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Herbals are the core of traditional 

medicine. Several plants have been 

identified and extensively utilized for 

their therapeutic value from the very 

beginning of civilization. More than 

3000 plants species from 200 families 

were identified to have medicinal 

properties in the region of Eastern 

Himalayas, Western Ghats and 

Andaman & Nicobar Island of India. 

Clerodendrum is a member of 

Lamiaceae family; mostly they are 

perennial shrubs and in Indian 

Ayurvedic system they are used in 

many of the herbal preparations. 

Species  of  Clerodendrum  are 

distributed in tropical regions of Asia 

including India, Myanmar, Bangladesh, 

Malayasia, Indonesia, Thailand, 

Bhutan, Nepal and also in temperate 

Tibet. Moreover, the medicinal 

properties of the species are attributed 

to their phytochemical constituents that 

are believed to cure varied ailments. 

Although, ethnobotanically, they have 

diverse medicinal properties but their 

experimental validations are largely 

incomprehensible. Therefore, the 

present study was conducted to 

evaluate some of the medicinal 

properties and related pharmacological 

potentialities of selected members of 

the genus Clerodendrum. Initial 

screening was done by evaluating the 

in-vitro antioxidant and antimicrobial 

activities. The potent hepatoprotective 

potentiality was studied on haloalkane 

induced acute hepatic damage in 

m o u s e .  T h e  a c c l a i m e d 

neuromodulatory activity of C. 

serratum was investigated on 

scopolamine induced murine model. In

-depth nephrotoxicity study was also 

conducted on rat model. A detailed 

phytochemical analysis was also 

performed to elucidate the major 

bioactive species in the plant. In 

addition, an attempt was made to 

access the genetic relationship among 

the 11 species of Clerodendrum.  

In the antioxidant profiling, all the 

Clerodendrum species (CIL, VIL, CSL 

and CCL) exhibited higher free radical 

scavenging activity than the respective 

standard (ascorbic acid) as per DPPH 

assay. Among the four extracts, the 

CCL (65.78±1.04 % at 200µg/ml) 

extract showed higher percent of 
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inhibition when compared to standard 

(58.5±0.02 % at 200µg/ml). All the 

extracts of Clerodendrum species (CIL, 

VIL, CSL and CCL) were found to 

exhibit moderate scavenging activity in 

case of superoxide anion, hypochlorous 

acid, nitric oxide and lipid peroxidation 

scavenging assay in a dose dependent 

manner and highly significant 

scavenging activity in case of hydroxyl 

radical, peroxinitrate and hydrogen 

peroxide scavenging assay. Among the 

four species of Clerodendrum, CCL 

contained highest phenolic and 

flavonoid content. These contents exert 

crucial  antioxidant scavenging 

activities in all the plants which clearly 

display potent medicinal activity. 

To investigate the probable cytotoxic 

effects of extracts, a good deal of 

experiments were performed. In brief, 

significant percentage of erythrocyte 

membrane protection was detected in 

all of four extracts while negligible 

amount of haemolytic effect towards 

human erythrocytes was observed in 

CIL, VIL, CSL and CCL extract 

indicating non-detrimental effect on 

erythrocytes. Furthermore, MTT cell 

viability test on splenocyte cells 

revealed no cytotoxic effect on 

splenocyte cells during the exposure of 

highest dose. Therefore, all the extracts 

could be well treated as consumable bio

-safety stuff, making them suitable for 

the preparation of drugs involved in the 

treatment of various diseases. 

The methanolic extract of four 

Clerodendrum species namely C. 

indicum, C. inerme (syn: Volkameria 

inermis), C. serratum  and C. 

colebrookianum showed antibacterial 

activity against two pathogenic gram 

positive bacteria Bacillus subtilis, 

Staphylococcus aureus  and two 

pathogenic gram negative bacteria 

Escherichia coli and Enterobacter 

aerogenes at a concentration of 0.1, 

0.25, 0.5 and 1.0 mg/ml. The findings 

in the present study offer a scientific 

support to the use of leaves of four 

Clerodendrum species as a new 

antibacterial drug against bacterial 

infection in future. 

Based on the ethnopharmacological 

claims, hepatoprotective potentialities 

of C. indicum, V. inermis and C. 

colebrookianum were studied in CCl4 

induced murine model. The result 

demonstrated the significant inhibition 

of  catalase,  peroxidase,  SOD 

(superoxide dismutase) and reduced 

glutathione (GSH) by Clerodendrum 

(CIL, VIL and CCL) extracts occurred 

in CCl4 intoxicated mice when 

compared with the control. The MDA 
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content was elevated from 8.98 ± 1.56 

mM/litre in control to 19.27 ± 1.31 

mM/litre in CCl4 group. Significant 

results found when the elevated MDA 

level was lowered to 5.64 ± 0.86 mM/

litre after CCLH administration. 

However, significant (p < 0.001) 

lowering of NO level was observed in 

the treated groups. The NO level in 

silymarin and CCLH groups were 

142.37 ± 11.70 and 175.33 ± 12.50 % 

respectively when NO release of 

control was considered as 100 %. The 

detailed histopathological study also 

supports the in-vivo hepatoprotective 

activity. In this study, it is established 

that  the diminished catalase, 

peroxidase and superoxide dismutase 

levels and elevated MDA levels were 

s u b s e q u e n t l y  n o r m a l i z e d  b y 

Clerodendrum administration. 

Clerodendrum serratum demonstrated 

neuromodulatory activity by the 

i n h i b i t i o n  o f  i n - v i v o 

acetylcholinesterase, DPPH, catalase, 

GSH and SOD activities. The extent of 

inhibition of lipid peroxidation was 

significant in leaf extract. The 

neurotherapeutic effect of CSL 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 histological 

study and in-silico study also 

confirmed that this plant extract is 

p r o m i s i n g  i n  e l e v a t i n g 

n e u r o d e g e n e r a t i v e  d i s o r d e r s . 

Therefore, it seems likely that this 

plant can be used as anti-cognitive 

agent for future drug development in 

Alzheimer’s and Parkinson’s diseases. 

What’s more, C. serratum, an 

important medicinal member of 

Lamiaceae, was found to be used as a 

traditional nephrotoxic remedy in 

Bangladesh, Pakistan, Egypt, Nigeria 

and in Ayurveda as well. CSL extract 

showed promising result in all in-vivo 

enzymatic assays (Superoxide 

dismutase, Glutathione reductase, 

Lipid peroxidation and catalase) and in

-vitro biochemical assays (creatinine 

and urea). The histological slides and 

in-silico study confirmed that C. 

serratum extract is promising in 

elevating nephrotoxicity in rat model. 

Since the extracts exhibited potent 

antioxidant, hepatoprotective, anti-

neurodegenerative and nephrotoxic 

activity, it would be amicable for one 

to identify the active phytocompounds 
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responsible for those activities present 

in the extracts. In this regard, FTIR and 

GC-MS analysis have been considered. 

The IR spectrum of CIL, VIL and CCL 

extracts indicated the presence of 

major peaks like amines, ether, alcohol 

and carboxylic acid at 1081 cm-1, 1245 

cm - 1 ,  3294 cm - 1 ,  1734 cm - 1 

respectively. The present study was 

extended for the analysis pertaining to 

the identification of active compounds 

in CIL, VIL, CSL and CCL using GC-

MS method. A total number of forty 

five (45) phytocompounds have been 

identified in CIL (10 compounds), VIL 

(14 compounds), CSL (12 compounds) 

and CCL (10 compounds). Among the 

compounds, linoleic acid (LA), 

dodecanoic acid and hexadecanoic acid 

are some of the essential fatty acids 

that human being requires in diet. In 

addition, squalene and stigmasterol 

have been reported to be potent 

antioxidants and observed to be 

effective against several oxidative 

stress related diseases. Hence from the 

above illustration, it might be inferred 

that CIL, VIL, CSL and CCL extract 

could be regarded as a potent future 

antioxidative agents. 

To understand better activities at a 

molecular level an in-silico approach 

was adopted. A few essential proteins 

deeply involved in internal antioxidant 

machinery as well  as having 

implications in cell growth and 

proliferation cascades were thoroughly 

examined in a docking environment, 

where they were checked against the 

phytochemicals (ligands) present in our 

studied plants. The selected protein 

(Nrf2, Ap1 and p53) generally plays a 

vital role in cell division, development, 

apoptosis, tumor suppression and 

natural antioxidant properties. 24, 25-

Dihydroxyvitamin D of C. indicum 

(CIL), Ethyl iso allocholate of V. 

inermis (VIL) and Stigmasterol of C. 

colebrookianum, C. serratum (CCL 

and CSL) showed higher binding 

affinity compared to other compounds. 

Among them on an  average 

stigmasterol was found to have a slight 

upper hand compared to the remaining 

compounds. However, when individual 

interactions were compared, 24, 25-

Dihydroxyvitamin D displayed the 

highest binding affinity with Nrf2 

protein.  

The bioactive compounds of CIL, VIL 

and CCL were 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 
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with the health of the liver. These 

proteins acted as receptors required for 

molecular docking experiments. The 

highest binding affinity was found 

between Stigmasterol and a protein 

with PDB ID 3i7h which is the crystal 

structure of DDB1 in complex with H-

Box Motif of HBX. In addition, decent 

binding pattern was also admired 

between Stigmasterol and human brain 

membrane protein (dopamine receptor 

D3 protein; ID- 3PBL) claiming their 

strong function in the management of 

neurodegeneration like Alzheimer’s 

disease, Perkinson’s disease etc. 

Furthermore, successful binding 

between Stigmasterol and Polycystic 

kidney disease protein 1-like 2 (PKD2) 

demonstrates the best results with a 

binding affinity of -8.6 kcal/mol in 

autodock vina. Hence, present finding 

could open a new door to understand 

the roots of several diseases and 

disorders facilitating new drug 

discovery. 

After getting noteworthy results in all 

aspects of experimentation expressing 

its potent therapeutic activities, we 

focused on the isolation of active 

compounds from the leaves of V. 

inermis  (VIL)  us ing co lumn 

chromatography. The obtained 

fractions (fraction-1 and fraction-2) 

were elucidated by spectroscopic 

methods including IR, 1H-NMR and 

13C-NMR. After structure elucidation 

various biological activity such as 

antioxidant and antimicrobial activity 

of the isolated compounds were 

performed. The recorded IR and NMR 

spectrum of fraction-1 and fraction-2 

was compared with the literature 

spectral data and its quiet similar to the 

spectra of Squalene and 9, 12, 15-

Octadecatrienoic acid, methyl ester 

(linolenic acid methyl ester). The 

compounds also showed significant 

antioxidant and antimicrobial activity. 

In this study, in-vitro  callus 

regeneration of C. thomsoniae through 

nodal culture has been attempted. 

Murashige and Skoog’s medium 

supplemented with 2 mg/l BAP and 0.5 

mg/l NAA was found to be most 

effective in callus induction (85%). MS 

with BAP was found suitable for shoot 

and root development. To detect 

somaclonal fidelity in C. thomsoniae, 

RAPD and ISSR markers were 

employed. Ten RAPD decamers 

produced 65 amplicons, while ten ISSR 

primers generated 75 bands in both in-

vitro plantlets and field grown plants. 

The amplified products of parent plants 

and the regenerated plants were found 

to be monomorphic in RAPD and ISSR 
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analyses. A number of compounds with 

potential therapeutic and biological 

activity had been detected with the help 

of GC-MS analysis. Taking into 

account of all the GC-MS and in-silico 

molecular docking data, it can be 

concluded that some of these 

compounds may hold promise as 

medically relevant candidates and 

might prove beneficial in future drug 

development. 

Apart from medicinal aspect, no 

comprehensive attempt was carried out 

to explore the genetic variations among 

11 different species of Clerodendrum. 

Hence, an initiative was undertaken to 

discriminate the genetic variations 

among 11 important species of 

C l e r o d e n d r u m  t h r o u g h  DN A 

fingerprinting techniques. A good deal 

of genetic diversity was recorded in the 

present study. For instance, a total of 

495 polymorphic bands were generated 

during RAPD analysis ranging from 

124 bp to 1980 bp with 100% of 

polymorphism using 45 primers while 

in case of ISSR analysis a total of 15 

primers were used and all the primers 

showed positive response to generate 

distinct, scorable bands. A total of 229 

amplified bands were produced by the 

15 primers of which all the 229 were 

polymorphic. The frequency of 

polymorphism was therefore found to 

be 100%. The band size ranged 

between 111 bp to 1350 bp. Whereas, 

PCR-RFLP analysis accounted a total 

of 8, 4 and 12 polymorphic bands with 

100 %,  50 % and  70 . 58 % o f 

polymorphism in case of matK, Rps16 

and trnL-trnF region of the chloroplast 

genome respectively. It may be 

presumed that this polymorphism was 

resulted due to their polyphyletic 

nature of 11 species under the genus 

Clerodendrum. Further DNA barcode 

analysis by means of matK, Rps16 and 

TrnL-F clearly reflected that two 

subfamily Symphorematoideae and 

Nepetoideae very close to Ajugoideae 

which validates the traditional 

classification of Cronquist. 
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Ancient civilization to present humans, 

every culture all over the world has 

been using plants as a source of natural 

medicine for their survival. This 

dependency led the indigenous people 

living in harmony with nature to evolve 

a unique system of medicinal plant 

practices (Teron and Borthakur, 2014). 

This new branch of science is known 

as “Ethno-botany”. The description of 

the traditional knowledge of medicinal 

plants has been written in different 

ancient literatures of India including 

Veda, Purana and Upanishad (Ahmad 

et al., 2006). In ancient Egypt, 

“Mummy” the dead body was 

preserved by using some plant extracts 

which is unknown till date. Dioscorides 

wrote De Materia Medica, a catalogue 

of more than 500 medicinal plants 

which remained an authoritative 

reference from the first century into the 

seventeenth century and became the 

prototype for modern pharmacopoeias 

(Stockwell, 1988). 

In Africa, Asia and Latin America 

traditional medicine and medicinal 

plants have continued to play a vital 

role in their health care systems. 

Acco rd i n g  t o  W o r l d  Hea l t h 

Organization (WHO), a variety of 

drugs are obtained from different 

medicinal plants and about 80% of the 

world‟s developing populations 

depends on traditional medicine for 

their primary health care needs (Singh 

et al., 2012). In 2001, it was estimated 

that approximately 25% of prescribed 

drugs originated from plants of which 

121 active compounds were then in use 

(Houghton, 2001; Rates, 2001). In 

addition, of the 252 medicines 

considered as basic and essential by the 
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WHO, 11% originated exclusively 

from plants and a significant number 

were synthesized from naturally 

occurring precursors. Different plant 

species are used as main ingredient for 

the preparation of modern phyto-

medicines which has explored in the 

last few years. They are still being 

collected from the nature and also play 

an important role in drug development 

programs of pharmaceutical industry. 

A significant number of drugs were 

obtained from different plant 

precursors namely, digitoxin (Digitalis 

spp.), vincristine and vinblastine 

(Catharanthus roseus ), quinine 

(Cinchona sp.), atropine (Atropa 

belladona), morphine and codeine 

(Papaver somniferum) etc. 

However, the difficulty in the use of 

medicinal plants is that they are usually 

used without any standardization. This 

makes it difficult to document and 

introduce a system of verification or 

assessment for the efficacy of the 

treatment. Plants may contain 

constituents that can be used to treat 

d i seas es  su ch  a s  in fec t ions , 

i n f l amm at or y con d i t ion s  and 

cardiovascular diseases, but the 

scientific information on most of these 

medicinal plants in use are lacking. 

Therefore, as part of the efforts to 

promote the use of medicinal plants 

either as an alternative or an adjunct to 

conventional medicine, it is necessary 

for scientists to carry out investigations 

into herbal medicines. A bridge will 

help to minimize the gap between 

conventional and herbal medicines.  

India, one of the richest floristic 

regions of the world, has diverse 

socioeconomic, ethnic, linguistic and 

cultural areas. There are about 54 

million indigenous people of different 

ethnic groups colonizing various 

regions of the country. The aboriginal 

groups have their own distinctive 

culture, religious rites, food habit and a 

rich knowledge of plant utilization 

(Mahishi et al., 2005; Boro and Sarma, 

2013) which pass orally generation to 

generation. Therefore, the traditional 

knowledge of medicinal plants and 

their use in treating several ailments 

might reasonably be expected in India 

due to its rich floristic vegetation (Shil 

et al., 2014). Chandel et al. (1996) have 

reported that nearly 70% of tribal and 

rural inhabitants of India are to a large 

extent depended on medicinal plants 

fo r  the i r  p r imary hea l thcare 

management due to either insufficient 

or inaccessible or less availability of 

modern healthcare system. Virtually, 

ethnobotanical survey may be regarded 
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as one of the most reliable approaches 

towards new drug discovery and it is a 

prerequisite for any developmental 

planning concerned with the welfare of 

tribal and their environment (Lokho 

and Narasimhan, 2013). Nonetheless, 

in recent times medicinal plants 

became the backbone of herbal drugs 

being used over the world wide.  

Medicinal plants are also well-

documented and long been utilized as 

the basis of many traditional medicine 

exerting protective effects against 

several diseases in human body due to 

their antioxidative properties (Goyal et 

al., 2011). Medicinal plants are rich in 

po lypheno l s  which  have  the 

antioxidant and redox properties that 

act against reactive oxygen species 

(ROS) and reactive nitrogen species 

(RNS) including hydroxyl radical 

(OH•ˉ), superoxide anions (O2
•ˉ), singlet 

oxygen (1O2), hydrogen peroxide 

(H2O2), nitric oxide (NO), peroxynitrite 

radicals (ONOOˉ) etc. (Justesen and 

Knuthsen, 2001). 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 (Nimse and Pal, 

2015). ROS in low concentration is 

essential for our physiological 

functions like cellular growth, gene 

expression and providing defense 

against infection. However, inability to 

detoxify excess ROS by our body may 

cause oxidative stress.  The oxidative 

stress may in turn increases the risk of 

various diseases like diabetes, cancer, 

obesity, rheumatoid arthritis, cognitive 

disorders and is largely involved in 

ageing (Durackova, 2010, Poyton et 

al. ,  2009).  The mitochondrial 

respiratory chain also produces nitric 

oxide (NO) under hypoxic condition, 

which can generate reactive nitrogen 

species (RNS) (Durackova, 2010). 

RNS induces excessive l ipid 

peroxidation which may lead to the 

production of other reactive species 

l i k e  r eac t i v e  a l d eh yd es  and 

malondialdehyde. The reaction 

between nitric oxide and super oxide is 

resultant of peroxynitrate, a potent and 

very active oxidant that can attack a 

wide array of biological functions. 

These „oxyradical overload‟ may lead 

to a variety of diseases including 
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cellular inflammation and cancer by 

way of DNA damage, protein 

m o d i f i c a t i o n  a n d  c h a n g i n g 

transcriptional parameters (Durackova, 

2010). 

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 or an 

oxidative environment which in turn 

might lead to damage of healthy 

neighbouring epithelial and stomatal 

cells over a long period of exposure 

and might lead to cancer (Fig. 1.1) 

(Perwez Hussain and Harris, 2007; 

Reuter et al., 2010). Besides, FasL, a 

type II membrane protein belonging to 

the tumor necrosis factor (TNF) family, 

has also been reported to be associated 

with ROS generation causing necrotic 

Fig. 1.1.  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 biologi-

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

cal; 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 synthase; MPO: Myeloperoxidase; MDA: Malondialde-

hyde; 4-HNE: 4-hydroxynonenol].  

cal systems by cellular stress and even leading to carcinogenesis. [HOCl: Hypochlorous 
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cell death (Medan et al., 2005; 

Vercammen et al., 1998) while 

NADPH oxidase, a membrane bound 

enzyme complex was also involved to 

yield different ROS (Han et al., 1998; 

P h a m - H u y  e t  a l . ,  2 0 0 8 ) . 

Simultaneously, toll like receptors 

(TLR) can also induce the ROS 

production (Marcato et al., 2008) 

which trigger the signals for cell 

apoptosis.  

A plethora of evidences suggested that 

herbal plants, vegetables and fruits own 

antioxidative compounds such as 

phenolics, flavonoids, tannins and 

proanthocyanidins which alleviate or 

neutralize the free radicals. Moreover, 

the intake of natural antioxidants has 

been inversely associated with 

morbidity and mortality from 

degenerative disorders (Gulcin, 2012). 

H o w e v e r ,  s e v e r a l  s y n t h e t i c 

antioxidants namely, butylated 

hydroxyanisole (BHA), butylated 

hydroxytoluene (BHT) etc. available in 

the market that has been reported to 

show adverse health effects (Shahidi 

and Zhong, 2005). Hence, there is an 

emerging tendency to shift towards 

naturally occurring antioxidants for the 

prevention and treatment of diseases as 

well as maintenance of human health 

(Halliwell and Gutteridge, 1981).  

Oxidative stress is an imbalance 

between the production of free radicals 

(reactive oxygen species, ROS and 

reactive nitrogen species RNS) and the 

inability to detoxify them through 

protective mechanisms. The brain is 

very much sensitive to oxidative stress 

because  of  i t s  extensive O 2 

consumption ability, lipid rich 

constitution and modest antioxidant 

defence mechanism (Ng et al., 2008; 

Halliwell, 2006). The oxidative stress 

in brain can cause several brain 

disorders including neurogenerative 

diseases (Reynolds et al., 2007) and 

depression (Belmaker and Agam, 

2008). Neurodegenerative disorders are 

one kind of abnormalities that affect 

brain‟s capability to remember and 

process information at late age, could 

be balanced by the antioxidative 

defence system (Trivedi, 2006). 

Whereas, depression is a mood 

disorder characterized by persistently 

low mood, loss of interest and a feeling 

of sadness. ROS generated oxidative 

stress has been linked with several 

diseases such as schizophrenia, bi-

polar disorder and major depressive 

disorder (Fig. 1.2) (Valko et al., 2007; 

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

2001). Hence, neurodegenerative 

disorder has emerged as a great public 
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health concern, thereby demand 

intervention to ameliorate oxidative 

stress. Several approved drugs 

inc lud ing  donepez i l ,  t ac r ine , 

rivastigmine, galanthamine etc., to 

some extent alleviate the symptoms of 

neurogenerative diseases. 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). 

In our biological system, excessive 

reactive species derived from oxygen 

and nitrogen may lead to tissues and 

organ damage. 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. Liver fibrosis is 

the gateway to several liver related 

ailments and among all the reasons for 

liver dysfunctions, the exposure to 

toxic reagents and drug is prime 

(Cichoż-Lach and Michalak, 2014). 

Fig. 1.2. 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 sys-

tems by cellular stress and even leading to different types of mental disorders. [NOX: Ni-

trous oxide; TNF-α: Tumor necrosis factor α; ERK: Extra cellular signal regulated kinases; 

SOD: Super oxide dismutase].  
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Carbon tetrachloride (CCl 4) is 

considered as a haloalkene which is 

extensively used to generate oxidative 

stress and cause the liver injury (Weber 

et al., 2003). Liver damage by CCl4 is 

primarily associated with free radicals 

mediated tissue injury, inflammatory 

damages and activation of intracellular 

signaling cascade that intensify pro-

inflammatory gene expression (Dutta et 

al., 2018; Anderson et al., 1994) (Fig. 

1.3). Correspondingly, kidney disorder 

is progressively affecting a large 

number of populations and fatally 

reducing their quality of life (Fig. 1.4). 

Utilization of conventional medicines 

in liver and kidney injury is quite 

expensive as well as unreasonable to 

most of the patients. Furthermore, 

these drugs exert adverse side-effects 

due to chronic use. Inclusion of herbal 

remedy into conventional healthcare 

system may considerably improve the 

overall healthcare system. The 

advantage of herbal remedy over 

modern medicines is that most of the 

Fig. 1.3. 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 sys-

tems 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 induced hepatotoxicity causing oxida-

tive and nitrosative stress. Cyt P450: Cytochrome P450, CCl3
●: Trichloromethyle radical, 

CCl3OO●: Trichloromethylperoxy radical, TNF-α: Tumor necrosis factor-α.  
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herbal medicines are plant-based and 

comparatively cheaper, possess fewer 

or negligible side-effects owing easy 

acceptability. Therefore, the study on 

medicinal plants strongly supports the 

idea that plant constituents (i.e. 

phenolics, flavonoids, tannins, 

proanthocyanidins etc.) along with 

antioxidant properties are capable of 

exerting protective effects against 

oxidative stress, kidney disorder, 

cancer, neurodegeneration, aging etc.  

Approximately 3,000 plants species of 

more than 200 families were identified 

to have medicinal properties in the 

region of Eastern Himalayas, Western 

Ghats and Andaman & Nicobar Island 

of India (Prakasha et al., 2010). 

Among them there are few species 

which have good medicinal properties. 

During literature survey it was found 

that the genus Clerodendrum has 

excellent medicinal values as well as 

prominent traditional knowledge. 

Therefore, an attempt has been taken to 

explore this as a studied plant.  

Fig. 1.4. Schematic representation showing role of gentamicin in the induction of nephrotox-

icity. MAPK: Mitogen activated protein kinase; TNF-α: Tumor necrosis factor-α; NFκβ: 

Nuclear factor kappa β; TGFβ: Transforming growth factor-β; ICAM-1: Intercellular cellu-

lar adhesion molecule-1; MCP-1: Monocyte chemoattractant protein-1; O2
−: Superoxide 

radical; OH−: Hydroxyl radical; H2O2: Hydrogen peroxide; NO: Nitric oxide; OONO- : Per-

oxynitrate; ROS: Reactive oxygen species; RNS: Reactive nitrogen species.  
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It was in 1753, Linnaeus first describe 

the genus Clerodendrum, with the 

identification of C. infortunatum. 

Adanson changed the Latin name 

"Clerodendrum" to its Greek form 

„Clerodendron’ in the year 1763; and 

after a decade Moldenke(1942),  

changed  the  La t in ized  name 

'Clerodendrum', which is currently 

used for the classification and 

description of the genus and species 

(Rueda, 1993; Hsiao and Lin, 1995; 

Moldenke, 1985; Steane et al., 1999). 

In Greek „Klero‟ means chance and 

„dendron‟ means tree (Shrivastava and 

Patel, 2007).  

Shrivastava and Patel (2007) reported 

that, Clerodendrum is a very large and 

diverse genus with about 580 identified 

species is distributed throughout the 

world. But according to „The Plant 

List‟, 701 plants are enlisted under 

Clerodendrum with 327 accepted, 345 

synonym, 9 unplaced and 20 

u n r e s o l v e d  ( h t t p : / /

www.theplant l is t .org/browse/A/

Lamiaceae/Clerodendrum). Rajendran 

and Daniel (2002) recorded 23 species 

in India of which 16 were recorded 

from Arunachal Pradesh by Srivastava 

and Choudhary (2008). There is some 

c o n t r o v e r s y  o f  t h e  g e n u s 

Clerodendrum for its systematic 

position. Previously, Fletcher (1938), 

Kochummen (1978), Liang and Gilbert 

(1984) and Munir (1989)  placed 

Clerodendrum  i n  t he  fami l y 

Verbenaceae but with the use of 

modern  molecular  techniques 

Clerodendrum was shifted to the 

f am i l y  Lam i a ce ae  b a s ed  o n 

morphological  and  molecular 

phylogenic evidence (Cantino et al., 

1992; Harley et al., 2004). Recently, 

chloroplast DNA (cpDNA) restriction 

site data (Steane et al., 1997), nuclear 

ITS sequences (Steane et al., 1999) and 

the four relatively fast evolving 

chloroplast DNA regions (trnT-L, trnL-

F, trnD-T and trnS-fM) (Yuan et al., 

2010) were used to carry out the 

phylogenetic studies of the genus 

Clerodendrum and its related genera. 

From this study, it was strongly 

indicated that Clerodendrum is not 

monophyletic but rather is separated 

into three major clades that are in 

general  associated with their 

geographical distribution: an Asian 

clade, a Pantropical Coastal clade and 

an African clade. 

A number of species from this genus 

have been reported to have several 

medicinal properties including 

rheumatism, asthma, malaria, anti-

diabetic and anti -hypertensive 
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properties (Hazekamp et al., 2001; 

Kang et al., 2003; Chaturvedi et al., 

1984; Nath and Bordoloi, 1991). In 

fact, these species are characteristically 

used by the ethnic people as a source of 

polyherbal formulations in the 

management of several diseases in 

different parts of India (Ahmed, 1996; 

Nath and Bordoloi, 1991). Botanically, 

Clerodendrum is classified as follows 

(Cronquist, 1981): 

Kingdom: Plantae 

  Division: Magnoliophyta 

     Class: Magnoliopsida 

       Order: Lamiales 

         Family: Lamiaceae 

            Sub-family: Teucrioideae 

               Genus: Clerodendrum L. 

