botany, University of North Bengal and the voucher specimen was 
stored at the Botany Department Herbarium, with an accession 
number of 09870. 

Sample preparation 

Roots were washed properly with the tap water to remove the soil 
and other dirt’s. Roots were dried in shade at room temperature for 
two weeks and then grinded to powder. The powder of the Croton 
root was passed through a 0.5 mm metallic mesh to yield crude 
powder to use for the phytochemical investigations.  

Chemicals and Reagents 

Chemicals were obtained from Sisco Research Laboratories Pvt.Ltd. 
(Mumbai, India), unless otherwise indicated. Analytical grade H2SO4, 

chloroform, acetic acid, ethyl acetate, trichloroacetic acid (TCA), 
diethyl ether and isoamyl alcohol were purchased from Merck 
Specialties Pvt.Ltd. (Mumbai, India). α-napthol, ferric chloride, 
sodium sulphate, bovine serum albumin (BSA), tannic acid, gallic 
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acid, thiamine and riboflavin were obtained from HiMedia 
laboratories Pvt.Ltd. (Mumbai India). HCL was supplied by Thomas 
Baker (Mumbai. India). 

Qualitative test of phytochemicals present in the root of Croton 
bonplandianum  

Two types of root extracts were used for the following qualitative 
test and all the experiments were performed according to Chaudhuri 
et. al. 2013 [12]. 

Aqueous extract of Croton Roots 

Ten grams crude dried powder of Croton root was mixed with 100 
ml double distilled water in a 250 ml conical flask. Magnetic stirrer 
was used for proper mixing of the solution for 10 h. Whatman filter 
paper number 1 (150 mm) was used to filter the mixture and the 
resultant was used for the following phytochemical tests. 

Methanolic extract of Croton root 

Ten grams of crude dried powder of roots were taken in a 250 ml 
conical flask and mixed with100 ml of 70 percent methanol. The 
mixture thoroughly mixed using magnetic stirrer at room 
temperature for about 10 h and filtered through Whatman filter 
paper number 1 for the phytochemical tests qualitatively.  

 Tests of quantitative phytochemicals present in the root of C. 
bonplandianum 

The quantitative estimation of different phytochemicals present in 
the root of C. bonplandianum performed according to the standard 
protocols with slight modifications. 

 Alkaloid Determination 

The experiment was done according to the standard method [12, 
13]. Five grams of root powder was mixed with 250 ml of 20% 
CH3COOH in ethanol in 250 ml beaker. Magnetic stirrer was used for 
10 h at room temperature to mix the solution. The solution was 
filtered using whatman filter paper number 1 and the resultant was 
placed on a hot water bath (600 C) until the extract volume turns 
1/4th of its initial volume. Concentrated NH4OH was added drop wise 
which formed thick precipitate. The whole solution was allowed to 
settle down and the precipitate was collected by filtration, dried in 
an oven and weighted to quantify the alkaloid present in the root. 

Flavonoid Determination  

Standard method [14, 15] was followed with slight modification to 
quantify the total flavonoid. Ten grams of crude root powder was 
mixed with 100 ml of 70% methanol in a 250 ml conical flask and 
mixed using magnetic stirrer for 3 h. The mixture was filtrated using 
Whatman filter paper number 1. The filtrate material was re-
extracted once again with 70% methanol and filtered in a similar 
way and both the filtrates were mixed. The filtrate solution was 
transferred into a crucible and evaporated to dry in a hot water bath 
at 600C and weighted. 

Determination of Tannin 

The experiment was performed according to the standard method 
[16]. One gram of crude root powder was mixed with 50 ml of 
double distilled water in a 100 ml conical flask and shacked in a 
magnetic stirrer for 10 h at room temperature. The solution was 
filtered in a 50 ml volumetric flask and added distilled water up to 
the 50 ml. Five milliliters of filtered solution was taken in a test tube 
in which 0.0008M K4[Fe(CN)6] and 0.1 M FeCl3 in 0.1N HCL was 
added to it. The absorbance was measured within 10 minutes with 
the help of spectrophotometer at 120 nm wavelength. A blank was 
prepared and read in the same wavelength. As a standard tannic acid 
was prepared and measured. 

Saponin Determination  

Saponin estimation was done according to the standard method 
with slight modifications [17]. Ten grams of powder was mixed with 
100 ml of 20% ethanol in 250 ml conical flask and the mixture was 
heated with continuous stirring in a hot water bath of 550C for 5 h. 
Mixture was filtrated and separated the supernatant through 

Whatman filter paper number 1. The solid residue was mixed with 
20% ethanol and heated in a similar way for about 5 h. The solution 
was filtered and added with previously filtered solution which was 
placed on a hot water bath at 900C. Solution was heated still the 
volume was reduced to 20% of its initial volume. Concentrated 
sample was mixed with 10 ml of diethyl ether into a 250 ml 
separating funnel and shacked vigorously. The aqueous layer was 
separated carefully after settling down the solution. Sixty milliliters 
of n-butanol extracts was washed using 10 ml of 5% aqueous NaCl 
solution. Until the solvent evaporates and turns into semi dried form 
the remaining solution was heated in a water bath at 500C and dried 
in an oven. Saponin content was calculated with the help of 
following equation: 

Percentage of Saponin = (WEP / WS)*100 

Where, WEP = Weight of oven dried end product; WS= Weight of 
powdered sample taken for test. 

Determination of thiamine 

Determination of thiamine was done using the standard method with 
slight modifications [18]. Fifty grams of crude root powder was 
disolved in some of 20% NaOH prepared in ethanol. The mixture was 
stirred using magnetic stirrer for 3 h at room temperature and 
resultant was filtrated in a 100 ml conical flask through Whatman 
filter paper number 1. Ten milliliters filtrate and equal volume of 2% 
potassium dichromate solution was mixed well and as a result a color 
was developed. The colored solution was read at 360 nm against a 
suitable blank contains all but not the root extract. The total thiamine 
content in root was determined using thiamine standard curve. 

Determination of Riboflavin 

The experiment was done according to the standard method [19]. In 
a 250 ml conical flask 10 g crude powder of root was mixed with 
50% ethanol and the mixture was stirred on a magnetic stirrer for 
about 10 h. The filtrated solution was mixed with 25 ml of 5% 
KMnO4 and in the solution 25 ml of 30% H2O2 was added with 
continuous stirring. The whole mixture solution was placed in a 800 
C hot water bath for about 30 minutes and after boiling 5 ml of 40% 
Na2So4 was added to the mixture solution. The blank was prepared 
without root extract. The absorbance was measured with respect to 
blank at 510 nm using spectrophotometer. Riboflavin content in the 
root was calculated using riboflavin standard curve. 

Determination of ascorbic Acid 

Ascorbic acid in the root of C.bonplandianum was estimated using 
Standard protocol [20] with slight modifications. Extraction mixture 
was prepared using TCA and EDTA in the ratio of 2:1. This extracted 
mixture was mixed with 5 grams powder of root and stirred on a 
magnetic stirrer for about 3 h at room temperature. The solution 
was then centrifuged at 2000 rpm for 30 min. Supernatant was 
filtered through whatman filter number 1. Two to three drops of 1% 
starch solution was added to the filtrated solution and titrated 
against 20% CuSo4 solution until a dark end point is reached. 

Determination of total Phenol 

Determination of total phenol was done [13] from the fat free crude 
powder of root. Five grams crude root powder was mixed with 100 ml 
n-hexane using soxhlet apparatus for about 2 h for making the sample 
fat free. The resultant mixture was used for the following steps. 

The fat free sample and 50 ml of ether was boiled for 15 min and the 
boiled solution were filtrated using Whatman filter paper No 1. In 50 
ml conical flask 5 ml of the filtrate was pipetted out. Ten milliliters 
double distilled water, 2 ml of NH4OH solution and 5 ml of 
concentrated amyl alcohol were added to the solution and stirred 
continuously. The conical flask was incubated for 30 min at room 
temperature for the development of proper color. The absorbance of 
the colored solution was read against a suitable blank at 550 nm 
using spectrophotometer. 

Estimation of total protein 

Lowry’s method [21] with slight modifications was applied to 
estimate the total protein present in the root of C.bonplandianum. 
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Bovine serum albumin with known concentration was taken and the 
OD was read using a suitable blank at 750 nm for preparing the 
standard curve. 

Estimation of total lipid 

Standard method [22] was applied to estimate the total lipid with slight 
modifications. One gram of dried root sample was macerated with 10 ml 
distilled water and after proper macerated; 30 ml of chloroform-
methanol (2:1 v/v) was mixed with the solution and left for overnight at 
room temperature. Twenty milliliters of chloroform and equal volume of 
distilled water was added in the mixture solution and centrifuged at 
1000 rpm for 10 min. Three layers were formed and the lower layer was 
collected which contained lipid dissolved in chloroform. The mixture 
was kept in an oven for 1 hour at 500C to evaporation of chloroform and 
weighted for the estimation of lipid in root. 

Estimation of Total Sugar 

Standard method [23] with slight modifications was performed to 
estimate total sugar. Fifty grams of root powder was macerated in a 
pastel and mixed with 20 ml of ethanol and incubated for 10 h at 
300C. The solution was centrifuged at 1500 rpm for 20 min. The 
supernatant was collected separately after centrifugation. One 
milliliter of 5% phenol was added with 1 ml of supernatant and 
mixed thoroughly. Five milliliters of concentrated H2SO4 was added 
rapidly with constant stirring and left at room temperature for 30 
min as the next step. Yellow orange color was appeared and OD was 
measured of the colored solution against a blank at 490 nm. The 
standard curve was prepared with known concentration of glucose. 

Estimation of total moisture and ash content 

Specific amount of the sample was kept at 900C for 12 h in an oven 
followed by 4000-4500C in a furnace for 5 min. For the estimation of 
total moisture and ash content the resultant weight of the sample 
was calculated. 

Statistical Analysis 

All the experiments were performed three times and KyPlot version 
2.0 beta 15 (32 bit) for windows were used to analyze for 
descriptive statistics. Final quantifications of the phytochemicals in 
the root were calculated on the mean value ± SD of three 
measurements. Principal Component Analysis (PCA) based on the 
correlation matrix was performed under varimax method using the 
SPSS statistics version 20.0 software package to find out any 
possible interrelation among the phytochemicals quantified in the 
root of C.bonplandianum.  

RESULT AND DISCUSSION 

The results of the phytochemicals screening both qualitatively and 
quantitatively in the root of C.bonplandianum directly correlate 
with the facts of using this plant as an ethnomedicine. We have 
detected the presence of steroids, phenolics, saponin, flavonoids, 
terpinoids, tannins, glycoside and other phytochemicals in the root 
of the plant which are essential constituents of the herbal 
medicines. 

The roots of C. bonplandianum showed the presence or absence of 
different phytochemicals in the table1 and table 2 bellow. 

 

Table 1: Qualitative analysis of various phytochemicals in roots of C. bonplandianum. 

Chemicals Leaves 
Tannin  + 
Phlobatannin + 
Cholesterol _ 
Terpinoid + 
Glycoside + 
Phenolics + 
Flavonoid + 
Steroid + 
Anthraquinone - 
Saponin + 
Carbohydrate + 
Protein  + 
Alkaloid + 

 

Table 2: Describes the results of the descriptive statistics for the thirteen phytochemicals parameters studied namely flavonoid, alkaloid, 
saponin, phenol, ascorbic acid, thiamine, riboflavin, total protein, lipid, soluble sugar, tannin, moisture and ash content.  

Phytochemicals Mean S.D. S.E.M. Variance Coef. Var. 
Flavonoide 2.71 0.31 0.18 0.10 0.11 
Alkaloidd 55.71 0.11 0.07 0.01 0.01 
Saponind 14.25 0.11 0.07 0.01 0.01 
Phenole 64.36 6.82 3.94 46.56 0.11 
Ascorbic acidf 0.35 0.03 0.02 0.00 0.07 
Thiaminef 0.37 0.01 0.01 0.00 0.03 
Riboflavinf 0.25 0.03 0.02 0.00 0.12 
Total proteine 45.71 6.82 6.30 118.98 0.24 
Lipide 17.05 1.43 0.83 2.06 0.08 
Soluble sugare 2.45 0.02 0.01 0.00 0.01 
Tanninf 26.68 0.94 0.54 0.88 0.04 
Moistureg 52.30 0.30 0.17 0.09 0.01 
Ash g 1.72 0.01 0.00 3.33 0.00 

S.D. = Standard deviation; SEM=Standard error of mean; Coef.Vr=Co-efficient of Variance. All values are the mean of three replicate experiments. d 
Units are in g/100g; e Units are in mg/g; f Units are in mg/100g; g Units are in %. 

High percentage of alkaloid (55.71 ± 0.11 g/100g) and saponin 
(14.25 ± 0.11 g/100g) have been detected in the roots of 
C.bonplandianum. Alkaloid is a class of nitrogen containing natural 
compound are known to exist in about 20% of plant species. Only 
few natural compounds present in alkaloid have been exploited for 

medicinal purposes. To mention few of them are vinblastine and 
vincristine as anti-tumor agents, reserpine as anti-hypertensive and 
quinine as anti-malarial agent. The inhibition of tumor growth 
increases with the increasing concentration of plant extract and it is 
claimed that the plant conceivably prove to be very useful in Cancer 
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treatment [24]. Saponin inhibits microbition and used in the 
preparation of traditional medicines [25, 26]. It also has 
hypolipidemic and anti-cancer activity. Saponin has cholesterol 
binding property and reacts with cholesterol rich plasma membrane 
of various cancer cells to arrest the proliferation [27]. Very high 
level of alkaloid and saponin found in the root of C. bonplandianum. 
High level of alkaloid and saponin present in the root directly 
correlates with the fact that the root of C. bonplandianum has been 
used traditionally as medicine for cancers [7, 18-24]. 

Flavonoids containing a benzopyrone which is used as antioxidants or 
free radical scavengers [28] and also have cardioprotective roll [28]. 
Flavonoid suppresses the progression of cancer by inhibiting the 
estrogen producing enzyme. Phenolic compounds are used as 
nutraceuticals, and found in apples, green-tea, and red-wine and also 
in many medicinal plants as phytochemical or secondary metabolites 
and has enormous ability to combat cancer. Heart ailments to an 
appreciable degree are prevented by phenolic compound. Phenolic 
compound sometimes serves as anti-inflammatory agent, potent 
vasodilator [29] and also potent scavenging activity due to the 
presence of hydroxyl group [30]. The percentage of total flavonoid and 
phenolic content were (2.79 ± 0.31 mg/g) and (64.36 ± 6.82) mg/g. 
This moderately high level of flavonoid and very high level of phenolic 
content may in future contribute in the field of herbal remedy as 
potent antioxidant and anti-cancer agent.  

 Root of C.bonplandianum possesses very high quantity of protein 
(45.71 ± 6.82 mg/g), lipid (17.05 ± 1.43 mg/g) and moderately high 
quantity of soluble sugar (2.45 ± 0.02 mg/g). If the non-functional 
factor like phytates can be removed or degraded, can be used as an 
animal feed. It can serve as an alternative source of energy in rural 
areas for the presence of high level of lipid. Various polysaccharides 
isolated and purified from different Chinese medicinal herbs are 
found to possess potent immunomodulatory activity [31].  

Very satisfactory quantity of riboflavin or vitamin B2 (0.25 ± 0.03 
mg/100g), satisfactory quantity of thiamine (0.37 ± 0.01 mg/100g) 

and good amount of ascorbic acid (0.35 ± 0.03 mg/100g) were also 
found in the root of C.bonplandianum. Riboflavin has been proved to 
kill harmful pathogens found in blood which cause disease in the 
combination with ultraviolet ray and it has anti-jaundice, anti-
migraine and pain relieving effects. Fresh juice of the the plant is 
very useful against headache [10]. Ascorbic acid terminates the 
chain radical reaction by scavenging free radicals. So the presence of 
satisfactory quantity of riboflavin, thiamine and ascorbic acid 
present in the root supports this finding. 

Phenolic group tannin is used as antiseptic and antiviral activity 
which is also present in the root of C.bonplandianum. There are 
many viruses like polio virus, herpes simplex viruses have been 
found to get inactivated due to the presence of very high quantity of 
tannin [32]. The presence of very high quantity of tannin (26.68 ± 
0.94 mg/100g) in C. bonplandianum show antimicrobial activity as 
well [6]. Root of the plant has contains (1.72 ± 0.01 %) ash and 
(52.30 ± 0.30%) moisture. 

In this present study, Principle component analysis (PCA) was 
performed to understand how the thirteen parameters namely 
flavonoid, alkaloid, saponin, phenol, ascorbic acid, thiamine, 
riboflavin, total protein, lipid, soluble sugar, tannin, moisture and 
ash content contribute to the overall phytochemical profile of the 
C. bonplandianum root extract. To draw an overview of the 
significance among the quantification of the phytochemicals and 
the correlation matrix (table 3), the loading plot (figure 1) was 
used which describes how intricately the correlation between the 
phytochemical constituents exists. The loading of first and second 
principal components, PC1 and PC2 accounted for 67.80% and 
32.19% of the variance respectively (figure 1). The loading plot 
demonstrated that tannin, ash, thiamine and ascorbic acid were 
heavily loaded positively on the PC1 with squared cosine value of 
0.820, 0.908, 0.971 and 0.989 respectively. Whereas alkaloid, 
riboflavin and sugar displayed high quantum of positive loading on 
PC2 with squared cosine value of 0.925, 0.817 and 0.932. 

 

 

Fig. 1: Represents the principal component analysis (PCA) under varimax rotation for the phytochemicals of C. bonplandianum roots.  

Where, Alk= Alkaloid; Flavo= Flavonoid; Phen= Phenol; Sapo= Saponin; Lip= Lipid; Thia= Thiamine; Ribo= Riboflavin; Asco= Ascorbic acid; Tan= 
Tannin; Pro= protein; Mois= Moisture; ash= Ash content. PCA was performed for two principal factors, the variances of which were 67.80% and 
32.19%, respectively. 
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It is very interesting to note that the antioxidant capacity of the root 
extract is mainly attributed to the phenolic and flavonoid species of 
compounds [33] resided in the same cluster with very high PC1 
positive value. It can be said that the phytochemicals of C. 
bonplandianum root resides in the three major clusters as 

documentedin the result of PCA. The largest cluster bearing the tannin, 
ash, thiamine and ascorbic acid may contribute highest to the bioactive 
profile of the plant, followed by the second major cluster alkaloid, 
riboflavin and sugar. Table 3 represents the correlation matrix of the 
various phytochemicals quantified from the root of C.bonplandianum.  

 

Table 3: Represents the correlation matrix of different phytochemicals based on the Principal Component Analysis performed by SPSS 
statistics version 20.0 software package.  

Correlati
on 

Tanni
n 

Alkaloi
d 

Phen
ol 

Flavonoi
d 

Saponi
n 

Ascorb
ic Acid 

Suga
r 

Moistu
re 

Ash Thiami
ne 

Riboflav
in 

Protei
n 

Lipi
d 

Tannin 1.000             
Alkloid .217NS 1.000            
Phenol -

.863NS 

-.681NS 1.000           

Flavonoid .511NS -.728NS -
.007NS 

1.000          

Saponin -
.553NS 

-.933NS .898NS .434NS  
1.000 

        

Ascorbic 
Acid 

.897NS -.237NS -
.550NS 

.839NS -.127NS  
1.000 

       

Sugar .941NS .536NS -.983* .189NS -.803NS -.127NS  
1.00
0 

      

Moisture -
.949NS 

.101NS .660NS -.756NS .262NS -.803NS -
.127
NS 

 
1.000 

     

Ash .984* .042NS -
.760NS 

.655NS -.397NS .262NS -
.803
NS 

-.127NS  
1.00
0 

    

Thiamine .933NS -.148NS -
.624NS 

.786NS -.217NS -.397NS .262
NS 

-.803NS -
.127
NS 

 
1.000 

   

Riboflavi
n 

.831NS .723NS -.998* -.052NS -.923NS -.217NS -
.397
NS 

.262NS -
.803
NS 

.577NS  
1.000 

  

Protein -
.977NS 

-.004NS .735NS -.683NS .362NS -.923NS -
.217
NS 

-.397NS .262
NS 

-.988* -.694NS  
1.000 

 

Lipid .582NS -.667NS -
.092NS 

.996* .356NS .362NS -
.923
NS 

-.217NS -
.397
NS 

.835NS .033NS -.742NS 1.00
0 

Where NSCorrelation is not-significant (1-tailed); *Correlation is significant at the 0.05 level (1-tailed) and **Correlation is significant at the 0.01 
level (1-tailed). 
 