The different species of this genus are 

usually small trees, shrubs, herbs or 

climbers. Taxonomically the genus is 

characterized by simple opposite 

decussate leaves with most of them 

being petiolated. There is a wide 

variability in the sizes of the leaves. In 

C. aculeatum, the leaves range from 

0.9-4 cm in length and 0.3-1.4 cm in 

wide while C. paniculatum has leaves 

that are 6-35 cm long and 6-30 cm 

wide. The leaf shape is also variable 

with C. walichii having a lanceolate 

shape but C. japanicum being ovate 

shaped. The inflorescences of members 

of this genus are placed both axillary 

a n d  t e r m i n a l  p o s i t i o n .  T h e 

inflorescence ranges from 1-39 cm 

long to 1-25 cm wide. They may be 

cymes, panicles or solitary flowers 

which may be crowded or sparsely 

arranged. Almost all the species of 

Clerodendrum have foliaceous bracts 

and linear lanceolate bracteoles. The 

calyx is usually gamosepalous, 

commonly green but sometimes red or 

white. They are almost always 

campanulate, rarely elliptic, truncate, 5

-lobed, glabrous or pubescent. The size 

of the corolla ranges from 0.6-4.0 cm 

long to 0.3-2.0 cm wide. The corolla is 

hypocrateriform and may be white, red, 

pink or purple. The corolla is glabrous, 

pubescent or glandular puberulent. The 

fruits are drupaceous, mostly 

subglobose, ovoid or glabrous usually 

separating at maturity (Rueda, 1993). 

Evidences suggested that a few 

p re l i mi n a r y wo rk s  i n c lu d in g 

antioxidant activity, anti-aging, anti-

diarrhea, anti-asthmatic, hypoglycemic, 

anti-tumor etc. have been done with 

selective species of Clerodendrum. 

However, no attempt was made to 

support the ethnopharmacological 

claims. Even though, an in-depth 

m e d i c i n a l  p r o p e r t y  s h o w i n g 

comparative and comprehensive 
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information of Clerodendrum is still 

missing. 

More surprisingly, it has further been 

observed that there has no sufficient 

i n f o r m a t i o n  i l l u s t r a t i n g  t h e 

comprehensive genetic variation 

among the different medicinal species 

of Clerodendrum. Hence, an initiative 

step was carried out to explore the 

genetic variations of some species of 

C l e r o d e n d r u m  t h r o u g h  DN A 

fingerprinting techniques. Of the 

v a r i o u s ,  r a n d o m  a m p l i f i e d 

polymorphic DNA (RAPD) and 

microsatellite DNA marker like inter 

simple sequence repeat (ISSR) were 

recently shown to be sensitive for 

detecting variations among individuals 

between and within species, cultivars 

and varieties (Williams et al., 1990; 

Godwin et al., 1997). Besides, 

r e s t r i c t i o n  f r a g m e n t  l e n g t h 

polymorphism (RFLP) analysis is also 

used to investigate the phylogenetic 

re l a t ionsh ips  among spec i es . 

Subsequently, a new modified 

molecular technique i.e. DNA 

barcoding was developed to explore 

the evolution, genetic relatedness and 

identification of unknown animal and 

plants species resolving various 

anomalies in the taxonomic levels by 

using a short stretch of DNA sequence 

(Hebert et al., 2003). 

Hence, based on the therapeutic 

appraisal as mentioned above, 11 

different species of Clerodendrum 

including, Clerodendrum indicum (L.) 

Kuntze, C. inerme (L.) Gaertn. (Syn. 

Volkameria inermis L.), C. japonicum 

(Thunb.) Sweet, C. splendens G. Don, 

C. speciaosum  Dombrain ,  C. 

thomsoniae Balf. f., C. infortunatum L. 

(Syn. C. viscosum Vent.), C. serratum 

(L.) Moon (Syn. Rotheca serrata (L.) 

Steane & Mabb.), C. colebrookianum 

Walp., C. chinense (Osbeck) Mabb. 

(Syn. C. fragrans  Willd.), C. 

bracteatum Wall. ex Walp. found in 

different parts of North Bengal and 

Assam were employed in the present 

study. Hence, keeping all these in mind 

an initiative was undertaken to explore 

the varied medicinal properties of these 

11 species with the following 

objectives: 

 Survey and collection of species 

of Clerodendrum from different 

parts of North Bengal and Assam. 

 Maintenance of the germplasm in 

the experimental garden of the 

Department of Botany. 

 Assessment of antioxidant 

p r o p e r t i e s  o f  s e l e c t e d 

Clerodendrum extracts. 
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 Determination of cytotoxicity of 

extracts. 

 Measurement of ROS (Reactive 

Oxygen Species) generation in 

human hepatic cell line (WRL-68), 

human liver cancer cell line (Hep-

G2) and human embryonic kidney 

cell line (HEK-293). 

 To study the antimicrobial activity 

o f  s e l e c t e d  s p e c i e s  o f 

Clerodendrum. 

 To study the therapeutic properties 

o f  s e l e c t e d  s p e c i e s  o f 

Clerodendrum. 

(i) In-depth study of medicinal 

properties of selected plant 

including hepatoprotective 

activity on mice model. 

( i i ) E v a l u a t i o n  o f 

neuromodulatory activity of 

selected plant on mice model. 

(iii) In-depth study of medicinal 

properties of selected plant 

including nephrotoxicity on rat 

model. 

 High throughout phytochemical 

analysis using FT-IR and GC-MS 

analysis. 

 Selection of target compounds for 

novel drug discovery designing 

using in-silico approach. 

 Study of separation of compounds 

through column chromatography 

o f  s e l e c t e d  s p e c i e s  o f 

Clerodendrum and its bioactivity. 

 Study of  regenera t ion of 

Clerodendrum through tissue 

culture techniques. 

 Detection of somaclonal variation 

among the in-vitro regenerated 

plantlets. 

 Molecular Documentation 

(i) Detection of genetic 

variability and phylogenetic 

relationship among the 11 

species of Clerodendrum by 

different PCR based DNA 

fingerprinting methods like 

R a n d o m  A m p l i f i e d 

Polymorphic DNA (RAPD) 

and Inter Simple Sequence 

Repeat (ISSR). 

(ii) To study the matK, rps16 

and trnL-trnF region of 

chloroplast  genome of 

Clerodendrum using PCR-

RFLP. 

(iii) Exploitation of DNA 

b a r c o d e  a n a l y s i s  o f 

chloroplast genome of 11 

species of Clerodendrum 

using matK, rps16 and trnL-

trnF primers. 



REVIEW OF LITERATURE          

 

The review of literature on different 

species of Clerodendrum have 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 ‘Clerodendrum and 

traditional medicine, ‘Clerodendrum 

and therapeutic’, ‘Clerodendrum and 

anti-cancer’, ‘Clerodendrum and 

antioxidant’ 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. 

2.1. Brief history of Clerodendrum 

Clerodendrum is a flowering genus 

belongs to the family Lamiaceae; it is 

widely distributed in the tropical and 

warm temperate regions of the world, 

with most of the species occurring in 

tropical Africa and Asia. It is 

distributed in Northern Africa, Egypt 

and spreads through the remaining of 

Africa and Madagascar. The genus 

represents small trees, shrubs and herbs 

and is well known for its ornamental 

uses. Linnaeus first described the genus 

Clerodendrum in 1753, with the 

identification of C. infortunatum. 

Adanson changed the Latin name 

"Clerodendrum" to its Greek form 

"Clerodendron" in the year 1763 

(Shrivastava and Patel, 2007) and after 

Chapter 2 
Review of  Literature 

 

“Observation is a passive science, experimentation an active science”  
-Claude Bernard 
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a decade , Moldenke (1942)changed the 

Latinized name 'Clerodendrum', which 

is currently used for the classification 

and description of the genus and 

species (Moldenke, 1985; Rueda, 1993; 

Hsiao and Lin, 1995; Steane et al., 

1999). 

Clerodendrum is a very diverse and 

large genus with about 580 identified 

species are distributed throughout the 

world. Rajendran and Daniel (2002) 

recorded 23 species in India of which 

16 were recorded from Arunachal 

Pradesh by Srivastava and Choudhary 

(2008). 

2.2. Botanical Description 

The different species of this genus are 

usually small trees, shrubs, herbs and 

climbers. Taxonomically the genus is 

characterized by simple opposite 

decussate leaves with most of them 

being petiolated. There is a wide 

variability in the sizes of the leaves. In 

C. aculeatum, the leaves range 0.9-4 

cm in length and 0.3-1.4 cm in wide 

while C. paniculatum has leaves that 

are 6-35 cm long and 6-30 cm wide. 

The leaf shape is also variable with C. 

walichii having a lanceolate shape but 

C. japanicum being ovate shaped. The 

inflorescences of members of this 

genus are placed both axilliary and 

terminal position. The inflorescence 

ranges from 1-39 cm long and 1-25 cm 

wide. They may be cymes, panicles or 

solitary flowers which may be crowded 

or sparsely arranged. Almost all the 

species of Clerodendrum have 

foliaceous bracts and linear lanceolate 

bracteoles. The calyx is usually 

gamosepalous, commonly green but 

sometimes red or white. They are 

almost always campanulate, rarely 

elliptic, truncate, 5-lobed, glabrous or 

pubescent. The size of the corolla 

ranges from 0.6-4.0 cm long to 0.3-2.0 

c m  w i d e .  T h e  c o r o l l a  i s 

hypocrateriform and may be white, red, 

pink or purple. The corolla is glabrous, 

pubescent or glandular-puberulent. The 

frui ts  are mostly subglobose, 

drupaceous, ovoid or glabrous usually 

separating at maturity. The exocarp is 

fleshy and black when mature (Rueda, 

1993).  

2.3. Ethnomedicinal Uses of 

Clerodendrum 

A number of species from this genus 

have been documented to be used by 

various tribes in Asia and Africa. Many 

species of the genus have been used in 

traditional systems of medicine in 

many countries like India, China, 

Korea, Thailand and Japan (Shrivastava 

and Patel, 2007). Various plant parts 
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such as leaf and root extracts of C. 

phlomidis, C. serratum, C. indicum, C. 

chinense C. trichotomum and C. 

petasites have been used for the 

treatment of asthma, rheumatism and 

o t h e r  i n f l am m at o r y  d i s e a s e s 

(Hazekamp et al., 2001; Kang et al., 

2003; Panthong et al., 2003; Choi et 

al., 2004; Kanchanapoom et al., 2005). 

Plant species such as C. inerme and C. 

indicum are used for the treatment of 

coughs, serofulous infection, buboes 

problem, venereal infections, skin 

diseases and as a vermifuge, febrifuge, 

snake and scorpion bites (Lobo et al., 

2 0 0 6 ;  Begu m  e t  a l . ,  1 99 7 ; 

Kanchanapoom et al., 2001). It was 

also reported that tribals use C. inerme 

as an antidote for poisoning of fish, 

crabs and toads (Begum et al., 1997;  

Pandey et al., 2003). C. phlomidis, C. 

colebrookianum, C. calamitosum and 

C. trichotomum have been used for 

antidiabetic, antihypertensive and 

sedative properties (Chaturvedi et al., 

1984; Khan and Singh, 1996; Cheng et 

al., 2001; Kang et al., 2003; Chae et 

al., 2005; Choi et al., 2004). C. 

cyrtophyllum and C. chinense are used 

for the treatment of fever, jaundice, 

typhoid and syphilis (Cheng et al., 

2001; Kanchanapoom et al., 2005). 

Some species of Clerodendrum are 

cultivated as ornamental plants such as 

C. inerme, C. thomosoniae, C. indicum 

and C. speciosum.  

2.4. Chemical constituent of 

Clerodendrum 

Clerodendrum is an ethnomedicinally 

and traditionally important genus and 

used for the treatment of various 

diseases. Several researchers have been 

studied biologically active compounds 

f r o m  d i f f e r e n t  s p e c i e s  o f 

Clerodendrum by isolation and 

identifying the compounds and other 

major constituents from these. 

Research report revealed that the 

several chemical compounds present in 

different species of Clerodendrum, are 

steroids, terpenoids and flavonoids 

(Praveen et al., 2012).  

2.4.1. Steroids 

Steroids are a group of secondary 

metabolites which is present in the 

genus. Researchers have reported that β

-sitosterol is present in the roots of C. 

infortunatum, roots also contain 

clerosterol, clerodone and clerodolone 

which is identified as 5, 25- 

sigmastadien_3β-ol, lup_20 (30)-en-3β

-diol-12-one and 3β-hydroxylupan-12-

one (Bhattacharjee et al., 2011). β-

sitosterol is also found in the roots of 

C. phlomides (Gokani et al., 2011), C. 
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serratum (Jaya Babu et al., 1997), C. 

paniculatum (Joshi et al., 1979), C. 

fragrans (Singh and Singhi, 1981) and 

stem of C. indicum (Prakash and Garg, 

1981). C. indicum also contain 

clerodendrol (Tian and Sun, 1995). γ-

sitosterol and clerosterol is present in 

the roots of C. phlomides (Gokani et 

al., 2011). Clerodenoside-A is present 

in C. japonicum and it is identified as 

[β-3’- hydroxyl-4’-methoxyphenyl)-

ethyl]-2”,3”-di-o-acetyl-3-o-α-L-

rhamnopyranosyl)-(4-o-feroloyl)-β-D-

glucopyranoside (Tian and Sun, 1995). 

Clerosterol is also present in entire 

plant of C. bungei (Yang et al., 2002) 

and leaves and stem of C. inerme 

(Akihisa et al., 1989). Colebroside-A, 

colebrin A and B have also been 

isolated from the aerial parts of C. 

colebrookianum (Yang et al., 2000). 

Stigmasterol, cholesterol, poriferasterol 

and 22-Dehydroclerosterol have been 

isolated from the aerial parts, leaves 

and stem of C. fragrans (Akihisa et al., 

1989). Bungein-A, cleroindicin-A, 

cleroindicin-C, cleroindicin-E and 

cleroindicin-F has been isolated from 

C. bungei (Yang et al., 2002). List of 

steroids present in different species of 

Clerodendrum is depicted in Fig. 2.1. 

2.4.2. Terpinoids 

Terpenes are another class of 

secondary metabolites which include: 

monoterpenes, diterpenes, triterpenes, 

iridoids and sesquiterpenes. α-amyrin 

is isolated from the roots and stem of 

C. fragans (Singh and Singhi, 1981) 

and from the leaves and stem of C. 

inerme (Singh and Prakash, 1983). β-

amyrin is isolated from the roots of C. 

colebrookianum (Joshi et al., 1979) 

Fig. 2.1.  Selected steroid phytocompounds present in different Clerodendrum species.  
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and from the leaves and stem of C. 

inerme (Parveen et al., 2010) and from 

the roots of C. paniculatum (Joshi et 

al., 1979). Luperol has been isolated 

from C. viscosum (Bhattacharjee et al., 

2011). Clerodendrin A is a diterpene 

which has been isolated from the roots 

of C. phlomoides (Gokani et al., 2011) 

and Clerodendrin B, C and friedelin 

have been isolated from the leaves of 

C. inerme  (Rao et al., 1993). Clerodin 

which is a diterpene has been isolated 

from the flowers of C. infortunatum, C. 

phlomides and the leaves of C. 

brachyanthum  (Bhattacharjee et al., 

2011; Gokani et al., 2011; Lin et al., 

1989). Diterpenes like clerodinin A, B 

and C have been isolated from the 

leaves of C. brachyanthum (Lin et al., 

1989). Melittoside, monomelittoside 

and harpagide are isolated from C. 

fragans (Singh and Singhi, 1981). 

Ajugoside has been isolated from the 

leaves of C. thomsoniae (Lammel and 

Rimpler, 1981). Oleanolic acid has 

been isolated from the leaves and stem 

of C. colebrookianum (Yang et al., 

2000). Clerodinin A and oleanolic acid 

have been  i so la ted  f rom C. 

infortunatum  (Sannigrahi et al., 2012). 

List of terpinoids present in different 

species of Clerodendrum is depicted in 

Fig. 2.2. 

2.4.3. Flavonoids 

Flavonoids are another class of 

compounds that have been isolated 

f r o m  d i f f e r e n t  s p e c i e s  o f 

Clerodendrum. Scutellarein has been 

isolated from the aerial parts of C. 

Fig. 2.2. Selected terpinoids present in different Clerodendrum species.  
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indicum  (Tian and Sun, 1995). 

Apigenin has been isolated from the 

leaves and stem of C. inerme (Pandey 

et al., 2006). Hispidulin has been 

isolated from the flowers of C. 

phlomoides (Gokani et al., 2011) and 

from the aerial parts of C. indicum 

which is also contain hispidulin 7-0-

glucuronide (Tian and Sun, 1995). 

Luteolin is another major flavonoid 

that has been isolated from the flowers 

of C. phlomoides (Gokani et al., 2011). 

List of terpinoids present in different 

species of Clerodendrum is depicted in 

Fig. 2.3. 

2.4.4. Miscellaneous 

Several other chemical compounds 

have been found in different species of 

Clerodendrum. Benzoic acid, cabsurin 

and quercetin have been isolated from 

aerial parts and roots of C. 

i n f o r t u n a t u m  r e s p e c t i v e l y 

(Bhattacharjee et al., 2011). Friedelin, 

betulinic acid, syringic acid, ρ-methoxy 

benzoin acid have been isolated from 

C. inerme. Martinoside, monoacetyl 

martinoside have been isolated from C. 

japonicum and C. bungei (Tian and 

Sun, 1995; Yang et al., 2002). Glyceryl

-1-docosoicate, acetoside, maslinic 

acid have been isolated from C. 

colebrookianum (Yang et al., 2000). 

Racemic d ihydro  rengyolone, 

rengyoxide, rengyoside B, cornoside 

and racemic rengyolone,dihydro 

cornoside have been isolated from C. 

fragrans (Kanchanapoom et al., 2005). 

Betulinic acid and octadecanoic acid 

have been isolated from C. bungei 

(Yang et al., 2002). 

Fig. 2.3. Selected flavonoids present in different Clerodendrum species.  
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2.5.  Biological  activities  of 

Clerodendrum 

Clerodendrum is a traditionally and 

ethnomedicinally important genus 

which is used to treat various 

healthcare systems. Many researchers 

have been carried out a number of in-

vivo and in-vitro assays to prove 

certain chemicals present in this plant 

and the validity of these traditional 

claims. These studies showed that the 

different species of the genus possess 

p o t e n t  a n t i m i c r o b i a l ,  a n t i -

inflammatory, anti-malarial, anti-

diabetic, anti-cancer, analgesic and anti

-oxidant activities (Shrivastava and 

Patel, 2007). Some major activities are 

described below. 

2.5.1. Anti-microbial activity 

Many species from the genus 

Clerodendrum were documented in 

ancient literature and have showed 

potent anti-microbial activity. Ethanol 

extract of leaves and stems of 

Clerodendrum infortunatum showed 

potent anti-microbial activity against 

some gram positive, gram negative 

bacteria and fungal strains including E. 

coli, Bacillus subtilis, Staphylococcus 

aureus and Aspergillus niger, 

Aspergillus flavus Candida albicans 

(Rajurkar, 2011). Ethanol and aqueous 

extracts of leaf, stem and root of 

Clerodendrum viscosum showed potent 

antibacterial activity against some 

gram positive, gram negative bacterial 

and fungal strains viz., Staphylococcus 

aureus, Sercinia lutea, Bacillus 

subtilis, B. megaterium, B. cereus and 

S t r e p t o c o c c u s  h a e m o l y t i c u s , 

S a l m o n e l l a e  t y p h i ,  S h i g e l l a 

dysenteriae, Escherichia coli, S. shiga, 

S. boydii, S. sonnei, Proteus sp., 

Klebsiella pneumonia, Pseudomonus 

a e r u g i n o s a ,  A g r o b a c t e r i u m 

tumefaciens, Erwinia chrysanthemi and 

Xanthomonas phaseoli  (Tamta et al., 

2012; Oly et al., 2011). Petrol, 

benzene, ethanol, methanol, ethly 

acetate and aqueous extracts of leaves 

and roots of Clerodendrum inerme 

exhibited anti-microbial activity 

against some human pathogenic 

bacteria (Khan and Khan, 2005; Chahal 

et al., 2010). Leaves and stems of 

Clerodendrum ph lomid i s  and 

Clerodendrum inerme exhibited anti-

fungal activity against some fungal 

pathogen (Anitha and Kannan, 2006). 

Roots extract of Clerodendrum 

serratum showed potent anti-microbial 

activity against some gram positive and 

gram negative bacteria (Singh et al., 

2012). Various extracts of leaves of 

Clerodendrum paniculatum showed 
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potent anti-microbial activity against 

some gram negative bacteria (Joseph et 

al., 2011). Ethanolic extracts of leaves 

of C.philippinum exhibited anti-

microbial activity against E. coli, S. 

aureus, Bacillus and Klebsiella 

(Venkatanarasimman et al., 2012). The 

flower chloroform extracts of C. 

chinense and C. splendens were active 

against Plasmodium falciparum with 

an IC 5 0  value of  <10μgmL -1 . 

Chloroformic extracts of the stem and 

flowers of C. chinense were active 

against Trypanosoma cruzi with an 

IC 5 0 =1 . 2 1  an d  1 . 1 2  μg m L - 1 

respectively. Chloroformic extracts of 

the leaves of C. chinense and C. 

splendens showed promising activities 

against T. cruzi with an IC50=3.39 and 

1.98 μgmL-1 respectively (AbouZid et 

al., 2013). 

2.5.2. Anti-inflammatory activity 

Inflammation is a complex biological 

reaction of vascular tissues against 

destructive agents such as pathogens, 

damaged cells or irritants. Many 

species of the genus have showed 

potent anti-inflammatory activity. In 

1988 Surendrakumar, showed that C. 

phlomoidis significantly reduced paw 

edema induced by carrageenan in rats 

at a dose of 1 g/kg. The anti-

inflammatory activity of methanol 

extract of Clerodendrum inerme 

exhibited sub-chronic (cotton pellet-

i n d u c e d  g r a n u l o m a )  m o d e l s 

significantly (Yankanchi and Koli, 

2010). The ethanolic root extract of C. 

serratum showed considerable anti-

inflammatory activity in carrageenan-

induced edema in rats and also in the 

cotton pellet model in experimental 

mice, rats and rabbits (Singh et al., 

2012).  C. petasites was reported to 

show moderate anti-inflammatory 

activity in the acute phase of 

inflammation in rats. The ED50 values 

of the experiment were reported to be 

2.34 mg/ear and 420.41 mg/kg in rats 

(Panthong  et al . ,  2003).  The 

methanolic extract of leaves of C. 

trichotomum showed significant anti-

inflammatory activity in experimental 

rat, mice and Raw 264.7 macrophage 

cells (Choi et al., 2004). The methanol 

leaves extract of C. infortunatum 

displayed vital anti-inflammatory 

activity against the carrageenan 

induced rat paw edema (Das et al., 

2010). The aqueous extract of root bark 

of Clerodendrum phlomidis showed 

anti-inflammatory activity against 

carrageenan induced rat paw edema 

and acetic acid induced peritonitis in 

mice (Parekar et al., 2012). 
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2.5.3. Anti-malarial activity 

Malaria is one of the most important 

parasitic infections of humans and 

every year 863,000 deaths occur 

throughout the world (Zailani et al., 

2009; Deressa et al., 2010). Many 

species of the genus Clerodendrum 

have been reported for its antimalarial 

activities because of the presence of a 

bitter principle. The methanol extract 

of the leaves of C. myricoides 

significantly (p<0.05) inhibited 

parasitaemia of P. berghei (Deressa et 

al., 2010). The ethanolic extract of 

leaves of C. violaceum showed 

an t i m a l a r i a l  a c t i v i t y a ga i n s t 

Plasmodium berghei (Zailani et al., 

2009). The alcoholic extract of C. 

phlomidis showed antimalarial activity 

against Plasmodium falciparum with 

an IC50 value of 48 μg/ml (Simonsen et 

al., 2001). The petroleum ether extract 

of C. inerme also inhibited the growth 

of larvae of Culex quinquefasciatus, 

Culex pipiens, and Ades aegypti  

( G a y a r  a n d  S h a z l i ,  1 9 6 8 ; 

Kalyanasundaram and Das, 1985). 

2.5.4. Anti-diabetic activity 

Diabetes Mellitus (Type 2) is 

Examples of Free Radicals 

Name Formula Comment 

Hydrogen atom H' The simplest free radical. 

Trichloromethyl CCl3
. A carbon-centered radical (i.e., the unpaired elec-

tron resides on carbon). CCI3
. is formed during 

metabolism of CCl4 in the liver and contributes to 

the toxic effects of this solvent. Carbon-centered 

radicals usually react fast with O2, to make peroxyl 

radicals, e.g., CCI3
.+ O2 → CCI3O2

. 

Superoxide O2
.-  An oxygen-centered radical. Selectively reactive. 

Hydroxyl OH. A highly reactive oxygen-centered radical. Attacks 

all molecules in the human body. 

Thiyl RS. A group of radicals with an unpaired electron re-

siding on sulfur. 

Peroxyl, alkoxyl RO2
., RO. Oxygen-centered radicals formed (among other 

routes) during the breakdown of organic peroxides. 

Oxides of nitrogen NO., NO2
. Nitric oxide is formed in vivo from the amino acid 

L-arginine. Nitrogen dioxide is made when NO. 

reacts with O2  and is found in pol- luted air and 

smoke from burning organic materials, e.g., ciga-

rette smoke. 
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characterized by hyperglycemia due to 

insulin resistance and insulin 

deficiency resulting from β-cell 

dysfunction. According to World 

Health Organization, 200 million cases 

of diabetes were reported worldwide in 

the year 2000 and the number is 

estimated to rise to 300 million by 

2030. In India, it is becoming a killer 

disease next to coronary heart disease. 

The causes could be attributed to 

sedentary lifestyle, lack of physical 

exercise and obesity. A decoction of 

the entire C. phlomidis plant has been 

reported to have antidiabetic activity. A 

dose of 1g/kg showed antidiabetic 

e f f e c t  i n  a l l o x a n - i n d u c e d 

hyperglycemia in rats. It further 

showed antihyperglycemic activity in 

human adults at a dose of 15-30 g/day 

(Chaturvedi et al., 1984). The 

methanolic extract of leaves of 

Clerodendron inerme showed anti-

diabetic activity. A dose of 200 mg/kg 

showed a very significant and 

progressive reduction in glucose level 

induced by streptozotocin in rats 

(Rajeev et al., 2012). 

2.5.5. Anti-cancer activity 

Cancer is the second leading cause of 

death in many of the developed 

countries and every year it is increase 

exponentially. The aqueous extract of 

leaves of Clerodendron inerme showed 

anti-cancer activity. A dose of 500 mg/

kg body weight significantly prevented 

t h e  t u m o r  f o r m a t i o n  ( o r a l 

carcinogenesis) induced by 7, 12-

dimethylbenz anthracene (DMBA) in 

rats (Manoharan et al., 2008). The leaf 

extract of Clerodendrum serratum 

showed anti-cancer activity against 

skin carcinogenesis induced by 7, 12-

dimethylbenz anthracene (DMBA) in 

mice (Chinchali et al., 2011). The 

ethanolic extract  of roots of 

Clerodendrum paniculatum showed 

anticancer activity but to a lesser extent 

(John et al., 2008). 

2.5.6. Analgesic activity 

Analgesic is a very common term 

which includes pain, inflammation, 

fever etc.  and creates  many 

complications in day to day life of 

human beings. Many species of 

Clerodendrum have been reported for 

analgesic activity. Petroleum ether, 

Ethyl acetate and Methanolic extract of 

aerial parts of Clerodendrum phlomidis 

showed analgesic activity in mice 

(Vijayamirtharaj  et al. , 2011). 

Clerodendrum inerme displayed 

significant analgesic activity in acetic 

acid induced writhing in rats 

(Yankanchi and Koli, 2010). The 

ethanolic extract of leaves of 
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Clerodendrum viscosum  showed 

analgesic activity induced by pethidine 

in rats (Das et al., 2011). The Ethanolic 

Extract of the leaves of Clerodendrum 

viscosum at a dose of  200mg/kg 

(p<0.01) exhibited significant 

peripheral analgesic activity in mice 

(Chandrashekar and Rao, 2013). 

2.5.7. Anti-oxidant activity 

Reactive Oxygen Species (ROS) and 

many of the free radicals are natural by

-products which are constantly 

generated in-vivo for specific metabolic 

purposes. ROS is responsible for many 

of the human diseases like cancer, viral 

infections, diabetes, cardiovascular 

diseases and inflammations and it also 

damage the biological molecules like 

DNA, lipids and proteins (Halliwell, 

2006). The antioxidants present in the 

medicinal plants minimize the 

formation of reactive oxygen species 

(ROS). The ethanolic extract of arial 

parts of Clerodendrum serratum 

showed good antioxidant properties 

against DPPH and Nitric oxide radical 

whereas Clerodendrum serratum root 

extract showed good antioxidant 

properties against DPPH (Ismail and 

Leelavathi, 2011). The ethanolic 

extract of the leaves of Clerodendrum 

infortunatum Linn showed significant 

antioxidant activity against DPPH free 

radical scavenging activity, reducing 

power assay and scavenging of 

hydrogen peroxide (Modi et al., 2010). 

The methanolic extract of leaves of 

Clerodendrum inerme showed highest 

free radical and antioxidant activity 

(Gurudeeban et al., 2010). The 

ethanolic extract  of roots of  

Clerodendrum  viscosum showed 

maximum scavenging of the radical 

cation, nitric oxide radical, ferric ion 

radical and 1,1- diphenyl, 2-picryl 

hydrazyl (DPPH). The aqueous extract 

showed only moderate activity (Pankaj 

et al., 2007). The ethanolic extract of 

roots of Clerodendrum phlomidis 

showed best free radical scavenging 

activity than that of other three extracts 

petroleum ether, chloroform, ethyl 

acetate (Sathish et al., 2011). 

2.5.8. Other biological activity 

The leaf juice C. phlomidis showed 

significant anthelmintic activity against 

Ascaris lumbricoides, Phreitima 

posthuma and Taenia solium (Garg and 

Siddiqui, 1992). Clerodendrum 

phlomidis showed potent antidiarrhoeal 

activity against castor oil induced 

d i a r rh e a  a n d  P GE 2  i n d u c e d 

enteropooling in rats (Rani et al., 

1999). 
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3.1. The study area 

The northern part of Bengal province 

of India i.e. North Bengal is 

surrounded by International borders of 

Bhutan, Nepal and Bangladesh. The 

survey was conducted in two districts 

from North Bengal (Darjeeling, 

Jalpaiguri) and one district from Assam 

(Kamrup). 

Darjeeling (Latitude 26°31’ N-27°13’ 

N, Longitude 87°59’ E-88°53’ E), is 

the most beautiful hill station of West 

Bengal, India with a total area of 2092 

sq. km. The district is situated at 

foothills of the Himalayas and famous 

for its spectacular tea gardens. The 

district extends from the tropical Terai 

plains, at about 300 feet above sea 

level, to the Sandakphu-Phalut ridge at 

12,000 feet. Darjeeling district is 

surrounded by the borders of Sikkim to 

the North, Bhutan to the East and 

Nepal to the West. Besides, the district 

owns a worth resource of diversified 

natural vegetation. 

Jalpaiguri district is situated in between 

latitude of 26º16’ N-27º0’ N and 

longitude of 88º4’ E-89º53’ E and 

occupying an area of 3044 sq. km. This 

district is surrounded by Kalimpong in 

North, Darjeeling in West, Bangladesh 

in South and Cooch Behar & 

Alipurduar in the East. The territory is 

also covered by several green forests 

(Sengupta, 1969). 

Kamrup district comprises total 

geographical area of 6882 sq. km with 

latitude of 25º46’ N - 26º49’ N and 

longitude of 90º48’ E - 91º50’ E. The 

region is surrounded by West Khasi 

hills (Meghalaya) in South, Udalguri 

and Baksa districts in the North, 

Darrang and Kamrup Metropolitan in 

Chapter 3 
Materials and Methods 

 

   “Everything is theoretically impossible, until it is done”  
-Robert A. Heinlein  
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like Kalijhora, Sibmandir, NBU 

campus, Siliguri, Lataguri, Mohitnagar, 

Azra etc. were visited for the collection 

of the germplasm. The field work was 

conducted in the first year of research. 

The habit, habitat, locality and 

morphology of each plant specimen 

the East and Goalpara and Nalbari 

districts in the West. 

3.2. Survey and collection of plant 

material 

Selected places covering all the three 

districts from North Bengal and Assam 

Fig. 3.1. Datasheet used during the collection of germplasm.  
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were recorded in field data sheet (Fig. 

3.1). Eleven different plant materials 

(Table 3.1.) were planted in the 

experimental garden of Molecular 

Genetics Laboratory, Department of 

Botany, North Bengal University, for 

further study after authentication by the 

plant taxonomists. 

3.3. In-vitro Antioxidant profiling 

3.3.1. Selection of Plant material 

A total of 4 plant species were selected 

for assessment of their antioxidative 

capability based on reported traditional 

knowledge. The names of plant species 

are as follows: C. indicum, C. inerme 

Table 3.1. Collection sites of 11 different Clerodendrum samples.  

Name of the plant 
species 

Sam-

ple 

ID 

Accession No. Collection 

Site 
District 
(State) 

Latitude Longitude 

Clerodendrum indicum (L.) 
Kuntze 

 

CL-1 CIL/
NBU/09814 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum inerme (L.) 
Gaertn. (Syn. Volkameria 

inermis L.) 

 

CL-2 VIL/
NBU/09815 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum japonicum 
(Thunb.) Sweet 

 

CL-3 CJL/
NBU/09825 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum splendens G. 
Don 

 

CL-4 CSPL/
NBU/09812 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum speciaosum 
Dombrain 

 

CL-5 CSPEL/
NBU/09810 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum thomsoniae 
Balf. f. 

 

CL-6 CTL/
NBU/09828 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum infortunatum 
L. (Syn. Clerodendrum 

viscosum Vent.) 

 

CL-7 CINL/
NBU/09809 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum serratum (L.) 
Moon (Syn. Rotheca serrata 

(L.) Steane & Mabb.) 

 

CL-8 CS/NBU/
ASM/1007 

Azra, 
Guwahati 

Kamrup 
(Assam) 

26º18’ N 91º73’ E 

Clerodendrum cole-
brookianum Walp. 

 

CL-9 CCL/
NBU/09816 

Azra, 
Guwahati 

Kamrup 
(Assam) 

26º18’ N 91º73’ E 

Clerodendrum chinense 
(Osbeck) Mabb. (Syn. 

Clerodendrum fragrans 

Willd.) 
 

CL-10 CCHL/
NBU/09855 

NBU 
campus 

Darjeeling 
(West Bengal) 

26º42’ N 88º21’ E 

Clerodendrum bracteatum 
Wall. ex Walp. 

  

CL-11 CBL/NBU/
JAL/09877 

Lataguri Jalpaiguri 
(West Bengal) 

26º7’ N 88º77’ E 

Table 3.2. Selected plant species for antioxidant activities.  

Name of Plant Abbreviation used Accession No. 

Clerodendrum indicum (L.) Kuntze CIL CIL/NBU/09814 

Clerodendrum inerme (L.) Gaertn. (Syn. Volkameria 

inermis L.) 

VIL VIL/NBU/09815 

Clerodendrum colebrookianum Walp. CCL CCL/NBU/09816 

Clerodendrum serratum (L.) Moon (Syn. Rotheca 

serrata (L.) Steane & Mabb.) 

CSL CS/NBU/ASM/1007 
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(syn: Volkameria inermis), C. serratum 

and C. colebrookianum. The species 

were collected from above mentioned 

three districts and authenticated by the 

Taxonomists of Department of Botany, 

University of North Bengal, India and 

voucher specimens were (Table 3.2.) 

deposited at the herbaria of the same 

Department. The fresh matured leaves 

of each plant were collected during the 

month of February-August 2013. 

3.3.2. Ethical statement 

3.3.2.1.  Plant  col lect ion and 

conservation 

The plants C. indicum (CIL), V. 

inermis (VIL), C. serratum (CSL) and 

C. colebrookianum (CCL) used in the 

present study are not included in the 

list of endangered or protected species. 

The plant samples were collected from 

the experimental garden of Molecular 

Genetics Laboratory, Department of 

Botany, North Bengal University and 

Azra, Guwahati, Assam, India. These 

places are not under a National Park/

Reserve Forest/Govt. protected area. 

3.3.2.2. Animal maintenance and 

approval 

All the experiments were approved by 

the ethical committee, Department of 

Zoology, University of North Bengal 

(No.  840/ac/04/CPCSEA) and 

conducted in accordance with the 

legislation for the protection of animals 

used for scientific purposes. The study 

does not include human subjects. 

3.3.3. Chemicals and reagents 

All the reagents and chemicals used in 

the present study were purchased from 

HiMedia Laboratories Pvt. Ltd. 

(Mumbai, India) or Merck (Mumbai, 

India) or Sigma-Aldrich (USA), unless 

otherwise indicated. Milli-Q ultrapure 

water from the departmental facility 

was used in all the experiments. All the 

chemicals were of analytical grade. 

3.3.4. Preparation of plant extracts 

Fresh and disease free leaves of 

selected plants were washed twice with 

double distilled water; shade dried at 

room temperature for 21 days and 

pulverized into fine powder by using a 

mechanical grinder. Powdered leaves 

of CIL, VIL, CSL and CCL (10g each) 

were extracted in a Soxhlet apparatus 

using absolute methanol (the ratio of 

plant material to solvent was 1:10 m/v) 

for 6-7 hours. The extracts were then 

concentrated under reduced pressure 

and controlled temperature (40º-50ºC) 

using rotary evaporator (Buchi 

Rotavapor R-3, Switzerland). The 

extracts were further lyophilized using 

Eyela Freeze Dryer (FDU-506, USA) 
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to obtain dry powder and stored at 4°C 

until further use. The yield of the 

extract was calculated following the 

formula, 

 

Where, W1= weight of container; W2= 

weight of lyophilized extract and 

container; W0= weight of the initially 

dried plant sample. The extracts were 

freshly dissolved in Milli-Q water prior 

to experiments. 

3.3.5. Collection of blood and brain 

sample 

Blood was collected in an EDTA 

containing tube by puncturing the heart 

under proper anesthesia (2% mild 

ether) from Swiss albino mice and then 

sacrificed by cervical dislocation. The 

blood samples were used for 

erythrocyte membrane stabilizing 

(EMSA) and hemolytic assay. Lipid 

peroxidation assay was performed 

using the brain of the same mouse.  

3.3.6. In-vitro antioxidant assays 

For each assay in the present study, 

comparative analyses were drawn with 

scavenging potentialities of the 

different plant extracts with that of the 

standards, corresponding to the assays. 

Besides, the concentration of each 

extract was selected based on the 

physiological standards to reflect their 

dose dependent inhibitory effects. 

3.3.6.1. DPPH radical scavenging 

assay 

The free radical scavenging activity 

through DPPH assay was performed as 

per Saha et al. (2016) with a brief 

modification. Different concentration 

of plant extracts (0-200μg/ml) were 

prepared and mixed properly with 

freshly prepared DPPH solution (1mM; 

diluted in 95% methanol) and kept in 

dark. Optical density (OD) was 

measured after 30 minutes of reaction 

at 517nm using Bio-Rad microplate 

reader and compared with the standard 

ascorbic acid. The percent of inhibition 

was calculated using Equation I: 

 

Where, A0= absorbance of the control 

and A1= absorbance in the presence of 

samples and standard. 

3.3.6.2. Hydroxyl radical scavenging 

assay 

Hydroxyl radical scavenging assay of 

each plant extract was carried out on 

the basis of Fenton reaction 

(Kunchandy and Rao, 1990) with a few 

changes. Briefly, reaction mixture was 

prepared containing 2-deoxy-2-ribose 

(2.8mM), monopotassium phosphate-
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potassium hydroxide buffer (KH2PO4-

KOH; 20mM; pH 7.4), FeCl3 (100μM), 

ethylenediaminetetraacetic acid 

(EDTA; 100μM), hydrogen peroxide 

(H2O2; 1.0mM), ascorbic acid (100μM) 

and various concentration of extracts (0

–200μg/ml) up to a final volume of 1ml 

and the reaction mixture was left for 1h 

incubation at 37°C. Following 

incubation, the incubated mixture 

(0.5ml) was taken into another tube 

and mixed with 1ml of TCA (2.8%) 

and 1 ml of aqueous thiobarbituric acid 

(TBA; 1%). The final mixture was 

incubated at 90°C for 15 min then 

cooled down to room temperature and 

the absorbance was measured at 532nm 

against a blank solution. Mannitol was 

used as positive control. Percentage of 

inhibition was evaluated following 

Equation I. 

3.3.6.3. Superoxide radical scavenging 

assay 

The assay was performed by the 

reduction of nitro-blue tetrazolium 

(NBT) as described by Fontana et al. 

(2001) with slight modifications. 

Usually, the nonenzymatic phenazine 

methosulfate-nicotinamide adenine 

dinucleotide (PMS/NADH) system 

generates superoxide radicals, which 

reduce NBT to a purple formazan. A 

reaction mixture (1ml) was prepared 

containing phosphate buffer (20mM, 

pH 7.4), NBT (50μM), PMS (15μM), 

NADH (73 μM),  and  var ious 

concentrations (0-50μg/ml) of plant 

extracts. The mixtures were mixed 

properly and incubate for 5 min at 

room temperature. The absorbance was 

measured at 562nm against an 

appropriate blank to determine the 

quantity of formazan generated. 

Quercetin was used as standard. 

3.3.6.4. Singlet oxygen scavenging 

assay 

The production of singlet oxygen (1O2) 

was determined by monitoring the 

bleaching of N, N-dimethyl-4-

nitrosoaniline (RNO) using the method 

of Pedraza-Chaverri et al. (2004) with 

minor modifications. The reaction 

mixture contained 45mM phosphate 

buffer (pH 7.1), 50mM NaOCl, 50mM 

H2O2, 50mM L-histidine, 10μM RNO 

and various concentration (0-200μg/

ml) of plant extracts to make final 

volume of 2ml. The mixture was then 

incubated for 40 min at 30°C and 

decrease in the absorbance of RNO 

was measured at 440nm. Lipoic acid 

was used as a reference compound. 

Singlet oxygen scavenging activity was 

calculated using the Equation I. 
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3.3.6.5. Nitric oxide radical scavenging 

assay 

Nitric oxide radical quenching activity 

was performed following the GriessI-

llosvoy reaction (Garratt, 2012) with 

minor modifications. In brief, 

phosphate buffered saline (pH 7.4), 

sodium nitroprusside (SNP; 10mM) 

and different concentration of plant 

extracts (0-200μg/ml) were mixed to 

make final volume of 3 ml. Following 

incubation for 150 minutes at 25°C, 

1ml of sulfanilamide (0.33%; diluted in 

20% of glacial acetic acid) was added 

to 0.5ml of the pre-incubated reaction 

mixture and left for 5 min of 

incubation. Then, 1ml of N-(1 -

N a p h t h y l ) e t h y l e n e d i a m i n e 

dihydrochloride (NED; 0.1%) was 

added and incubated for 30min at 25°C 

to develop the color. The absorbance 

was measured spectrophotometrically 

at 540nm. Curcumin was used as 

standard. The percentage inhibition 

was calculated using Equation I. 

3.3.6.6. Peroxynitrite scavenging assay 

Peroxynitrite (ONOO-) was prepared 

using the method of Beckman et al. 

(1994). An acidic solution (0.6M HCl) 

was prepared mixing with 5ml of H2O2 

(0.7M) and 5ml of KNO2 (0.6M) on an 

ice bath for 1 min. Subsequently, 5ml 

of ice-cold NaOH (1.2M) was added to 

the mixture. Then, excess H2O2 was 

removed by the treatment with granular 

MnO2 pre-washed with NaOH (1.2M) 

and the reaction mixture was left 

overnight at -20°C. The peroxynitrite 

solution was collected from the top of 

t he  f rozen  mix tu re  and  the 

concentration was measured at 302 nm 

(ε = 1670 M-1 cm-1).  

The peroxynitrite scavenging aptitude 

was measured by Evans Blue bleaching 

assay. The assay was carried out as per 

the method of  Bailly et al. (2000) with 

a slight modification. Briefly, a 

reaction mixture was prepared 

containing phosphate buffer (50mM; 

pH 7.4), DTPA (0.1mM), NaCl 

(90mM), KCl (5mM), 12.5μM of evans 

blue, various doses of plant extracts (0

–200μg/ml) and 1mM of peroxynitrite 

in a final volume of 1ml. After 

incubation at 25°C for 30 min the 

absorbance was measured at 611nm. 

Gallic acid was used as the reference 

compound. The percentage inhibition 

was calculated using Equation I. 

3.3.6.7. Hypochlorate scavenging 

assay 

In-vitrocally, hypochlorous acid 

(HOCl) was prepared freshly by 

mixing 10% (v/v) solution of NaOCl 
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and 0.6M of H2SO4 by adjusting the 

pH (6.2) and the concentration was 

determined by measuring the 

absorbance at 235nm using the molar 

extinction coefficient of 100M-1 cm-1 as 

per Aruoma and Halliwell (1987) with 

few changes. In brief, a reaction 

mixture was prepared containing 

50mM phosphate buffer (pH 6.8), 

catalase (7.2μM), HOCl (8.4mM) and 

p l a n t  e x t r a c t s  o f  d i f f e r e n t 

concentrations (0–200μg/ml) into a 

final volume of 1ml. Then, mixture 

was incubated for 20 min at 25°C and 

absorbance was measured against an 

appropriate blank. The quenching 

activity was accessed by measuring the 

decrease in absorbance of catalase at 

404nm. Ascorbic acid was used as 

standard. 

3.3.6.8. Iron chelation assay 

Ferrous ion chelating activity was 

carried out as per the method of Haro-

Vicente et al. (2006) with slight 

changes. Each plant extract (0–200μg/

ml) was mixed properly with ferrous 

sulfate solutions (12.5μM) in HEPES 

buffer (20mM; pH 7.2) followed by the 

addition of ferrozine (75μM) to initiate 

reaction. Reaction mixture was shaken 

vigorously and incubated for 20 min at 

room temperature. Absorbance was 

measured at 562nm. EDTA was used 

as positive control. 

3.3.6.9. Hydrogen peroxide scavenging 

assay 

The assay was determined by the 

method of Long et al. (1999) with 

minor modifications. A mixture was 

prepared with H2O2 (50mM) and 

various concentrations of plant samples 

(0-200μg/ml) and left for 30 min of 

incubation at room temperature 

followed by the addition of 90μl H2O2, 

10μl of Methanol (HPLC grade) and 

0.9ml of FOX reagent (prepared by 

mixing 9 volumes of 4.4mM BHT in 

HPLC grade methanol with 1 volume 

of 1mM xylenol orange and 2.56mM 

ammonium ferrous sulfate in 0.25M 

H2SO4). Entire mixture was then 

vortexed and left for incubation for 30 

min and absorbance was measured at 

560nm. Sodiun pyruvate was used as 

positive control. 

3.3.6.10. Lipid peroxidation inhibition 

assay 

Lipid peroxidation assay was followed 

by the method of  Kizil et al. (2008) 

with a few modifications. Swiss albino 

mice brain homogenate was prepared 

by centrifuging (20±2 ×g) with 

phosphate buffer (50mM; pH 7.4) and 

potassium chloride (KCl; 120mM) at 

3000 rpm for 10 min. Different 
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3.3.6.12. Measurement of reducing 

power 

The Ferric reducing power was 

evaluated by the method of  Oyaizu et 

al. (1986) with slight alterations. 

Ascorbic acid was used as a standard. 

3.3.6.13. Quantification of total 

phenolic content 

Total phenolic content (TPC) was 

determined using Folin-Ciocalteu 

reagent (Singleton and Rossi, 1965) 

with slight changes. In brief, each plant 

extract (100μl) was mixed with 0.75ml 

of Folin-Ciocalteu reagent (previously 

diluted 1000-fold with distilled water) 

and left for 5 min at room temperature 

followed by the addition of sodium 

carbonate (Na2CO3; 0.06%) to the 

mixture. Following incubation of 90 

min at room temperature, the 

absorbance was measured at 725nm. 

Phenolic content was measured against 

a gallic acid standard curve (R2 = 

0.9708). 

3.3.6.14. Quantification of total 

flavonoid content 

The total flavonoid content was 

measured using aluminum chloride 

(AlCl3) method (Zhishen et al., 1999) 

with few modifications. In brief, each 

plant extract (100μl) was added to 

0.3ml of distilled water followed by 

concentrations of plant extracts (0-

25μg/ml) were mixed with the 

homogenate (100μl) followed by 

addition of ferrous sulfate (FeSO4; 

0.1mM) and ascorbic acid (0.1mM) 

and incubated for 1h at 37°C. After 

incubation, TCA (500μl; 28%) and 

TBA (380μl; 2%) were added in the 

reaction mixture and then heated at 95°

C in water bath for 30 min. After that, 

mixtures were cooled down to room 

temperature and centrifuged at 8000 

rpm for 2 min. Absorbance of the 

supernatant was measured at 532nm. 

Trolox was used as positive control. 

3.3.6.11. Total antioxidant activity 

Standardized modified method of 

Prieto et al. (1999) was followed to 

study the total antioxidant activity 

(TAA) of each plant extract. Various 

concentrations of plant extracts (0-200 

μg/ml) were mixed with 1 mL of 

reaction mixture containing 0.6 M of 

sulfuric acid (H2SO4), sodium 

phosphate (28 mM) and ammonium 

molybdate (1%). Then the mixture was 

kept on a water bath at 95°C for 1 h 

and subsequent cooling to room 

temperature. The absorbance was read 

at 695nm against a suitable blank. 

Ascorbic acid was used as a standard. 

The percent of inhibition was 

calculated using Equation I. 
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addition of NaNO2 (5%; 0.03ml). 

Following 5 min of incubation at room 

temperature, AlCl3 (10%; 0.03ml) was 

added and left for 5min. Reaction 

mixture was then treated with 0.2ml of 

sodium hydroxide (NaOH; 1mM) and 

diluted to 1ml with water. Absorbance 

was measured at 510nm. The flavonoid 

content was determined from a 

quercetin standard curve (R2 = 0.9891). 

3.4. Assessment of cytotoxicity of 

plant extracts 

3.4.1. In-vitro haemolytic assay 

The haemolytic consequence of each 

extract was evaluated according to the 

standardized method of Malagoli 

(2007) with few modifications. In 

brief, human blood was collected in 

citrated tubes and erythrocytes were 

then washed (150 ×g for 5 min) three 

times with 20mM Tris–HCl containing 

144mM NaCl (pH 7.4). Then, the 

erythrocyte suspension (100μL) was 

prepared with the same solution and 

plated into each well of the 96-well 

plate. Sodium chloride solution 

(0.85%) containing calcium chloride 

(10mM) was added (100μL) to each 

well. First lane of the plate served as 

the negative control without plant 

extract. Various concentrations (0-

200μg/ml) of plant extracts were added 

into the different wells beginning from 

the second lane. In another set of lanes, 

100μL of Triton X-100 (0-200μg/ml) 

in 0.85% saline were plated and used 

as standard. Thereafter, the plate was 

incubated for 30 min at 37°C. 

Following incubation, the suspension 

was centrifuged (604 ×g for 5 min) and 

the supernatant was taken to a fresh 96-

well  plate and measured the 

absorbance of liberated haemoglobin at 

540nm. Percentage of haemolytic 

activity was calculated using the 

following equation:  

 

Where, H0 was the absorbance of the 

blank and H1 was the absorbance in the 

presence of the samples and standard 

(Triton X-100). 

3.4.2.  Erythrocyte  membrane 

stabilizing activity (EMSA) 

Standardized method of Navarro et al. 

(1993) was followed to estimate the 

erythrocyte membrane stabilizing 

activity of extracts. Briefly, a reaction 

mixture of 1ml was prepared 

containing 50mM of phosphate buffer 

(0.2mL; pH 7.2), 0.4ml of distilled 

water, 0.1ml of RBC suspension (10%; 

diluted in PBS), EDTA (40μl; 12mM), 

60μl of nitro blue tetrazolium (NBT; 

1%), 40μl of riboflavin and varying 
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concentrations of plant extracts (0-

200μg/ml) and mixed properly 

followed by bright light exposure for 

30s and then incubated for 30 min at 

50ºC. After incubation, the reaction 

mixture was centrifuged at 1000 rpm 

for 10 min and absorbance of the 

supernatant was measured at 562nm. 

Quercetin was taken as reference 

standard. The EMSA was measured 

using the equation: 

 

Where, As and Ab are the absorbance 

value  of  sample  and b lank, 

respectively. 

3.4.3. MTT cell cytotoxicity assay  

The assay was performed to evaluate 

the cytotoxic properties of each extract 

on murine splenocytes. The splenocyte 

cells were collected from Swiss albino 

mice (Dey and Chaudhuri, 2016). The 

mouse was sacrificed under proper (2 

%mild ether) anesthesia and the spleen 

was aseptically removed from the body 

and washed thrice (1000 rpm) with 

R P M I- 1 6 4 0  a n d  s p l e n o c yt e s 

suspension was prepared and re-

suspended in 0.16M NH4Cl (in 0.17M 

Tris; pH 7.2) to remove any trace of 

erythrocytes. The reaction was stopped 

after 5 min, using chilled RPMI-1640 

and the cells were washed as 

previously mentioned. A cell 

suspension (2×106 cells/ml) was 

prepared with penicillin (50U/ml), 

streptomycin (50U/ml), nystatin (50U/

ml) and fetal bovine serum (FBS, 10%) 

in RPMI-1640 medium. Hundred μl of 

cell suspension was added with 100μl 

of different concentrations (0-200μg/

ml) of plant extracts (dissolved in 

RPMI-1640) to the wells of 96-well 

plate. Plates were then covered and 

incubated under 5% CO2 and 

humidified atmosphere of 90% air at 

37°C temperature for 48h. The assay 

was performed with EZcountTM MTT 

Cell Assay Kit (HiMedia) according to 

the manufacturer’s instructions. 

3.4.4. Statistical analysis 

All qualitative data have been reported 

as the mean ± SD of six measurements. 

Statistical analysis was employed by 

one way analysis of variance 

(ANOVA) with Dunnett’s test using 

KyPlot version 5.0 beta 15 (32 bit) for 

windows, where p< 0.05 was 

considered as significant. The graphs 

were also prepared using KyPlot 

(version 5.0 for windows). The half 

maximal inhibitory concentration 

(IC50) values were calculated by the 

formula: 

 



MATERIALS AND METHODS   35 

 

Where A1 = IC50, Y = response (Y = 

100% when X = 0), X = inhibitory 

concentration. 

3.5. Measurement of ROS generation 

in hepatic (liver) and kidney cell line 

3.5.1. WRL-68, Hep G2 and HEK-293 

Cell culture  

The human hepatic cell line (WRL-68), 

human liver cancer cell line (Hep-G2) 

and human embryonic kidney cell line 

(HEK-293) were procured from 

National Centre for Cell Science 

(NCCS), Pune, India. Cells were 

maintained in DMEM/ F12 (Dulbecco's 

Modified Eagle Medium/ Nutrient 

Mixture F-12 Ham) supplemented with 

10% fetal bovine serum (FBS), 100 

units/ml penicillin, 100 mg/ml 

s t r ep t om yc i n ,  0 . 1 4 % s o d iu m 

bicarbonate and 0.1 mM sodium 

pyruvate. Cells were grown in a CO2 

incubator (N-Biotech) at 37oC in 5% 

CO2 atmosphere with 95% humidity. 

3.5.2. Detection of intracellular ROS 

generation 

H2DCFDA is a hydrogen peroxide 

detecting probe and is used for the 

detection of hydrogen peroxide 

production in intact cells. Standard 

protocol (Cui et al., 2016) was 

followed with some modification for 

measurement of intracellular ROS. The 

oxidation of 2-7 dichlorofluorescin 

( H 2 D C F )  t o  2 - 7 

dichlorodihydrofluorescein (DCF) was 

used for the quantization of H2O2. 