Though the interrelationship between the variables were non-
significant (p>0.05) for the most of the cases, but other variables too 
have displayed very close correlations, like tannin has almost linear 
positive correlation with ascorbic acid, sugar, ash content and 
thiamine with correlation coefficient of 0.897, 0.941, 0.984 and 
0.933 respectively. The phenol content possesses close positive 
correlation with saponin which is 0.898 and displayed very close 
positive correlation of flavonoid with Saponin which is 0.996.  

CONCLUSION 

From the present study it may be concluded that the root of C. 
bonplandianum possess various phytochemicals like alkaloid, total 
phenol, saponin, flavonoid, protein and tannin in a very high quantity 
and possess various bioactive properties which may be used as external 
therapeutic supplement. Throughout the world medicinal value of C. 
bonplandianum is well recognized in different ethnopharmacological 
practices and the presence of high quantities of these bioactive 
phytochemicals may attribute to its medicinal value. This is the first 
report based on the work on root of C.bonplandianum in which not only 
the overall phytochemical screening was done but also elucidates the 
correlation in quantities among the different phytochemicals present in 
it. To correlate the quantities of different phytochemicals present in the 
root, PCA is one of the rational approaches that can be taken. We are 
now trying to identify and isolate the different bioactive compounds 
from the root of C. bonplandianum and to test these bioactive compounds 
for their antioxidant, immunomodulatory, hepatoprotective and anti-
cancer activity. 
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A B S T R A C T

Leaves of Murraya koenigii (L.) Sprengel, Piper betle L. and Mentha spicata L. are primarily used for recreational-
dietary purpose in the Indian subcontinent. The present study was aimed to evaluate their capacity to neutralize
physiologically relevant free-radicals (O2 and N2 derived) through direct interaction, primarily focusing on the
individual components of Haber–Weiss reaction and comprehensive evaluation of their antioxidant properties.
The capacity to chelate ferrous iron and inhibit peroxidation of tissue lipid was reported as well. Dose-de-
pendency against individual free-radicals were reflected by linearity measurements by Pearson’s coefficient, and
inter-correlation patterns were studied by multivariate modelling. Several phytochemicals were identified using
GC–MS and their interaction with antioxidant transcription factors (Nrf2 and FOXO) was studied through mo-
lecular docking and ADME profiling, reflecting potent bioactivities. The present study therefore, indicates that
raw consumption of these dietary supplements would likely protect against free-radicals mediated oxidative
stress.

1. Introduction

The Indian subcontinent possess diverse food habits, where en-
ormous varieties of plant based food supplements are used for recrea-
tional drive rather than nutritional purpose. Murraya koenigii (L.)
Sprengel (family Rutaceae), Piper betle L. (family Piperaceae), and
Mentha spicata L. (family Lamiaceae) are three major edible flora,
consumed for their flavouring properties as well as used in Indian tra-
ditional medicinal systems as anti-cancer, cardiotonic, anti-microbial,
anti-dysenteric, anti-inflammatory, anti-diabetic, anti-spasmodic, etc.
(Khare, 2008). P. betle is the predominant recreational food, commonly
chewed along with the endosperm of Areca catechu L. (areca nut),
heartwood extract of Acacia catechu (L.f.) Willd., and processed leaves
of Nicotiana tabacum L. (tobacco). M. koenigii and M. spicata are used as
flavouring agent as strewn over cooked and/or processed foods and are
also occasionally chewed as a part of dried raw food supplement. Prior
pharmacognostic evaluations have revealed diverse bioactivities of P.

betle,M. koenigii and M. spicata such as anti-diabetic, anti-inflammatory,
hepatoprotective, analgesic activities (Dwivedi & Tripathi, 2014;
Handral, Pandith, & Shruthi, 2012; Mahboubi, 2017; Mogosan et al.,
2017).

The intracellular cascade of free-radical generation consists of
downstream interrelated pathways of reduction/oxidation which gen-
erates a plethora of different classes of O2 and N2 based free-radicals,
ultimately leading to oxidative stress (Fig. 1). The direct or indirect role
of oxidative stress behind the pathogenesis of several diseases are well
established (Burton & Jauniaux, 2011; Dhalla, Temsah, & Netticadan,
2000; Uttara, Singh, Zamboni, &Mahajan, 2009). The preliminary an-
tioxidant and free-radical scavenging activities of these three plants
have been studied by different groups of researchers previously (Alam
et al., 2013; Arambewela, Arawwawala, & Rajapaksa, 2006;
Dasgupta & De, 2004; Fatiha et al., 2015; Sasidharan &Menon, 2011;
Snoussi et al., 2015; Zahin, Aqil, Husain, & Ahmad, 2013). In vivo and in
vitro models demonstrated that P. betle activates Nrf2/ARE pathway,
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thereby up-regulates the expression of antioxidant and detoxification
enzymes (Aliahmat et al., 2016; Hasan, Kwak, Makpol, Ngah, & Yusof,
2014). M. koenigii provides antioxidative protection against cadmium-
induced cardiotoxicity by normalizing pro-oxidant enzymes (Mitra
et al., 2012). M. spicata lowers oxidative stress in γ-irradiated mice by
up-regulation of antioxidative enzymes in mice brain (Hassan,
Hafez, & Isa, 2012).

However, despite the effect of oxidative stress differs with free-ra-
dical species, their mode of generation and inter-conversion paths
through oxidation/reduction, the previous reports on the antioxidant
and free-radical scavenging activities of P. betle, M. koenigii and M.
spicata are not conclusive enough and lack systematic evaluation of
some of the major free-radicals as well. This remains synonymous with
the phrase, “antioxidant is a term widely used but rarely defined”
(Halliwell & Gutteridge, 1999). Therefore, in the present study, we have
demonstrated the potent pharmacognostic activities of these three
major ancillary food components against the principal mediators of
intracellular cellular oxidative stress in a much more comprehensive
manner. In addition, the phenolic and flavonoid contents were quan-
tified followed by phytochemical standardization using GC–MS analysis
after silylation, to reveal the major bioactive species responsible for the
potent bioactivities. Identified phytochemicals were further evaluated
in silico for their possible direct interaction with intrinsic antioxidant
transcription factor Nrf2 and FOXO.

2. Material and methods

2.1. Chemicals

All the reagents were obtained from HiMedia Laboratories Pvt. Ltd.
(Mumbai, India), unless otherwise indicated. 6-hydroxy-2,5,7,8-

tetramethychroman-2-carboxylic acid (Trolox) was procured from
Fluka, Buchs, Switzerland. Hydrogen peroxide was obtained from SD
fine-chem Ltd (Mumbai, India). HPLC grade solvents were purchased
from Sisco Research Laboratories Pvt Ltd (Mumbai, India). Milli-Q ul-
trapure water from the departmental facility was used in all the ex-
periments.

2.2. Collection and authentication of plant material

Fresh and disease-free P. betle and M. spicata leaves were purchased
from local market and M. koenigii leaves were collected from the garden
of Department of Zoology, University of North Bengal (26°42′N,
88°21′E). The plant samples were authenticated and voucher specimens
were stored at the herbarium of the University of North Bengal. The
accession numbers of P. betle, M. spicata and M. koenigii are 09776,
09768 and 09780, respectively.

2.3. Preparation of extract

Methanolic extract of the plants were prepared following the pre-
viously standardized method (Dey, Ray, Sarkar, & Chaudhuri, 2015).
Disease free fresh leaves were washed twice with double distilled water,
shade dried at laboratory temperature (25 °C) for three weeks and then
grinded using a blender. The resultant powdered leaves (100 g) were
mixed with 100% methanol (1000mL) and kept in a shaking incubator
at 37 °C. After 18 h, the mixture was centrifuged at 2934g for 15min.
The pellet was resuspended in 100% methanol (1000mL) and kept in a
shaking incubator as previously described. The supernatant liquid was
collected from both the phases and filtered. The resultant clear filtrate
was concentrated in a rotary evaporator under reduced pressure. The
concentrated methanolic extract was lyophilized and stored at −20 °C
until further use.

2.4. Phytochemical analysis

Preliminary qualitative phytochemical analysis for glycosides, ter-
penoid, tannin, steroid, anthraquinone, phenolic, flavonoid, alkaloid,
saponin, carbohydrate and protein was performed as per previous
methods (Dey, Roy, & Chaudhuri, 2012; Dutta, Dey, & Chaudhuri,
2013).

2.5. Total phenolic content

Total phenolic content was determined using Folin-Ciocalteu (FC)
reagent method with minor modifications (Singleton & Rossi, 1965). In
brief, FC reagent was diluted 1000-fold using double distilled water and
750 μL of the diluted FC reagent was mixed with 100 μL of plant extract
(1 mg/mL). The reaction mixture was incubated at 22 °C for 5min and
then 0.06% Na2CO3 solution was added and mixed thoroughly. The
mixture was incubated at 22 °C for 90min and then absorbance was
read at 725 nm. The phenolic content was calculated from gallic acid
standard curve (r2= 0.9708).

2.6. Total flavonoid content

Total flavonoid content was quantified according to a standard
method using quercetin as a standard (Zhishen,
Mengcheng, & Jianming, 1999). 100 μL of plant extract (1mg/mL) was
diluted with 300 μL distilled water and then 300 μL of 5% NaNO2 was
added. After 5min incubation at 25 °C, 300 μL of 10% AlCl3 was added.
After another 5min, the reaction mixture was treated with 200 μL of 1-
mM NaOH. Finally, the reaction mixture was diluted to a final volume
of 1mL with double distilled water and absorbance was measured at
510 nm. The flavonoid content was calculated from a quercetin stan-
dard curve (r2= 0.9891).

Fig. 1. Schematic representation of intracellular formation of various free-radicals from
oxygen (O2). O2 is quintessential for the survival of the aerobes however, paradoxically,
the intracellular free-radical formation cascade is initiated from O2 itself. Mitochondrial
NADPH oxidase (NOX) generated superoxide radical (O2

%−) from O2. Cytosolic
Superoxide dismutase enzyme (SOD) then generates H2O2 from O2

%− in presence of Cu/
Zn. In presence of Fe2+, H2O2 undergoes Fenton-reaction to produce the extremely re-
active hydroxyl radical (OH%), which was further protonated to produce water.
Alternatively, in neutrophils and activated macrophages, H2O2 can undergo
Myeloperoxidase (MPO) reaction to generate Hypochlorous acid (HOCl), which breaks
down to chloride ion and singlet oxygen (1O2). Alternatively, 1O2 can also be produced
directly form molecular O2 through photoexcitation process. Coupling of O2

%− with
HOCl generates OH%. On the other hand, Nitric oxide synthase enzyme (NOS) in presence
of O2 generates Nitric oxide (NO) from L-arginine. O2

%− reacts to NO to generate per-
oxynitrite anion (OONO−). Furthermore, peroxynitrous acid (HOONO) splits to produce
OH% and nitrogen di-oxide radical (NO2

%).
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2.7. Sample preparation and silylation derivation for GC-MS

P. betle, M. spicata and M. koenigii (50mg) extracts were mixed with
2mL n-hexane and incubated at laboratory temperature on a magnetic
stirrer. After 24 h, 20 μl of BSTFA+TMCS (99:1; v/v) mixture was
added to the previous solution and incubated for 60min at laboratory
temperature with shaking. The mixtures were then centrifuged for
20min at 4000g at 25 °C and the clear supernatants were collected. The
supernatants were passed through anhydrous Na2SO4 and activated
charcoal (2:1; w/w) in a 10-cm mini-column 1/10th packed with non-
absorbent cotton to remove any trace of moisture and colour. The
eluted liquid was re-centrifuged at 4000g for 20min and passed
through Whatman filter paper no. 1 (11 μm). The resultant clear solu-
tions were used for GC–MS analysis.

2.8. GC-MS analysis

The derivatized samples were analysed in a Trace 1300 GC-instru-
ment coupled with a ISQ QD single quadrupole mass spectrophotometer
(Thermo Scientific). Separation was done in a TraceGold™ TG-5MS
column (30m×0.25mm×0.25 μm; 5% diphenyl/95% dimethyl
polysiloxane) with constant inlet temperature of 250 °C. Initial tem-
perature was set at 60 °C (solvent delay 5min) with a hold of 4min,
followed by a ramp of 5 °C to 290 °C with a hold of 10min (60min
programme). Samples were (1 μL) injected in a splitless mode (splitless
time of 0.80min) with split flow of 50mL/min, using a Thermo
Scientific AI-1310 auto-sampler. Helium gas (99.99%) passed through
hydrocarbon and dehydrating columns was used as carrier gas (flow
rate 1mL/min). MS transfer line temperature was set at 290 °C with ion
source temperature of 230 °C (electron ionization mode). Individual
sample was analysed at electron energy 70 eV (vacuum pressure -
2.21e−0.5 Torr). The mass analyser range was set to 50–650 atomic
mass unit (amu). All samples were analysed in triplicates for con-
firmation.

2.9. GC-MS data analysis

Automated Mass Spectral Deconvolution and Identification System
(AMDIS) V2.70 was used to analyse the MS data. The major and es-
sential compounds were identified by mass fragmentation patterns (m/
z) in terms of molecular peak (M+) and base peak (∗ representing mass
fragment with optimum abundance) of the reference of parent com-
pound using MS interpreter Version 2.0 and by matching with the re-
ference database of National Institute Standard and Technology (NIST)
with a MS library version 2011. Percentage abundance of identified
compounds were calculated using the formula: [AR/AT] ∗ 100, where,
AR= abundance obtained from Xcalibur V2.2 (Thermo Scientific),
AT= cumulative abundance of identified compounds.

2.10. Total reducing power

The overall reducing power was measured at 700 nm following
standard method of Oyaizu (1986) and compared with a lipophilic
phenolic derivative butylated hydroxytoluene (BHT), known for its
superior proton donating efficiency.

2.11. DPPH assay

Ability to inhibit the stable N2 radical 1,1-Diphenyl-2-picryl-hy-
drazyl (DPPH) by e− transfer was measured at 517 nm following the
modified method of Saha, Dey, Begum, et al. (2016). The potent elec-
tron donor vitamin C was used as standard.

2.12. Total antioxidant activity (TAA)

TAA of the extracts were recorded by studying the reduction of

Mo6+ to Mo5+ at 695 nm following the standard method of Prieto,
Pineda, and Aguilar (1999). Ascorbic acid was used as positive control.

2.13. Trolox equivalent antioxidant capacity (TEAC)

TEAC was measure by ability of the plant extracts to neutralize the
ABTS radical cation (ABTS%−) under duration of 6min, which was
compared with Trolox, a polar vitamin E analogue (Re et al., 1999). The
percentage of inhibition was plotted and TEAC was represented as a
function of concentration of Trolox and the extracts by dividing the
gradient of plot for the extracts by the gradient of plot for Trolox (Dey,
Chaudhuri, Chaudhuri, &Mandal, 2012).

2.14. Hydrogen peroxide scavenging assay

Standard FOX reagent method (4.4 mM BHT in methanol+ 1mM
xylenol orange +2.56mM ammonium ferrous sulfate in 0.25M H2SO4)
was followed in which Fe2+ is oxidized to Fe3+ and subsequently binds
to the metal titration indicator xylenol orange. The absorbance was
measured at 560 nm (Long, Evans, & Halliwell, 1999). Sodium pyr-
uvate, which neutralize H2O2 by decarboxylation to acetic acid and
carbon dioxide, was used as standard.

2.15. Ferrous chelation

Iron (Fe2+) chelation activity was studied (Haro-Vicente, Martinez-
Gracia, & Ros, 2006) at 562 nm by measuring the decrease of absor-
bance of a violet chromophore, generated by coupling of ferrozine and
FeSO4 in HEPES buffer (20mM, pH 7.2). EDTA being a potent metal ion
chelator was used as reference compound.

2.16. Hydroxyl radical scavenging activity

Hydroxyl radical (OH%) was formed by Fenton reaction of Fe3+-
ascorbate-EDTA-H2O2 complex and following condensation of the de-
gradation product of 2-deoxyribose with thiobarbituric acid (TBA) as
per the standard method of Kunchandy and Rao (1990). The OH%

scavenging potential was measured at 532 nm against the classical OH%

scavenger mannitol as standard.

2.17. Lipid peroxidation assay

Fresh mice brain samples were used as a source of polyunsaturated
fatty acid to measure the extent of lipid peroxidation. In brief, OH−

catalysed formation of malondialdehyde (MDA) was measured by
monitoring the absorbance of a pink chromophore (532 nm), generated
by the reaction between MDA and thiobarbituric acid (TBA) (Kızıl,
Kızıl, Yavuz, Emen, & Hakimoğlu, 2008). Trolox was used as standard.

2.18. Superoxide radical scavenging activity

Superoxide radical (O2
%−) was produced by the non-enzymatic

combination of reduced nicotinamide adenine dinucleotide (NADH)
and phenazine methosulfate (PMS), and its neutralization by the ex-
tracts was measured at 562 nm studying the reduction of nitro blue
tetrazolium (NBT) to purple-colored formazan following a previously
standardized method (Dey et al., 2012). The natural flavonoid Quer-
cetin was used as positive control.

2.19. Hypochlorous acid scavenging assay

Hypochlorous acid (HOCl) was formed (molar absorptivity
100M−1 cm−1) at pH 6.2 through reaction between H2SO4 and NaOCl
and consecutively the stabilization of HOCl was measured by decrease
in absorbance of catalase at 404 nm (Aruoma &Halliwell, 1987). As-
corbic acid was used as standard.
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2.20. Singlet oxygen scavenging assay

Controlled reaction between NaOCl and H2O2 in presence of L-his-
tidine at pH 7.1 generated singlet oxygen (1O2), the scavenging of
which by the plant extracts were measured by observing the bleaching
of N,N-dimethyl-4-nitrosoaniline (RNO) at 440 nm (Saha, Dey,
Chaudhuri, et al., 2016). α-lipoic acid was used as reference compound.

2.21. Nitric oxide (NO) radical scavenging assay

Griess-Ilosvoy reaction (Garratt, 2012) was used to measure the NO
formed from the oxidation of aqueous sodium nitroprusside (SNP) at
physiological pH. Diazotization of nitrite ions (NO2−) with sulphani-
lamide and consequent coupling with N-(1-naphthyl) ethylenediamine
dihydrochloride (NED) generated a pink azo-dye, which was read at
540 nm. The natural diarylheptanoid Curcumin was used as standard.

2.22. Peroxynitrite scavenging activity

The standard method of Beckman, Chen, Ischiropoulos, and Crow
(1994) was followed, where peroxynitrite (ONOO−) was generated
through the reaction between KNO2 and H2O2, with NaOH for stabili-
zation of ONOO− and MnO2 for removal of excess H2O2. Thereafter,
ONOO- scavenging was measured at 611 nm in terms of bleaching of
Evans blue as described by Bailly, Zoete, Vamecq, Catteau, and Bernier
(2000). Gallic acid, which is a potent antioxidant phenolic compound,
was used as standard.