Oxidation of H2DCF by ROS converts 

t h e  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 intracellular 

production of ROS. WRL-68, Hep-G2 

and HEK-293 cells were grown on 

coverslip in 35mm Petri- dishes and 

incubated for 24 hours at 37oC with 5% 

CO2 in N-biotech incubator. After 24 

hours, WRL-68 and Hep-G2 cells were 

treated with the highest experimental 

concentration of C. indicum (CIL), V. 

inermis (VIL) and C. colebrookianum 

(CCL) at 200µg/ml, H2O2 (200µg/ml), 

CCl4 (200µg/ml) and HEK-293 cells 

were treated with H2O2 (200µg/ml), 

gentamicin (200µg/ml) and highest 

experimental concentration (200µg/ml) 

of C. serratum (CSL) along with one 

plate was kept without treatment which 

acted as control. Cells were incubated 

for 24 hours at the same conditions as 

given above. After incubation, cells 

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 
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Collection and Gene Bank (MTCC), 

Chandigarh. Two pathogenic gram 

positive bacteria Bacillus subtilis 

(MTCC-121), Staphylococcus aureus 

(MTCC-3160) and two pathogenic 

gram negative bacteria Escherichia coli 

( M T C C - 1 6 9 8 ) ,  E n t e r o b a c t e r 

aerogenes (MTCC-2822) were used for 

assessing the antibacterial activities 

with standard tetracycline (100μg/ml). 

All bacterial strains were cultivated in 

nutrient broth medium (NB) and 

incubated at 37°C for 24 hr. This was 

used for the antibacterial activity in the 

well diffusion assay. 

3.6.4. Preparation of test solutions 

The test solutions of the extracts were 

prepared in DMSO at a concentration 

of 0.1, 0.25, 0.5 and 1.0 mg/ml. 

3.6.5. Preparation of media 

The nutrient agar (NA) medium was 

obtained from Hi-media laboratory Pvt. 

Ltd., Mumbai, India. NA (2.8g) was 

suspended in 100 ml of distilled water, 

boiled and dissolved completely. It was 

sterilized by autoclaving at 15 lbs. 

pressure (121ºC) for 15 min and 

poured into sterile Petri dish and 

allowed to set. Sterility check was done 

after the agar was solidified (Snyder 

and Atlas, 2006). 

CO2 incubator. Immediately after 

incubation, the 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 

o b s e r v e d  u n d e r  L E D - b a s e d 

fluorescence microscope, Magnus 

MLXi microscope. The cells were 

excited at 480nm using LED cassettes 

and emission was collected using a 

long pass filter. Cells were observed at 

10X magnification and images were 

captured by digital SLR Olympus 

camera mounted on the head for high 

resolution image.  

3.6. Antimicrobial activity  

3.6.1. Plants used 

A total of 4 plant species were selected 

fo r  t he  asses sment  o f  t hei r 

antimicrobial ability based on the local 

knowledge. The name of plant species 

are as follows: C. indicum, C. inerme 

(syn: Volkameria inermis), C. serratum 

and C. colebrookianum. 

3.6.2. Preparation of plant extracts 

Please refer section 3.3.4 for more 

details. 

3.6.3. Test Organisms 

The bacterial cultures were procured 

from Microbial  Type Culture 
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3.6.6. Media preparation and 

inoculation 

The pure culture of each bacterium was 

prepared in nutrient broth and 

incubating over night at 37ºC. After 

incubation, all the required plates were 

inoculated by dipping a non-toxic 

sterile cotton swab into the microbial 

growth. Excess of inoculate was 

removed by pressing and rotating the 

swab firmly against the side of the 

tube, above the level of the liquid. The 

medium was inoculated by evenly 

streaking the swab over the entire 

surface of the plate in three directions. 

3.6.7. Agar well diffusion method 

The assay for antibacterial activities 

was conducted by agar well diffusion 

method (Perez et al., 1990). Sterile 

nutrient agar (NA) was poured into 

sterile Petri dishes, which was 

inoculated with the test organisms. 

Sterile cork borer was used to prepare 

well (9 mm) on each Petri plates. 

About 200 μl of each extract (0.1, 0.25, 

0.5 and 1.0 mg/ml) was poured into 

each well (each microorganism 

inoculated plates) using sterile pipette 

and incubated at 37ºC for 24h. Control 

experiments were carried out under the 

similar condition by using tetracycline 

(100μg/ml). After incubation all the 

tested plates were examined and the 

diameters of the inhibition zones were 

measured. All the experiments were 

carried out in triplicates. Tetracycline 

was used as a control.  

3.7. In-vivo hepatoprotective activity 

of plant extracts 

3.7.1. Plants used 

In this study methanolic extracts of 

three Clerodendrum species, C. 

indicum (CIL), V. inermis (VIL) and C. 

colebrookianum (CCL) were chosen 

d e p e n d i n g  o n  t h e i r 

ethnopharmacological significance. 

3.7.2. Animals and care 

In breed, Swiss albino mice were taken 

from the animal house of Department 

of Zoology, University of North 

Bengal. Male Swiss albino mice (6-8 

weeks of age and 33±2gms body 

weight) were used for all the 

experiments. Mice (6 male/group, n=6) 

were kept in polypropylene cages 

(Tarson, India), with paddy husk as 

bedding material. The experimental 

mice were maintained in the animal 

house of the Department of Zoology, 

University of North Bengal with 

sufficient food and water ad-libitum 

under a constant 12 hour dark/light 

cycle at an environmental temperature 

of 25±2°C and humidity 55±5%.  
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3.7.3. Acute toxicity study 

OECD guidelines (test 423: Acute oral 

toxicity-Acute toxic class method; 

2002) were followed to study the acute 

toxicity of CIL, VIL and CCL extracts 

(OECDiLibrary, 2002). Animals were 

divided into nine groups (n=6) and 

were kept on fasting overnight prior to 

the experiment. The plant extracts were 

administered orally in an increasing 

dose of 250, 500, 1000 and 2000 mg/

kg body weight (BW). After feeding of 

various doses of formulations, all the 

groups were carefully observed for 

d e v e l o p m e n t  o f  c l i n i c a l  o r 

toxicological symptoms at 30 min and 

then at 2, 4, 8, 24 and 48 hours. 

3.7.4. Experimental design and drug 

administration 

Swiss albino mice (54 male) were 

randomly divided into nine groups 

(n=6) and following treatments were 

done once per day for 21 consecutive 

days:  

Group I: Control group received 

normal saline; Group II: CCl4 group 

received 1:1 (v/v) CCl4 in olive oil; 

Group III: Silymarin group received 

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

kg BW silymarin; Group IV, VI and 

VIII: Mice received 1:1 (v/v) CCl4 in 

olive oil and low dose extract 

(dissolved in Mili-Q water) of CIL, 

VIL and CCL at 50 mg/kg BW; Group 

V, VII and IX: Mice received 1:1 (v/v) 

CCl4 in olive oil and high dose extract 

(dissolved in Mili-Q water) of CIL, 

VIL and CCL at 200 mg/kg BW 

respectively. 

3.7.5. Preparation of liver tissue 

samples 

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

under proper anesthesia (mild 2% 

ether) all the animals were sacrificed 

by cervical dislocation. 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 prepared 

by centrifuging with phosphate buffer 

(50mM; pH 7.4) and potassium 

chloride (KCl; 120mM) at 3000 rpm 

for 10 min. After proper centrifugation 

the supernatant was collected and used 

for in-vivo liver antioxidant enzymatic 

assays. Liver tissue was chopped and 

preserved in 10% formaldehyde 

solution for histological study. 

3.7.6. In-vivo liver enzymatic assays 

3.7.6.1. Estimation of catalase activity 

Catalase activity was assessed by the 

standard protocol of Luck (1963) with 

some modi f i ca t ions ,  where in 
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degradation of substrate H2O2 by 

catalase in the liver tissue samples was 

measured. 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 at 240 nm. 

3.7.6.2. 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 by Sadasivam and 

Manickam (2008) .  The l iver 

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). 

3.7.6.3. Estimation of reduced 

glutathione 

Reduced glutathione activity was 

measured according to the standard 

protocol (Ellman et al., 1961). An 

aliquot of 1 ml liver tissue supernatant 

was treated with 0.5 ml 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 412nm. 

3.7.6.4. Estimation of superoxide 

dismutase 

For the estimation of superoxide 

dismutase, standard method was 

followed with minor modifications 

(Misera and Fridovich, 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  m M  f r e s h l y  p r e p a r e d 

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 560nm. 

3.7.6.5.  Measurement of lipid 

peroxidation 

The MDA content was determined 

using TBARS assay kit (Cayman, 

USA) according to the manufacturer’s 

instructions. In brief, 100 μl of clear 

supernatant of liver homogenate of 

different groups were mixed with 100 

μl sodium dodecyl sulphate (SDS) 

solution. The tubes were placed in 

boiling water bath after addition of 4 

ml colour reagent. The tubes were kept 

on ice for 10 min to stop the reaction 

after 60 min incubation. Then the 

solutions were centrifuged (1600 g) for 

10 min at 4°C and the absorbance was 

recorded at 340nm. 
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3.7.6.6. Measurement of inhibition of 

NO 

Nitric oxide level was determined 

using the Griess reagent method (Hibbs 

et al., 1988) with some modifications. 

Briefly, 60µl of liver culture 

supernatant from each group was 

mixed with 240µl of Griess reagent 

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

n a p h t h y l )  e t h y l e n e d i a m i n e 

hydrochloride in 2.5% H3PO4) (1:4 v/

v) and incubated for 20 min at room 

temperature. The purple azo-dye 

formed, was detected at 540nm.  

3.7.7. Histopathological examination 

Livers from the experimental mice 

were removed, cut into small pieces 

and fixed in 10% formaldehyde 

solution for overnight followed by 

dehydration. Dehydrated tissues were 

embedded in paraffin and cut into 4 µm 

sections 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 followed by 

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, 

por tal  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). 

3.7.8. Statistical analysis 

For reproducibility, all data were 

prepared as the mean ± SD of six 

measurements. Statistical analysis were 

performed by one-way analysis of 

variance (ANOVA) with Dunnett’s test 

using KyPlot version 5.0 (32 bit) for 

windows. P<0.05 was considered as 

significant. 

3.8. Neurotherapeutic effects of plant 

extract 

3.8.1. Plants used 

In this study methanolic extract of C. 

serratum  (CSL) were chosen 

d e p e n d i n g  o n  t h e i r 

ethnopharmacological significance. 

3.8.2. Animals and care 

In breed, Swiss albino mice were taken 

from the animal house of Department 

of Zoology, University of North 

Bengal. Male Swiss albino mice (8-9 

weeks of age and 34±2gms body 

weight) were used for all the 

experiments. Mice (6 male/group, n=6) 
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were kept in polypropylene side cage 

bins (Tarson, India), with rice husk as 

bedding material. The experimental 

mice were maintained in the animal 

house of the Department of Zoology, 

University of North Bengal with 

sufficient food and water ad-libitum 

under a constant 12 hour dark/light 

cycle at an environmental temperature 

of 25±2°C and humidity 55±5%.  

3.8.3. Acute toxicity study 

OECD guidelines (test 423: Acute oral 

toxicity-Acute toxic class method; 

2002) were followed to study the acute 

t o x i c i t y  o f  C S L  e x t r a c t 

(OECDiLibrary, 2002). Animals were 

divided into five groups (n=6) and 

were kept on fasting overnight prior to 

the experiment. The plant extract was 

administered orally in an increasing 

dose of 250, 500, 1000 and 2000 mg/

kg body weight (BW). After feeding of 

various doses of formulation, all the 

groups were carefully observed for 

d e v e l o p m e n t  o f  c l i n i c a l  o r 

toxicological symptoms at 30 min and 

then at 2, 4, 8, 24 and 48 hours. 

3.8.4. Experimental design and drug 

administration 

Swiss albino mice (male) were 

randomly divided into five groups 

(n=6) and following treatments were 

done once per day for 7 consecutive 

days: 

Group I: normal control, received 

normal saline for 7 days; Group II: 

S co p o l am i n e  g ro u p  r ec e i v ed 

Scopolamine (0.5mg/kg/day BW; 

dissolved in Mili-Q water) for 7 days; 

Group III: Donepezil group received 

scopolamine (0.5mg/kg/day BW; 

dissolved in Mili-Q water) and 

donepez i l  (10mg/kg/day BW; 

dissolved in Mili-Q water) for 7 days; 

Group IV: Mice received scopolamine 

(0.5mg/kg/day BW; dissolved in Mili-

Q water) and low dose extract 

(dissolved in Mili-Q water) of CSL at 

100 mg/kg/day BW for 7 days; Group 

V: Mice received scopolamine (0.5mg/

kg/day BW; dissolved in Mili-Q water) 

and high dose extract (dissolved in Mili

-Q water) of CSL at 400 mg/kg/day 

BW for 7 days respectively. On 8th day, 

plant extracts/standard drug/normal 

saline was administrated orally after 90 

min. of scopolamine treatment 

followed by behavioural tests 

performed after 45 min. of injection. 

The retention of learned task was 

examined after 24h of last injection (9th 

day). All the trial and examining 

sessions were carried out at night, 

preferably between 19:00 and 23:00h 

due to restless movement of the mice 
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during night.  

3.8.5. 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 light chamber, 

partitioned by a wall with a openable 

door in the middle part), with slight 

alterations of the time intervals. After 

compliance of the trial, on day 7th, the 

animal groups were kept in the 

experimental room. One hour later, 

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 

30min of 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 

delivered to the grid floor of the dark 

room. Afterward, the mouse was 

immediately transferred to its home 

cage. In this test, the initial latency (IL) 

period of entrance into the dark 

chamber was noted within 120s 

(selected as maximum time). A 

retention test was performed to 

determine short term memory of mice 

after 24h of last training (i.e. 8th 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. 

3.8.6. Preparation of brain tissue 

samples 

After behavioral evaluations, under 

proper anesthesia (mild 2% ether) all 

the animals were sacrificed by cervical 

dislocation. 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 

phosphate buffer (50mM; pH 7.4) and 
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potassium chloride (KCl; 120mM), to 

which BHT (0.004%, w/v) was added 

to prevent autoxidation of the samples. 

Subsequently, the homogenate was 

centrifuged at 3000 rpm for 10 min at 

4ºC.  After centri fugat ion the 

supernatant was collected and used for 

in-vivo enzymatic assays. Brain was 

preserved in 10% formaldehyde 

solution for histological study. 

3.8.7. In-vivo brain enzymatic assays 

3.8.7.1. Estimation of AChE activity 

Acetylcholinesterase inhibiting activity 

of selected plant extracts was carried 

out based on Ellman et al. (1961) 

method with slight modification. 

Briefly, a reaction mixture was 

prepared containing sodium phosphate 

buffer (0.1mM), 5, 5'-dithiobis-2-

nitrobenzoic acid (DTNB; 0.1mM), 

clear supernatant of brain homogenate 

o f  d i f f e r e n t  g r o u p s  a n d 

acetylcholinesterase (2U/ml) and 

incubated for 15 min at 25ºC. 

Following incubation, acetylthiocholin 

iodide (0.05mM) was added as 

substrate in the reaction mixture and 

the enzyme activity was measured 

immediately after 3 min in a Bio-Rad 

iMark™ microplate absorbance reader 

at 412nm.  

 

3.8.7.2. DPPH  radical scavenging 

assay 

The free radical scavenging activity 

through DPPH assay was performed as 

per Saha et al. (2016) with a brief 

modification. Briefly, a reaction 

mixture was prepared containing clear 

supernatant of brain homogenate of 

different groups and freshly prepared 

DPPH solution (1mM; diluted in 95% 

methanol) and kept in dark. Optical 

density (OD) was measured after 30 

minutes of reaction at 517nm using Bio

-Rad microplate reader and compared 

with the standard ascorbic acid. The 

percent of inhibition was calculated 

using Equation I: 

 

Where, A0= absorbance of the control 

and A1= absorbance in the presence of 

samples and standard. 

3.8.7.3.  Measurement of lipid 

peroxidation 

The MDA content was determined 

using TBARS assay kit (Cayman, 

USA) according to the manufacturer’s 

instructions. In brief, 100 μl of clear 

supernatant of brain homogenate of 

different groups were mixed with 100 

μl sodium dodecyl sulphate (SDS) 

solution. The tubes were placed in 
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boiling water bath after addition of 4 

ml colour reagent. The tubes were kept 

on ice for 10 min to stop the reaction 

after 60 min incubation. Then the 

solutions were centrifuged (1600 g) for 

10 min at 4°C and the absorbance of 

the supernatants was recorded at 

340nm. 

3.8.7.4. Estimation of catalase activity 

Catalase activity was assessed by the 

standard protocol of Luck (1963) with 

some modi f i ca t ions ,  where in 

degradation of substrate H2O2 by 

catalase in the brain tissue samples was 

measured. 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 at 240nm. 

3.8.7.5. Estimation of reduced 

glutathione 

Reduced glutathione activity was 

measured according to the standard 

protocol (Ellman et al., 1961). 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 412nm. 

3.8.7.6. Estimation of superoxide 

dismutase 

For the estimation of superoxide 

dismutase, standard method was 

followed with minor modifications 

(Misera and Fridovich, 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  m M  f r e s h l y  p r e p a r e d 

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 560nm. 

3.8.8. Histopathological examination 

Brains from the experimental mice 

were removed and fixed in 10% 

formaldehyde solution for overnight 

followed by dehydration. Dehydrated 

tissues were embedded in paraffin and 

cut into 4 µm sections 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 
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microscope. 

3.8.9. Statistical analysis 

For reproducibility, all data were 

prepared as the mean ± SD of six 

measurements. Statistical analysis were 

performed by one-way analysis of 

variance (ANOVA) with Dunnett’s test 

using KyPlot version 5.0 (32 bit) for 

windows. P<0.05 was considered as 

significant. 

3 . 9 .  G e n t a m i c i n  i n d u c e d 

nephrotoxicity assay in rats  

3.9.1. Plants used 

In this study methanolic extract of C. 

serratum  (CSL) were chosen 

d e p e n d i n g  o n  t h e i r 

ethnopharmacological significance. 

3.9.2. Animals and care 

Healthy male wistar albino rats (10-12 

weeks of age and 86±6gms body 

weight) were used for all the 

experiments. Rats (6 male/group, n=6) 

were kept in polypropylene side cage 

bins (Tarson, India), with rice husk as 

bedding material. The experimental 

mice were maintained in the animal 

house of the Department of Zoology, 

University of North Bengal with 

sufficient food and water ad-libitum 

under a constant 12 hour dark/light 

cycle at an environmental temperature 

of 25±2°C and humidity 55±5%. 

3.9.3. Acute toxicity study 

OECD guidelines (test 423: Acute oral 

toxicity-Acute toxic class method; 

2002) were followed to study the acute 

t o x i c i t y  o f  C S L  e x t r a c t 

(OECDiLibrary, 2002). Animals were 

divided into five groups (n=6) and 

were kept on fasting overnight prior to 

the experiment. The plant extract was 

administered orally in an increasing 

dose of 250, 500, 1000 and 2000 mg/

kg body weight (BW). After feeding of 

various doses of formulation, all the 

groups were carefully observed for 

d e v e l o p m e n t  o f  c l i n i c a l  o r 

toxicological symptoms at 30 min and 

then at 2, 4, 8, 24 and 48 hours. 

3.9.4. Experimental design and drug 

administration 

Wistar albino rats (male) were 

randomly divided into five groups 

(n=6) and following treatments were 

done once per day for 7 consecutive 

days  to  induce exper imental 

nephrotoxicity in rats: 

Group I: normal control, received 

normal saline for 7 days; Group II: 

Gentamicin group was injected with 

gentamicin (100 mg/kg/day BW) 

intraperitonially for 7 days; Group III: 

Rats were administrated gentamicin 
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(100 mg/kg/day BW) intraperitonially 

along with cystone (400 mg/kg/day 

BW; dissolved in Mili-Q water) orally 

for 7 days; Group IV: Rats were 

administrated gentamicin (100 mg/kg/

day BW) intraperitonially along with 

low dose of CSL (200 mg/kg/day BW; 

dissolved in Mili-Q water) orally for 7 

d a ys ;  G ro u p  V :  R a t s  w e r e 

administrated gentamicin (100 mg/kg/

day BW) intraperitonially along with 

high dose of CSL (400 mg/kg/day BW; 

dissolved in Mili-Q water) orally for 7 

days respectively 

3.9.5. Preparation of kidney tissue 

samples 

On 8th day i.e. 24 h after the last dose, 

under proper anesthesia (mild 2% 

ether) blood was collected in an EDTA

-containing tube by puncturing the 

heart from Wistar albino rats and then 

sacrificed by cervical dislocation. 

Blood was allowed to clot for 60 min at 

room temperature (25°C) and then 

serum was collected by centrifuging at 

1000 rpm for 5 min. The straw colored 

serum was used to study the 

biochemical parameters. After blood 

collection, both the kidney of each 

group was removed and washed with 

phosphate buffer saline to remove 

blood followed by homogenization in 

phosphate buffer (50mM; pH 7.4) and 

potassium chloride (KCl; 120mM). 

Subsequently, the homogenate was 

centrifuged at 3000 rpm for 10 min at 

4ºC.  After centri fugat ion the 

supernatant was collected and used for 

in-vivo  enzymatic assays. The 

remaining kidney was preserved in 

10% formaldehyde solution for 

histological study. 

3.9.6. Serum biochemical assays 

Serum samples from each group were 

used to study kidney function tests like 

creatinine and urea levels using 

commercially available kits (Crest 

Biosystems, India). 

3.9.7. In-vivo kidney enzymatic assays 

3.9.7.1. Estimation of superoxide 

dismutase 

For the estimation of superoxide 

dismutase, standard method was 

followed with minor modifications 

(Misera and Fridovich, 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  m M  f r e s h l y  p r e p a r e d 

hydroxylamine hydrochloride. Clear 

supernatant of kidney homogenate (0.1 

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

mixture. The changes in absorbance of 
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the sample were recorded at 560nm.  

3.9.7.2. Estimation of reduced 

glutathione 

Reduced glutathione activity was 

measured according to the standard 

protocol (Ellman et al., 1961). An 

aliquot of 1 ml kidney 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 412nm. 

3.9.7.3.  Measurement of lipid 

peroxidation 

The MDA content was determined 

using TBARS assay kit (Cayman, 

USA) according to the manufacturer’s 

instructions. In brief, 100 μl of clear 

supernatant of kidney homogenate of 

different groups were mixed with 100 

μl sodium dodecyl sulphate (SDS) 

solution. The tubes were placed in 

boiling water bath after addition of 4 

ml colour reagent. The tubes were kept 

on ice for 10 min to stop the reaction 

after 60 min incubation. Then the 

solutions were centrifuged (1600 g) for 

10 min at 4°C and the absorbance of 

the supernatants was recorded at 

340nm. 

3.9.7.4. Estimation of catalase activity 

Catalase activity was assessed by the 

standard protocol of Luck (1963) with 

some modi f i ca t ions ,  where in 

degradation of substrate H2O2 by 

catalase in the kidney tissue samples 

was measured. 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 at 240nm. 

3.9.8. Histopathological examination 

Kidneys from the experimental rat 

were removed and fixed in 10% 

formaldehyde solution for overnight 

followed by dehydration. Dehydrated 

tissues were embedded in paraffin and 

cut into 4 µm sections using 

microtome. Then kidney sections were 

dewaxed in xylene, rehydrated in a 

series of different grades of alcohol and 

then washed with distilled water for 5 

min. The kidney 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. 

3.9.9. Statistical analysis 

For reproducibility, all data were 

prepared as the mean ± SD of six 
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measurements. Statistical analysis were 

performed by one-way analysis of 

variance (ANOVA) with Dunnett’s test 

using KyPlot version 5.0 (32 bit) for 

windows. P<0.05 was considered as 

significant. 

3.10. Chemical Characterizations of 

selected plant extracts 

Characterizations of plant extracts 

provide major opportunities for new 

drug discovery as well as for 

pharmaceutical industry. In essence, 

natural products or phyto-chemicals are 

constantly being screened due to their 

safe and less adverse effects. Several 

modern techniques of isolation are 

being included in characterization of 

bioactive molecules from plant 

extracts. In the present study, Fourier 

transform infrared (FTIR) spectra and 

G a s  C h r o m a t o g r a p h y - M a s s 

Spectroscopy (GC-MS) were employed 

and summarized below. 

3.10.1. FTIR analysis 

Fourier Transform Infrared (FTIR) has 

been established to be a helpful tool for 

the characterization and detection of 

compounds or functional groups (i.e. 

chemical bonds) present in an 

unknown mixture of plant extracts 

(Eberhardt et al., 2007). Briefly, 

previously prepared selected extract 

(10μg) was taken in calcium fluoride 

(CaF2) vessel and placed in a sample 

cup of a diffuse reflectance accessory. 

Thereafter, IR spectrum was obtained 

u s i n g  S h i m ad z u  8 3 0 0  F T IR 

spectrophotometer  at  ambient 

temperature (25ºC). The background 

correction was done 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. The functional groups 

were identified from the IR peaks 

(Silverstein et al., 2006). 

3.10.2. GC-MS analysis 

The methanolic extracts of CIL, VIL, 

CSL and CCL were centrifuged at 

12,000 rpm for 15 min. Clear 

supernatants thus obtained were 

utilized for GC-MS analysis to identify 

different phytochemical compounds. 

Thermo Scientific make ‘Trace 1300’ 

GC, equipped with ISQ-QD (Thermo 

Scientific) single quadrupole mass 

analyzer and TG-5MS column (30m × 

0.25mm × 0.25μm), was employed for 

present study maintaining the inlet 

temperature of 250°C (Kar et al., 

2016). Briefly, the initial temperature 

was set at 60°C (solvent delay 5 min) 

with a hold of 2 min, followed by a 

ramp of 5°C to 290°C with a hold of 6 
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min (54 min program). Sample (1μl) 

was injected through a Thermo 

Scientific AI-1310 auto-sampler in a 

splitless mode (split flow 50 ml/min) 

with a splitless time of 0.80 min. 

Helium was selected as a carrier gas 

with a constant flow of 1 ml/min. The 

MS transfer line temperature was set at 

290°C with an ion source temperature 

of 230°C (electron ionization) and was 

analyzed at an electron energy of 70 

eV (vacuum pressure- 2.21e-0.5 Torr). 

The mass analyzer range was set at 50-

650 amu. Post-sample runs, solvent 

wash (2 μl) was performed with a 17 

min program of initial temperature 60°

C to the final temperature of 300°C 

(20°C/min ramp) with 5 min hold at 

300°C. 

All samples were run thrice to 

minimize the error and results were 

plotted only with the compounds 

identified in all three runs. The samples 

were analyzed using Thermo 

XcaliburTM software version 2.2. The 

MS data was analyzed using 

A u t o m a t e d  M a s s  S p e c t r a l 

Deconvolution and Identification 

System (AMDIS) version 2.70. The 

active compounds were identified 

through mass fragmentation patterns of 

the reference of parent compound 

using MS interpreter Version 2.0 and 

also by matching against the reference 

database of National Institute of 

Standards and Technology (NIST) with 

an MS library version 2011. No 

external standards were used in this 

study. 

3.11. In-silico molecular docking 

Following successful characterization 

of phytochemicals from different 

extracts, in-silico docking techniques 

towards the discovery of potent drug 

was undertaken to establish whether 

the phytochemicals have any role in the 

management of different imperative 

diseases including hepatoprotective, 

neurodegeneration and nephrotoxicity 

which are explained below. 

3.11.1. Docking study 

The PDB protein structures were 

prepared for docking after deletion of 

water atoms followed by addition of 

p o l a r  h y d r o g e n  a t o m s .  A 

supplementary file was created with 

information regarding the dimensions 

for the purpose of docking. Gasteiger 

charges were further added to both 

proteins and ligands on the basis of 

electronegativity equilibration. The 

torsions of all ligands (i.e. selected 

phytocompounds) were allowed to 

rotate freely to obtain better outcome. 

Molecular docking was performed by 
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Autodock Vina and the docked 

complexes were visualized by means 

o f  P yM o l  p r o t e i n  s t r u c t u r e 

visualization package through which 

the relative distance between the atoms 

of ligands and proteins were also 

generated [in the unit of Angstrom 

(Å)]. The chemical structures for the 

identified phytochemicals were 

downloaded in .sdf format from NCBI-

P U B C H E M  ( h t t p : / / 

w w w . n c b i . n l m . n i h . g o t h r v /

pccompound) followed by converted 

into .pdb format through SMILES 

server (https:// cactus.nci.nih.gov/

translate/). 

3.11.1.1. Molecular docking and ROS 

The most prominent and active 

compounds detected through GC-MS 

were subjected to molecular docking 

analysis against proteins. The X-ray 

structures of the proteins available in 

the Protein Data Bank (http://

www.rcsb.org) were used. Molecular 

docking was conducted using 

AutoDock Vina (Trott and Olson, 

2010). The receptor structures were 

defined as rigid, and the grid 

dimensions were 126, 126 and 126 for 

the X, Y, and Z axes for ap1 protein 

(PDB ID: 1fos). On the other hand for 

p53 protein (PDB ID: 1aie) and nrf2 

protein (PDB ID: 2flu) was found to fit 

in X, Y and Z dimensions of 80, 80 and 

80 respectively. Gasteiger charges 

were assigned for all the compounds, 

and nonpolar hydrogen atoms were 

merged. All torsions of the ligands 

were allowed to rotate during docking. 

The value for the exhaustiveness of the 

s e a r c h  w a s  8 .  A l l  g r a p h i c 

manipulations and visualizations were 

performed using the AutoDock Tools 

and ligand docking with Autodock 

Vina. 

3.11.1.2. Molecular docking and 

hepatotoxic activity 

Proteins were chosen based on 

literature survey, having functional 

implications in hepatotoxic activity. 

The receptor structures were defined as 

rigid, and the grid dimensions were 

126, 126 and 126 for the X, Y, and Z 

axes for protein NF-κβ having PDB 

ID's 1nfi. On the other hand for protein 

Hepatitis BX with PDB ID's 3i7h grid 

dimension were 126, 126 and 126 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 

dock ing .  The  va lue  fo r  t he 

exhaustiveness of the search was 8. All 

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

visualizations were performed using 
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the AutoDock Tools and ligand 

docking with Autodock Vina (Trott 

and Olson, 2010). 

3.11.1.3. Molecular docking and 

neurodegeneration 

During this study, human dopamine 

receptor D3 protein (PDB ID: 3PBL) 

was considered as the target protein for 

performing computational docking 

invest igat ions.  Here the grid 

dimensions were 126, 126 and 126 for 

the X, Y, and Z axes for protein human 

dopamine receptor D3. 

3.11.1.4. Molecular docking and 

nephrotoxicity 

The protein selected here is Polycystic 

Kidney Disease protein 2 (PDB ID: 

5T4D), which is primarily an ion-

channel regulator involved in 

production of a protein named 

polycystin in kidney. The receptor 

structure was defined as rigid, and the 

grid dimensions were 100 for all three 

X, Y, and Z axes. 

3.12. Study of solvent fraction of V. 

inermis (syn: C. inerme) 

3.12.1. Leaf extract for silica gel 

column chromatography 

Column chromatograph y was 

performed using a glass column 

apparatus (local made) at a height of 50 

cm. The leaf extract (VIL) (prepared as 

described above in section 3.3.4.) was 

then subjected to Silica gel (SD fine 

chem Limited, 200-300 mesh size) 

column chromatography. Solvents 

(based on their polarity level) like ethyl 

acetate (EA) and petroleum ether (PE) 

were eluted in the column to separate 

different phytochemicals in order of 

their affinity towards these solvents. 

Solvents were passed through the silica 

column in various combinations of 

volumes like 25, 50, 75 and 100% to 

get different solvent fractions (Fraction

-1, Fraction-2). The fractions were then 

air dried and stored in amber glass 

bottle at 4°C until further use. 

3.12.2. Physical measurements 

3.12.2.1. Thin layer chromatography 

The bioactive fractions of leaf extracts 

of V. inermis were analyzed through 

thin layer chromatography (TLC) using 

the method of Wagner and Bladt 

(1996). About 10 μl of extract (2 mg/

ml) of all the bioactive fractions were 

loaded on TLC plates (Merck, India 

10x10 cm2). The plate was air dried 

and developed in petroleum ether: 

ethyl acetate (15% EA in PE) for 10 

min. The plate was dried in room 

temperature for 2-3 min and detected 

under UV light (365 nm) and ammonia 
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vapour. 

3.12.2.2. CHN analysis 

Elemental analysis (C, H and N) of the 

isolated compounds were conducted 

using a Perkin-Elmer 240 elemental 

analyzer. 

3.12.2.3. FTIR analysis 

Fourier Transform Infrared (FTIR) has 

been established to be a helpful tool for 

the characterization and detection of 

compounds or functional groups (i.e. 

chemical bonds) present in an 

unknown mixture of plant extracts 

(Eberhardt et al., 2007). Briefly, 

previously prepared selected extract 

(10μg) was taken in calcium fluoride 

(CaF2) cell and placed in a sample cup 

of a diffuse reflectance accessory. 

Thereafter, IR spectrum was obtained 

u s i n g  S h i m ad z u  8 3 0 0  F T IR 

spectrophotometer  at  ambient 

temperature (25ºC). The background 

correction was done 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. The functional groups 

were identified from the IR peaks 

(Silverstein et al., 2006). 

3.12.2.4. NMR analysis 

The 1H and 13C NMR spectra of 

different fractions (V. inermis) were 

recorded with a 300 MHz Bruker FT-

NMR (Avance AV-300) spectrometer. 

Deuterated dimethylsulfoxide (DMSO-

d6) was used as solvent and 

trimethylsilane [Si(CH3)4] was used as 

internal standard. All experiments were 

done at room temperature (24°C). 

Calibrations of spectra were done on 

the basis of solvent residual peak and 

the chemical shifts were reported in δ 

values (Silverstein et al., 2006). 

3.12.3. Phytochemical screening 

Different solvent fractions as prepared 

t h r o u g h  s i l i c a  g e l  c o l u m n 

chromatography were tested for 

v a r i o u s  p h y t o c h e m i c a l s  a n d 

antioxidant properties which are 

represented as follows. 

3.12.3.1. Quantification of total 

phenolic content 

Total phenolic content (TPC) was 

determined using Folin-Ciocalteu 

reagent (Singleton and Rossi, 1965) 

with slight changes. In brief, each 

fraction (100μl) was mixed with 

0.75ml of Folin-Ciocalteu reagent 

(previously diluted 1000-fold with 

distilled water) and left for 5 min at 

room temperature followed by the 

addition of sodium carbonate (Na2CO3; 

0.06%) to the mixture. Following 
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incubation of 90 min at room 

temperature, the absorbance was 

measured at 725nm. Phenolic content 

was measured against a gallic acid 

standard curve (R2 = 0.9708). 

3.12.3.2. Quantification of total 

flavonoid content 

The total flavonoid content was 

measured using aluminium chloride 

(AlCl3) method (Zhishen et al., 1999) 

with few modifications. In brief, each 

fraction (100μl) was added to 0.3ml of 

distilled water followed by addition of 

NaNO2 (5%; 0.03ml). Following 5 min 

of incubation at room temperature, 

AlCl3 (10%; 0.03ml) was added and 

left for 5min. Reaction mixture was 

then treated with 0.2ml of sodium 

hydroxide (NaOH; 1mM) and diluted 

to 1ml with water. Absorbance was 

measured at 510nm. The flavonoid 

content was determined from a 

quercetin standard curve (R2 = 0.9891). 

3.12.3.3. DPPH radical scavenging 

assay 

The free radical scavenging activity 

through DPPH assay was performed as 

per Saha et al. (2016) with a brief 

modification. In brief, each fraction 

(200μg/ml) was mixed properly with 

freshly prepared DPPH solution (1mM; 

diluted in 95% methanol) and kept in 

dark. Optical density (OD) was 

measured after 30 minutes of reaction 

at 517nm using Bio-Rad microplate 

reader and compared with the standard 

ascorbic acid. The percent of inhibition 

was calculated using Equation I: 

 

Where, A0= absorbance of the control 

and A1= absorbance in the presence of 

samples and standard. 

3.12.3.4. Nitric oxide radical 

scavenging assay 

Nitric oxide radical quenching activity 

was performed following the GriessI-

llosvoy reaction (Garratt, 2012) with 

minor modifications. In brief, 

phosphate buffered saline (pH 7.4), 

sodium nitroprusside (SNP; 10mM) 

and different concentrations of each 

fraction (0-200μg/ml) were mixed to 

make final volume of 3 ml. Following 

incubation for 150 minutes at 25°C, 

1ml of sulfanilamide (0.33%; diluted in 

20% of glacial acetic acid) was added 

to 0.5ml of the pre-incubated reaction 

mixture and left for 5 min of 

incubation. Then, 1ml of N-(1 -

N a p h t h y l ) e t h y l e n e d i a m i n e 

dihydrochloride (NED; 0.1%) was 

added and incubated for 30min at 25°C 

to develop the colour. The absorbance 

was measured spectrophotometrically 
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at 540nm against blank sample. 

Curcumin was used as standard. The 

percentage inhibition was calculated 

using Equation I. 

3 .12 .3 .5 .  Hydro gen  pero x id e 

scavenging assay 

The assay was determined by the 

method of Long et al. (1999) with 

minor modifications. A mixture was 

prepared with H2O2 (50mM) and 

various concentrations of each fraction 

(0-200μg/ml) and left for 30 min of 

incubation at room temperature 

followed by the addition of 90μl H2O2, 

10μl of Methanol (HPLC grade) and 

0.9ml of FOX reagent (prepared by 

mixing 9 volumes of 4.4mM BHT in 

HPLC grade methanol with 1 volume 

of 1mM xylenol orange and 2.56mM 

ammonium ferrous sulfate in 0.25M 

H2SO4). Entire mixture was then 

vortexed and left for incubation for 30 

min and absorbance was measured at 

560nm. Sodiun pyruvate was used as 

positive control. 

3.12.3.6. Measurement of reducing 

power 

The Ferric reducing power was 

evaluated by the method of  Oyaizu et 

al. (1986) with slight alterations. Each 

fraction (1ml) was taken in different 

tubes to which 2.5 ml of 0.2 M 

phosphate buffer (pH 6.6) and 2.5 ml 

of 1% potassium ferricyanide [K2Fe

(CN)6] were added and incubated at 

50°C for 20 min. Following incubation 

2.5 ml of 10% trichloroacetic acid 

(TCA) was added to the mixture. Since 

no precipitation occurred, the upper 

layer (2.5 ml) of the solution was 

mixed with DDW (2.5 ml) and ferric 

chloride (FeCl3) (0.5 ml, 0.1%) and the 

absorbance was measured at 700nm.  

3.12.4. Antimicrobial activity of the 

solvent fractions 

Different bioactive solvent fractions 

(Fr-1 and Fr-2) as prepared through 

silica gel column chromatography were 

tested for various antimicrobial 

activities. 

3.12.4.1. Test Organisms 

The bacterial cultures were procured 

from Microbial  Type Culture 

C o l l e c t i o n  an d  Ge n e  B a n k , 

Chandigarh. Two pathogenic gram 

positive bacteria Bacillus subtilis 

(MTCC-121), Staphylococcus aureus 

(MTCC-3160) and two pathogenic 

gram negative bacteria Escherichia coli 

( M T C C - 1 6 9 8 ) ,  P s e u d o m o n a s 

aeruginosa (MTCC-1035) were used 

for assessing the antibacterial 

activities. All bacterial strains were 
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cultivated in nutrient broth medium 

(NB) and incubated at 37°C for 24 hr. 

This was used for the antibacterial 

activity in the well diffusion assay. 

3.12.4.2. Preparation of test solutions 

The test solutions of seven fractions 

were prepared in DMSO at a 

concentration of 10 mg/ml. 

3.12.4.3. Preparation of media 

The nutrient agar (NA) medium was 

obtained from Hi-media laboratory Pvt 

Ltd, Mumbai, India. NA (2.8g) was 

suspended in 100 ml of distilled water, 

boiled and dissolved completely. It was 

sterilized by autoclaving at 15 lbs. 

pressure (121ºC) for 15 min and 

poured into sterile Petri dish and 

allowed to set. Sterility check was done 

after the agar was solidified (Snyder 

and Atlas, 2006). 

3.12.4.4. Media preparation and 

inoculation 

The pure cultures of each bacterium 

were prepared in Nutrient broth and 

incubating over night at 37ºC. After 

incubation, all the required plates were 

inoculated by dipping a non-toxic 

sterile cotton swab into the microbial 

growth. Excess of inoculate was 

removed by pressing and rotating the 

swab firmly against the side of the 

tube, above the level of the liquid. The 

medium was inoculated by evenly 

streaking the swab over the entire 

surface of the plate in three directions. 

3.12.4.5. Agar well diffusion method 

The assay for antibacterial activities 

was conducted by agar well diffusion 

method (Perez et al., 1990). Sterile 

nutrient agar (NA) was poured into 

sterile Petri dishes, which was 

inoculated with the test organisms. 

Sterile cork borer was used to prepare 

well (9 mm) on each Petri plates. 

About 200 μl of each fraction (10 mg/

ml) was poured into each well (each 

microorganism inoculated plates) using 

sterile pipette and incubated at 37ºC for 

24h. After incubation all the tested 

plates were examined and the 

diameters of the inhibition zones were 

measured. All the experiments were 

carried out in triplicates. DMSO was 

used as a control. The zone of 

inhibitions is expressed as mean values 

with standard deviation of mean (SD). 

3.13. In-vitro regeneration through 

tissue culture 

An in-vitro  culture study of 

Clerodendrum was done to standardize 

the protocol for regenerating the whole 

plantlet by using the explant and 

different hormone combinations in 

synthetic medium. Clerodendrum 



MATERIALS AND METHODS   56 

 

thomsoniae was chosen for various in-

vitro culture studies. 

3.13.1. Plant material collection 

The nodal segments of C. thomsoniae 

were collected from experimental 

garden of Molecular Genetics 

Laboratory, Department of Botany, 

North Bengal University. The plant 

material was authenticated by plant 

taxonomist. 

3.13.2. Establishment of aseptic 

culture 

The nodal segment of C. thomsoniae 

was collected from our laboratory 

garden for aseptic culture. The explants 

were washed in 1% tween 20 (Sd fine 

Chem. Cat#76368) for 30 minutes and 

then rinsed several times with double 

distilled water (DDW). The explants 

were then surface sterilized with 70% 

alcohol for 45 sec and then rinsed 

several times with sterile DDW under 

the laminar air flow cabinet. Explants 

were finally treated with 0.1% HgCl2 

(Merck India Cat#17524) for 5 min and 

washed several times with sterile DDW 

to remove the traces of HgCl2. The 

explants were then trimmed to 

approximately 3 cm. in length and blot 

dried. 

3.13.3. In-vitro shoot induction via 

callus culture 

The trimmed explants were aseptically 

cultured in Murashige and Skoog 

medium (Read ymade medium 

procured from Hi-media) (Murashige 

and Skoog, 1962) and Woody Plant 

medium (Lloyd and McCown, 1980), 

containing various concentration of 

growth regulators supplemented with 

0.8% agar and 0.42% CaCl2 with 

different concentrations of sucrose 

(Table 3.3.). The pH of the media was 

Table 3.3. Effect of sucrose on regeneration of shoot buds from callus of C. thomsoniae.  

BAP (mg/l) NAA (mg/l) Sucrose (%) Mean no. of shoots/callus 

1 mg/l 0.5 mg/l 

1 2.76±0.39 

2 3.71±0.25 

3 6.5±0.5 

2 mg/l 0.5 mg/l 

1 6.98±0.21 

2 9.07±0.17 

3 13±1.5 

3 mg/l 0.5 mg/l 

1 7.54±0.24 

2 8.24±0.30 

3 9.5±0.5 

4 mg/l 0.5 mg/l 

1 1.31±0.21 

2 2.5±0.10 

3 4±1.0 
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in a green house condition and finally 

to the field conditions. The survival 

percentage of the acclimatized plantlet 

was recorded. 

3.13.5. Detection of Somaclonal 

variation 

3.13.5.1. DNA isolation from the in-

vitro regenerated plantlets 

The genomic DNA was isolated using 

Genelute Plant Genomic DNA kit 

(Sigma Cat# G2N- 70) as: 

 Tender leaves approximately 

100mg was ground into fine 

powder `in a small mortar and 

pestle using liquid nitrogen. 

 The ground plant tissue was then 

subjected to lysis using 350μl of 

lysis solution (Part A) and 50μl of 

lysis solution (Part B) and mixed 

by inversion and incubated at 65ºC 

for 10 min.  

 Following incubation 130μl 

precipitation solution was added, 

mixed by inversion and incubated 

on ice for 5 min to pellet debris. 

The supernatant was transferred to 

blue fi l tration column and 

centrifuged at 12,000 rpm for 1 

min.  

 To the filtrate 700μl of binding 

solution was added and mixed 

adjusted to 5.6-5.8 before adding agar 

(0.8%) and autoclaved at 121ºC for 20 

min at 15 psi.  

Different concentrations of cytokinin 

like BAP (6-benzyl amino purine) and 

auxin like NAA (1-napthaleneacetic 

acid) were used in this study for 

initiation of shoot through callus. 

Controlled cultures with no hormone 

were also prepared. Sub-culturing was 

done at 2 weeks interval in the same 

media having the same hormonal 

composition (Mishra et al., 2015). BAP 

were applied at the rate of 1, 2, 3 and 4 

mg/l and NAA at the rate of 0.5mg/l to 

observe various stages of in-vitro shoot 

induction via callus culture. The 

cultures were incubated under 2000-

3000 lux light intensity for 16 h/day at 

25° ± 2° C temperature. 

3.13.4. Hardening and transfer of 

plants to soil 

After 4 weeks of rooting and shooting 

in-vitro, the whole plantlet was 

carefully taken out of the culture bottle 

so that the root system is not damaged. 

The roots were washed properly under 

running tap water to remove the 

medium completely. Then the plantlets 

were transferred to a mixture of sandy 

soil and farm yard manure with a ratio 

of 1:1 (v/v) for 30 days for hardening 
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thoroughly by inversion. The 

mixture was then transferred to 

binding column (prepared by 

a d d i n g  5 0 0 μ l  o f  c o l u m n 

preparation solution to the binding 

column and spinning for 1 min and 

discarding the flow-through) and 

centrifuged for 1 min at 12,000 rpm 

and the flow through was 

discarded. The column was then 

transferred to a new collection tube.  

 To the column 500μl of wash 

solution (containing ethanol) was 

added and centrifuge at 12,000 rpm 

for 1 min. The column was then 

transferred to a new collection tube. 

The process was repeated. 

 Finally 100μl of elution solution 

(pre-warmed at 65ºC) was added to 

the column and centrifuged at 

12,000 rpm for 1 min. The filtrated 

contained the pure genomic DNA.  

3.13.5.2. RAPD analysis 

Please refer to section 3.14.5 for 

details. 

3.13.5.3. ISSR analysis 

Please refer to section 3.14.6 for 

details. 

3.13.6. GC-MS analysis  

For GC-MS analysis of in-vitro 

regenerated plantlets please refer to 

section 3.10.2. 

3.13.7. Molecular Docking 

The most prominent and active 

compounds present in tissue cultured 

plants, detected through GC-MS 

analysis were subjected to molecular 

docking analysis against protein. The 

protein selected here is Brain-derived 

neurotrophic factor (BDNF) which is 

proved to play a role in depression 

(Angelucci et al., 2000). The X-ray 

crystallographic structure of the protein 

available in the Protein Data Bank 

(http://www.rcsb.org) was used. 

Molecular docking was conducted 

using AutoDockVina (Trott and Olson, 

2010). The receptor structure was 

defined as rigid and the grid 

dimensions were 100 for all three X, Y, 

and Z axes. Gasteiger charges were 

assigned for all the compounds, and 

non-polar hydrogen atoms were 

merged. All torsions of the ligand were 

allowed to rotate during docking. The 

value for the exhaustiveness of the 

s e a r c h  w a s  8 .  A l l  g r a p h i c 

manipulations and visualizations were 

performed using the AutoDock Tools 

a n d  l i g a n d  d o c k i n g  w i t h 

AutodockVina. 
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3.14. Study of Molecular diversity of 

Clerodendrum 

Genetic diversity of Clerodendrum 

were studied by using different types of 

PCR based molecular techniques 

namely, RAPD, ISSR, PCR-RFLP and 

barcoding markers. Isolation of high 

molecular weight DNA is the foremost 

approach to carry out these molecular 

fingerprinting. The method developed 

by Doyle and Doyle (1987) was used 

for the isolation of genomic DNA with 

slight modifications as mentioned 

below: 

3.14.1. DNA extraction 

 Tender leaves were taken (approx. 

5g) in a mortar and pestle and 

ground into a fine powder with the 

help of liquid nitrogen. 

 The pulverized material was taken 

in a 30ml Oakridge tube (Tarsons, 

Cat#541040) containing 15 ml of 

prewarmed (at 65ºC) CTAB 

extraction buffer (Refer Appendix 

B for composition) and gently 

swirled. 

 The tube was incubated in a water 

bath (Rivotek, Cat#50121002) for 

1h at 65ºC with occasional mixing 

by gentle swirling. 

 After 1 hr incubation an equal 

volume of chloroform: Isoamyl 

alcohol  (24:1) was added and 

mixed properly by inverting the 

tube upside down. 

 The mixture was centrifuged 

(REMI make, Model No.C-24) for 

15 minutes at about 6,500 rpm at 

24ºC and the supernatant was 

carefully transferred to a fresh tube 

without disturbing the middle cell 

debris layer. 

 Then 0.6 volume of ice cold 

Isopropanol  (Merck  India , 

Cat#17813) was added to the final 

supernatant. 

 Upon gentle swirling the DNA-

CTAB complex precipitated as a 

whitish network and was spooled 

out of the solution using a bent 

Pasteur pipette. 

 It was then washed in 70% ethyl 

alcohol (BDH Cat#10107) and 

allowed to air dry and finally 

dissolved in 500μl of 1X TE buffer 

(pH 7.4) (Refer Appendix B for 

composition). 

 The dissolved DNA was extracted 

with  an equal  volume of 

equilibrated phenol (pH 8.0) 

(Sigma, Cat#P4557-400ML), 

mixed properly and centrifuged at 

10,000 rpm for 15 minutes at 24ºC 
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 Following centrifugation, the upper 

aqueous layer was then transferred 

into a fresh tube and extracted with 

an equal volume of chloroform: 

isoamyl alcohol (24:1) and 

centrifuged at 10,000 rpm for 15 

minutes at room temperature. 

 The upper aqueous phase was taken 

in a fresh tube and to it 0.1 volume 

of 3M sodium acetate (pH 5.2) 

(Sigma, Cat#S-9513) and 2 volume 

of absolute ethyl alcohol (BDH 

Cat#10107) was added and 

precipitated at 4ºC for 30 minutes 

in a cooling centrifuge (REMI 

make, Model No.C-24) at 12,000 

rpm. 

 The pellet thus obtained was 

washed in 70% ethyl alcohol, dried 

and dissolved in 500μl of 1X TE 

buffer (pH 7.4).  

3.14.2. Purification of DNA 

RNA, protein and polysaccharides are 

the main contaminants found in crude 

DNA hampering further downstream 

process. Therefore removal of these 

impurities is the main rational 

pathway for purification of crude 

DNA. Utilization of CTAB helps in 

elimination of polysaccharides from 

DNA.  Subsequent ly,  phenol : 

chloroform and RNase treatment 

facilitate in the elimination of RNA 

and most of proteins to a large extent 

from crude DNA. The following 

procedure of DNA purification is as 

follows: 

 RNaseA (50μg/ml) (Sigma, Cat#R

-4875) (Refer Appendix- B for 

composition) was added to the 

genomic DNA dissolved in 500μl 

of 1X TE buffer (pH 7.4) and it 

was incubated at 37ºC for 1 hr in a 

Dry water bath (GeNeiTM make, 

Cat#107173). 

 An equal volume of chloroform: 

Isoamyl alcohol (24:1) was added 

an d  m ix ed  p ro p er l y  an d 

centrifuged at 10,000 rpm for 15 

minutes at room temperature. 

 The upper aqueous phase was then 

t r a n s f e r r e d  t o  a  f r e s h 

microcentrifuge tube (Tarsons, 

Cat#500010) and to it phase 0.1 

volume of 3M sodium acetate (pH 

5.2) and double volume of 

absolute ethyl alcohol was then 

added for DNA precipitation. 

Next, the tube was centrifuged at 

13,000 rpm for 30 min at 4ºC. 

 The DNA pellet obtained was 

washed in 70% ethyl alcohol, air 

dried and finally dissolved in 

100μl of 1XTE (pH 7.4) buffer. 
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3.14.3. Quantification of DNA 

Proper DNA quantification is required 

in molecular biology for the 

amplification of target DNA by 

polymerase chain reaction and 

complete digestion of DNA by 

restriction enzymes. In essence, DNA 

quantification is carried out by 

spectrophotometric measurements or 

by agarose gel analysis. Both the 

methods were used in the present 

study. 

3 . 1 4 . 3 . 1 .  S p e c t r o p h o t o m e t r i c 

measurement 

 At first, spectrophotometer 

(Thermo UV1 spectrophotometer, 

Thermo Electron Corporation, 

England, UK) was calibrated at 

260nm as well as 280nm by taking 

600μl 1X TE buffer in a cuvette. 

 The purified DNA (6μl diluted in 

594μl of 1X TE) was taken in a 

cuvette, mixed properly and the 

optical density (OD) was recorded 

at both 260nm and 280nm. DNA 

concentration was estimated by 

using the following formula: 

 

 Next, the quality of DNA was 

considered from the OD values 

recorded at 260nm and 280nm. 

The DNA showing A260/A280 ratio 

around 1.8 was chosen for further 

PCR amplification by using 

RAPD, ISSR, PCR-RFLP and 

barcoding techniques. 

3.14.3.2 Gel analysis 

 The agarose gel (0.8%, gelling 

temperature 36°C) (SIGMA, 

Cat#A9539) was casted in 0.5X 

TBE buffer [Tris-Borate-EDTA)] 

(Refe r  Appendix -  B fo r 

composition) containing 0.5μg/ml 

Ethidium bromide (Himedia, 

Cat#RM813) on gel platform 

( 1 0 0 × 7 0 m m )  ( T a r s o n s , 

Cat#7024). 

 Sample DNA (5μl) mixed with 

3μl of 6X gel loading dye (Refer 

Appendix- B for composition) 

was loaded. 

 The lambda DNA/EcoRI/HindIII 

double digest (2μl) (GeNeiTM, 

Cat#106000) was loaded as 

molecular marker to determine 

the molecular size of the adjacent 

genomic DNA. 

 The gel was run at 50 Volt (V) 

for 1hr in a Mini Submarine Gel 

Electrophoresis Unit (Tarsons, 

Cat#7030) using Electrophoresis 
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Power Supply Unit (Tarsons, 

Cat#7090). 

 Afterward, the run time was over 

the gel was visualized under UV 

light on a UV Transilluminator 

(GeNeiTM, Cat#SF850). 

 The DNA quality was considered 

by the presence of a single 

compact band at the corresponding 

position to λ DNA/EcoRI/HindIII 

double digest indicating high 

molecular weight of the DNA. The 

sizes of the bands were estimated 

with Photo-Capt Version 12.4 

(Vilber Lourmat, USA). 

 The quantity of the DNA was 

estimated by comparing the 

sample DNA with the control by 

visualizing the band intensity 

under UV. 

 The pure DNA thus obtained was 

used for various fingerprinting 

studies. 

3.14.4 Gel Photography  

Photographs were taken for each gels 

by using an indigenously built gel 

documentation system fitted with 

Cannon SLR camera (EOS350D) and 

Marumi orange filter (58 mm YA2, 

Marumi, Japan). The software used 

was EOS utility. 

3.14.5. RAPD analysis 

A total of 45 random decamer primers 

were tested for 11 different species of 

Clerodendrum (Table 3.4.). 

3.14.5.1. RAPD-PCR amplification 

An autoclaved sterile PCR tube 

(Tarsons, 0.2ml, Cat#500050) was 

taken containing 25 μl of PCR reaction 

mixture for PCR amplification. The 

mixture was consisted of following 

solutions: 

 PCR master Mix (2X; Promega; 

Cat# M7122) - 12.5μl 

 Primer - 1.25μl (0.25μM) 

 Template DNA - 2μl (25ng) 

 Pyrogen free water- 9.25μl 

One negative control PCR mix tube 

was prepared without DNA. The PCR 

reactions were performed on Applied 

Biosystems Thermocycler -2720 

( G e r m a n y) .  T h e  R A P D - P C R 

amplification cycle consists of the 

following specifications: 

 Cycle 1: Denaturation at 94ºC for 

4 min, Primer annealing at 37ºC 

for 1 min, Primer extension at 

72ºC for 2 min.  