2.23. Molecular docking studies

X-ray diffraction structures of both Nrf2 (nuclear factor erythroid 2-
related factor 2; PDB ID: 5FNQ) and FOXO3 (forkhead-box class O3;
PDB ID: 2UZK) proteins were obtained from the Research Collaboratory
for Structural Bioinformatics (RSCB; http://rcsb.org) Protein Data Bank
(PDB) database with resolution of 1.91 Å and 2.7 Å respectively. Since,
the 2UZK was a structure of DNA-bound FoxO3; the DNA counterpart
was removed using Autodock Vina V1.5.6 software and only the protein
counterpart was considered for docking. A grid based docking approach
was employed in this study to visualize and predict the molecular in-
teractions. All protein sequences were prepared for docking post-re-
moval of water molecules followed by addition of polar hydrogen
atoms. Grid measurement was performed after Gasteiger charge cal-
culation and subsequently the .pdb files were converted into .pdbqt files
via SMILES server (https://cactus.nci.nih.gov/translate/). Based on
GC–MS identification, relative abundance and literature search on re-
levant bioactivities, 12 phytochemicals were selected and their 3D
structures were retrieved from the NCBI-PUBCHEM database (https://
pubchem.ncbi.nlm.nih.gov), prepared for docking analysis using the
standard procedure of Autodock Vina V1.5.6 software. PyMol V1.7.4
was employed for visualizing the docked conformation.

2.24. Statistical analysis

All data were analysed post-blank normalization and quantitative
data are reported as the mean ± SD of six measurements. Statistical
analysis was performed by paired t-tests using KyPlot V5.0 (32 bit).
P < .05 was considered significant. Percentage of inhibition/scaven-
ging was calculated by the following formula: [(X0− X1)/X0] ∗ 100,
where X0= absorbance of control and X1= absorbance in the presence
of the samples or standard. The IC50 (half maximal inhibitory con-
centration) values were calculated by the following formula: Y= [A1/
(X+A1)] ∗ 100, where A1= IC50, Y= response (Y=100% when
X=0), X= inhibitory concentration. Extent of dose-dependent activity
was calculated by pairwise linear correlation (rp) analysis between
group mean % of inhibition Vs respective concentrations following
Pearson’s method. Multivariate correlation analysis was performed

using IBM SPSS V20.0 considering the percentage of inhibition/
scavenging throughout the concentrations gradients for respective as-
says. Principal Component Analysis (PCA) was performed and re-
presented with varimax rotation in the component plot. Further,
proximity heat-map was generated using the proximity matrix from
PCA using GraphPad Prism V7.0.

3. Results

3.1. Phytochemical analysis, phenolic and flavonoid contents

The presence of diverse range of phytochemicals are summarized in
Supplementary table 1. Unlike essential micronutrients, many of these
phytochemicals serve a beneficial role through their diverse bioactiv-
ities. The total phenolic content in M. koenigii, P. betle and M. spicata
were calculated to be 63.86 ± 0.03, 85.41 ± 0.06 and
78.32 ± 0.01mg gallic acid equivalent/100mg plant extract, respec-
tively. The total flavonoid content was found to be 89.12 ± 0.02,
153.78 ± 0.04 and 136.38 ± 0.04mg/mL quercetin equivalent/
100mg plant, respectively.

3.2. Phytochemical diversity reflected through GC-MS analysis

GC–MS analysis of the derivatized methanolic extracts revealed a
range of well recognized bioactive phytochemicals (Fig. 2;
Supplementary tables 2–4). A total of 23, 41 and 34 compounds were
identified respectively in P. betle, M. spicata and M. koenigii, among
which many are pre-established as potent antioxidants. α-linolenic acid
(20.73%), eugenol (33.85%) and caryophyllene (32.16%) were identi-
fied highest in M. koenigii, P. betle and M. spicata, correspondingly.

3.3. Wide range of antioxidant activities

The overall antioxidant activities, evaluated through different as-
says, are summarized in Fig. 3. At 200 μg/mL, the total reducing power
of P. betle (OD: 0.55 ± 0.01) was 1.12-fold higher (P < .005) than
standard ascorbic acid (OD: 0.49 ± 0.01). Here, higher absorbance at
700 nm reflects higher reducing capacity, which is synonymous to
higher overall antioxidant capacity. The DPPH scavenging activity
(Fig. 3B) of P. betle (89.68 ± 0.17%) at 200 μg/mL was higher than M.
koenigii (63.59 ± 0.65%) and M. spicata (45.14 ± 1.24%). However,
standard ascorbic acid demonstrated much potent DPPH scavenging
activity, reflected by a near saturation concentration from 50 μg/mL
and a lower IC50 value of 9.49 ± 0.82 μg/mL (Supplementary Table 5).
In contrast, reduction of the molybdenum complex (Mo6+) reached a
saturation point at∼ 60 μg/mL in case of all three extracts. At 100 μg/
mL, TAA of M. koenigii, P. betle and M. spicata were respectively 2.21,
2.26 and 2.23-fold higher (P < .001) than the standard ascorbic acid
(Fig. 3D). The residual Mo6+ for the three extracts compared to as-
corbic acid clearly represents superior gross antioxidant capacities of
the phytococtails.

The TEAC values were calculated by comparing the slope of per-
centage (%) of inhibition of standard Trolox with that of the plant ex-
tracts (Fig. 4). TEAC value of M. koenigii, P. betle and M. spicata were
respectively 2.38 ± 0.04, 1.38 ± 0.22 and 2.10 ± 0.07, where
smaller TEAC value reflects superior antioxidant capacity. At 2mg/mL,
extent of inhibition of ABTS radical cation were 40.12 ± 0.75%,
92.44 ± 0.97% and 50.61 ± 0.76%, respectively, which was lower
compared to Trolox (99.18 ± 0.19%).

3.4. Differential effects on the individual components of Haber–Weiss
reaction

The Fenton chemistry as a part of the Haber–Weiss reactions is
considered central to intracellular free-radical formation cascade and
M. koenigii, P. betle and M. spicata extracts were evaluated for their
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capacity to directly affect the individual components of the
Haber–Weiss reaction. P. betle demonstrated significantly superior H2O2

neutralizing activity compared to M. koenigii and M. spicata. However, a
sharp decline of H2O2 concentration post-1 mg/mL clearly reflects
(Fig. 5b) superior H2O2 neutralizing capacity of sodium pyruvate,
turned out to be significantly higher (0.52 fold) than P. betle. The ferric
iron (Fe2+) chelation capacity (Fig. 5C, D) of M. koenigii, P. betle and M.
spicata at 200 μg/mL was 15.39 ± 1.84%, 22.65 ± 2.36% and
18.69 ± 0.75% respectively. EDTA, however demonstrated sig-
nificantly (P < .001) superior ferric chelation capacity as demon-
strated by its low IC50 value of 1.45 ± 0.04 μg/mL. In case of direct
scavenging of OH% all three extracts demonstrated superior activity
than that of standard mannitol. A significantly sharp decline of OH%

concentration at 80–100 μg/mL of P. betle indicate lower dose-de-
pendency (P < .05, r= 0.885, r2= 0.784) (Fig. 5f).

3.5. Inhibition of OH%: bivariate analysis

Dose-dependent bivariate correlation analysis of Fe2+ chelation and
H2O2 inhibition was performed vs inhibition of OH% to know how in-
dividually M. koenigii, P. betle and M. spicata may inhibit the formation
of OH% (Fig. 5I–N). Results indicate that the effect of M. koenigii and P.
betle may result from the Fe2+ chelation activity having higher corre-
lation (r2= 0.911 & 0.811; r= 0.954 & 0.901) with inhibition of OH%.
However, in case of M. spicata, the correlation between inhibition of
OH% with Fe2+ chelation and inhibition of H2O2 were much more
comparable, with minor trend towards H2O2 mediated effect
(r2= 0.962; r= 0.980).

3.6. Inhibition of lipid peroxidation

Fig. 5H demonstrates the potentiality of M. koenigii, P. betle and M.
spicata to prevent peroxidation of mouse brain lipids compared to
standard Trolox. At 25 μg/mL, M. koenigii and M. spicata demonstrated

Fig. 2. Gas chromatograms of M. koenigii, P. betle and M. spicata,
corresponding to the identified phytochemicals by Mass spectrometry.
The detail phytochemical profile along with component mass frag-
ments are enlisted in the Supplementary tables 2–4.
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comparable effects with 21.51 ± 3.15% and 21.21 ± 3.33% inhibi-
tion of lipid peroxidation, respectively. Trolox had a dose-dependent
(r= 0.934) inhibitory effect on lipid peroxides (ROO%), which was
much superior (77.58 ± 1.03% at 25 μg/mL) than all three extracts
(P < .001).

3.7. Scavenging of secondary free-radicals

The O2
%− scavenging activity of M. spicata was negligible

(11.33 ± 1.25% at 200 μg/mL) compared to M. koenigii, P. betle and
standard quercetin (Fig. 6A). In fact, the superior O2

%− scavenging
activity of quercetin was reflected by the fact that 50.53 ± 2.37% of
O2

%− was neutralized at the lowest concentration (50 μg/mL). Among
the three extracts, P. betle possessed the highest O2

%− scavenging ca-
pacity (IC50: 222.50 ± 16.98 μg/mL). Concentration dependent
scavenging activity was observed in case of HOCl and 1O2 (Fig. 6C). All
the three extracts possess significantly (P < .001) superior HOCl
scavenging activity than standard ascorbic acid, among which activity
of M. koenigii was highest (85.03 ± 1.17% at 200 μg/mL). In case of
1O2, standard α-lipoic acid demonstrated superior activity
(55.30 ± 2.08% at 200 μg/mL) than the three extracts (Fig. 6E). With

an IC50 value of 293.70 ± 9.34 μg/mL, the activity of P. betle stood
superior than M. koenigii (493.12 ± 19.39 μg/mL), followed by M.
spicata (589.88 ± 37.91 μg/mL).

3.8. Effects on reactive N2 species

Fig. 6G–J demonstrated the effects of M. koenigii, P. betle and M.
spicata on the two major reactive N2 species i.e. NO and ONOO−. At
200 μg/mL, P. betle demonstrated better NO scavenging activity
(64.39 ± 6.96%) than M. koenigii (53.84 ± 0.64%) and M. spicata
(53.63 ± 3.76%), however, the effect was significantly (P < .05)
lower than standard Curcumin (86.95 ± 1.39%). Interestingly, unlike
M. koenigii, M. spicata and Curcumin, the NO scavenging effects of P.
betle was not concentration dependent (P > .05, r= 0.057,
r2= 0.636) and at the lowest concentration (50 μg/mL), its effect was
far superior (49.73 ± 4.58%) which resulted in the lowest IC50 of
75.09 ± 12.83 μg/mL, compared to M. koenigii (150.37 ± 4.87 μg/
mL), M. spicata (148.88 ± 6.18 μg/mL) and curcumin
(101.62 ± 4.74 μg/mL). Conversely, highly dose-dependent
(P < .001) scavenging effect was noted in case of ONOO−. Extent of
scavenging at 200 μg/mL was similar for M. koenigii (8.17 ± 0.19%),
P. betle (8.77 ± 0.65%) and M. spicata (8.67 ± 0.24%), which was
significantly (P < .001) lower than standard gallic acid
(15.44 ± 0.57%).

3.9. Multivariate patterns

The outcomes of different antioxidant and free-radical scavenging
activities of M. koenigii, P. betle and M. spicata are inter-correlated as
individual variables using multivariate method and represented (Fig. 7)
through two principal components (PC1 and PC2). The selected data
being % of inhibition at dose-dependent increasing order, all the vari-
ables resided in the double-positive quadrant where, PC1 accounted for
the highest degree of variance (90.89%, 90.62% and 94.39%). Discrete
clusters of variables represents similarity and high correlation between
inhibitory patterns of individual variables. For instance, in M. koenigii,
highest correlation was found between H2O2 and HOCl (r= 0.997)
whereas, lowest correlation between TAA and TEAC (r= 0.535). In
case of P. betle, NO (r= 0.999) and OH% (r= 0.669) had highest and
lowest correlation with TAA, respectively. Similarly, 1O2 and TEAC

Fig. 3. Antioxidant activities of M. koenigii, P. betle and M. spicata. (A) Total reducing power; (B) & (C) DPPH scavenging activity; (D) & (E) concentration dependent Total antioxidant
activity and extent of Mo6+ reduction. Standard: ascorbic acid All data are expressed as mean ± S.D. (n= 6). a= P < .001, b= P < .01, c= P < .05 and d= P > .05 Vs 0 μg/mL;
α= P < .001, β= P < .01, γ= P < .05 and δ= P > .05 Vs 0 μg/mL.

Fig. 4. Trolox Equivalent Antioxidant Capacity (TEAC) of M. koenigii, P. betle and M.
spicata, represented as % scavenging of ABTS% radical cation plotted against the con-
centration of sample. All data are expressed as mean ± S.D. (n=6).
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Fig. 5. The effect of varying concentrations of M. koenigii, P. betle and M. spicata on the individual components of Haber-Weiss and Fenton reaction against respective standards. (A), (C),
(E) and (G) represents % of inhibition of hydrogen peroxide (H2O2) Vs standard sodium pyruvate, Fe2+-chelation Vs standard EDTA, % of hydroxyl radical (OH%) scavenging Vs standard
mannitol and % inhibition of lipid peroxidation Vs standard trolox; whereas, (B), (D), (F) and (H) depicts remaining unneutralized H2O2, Fe2+, OH% and lipid peroxides (ROO%) for the
same. Pairwise correlation of H2O2 inhibition and Fe2+-chelation Vs OH% scavenging for M. koenigii, P. betle and M. spicata represented in section (I, J), (K, L) and (M, N), respectively. All
data are expressed as mean ± S.D. (n=6). a= P < .001, b= P < .01, c= P < .05 and d= P > .05 Vs 0 μg/mL; α= P < .001, β= P < .01, γ= P < .05 and δ= P > .05 Vs
0 μg/mL. r = Pearson’s correlation coefficient, r2 = coefficient of determination and P = significance value.

Fig. 6. Various free-radical scavenging activities of M. koenigii, P. betle and M. spicata. (A), (C), (E), (G) and (I) reflects % inhibition of Superoxide (O2
%−) Vs standard quercetin,

Hypochlorous acid (HOCl) Vs standard ascorbic acid, Singlet O2 (1O2) Vs standard lipoic acid, Nitric oxide (NO) Vs standard curcumin and Peroxynitrite (OONO−) Vs standard gallic acid,
respectively and (B), (D), (F), (H) and (J) depicts unneutralized radicals for the same. All data are expressed as mean ± S.D. (n= 6). a= P < .001, b= P < .01, c= P < .05 and
d= P > .05 Vs 0 μg/mL; α= P < .001, β= P < .01, γ= P < .05 and δ= P > .05 Vs 0 μg/mL.
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possessed optimum correlation (r= 0.998) whereas, lowest correlation
resided between TAA and ONOO− (r= 0.756).

3.10. Interaction-modelling predicts phytochemical mediated intrinsic
antioxidative protection

Substantial binding affinities (Fig. 8 and Supplementary data) of the
selected phytochemicals against the two intrinsic antioxidant tran-
scription factors were seen using the molecular docking studies and
their binding properties are highlighted in Supplementary Table 6. β-
Sitosterol and Squalene demonstrated optimum binding affinities with
5FNQ and 2UZK respectively, with binding energy of −7.2 kcal/mol
and −5.8 kcal/mol, respectively. However, owing to lower binding

affinities, linolenic acid, phytol and caryophyllene were excluded from
further analysis. Remaining compounds were next tested for their po-
tentials to be bioactive leads as per Lipinski’s rule (Lipinski, Lombardo,
Dominy, & Feeney, 1997), which provides computed values depicting
the physico-chemical properties (ADME) of compounds. It was observed
that all of compounds followed the Lipinski’s ‘rule of 5’ especially
squalene, β-sitosterol and stigmasterol showing higher log P values than
5 (Supplementary Table 6), which makes them potent enough for cel-
lular transport through membrane and directly interacting with in-
tracellular antioxidant transcription factors.

Fig. 7. Represents multivariate correlation analysis between various antioxidant and free-radical scavenging activities of M. koenigii, P. betle and M. spicata. (A), (C) and (C) highlights
results of Principal Component Analysis (PCA) represented by spatial arrangements of the variables at the double positive quadrant of the component plot. (D), (E) and (F) depicts heat-
map of the extent of inter-correlations of individual inhibitory activities. Shades of green to red represents low to high correlations. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

Fig. 8. Molecular docking interactions of β-sitosterol with Nrf2 (5FNQ) and
Squalene with FOXO3 (2UZK). Remaining docking data are provided in
Supplementary file.
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4. Discussion

The present study documented a comparative evaluation of the
antioxidant, free-radical scavenging activities and phytochemical fin-
gerprinting of M. koenigii, P. betle and M. spicata, three major recrea-
tional food of the Indian sub-continent. Experiments were performed
using methanolic extracts because of its relevance with traditional
usage, especially in Indian Ayurvedic medicinal system (Khare, 2008),
where extracts are primarily prepared in polar-solvents and several
herbal remedies are tinctures prepared out of alcoholic extraction as
well. Moreover, polyphenolic compounds are the major active con-
stituents in nutritional supplements (Shahidi & Ambigaipalan, 2015)
and polar-solvents are known better for extracting such bioactive con-
stituents (Harborne, 1998). This was further reflected by the fact that
huge amount of phenolic and flavonoid compounds were measured in
the plant extracts. Moreover, methanol with a polarity index of 5.1, also
pools out non-polar constituents. As a result, several non-polar phyto-
chemicals such as stearic, palmitic, lauric acid, oleic acid were identi-
fied in the plant extracts. Further, the polar compounds in the metha-
nolic extracts were derivatized using silylation method, which
substitutes a terminal active proton form the functional groups (eOH,
eCOOH, ]NH, eNH2, eSH) with alkylsilyl group (R3Si; trimethyl si-
loxane, TMS; m/z 73), resulting in comparatively more volatile, non-
polar and thermally stable, appropriate for the GC analysis.

The GC–MS analysis revealed the presence of several phytochem-
icals with pre-established potent antioxidant activities besides various
other bioactivities. Apart from several conventional well known phy-
tochemicals identified without or in TMS-form such as palmitic acid
(M+ 327; m/z 313, 117, 73∗), linoleic acid (M+ 351; m/z 337; 73∗),
squalene (M+ 409; m/z 81, 69∗), stigmasterol (M+ 483; m/z 255, 129,
83∗), β-sitosterol (M+ 485; m/z 396∗, 81), retinoic acid derivative (M+

315; m/z 271, 159, 91∗), phytol (M+ 295; m/z 123, 71∗), tocopherol
(M+ 429; m/z 205, 164∗), campesterol (M+ 399; m/z 289, 213, 55∗),
various other unconventional phytochemicals with potent bioactivities
were also identified. For instance, caryophyllene (M+ 203; m/z 133,
93∗) not only neutralizes N2-free-radical and chelates transition metals
(Dahham et al., 2015) but also facilitates translocation of other bioac-
tive constituents inside the cell (Legault & Pichette, 2007). Under lipo-
somal model, squalene (M+ 409; m/z 95, 81, 59∗) prevented lipid
peroxidation with an IC50 of 23 μg/mL (Conforti et al., 2005). Limonene
(M+ 135; m/z 95, 68∗) is predominant in citrus plants and its potent
antioxidant activities were demonstrated by preventing DNA strand
breakage form H2O2 mediated oxidation (Bacanlı, Başaran, & Başaran,
2015). Carvone (M+ 149; m/z 93, 82∗) possess potent reducing and
DPPH scavenging activities (Elmastaş, Dermirtas, Isildak, & Aboul-
Enein, 2006). Potent antioxidant activities of azelaic acid (M+ 331; m/z
201, 73∗) has been demonstrated against a typical skin condition called
Rosacea (Jones, 2009). Utility of pulegone (M+ 151; m/z 109, 81∗) rich
essential oil of M. pulegium, due to potent antioxidant activities, has
been proposed to serve as preventing oxidation of food components (El-
Ghorab, 2006). Eugenol (M+ 163∗; m/z 149, 131) demonstrated potent
antioxidant activities at low concentration as evaluated by DPPH, TAA,
reducing capacities and anti-lipid peroxidation potentialities (Gülçin,
2011). Terpinene (M+ 135; m/z 121, 93∗) has been demonstrated to
protect RBC, DNA and methyl linoleate from oxidation through its
potent antioxidant capacities (Li & Liu, 2009). Overall, the methanolic
extracts of the three dietary supplements consisted a vast array of
phytocompounds with diverse antioxidant activities.