 Cycle 2-44: Denaturation at 94ºC 

for 1 min, Primer annealing at 
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37ºC for 1 min, Primer extension 

at 72ºC for 2 min.  

 Cycle 45: Denaturation at 94ºC for 

1 min, Primer annealing at 37ºC 

for 1 min., Primer extension at 

72ºC for 10 min.  

After the compliance of total PCR 

cycle, the PCR products were separated 

on 1.8% (W/V) agarose gel containing 

Ethidium bromide solution (0.5μg/ml) 

run in 0.5X TBE buffer. 

Next, the PCR product (12μl) was 

loaded and electrophoresis was carried 

out at 50V for 2.5h. 

Finally, the gels were visualized under 

UV transilluminator (GeNeiTM, 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder (λ-

DNA/EcoRI/HindIII double digest) 

(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used as a molecular size marker. All 

PCR reactions were run at least thrice 

and only reproducible and clear bands 

were scored and aligned by diversity 

data base software (NTSYSpc). 

3.14.6 ISSR (Inter Simple Sequence 

repeat) analysis 

A total of 15 ISSR primers were 

screened for 11 different species of 

Clerodendrum (Table 3.5.). 

Table 3.4. List of RAPD primers used in 

the present study.  

Primer ID Sequence (5′-3′) 

OPA01 CAGGCCCTTC 

OPA02 TGCCGAGCTG 

OPA03 AGTCAGCCAC 

OPA04 AATCGGGCTG 

OPA05 AGGGGTCTTG 

OPA06 GGTCCCTGAC 

OPA07 GAAACGGGTG 

OPA08 GTGACGTAGG 

OPA09 GGGTAACGCC 

OPA10 GTGATCGCAG 

OPA11 CAATCGCCGT 

OPA12 TCGGCGATAG 

OPA13 CAGCACCCAC 

OPA14 TCTGTGCTGG 

OPA15 TTCCGAACCC 

OPA16 AGCCAGCGAA 

OPA17 GACCGCTTGT 

OPA18 AGGTGACCGT 

OPA19 CAAACGTCGG 

OPA20 GTTGCGATCC 

OPB01 GTTTCGCTCC 

OPB02 TGATCCCTGG 

OPB03 CATCCCCCTG 

OPB04 GGACTGGAGT 

OPB05 TGCGCCCTTC 

OPB06 TGCTCTGCCC 

OPB07 GGTGACGCAG 

OPB08 GTCCACACGG 

OPB09 TGGGGGACTC 

OPB10 CTGCTGGGAC 

OPB11 GTAGACCCGT 

OPB12 CCTTGACGCA 

OPB13 TTCCCCCGCT 

OPF09 CCAAGCTTCC 

OPG19 GTCAGGGCAA 

OPH04 GGAAGTCGCC 

OPN05 ACTGAACGCC 

OPN13 AGCGTCACTC 

OPN19 GTCCGTACTG 
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3.14.6.1 ISSR-PCR Amplification 

An autoclaved sterile PCR tube 

(Tarsons, 0.2ml, Cat#500050) was 

taken containing 25 μl of PCR reaction 

mixture for PCR amplification. The 

mixture was consisted of following 

solutions: 

 PCR master Mix (2X; Promega; 

Cat# M7122) - 12.5μl 

 Primer - 1.25μl (0.25μM) 

 Template DNA - 2μl (25ng) 

 Pyrogen free water- 9.25μl 

One negative control PCR mix tube 

was prepared without DNA. The PCR 

reactions were performed on Applied 

Biosystems Thermocycler -2720 

( G e r m a n y) .  T h e  R A P D - P C R 

amplification cycle consists of the 

following specifications: 

Cycle 1: Denaturation at 94ºC for 

5min, Primer annealing at 52ºC 

for 1min., Primer extension at 

72ºC for 1min. 

Cycle 2-34: Denaturation at 94ºC 

for 45s, Primer annealing at 

52ºC for 1min.,  Primer 

extension at 72ºC for 1min.  

Cycle 35: Denaturation at 94ºC for 

45s, Primer annealing at for 

1min., Primer extension at 72ºC 

for 7 min. 

After the compliance of total PCR 

cycle, the PCR products were separated 

on 1.8% (W/V) agarose gel containing 

Ethidium bromide solution (0.5μg/ml) 

run in 0.5X TBE buffer. 

Next, the PCR product (12μl) was 

loaded and electrophoresis was carried 

out at 50V for 2.5h. 

Finally, the gels were visualized under 

UV transilluminator (GeNeiTM, 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder (λ-

DNA/EcoRI/HindIII double digest) 

(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used as a molecular size marker. All 

PCR reactions were run at least thrice 

and only reproducible and clear bands 

Table 3.5. List of primers used for ISSR 

analysis.  

Primer ID Sequence (5’-3’) 

UBC807 (AG)8T 

UBC808 (AG)8C 

UBC810 (GA)8T 

UBC811 (GA)8C 

UBC813 (CT)8T 

UBC815 (CT)8G 

UBC818 (CA)8G 

UBC822 (TC)8A 

UBC824 TC(8)G 

UBC825 (AC)T 

UBC834 (AG)8YT 

UBC836 (AG)8YA 

UBC841 (GA)8YC 

UBC856 (AC)8YA 

UBC873 (GACA)4 
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were scored and aligned by diversity 

data base software (NTSYSpc). 

3.14.7 PCR-RFLP analysis 

3.14.7.1. Primers used for matK 

matK region of the Clerodendrum 

genome was amplified. The primer 

sequence matK(F)-5′

CGATCTATTCATTCAATATTTC 3′ 

and matK (R)-5′

TCATGCACACGAAAGTCGAAGT3′ 

was used on the basis of the known 

sequence from the matK region of the 

other plant species. 

3.14.7.1.1. PCR amplification of matK 

region 

The polymerase chain reaction was 

carried out in a 25μl volume containing 

the following components: 

 PCR master Mix (2X; Promega; 

Cat# M7122) - 12.5μl  

 Primer - 1.25μl matK (F) 

(0.25μM) and 1.25μl matK (R) 

(0.25μM)  

 Template DNA - 2μl (25ng)  

 Pyrogen free water- 8μl  

One negative control PCR mix tube 

was prepared without DNA. The PCR 

reactions were performed on Applied 

Biosystems Thermocycler -2720 

(Germany). The PCR amplification 

cycle consists of the following 

specifications: 

 Cycle 1: Denaturation at 94ºC for 

4 min, Primer annealing at 48ºC 

for 30 sec, Primer extension at 

72ºC for 1 min. 

 Cycle 2-34: Denaturation at 94ºC 

for 1 min, Primer annealing at 

48ºC for 30 sec, Primer extension 

at 72ºC for 1 min. 

 Cycle 35: Denaturation at 94ºC for 

1 min, Primer annealing at 48ºC 

for 30 sec, Primer extension at 

72ºC for 7 min. 

After the compliance of total PCR 

cycle, the PCR products were separated 

on 1.8% (W/V) agarose gel containing 

Ethidium bromide solution (0.5μg/ml) 

run in 0.5X TBE buffer. 

Next, the PCR product (12μl) was 

loaded and electrophoresis was carried 

out at 50V for 2.5h. Finally, the gels 

w e r e  v i s u a l i z e d  u n d e r  U V 

t r a n s i l l u m i n a t o r  ( G e N e i T M , 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder 

(λDNA/EcoRI/HindIII double digest) 

(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used to determine the band size. 
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3.14.7.2. Primers used for rps16 

Ribosomal protein S16 (rps16) region 

of the Clerodendrum genome was 

amplified. The primer sequence rps16 

(F)- 5′ 

GTGTGTAGAAAGCAACGTGCGA

CTT 3′ and rps16 (R)- 5′ 

TCGGGATCGAACATCAATTGCAA

C 3′ was used on the basis of the 

known sequence from the rps16 region 

of the other plant species. 

3.14.7.2.1. PCR amplification of rps16 

region 

The polymerase chain reaction was 

carried out in a 25μl volume 

containing the following components: 

 PCR master Mix (2X; Promega; 

Cat# M7122) - 12.5μl  

 Primer - 1.25μl rps16 (F) 

(0.25μM) and 1.25μl rps16 (R) 

(0.25μM)  

 Template DNA - 2μl (25ng)  

 Pyrogen free water- 8μl 

One negative control PCR mix tube 

was prepared without DNA. The PCR 

reactions were performed on Applied 

Biosystems Thermocycler -2720 

(Germany). The PCR amplification 

cycle consists of the following 

specifications: 

 Cycle 1: Denaturation at 94ºC for 

4 min, Primer annealing at 56ºC 

for 30 sec, Primer extension at 

72ºC for 1 min. 

 Cycle 2-34: Denaturation at 94ºC 

for 45 sec, Primer annealing at 

56ºC for 30 sec, Primer extension 

at 72ºC for 1 min. 

 Cycle 35: Denaturation at 94ºC for 

1 min, Primer annealing at 56ºC 

for 30 sec, Primer extension at 

72ºC for 15 min. 

After the compliance of total PCR 

cycle, the PCR products were separated 

on 1.8% (W/V) agarose gel containing 

Ethidium bromide solution (0.5μg/ml) 

run in 0.5X TBE buffer. 

Next, the PCR product (12μl) was 

loaded and electrophoresis was carried 

out at 50V for 2.5h. Finally, the gels 

w e r e  v i s u a l i z e d  u n d e r  U V 

t r a n s i l l u m i n a t o r  ( G e N e i T M , 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder (λ-

DNA/EcoRI/HindIII double digest) 

(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used to find out the band size. 

3.14.7.3. Primers used for trnL-trnF 

Tab c-f in trnL-trnF (Taberlet et al., 

1991) region of the Clerodendrum 
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genome was amplified. The primer 

sequence Tabc- 5′ 

CGAAATCGGTAGACGCTACG 3′ 

and Tabf- 5′ 

ATTTGAACTGGTGACACGAG 3′ 

was used on the basis of the known 

sequence from the Taberlet region of 

the other plant species. 

3.14.7.3.1. PCR amplification of trnL-

trnF region 

The polymerase chain reaction was 

carried out in a 25μl volume 

containing the following components: 

 PCR master Mix (2X; Promega; 

Cat# M7122) - 12.5μl  

 Primer - 1.25μl Tab c (0.25μM) 

and 1.25μl Tab f (0.25μM)  

 Template DNA - 2μl (25ng)  

 Pyrogen free water- 8μl 

One negative control PCR mix tube 

was prepared without DNA. The PCR 

reactions were performed on Applied 

Biosystems Thermocycler -2720 

(Germany). The PCR amplification 

cycle consists of the following 

specifications: 

 Cycle 1: Denaturation at 95ºC for 

5 min, Primer annealing at 54ºC 

for 45 sec, Primer extension at 

72ºC for 2 min. 

 Cycle 2-34: Denaturation at 95ºC 

for 45 sec, Primer annealing at 

54ºC for 45 sec, Primer extension 

at 72ºC for 2 min. 

 Cycle 35: Denaturation at 95ºC for 

45 sec, Primer annealing at 54ºC 

for 45 sec, Primer extension at 

72ºC for 7 min. 

After the compliance of total PCR 

cycle, the PCR products were separated 

on 1.8% (W/V) agarose gel containing 

Ethidium bromide solution (0.5μg/ml) 

run in 0.5X TBE buffer. 

Next, the PCR product (12μl) was 

loaded and electrophoresis was carried 

out at 50V for 2.5h. Finally, the gels 

w e r e  v i s u a l i z e d  u n d e r  U V 

transilluminator and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder (λ-

DNA/EcoRI/HindIII double digest) 

(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used as to determine the band size. 

3.14.7.4. PCR product restriction 

digestion 

The PCR products of matK, rps16 and 

trnL-trnF were subjected to restriction 

digestion with different restriction 

endonuclease. The list of the enzymes 

along with their cutting sites and other 
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information’s are described in Table 

3.6. 

The protocol of PCR-RFLP restriction 

digestion (20μl for each sample) is as 

follows: 

 Restriction Enzyme buffer - 2μl  

 Enzymes - 5units (0.5μl)  

 PCR product - 5μl  

 Pyrogen free water- 12.5μl  

[N.B.- In case of enzyme TaqI, BSA 

(0.2μl) was also added separately in the 

reaction mixture.] 

The reaction mixture tube was spinned 

for a while for proper mixing. The tube 

was then incubated at specific 

temperature for each enzyme (as 

mentioned in Table 3.6.) for a period of 

1h in a Dry bath (GeNeiTM, 

Cat#107173). Following 1h of 

incubation, the restriction digestion 

mix product was separated on a 2% 

(W/V) agarose gel and run in 0.5 X 

TBE buffers (pH-8.0).  

Next, the restriction digestion product 

(20μl) was mixed with 2μl of 6X Gel 

loading dye and the samples were 

loaded and electrophoresis was carried 

out at 50 V for 2h. 

Finally, the gels were visualized under 

UV transilluminator (GeNeiTM, 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned earlier. A DNA ladder 

(λDNA/EcoRI/HindIII double digest) 

Table 3.6. List of restriction endonucleases 

used in the present study.  

Restriction 

Enzyme 

Cutting Site Temp. 

HinfI G↓ANTC 37 ºC 

HaeIII GG↓CC 37 ºC 

HpaI GTT↓AAC 37 ºC 

EcoRI G↓AATTC 37 ºC 

TaqI T↓CGA 65 ºC 

Table 3.7. Primers used for amplification of matK, Rps16 and TrnL-F gene segments.  

Primer name Binding Primer sequence (5′– 3′) 

matK F Forward CGATCTATTCATTCAATATTTC 

matK R Reverse TCATGCACACGAAAGTCGAAGT 

Rps16F Forward GTGTGTAGAAAGCAACGTGCGACTT 

Rps16R Reverse TCGGGATCGAACATCAATTGCAAC 

TabC Forward CGAAATCGGTAGACGCTACG 

TabF Reverse ATTTGAACTGGTGACACGAG 
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(GeNeiTM, Cat#106000) and 100bp 

DNA ladder (Sigma, Cat#D3687) were 

used to determine the band size. 

3.14.8. Barcoding analysis 

3.14.8.1. Primers used 

Three primers namely, matK, rps16 

and TrnL-F were used in the present 

study. The sequences of the primers are 

described in Table 3.7. 

3.14.8.1.1. PCR amplification of matK, 

rps16 and  trnL-trnF region 

Please refer section 3.14.7.1.1, 

3.14.7.2.1 and  3.14.7.3.1 for more 

details.  

3.14.9. DNA fingerprinting data 

analysis 

In the present study, each polymorphic 

band was considered as binary 

character and was scored as 1 

(presence) or 0 (absence) for each 

sample and accumulated in a data 

matrix. Further, a similarity matrix was 

calculated on the basis of band-sharing 

from the binary data using Dice 

coefficient (Nei and Li, 1979) while a 

dendrogram of similarities was 

generated using the group average 

agglomerative clustering tool. The 

analysis was done using the software 

package NTSYSpc (version 2.0) 

( R o h l f ,  1 9 9 8 ) .  I n  a d d i t i o n , 

correspondence analysis (2D and 3D 

plot) of right vectors from the binary 

data was performed to exhibit a 

graphical representation among the 

varieties using NTSYSpc (version 2.0). 

3.14.10. Sequencing of amplified 

products 

A total of 11 species in case of matK 

and rps16 and 7 species of trnL-trnF 

regions of chloroplast genome were 

selected for DNA sequencing purposes. 

All the amplified products of expected 

size were directly sent for sequencing 

to Chromous Biotech Pvt. Ltd., #842, 

II, Floor, Shankar Bhawan, A Block, 

Shankar Nagar, Bangalore-5600092 

(www.chromous.com). Total of 100µl 

of PCR product for each sample along 

with 100µl each of Forward and 

Reverse primers (matK, rps16 and Tab 

C-F) were pipetted into PCR tubes 

separately, labeled properly and sealed 

with parafilm and sent for sequencing. 

3.14.11. Sequence analysis 

All the 29 (11 matK, 11 rps16 and 7 

trnL-F) result sequences received from 

the Chromous Biotech, Bangalore, 

were individually compared with the 

equivalent sequences from a range of 

other Clerodendrum species present in 

GenBank using Basic Local Alignment 

Search Tool (BLAST) (Altschul et al., 
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Table 3.8. Taxa, specimens and GenBank accession numbers for sequences used in the pre-

sent study.  

Taxa Sub-family matK acces-

sion number 

TrnL-F acces-

sion number 

Rps16 acces-

sion number 

Congea tomentosa Symphorema-

toideae 

HQ384499 HQ412929 AJ505411 

Clerodendrum serratum 

 (Syn. Rotheca serrata) 

Ajugoideae LM651031* LM651037* LN832032* 

Teucrium chamaedrys Ajugoideae KJ204543 KT006827 ----------- 

Ajuga ciliata Ajugoideae AF477756 ----------- ----------- 

Clerodendrum indicum Ajugoideae LM651024* LM651034* LN832025* 

Clerodendrum japonicum Ajugoideae LM651026* FJ952043 LN832027* 

Clerodendrum splendens Ajugoideae LM651027* FJ952027 LN832028* 

Clerodendrum speciosum Ajugoideae LM651028* LM651035* LN832029* 

Clerodendrum thom-

soniae 

Ajugoideae LM651029* JN408588 LN832030* 

Clerodendrum infortu-

natum 

(Syn. Clerodendrum vis-

cosum) 

Ajugoideae LM651030* LM651036* LN832031* 

Clerodendrum cole-

brookianum 

Ajugoideae LM651032* LM651038* LN832033* 

Clerodendrum chinens 

(Syn. Clerodendrum fra-

grans) 

Ajugoideae LN832023* LN823952* LN832034* 

Clerodendrum bractea-

tum 

Ajugoideae LN832024* LN823953* LN832035* 

Clerodendrum inerme 

(Syn. Volkameria iner-

mis) 

Ajugoideae LM651025* FJ952058 LN832026* 

Aegiphila panamensis Ajugoideae JQ588060 ----------- ----------- 

Westringia rigida Prostanther-

oideae 

HQ911373 HQ911707 HQ911569 

Lavandula stoechas Nepetoideae JF357833 ----------- JQ322781 

Isodon melissoides Nepetoideae JF954204 FJ593441 FJ593321 

Ocimum basilicum Nepetoideae KC571817 AY570462 FJ593338 

Salvia brandegeei Nepetoideae KP852670 KP852896 KP852569 

Mentha sp. Nepetoideae AY943530 FJ593456 FJ593336 

Holmskioldia sanguinea Scutellarioideae HQ911382 HQ911720 HQ911581 

Scutellaria lateriflora Scutellarioideae HQ593439 ----------- ----------- 

Lamium lycium Lamioideae KF055082 KF055028 ----------- 

Leonurus japonicus Lamioideae EF395815 ----------- ----------- 

Pogostemon aquaticus Lamioideae KR608468 KR608655 KR608717 

Outgroup 

Justicia adhatoda Acanthaceae JN228938 KF953921 KP744197 

*Present Study (submitted to GeneBank) 

https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Lamioideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Lamioideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Lamioideae&action=edit&redlink=1
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1997) obtained from National Centre 

for Biotechnology Information (NCBI) 

web site (http://blast.ncbi.nlm.nih.gov/

Blast.cgi). 

3.14.12. Sequence submission in 

public domain 

A total of 29 partial matK, rps16 and 

trnL-F sequences were submitted 

online to European Molecular Biology 

Laboratory (EMBL) nucleotide 

s e q u e n c e  d a t a b a s e  ( h t t p : \ \ 

www.ebi.ac.uk/embl) with proper 

annotations and descriptions [definition 

of the sequence (i.e. the specific region 

of the genome), source of the sequence 

(chloroplast DNA in this case; name of 

the plant species along with its 

taxonomic position, date and place of 

collection, tissue type etc.)] after 

registering to the website.  

3.14.13. Construction of phylogenetic 

tree 

The matK, rps16 and trnL-F region 

sequences of selected species generated 

in the present study and the other 

reference sequences (Table 3.8.) of 

matK, rps16 and trnL-F regions of 

different families or subfamilies (six 

s u b f a m i l y  n a m e l y 

Symphorematoideae, Ajugoideae, 

Prostantheroideae, Nepetoideae, 

Scutellarioideae and Lamioideae from 

Lamiaceae, Acanthaceae) were 

retrieved from NCBI (National Center 

for Biotechnology Information) (http:// 

www.ncbi.nlm.nih.gov) and used to 

construct phylogenetic tree by means 

of Molecular Evolutionary Genetics 

Analysis (MEGA 4.0) (Tamura et al., 

2007) software version with neighbour 

joining (NJ) (Saitou and Nei, 1987) 

and UPGMA (Unweighed Pair Group 

Mean Average) methods after the 

proper alignment of DNA sequences 

using CLUSTAL W2 (www.ebi.ac.uk/

Tools/clustalw2) and T-Coffee 

(www.ebi .ac .uk/Tools / t - co ffee) 

software. Parsimony analysis, various 

clades, transition/transversion (ns/nv) 

ratio and variability in different regions 

were also determined by MEGA 4.0 

(Tamura et al., 2007).  

https://en.wikipedia.org/w/index.php?title=Nepetoideae&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Lamioideae&action=edit&redlink=1
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4.1. Collection of germplasm 

Clerodendrum species were collected 

from different locations of two districts 

of North Bengal (Darjeeling and 

Jalpaiguri) and Assam (Kamrup). The 

collection sites were noted from 

Taxonomists and visited for the 

collection of the germplasm. The 

collected germplasm were planted in 

the experimental garden of Molecular 

Genetics Laboratory, Department of 

Botany, North Bengal University, for 

further study after authentication by the 

plant taxonomists (Fig. 4.1). 

4.2. In-vitro antioxidant activities 

Plants are rich source of antioxidant 

and their demand as nutrition and 

health supplement is immense. Clinical 

trials have revealed that there is an 

inverse correlation between the intake 

of fruits and vegetables and the 

occurrence of free-radical induced 

disorders such as inflammation, 

cardiovascular disease, cancer and 

aging etc. (Durackova, 2010). Phenolic 

and flavonoid content in plants are the 

chief determinants in neutralizing ROS 

mediated oxidative damage causing 

most of the life’s hazardous diseases 

such as diabetes, cancer and various 

neurological disorders. Hence, the 

present study was intended to 

investigate the free radical scavenging 

and reducing capabilities of selected 

plant species. The plants were chosen 

on the basis of preliminary screening of 

DPPH scavenging activity of all the 

Chapter 4 
Results and Discussion 

 

"Get the habit of analysis - analysis will in time enable synthesis to become your habit of mind."  
-Frank Lloyd Wright 
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Fig. 4.1. Flowers and foliages of selected species of Clerodendrum used in the present study.  

Table 4.1. Percentage of inhibition of all four plant species.  

Parameters CIL (%) VIL (%) CSL (%) CCL (%) Standard (%) 

DPPH (200µg/ml) 43.6±0.3 63.1±4.8 60.5±0.8 65.7±1.0 58.5±0.02 

Hydroxyl Radical 

(200µg/ml) 

31.2±1.2 33.1±0.6 34.3±2.1 35.3±2.3 31.3±0.8 

Hydrogen Peroxide 

(200 µg/ml) 

33.3±1.5 30.1±0.8 43.1±1.3 45.8±3.2 7.6±0.6 

Nitric Oxide (200 µg/ml) 49.4±2.1 46.3±0.6 58.5±0.02 44.3±1.1 100±0.0 

Superoxide Anion 

(50 µg/ml) 

37.4±1.4 33.2±0.2 28.2±0.8 29.3±1.0 39.4±1.4 

Hypochlorous Acid 

(200 µg/ml) 

47.7±2.2 42.6±0.3 36.7±1.5 42.7±2.1 62.3±0.3 

Total Antioxidant (200 

µg/ml) 

91.1±0.6 76.8±0.2 74.4±1.0 74.1±0.5 69.2±0.0 

Peroxynitrite (200 µg/ml) 22.0±0.9 23.4±0.9 21.7±0.3 26.2±0.9 17.6±0.2 

Singlet Oxygen (200 µg/

ml) 

52.0±0.3 54.5±0.2 45.3±0.07 54.05±0.2 77.9±1.3 

Lipid Peroxidation 

(25 µg/ml) 

34.3±0.6 43.8±1.4 31.06±0.6 36.6±1.7 77.8±0.9 

Iron chelation (200 µg/

ml) 

77.8±2.4 36.3±0.7 76.6±0.5 77.2±0.6 0.4±0.1 
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Table 4.2. IC50 values of each extract with their respective standard used in the present 

study.  

Parameters 

IC50 values (μg/ml) 

CIL VIL CSL CCL Standard 

DPPH 287.8±11.9β 160.4±16.6α 90.5±0.5γ 67.7±2.5γ 203.2±1.9 

Hydroxyl 

Radical 

484.6±28.1α 452.1±29.0α 437.9±42.3α 438.3±39.9α 597.1±11.9 

Hydrogen 

Peroxide 

396.4±24.4β 433.5±16.8β 371.1±26.2γ 348.7±26.7β 2185.2±187.4 

Nitric Oxide 155.0±8.0β 211.3±6.3γ 108.2±1.3γ 188.7±21.0β 61.17±0.41 

Superoxide 

Anion 

373.4±25.2β 395.1±9.3γ 105.1±4.0γ 366.7±20.3β 94.5±3.7 

Hypochlorous 

Acid 

308.3±33.3α 293.6±7.6β 322.9±32.9β 299.9±17.9β 130.0±5.1 

Total Anti-

oxidant  

18.0±0.3β 58.9±1.8β 57.3±2.5β 55.7±2.7β 116.4±5.9 

Peroxynitrite 724.0±40.2γ 637.8±25.9α 570.1±23.9β 525.9±22.0β 799.3±36.9 

Singlet Oxy-

gen 

240.4±3.8ψ 202.2±4.5γ 276.0±3.6γ 205.9±4.8γ 48.4±3.6 

Lipid Peroxi-

dation 

316.6±13.8β 226.3±7.5α 71.7±0.1γ 270.3±20.3β 11.1±0.2 

Iron chelation 676.2±45.2 116.4±3.5 482.4±2.9 576.2±57.4 1.4±0.02 

Units in μg/ml. Data expressed as mean ± S.D (n=6). αp<0.05; β p<0.01; γp<0.001; ψ Non significant 

when compared with standard. 

(A) (B) 

(C) (D) 

Fig. 4.2. Antioxidant activity of Clerodendrum indicum, Volkameria inermis, C. serratum 

and C. colebrookianum. (A) DPPH activity; (B) Nitric oxide scavenging activity; (C) Super 

oxide radical scavenging activity; (D) Hypochlorous acid scavenging assay. 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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extracts. Herein, four plant species, 

namely Clerodendrum indicum (CIL), 

V o l k a m e r i a  i n e r m i s  ( V I L ) , 

Clerodendrum serratum (CSL) and 

Clerodendrum colebrookianum (CCL) 

were chosen for further analysis of the 

test and rest were discarded.  

In the present antioxidant profiling, all 

the Clerodendrum species (CIL, VIL, 

CSL and CCL) exhibited higher free 

radical scavenging activity (Table 4.1.) 

than the respective standard (ascorbic 

acid) as per DPPH assay (Fig. 4.2.A). 

Among the four extracts, the CCL 

(65.78±1.04% at 200µg/ml) extract 

showed higher percent of inhibition 

w h en  co m p ar ed  to  s t an d a r d 

(58.5±0.02% at 200µg/ml). This was 

evident from the discoloration of 

DPPH and low IC50 (Table 4.2.) values 

in case of CCL extract (67.77±2.54µg/

ml). Free radical DPPH accept an 

electron or hydrogen radical to become 

stable which reacts with a reducing 

agent to form a new bond, thus, 

changing the colour of the solution.  

The colored solution loses its color due 

to increased amount of natural 

antioxidant (Huang et al., 2005). The 

elevated DPPH radical scavenging 

activity by CCL extract was due to the 

presence of significant antioxidant 

properties. 