Intracellular redox imbalance and oxidative stress has been related
to numerous disease and today, oxidant-antioxidant balance has been
considered as a fine balance of systemic homeostasis, alteration of
which towards the former would result in deleterious pathophysiolo-
gical implications (Pham-Huy, He, & Pham-Huy, 2008). The process of
reduction, being antagonist to oxidation, remains one of the quintes-
sential criteria for potent antioxidant agent. Higher reducing capacity
reflect tendency to readily donate e− to neutralize free-radicals which

would otherwise initiate free-radical cascade and subsequent lipid
peroxidation. P. betle demonstrated superior reducing capacity than M.
koenigii and M. spicata throughout all concentrations as well as 1.12-
fold higher activity than standard. The extracts were subsequently
tested for scavenging of DPPH, which is stable organic nitrogenous
radical (Huang, Ou, & Prior, 2005). All the extracts demonstrated a
dose-dependent activity where DPPH was neutralized by reduction
highest by P. betle. However, due to the sharp neutralization of DPPH at
50 μg/mL, the IC50 of ascorbic acid (9.49 ± 0.82 μg/mL) was far more
superior to the extracts. On the contrary, all the extracts demonstrated
comparable activity on reducing Mo6+ to Mo5+ in the TAA, which
was> 2.2-fold superior than ascorbic acid (Fig. 3E). This clearly de-
monstrates differential antioxidant activities of the plant extracts when
evaluated under different conditions and yet compared to the same
standard.

In order to confirm the overall antioxidant activity, the extracts
were subjected to TEAC, which is suitable for evaluating both water-
soluble and lipophilic antioxidants and serves as a benchmark for an-
tioxidant activities of food supplements (Pellegrini et al., 2003). Here,
the concentration of extract yielding comparable inhibition of ABTS% is
equated to the standard Trolox, and represented as TEAC value. At
2mg/mL (Fig. 4), P. betle showed nearly comparable ABTS% neu-
tralizing effect compared to Trolox. However, the sharp incline of
ABTS% inhibition up to 0.5mg/mL in Trolox compared to gradual dose-
dependent (P < .0036, r= 0.882, r2= 0.779) incline in case of P.
betle, clearly reflects superior activity of the standard. Moreover, the
near parallel slope of inhibition in M. koenigii and M. spicata throughout
the concentrations reflects comparable ABTS% inhibitory activities.

OH% is considered one of the most harmful free-radical due to its
high reactivity with the biomolecules, in spite of its low concentration
(k∼ 109–1010/M/s) and short half-life (10−9 s) (Huang et al., 2005;
Tirzitis & Bartosz, 2010). Even though OH% can be generated through
different pathways, intracellular generation of OH% primarily occurs
from H2O2 in the presence of transition metals (Fe2+) through the
Fenton reaction (Fig. 1). Thus, apart from direct OH% scavengers, metal
chelators can also play a profound role in preventing excess OH% for-
mation. Nevertheless, straight neutralization of H2O2 may not only
protect biomolecules from the oxidizing effect of H2O2, but also pre-
clude OH% formation. H2O2 actively participates in degradation of in-
tracellular proteins by oxidizing the essential thiol (eSH) groups
(Kunchandy & Rao, 1990). Iron (Fe2+) in excess can also catalyse O2

%−

and H2O2 mediated generation of OH% through Haber–Weiss reaction
ultimately leading to peroxidation of cellular lipids. Here,M. koenigii, P.
betle andM. spicata demonstrated varying activity against the individual
components of the Fenton-reaction and their possible mode of inhibi-
tion of Fenton reaction was depicted by linear correlation analysis
(Fig. 5). Standard sodium pyruvate demonstrated greater H2O2 neu-
tralizing activity (54.43 ± 4.72% at 2mg/mL) than the three extracts
however, the activity of P. betle was comparatively superior
(28.67 ± 2.00%) among the plant extracts contributing to 2.09 and
3.11-fold greater activity than M. koenigii and M. spicata, respectively
(Fig. 5A). The iron chelation activity (Fe2+ → Fe3+) was evaluated
against one of the potent metal chelator EDTA and represented as
generation of unreactive-stable Fe3+-ferrozine complex (Fig. 3C).
Compared to EDTA, the extracts demonstrated negligible activities,
representing possible inefficiency in chelation therapy. However, all the
extracts showed superior potentiality in direct scavenging of OH%

compared to mannitol (Fig. 5E). In fact, a sharp decline of the OH%

concentration (Fig. 5F) at 100 μg/mL and much lower IC50

(268.99 ± 12.44 μg/mL) clearly highlighted that P. betle possess
greater OH% scavenging potentiality. Furthermore, lipid peroxidation
being one of the foremost effects of elevated intracellular OH%, the
extracts were tested to prevent OH% mediated peroxidation of un-
saturated fatty acids. Interestingly, M. koenigii demonstrated compara-
tively superior protection form OH% mediated lipid peroxidation, as
demonstrated by lowest IC50 value (68.89 ± 15.77 μg/mL). Moreover,
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dose-dependent bivariate correlation analysis between individual
components of Fenton reaction revealed Fe2+ chelation mediated pre-
vention of OH% formation in M. koenigii (r2= 0.911; r= 0.954) and P.
betle (r2= 0.811; r= 0.901). The same was achieved by neutralizing
H2O2 in M. spicata (r2= 0.962; r= 0.980).

O2
%− is generated by NOX mediated rapid uptake of molecular O2

primarily through mitochondrial respiration, which is further dis-
mutated to H2O2 by superoxide dismutase enzyme (SOD) present in
most aerobic organisms (Muller, Lustgarten, Jang, Richardson, & Van
Remmen, 2007). The importance of O2

%− scavenging is clearly re-
flected by the fact that absence of cytosolic SOD is directly associated
with conditions like hepatocarcinogenesis, muscle degeneration, hae-
molytic anaemia, cataracts and thymic involution. M. spicata demon-
strated almost negligible O2

%− scavenging activity compared to quer-
cetin, whereas, P. betle possessed superior activity among the three
extracts. Moreover, at the site of inflammation, neutrophils and acti-
vated macrophages generates HOCl through myeloperoxidase (MPO)
reaction as an end-product of respiratory burst, (Pullar,
Vissers, &Winterbourn, 2000). HOCl is highly reactive to cellular bio-
molecules and actively cause localized tissue injury. All the three ex-
tracts demonstrated comparable HOCl inhibitory activity throughout
the concentration, which was> 2-fold superior (P < .001) to ascorbic
acid at 100 μg/mL. However, among the extracts, M. koenigii possessed
highest HOCl scavenging activity (85.03 ± 1.17% at 100 μg/mL).
HOCl is further broken-down to 1O2, however primarily 1O2 is gener-
ated directly from molecular O2 by photosensitizing reaction (Blokhina,
Virolainen, & Fagerstedt, 2003; Huang et al., 2005). Due to compara-
tively longer half-life in aqueous system (1–50 μs), free transition in
polar-nonpolar interface and strong electrophilic nature, 1O2 readily
oxidized cellular biomolecules (Devasagayam&Kamat, 2002). All three
extracts and lipoic acid scavenged 1O2 in a similar gradual dose-de-
pendent manner, however the activity of lipoic acid was superior to the
extracts (Fig. 6E and F).

The binary molecule NO is generated from L-arginine by enzymatic
reaction of NO synthase (NOS). Apart from regulation of endothelial
function, NO serves as a potent pro-inflammatory mediator and cause
localized tissue damage. Elevated level of NO has been found associated
with several cardiovascular, inflammatory, neurodegenerative dis-
orders and carcinomas as well (Pacher, Beckman, & Liaudet, 2007).
Primarily under chronic inflammatory condition, the inducible isoform
of NOS continuously generates and heavy load of NO which further
couples with O2

%− to generate ONOO− which has versatile oxidative
targets. Till date, a wide array of ONOO− mediated protein modifica-
tion has been confirmed which leads to conditions such as endothelial
dysfunction, insulin resistance, acute inflammation, cardiomyopathy,
cancer (Pacher et al., 2007). As per the inhibitory pattern
(49.73 ± 4.58% at 50 μg/mL) and low IC50 (75.09 ± 12.83 μg/mL),
P. betle possessed highest NO inhibitory activity however at 200 μg/mL,
the activity was 1.35-fold lower (64.39 ± 6.96%) than standard cur-
cumin (86.95 ± 1.39%) which showed a concentration-dependent in-
crease. Furthermore, the ONOO− inhibitory activity of the extracts
were comparable, yet much lower than the standard gallic acid
(Fig. 6 J).

The probable underlying mechanism of selected phytocompounds to
limit oxidative stress was further investigated through in silico techni-
ques. Previous findings advocated that several small molecules
(Magesh, Chen, & Hu, 2012), terpenoids (Kaidery et al., 2013), sul-
phone (Athar, Lone, Khedkar, & Jha, 2016), coumarins (Arora et al.,
2016), etc. are known to exhibit antioxidative responses through the
activation of Nrf2 and FoxO3 transcription factors. Substantial binding
affinities between selected phytochemicals and proteins (5FNQ and
2UZK) as well as decent molecular weight (< 500 dalton), log P values
predicts (as per Lipinski rule) that the phytochemicals may act against
oxidative stress by means of Nrf2-ARE antioxidative pathway (Magesh
et al., 2012) and thereby upregulating intrinsic antioxidant defense
response.

5. Conclusion

A comparative evaluation of the percentage of inhibition and re-
spective IC50 values clearly demonstrates superior antioxidant and free-
radical scavenging activities of P. betle compared to M. kornigii and M.
spicata, which was in some cases superior than the corresponding
standards as well. Further, molecular docking studies of the individual
phytochemicals reflected possible interaction with intracellular targets
to render cytoprotection under oxidative stress. Given together the free-
radical scavenging potentials of the phytochemical rich extracts and
binding affinities with cytoprotective targets, it is likely that oral con-
sumption of these recreational foods would protect against the pre-
dominant free-radicals. Our further interventions will be in vivo studies
supported by in silico techniques to decipher the mode of action for P.
betel, M. spicata and M. koenigii in alevating intracellular oxidative
stress.
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Abstract

Background: The aim of the present study was to quantify 
the phytochemicals of Clerodendrum infortunatum root 
and correlate on the basis of phytochemicals present with 
other medicinal plants belonging to different families.
Methods: Various standard biochemical and spectropho-
tometric methods were employed to study the phytochem-
ical status of the root of C. infortunatum. All the analy-
sis was performed in multiple sets. Various statistical 
methods like principal component analysis, dendogram, 
Euclidean distance and correlation study were done to 
compare the phytochemical profile of C. infortunatum 
with different selected medicinal plants belonging to dif-
ferent families.
Results: Results indicated the presence of various 
 phytochemicals like phenol, alkaloid, flavonoid, 
tannin, thiamine, riboflavin, etc. Among the estimated 
phytochemicals, phenol had the highest quantity 
(65.59±1.26 mg/g) followed by lipid (27.51±0.23 mg/g) and 
tannin (16.40±0.07  mg/100 g). The phytochemical con-
tents of C. infortunatum are much higher than those of the 
other reference plants.
Conclusions: It may be concluded from the present study 
that the root of C. infortunatum contains very high amount 
of phytochemicals which are chiefly responsible for vari-
ous medicinal properties. Therefore, the presence of the 
bioactive compounds in high quantity may lead to the 
potent medicinal value of C. infortunatum root.

Keywords: antioxidant; Clerodendrum; flavonoid; herbal 
medicine; phytochemical; plant extract.

Introduction
A large number of herbal products around the world are 
used as alternative medicine. These herbal products are 
derived from medicinal plants and have immense contri-
bution to the development of human health and welfare. 
Studies on several folklore herbs showed that plant 
extracts contain many compounds or phytochemicals 
which prevent many types of diseases and protect our 
health. A good number of plant species are being used 
by individuals and many tribal communities for the treat-
ment of various diseases. The medicinal values of these 
plants mainly depend on the bioactive phytochemical 
constituents that produce physiological effects on the 
human body [1].

Clerodendrum infortunatum Linn. is a shrub  
(0.9–2.4  m height) that belongs to Varbeaceae family. 
It is commonly known as ‘Bhat’ and is widely used as 
a medicinal plant. Clerodendrum infortunatum is abun-
dantly found in India, especially in the sub-Himalayan 
region of West Bengal, Pakistan, Burma, Malaysia and 
Ceylon [2]. The leaf and root of C. infortunatum are very 
commonly used as traditional medicine and also used by 
some ethnic population of the sub-Himalayan Region, 
Terai and Dooars. The plant C. infortunatum is also used 
by the tribals of Chotonagpur region in preparing tradi-
tional expectorant pills [3]. Clerodendrum infortunatum 
is also used as antiperiodic, vermifuge, laxative and 
cholagogue. The leaf and root of this plant are exten-
sively used against tumor and certain skin diseases. The 
plant is also useful against snake bites and scorpion 
stings [3]. Clerodendrum infortunatum has been widely 
used as tonic and anthelminthic agent in the countryside 
of northern India. The root of this plant has also been 
reported to possess diuretic, analgestic, anti-inflamma-
tory, anti-tumor and antibacterial activities [4].
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Primarily, this species has got tremendous ethnophar-
macological importance. It is used as traditional medicine 
to cure common ailments like bronchitis, asthma, fever, 
diseases of the blood, inflammation, burning sensation 
and tuberculosis and is hepatoprotective and antiepilep-
tic in Indian folk medicine. Extract of the leaves is given 
orally in case of fever and bowel troubles among the 
Kuki and Rongmai Naga tribes of northeast India. Also, 
fresh leaf-juice is given in the rectum for the removal of 
ascarides. Leaves and flowers are used to cure scorpion 
sting. Rabha, Rajbanshi, Polia and Lepcha tribes of North 
Bengal use fresh rootbark of this plant to cure diarrhea. 
Kachari, Hmar and Riang tribes of Barak Valley and North 
Cachar hills use leaf extract in case of stomach pain and 
diabetes. The root paste is also used to treat inflammatory 
swelling. This species is abundantly available in the sub-
Himalayan region of North Bengal and therefore easily 
available to the tribal people for use [3].

This species is totally virgin in the field of pharma-
cological research. Therefore, we have attempted for 
complete phytochemical profiling both qualitatively and 
quantitatively like tannin, alkaloid, saponin, flavonoid, 
ascorbic acid, thiamine, riboflavin, carbohydrate, sugar, 
protein etc, of the aqueous and methanolic extract of C. 
infortunatum and correlate our data with different refer-
ence plants like Croton bonplandianus, Jatropha curcas, 
Jatropha gossypiifolia, Jatropha multifida, Jatropha podag-
rica, Lecaniodiscus cupanioides, Hippocratea welwitschii, 
Aloe ferox, Ecbolium viride and Justicia gendarussa, avail-
able in the Sub-Himalayan region of West Bengal, to give 
a clear picture regarding the position of this plant on the 
basis of phytochemicals found.

Materials and methods
Sample collection

Experimental plant C. infortunatum was collected from the fields of 
the University of North Bengal (26.71°N, 88.35°S) during the month of 
May 2013. Proper care was taken to choose healthy and disease-free 
plants. Taxonomic identification of C. infortunatum was authenticated 
by an eminent taxonomist, Prof. A.P. Das, Taxonomy and Environ-
mental Biology Laboratory, Department of Botany, University of North 
Bengal. The voucher specimen (Acc. No. 9617) was stored in the Tax-
onomy and Environmental Biology Laboratory for future reference.

Sample preparation

The root of C. infortunatum was washed properly with double-
distilled water and air dried for several weeks. The dried root was 

grinded with mixture grinder. The final resultant powder was then 
stored in an airtight container. Various phytochemical experiments 
were performed with this powder sample by dissolving in suitable 
solvents accordingly.

Chemicals

Chemicals were obtained from Sisco Research laboratories Pvt. Ltd. 
(Mumbai, India), unless otherwise indicated. Analytical grade sul-
phuric acid, chloroform, acetic acid, ethyl acetate, trichloroacetic 
acid (TCA), diethyl ether and isoamyl alcohol were purchased from 
Merck Specialties Pvt.Ltd. (Mumbai, India). α-Napthol, ferric chlo-
ride, sodium sulphate, bovine serum albumin (BSA), tannic acid, 
gallic acid, thiamine and riboflavin were obtained from HiMedia 
laboratories Pvt. Ltd. (Mumbai, India). HCL was supplied by Thomas 
Baker (Mumbai, India).

Qualitative and quantitative phytochemical profiling

Root powder was subjected to both qualitative and quantitative 
estimation of various phytochemicals like tannin, phlobatannin, 
alkaloid, saponin, flavonoid, ascorbic acid, thiamine, riboflavin, 
carbohydrate, sugar, protein etc. using standard chemical tests as 
described by standard protocols [5].

Quantification of riboflavin content

Estimation of riboflavin content was determined by using stand-
ard protocol [6]. Ten grams of crude powder was mixed with 50% 
ethanol. After mixing properly, the filtered solution was mixed 
with 10  mL potassium permanganate solution (5%), and then 
10  mL hydrogen peroxide (30%) was added to it simultaneously. 
Two millilitres of sodium sulphate (40%) was added to it, and the 
absorbance was measured at 510 nm using Rayleigh UV-2601 spec-
trophotometer.

Estimation of total ascorbic acid

Ascorbic acid was quantified by standard method [7]. Five grams of 
powder sample was mixed with 100 mL of TCA and ethylene diamine 
tetra acetic acid at 2:1 ratio. The mixture was centrifuged at 2000 rpm 
for 30 min, and after centrifugation, two to three drops of 1% starch 
indicator was added to the filtrate and titrated against 20% CuSO4 
solution until a dark end point was reached.

Estimation of thiamine content

Spectrophotometric method [8] was applied to determine the thi-
amine content. Fifty grams of powdered sample was dissolved in 
50  mL 20% ethanolic sodium hydroxide. The solution was stirred 
over a magnetic stirrer for 3 h. After mixing properly, the filtered solu-
tion was mixed with 10  mL of 2% potassium dichromate solution. 
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The resultant colored solution was read at 360 nm against a suitable 
blank to estimate the thiamine content.

Determination of total alkaloid content

Quantification of total alkaloid content was done by standard 
method [8]. Five grams of sample powder was mixed with 250 mL of 
20% CH3COOH in ethanol, and the solution was filtered. After filtra-
tion the resultant solution was placed on a hot water bath (60 °C) 
until the extract volume turns one fourth of its initial volume. Con-
centrated NH4OH was added dropwise until the precipitate formation 
was completed. The collected precipitate was dried in an oven and 
weighed to estimate alkaloid content.

Quantification of total flavonoid content

Determination of total flavonoid content was done according to 
the standard protocol [9]. Ten grams of powder and 100 mL of 70% 
methanol were mixed for 3 h. The remaining powdered material was 
re-extracted once again with 70% methanol and filtered in a similar 
way. All the filtrates were mixed and evaporated to dryness over a 
water bath of 60 °C and weighed.

Determination of total tannin content

Estimation of total tannin content was determined for the root of C. 
infortunatum according to the standard method [10]. Briefly, 1 g of 
crude powder sample was mixed with 50 mL of double-distilled water 
by magnetic stirrer for 10 h. Then the mixture solution was filtered. 
The filtered solution (5 mL) was mixed with 0.008 M K4[Fe(CN)6] and 
0.1 M FeCl3 in 0.1 N HCl in a test tube. The absorbance was measured 
at 120 nm wavelength against a suitable blank, and tannic acid was 
used as a standard.

Quantification of total phenolic content

According to the standard protocol [9] the dry root sample needs to 
be fat free to quantify the total phenol content. Crude root powder 
(5 g) was mixed with 100 mL n-hexane and defatted using a soxlet 
apparatus for 2 h. The resultant solution was used for the determina-
tion of total phenol in the root of C. infortunatum.

After defatting, the fat-free sample was boiled with ether, and 
the resultant solution was filtered. Then 5 mL of the filtrate was mixed 
with 10  mL of double-distilled water, 2  mL of NH4OH solution and 
5 mL of concentrated amyl alcohol with constant stirring. The total 
mixture solution was incubated at room temperature for develop-
ment of the color. The absorbance of the solution was read at 550 nm 
against a suitable blank, and gallic acid was used as a standard curve 
for the determination of total phenolic content.

Estimation of total protein

Estimation of protein content in the root of C. infortunatum was done 
according to the standard method with slight modifications [11]. The 

OD was read at 750 nm using a suitable blank, and known concentra-
tions of BSA were taken as standard.

Quantification of total lipid content

Determination of lipid content was done according to a standard 
protocol [12]. Dried root sample (1 g) was macerated with 10 mL dis-
tilled water. Thirty milliliters of chloroform-methanol (2:1 V/V) was 
added into it and mixed thoroughly and left overnight in room tem-
perature. Again, 20 mL of chloroform and distilled water was mixed 
with the solution. The whole mixture was centrifuged at 1000 rpm 
for 10 min, and after centrifugation three layers were formed. The 
lower layer was collected, which contained chloroform containing 
lipid. The mixture was kept in an oven for 1 h at 50 °C for evapora-
tion of chloroform, and the residue was measured to quantify the 
total lipid content.

Estimation of total sugar content

Estimation of sugar content was followed according to the standard 
method [13]. The powdered test sample (50 g) was macerated with 
20 mL of ethanol and kept for incubation at 30 °C for 10 h. The mix-
ture was centrifuged at 1500  rpm for 20 min, and the supernatant 
was collected. The alcoholic extract (1 mL) and 5% phenol solution 
was mixed, and 5  mL of concentrated H2SO4 was added rapidly in 
the mixture solution with constant stirring. The whole mixture was 
allowed to stand for 30 min to develop the yellow orange color. The 
optical density of the solution was measured at 490  nm against a 
blank, and the standard curve was prepared using known concentra-
tions of glucose.

Estimation of moisture and ash content

Estimation of moisture and ash content present in the root of C. infor-
tunatum was determined by specific amount of sample to 90 °C for 
12 h in an oven and at 400 °C–450 °C in a furnace for 5 min, respec-
tively. The resultant solution was measured to estimate the moisture 
and ash content in the root.

Statistical analysis

All the experiments were performed in triplicates, and the data were 
reported as the mean±SE of the three measurements. Statistical 
analyses were performed using KyPlot version 2.0 beta 15 (32 bit). Our 
results were compared with already available data of phytochemi-
cals of other plants belong to the same or different geographical 
regions. These reference data were taken from C. bonplandianus [14], 
J. curcas [15], J. gossypiifolia [15], J. multifida [15], J. podagrica [15], 
L. cupanioides [16], H. welwitschii [17], A. ferox [18], E. viride [19] and 
J. gendarussa [19]. Principal component analyses (PCA) was con-
structed using SPSS version 20.0 to find out any possible interrela-
tion among the phytochemicals quantified in our study and also to 
compare the phytochemical status of our target plant with that of 
already published data of phytochemicals of other plants around the 
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world. Accordingly, a Euclidean distance-based dendogram was also 
constructed using SPSS version 20.0.

Results

Qualitative and quantitative analysis of 
phytochemicals

The results of the qualitative analyses are represented in 
Table 1. All the screened phytochemical parameters were 
present in the sample except saponin and phlobatannin. 
Based on qualitative analyses, only the phytochemicals 
that had been found to be present in the sample were 
quantified by standard protocols as mentioned above. The 
result of the quantitative analyses has been presented in 
Table 1. Based on the quantitative values, the individual 
value plot (mg/g) of different phytochemicals present 
in the root of C. infortunatum has been constructed 
(Figure  1). In Table 1 it is observed that among the esti-
mated phytochemicals, phenol had the highest quantity 
(65.59±1.26 mg/g) followed by lipid (27.51±0.23 mg/g) and 
tannin (16.40±0.07 mg/100 g). The other phytochemicals, 
namely, flavonoid, total sugar and alkaloid were found in 
moderate amount, whereas carbohydrate, riboflavin and 
thiamine were present in satisfactory amount.

Table 1: The results of the descriptive statistics of the 13 phyto-
chemicals studied, namely, flavonoid, alkaloid, saponin, phenol, 
ascorbic acid, thiamine, riboflavin, total protein, lipid, soluble 
sugar, tannin, moisture and ash content. 

Phytochemicals   Qualitative 
estimation

   Quantitative estimation

Mean  Standard 
error

  Coefficient 
of variance

Flavonoida   +  3.386  0.001  0.000
Alkaloidb   +  1.127  0.003  0.000
Saponinb   –  –  –  –
Phenola   +  65.590  1.265  4.803
Ascorbic acidc   +  0.770  0.006  0.000
Thiaminec   +  0.253  0.003  0.000
Riboflavinc   +  0.577  0.007  0.000
Total proteina   +  0.908  0.096  0.028
Lipida   +  27.510  0.235  0.166
Soluble sugara   +  2.117  0.007  0.000
Tanninc   +  16.400  0.075  0.017
Carbohydrate   +  0.343  0.013  0.001
Moistured   +  59.550  0.023  0.002
Ash contentd   +  3.550  0.026  0.002
Phlobatannin   –  –  –  –

All values are the mean of triplicate experiments. aUnits are in mg/g; 
bunits are in g/100 g; cunits are in mg/100 g; dunits are in %.

Line plot and correlation pattern

The different phytochemicals of the reference data were 
compared to that of our findings. Only those phytochemi-
cals that were present in all the comparative plants includ-
ing our data were considered. Accordingly, a line plot has 
been constructed (Figure  2) with the present data. The 
present data have been correlated with those of the refer-
ence plant data, and accordingly, the correlation values 
are presented in Table 2. From the line plot it is observed 
that the tannin and flavonoid value of the studied plant is 
comparable to most of the reference plants except those of 
the Jatropha genus. However, tannin content of C. infortu-
natum root is very close to that of L. cupanioides, whereas 
the flavonoid content is very close to C. bonplandianus. On 
the contrary, it can be seen that the alkaloid content of C. 
infortunatum root is very much comparable to that of the 
members of Jatropha genus. However, the alkaloid value 
of C. bonplandianus root is very much higher compared 
to our data. The phenolic content of C. infortunatum root 
is quite high compared to other reference plants but is 
slightly higher than that of C. bonplandianus root.

Hierarchical cluster analyses

Based on the quantitative phytochemical analyses of C. 
infortunatum root, the present data were compared with 
the data of other reference plants, and the Euclidean dis-
tance was computed using SPSS ver.15.0 software. The 
distance matrix has been represented in Table  3. Based 
on the distance values, a neighbor joining dendogram has 
also been constructed as represented in Figure 3.

From the distance matrix it was observed that amongst 
the comparative reference plants, A. ferox has the shortest 
distance (1.646) from C. infortunatum, followed by E. viride. 
It is also evident from the matrix that J. curcas is the farthest 
neighbor of C. infortunatum. A more or less similar picture 
is also reflected from the dendogram (Figure 3) where it 
is seen that the members of the Jatropha genus share the 
same cluster, while the other cluster found prominently 
in the dendogram can be subdivided into two groups, one 
solely comprising  Clerodendrum and the other subcluster 
comprising A. ferox, E. viride, H. welwitschii, J. gendarussa 
and L. cupanioides. Interestingly, C. bonplandianus occu-
pies an outlier position in the dendogram.

Principal component analyses

From the PCA score plot (Figure  4), it is observed that 
C. infortunatum occupied a position in the lower right 
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Figure 1: Individual value plot of different phytochemicals present in the root of Clerodendrum infortunatum.
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quadrant but distantly placed from C. bonplandianum 
which is also present in the same quadrant. However, two 
different clusters were formed, one in the lower left quad-
rant comprising the members of the Jatropha family and 
the other in the upper right quadrant comprising the other 
reference plants.

Discussion
Nowadays, phytochemicals constitute the essential ingre-
dients of phytomedicine, and therefore, their quantifica-
tions in different medicinal plants have gained interest 
among phytomedicinal researches. Therefore, our study 
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Figure 3: Neighbor-joining dendogram of Clerodendrum infortuna-
tum root and other comparative plants.
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Figure 4: Represents the principal component analysis (PCA) under varimax rotation for the phytochemicals of Clerodendrum infortunatum 
and other comparative plants.

totally focused on the identified and quantified major 
phytochemicals present in the root of C. infortunatum.

It is well known that secondary metabolites such 
as plant polyphenols are widely distributed in the plant 
kingdom, sometimes present in surprisingly high concen-
trations [20]. The results of the present study indicated 
that the amount of phenolic contents varied among plants 
of different families. The root of C. bonplandianus and 
J.  gossypiifolia contained maximum phenolic content as 
compared to the other plants. These phenolic compounds 
act as free radical scavengers and thus help to protect 
cells from oxidative stress [21–23] and also demonstrated 
immunomodulatory activity by modulating cytokines 
and chemokines [24, 25]. Interestingly, it was observed 
from our study that the phenolic content of the root of 
C. infortunatum was comparatively higher than all of the 
reference plants (65.59 mg/g), thereby indicating that the 
root of this plant may gain importance in anti-cancer and 
immunomodulatory studies.

In the Fenton reaction, flavonoids as antioxidants 
interfere with biochemical pathways. Flavonoids are 
involved in scavenging of free-radicals as well as chela-
tion of transition metals, thereby providing safeguard 
form oxidative stress [26]. The results of the present study 
reflected that the quantity of flavonoids vary from one 
plant to another plant that belongs to a different family. 
Flavonoids are one of the major classes of phytochemicals 
having antioxidant, anti-cancer and anti-aging properties 
[25]. Therefore, working as antioxidants, flavonoids are 
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also involved in the regulation of various physicochemical 
behaviors of plants. In this study we found that the flavo-
noid content of our studied sample was 3.386 mg/g, which 
was comparatively higher than other reference plants 
except the members of the Jatropha famiy. However, the 
other reference plants except the members of Jatropha 
family have moderate flavonoid. Thus, the potent anti-
tumor activities of the root of this plant, documented by 
other published reports, may be attributed to the moder-
ate content of flavonoids as observed in our study [27].

In our sample the alkaloid content was moderate in 
comparison to other reference plants. Published reports 
throughout the world have identified several alkaloids 
having diverse roles, among which, to mention a few, are 
morphine (analgesic), caffeine (central nervous system 
stimulant), Sanguinarine (antibacterial), vincristine and 
vinblastine (anti-cancer agents), reserpine (anti-hyper-
sensitive) and quinine (anti-malarial agents) [28]. Thus, 
our studied specimen may prove moderately useful in 
the treatment of different pathophysiological conditions. 
However, further analyses are needed to be carried out 
to trace the nature of the alkaloid group present in the 
studied plant specimen.

Regression of viral activities has been found to be 
associated with the high content of tannin [29]. Syner-
gistic effects of certain tannins with various antibiotics 
have been found beneficial against antibiotic-resistant 
bacteria [30]. Moreover, anti-cancer, anti-mutagenic and 
tumor promotion inhibitory activity have also been found 
to be associated with tannins [31]. We have documented 
very low tannin content in our sample (16.40 mg/100 g). 
Although recently published reports have documented 
the antibacterial properties in the leaf of C. infortunatum 
[32], according to our results, the root of this plant may 
not have adequate antibacterial activities because of their 
very low content of tannin.

Antioxidant and ROS scavenging capacity of plant 
is primarily attributed to the presence of phenolic com-
pounds as they have the ability to inhibit the formation 
of ROS by inhibiting the activation of redox sensitive 
transcription factor like nuclear-factor κB. Various plant-
derived phenolic compounds such as curcumin, gen-
istein, resveratrol and catechins act as potent inhibitors 
of growth factors and signalling pathways associated with 
cancer [33]. Vitamins not only act as essential micronutri-
ents but also play an important role in prevention of the 
diseases. Ascorbic acid has antioxidant and ROS scav-
enging activities, while riboflavin is essential for efficient 
metabolism of carbohydrate and also for normal growth 
and development. On the other hand, thiamine main-
tains the electrolyte balance of muscle and nerve cells. 

Phytochemicals play a vital role in prevention of diseases. 
Thus, the presence of the above mentioned phytochemi-
cals may account for the medicinal properties of C. infor-
tunatum as documented in previously published reports 
[2, 4, 34, 35].

Moreover, from both neighbor joining tree and PCA 
score plot, it was found that C. infortunatum has occupied 
a unique position in both the graphs, thereby signifying 
that the root of C. infortunatum have their own charac-
teristic phytochemical constitution which indicates their 
unique phytomedicinal values.

Conclusions
The present study revealed the preliminary phyto-
chemical constituents of C. infortunatum root. Bioactive 
phytochemical species such as phenolics, flavonoids, 
alkaloids and glycosides in addition to some essential 
vitamins were identified in the extract. The presence 
of such bioactive species is attributed to the medicinal 
properties of C. infortunatum. Comparisons of the phy-
tochemical profile with other predominant medicinal 
plants of the same region revealed that C. infortunatum 
possesses superior phytochemical profile than that of 
the other plants. Interestingly, extract prepared from 
the root of C. infortunatum is extensively used to treat 
various ailments. However, pharmacognostic studies 
on C. infortunatum root are rare. The present study 
emphasized on the initial phytochemical screening of 
unexplored medicinal plants and analyzed the profile 
using multivariate statistics to establish a phytochemical 
standard for the medicinal plants. Though pharmacog-
nostic studies demand further phytochemical finger-
printing through the chromatographic analysis, initial 
phytochemical screening could prove the ability to put 
forward the rationale behind the pharmacological activi-
ties of the medicinal plants.
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Variation in Phytochemical Composition
Reveals Distinct Divergence of Aloe vera (L.)
Burm.f. From Other Aloe Species: Rationale
Behind Selective Preference of Aloe vera
in Nutritional and Therapeutic Use

Priyankar Dey, PhD1,2, Somit Dutta, MSc1, Anurag Chowdhury, MSc1,
Abhaya Prasad Das, PhD1, and Tapas Kumar Chaudhuri, PhD1

Abstract
In the present study, we have phytochemically characterized 5 different abundant Aloe species, including Aloe vera (L.) Burm.f.,
using silylation followed by Gas Chromatography-Mass Spectrometry technique and compared the data using multivariate sta-
tistical analysis. The results demonstrated clear distinction of the overall phytochemical profile of A vera, highlighted by its
divergent spatial arrangement in the component plot. Lowest correlation of the phytochemical profiles were found between A
vera and A aristata Haw. (�0.626), whereas highest correlation resided between A aristata and A aspera Haw. (0.899). Among the
individual phytochemicals, palmitic acid was identified in highest abundance cumulatively, and carboxylic acids were the most
predominant phytochemical species in all the Aloe species. Compared to A vera, linear correlation analysis revealed highest and
lowest correlation with A aspera (R2 ¼ 0.9162) and A aristata (R2 ¼ 0.6745), respectively. Therefore, A vera demonstrated distinct
spatial allocation, reflecting its greater phytochemical variability.

Keywords
Aloe, gas chromatography-mass spectrometry, herbal medicine, multivariate statistics, nutrition, phytochemicals
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Aloe vera (L.) Burm.f. is a medicinal herb known for its diverse

pharmacological activities. It is used in traditional medicinal

systems of different parts of the world time immemorial. Aloe

vera is used in Indian traditional medicinal systems for the

treatment of skin disease, infections, diabetes, inflammation,

and also as an immunostimulant.1,2 Aloe vera extract is

used as antidiabetic and antihypertensive in Trinidad and

Tobago3; as antifungal and antiworm in Chinese traditional

medicine4; as antifever, antiinfection, and wound healing in

Persian medicine5-7; and to provide relief from various patholo-

gical complications in traditional medicinal systems of Egypt,

Japan, Mexican, African, and so on.4 Moreover, A vera is also

globally recognized as a functional nutritional supplement due to

its health benefit.8 Aloe vera is one of the few plants whose

nutritional and medicinal utilities are found in traditional and

home-made practices throughout the world. Since the past

3 decades (Supplementary Data, available at http://chp.sagepub.

com/supplemental), the rise of pharmacognostic studies has

demonstrated several medicinal properties of A vera such as

anticancer, antidiabetic, hepatoprotective, anti-inflammatory,

antimicrobial, immunomodulatory, wound healing, and antiox-

idant properties.9-11 Phytochemical analysis also revealed the

presence of several nutritional ingredients like complex carbo-

hydrates (mannan, galactan, xylan, etc), amino acids (glutamic

acid, arginine, valine, tyrosine, etc), lectin-like protein constitu-

ents, vitamins (folic acid, B2, B6, b-carotene, etc), anthraqui-

nones (cinnamic acid esters, aloe-emodin, aloetic-acid, etc),

enzymes (lipase, carboxylase, superoxide dismutase, etc),
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inorganic nutrients (calcium, potassium, phosphorous, iron, etc),

and other diverse classes of phytochemicals (steroids, g-linolenic

acid, phenolics, etc), which not only provide nutrition and

energy but are also responsible for prevention of diseases.12

With 167 book records, 3470 PubMed Central entries, 5524

protein sequences, and 1191 nucleic acid sequences till date,

A vera is one of the highly investigated medicinal plant that has

also been a commercial success as pharmacological,

nutraceutical, and skin care products.13

Interestingly, the genus Aloe (family Asparagaceae) com-

prises 516 individual species14; however, the primary focus of

most nutritional, pharmacological, and natural product studies

are concentrated on A vera only. This might be because the

rationale of pharmacognostic studies is rooted down in the

traditional alternative and complementary medicines, where

mostly A vera is used in the treatment of diverse ailments.

However, in traditional medicine, as the pharmacological

activities are the sum total of the properties of the bioactive

constituents where synergy plays the crucial role, a compre-

hensive and comparative account of the phytochemical finger-

print of A vera with other Aloe species are lacking.

Interestingly, other than A vera, many other Aloe species are

known for their diverse bioactivities.15,16 Several bioactive

constituents have been isolated and characterized from A vera

nevertheless; however, the basic phytometabolomic profiles of

most of the Aloe species remain completely unknown. A sys-

tematic comparison of the common chemical constituents of

A vera with other Aloe species was missing.

Therefore, here we have chemically characterized 4 major

Aloe species, namely, Aloe aristata Haw., Aloe jucunda Rey-

nolds, Aloe albiflora Guillaumin, and Aloe aspera Haw., using

gas chromatography-mass spectrometry and compared their

phytochemical profiles with that of A vera (L.) Burm.f. The

phytochemical profiles of each Aloe species with several iden-

tified phytochemicals were further subjected to multivariate

statistics. This resulted in data reduction and highlighted the

interrelated correlation patterns of the 5 Aloe species, reflecting

the extent of divergence of A vera phytochemical fingerprint as

a single variable.

Material and Methods

Chemicals

All the required chemicals and solvents were procured from HiMedia

Laboratories Pvt Ltd (Mumbai, India), unless otherwise indicated.

N,O-bis(trimethylsilyl)trifluoroacetamide þ trimethylchlorosilane

(99:1, v/v) was obtained from Sigma-Aldrich (St Louis, MA). Milli-

Q ultrapure water was obtained from the central facility of the Depart-

ment of Zoology, University of North Bengal. All solvents used in the

analysis were high-performance liquid chromatography grade.

Plant Material

Healthy and disease-free leaves of A vera, A aristata, A jucunda, A

albiflora, and A aspera were collected form the Medicinal Plant Gar-

den of University of North Bengal (26.71�N, 88.35�E) on September

22, 23, and 26, 2015. The plant samples were authenticated and the

following accession numbers were given, respectively: 9781, 09766,

09767, 09753, and 09779. Voucher specimens of all the samples were

stored at the herbarium of the Department of Botany, University of

North Bengal.