In nitric oxide (Fig. 4.2.B) scavenging 

activity, all the extracts (CIL, VIL, 

CSL and CCL) showed moderate 

s c a v e n g i n g  a c t i v i t i e s  ( C I L 

49.47±2.16%, VIL 46.36±0.69%, CSL 

58.5±0.02%, CCL 44.31±1.12% at 

200µg/ml) compared to the standard 

used (curcumin). Nitric oxide is a 

potent mediator of pro-inflammatory 

cellular activation and produced from 

the amino acid L- arginine by the 

activation of nitric oxide synthase 

(NOS). Due to chronic inflammation, 

calcium dependent NOS produces 

more NO which can initiate tumor 

deve lopment .  iNO S (ca l c ium 

independent isoform of NOS) produce 

larger amount of NO and is reported to 

express only during inflammation 

(Gimenez-Garzó et al., 2015). iNOS is 

activated by LPS (lipopolysachharide) 

and induced by the translocation of NF

-κβ and leads to the formation of 

cancer (Gimenez-Garzó et al., 2015). 

Thus, the inhibitory affect of 

Clerodendrum extracts indicate their 

role in scavenging nitric oxide. 

All the extracts of Clerodendrum 

species (CIL, VIL, CSL and CCL) 

were found to exhibit moderate 

scavenging activity in case of 

superoxide anion (CIL 37.46±1.45%, 

VIL 33.26±0.26%, CSL 28.28±0.83%, 
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CCL 29.30±1.02% at 200 µg/ml) (Fig. 

4.2.C), hypochlorous acid (CIL 

47.74±2.21%, VIL 42.67±0.37%, CSL 

36.73±1.52%, CCL 42.73±2.14% at 

200 µg/ml) (Fig. 4.2.D) and lipid 

peroxidation (Fig. 4.3.A) scavenging 

assay in a dose dependent manner  and 

highly significant scavenging activity 

in case of hydroxyl radical (CIL 

31.28±1.20%, VIL 33.13±0.60%, CSL 

34.39±2.17%, CCL 35.39±2.31% at 

200 µg/ml) (Fig. 4.3.B), peroxinitrate 

(CIL 22.00±0.92%, VIL 23.43±0.91%, 

CSL 21.79±0.39%, CCL 26.29±0.90% 

at 200 µg/ml) (Fig. 4.3.C) and 

hydrogen peroxide scavenging assay 

(CIL 33.32±1.52%, VIL 30.18±0.89%, 

CSL 43.14±1.37%, CCL 45.81±3.27% 

at 200 µg/ml) (Fig. 4.3.D). Hydroxyl 

radical, the short-lived free radical is 

most harmful among ROS and has the 

potential to damage the bio-molecules 

(Huang et al., 2005). Hydroxyl radical 

(OH.) are generally formed through the 

Fenton reaction between Fe+2 and H2O2 

(Wanasundara and Shahidi, 2005). On 

the contrary, metal chelator may also 

contribute to the reduction of OH. by 

the conversion of Fe+2 to Fe+3 and thus, 

hindering the Fenton reaction. 

(A) (B) 

(C) (D) 

Fig. 4.3. Antioxidant activity of Clerodendrum indicum, Volkameria inermis, C. serratum 

and C. colebrookianum. (A) Lipid peroxidation activity; (B) Hydroxyl radical scavenging 

assay; (C) Peroxynitrate scavenging assay; (D) Hydrogen peroxide scavenging activity. 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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Hydrogen peroxide (H2O2), another 

potential ROS, is formed due to the 

mutation from superoxide anion or 

might be produced from superoxide in 

the presence of superoxide dismutase 

in the peroxisomes (Matés and Sánchez

-Jiménez, 2000; Ray and Husain, 2002; 

Valko et al., 2004). 

Despite being capable of defusing 

through the mitochondria and cell 

membrane and producing various types 

of cellular injury, it is seen that this 

free radical is comparatively less 

reactive than other potential ROS 

candidates (Ray et al., 2006). 

However, hydroxyl radical, produced 

from H2O2 by elimination of water 

mediates an injury to mammalian cell 

(Valko et al., 2004).  In in-vivo 

condition hydroxyl radical (OH .) 

produced in the presence of reduced 

transition metals like Fe, Cu, Co or Ni 

damages the cellular DNA and 

generates 8-hydroxy guanosine, which 

is the hydrolysis product of 8-

hydroxydeoxyguanosine (8-OHdG). 8-

OHdG is the most widely used 

fingerprint of radical attack on DNA 

and has been strongly implicated with 

carcinogenesis progression, especially 

breast carcinoma (Malins and 

Haimanot, 1991; Matsui et al., 2000; 

Musarrat et al., 1996). Thus, increase 

in the scavenging activity of H2O2 and 

OH. by Clerodendrum sp. might 

facilitate chemoprevention. The highly 

toxic superoxide anion (O 2
. - ) 

Fig. 4.4. Antioxidant activity of Cleroden-

drum indicum, Volkameria inermis, C. ser-

ratum and C. colebrookianum. (A) Singlet 

oxygen scavenging activity; (B) Reducing 

power assay; (C) Total antioxidant scaveng-

ing activity. 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.  

(A) (B) 

(C) 
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originating in mitochondria undergoes 

spontaneous dismutation and generates 

singlet oxygen. The presence of 

inhibition of singlet oxygen by 

Clerodendrum sp. (CIL 52.02±0.03%, 

VIL 54.53±0.28%, CSL 45.32±0.07%, 

CCL 54.05±0.29% and lipoic acid 

77.96±1.37 at 200µg/ml) showed 

moderate scavenging activity (Fig. 

4.4.A) when compared to standard 

Lipoic acid. Thus, generation of singlet 

oxygen from superoxide anion is one 

of the primary causative agents of lipid 

peroxidation. Reactive mediators 

generated from lipid peroxidation such 

as 4-hydroxy nonenal (4-HNE) are 

biomarkers of oxidative stress and are 

important players in a number of 

cancer signaling pathways (Zhong and 

Yin, 2015). The present study 

demonstrated the significant singlet 

oxygen, superoxide anion and lipid 

peroxidation scavenging capacity by all 

the extracts of Clerodendrum sp., thus 

suggesting a probable protective role 

against oxidative stress by the 

prevention of peroxidase formation. 

Nitric oxide (NO) together with super 

oxide generates an extremely reactive 

species called peroxynitrite (ONOO-), 

one of the major cytotoxic molecules 

during inflammation, sepsis and 

ischemia-reperfusion injury (Beckman 

and Koppenol, 1996). Peroxynitrite 

causes the damage of protein, nucleic 

acid which leads to cellular apoptosis 

and necrosis (Zhuang and Simon, 

2000). 3-nitrotyrosin (3-NT) is 

prevalent in hepatocytes adjacent to 

human metastatic colorectal carcinoma, 

which is the byproduct of peroxynitrite 

reaction. Myeloperoxidase, the 

neutrophilic enzyme, resulting from the 

oxidation of Cl- ions at the site of 

inflammation produces hypochlorous 

acid (HOCl) and induce target cell 

Fig. 4.5. Antioxidant activity of Clerodendrum indicum, Volkameria inermis, C. serratum 

and C. colebrookianum. (A) Iron chelation assay.  
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lyses (Aruoma et al., 1989). The 

scavenging activity of peroxynitrite 

and hypochlorous acid by all 

concerned species of Clerodendrum 

appears quite promising and therefore, 

might be utility in combating 

inflammation related oxidative 

damages. 

Iron is a potential enhancer of ROS 

formation as it leads to reduction of 

H2O2 and generation of reactive 

hydroxyl radical. In the present 

experiment, CIL (77.81±2.45% at 

200µg/ml) and CCL (77.28±0.68% at 

200µg/ml) extracts were found to fade 

the color of ferrozine-complex, 

indicating its iron chelating capacity 

(Fig. 4.5.Aa and Ab) and the presence 

of active component. Extracts of 

Clerodendrum sp. exhibited higher 

reducing power activity (Fig. 4.4.B) 

than the standard EDTA. The CCL 

extract inhibited 0.30±0.004% where 

the standard showed 0.22±0.003% at 

400 mg/ml concentration. The total 

antioxidant activity (Fig. 4.4.C) was 

significantly high in case of all the 

extracts compared to the standard 

ascorbic acid. Among the four species 

of Clerodendrum, CCL contained 

highest phenolic and flavonoid 

compounds (67.29±3.15 mg/ml gallic 

acid equivalent per 100 mg plant 

extract and 48.71±1.69 mg/ml 

quercetin equivalent per 100 mg plant 

extract). These contents exert crucial 

antioxidant scavenging activities in all 

the plants which clearly display potent 

medicinal activity. 

4.3. Evaluation of cytotoxicity 

4.3.1. Assessment of haemolytic 

activity 

The haemolytic activity of plant 

extracts is an indication towards the 

cytotoxicity of normal healthy cells 

(Da Silva et al., 2004). The hemolysis 

process is actually related to the 

concentration and potency of extract. 

Plant derived metabolites showed 

haemolytic activity by altering changes 

in the erythrocyte membrane by means 

of destruction of red blood cells. 

Hence, in-vitro haemolytic assay by 

spectroscopic method represents a 

simple and effectual method for the 

q u an t i t a t i v e  m easu r em en t  o f 

hemolys i s .  In  the ment ioned 

experiment VIL extract showed higher 

percent of inhibition (24.51±1.12%) 

than the other three extracts (Fig. 

4 .6 .A)  a t  200μg/ml  of  each 

concentration which is virtually a 

negligible one. Therefore, these data 

suggested the non-toxic effect of the 

extracts making it suitable for the 
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preparation of drugs involved in the 

treatment of various diseases. 

4 .3 .2.  Erythrocyte  membrane 

stabilizing activity (EMSA) 

Erythrocyte Membrane Stabilizing 

Activity (EMSA) (Fig. 4.6.B) is 

another crucial experiment which 

indirectly evaluates the antioxidant 

capacity against the superoxide radical 

mediated damage of the erythrocyte 

membrane. CCL extract displayed 

excellent membrane stabilizing activity 

(30.68±0.77%) by the inhibition of 

superoxide radical. Thus, membrane 

stabilizing activity by CCL extract 

might aid to improve the immune 

system (Dey et al., 2013). 

4.3.3. Measurement of cell viability 

(MTT) assay 

Besides, antioxidant capacity, the leaf 

extract from CIL, VIL, CSL and CCL 

w e r e  a n a l yz e d  i n - v i t r o  f o r 

immunomodulatory activity. MTT 

colorimetric assay was performed to 

determine the proliferation of mice 

splenocytes (Fig. 4.6.C). Spleen 

contains a relatively homogeneous 

fraction of B and T lymphocyte 

(Andersson et al., 1972). Thus, 

immune-proliferation of spleen 

provides an understanding of the 

influence of the plant extracts on B and 

T cell lymphocyte. The B and T cell 

secrete several types of cytokines like 

IFN-γ, TNF-α, IL-4, IL-6, and IL-12. 

Fig. 4.6. Antioxidant activity of Cleroden-

drum indicum, Volkameria inermis and C.  

colebrookianum. (A) Haemolytic assay; 

(B) Erythrocyte membrane stabilizing ac-

tivity; (C) MTT cell proliferation assay. 

Data expressed as mean ± S.D (n=6). α 

p<0.05; β p<0.01; γ p<0.001; NS – Non sig-

nificant when compared with standard.  

(A) (B) 

(C) 
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CCL. Extract of the present study was 

observed to stimulate the proliferation 

of mice splenocyte by four fold in a 

dose dependent manner. Thus, the 

ability of CCL extract to modulate 

innate immune function suggests 

inhibition of tumor growth through the 

modulation of lymphocytes. 

Hence, from the above experiments it 

could be inferred that all the extracts 

revealed negligible cytotoxic activity 

up to certain consumable doses, and 

therefore, can be safely used as bio-

safety nutrient supplement for future 

purposes. 

4.4. Detection of intracellular ROS 

generation 

4.4.1. Measurement of ROS  

Human hepatic cell line (WRL-68) and 

human liver cancer cell line (Hep-G2) 

were used to examine the effects of 

CIL, VIL and CCL 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 and Hep-G2 cells. Therefore, 

WRL-68 and Hep-G2 cells were 

treated with CCl4 for 0–24 h and 

intracellular oxidative levels were 

Fig. 4.7. Effects of Clerodendrum species (CIL, VIL and CCL) on oxidative stress in the 

Human Hepatic Cell Line (WRL-68). (A) Control cell culture; (B) Cells exposed to 200 μg/

ml concentration of H2O2; (C) Cells exposed to 200 μg/ml concentration of CCl4; (D-F) 

Cells exposed to 200 μg/ml concentration of CIL, VIL and CCL for 24 h.  
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measured using the dichlorofluorescein 

assay. Figure 4.7 and 4.8 demonstrated 

that cells exposed to CCl4 exhibited 

significantly increase in ROS levels. 

Tremendous decrease in fluorescence 

was detected at higher doses of CIL, 

VIL and CCL (200μg/ml) at 24h post 

exposure compared to the CCl4 (Fig. 

4.7.C and 4.8.C). The resulting change 

in fluorescence intensity gives strength 

to the hypothesis that CIL, VIL and 

CCL affects in the production of 

intracellular ROS. Cellular response in 

case of ROS is generally characterized 

by up regulation of antioxidants such 

as superoxide dismutase (SOD). 

Production of ROS was measured 

through H2DCFDA and was found to 

get normalized in presence of CCL 

(Fig. 4.7.F and 4.8.F) when compared 

to CIL and VIL in case of WRL-68 and 

Hep-G2 cell lines. ROS generation was 

truly high in case of H2O2 and CCl4 

group but gradually diminished in the 

presence of Clerodendrum extract. The 

results were in complete accordance 

with our hypothesis pertaining to 

scavenging activity of CIL, VIL and 

CCL extracts and there was no harmful 

effect on viability of cells.  It can be 

concluded that increasing production of 

hydrogen peroxide due to oxidative 

damage generates an excess amount of 

ROS and causes hepatic damage. Thus, 

it has been evident that Clerodendrum 

extracts possesses both in-vivo and in-

Fig. 4.8. Effects of Clerodendrum species (CIL, VIL and CCL) on oxidative stress in the 

human liver cancer cell line (Hep G2). (A) Control cell culture; (B) Cells exposed to 200 μg/

ml concentration of H2O2; (C) Cells exposed to 200 μg/ml concentration of CCl4; (D-F) 

Cells exposed to 200 μg/ml concentration of CIL, VIL and CCL for 24 h.  
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vitro antioxidant capacity and might 

have potential to prevent different 

types of oxidative stress related 

disorders.  

4.4.2. Measurement of ROS in kidney 

cell line (HEK-293) 

Hydrogen peroxide (H2O2) is a stable 

free radical having important role in 

signaling 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. ROS 

play a key role in apoptosis and the 

production of ROS in cells was 

determined after 24 hours of 

incubation. The control group of HEK-

293 (Fig. 4.9.A) showed light and 

scattered green fluorescence, indicating 

that ROS formation was at a basal 

level. Whereas, H2O2 and gentamicin 

groups of HEK-293 (Fig. 4.9.B and 

4.9.C) showed a large amount of ROS 

generation due to the formation of 

reactive oxygen species. A substantial 

reduction of fluorescence intensity was 

seen in highest concentration of CSL 

extract (200μg/ml) (Fig. 4.9.D). This 

suggests that under the influence of 

CSL, gentamicin induced ROS was 

diminished proportionately. It can be 

inferred that CSL plays an important 

Fig. 4.9. Effects of Clerodendrum serratum (CSL) on oxidative stress in the human embry-

onic kidney cell line (HEK-293). (A) Control cell culture; (B) Cells exposed to 200 μg/ml 

concentration of H2O2; (C) Cells exposed to 200 μg/ml concentration of gentamicin; (D) 

Cells exposed to 200 μg/ml concentration of CSL for 24 h.  
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role in reducing the impact of 

gentamicin on normal intracellular 

function. 

4.5. Antimicrobial activity  

The methanolic extract of four 

Clerodendrum species namely C. 

indicum, C. inerme (syn: Volkameria 

inermis), C. serratum  and C. 

colebrookianum showed antibacterial 

activity (zone of inhibition, mm) 

against two pathogenic gram positive 

bacteria Bacillus subtilis (Fig. 4.10), 

Staphylococcus aureus (Fig. 4.11) and 

two pathogenic gram negative bacteria 

Escherichia coli (Fig. 4.12) and 

Enterobacter aerogenes (Fig. 4.13) at a 

concentration of 0.1, 0.25, 0.5 and 1.0 

mg/ml (Table 4.3.). Earlier it has also 

been reported by George and Pandalai 

(1949) that alcoholic extracts of leaves 

and flowers of C. inerme exhibited 

Fig. 4.10. Antimicrobial activity of four Clerodendrum species namely (A) C. indicum; (B) 

C. inerme; (C) C. serratum and (D) C. colebrookianum against pathogenic bacteria B. sub-

tilis.  
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Fig. 4.11. Antimicrobial activity of four Clerodendrum species namely (A) C. indicum; (B) 

C. inerme; (C) C. serratum and (D) C. colebrookianum against pathogenic bacteria S. 

aureus.  

Fig. 4.12. Antimicrobial activity of four Clerodendrum species namely (A) C. indicum; (B) 

C. inerme; (C) C. serratum and (D) C. colebrookianum against pathogenic bacteria E. coli.  
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Fig. 4.13. Antimicrobial activity of four Clerodendrum species namely (A) C. indicum; (B) 

C. inerme; (C) C. serratum and (D) C. colebrookianum against pathogenic bacteria E. aero-

genes.  

Table 4.3. Antimicrobial activity of four Clerodendrum species (CIL, VIL, CSL and CCL).  

Sample 

Concentration 

(μg/ml) 

Diameter of zone of inhibition (mm.) 

B. subtilis S. aureus E. coli E. aerogenes 

C. indicum 

100 10.33±0.57 10.33±0.47 10.33±0.57 10.33±0.57 

250 11.0±1.0 10.66±0.67 10.66±0.67 10.66±0.47 

500 13.0±1.0 13.33±1.15 12.66±1.15 12.66±1.15 

1000 18.0±1.0 18.33±0.57 13.66±1.15 15.33±0.57 

C. inerme 

100 10.3±0.57 10.43±0.67 9.3±0.57 10.33±0.57 

250 12.6±1.15 12.76±1.15 11.6±1.25 12.6±1.09 

500 14.0±1.73 14.0±1.73 13.0±1.53 13.53±0.77 

1000 15.3±0.57 15.23±0.47 14.3±0.47 15.13±0.57 

C. serra-

tum 

100 10.33±0.57 10.23±0.57 11.27±0.15 9.23±1.11 

250 11.6±1.09 12.61±1.09 12.44±1.5 10.31±1.0 

500 12.53±0.78 14.43±0.77 14.20±.11 11.23±0.53 

1000 15.13±0.57 15.73±0.57 15.57±0.47 12.39±0.33 

C. cole-

brookianu

m 

100 12.44±0.85 10.23±0.47 12.6±1.09 9.23±1.11 

250 13.21±0.55 10.56±0.67 13.53±0.77 10.31±1.0 

500 16.0±0.21 12.66±1.15 15.57±0.47 11.6±1.09 

1000 19.54±1.1 13.66±1.15 16.06±0.33 13.21±0.55 

Tetracy-

cline 

100 21.11±0.25 25.43±1.1 23.45±0.55 20.58±0.41 
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an t ibac t e r i a l  ac t iv i t y aga ins t 

Escherichia coli and Staphylococcus 

aureus. Vidya et al. (2010) reported 

that the different bacterial strains tested 

root extract of C. serratum produced 

maximum zone of growth inhibition 

against Enterobacter aerogenes . 

Similarly, Misra et al. (1995) found 

t h a t  h ex an e  ex t r ac t s  o f  C . 

colebrookianum  showed strong 

antibacterial activities against various 

Gram positive and Gram negative 

pathogens such as Staphylococcus 

haemolyticus, S. aureus, E. coli and 

Pseudomonas aeruginosa. The findings 

in the present study offer a scientific 

support to the use of leaves of four 

Clerodendrum species as a new 

antibacterial drug against bacterial 

infection in future. 

4.6. In-vivo hepatoprotective activity  

4.6.1. Acute toxicity study 

CIL, VIL and CCL extracts were 

administered orally and no mortality 

was observed in the experimental 

animals at 2000 mg/kg dose. 

Therefore, 1/40th (50 mg/kg) and 1/10th 

(200 mg/kg) of the maximum dose 

were considered safe for the in-vivo 

studies.  

4.6.2. Body weight changes 

Changes in mouse body weight after 

the treatment of CCl4, silymarin, CIL, 

VIL and CCL have been shown in 

Table 4.4. No significant weight gain 

was noticed in the treated mice when 

final body weight was compared with 

the initial body weight of the 

corresponding group. 

Table 4.4. Effects of three Clerodendrum species (CIL, VIL and CCL) on the body weight 

of the treated mice.  

Group Initial weight Final Weight % body weight change 

Control 33.98±1.65 35.99±0.71 NS 5.61±3.06▲ 

CCl4 36.95±1.34 32.71±1.86** 13.05±2.28▼ 

Silymarin 35.57±1.26 36.93±1.63 NS 3.64±1.99▲ 

CIL 50 mg/kg 33.01±1.97 35.32±0.82 NS 6.59±3.44▲ 

CIL 200 mg/kg 33.08±1.93 35.36±0.88 NS 6.49±3.15▲ 

VIL 50 mg/kg 33.05±1.95 35.34±0.8 NS 6.53±3.41▲ 

VIL 200 mg/kg 33.01±1.92 35.42±0.98* 6.86±2.80▲ 

CCL 50 mg/kg 32.05±1.04 35.51±1.1** 9.73±1.29▲ 

CCL 200 mg/kg 31.34±0.86 35.09±0.47* 10.67±2.50▲ 

Weight (mean ± SD) in gram, * P<=0.05, ** P<=0.01, NS = Non significant. Final body weight was 

compared with initial body weight of corresponding group. ▲ Increase weight; ▼ Decrease weight. 
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4.6.3. In-vivo antioxidant assays 

In the present study, we tried to further 

investigate how free radicals are linked 

to hepatic damage or disorder and the 

potent ia l  therapeut ic  ro le  of 

Clerodendrum extracts in this regard. 

In this study, CCl4 (Haloalkane) was 

chosen to induce hepatic damage in 

murine model and the antioxidant and 

anti-inflammatory activities were 

investigated. The toxicity profile of 

CCl4 is well established worldwide 

(Ruprah et al., 1985). Extensive usage 

of CCl4 in industrial sectors has a 

history of environmental toxicity and 

occupat ional  hazards .  Carbon 

tetrachloride (CCl4) induced hepato-

toxicity is caused to some extent by the 

partial pressure of reactive oxygen in 

tissues. The low partial pressure of 

oxygen results in the formation of 

CCl3
* and CHCl2

* radicals (De Groot et 

al., 1988).  Metabolism of lipid is 

hampered by CCl4 and cause steatosis 

or fatty liver. In CCl4 induced liver 

injury model, oxidative stress can 

p r o v o k e  a n d  p r o m o t e  l i p i d 

peroxidation that  damage the 

hepatocellular membrane (De Groot et 

al., 1988). CCl4 is generally required 

f o r  t h e  s y n t h e s i s  o f 

chlorofluorocarbons (CFCs) which are 

used as heat transfer agents in 

refrigerating equipment and as aerosol 

propellants. In the studied animal 

model, significant (P<0.001) loss of 

body weight have occurred after CCl4 

toxicity. CCl4 is bio-transformed by 

CYP2E1, is a member of cytochrome 

P450 mixed function oxidase system, 

involved in the metabolism of 

xenobiotics in the body to produce 

CCl3
. and CCl3OO., and as a result of 

that tremendous hepatocellular necrosis 

is caused. Zonal hemorrhagic necrosis 

around the portal veins in the CCl4 

group demonstrated the hepatocellular 

injury. 

Significant inhibition of enzymatic 

catalase and SOD (superoxide 

dismutase) and non-enzymatic reduced 

glutathione (GSH) by Clerodendrum 

(CIL, VIL and CCL) extract occurred 

in CCl4 intoxicated mice when 

compared with the control (Fig. 

4.14.A, 4.14.D and 4.14.C). CCL 

treatment enabled a significant increase 

in the percent of inhibition of catalase 

and reduced glutathione when 

compared with CCl4 intoxicated groups 

and other Clerodendrum species (CIL 

and VIL). On the other hand silymarin 

treatment significantly increase the 

percent of inhibition compared with the 

CCl4 treated mice. CCl4 treatment 

significantly lowers the peroxidase 
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enzyme activity in hepatic tissue (Fig. 

4.14.B). The peroxidase activity in the 

control group was 17.12 ± 1.15 unit/mg 

tissues which were lowered 6.09 ± 0.54 

uni t /mg t issues  due to  CCl 4 

administration. The lowered peroxidase 

activity was significantly elevated by 

CCLH (15.37 ± 0.45 unit/mg tissue) 

when compared with the standard 

silymarin treated group (12.73 ± 0.93 

unit/mg tissue). Lipid peroxidation or 

MDA level in the treated groups are 

illustrated in Fig. 4.14.E. The MDA 

content was elevated from 8.98 ± 1.56 

mM/litre in control to 19.27 ± 1.31 

mM/litre in CCl4 group. Significant 

results found when the elevated MDA 

level was lowered to 5.64 ± 0.86 mM/

litre after CCLH administration. CCl4 

toxicity resulted increases in NO 

release when compared to the control 

(Fig. 4.14.F). However, significant (p <

 0.001) lowering of NO level was 

observed in the treated groups. The NO 

level in silymarin and CCLH groups 

were 142.37 ± 11.70 and 175.33 ± 

12.50% respectively when NO release 

of control was considered as 100 %.  

Fig. 4.14. The effect of Clerodendrum extracts (CIL, VIL and CCL) on (A) Catalase activ-

ity; (B) Peroxidase activity; (C) Reduced Glutathione (GSH) activity; (D) Superoxide Dis-

mutase (SOD) activity; (E) Lipid Peroxidation (LPO) activity; (F) NO release. CILL: C. 

indicum Low Dose; VILL: V. inermis Low Dose; CCLL: C. colebrookianum Low Dose; 

CILH: C. indicum High Dose; VILH: V. inermis High Dose; CCLH: C. colebrookianum 

High Dose. Data expressed as mean ± S.D (n=6). ap<0.05; bp<0.01; c p<0.001; dp= non sig-

nificant vs control group; αp<0.05; βp<0.01; γp<0.001; ψp=non significant vs CCl4 group; 
*p<0.05; **p<0.01; *** p<0.001; ****p=non significant vs silymarin group.  
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Peroxidase, catalase and superoxide 

dismutase are the major anti-oxidative 

enz ymes  respons ib le  fo r  the 

neutralization of free radicals. 

Hydrogen peroxide and lipid peroxides 

convert into nonreactive 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.) accepts 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 an 

accumulation of O2
.- and H2O2, these 

free radical formation causes hepatic 

damage (Malins and Haimanot, 1991). 

Nitric oxide (NO) plays a major role as 

pro-inflammatory mediators during 

oxidative stress which in turn leads to 

apoptotic cell death. In the present 

study, oxidative stress increased the 

NO levels, which was subsequently 

lowered by the CIL, VIL and CCL 

extract. This exhibited potent anti-

inflammatory activities of plant extract 

t h rough  suppress ion  o f  pro -

inflammatory mediators of oxidative 

stress.  In this study, it is established 

that  the diminished catalase, 

peroxidase and superoxide dismutase 

levels and elevated MDA levels were 

s u b s e q u e n t l y  n o r m a l i z e d  b y 

Clerodendrum administration. 

4.6.4. Histopathological examination 

The hepatoprotective potentialities of 

leaf extract of Clerodendrum species 

(CIL, VIL and CCL) were further 

e s t ab l i s h ed  b y  t h e  d e t a i l e d 

histopathological study. There are 

several histological parameters showed 

the injury level of experimental groups 

(Fig. 4.15 and 4.16). The haematoxylin

-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 such as hepatocellular 

necrosis, sinusoidal dilation, bile duct 
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Fig. 4.16. Photomicrographs (400×) of the histopathological examinations of the liver sam-

ples of different groups.  

Fig. 4.15. Photomicrographs (100×) of the histopathological examinations of the liver sam-

ples of different groups.  
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proliferation, inflammation (leukocyte 

infiltration), vascular congestion, loss 

of structure of hepatic nodules, fatty 

infiltration, vascular degeneration and 

calcification. The thickening and 

scoring of connective tissue, as a result 

of injury were notified in the CCl4 

group (Fig. 4.15.B and 4.16.B). The 

injury level found in the CCl4 group 

was  down regula ted  by the 

administration of standard drug 

silymarin (Fig. 4.15.C and 4.16.C). 

Interestingly, in the present study it 

was observed that high dose of plant 

extract (CCLH) (Fig. 4.15.I and 4.16.I) 

down regulates the injury better or 

similar compared to the standard 

silymarin. 