Sample Preparation and Silylation Derivation for Gas
Chromatography-Mass Spectrometry

The leaves of the 5 different Aloe species were washed properly with

water to remove any dirt or foreign matter and then cut into pieces

(*0.5 cm) using a sterile scalpel and shade dried (dehydrated) at

laboratory temperature (25�C) for 3 weeks. The dried leaves were then

ground to powder using a pestle and mortar. The resultants (50 mg)

were then mixed with 2 mL n-hexane and incubated at 25�C with

occasional shaking. After 24 hours, 20 mL of BSTFA þ TMCS

(99:1, v/v) mixture was added to the previous solution and incubated

for 60 minutes at laboratory temperature with occasional shaking. The

mixtures then was centrifuged for 20 minutes at 15 000 rpm at 25�C
and the clear supernatants were collected. The supernatants were

passed through anhydrous Na2SO4 and activated charcoal (2:1, w/w)

in a 10-cm minicolumn 1/10th packed with nonabsorbent cotton to

remove any trace of moisture and color. The eluted clear liquid was

recentrifuged at 15 000 rpm for 20 minutes and passed through What-

man filter paper No. 1 (11 mm). The resultant clear solutions were used

for gas chromatography-mass spectrometry analysis.

Gas Chromatography-Mass Spectrometry Analysis

The samples were analyzed using a Thermo-Scientific Trace 1300 gas

chromatography instrument attached with Thermo-Scientific ISQ QD

single quadrupole mass spectrophotometer following a previously

standardized method.17-20 The gas chromatography system was

equipped with TG-5MS column (30 m � 0.25 mm � 0.25 mm). The

inlet temperature was maintained at 250�C. The initial temperature

was set at 60�C (solvent delay 5 minutes) with a hold of 4 minutes,

followed by a ramp of 5�C/min to 290�C with a hold of 10 minutes

(60-minute program). Samples (1 mL) were injected in a splitless mode

(split flow 50 mL/min) with splitless time of 0.80 minutes, using a

Thermo-Scientific AI-1310 auto-sampler. The carrier gas was helium

(99.99%), with a constant flow of 1 mL/min, passed through hydro-

carbon and dehydrating columns. Mass spectrometry transfer line

temperature was set at 290�C with an ion source temperature of

230�C (electron ionization). The individual samples were analyzed

at electron energy 70 eV (vacuum pressure ¼ 2.21e-0.5 Torr). The

mass analyzer range was set to 50 to 650 atomic mass unit (amu). All

samples were analyzed thrice for confirmation.

Gas Chromatography-Mass Spectrometry Data Analysis

MS data analysis was performed by Automated Mass Spectral Decon-

volution and Identification System (AMDIS), version 2.70. The major

and essential compounds were identified by mass fragmentation pat-

terns (m/z) in terms of molecular peak (Mþ) and base peak (* repre-

senting mass fragment with optimum abundance) of the reference of

parent compound using MS Interpreter, Version 2.0, and by matching

with the reference database of the National Institute Standards and

Technology (NIST) with a MS library version 2011.
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Statistical Analysis

Data were statistically analyzed using IBM SPSS statistics version

20.0 software package for Windows. Data reduction technique was

employed following previously reported methods.18,21,22 The interre-

lationship between the metabolomic profiles of the 5 different plants

were analyzed by Principal Component Analysis (PCA) based on the

correlation matrix. Under descriptive statistics, KMO and Bartley’s

tests were performed to study the underlying dimensions of the 5

variables. Two factors were extracted under Varimax method. Data

were further analyzed by employing a Hierarchical Cluster Analysis

(HCA). The cluster method employed was between group linkages

with interval of square Euclidian distance. Transform values of vari-

ables (average zero and SD 1), called Z scores, was carried out as a

pretreatment of the data. Bivariate correlation analysis and proximity

heat map were generated using Microsoft Excel 2010. Relative abun-

dance was calculated (mean + SD) from the data of 3 parallel runs. P

< .05 was considered statistically significant.

Results and Discussion

The complete phytochemical composition of medicinal plants

consists of a complex mixture of chemical species with varying

polarity and volatile properties. Here, the hydrogen bonding in

the component phytochemicals were reduced by silylation in

order to transform them into much more volatile, nonpolar, and

thermally stable form, appropriate for the gas chromatography

analysis. The replacement of an active terminal proton from the

functional groups (–OH, –COOH, ¼NH, –NH2, –SH) with an

alkylsilyl group, such as in most of the cases trimethylsilyl

group, caused elevation of volatility and polarity shift, resulting

in identification of the compounds in their trimethylsilyl

(C3H9Si) form with an increase of m/z 73.

The gas chromatography-mass spectrometry analysis (see

Figure 1 and Supplementary Data, available at http://chp.sage

pub.com/supplemental) demonstrated quite distinct yet signif-

icantly overlapping phytochemical profiles of the 5 Aloe spe-

cies, which revealed presence of several bioactive compounds,

many of which are well established for their potent pharma-

cognostic properties. A total of 63, 39, 49, 37, and 42 com-

pounds were identified, respectively, in A vera, A aristata, A

jucunda, A albiflora, and A aspera. Among these, several com-

pounds were identified as signature compounds in individual

plants, such as 4-ethylbenzaldehyde (Mþ* 134, m/z 119, 105),

4-hydroxybutyric acid derivative (Mþ 248, m/z 147*, 117), 2-

hydroxyoctanoic acid derivative (Mþ 232, m/z 117, 97, 73*),

b-copaene (Mþ 204, m/z 161, 119*, 105), adipic acid (Mþ 290,

m/z 141, 111, 73*), pimelic acid derivative (Mþ 304, m/z 155,

125, 73*), suberic acid derivative (Mþ 318, m/z 169, 129, 73*),

protocatechuic acid derivative (Mþ 370, m/z 281, 193, 73*),

phytol (Mþ 296, m/z 123, 71*), and so on, in A vera; 3-

ethylphenol derivative (Mþ 174, m/z 179*), p-ethylguaiacol

(Mþ 152, m/z 137*, 122), vanillin (Mþ 224, m/z 209, 194*,

163, 147) in A aristata; phenylacetic acid (Mþ 208, m/z 193,

91, 73*), benzene, 4-ethyl-1,2-dimethoxy- (Mþ 166, m/z 151*,

135, 95), 4-vinylveratrole (Mþ 164*, m/z 149, 91), 2-allyl-1,4-

dimethoxy-3-methyl-benzene (Mþ 91*, m/z 177, 149, 91), phe-

nol,3,5-bis(1,1-dimethylethyl)- (Mþ 206, m/z 191*, 57),

estragole (Mþ 147*, m/z 133, 121, 77), bumetrizole (Mþ 115,

m/z 300*, 272, 147) in A jucunda; hydrocinnamic acid deriva-

tive (Mþ 297, m/z 207*, 91, 75), 1,2-ethanediol, phenyl (Mþ

281, m/z 179*, 147) in A albiflora; m-pyrol (Mþ 98*, m/z 71),

oleic acid derivative (Mþ 253, m/z 339, 117, 73*), campesterol

derivative (Hþ 472, m/z 382, 343, 129*), and stigmasterol deri-

vative (Mþ 484, m/z 394, 255, 129 83*) were only detected in A

aspera.

The relative abundance of squalene (98.26 + 2.83) was

optimum in A vera, whereas the presence of a-linolenic acid

was highest in A aristata (93.22 + 2.48) and A jucunda (91.69

+ 2.53). Similarly, palmitic acid was present in highest abun-

dance in both A albiflora (97.63 + 2.48) and A aspera (98.15

+ 2.56). Considering cumulative relative abundance in all the

5 Aloe species (Figure 2), the 5 major constituents with opti-

mum relative abundance were palmitic acid (91.65 + 11.42),

octadecanoic acid (81.30 + 12.06), linolenic acid 58.13 +
37.31), linoleic acid derivative (42.61 + 16.96), and squalene

(39.19 + 35.96). Alternatively, benzeneacetaldehyde (0.34 +
0.16), benzoic acid (0.38 + 0.09), octanoic acid derivative

(0.52 + 0.01), hexadecane derivative (0.64 + 0.51), and phe-

nol,2,4-bis(1,1-dimethylethyl)- (0.72 + 0.46) were detected at

the lowest abundance. On the other hand, linolenic acid (58.13

+ 37.31), squalene (39.19 + 35.96), sitosterol (20.18 +
22.93), linoleic acid derivative (42.61 + 16.96), and ethyl-

9,12,15-octadecatrienoate (20.81 + 15.88) demonstrated high-

est variability in their abundance.

A detailed account of individual chemical species are pre-

sented in Figure 3, which demonstrated predominance of phy-

tochemicals with carboxylic acid groups in all the plants. In

fact, the carboxylic acid compounds demonstrated greatest

degree of variation in their abundance (22.8 + 8.67). A methy-

lanthraquinone derivative (Hþ 310; m/z) in A vera was identi-

fied by m/z 295* (C17H15O3Si; loss of CH3) and 265

(C16H13O2Si; loss of C2H3 þ H2O) as the single ketone com-

pound. Benzaldehyde derivatives are the only aldehydes

detected in all 5 plants.

The multivariate statistical analysis (Figure 4) revealed

quite distinct yet interconnected phytochemical profiles of the

5 Aloe species, reflecting on the significantly diverse phyto-

chemical profile of A vera. Principal component analysis

causes dimensional data reduction and thereby reflected the

underlying correlation patterns of the given set of variables.

Here variables of the experimental data are arranged in the

most simplified pattern to reflect the overall picture of the

phytochemical profile. Similarly, the hierarchical clustering

represented stepwise similarities of the phytochemical profiles

in a relatively simplified form. The Scree plot (Figure 4A)

demonstrated greater variability of A vera located at eigenvalue

<1 compared to other Aloe species located at eigenvalue <1.

The near linear formation generated by A aristata, A jucunda, A

albiflora, and A aspera represents very small fraction of varia-

bility among them. The spatial arrangements of the 5 Aloe

species in the loading plot (Figure 4B) were based on the pres-

ence or absence of individual phytochemicals. For example,

compounds such as benzaldehyde derivative, tetradecane

Dey et al 3

http://chp.sagepub.com/supplemental
http://chp.sagepub.com/supplemental


Figure 1. Gas chromatogram of Aloe vera, Aloe aristata, Aloe jucunda, Aloe albiflora, and Aloe aspera. Data represented as retention time
(RT;=0-54 minutes) at x-axes versus relative abundance (RA; max 100) at y-axes. Phytochemical profiling was performed by silylation
followed by gas chromatography-mass spectrometry analysis form the leaves of 5 Aloe species. Individual compounds were identified by mass
fragment analysis and matching with the reference data form NIST MS library version 2011. The details of individual compounds identified
are provided in Supplementary Data, available at http://chp.sagepub.com/supplemental.
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Figure 3. The count of different phytochemicals of the major phytochemical species based on functional groups. (A) Aloe vera, (B) Aloe aristata,
(C) Aloe jucunda, (D) Aloe albiflora, (E) Aloe aspera, and (F) cumulative count of all 5 Aloe species. The carboxylic acid group also includes fatty acid
compounds. The “other” group includes identified minor chemical species. Several organic acids were identified contributing to the greatest
share of all phytochemicals and with highest variability. A huge variety of phenolic compounds were identified, which are known for diverse
pharmacological activities.

Figure 2. The variation in relative abundance of different phytochemicals commonly found in the 5 Aloe species. The phytochemicals were
selected based on their presence in 2 or more Aloe species. Palmitic acid, octadecanoic acid, and linolenic acid were the 3 most abundant
phytochemicals, whereas the abundance of squalene, sitosterol, and linoleic acid were highly variable. Data represented as mean + SD of
relative abundance in 2 to 5 Aloe species.
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derivative, dodecanoic acid derivative, lauric acid, palmitic

acid, linoleic acid derivative, squalene, linolenic acid, and so

on, were detected in all the 5 plants. However, compounds such

as glyceric acid, b-copaene, adipic acid, protocatechuic acid, p-

ethylguaiacol, vanillin, 4-vinylveratrole, estragole, bumetri-

zole, campesterol, stigmasterol, and so on, were identified only

in individual Aloe species. The loading plot (Figure 4B) of first

(PC1) and second (PC2) principal components cumulatively

accounted for 71.81% and 87.36% variance, respectively. The

completely separate and isolated location of A vera in the

double-negative quadrant clearly indicates significant (P <

.001) variance of its phytochemical constituents form other

Aloe species located in the double-positive quadrant. Aloe

vera was loaded highly negative on PC2 (PC1: �0.192;

PC2: �0.893), whereas A aspera was loaded highly positive

on component 1 (PC1: 0.936; PC2: 0.279). Interestingly,

partial overlapping of A aspera (PC1: 0.936; PC2: 0.279) and

A jucunda (PC1: 0.923; PC2: 0.226) resulted due to common

primary and secondary metabolic pathways, giving rise to

detection of common phytochemicals or their chemical deri-

vatives. The extent of similarity of the phytochemical profiles

were calculated using scatter plot generated from the correla-

tion matrix (Figure 4C) that showed significantly (P < .001)

highest correlation (0.899) between A aspera and A aristata and

least correlation (�0.626) between A vera and A aristata. Cluster

analysis was further performed using hierarchical cluster analy-

sis method to distinguish the associations of the phytochemical

profiles and also to validate the component analysis data. The

extent of similarity of the phytochemical profiles were supported

by the denodgram of the hierarchical cluster analysis (Figure

4D) and the proximity heat-map (Figure 4F), generated using

the proximity data of hierarchical cluster analysis. Aloe vera

Figure 4. Multivariate statistical analysis of the phytochemical profiles of the 5 Aloe species. The phytochemical profiles of the 5 Aloe species
obtained from the gas chromatography-mass spectrometry study were subjected to multivariate correlation, principal component, and cluster-
ing analysis to visualize the intercorrelation patterns and extent of similarities in their phytochemical profiles. (A) The scree plot demonstrates
that the phytochemical profile of Aloe vera (eigenvalue >1) represents the greatest variability compared to other Aloe species (eigenvalue <1). (B)
The clustered spatial arrangement of Aloe aristata, Aloe jucunda, Aloe albiflora, Aloe aspera in the double-positive quadrant, opposite to Aloe vera in
the double-negative quadrant of the principal component loading plot clearly reflects nonequivalent phytochemical profile of Aloe vera. (C) The
extent of correlation patterns (P < .001, 1-tailed) are reflected through the scatter plot, generated from the correlation matrix, obtained from
principal component analysis. Here, least correlation resided between Aloe vera and Aloe aristata (r¼�0.626), whereas greatest correlation was
found between Aloe aspera and Aloe aristata (r ¼ 0.899). The absolute correlation trend of Aloe vera remains negative to other Aloe species,
signifying deviation in phytochemical profile. (D) Dendrogram representing the hierarchical clustering of the phytochemical profiles of 5 Aloe
species, which remains in accordance with the principal component analysis, demonstrating 2 separate clusters. Cluster 1 comprises Aloe vera
and cluster 2 comprises Aloe aristata, Aloe jucunda, Aloe albiflora, and Aloe aspera. This further illustrates step-wise divergence of the phyto-
chemical profiles with terminal branching of Aloe aspera and Aloe aristata. (E) The Icicle diagram (corresponding to agglomeration schedule table
in Supplementary data, available at http://chp.sagepub.com/supplemental) represents the progression of clustering, that is, at which step the
individual phytochemical profiles of 5 different Aloe species were diverted. (F) Proximity heat map generated from proximity scores (Supple-
mentary Data) corresponding to “D.” Shades of green to red color demonstrates high to low proximity scores. Highest phytochemical
proximity resided between Aloe aspera and Aloe aristata, whereas lowest proximity was between Aloe vera and Aloe aristata.
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located at the completely separate arm signifies its highly

diverse phytochemical profile, followed by divergence from A

albiflora, A jucunda, A aspera, and A aristata, respectively.

Among the 5 Aloe species, lowest proximity resided between

A aspera and A aristata (12.139), whereas greatest proximity

was detected between A vera and A aristata (195.082; see Sup-

plementary Data, available at http://chp.sagepub.com/

supplemental).

Based on the results of multivariate analysis, A aristata, A

jucunda, A albiflora, and A aspera were compared with A vera,

based on the abundance of phytochemical species (Figure 5A).

Aloe aspera was found to be highly comparable (R2 ¼ 0.9162)

and A aristata (R2¼ 0.6745) was least equivalent to that of A vera.

The individual phytochemicals were further plotted to visua-

lize the pattern of distribution based on their retention time

versus molecular weight, which revealed metabolomic gaps

and scarcity of high molecular weight compounds at higher

retention time (Figure 5B-F). This may have resulted due to

the fact that the volatile nature of compounds trends to decrease

with increase of molecular weight. For example, only 5 com-

pounds were identified between molecular weight 355 and

485 in A aristata, 3 compounds between molecular weight

409 and 497 in A jucunda, and 4 compounds between molecu-

lar weight 355 and 485 in A albiflora. Within the given mass

range (50-650 amu) in the mass analyzer, the broadest range of

compounds were identified in A aspera, where M-Pyrol

(molecular weight 99) and 1-heptatriacotanol (molecular

weight 536) were the compounds with lowest and highest

molecular weight, respectively.

Conclusion

The pharmacological properties in traditional herbal medicines

are dependent on the synergy of individual components, cumu-

latively accounting for the overall bioactivities. Interestingly,

this is clear from the present study where several phytochem-

icals were commonly identified in different Aloe species. How-

ever, significant difference were observed in their relative

abundance, resulting in scattering of the 5 Aloe species based

on their phytochemical profiles. The present phytochemical

analysis of 5 different Aloe species followed by multivariate

statistical analysis clearly depicts distinct phytochemical pro-

file of A vera. Synergy of phytochemicals, being a relative

term, cannot be measure in an absolute degree. Yet the present

study reflects how the overall phytochemical profile may play a

key role in selective preference of using A vera over other Aloe

species in traditional medicine.
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Radical Scavenging Activities of
Lagerstroemia speciosa (L.) Pers. Petal
Extracts and its hepato-protection in CCl4-
intoxicated mice
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Abstract

Background: Lagerstroemia speciosa (L.) Pers. has medicinal importance. Bioactive phytochemicals isolated from
different parts of L. speciosa, have revealed hypoglycemic, antibacterial, anti-inflammatory, antioxidant and hepato
protective properties. Despite one report from Philippines detailing the use of L. speciosa as curative for fever and
as well as diuretic, there is no experimental evidence about the hepatoprotective activity of the flower extracts.

Methods: Several spectroscopic methods, including GC–MS, were used to characterize phytochemicals present in
the petal extract of L. speciosa. Ethanol extract of petals was evaluated for anti-oxidant and free radical scavenging
properties by using methods related to hydrogen atom transfer, single electron transfer, reducing power, and metal
chelation. This study has also revealed the in vitro antioxidant and in vivo hepatoprotective properties of petal
extract against carbon tetra chloride (CCl4)-induced liver toxicity in Swiss albino mice. Hepatoprotection in CCl4
-intoxicated mice was studied with the aid of histology and different enzymatic and non-enzymatic markers of liver
damage. Cytotoxicity tests were done using murein spleenocytes and cancareous cell lines, MCF7 and HepG2.

Result: GCMS of the extract has revealed the presence of several potential antioxidant compounds, of them γ-
Sitosterol and 1,2,3-Benzenetriol (Pyrogallol) were the predominant ones. The antioxidants activities of the flower-
extract were significantly higher than curcumin (in terms of Nitric oxide scavenging activity; p = 0.0028) or ascorbic
acid (in terms of 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) assay; p = 0.0022). The damage control by the flower extract
can be attributed to the reduction in lipid peroxidation and restoration of catalase activity. In vitro cytotoxicity tests
have shown that the flower extract did not affect growth and survivability of the cell lines. It left beyond doubt that
a flower of L. speciosa is a reservoir of antioxidant and hepatoprotective agents capable of reversing the damage
inflicted by CCl4-intoxication.

Conclusion: Results from the present study may be used in developing a potential hepato-protective health drink
enriched with antioxidants from Lagerstroemia speciosa (L.) Pers.

Keywords: Antioxidant activity, Lagerstroemia speciosa, Hepatoprotective, CCl4-intoxicated, GC-MS

* Correspondence: ashis_nanda@hotmail.com; rcnbusiliguri@gmail.com
4Department of Chemistry, University of North Bengal, Darjeeling, West
Bengal 734013, India
1Department of Biotechnology, Omics Laboratory, University of North Bengal,
Darjeeling, West Bengal 734013, India
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Tiwary et al. BMC Complementary and Alternative Medicine  (2017) 17:55 
DOI 10.1186/s12906-016-1495-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-016-1495-0&domain=pdf
mailto:ashis_nanda@hotmail.com
mailto:rcnbusiliguri@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Lagerstroemia speciosa (L.) is popularly called as “Jarul”
in West Bengal, India and it belongs to the family
Lythraceae. It is known as Pride of India, and also called
Queen’s Flowers or Queen Crape Myrtle in English. This
plant is widely distributed in the South East-Asian coun-
tries, Philippine and India [1]. In India, L.speciosa is
highly abundant in the Western and Eastern Ghats and
sub-tropical Himalayan regions; flowers are produced in
excess by the plant (Additional file 1: Figure S1) for a
short period of time but remains unutilized or underuti-
lized. However, the people of South-east Asia used the
leaves of L. speciosa for the treatment of diabetes melli-
tus and obesity [2]. The aqueous extract of leaves of L.
speciosa leaves possess potent antioxidant and free rad-
ical scavenging activities by scavenging 2,2-Diphenyl-1-
Picrylhydrazyl (DPPH) and superoxide radical as well as
inhibiting lipid peroxidation [3]. Moreover, the bioactive
phytochemicals isolated from different parts of L. spe-
ciosa, have revealed hypoglycemic, antibacterial, anti-
inflammatory, antioxidant and hepato protective proper-
ties [4–9]. Flowers of several plants were reported as
good source of phenolic compounds and antioxidants,
and also reported for treating some chronic diseases re-
ported by earlier authors [10]. In Philippines, the decoc-
tion of flowers of L. speciosa is used as diuretic and also
for treating fevers [11, 12]. Hence, in this study we opted
to explore the pharmacological properties of the flower
extract of L. speciosa.
The mechanisms of generation of Reactive Oxygen

Species (ROS), and scavenging of ROS, operate within
living cells. However, damages are inflicted on several
cellular macromolecules when there is an imbalance be-
tween the generation of ROS and the rate of scavenging.
ROS have direct and indirect relationships with oxida-
tion of cellular biomolecules resulting in many health
disorders such as neurodegenerative disease, hyperten-
sion, inflammation, diabetes, cancer and aging [13]. Liv-
ing organisms respond to ROS by producing antioxidant
enzymes as well as they possess genetically regulated
adaptive mechanisms against ROS. However, once the
free radicals and ROS overwhelm the regulatory ability
of the body, a state of oxidative stress ensues. Supple-
mentation of anti-oxidants, in the normal diet, helps
control the ROS-mediated macromolecular damages
[14]. The use of natural compounds as complementary
and alternative drug is on rise due to the lesser side ef-
fects compared to synthetic drugs. At present, natural
antioxidants are also used as alternative to synthetic
antioxidants in the cosmetic, pharmaceutical and in the
food industries [15]. Moreover, presence of considerable
quantity of antioxidants in Plant Part Extract (PPE) has
always been a dependable clue for the investigators to
hypothesize its usefulness in prevention and/or treatment

of human diseases in which free radicals and other ROS
have been associated. Therefore, hepatoprotective
potentiality of PPE is generally evaluated against CCl4- in-
duced liver damages in murine model [16, 17]. Several
lead chemicals like silymarin, β-sitosterol, betalain,
neoandrographolide, phyllanthin, andrographolide, curcu-
min, picroside, hypophyllanthin, kutkoside, and glycyrrhi-
zin that have demonstrable hepatoprotective properties,
were characterized from several PPEs [18]. High antioxi-
dant activity in flower extracts of different plants such as
Tecoma stans, Hibiscus sabdariffa, Calendula officinalis,
and Crocus sativus, were screened for hepatoprotective ac-
tivity by the previous research and proved viable. [19–22].
In the present study, in vitro antioxidant potential of

80% ethanolic extract of flower of L. speciosa was deter-
mined in addition to the quantification of phenolic and
flavonoid contents. Prevention of hepatic cell damage by
flower-extract in CCl4-intoxicated mice was demon-
strated. Cytotoxicity tests of the flower-extract were con-
ducted using murein spleenocytes and cancareous cell
lines, MCF7 and HepG2. Since flower extract was found
safe in cell-line study, we propose a future development
of a suitable health drink from L. speciosa petals, a
widely accessible natural bio-resource (Additional file 2:
Figure S2).

Methods
Preparation of plant extract
The flowers were collected in the month of March (aver-
age number of flowers per tree remain higher than Feb-
ruary or April) 2014, from Lagerstroemia speciosa (Jarul)
trees within the campus of North Bengal University,
West Bengal, India. The tree (Accession number- 10512)
was authenticated by the Department of Botany, North
Bengal University. The petals of the flower were sepa-
rated and washed thrice with distilled water to remove
dust. The washed petals were sun dried and treated at
50 °C for two hours to eliminate moisture. Dried petals
were then milled with a grinder (Maharani, India, Model
–Sujata Dynamix). The fine powdered petal was stored
in a refrigerator at −20 °C. One hundred gm of the dried
powder was stirred in 1 L of 80% ethanol for 1 hour.
The mixture was refluxed for 2 hours in soxhlet. After
2 hours, the mixture was centrifuged at 8000 rpm for
15 minutes. Supernatant was collected and concentrated
by Rotary evaporator (45 °C) and finally freeze dried.
The extract was stored in air-tight vessel at −20 °C for
further studies.

Determination of antioxidant activity (in vitro)
In vitro assays
The total antioxidant, DPPH radical scavenging, hy-
droxyl radical scavenging, superoxide radical scavenging,
nitric acid radical scavenging, singlet oxygen scavenging,
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reducing power, Fe2+ chelation, peroxynitrite scavenging
and hypochlorous acid scavenging activities were deter-
mined by following the previous reported methods with
minor modification[23, 24].

Determination of erythrocyte-membrane stabilizing
activity
The erythrocyte membrane stabilizing activity was per-
formed by following a standard method as described by
Dey et al. [25]. Briefly, varying concentrations of LFE
(0–200 μg/ml) was added to the mixture of 50 mM
phosphate buffer (0.5 ml; pH 7.2), distilled water (1 ml),
10% RBC suspension (0.25 ml PBS), 12 mM EDTA
(100 μl), NBT (150 μl of 1% solution), and riboflavin
(100 μl), and kept under bright light for 30 sec and incu-
bated for 30 min at 50 °C followed by centrifugation at
1000 rpm for 10 min. The absorbance of the supernatant
was measured at 562 nm. The same assay was done with
the standard compound, quercetin.

Determination of total phenolic content
The total phenolics content of LFE was determined using
Folin-Ciocalteu method [23]. A standard curve prepared
with known quantities of gallic acid (R2 = 0.9468) was used
to measure the phenolic content of LFE.

Determination of total flavonoid content
The total flavonoids content was determined with alu-
minium chloride (AlCl3) described by Hazra et al. [23].
The flavonoid content was ascertained from the stand-
ard curve prepared with known quantities of quercetin
(R2 = 0.9947).

Determination of cytotoxicity
MTT Cytotoxicity assay for murine spleenocytes
The spleen was separated from a sacrificed Swiss albino
mice. Cell suspension (2 × 106 cells/ml) was prepared in
RPMI- 1640 medium supplemented with 50 U/ml peni-
cillin, 50 U/ml streptomycin, 50 U/ml nystatin and 10%
FBS as per reported method.EZcount ™ MTT Cell Assay
Kit (HiMedia CCK003) was used, following manufac-
turers instruction, to determine the cytotoxicity. The
percentage of cytotoxicity was calculated using the for-
mula: (Y – X) ÷ Y × 100 [where Y is the mean optical
density of the control (DMSO treated cells); and X is the
mean optical density of the treated cells with LFE].

Determination of effect of LFE on cancerous cells
following MTT assay
The effect of LFE on cancerous cell lines was measured
using a known MTT-assay protocol as described by
Denizot & Lang [26] but with minor modifications. Two
different cancerous cells, human breast adenocarcinoma
cell line (MCF 7) and human hepatocarcinome cell line

(HepG2) were obtained from National Centre for Cell
Science, Pune, India. Both the cell lines were treated
with different concentrations of LFE in this study.

Determination of in-vivo antioxidant activity of LFE
Maintenance of Swiss albino mice
Swiss albino mice (6–8 weeks) of both sexes (equal number
of mice from each sex) were maintained individually (one
animal per cage in order to prevent aggression, if any, of
one towards the other of the same sex or opposite) inside
the cage bins (Tarson, India) with rice husk bedding in the
animal enclosure of the Department of Biotechnology,
University of North Bengal by maintaining proper photo-
period (12 h), temperature (25 ± 20 C) and humidity (55 ±
5%). The animals were provided pellet food (Pranav Agro
Pvt. Ltd. India) and filtered (Aquaguard Eureka Forbes) tap
water ad libitum. All experiments were approved by the
ethical committee University of North Bengal (NO.840/ac/
04 CPCSEA; date: 15.09.2010).

Determination of acute toxicity of LFE
Acute toxicity of LFE was studied following OECD in
full guidelines (test 423: Acute oral toxicity – Acute
toxic class method; 2002) [OECD Library]. Mice were
divided into four groups (n = 6) and fasted overnight
prior to the experiment. LFE was administered orally at
250, 500, 1000 and 1500 mg/kg body weight (bw) dose.
The experimental mice were carefully observed for de-
velopment of any clinical or toxicological symptoms at
different time-period, 0.5, 2, 4, 8, 24 and 48 h.

CCl4 intoxication of experimental mice followed by
treatment with LFE or silymarin
Swiss albino mice, male or female, were randomly dis-
tributed into 5 groups (n = 6) and for consecutive 10 days
they received treatments once per day as per design
illustrated below.
The group that received normal saline was used as

control. The other groups were : (i) CCl4 group which
received 1:1 (v/v) CCl4 in olive oil; (ii) Silymarin group
that received 1:1 (v/v) CCl4 in olive oil and 100 mg/kg
bw silymarin; (iii) Lower dose (LD) of LFE treated group
which received 1:1 (v/v) CCl4 in olive oil and 100 mg/kg
bw LFE; and (iv) higher dose (HD) of LFE treated group
which received 1:1 (v/v) CCl4 in olive oil and 250 mg/kg
bw LFE.
After cardiac punctures of the anesthesized mice (for

collection of blood) made on 11th day (i.e. 24 h after the
last treatment), the animals were sacrificed. Blood was
allowed to clot for 60 min at room temperature (20 °C)
and then serum was separated by centrifuging at
1000 rpm for 5 min. Serum was used to study marker
enzymes specific to liver. The liver was surgically re-
moved from the anesthesized animals after the cardiac
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puncture and before the final sacrifice. Surgically sepa-
rated livers were washed with double distilled water to
remove blood and homogenized tissues were used for
antioxidant enzymatic assays. Liver tissues were col-
lected in Bouin’s solution for histological studies.

Liver function test
The serum samples from each group were used to study
Acid Phosphotase (ACP), Alkaline phosphatise (ALP),
Aspartate aminotransferase (AST), Alanine aminotransfer-
ase (ALT) and total protein using commercially available
kits (Biosystems; 11548, 11592, 11830, 11832, 11800).

Determination of Catalase activity (CAT), lipid
peroxidation activity (LPO) and reduced Glutathione
(GSH) determination
CAT activity was measured by the method described by
earlier authors [27]. Lipid peroxidation was quantified by
thiobarbituric acid (TBA) reaction with malondialdehyde
(MDA). The amount of MDA was assessed by measuring
the absorbance of supernatant at 540 nm at room
temperature against an appropriate blank [27]. Glutathione
was determined by the modified method of Ellman [28].

Histological studies
Livers were removed from the animals of the in vivo ex-
periments after collection of blood and were fixed over-
night in 10% buffered formalin. The samples were
subjected to dehydration and the embedded in paraffin.
Thin sections (4 μm) of the paraffin embedded livers
were cut by microtome and then de-waxed in xylene,
rehydrated in a series of different grades of alcohol and
then washed with distilled water for 5 min. Subse-
quently, the sections were stained with haematoxylin for
40 s and counterstained with eosin for 20 s. The sections
were dehydrated in graded alcohol series and washed in
xylene. The slides were observed using Magnus trinocu-
lar microscope MLX-TR (Olympus microscopes) for
signs of necrosis, portal inflammation, vascular conges-
tion, fatty infiltration, vacuolar degeneration, leukocyte
infiltration, loss of structure of hepatic nodules and so
forth.

Spectroscopic characterization of LFE
All UV–vis spectra were recorded in the range of 200–
800 nm at room temperature with UV-1700 Spectrom-
eter (Jasco Make, Tokyo, Japan). IR spectra of LFE
obtained with Shimadzu FT-IR (Japan) were monitored
by mulling in KBr. The Energy-dispersive Spectroscopy
(EDS) was done with JEOL Model JED – 2300 to analyse
the presence of different elements in the LFE.

GC–MS analysis of LFE
LFE was dissolved in n-hexane and the mixture was centri-
fuged thrice at 12,000 rpm for 15 min. The clear super-
natant was used for GC–MS analysis. Agilent 5975
CGCMS system (Agilent Technologies, USA) attached with
HP-5 ms Capillary Column (30 m × 0.25 mm i.d. ×
0.25 μm film thickness) and equipped with inert MSD triple
axis mass detector condition edation trap 200 °C, transfer
line 280 °C, electronenergy70eV (vacuum pressure-2.21e-
0.5 Torr) was used for analysis. The carrier gas, helium,
was used at a flow rate of 1 ml/min. 2 ml sample was
injected in a split less mode. The column temperature was
set at 60 °C for 1 min followed by 5 °C/min up to 250 °C.
The major and essential compounds in LFE were identified
by the retention times and mass fragmentation patterns
using Agilent Chem Station integrator and the database of
National Institute of Standard and Technology (NIST) with
a MS library version2011.

Statistical analysis
Assays were carried out in triplicate for all the experi-
ments. The results are expressed as mean and standard de-
viation values (mean ± SD). Differences between means
were determined by the analysis of variance (ANOVA),
which were analyzed with SPSS v. 1. Paired ‘t’ test was
done using Ky plot 5.0 (kyplot.software.informer.com/5.0/).

Results
In vitro antioxidant activity
The free radical scavenging activities of LFE in dose
dependent manner and the differences in activities com-
pared with standard compounds per test under varying
doses were statistically interpreted (Fig 1a–k). The half
maximal inhibitory concentration (IC50) of LFE or the
corresponding reference compounds is shown in Table 1.
LFE showed lower IC50 value than ascorbic acid, manni-
tol and curcumin in DPPH (p = 0.0022), hydroxyl radical
(p = 0.00001) and nitric oxide free radical (p = 0.002)
scavenging assays respectively; and found comparable
with superoxide radical shown by quercetin (p = 0.52)
and total antioxidant activity shown by trolox (p = 0.6).

Determination of reducing power
The reducing power of the LFE was determined. It was
found that reducing capacity of the LFE was dose-
dependent and comparable to the reference compound,
ascorbic acid (Fig. 1k).

Determination of Phenol content and flavonoids in LFE
The total amount of phenolic content present in ethano-
lic extracts of L. specioa was found to be 44.66 mg/ml
gallic acid equivalent per 100 mg plant extract. The total
flavonoid content of the LFE was 45.33 ± 0.004 mg/ml
quercetin equivalent per 100 mg plant extract.
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Fig. 1 (See legend on next page.)
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Cytotoxicity and MTT assay
Treatment of cancerous cell lines, MCF-7 and HepG2,
with LFE at different concentration from 0 to100 μg/ml
showed no effect on the growth and survivability. Cyto-
toxicity of LFE was also evaluated by using murine
spleenocytes and cytotoxic effect was not observed up-to
treatment of 200 ug/ml of LFE in spleenocytes.

Hepatoprotective activity of LFE

Acute toxicity study In the experimental mice, no signs
of mortality were observed up to 1500 mg LFE/kg BW
(highest dose used in this study). So, dosages of 100 mg/kg
(low dose) and 250 mg/kg (high dose) were selected for the
in-vivo hepatoprotective treatment.

Body and liver weight changes
Changes of the body and liver weight after the treatment
of LFE are shown in Table 2. Significant weight loss was
observed in CCl4 treated group whereas weight gain was
observed in the control and silymarin group; but inter-
estingly no significant weight gain was noticed in the ex-
perimental group. Hence, the percentage body weight
change of CCl4 treated group was highest compared to
the control, standard and experimental group.

Liver marker enzyme and biochemical parameters
In this study, liver marker enzymes were estimated to
obtain a clear picture of the medicinal potentiality of
LFE in case of hepatic injury. The effects of CCl4 and

subsequent administration of silymarin and LFE on the
Acid phosphatase (ACP), Alkaline phosphatase (ALP),
Aspartate transaminase (AST), Alanine transaminase
(ALT) and protein level and percentage changes were
shown in the Table 3. The levels of all the marker en-
zymes tested were found to be increased (except protein)
on CCl4 administration and subsequently decreased with
silymarin or LFE treatment.

Lipid peroxidation (LPO), enzymatic catalase (CAT), and
non-enzymatic reduced glutathione (GSH) level antioxidant
assays
Significant inhibitions of LPO (p ≤ 0.001), enzymatic
CAT (p ≤ 0.005) and non – enzymatic GSH (p ≤ 0.001)
occurred in CCl4 intoxicated mice when compared with
control (Fig. 2). LFE treatment enabled significant in-
crease in % inhibition of LPO (p ≤ 0.001), CAT (p ≤ 0.01)
and GSH (p ≤ 0.01) compared to CCl4 treated mice
(Fig. 2a).On the other hand, silymarin treatment has
similarly led to significant increase in % inhibition of
LPO (p ≤ 0.001), CAT (p ≤ 0.01) and GSH (p ≤ 0.001)
compared to CCl4 treated mice (Fig. 2b).

Histological comparison between liver tissue of CCl4-
intoxicated and CCl4-intoxicated but silymarin or LFE
treated mice
The histological injury was observed and counts in the liver
tissue of CCl4-intoxicated and CCl4 -intoxicated but sily-
marin or LFE treated (low dose or high dose) mice were
represented as injury score (Additional file 3: Table S1).

(See figure on previous page.)
Fig. 1 Free radical scavanging activity of Lagerstroemia flower extract (LFE). a Total antioxidant assay; b DPPH radical scavenging activity; c Singlet
oxygen scavenging activity; d Superoxide radical scavenging activity; e Peroxynitrite radical scavenging activity; f Nitric oxide scavenging activity;
g (i) and (ii). Fe chelation activity; h Hydroxy radical scavenging; i Hypocholorous radical scavenging activity; j Erythrocyte membrane stabilizing
activity; and k Reducing power assay. Paired ‘t’ test was done to interpret significant difference between effect of LFE and the known standard;
***, p < 0.001; **, p < 0.01; and *, p < 0.05

Table 1 Half maximal inhibitory concentration (IC50) value of LFE and standards compounds for different free radical scavenging
assays

S.No Assay Standard compound Calculated IC50 Standard Calculated IC50 LFE 2-sample t test
(p value)

1 DPPH Ascorbic acid 11.30 ± 1.23 3.23 ± 0.7 0.002

2 Superoxide radical Quercetin 63.83 ± 2.5 65.57 ± 3.4 0.52

3 Singlet Oxygen Lipoic acid 131.21 ± 8.3 162.72 ± 4.2 0.02

4 Total antioxidant assay Trolox 3.26 ± 1.7 3.89 ± 0.5 0.6

5 Hypochlorous scavenging activity Ascorbic acid 87.72 ± 4.9 124.03 ± 9.1 0.009

6 Hydroxyl radical Mannitol 332.93 ± 3.5 124.75 ± 5.8 0.00001

7 Nitric oxide Curcumin 109.60 ± 6.1 58.86 ± 7.5 0.0028

8 Peroxynitrite radical Gallic acid 591.65 ± 13.9 500 ± 12.2 0.003

9 Erythrocyte membrane stabilizing activity Quercetin 94.74 ± 5.5 152.48 ± 4.9 0.0008

10 Fe chelation EDTA 25.37 ± 3.5 118.771 ± 12.4 0.0062
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The haematoxalin – eosin staining of liver tissue sections
clearly displayed differences resulting from damages
inflicted by CCl4. The liver tissue sections of the control
group showed well maintained hepatocellular integrity,
healthy cellular architecture, and clear cytoplasm with
prominent nucleus (Fig 3a) while signs of tissue damages
were evident in CCl4 treated mice liver sections (Fig. 3b)
including signs of fibrosis (Fig. 3c and Additional file 4:
Figure S4). On treatment of silymarin, the signs of healing
of the damaged tissue were evident (Fig. 3d). Low dose
treatment (100 mg/kg body weight) of LFE helped to re-
duce the damage but to a lesser extent when compared to
silymarin treatment (Fig. 3e). Comparatively, treatment
with higher dose of LFE (250 mg/kg body weight) has
shown better recovery (Fig. 3 f). Total damage score was
very high in CCl4 intoxicated mice (23) compared to con-
trol (2), silymarin group (7) and LFE treated group LD (16)
and HD (9). (Additional file 3: Table S1).

Furier Transform Infrared (FTIR) spectroscopy
On analyses of FTIR spectra several intense peaks corre-
sponding to the defined functional groups were noted. It
indicated the presence of alcohols, phenols, carboxylic
acid, within range of 3000–3550 cm−1, aldehydes, ketones,
carboxylic acid at 1708 cm−1, amide bonds at 1604 cm−1,
amines, sulfones, sulfomyl chloride at 1316 cm−1, alcohols,
and carboxylic acids at 1176 cm−1 (Additional file 5:
Figure S5).

Energy dispersion spectroscopy
The elemental composition of the LFE was determined
by EDS (Additional file 6: Figure S6). The intense signals
in the range of 0–0.5 keV –strongly suggests that carbon
and oxygen were the major elements.Additionally, peak
for potassium element was also found. Again the ED
spectra have revealed absence of heavy metal.

GC–MS analysis
GC–MS analysis (Additional file 7: Figure S7) of LFE
has enabled identifying several small compounds of di-
verse chemical nature (Table 4), of which many of them
are reported to possess distinct and definitive pharmaco-
logical activities.

Discussion
Interest in antioxidants of natural origin as food and
health supplements has increased much because of their
potential to prevent and to reduce the risk of several dis-
eases without any toxic effect [29]. The plant species, L.
speciosa (L.) Pers, in the 1990’s, has attracted attention
of the scientists worldwide because of its special thera-
peutic properties particularly for diabetes, obesity, and
renal disorders [30, 31]. Although, different vegetative
parts as well as seeds of this plant were explored for po-
tential antioxidant agents [6, 7] but, only a single report
exists that has mentioned the antioxidant activity of L.
speciosa flowers [32]. Generally, antioxidant activities

Table 2 Comparision of body and liver weight of CCl4 induced with control (untreated), LFE treated and silymarin treated groups

Parameters (units) Control CCl4 Sylimarin LFE Low Dose
(100 mg/kg body weight)

LFE High Dose
(250 mg/kg body weight)

Initial body weight (g) 21.70 ± 0.48 22.31 ± 0.26 22.37 ± 0.46 22.03 ± 0.46 22.07 ± 0.71

Final body weight (g) 23.28 ± 0.42 20.81 ± 0.74 23.31 ± 0.39 22.38 ± 0.70 22.17 ± 0.66

Body weight change (%) 6.79 6.74 4.20 1.59 0.45

Liver weight (g) 4.86 ± 0.11 5.46 ± 0.09 4.59 ± 0.22 5.03 ± 0.14 4.90 ± 0.08

Relative liver weight (g) 20.88 26.24 19.69 22.48 22.10

Table 3 Extent of variation(s) in biochemical and enzymatic parameters in different groups treated with CCl4 or silymarin or LFE. The
data represents mean ± SD of six independent observations

Parameters (Units) Control CCl4 Silymarin LFE (Low Dose) LFE (High Dose)

ALP (K.A.) 7.75 ± 0.17 28.52 ± 1.87 ** 10.50 ± 1.61 NS 18.48 ± 1.33 ** 12.99 ± 0.22 **

ACP (K.A.) 4.06 ± 0.48 7.35 ± 0.11 ** 16.55 ± 0.43 ** 14.35 ± 0.34 *** 10.79 ± 0.50 **

AST (u/ml) 61.78 ± 2.48 133.21 ± 3.94*** 75.26 ± 3.29
***

126.27 ± 2.73
***

86.12 ± 4.29
***

ALT (u/ml) 51.27 ± 1.58 138.29 ± 4.83
***

68.28 ± 3.97
***

109.93 ± 3.75
***

81.28 ± 4.17
***

Protein (g/dl) 7.61 ± 0.27 4.42 ± 0.30 * 7.40 ± 0.30 NS 4.74 ± 0.10 ** 5.50 ± 0.19 *

N.S. P > 0.05 When compared with control, *P < =0.05 When compared with control, ** P < =0.01 When compared with control, *** P < =0.001 When compared
with control
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Fig. 2 Hepatoprotective effect of Lagerstroemia flower extract (LFE) or silymarin (SYL) in CCl4 treated mice. a Protective effect of LFE on catalase
(CAT) activity, reduced glutathione (GSH) and Lipid peroxidation (LPO) in CCl4 treated mice. b Protective effect of silymarin on catalase (CAT)
activity, reduced glutathione (GSH) and Lipid peroxidation (LPO) in CCl4 treated mice group. Comparisons were made with (i) control (CON); (ii)
CCl4 treated (no protection) (CON) for statistical inference (‘t’ test for paired comparison) to interpret significant difference (Data represented as
Mean ± SD of six observations. *, p < 0.05, **, p < 0.01 and ***, p < 0.001.)

Fig. 3 Photomicrographs: histological sections of mice liver samples. Pictures were taken under original magnification of 400X. a Liver section
from the control group demonstrating normal liver architecture with intact nucleus (IN), and normal sinusoids (NS); b Liver section from CCl4
induced damaged liver demonstrating highly deformed liver architecture with round congested portal vein (PV), bile duct proliferation (BdP), fatty
lesion due to intensive fatty infiltration (FI), sign of necrosis (N), dilated sinusoid (SD), leukocyte infiltration (LI); c Liver section from CCl4 induced
damaged liver demonstrating fibrosis (FB); d Liver section from Silymerin treated group demonstrating improved hepato-cellular architecture with
normal sinusoids and intact nucleus (IN); e Liver section from low dose LFE (100 mg/kg of body weight) treated group showing sign of necrosis
(N) [of lesser degree compared to the CCl4 group]; f Liver section from high dose LFE (250 mg/kg of body weight) treated group showing
improved liver architecture with normal sinusoids (NS) and intact nucleus (IN)
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present in the plant extracts are studied with reference
to hydrogen atom transfer (HAT), single electron trans-
fer (ET), reducing power, and metal chelation assays
[33]. Therefore, in the screening of antioxidant activity
of LFE, it showed strong scavenging capacity against
DPPH radical, singlet oxygen, superoxide radical, NO-
radicals and hydroxyl radical in a dose dependent way
(Fig. 1 and Table 1). Total antioxidant activity of LFE’s
was found similar to trolox (standard compound) in
neutralizing the radical cation ABTS•+ (Fig. 1a). Hypo-
chlorous acid is known to get produced from the site of
inflammation resulting from the oxidation of Cl− ions by
the neutrophil enzyme, myelo-peroxidase. The radical,
HOCl is known to degrade heme-prosthetic group and
inactivate the antioxidant enzyme, catalase. The HOCl
scavenging activity of the LFE corresponded with the in-
hibition of catalase deactivation (Fig 1i and Table 1).
Reducing power is also one of the measures to confirm

antioxidant activity and thus could serve as an indicator
of potential antioxidant activity [34]. In this study, the

reducing power of LFE was found comparable with
standard compound ascorbic acid (Fig. 1k). It was con-
jectured that compounds with chelating activity can in-
hibit lipid peroxidation by stabilizing transition metals.
Our results have indicated that the chelating effect of
LFE would be at least partly beneficial in protecting
against oxidative damage, but not efficient as EDTA.
The results also showed that LFE could protect erythro-
cyte membrane stabilizing activity better than the stand-
ard compound quercetin by means of scavenging
superoxide radicals (Table 1).
Our results revealed the presence of high contents of

phenolic and flavonoids in LFE, which is similar to an
earlier report [32]. Phenolics and flavanoid compounds
are capable of scavenging singlet oxygen and various free
radicals [35]. They may also help to prevent diseases as-
sociated with oxidative stress, such as atherosclerosis,
cancer and neurodegenerative diseases [36]. In this
study, results of cytotoxic activity in murine spleenocytes
and human MCF 7 and HepG2 cell lines have shown no

Table 4 Phytochemicals identified in the ethanolic extract of the flower of L.speciosa by GC-MS analysis

Sl. No. Compound name Chemical formula RT

1. 2,6-Nonadienal, 3,7-dimethyl- C11H18O 5.60

2. N-[4-(4-Chlorophenyl)isothiazol-5-yl)-1-methylpiperidin-2-imine C15H16ClN3S 5.84

3. 2-Furancarboxaldehyde, 5-methyl- C6H6O2 6.77

4. Formamide, N-[1-[(1-cyano-2-methylpropyl) hydroxyamino]-2-methylpropyl]- C10H19N3O2 6.94

5. Oxazolidine, 2,2-diethyl-3-methyl- C8H17NO 6.74

6. Oxirane, [(hexadecyloxy)methyl]- C19H38O2 9.27

7. 2H-Tetrazole, 2-(1,3-dioxolan-4-ylmethyl)- C6H10N4O2 9.76

8. Furylhydroxymethyl ketone C6H6O3 9.94

9. 2,3-Dimethylfumaric acid C6H8O4 10.46

10. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- C6H8O4 11.63

11. 2-Furanone, 3,4-dihydroxytetrahydr C4H6O 12.96

12. d-Ribo-hexos-3-ulose C6H10O6 13.62

13. 5-Hydroxymethylfurfural C6H6O3 13.97

14. d-Mannose C6H12O6 14.89

15. Tetradecanoic acid, 2-hydroxy- C14H28O3 15.25

16. 5-(Hydroxymethyl)-2-(dimethoxymethyl) furan C8H12O4 15.87

17. 1,2,3-Benzenetriol (Pyrogallol) C6H6O3 17.93

18. Desulphosinigrin C10H17NO6S 19.49

19. D-Allose C6H12O6 20.64

20. 3-tert-Butyl-4-hydroxyanisole (also known as 3-BHA, which is a potent antioxidant) C11H16O2 22.66

21. Benzoic acid, 4-hydroxy-3,5-dimethoxy- (also known as Syringic acid) C9H10O5 28.09

22. n-Hexadecanoic acid C16H32O2 31.03

23. Hexadecanoic acid, ethyl ester C18H36O2 31.70

24. 9,12-Octadecadienoic acid (Z, Z)- (also known as Linoleic acid) C18H32O2 34.23

25. 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z, Z, Z)- C21H36O4 34.34

26. γ-Sitosterol C29H50O 52.51
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inhibition in growth, thus ruling out toxic effect of LFE
on mammalian cells (data not shown). Taken together
all the results, we may say with caution that LFE is per-
haps safe for human consumption.
Moreover, it is essential to confirm in vitro results with

in vivo assays. A common hepatotoxin, CCl4, is generally
used to induce hepatic damage in animal model to
understand the extent of tissue damages for correlating
conditions that happen in human beings during acute
hepatitis [37]. In this perspective, we have used mice as
a model animal to check CCl4-induced hepatoxicity and
subsequent hepato-protection with the aid of LFE. When
mice is fed with CCl4, cytochrome P450 (liver enzyme)
metabolises it to two trichloromethyl radicals, CCl.3 and
CCl3OO., by cleaving the carbon chloride bond of car-
bon tetrachloride [38]. The trichloromethyl radicals gen-
erated from CCl4 initiate free radical-mediated lipid
peroxidation, which in turn leads to the accumulation of
oxidation products causing apoptosis or necrosis in liver
tissues [39]. We have found that LFE can heal CCl4 in-
duced damaged liver in mice (Fig. 3). In case of acute
hepatic damage (due to toxicity) in human beings, sily-
marin, an antioxidant flavanoid, is prescribed as a heal-
ing agent [40, 41]. The same compound, sylmarin, was
used as the control preventive agent in our experiment.
Results have shown that exposure to CCl4 caused signifi-
cant difference in body, liver and relative liver weights
with respect to the control group. Reduction in body
weight and increment in liver weight took place in CCl4
intoxicated mice with respect to the control group. Due
to CCl4 toxicity, relative liver weight of CCl4 treated
mice was found much higher than the control (Table 2).
It is known that liver weight generally increases due to
hepatic damage inflicted by trichloromethyl radical [42].
Liver weight may also increase due to consequent liver
fibrosis; and hypertrophy could therefore arise due to ac-
cumulation of glycogen in hepatocytes [43]. Hence,
changes in body and liver weight after CCl4 intoxication
provides direct evidence to the overall hepatic damage.
Treatment with LFE (250 mg/kg body weight) has sig-
nificantly prevented subsequent liver enlargement in
mice. Lowering of liver or relative liver weight in LFE
treated mice compared to CCl4 group reflected preven-
tion of fatty liver formation on CCl4 toxicity. On other
hand, weight gain was restricted in LFE treated group as
compared to control (untreated) groups (Table 2), for
which no definite explanation could be made; and it may
be due to presence of some anti-diabetic and anti obesity
compounds in LFE.
It is known that in case of extensive hepatic damages,

enzymes, like AST and ALT, leave the confinement
(within liver tissue) and escape into the circulatory sys-
tem [44, 45]. Hence, we have studied the levels of AST
and ALT in the serum of the diseased mice compared to

the untreated control. Serum AST and ALT levels were
found to increase markedly in CCl4 intoxicated mice
clearly indicating altered permeability of membranes and
hepatotoxicity. Interestingly, the level of AST and ALT
were significantly reduced by administration of LFE
(Table 3). Thus it was revealed that LFE can increase the
structural integrity/stabilization of plasma membrane,
which also supported the in-vitro erythrocyte membrane
stabilizing activity. Moreover, restoration of structural cell
integrity in case of treatment with LFE was supported by
histology (by comparing the histological sections, Fig. 3).
To understand more about the hepatoprotective effect
rendered by LFE, the total protein concentration was mea-
sured. Total protein level, which came down, in CCl4 in-
toxicated mice was partially restored by treatment with
LFE. The role of antioxidant activities of LFE in vivo was
studied by measuring activities of antioxidant enzymes
catalase (CAT) and the levels of GSH and TBARS in the
liver. TBARS (markers of lipid peroxidation) is used as a
main marker of hepatocellular injury [46]. Moreover, per-
oxidation of polyunsaturated fatty acids at the cell mem-
brane leads to a cytotoxic by-product, malondialdehyde
(MDA). During oxidative stress in liver, the amount of
MDA determines the extent of oxidative damage [47]. A
lower MDA value in liver tissue of mice indicated a stron-
ger protective activity in samples. Our results have shown
higher concentration of MDA in CCl4 treated group while
silymerin or LFE (High dose) group significantly reversed
these changes through reduction of lipid peroxidation and
decreased production of free radical derivatives. This in-
ference was substantiated by the observed decreased level
of TBARS. GSH (non-enzymatic antioxidants) is the
major non-protein thiol that plays a vital role in maintain-
ing the body’s antioxidant defence mechanism [48, 49]. It
was found that the level of GSH in the liver dropped down
in CCl4 intoxicated mice. It is of general perception that
accessibility of the liver cells to potential antioxidant mol-
ecules may prevent gross depletion of GSH to save the
organ from destruction by free radical assault. In our case,
perhaps, feeding of LFE has probably played an important
role in restoring the normal intracellular GSH level. Cata-
lase is an antioxidant enzyme which promotes the degrad-
ation of H2O2 into water and oxygen [50]. Inhibition of
enzymatic activities like catalase activity cause accumula-
tion of superoxide radical and H2O2, which attenuates a
cascade of free radical formation. Catalase was found to
be increased in LFE (High Dose) or silymerin treated
group compared to CCl4 treated group (Fig 2 a and b).
This restoration of catalase activity in LFE indicated the
potential of LFE as antioxidant and was thus comparable
to the known antioxidant, silymerin. These findings have
clearly indicated that LFE is capable of protecting the liver
by means of improving the enzymatic and non-enzymatic
antioxidant defense systems, thus significantly reducing
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the generation of in vivo free radicals activated by CCl4.
Histopathological observations have provided phenotypic
support in favour of LFE’s hepato-protective role in curb-
ing the intensity of damage done by CCl4 intoxication.
The occurrence of various signs of liver injury (Additional
file 3: Table S1) confirmed extensive hepatic tissue damage
in CCl4 group. CCl4 intoxication led to tissue degener-
ation in liver, which was clear from prominent signs of ne-
crosis. Silymarin and LFE administration demonstrated
regeneration of healthy liver tissue with much lesser signs
of injury as compared to CCl4 treated group. The micros-
copy has enabled to distinguish between prominent nu-
cleus containing organized hepatocytes (control) and the
deformed nucleus in ameboid overlapped hepatocytes ob-
served in CCl4 treated mice’s liver (Fig 3). Restoration of
tissue integrity (tight packed cells) was also observed in
Silymarin or LFE group. The fatty infiltrations, due to lipid
peroxidation, were prominent in CCl4 group, but found
lower in silymerin or LFE (High Dose) treated ones.
Nevertheless, treatment with LFE demonstrated promin-
ent restoration in hepatocytes. The reduced cytoplasm
vacuolization, mononuclear infiltration, prevention of ne-
crosis, and normalized sinusoidal spaces established the
hepatoprotective potential of LFE in recovering normal
hepatic histoarchitecture.
The antioxidant components present in the LFE was cor-

related with GCMS data (Additional file 5: Figure S5). The
phytochemicals, sitosterol, 1,2,3-benzenetriol (pyrogallol),
3-tert-butyl-4-hydroxyanisole (also known as 3-BHA), syr-
ingic acid, oxazolidine-2, 4-dione, 9,12- Octadecadienoic
acid and furan-2- carboxylic acid-3-methyl- trimethyl silyl
ester identified from the GCMS data (Table 4) have re-
ported antioxidant activities [51–56]. Sitosterol has anti-
hepatotoxic activities which normalizes serum transminase
and hepatic antioxidant enzymes in hepato-compromised
animals [55]. There may be some more phytochemicals
(remained in the GCMS data beyond the known ones) in
LFE which are yet to be identified as hepatoprotective
agents. In one of our previous reports, it was shown that
multiple constituents of a PPE may act synergistically or ad-
ditively to affect the biological system [57]. There are also
other reports on using combination of compounds to gain
higher therapeutic effectiveness over singly administered
compound(s) [58]. Based on this philosophy, we propose
the therapeutic prospect of the flower extract of Lagerstroe-
mia speciosa (L.) Pers in treating liver damages (Additional
file 2: Figure S2).

Conclusion
This study has revealed the antioxidant activity of L. spe-
ciosa flower extract (LFE), more comprehensibly, by con-
ducting in-vivo studies in addition to in vitro tests. LFE
can scavenge or neutralize free radicals of different origin
and chelate ferrous ion. There was no toxic effect of LFE

on murine spleenocytes and human MCF7 and HepG2 cell
lines. The in-vivo tests have indicated that feeding of LFE
has several manifestations, like reduction of MDA level, in-
crease in GSH level, and restoration of catalase in CCl4 in-
toxicated mice, to reverse liver damage to a considerable
extent. Furthermore, GCMS analyses have confirmed the
presence of various compounds reported as potential anti-
oxidant. These compounds may have contributed towards
protection against damages inflicted by free radicals. Sum-
ming up all the properties shown by LFE, L. speciosa
flowers could be a promising candidate as functional food,
obviously after satisfying FDA recommendations. The fact
remains that even in the face of rapid urbanization, major-
ity of Indians live in the villages. There are several tribal
pockets. Liver damages (both alcoholic and non-alcoholic
damaged liver patients are innumerable) are rampant
among the rural people. Popularizing such drink which
people themselves can prepare will be beneficial to the so-
ciety at large (Additional file 2: Figure S2).
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