4.7. Neurotherapeutic effects 

4.7.1. Acute toxicity study 

CSL extract was administered orally 

and no mortality was observed in the 

experimental animals at 2000 mg/kg 

dose. Therefore, 1/20th (100 mg/kg) 

and 1/5th (400 mg/kg) of the maximum 

dose were considered safe for the in-

vivo studies.  

4.7.2. Body weight changes 

Changes of mouse body weight after 

the treatment of Scopolamine, 

donepezil, CSL low and CSL high 

have been shown in Table 4.5. No 

significant weight gain was noticed in 

the treated mice when final body 

weight was compared with initial body 

weight of the corresponding group. 

4.7.3. Step through passive avoidance 

test 

The present study accounted an 

inclusive report of neurotherapeutic 

effect of CSL on memory deficits in a 

mouse model of amnesia (passive 

a v o i d a n c e  t e s t )  i n d u c e d  b y 

scopolamine. Step through passive 

avoidance test, a fear-motivated 

avoidance test, was employed to 

describe the way in which the animal 

learns to avoid an aversive stimulus 

(electric footshock) as a part of long-

term memory. Table 4.6. revealed that 

  Control Scopolamine Donepezil CSL Low CSL High 

Initial Weight 34.35±1.07 36.95±1.34 35.57±1.26 32.78±1.47 33.68±1.96 

Final Weight 36.45±2.03 NS 32.71±1.86** 36.93±1.63NS 35.41±0.90NS 35.43±1.67
* 

% body weight 

change 

5.67±2.37▲ 11.51±1.79▼ 3.63±1.99▲ 7.43±3.03▲ 4.98±1.16

▲ 

Weight (mean ± SD) in gram, * P<=0.05, ** P<=0.01, NS = Non significant. Final body weight was 

compared with initial body weight of corresponding group. ▲ Increase weight; ▼ Decrease weight. 

Table 4.5. Effects of Clerodendrum serratum on the body weight of the treated mice.  
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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 

t r e a t m en t  w i t h  C S L ex t r ac t 

s i g n i f i c a n t l y  a t t e n u a t e d  t h e 

scopolamine induced memory deficit in 

mice to a great extent and also 

associated with the short-term memory 

(STL) improvement (Table 4.6.) 

suggesting anti-amnesic effect of 

extracts in the scopolamine induced 

rodent model. While considering brain 

AChE inhibitory activity, CSL was 

also recorded to be reversed the 

scopolamine induced  memory 

impairment in mice by increasing 

cholinergic activity through the 

inhibition of AChE (Fig. 4.17.A). 

Hence, it can be inferred that CSL 

could be a potent AChE-inhibitors by 

hindering the destruction of Ach 

(McGleenon et al., 1999). 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).  

4.7.4. In-vivo antioxidant assays 

In the present study, scopolamine 

treatment significantly reduced 

antioxidant capacity of DPPH, 

enzymat ic cata lase and SOD 

(superoxide dismutase) (Fig. 4.17.B, 

4.17.D, 4.17.F) and non-enzymatic 

reduced glutathione (GSH) system in 

brain tissues (Fig. 4.17.E). At the same 

time, CSL treatment significantly 

increased the percent of inhibition of 

DPPH, catalase, SOD and reduced 

glutathione when compared with 

s c o p o l a m i n e  g r o u p s .  L i p i d 

peroxidation or MDA level in the 

treated groups are illustrated in Fig. 

4.17.C. The MDA content was elevated 

from 28.26 ± 2.89 mM/litre in control 

to 51.89 ± 5.17 mM/litre in 

scopolamine group. Significant results 

found when the elevated MDA level 

Table 4.6. Effect of CSL extract on scopolamine induced memory impairment in the passive 

avoidance test.  

Groups IL (Sec.) STL (Sec.) 

Group I (Control) 18.13±1.99 132.41±8.29 

Group II (SCP) 107.23±4.83 80.14±1.33 

Group III (SCP + Donepezil) 27.12±2.19 176.79±2.19 

Group IV (SCP + CSL low) 57.78±4.34 130.24±0.83 

Group V (SCP + CSL high) 35.66±2.39 165.23±1.45 

IL- Initial latency; STL- Step Through Latency; SCP- Scopolamine; CSL- Clerodendrum serratum, 

[Data represented as mean ± SD]. 
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was lowered to 32.93 ± 3.98 mM/litre 

after high dose of CSL administration. 

Hence, the results suggest anti-

oxidative potential of CSL that 

contributed to effective neuronal 

plasticity and memory function. Thus, 

most importantly, we provide first 

evidence for a potent neurotherapeutic 

role of CSL in the protection from 

ROS mediated neuronal damage as 

well as we identified some of the 

responsible target phytocompounds 

that could be treated as future CNS 

drug. 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 etc. 

are the fundamental antioxidant 

enzymes that protect tissues from 

highly reactive hydroxyl radicals and 

superoxide anions, linked with NDs 

(Flora et al., 2012; Gilgun-Sherki et 

al., 2001). 

4.7.5. Histopathological examination 

The neuroprotective potentialities of 

CSL extract was further established by 

detailed histopathological study. 

Histopathological examination of brain 

sections of control mice showed the 

normal structure of the cerebral cortex 

and hippocampus (Fig. 4.18.A and 

4.19.A). Mice with scopolamine 

Fig. 4.17. Effect of CSL extract on scopolamine-induced memory impairment in the passive 

avoidance test. (A) AChE (B) DPPH (C) Lipid peroxidation (D) Catalase (E) GSH and (F) 

SOD activity of CSL extract. *p<0.05; **p<0.01; *** p<0.001; NSp=non significant vs con-

trol group; αp<0.05; βp<0.01; γp<0.001; ψp=non significant vs Scopolamine group; ap<0.05; 
bp<0.01; cp<0.001; dp= non significant vs donepezil group. [Data represented as mean ± 

SD].  
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showed severe chromatolysis (arrows), 

Gliosis and edema in cortex (Fig. 

4.18.B), whereas, the hippocampus 

revealed severe chromatolysis of 

nuclear material and most of the 

Purkinje neurons are necrotic (Fig. 

4.19.B). Mice brain exposed to 

donepezil showed less necrotic, 

degenerative changes with normal 

neurons and glial cells in both the 

cortex and hippocampus region (Fig. 

4.18.C and 4.19.C).  Interestingly, in 

the present study it was observed that 

high dose of CSL extract (400mg/kg 

BW) down regulates the injury better 

or similar compared to the standard 

donepezil (Fig. 4.18.E and 4.19.E).   

4 . 8 .  G e n t a m i c i n  i n d u c e d 

nephrotoxicity  

4.8.1. Acute toxicity study 

CSL extract was administered orally 

and no mortality was observed in the 

experimental animals at 2000 mg/kg 

dose. Therefore, 1/10th (200 mg/kg) 

and 1/5th (400 mg/kg) of the maximum 

Fig. 4.18. Photomicrograph of control and treated mice brain (cortex, A-E), 40X.  
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  Control Gentamicin Cystone CSL Low CSL High 

Initial Weight 79.06±0.33 83.33±7.57 83.66±9.07 91±2.64 86.66±1.52 

Final Weight 82.33±2.51 NS 72.33±2.55 NS 92.66±2.48 NS 93.0±1.0 NS 89.66±1.52 

NS 

% body weight 

change 

3.90±2.95▲ 15.06±6.6▼ 9.57±11.07▲ 2.16±1.87▲ 3.31±2.88▲ 

Weight (mean ± SD) in gram, NS = Non significant. Final body weight was compared with initial 

body weight of corresponding group. ▲ Increase weight; ▼ Decrease weight. 

Table 4.7. Effects of Clerodendrum serratum on the body weight of the treated rat.  

Fig. 4.19. Photomicrograph of control and treated mice brain (Hippocampus region, A-E), 

40X.  
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dose were considered safe for the in-

vivo studies. 

4.8.2. Body weight changes 

Changes in rat body weight after the 

treatment of gentamicin, cystone, CSL 

low and CSL high have been shown in 

Table 4.7. No significant weight gain 

was noticed in the treated rat when 

final body weight was compared with 

the initial body weight of the 

corresponding group. 

4.8.3. Serum biochemical assays 

In the first phase of kidney disease 

serum creatinine concentration is more 

potent indicator than the urea 

concentration. Parenchyma tissues in 

kidney are very sensitive to natural or 

synthetic agents such as antimicrobials, 

chemotherapeu t i c  agen t s  and 

analgesics which begin to increase urea 

concentration only after parenchyma 

tissue injury (Gilbert et al., 1989). In 

the present study, serum creatinine and 

urea level was markedly elevated in 

gentamicin treated group compared to 

control and other dose groups (Table 

4.8.). It was evident from this study 

that elevated creatinine and urea level 

in the blood was observed due to 

gentamicin toxicity induced kidney 

injury. Similar results were also 

observed by Nakakuki et al. (1996) and 

Kumar et al. (2000). Elevated 

creatinine and urea level were 

subsequently normalized due to 

cystone to a certain extent by 

administration of CSL extract. 

4.8.4. In-vivo antioxidant assays 

In these experiments the CSL extract 

showed significant inhibition of SOD 

(Fig. 4.20.A), catalase (Fig. 4.20.D) 

and GSH (Fig. 4.20.B). CSLH 

treatment enabled a significant increase 

in the percent of inhibition of catalase 

and reduced glutathione when 

compared with gentamicin treated 

groups. On the other hand, cystone 

treatment significantly increase the 

Table 4.8. Effects of Clerodendrum serratum on serum biochemical parameters of five 

(n=5) treated groups.  

Group Creatinine (mg/dl) Urea (mg/dl) 

Control 0.65±0.02 44.42±2.19 

Gentamicin 1.78±0.12d 123.31±1.88a 

Cystone 0.73±0.02dα 56.20±4.71dα 

CSL 200 mg/kg 0.88±0.01aψ 94.68±4.6aψ 

CSL 400 mg/kg 0.74±0.02dα 62.46±3.74dα 

Data expressed as mean ± S.D (n=6). ap<0.05; dp= non significant vs control group; αp<0.05; ψp=non 

significant vs gentamicin group. 
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percent of inhibition compared with the 

gentamicin treated rat. The SOD 

activity in the control group was 79.50 

± 2.12% which was lowered to 28.50 ± 

0.70% by gentamicin administration. 

The lowered SOD activity was 

significantly elevated by CSLH 

administration (70.33 ± 1.41%) when 

compared with the standard cystone 

treated group (55.50 ± 1.64%). Lipid 

peroxidation or MDA level in the 

treated groups are illustrated in Fig. 

4.20.C. The MDA content was elevated 

from 46.00 ± 1.41 mM/litre in control 

to 82.5 ± 3.53 mM/litre in gentamicin 

group. Significant results were found 

when the elevated MDA level was 

lowered to 42.50 ± 2.12 mM/litre after 

CSLH administration. Gentamicin 

(GM) is an aminoglycoside antibiotic 

derived from Micromonospora 

purpurea (a gram positive bacterium 

found in soil or water) and is highly 

potent and efficient in the treatment of 

life threatening bacterial infections. 

The use of this drug is however limited 

by its nephrotoxic effect on the kidney 

(Bhatia et al., 2012) which essentially 

excretes the drug. About 5 % of 

gentamicin is actively reabsorbed and 

(A) (B) 

(C) (D) 

Fig. 4.20. The effect of CSL extract on (A) Superoxide Dismutase (SOD) activity. (B) Re-

duced Glutathione (GSH) activity. (C) Lipid Peroxidation (LPO) activity. (D) Catalase ac-

tivity. Data expressed as mean ± S.D (n=6). ap<0.05; bp<0.01; cp<0.001; dp= non significant 

vs control group; αp<0.05; βp<0.01; γp<0.001; ψp=non significant vs gentamicin group; 

*p<0.05; **p<0.01; *** p<0.001; ****p=non significant vs cystone group.  
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preferentially accumulated in the 

proximal tubular cells where it elicits 

its toxic effect (Mingeot-Leclercq and 

Tulkens, 1999; Yanagida et al., 2004). 

Experimental evidence suggested that 

multiple mechanisms are involved in 

gentamicin nephrotoxicity such as 

generation of ROS and RNS and 

accumulat ion,  consumption of 

antioxidant defence mechanisms, 

glomerular congestion and acute 

tubular necrosis leading to diminished 

creatinine clearance and renal 

dysfunction (Mingeot-Leclercq and 

Tulkens, 1999; Hur et al., 2013). 

Catalase and superoxide dismutase are 

the major antioxidative enzymes 

responsible for the neutralization of 

free radicals. 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 antioxidant 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. In this study, it is 

established that the diminished 

catalase, reduced glutathione and 

superoxide dismutase levels and 

e l e v a t e d  M D A  l e v e l s  w e r e 

subsequently normalized by CSL 

administration. 

4.8.5. Histopathological examination 

Histopathological results demonstrate 

structural changes in renal tissue of 

d i f f e r e n t  t r e a t m e n t  g r o u p s . 

Histopathological examination of 

kidney of control rat showed the 

normal renal tubules and glomeruli 

(Fig. 4.21.A). Rat with gentamicin 

exposure showed severe intertubular 

damage, degeneration, desquamation 

and necrosis in tubules (Fig. 4.21.B). 

Rat kidneys exposed to cystone 

showed mild tubular epithelial 

changes, hyaline casts in tubules and 

low intertubular haemorrhage (Fig. 

4.21.C).  Interestingly, in the present 

study it was observed that high dose of 

CSL extract (400mg/kg BW) bring 

down and regulates the renal injury in a 

better or similar manner compared to 

the standard cystone (Fig. 4.21.E). 

4.9. Chemical Characterizations of 

selected plant extracts 

Since the extracts exhibited potent 

antioxidant, hepatoprotective, anti-

neurodegenerative and nephrotoxic 

activity, it would be an amicable one to 
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identify the active phytocompounds 

responsible for those activities present 

in the extracts. In this regard, FTIR and 

GC-MS analysis have been considered. 

4.9.1. FT-IR analysis 

F o u r i e r  t r a n s f o r m  i n f r a r e d 

spectroscopy (FTIR) was used to 

analyze the functional groups (Table 

4.9.) present in three Clerodendrum 

extracts and the functional groups were 

separated on the basis of peak ratio. 

The IR spectrum of CIL, VIL and CCL 

extracts indicated the presence of 

major peaks like amines, ether, alcohol 

and carboxylic acid at 1081 cm-1, 1245 

cm-1, 3294 cm-1, 1734 cm-1 respectively 

(Fig. 4.22).  

4.9.2. GC-MS analysis 

The present study was extended for the 

analysis pertaining to the identification 

Fig. 4.21. Photomicrograph of control and treated rats kidney (A-E).  
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Wave no (cm-1) of CIL Types of bond Functional groups 

721.40 Unknown Unknown 

835.74 Unknown Unknown 

1081.00 C-N Amines 

1245.71 C-O Alcohol or Ether 

1376.52 -C-H- Alkanes 

1457.90 C=C Benzene ring 

1642.01 C=N Imine 

1734.71 C=O Carboxylic Acid 

2923.48 C-H Alkane 

3294.48 O-H Alcohol 

Wave no (cm-1) of VIL Types of bond Functional groups 

721.66 Unknown Unknown 

1080.99 C-N Amines 

1248.81 C-O Alcohol or ether 

1376.83 -C-H- Alkanes 

1458.47 C=C Benzene ring 

1734.71 C=O Carboxylic Acid 

2853.79 C-H Alkane 

2923.59 C-H Alkane 

Wave no (cm-1) of CCL Types of bond Functional groups 

721.09 Unknown Unknown 

1161.35 C-O Alcohol or ether 

1376.59 -C-H- Alkanes 

1458.42 C=C Benzene ring 

1734.68 C=O Carboxylic Acid 

2853.63 C-H Alkane 

2923.76 C-H Alkane 

3392.07 O-H Alcohol 

Table 4.9. FTIR absorption values and functional groups of CIL, VIL and CCL extracts.  

Fig. 4.22. FTIR analysis of three Clerodendrum sp., (A) Clerodendrum indicum; (B) Vol-

kameria inermis; (C) Clerodendrum colebrookianum.  
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Table 4.10. List of phytocompounds identified in C. indicum and V. inermis leaf extract by 

GC-MS analysis.  

Identified Compounds  Formula  Mol. 

Wt. †  

RT  

Clerodendrum indicum     

24,25-Dihydroxyvitamin D C27H44O3 415 18.23 

2-Cyclohexen-1-one, 2-methyl- C7H10O 109 18.48 

Dodecanoic acid, 3-hydroxy-(β-Hydroxylauric acid) C12H24O3 215 18.89 

Benzeneethanol, 4-hydroxy- (Tyrosol) C8H10O2 137 19.19 

9-Hexadecenoic acid C16H30O2 253 21.89 

9-Oxabicyclo[3.3.1]nonane-2,6-diol C8H14O3 157 21.98 

Hexadecanoic acid, methyl ester C17H34O2 269 30.39 

9,12-Octadecadienoyl chloride, (Z,Z)- (Linoleoyl chlo-

ride) 

C18H31ClO 297 33.60 

6,9,12,15-Docosatetraenoic acid, methyl ester C23H38O2 345 33.71 

Phytol C20H40O 295 33.93 

Volkameria inermis 

Octadecane, 6-methyl- C19H40 267 10.37 

Phenol, 3,5-bis(1,1-dimethylethyl)- C14H22O 205 21.31 

1-Hexadecanol, 2-methyl- C17H36O 255 21.60 

1-Dodecanol, 3,7,11-trimethyl- C15H32O 227 21.81 

Decane, 2,3,5,8-tetramethyl- C14H30 197 21.99 

Dodecanoic acid, 1-methylethyl ester C15H30O2 241 24.00 

3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 295 28.58 

Hexadecanoic acid (Palmitic Acid) C16H32O2 255 32.68 

9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- 

(Linolenic acid, methyl ester) 

C19H32O2 291 33.65 

Phytol C20H40O 295 34.10 

Squalene C30H50 409 45.15 

Heptacosane C27H56 379 48.68 

Ethyl iso-allocholate C26H44O5 435 50.40 

Retinoic acid, methyl ester C21H30O2 313 50.84 

† =[M-H]−; RT= Retention Time 

Table 4.11. List of phytocompounds identified in C. colebrookianum and C. serratum leaf 

extract by GC-MS analysis.  

Identified Compounds Formula Mol. 

Wt. † 

RT 

Clerodendrum colebrookianum 

Pentanoic acid C5H10O2 101 14.39 

Dodecanoic acid C12H24O2 199 24.64 

3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 295 28.59 

Tetradecanoic acid (Myristic acid) C14H28O2 227 28.84 

Hexadecanoic acid C16H32O2 255 31.71 

Linolenic acid, methyl ester C19H32O2 291 33.66 

Contd… to next page. 
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Octadecanoic acid (Stearic acid) C18H36O2 283 36.21 

Squalene C30H50 409 45.16 

Heptacosane C27H56 379 46.07 

Stigmasterol C29H48O 411 52.81 

Clerodendrum serratum 

Dodecanoic acid C12H24O2 200 24.63 

3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 28.58 

Tetradecanoic acid (Myristic acid) C14H28O2 228 28.84 

Hexadecanoic acid C16H32O2 256 32.72 

Linolenic acid, methyl ester C19H32O2 292 33.65 

Phytol C20H40O 296 34.11 

Linoleic acid C18H32O2 280 35.66 

Oleic acid C18H34O2 282 35.77 

Octadecanoic acid (Stearic acid) C18H36O2 284 36.21 

Squalene C30H50 410 45.16 

Heptacosane C27H56 389 51.87 

Stigmasterol C29H48O 412 53.16 

† =[M-H]−; RT= Retention Time 

Contd… from previous page. 

(A) (B) 

(C) (D) 

Fig. 4.23. GC-MS fingerprinting of four Clerodendrum sp., (A) Clerodendrum indicum, (B) 

Volkameria inermis, (C) Clerodendrum serratum and (D) Clerodendrum colebrookianum.  
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of active compounds in CIL, VIL, CSL 

and CCL using GC-MS method. A 

total number of forty five (45) 

phytocompounds have been identified 

in CIL (10 compounds), VIL (14 

compounds), CSL (12) and CCL (10 

compounds) (Fig. 4.23; Table 4.10. & 

Table 4.11.). A list of some important 

chemical compounds identified in four 

Clerodendrum extracts by GC-MS 

analyses has been depicted in Fig. 4.24. 

Different functional groups were 

identified through FTIR analysis which 

correlated well with the GC-MS data. 

Fatty acids like linoleic acid (LA), 

dodecanoic acid and hexadecanoic acid 

are some of the essential fatty acids 

that human being requires in diet (Kar 

et al., 2016). Deficiency of linolenic 

acid has been reported to be associated 

with retardation, infertility, skin and 

kidney degeneration and abrupt 

changes in the fatty acid composition 

of lipids (Dobryniewski et al., 2007). 

In addition, squalene and stigmasterol 

have been reported to be potent 

antioxidants and observed to be 

effective against several oxidative 

stress related diseases (Amarowicz, 

2009; Yoshida and Niki, 2003). Hence 

from the above illustration, it might be 

inferred that CIL, VIL, CSL and CCL 

Fig. 4.24. List of some chemical compounds identified in the four Clerodendrum extracts by 

GC-MS analyses.  
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extract could be regarded as a potent 

future antioxidative agents. 

4.10. In-silico molecular docking 

4.10.1. Molecular Docking and ROS 

The molecular docking results came 

out with new insights. While 

phytochemicals were analyzed with 

each of the proteins, at least one 

compounds from each plant showed 

exhilarating results (Table 4.12.). 24, 

25-Dihydroxyvitamin D of C. indicum 

(CIL), Ethyl iso allocholate of V. 

inermis (VIL) and Stigmasterol of C. 

colebrookianum, C. serratum (CCL 

and CSL) showed higher binding 

affinity compared to other compounds. 

Among them on an  average 

stigmasterol was found to have a slight 

upper hand compared to the remaining 

compounds. However, when individual 

interactions were compared, 24, 25-

Dihydroxyvitamin D displayed the 

highest binding affinity with Nrf2 

protein which is a transcription factor 

in humans encoded by NFE2L2 gene 

(Nuclear factor erythroid-derived 2) 

(Fig. 4.25). This protein has the best 

interaction pattern with all the ligands. 

However, ap1 protein (activator protein 

1) also had decent binding energies 

with most of the ligands (Fig. 4.26). 

To understand better activities at a 

molecular level an in-silico approach 

was adopted. A few essential proteins 

deeply involved in internal antioxidant 

machinery as well  as having 

implications in cell growth and 

proliferation cascades were thoroughly 

examined in a docking environment, 

where they were checked against the 

phytochemicals (ligands) present in our 

studied plants. The selected protein 

generally plays a vital role in cell 

division, development, apoptosis, 

tumor suppression and natural 

antioxidant properties (Kovac et al., 

2015). On digging further it is seen that 

Stigmasterol a phytochemical present 

in CCL and CSL had the highest 

Table 4.12. Binding affinity of receptors (protein) with ligands (phytochemicals).  

Ligands 

Binding Affinities (kcal/mol) 

Nrf2 (2flu) Ap1 (1fos) p53 (1aie) 

24,25-Dihydroxyvitamin D -9.9 -7.7 -6.7 

Ethyl iso-allocholate -9.4 -8.2 -7.3 

Heptacosane -5.4 -3.9 -4.3 

Squalene -7.5 -6.5 -5.8 

Phytol -4.9 -4.5 -3.6 

Stigmasterol -9.1 -7.9 -6.9 
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activity among all the compounds of all 

the four plants. So, stigmasterol might 

be one of the keys to searching the 

ideal antioxidant compounds while 

combating the free radical induced 

oxidative stress. The proteins like Nrf2 

and ap1 which has high interactions 

with our phytochemicals are complexly 

linked to different cell signaling 

cascades. Among them, the Nrf2 is 

usually considered as a transcription 

factor which mediates the protection 

against electrophiles and oxidants and 

negatively regulated by cytoplasmic 

Fig. 4.25. Molecular docking image. Molecular docking (molecular surface view) between 

Nrf2 protein and 24, 25-Dihydroxyvitamin D: This molecular docking figure show com-

pounds at their binding site on the left and on the right the amino acids that interact with the 

ligand to give resultant binding energy is shown.  

Fig. 4.26. Molecular docking (secondary structure view) between Ap1 protein and Ethyl iso-

allocholate.  
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Kelch-like ECH-associated protein 1 

(Keap1) (Kovac et al., 2015). Nrf2 in 

its highest binding state with 24, 25-

Dihydroxyvitamin D shows efficient 

interactions at 11 amino acids positions 

(Fig. 4.25) (arginine at 415, glycine at 

417, valine at 418 etc.). Moreover, the 

molecular surface view of the 

interaction shows the ligand deeply 

embedded inside a binding pocket (Fig. 

4.25). Such an interaction of -9.9 kcal/

mol binding affinity and excellent 

conjugation are ideal in nature. 

Compounds like Stigmasterol and 24, 

25-Dihydroxyvitamin D can therefore 

be ideal drugs against these targets. 

The Ap1 and p53 protein showed good 

interactions also has DNA binding 

ability which can get triggered when 

there is an increase in production of 

ROS molecules. They themselves are 

regulated by different cascades, for 

example, an ap1 family of transcription 

factor consists of Jun, Fos and ATF-2 

homo and heterodimers (Zwacka et al., 

1998) which regulate their expression. 

However, the problem occurs as all 

these redox sensitive pathways can 

cause cell injury and cell and organ 

remodeling through the production of 

cytokines and growth factors. 

Therefore, therapeutic strategies are 

considered rational for reducing 

oxidative stress. Our phytochemicals 

have excellent antioxidant properties as 

well as they can bind to essential 

transcription factors which are 

otherwise helpful but can be hazardous 

to the cell in case of additional 

oxidative stress (Buldak et al., 2014). 

Thus, these herbal alternatives can 

provide essential antioxidants as well 

as have no evident toxic effect even at 

the face of oxidative stress. Moreover, 

we can keep most of the growth 

enhancing and cell proliferating 

transcription factors away as shown by 

the in-silico binding affinity thus these 

phytocompounds can be proposed for 

proper cytostatic therapy. 

4.10.2. Molecular Docking and 

hepatotoxic activity 

The bioactive compounds of CIL, VIL 

and CCL were 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 by GC-MS analysis of the 

plant extract. Upon a series of receptor-



        RESULTS AND DISCUSSION     108 

 

ligand interaction study, it was 

identified that each of the ligands has 

different binding affinity with the 

selected proteins. The highest binding 

a f f i n i t y  w as  f o u n d  b e t w een 

Stigmasterol and a protein with PDB 

ID 3i7h which is the crystal structure 

of DDB1 in complex with H-Box 

Motif of HBX (Fig. 4.27 and Table 

4.13.). NFκβ protein and Ethyl iso-

allocholate also has good binding 

affinity and as seen in the secondary 

structure views (Fig. 4.28). 

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. Proteins like NF-

κB also showed good interactions with 

these phytochemicals. NF-κB controls 

cytokine production and cell survival, 

but in certain cases its regulation is 

related to cancer, inflammation and 

Table 4.13. Binding affinity of receptors (protein) with ligands (phytochemicals).  

Ligands 

Binding Affinities (kcal/mol) 

Hepatitis BX (3i7h) NF-κβ (1nfi) 

24,25-Dihydroxyvitamin D -5.7 -5.4 

Ethyl iso-allocholate -8.4 -7.4 

Heptacosane -4.9 -3.8 

Squalene -6.3 -4.9 

Phytol -5.2 -3.8 

Stigmasterol -8.7 -6.9 

Fig. 4.27. Molecular docking interactions of Stigmasterol with Hepatitis BX (3i7h).  
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autoimmune diseases. Phytochemicals 

from the CIL, VIL and CCL 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 plants can be 

considered to have medicinal benefits 

against hepatotoxicity.  

4.10.3. Molecular Docking and 

neurodegeneration 

Despite of having immense antioxidant 

and anti-neurodegenerative properties 

Table 4.14. Binding affinity of receptors (protein) with ligands (phytochemicals).  

Ligands 

Binding Affinities (kcal/mol) 

Dopamine receptor D3 (3pbl) 

Dodecanoic acid -4.2 

3,7,11,15-Tetramethyl-2-hexadecen-1-ol -4.1 

Tetradecanoic acid -4.5 

Hexadecanoic acid -3.6 

Phytol -4.4 

Linoleic acid -2.9 

Oleic acid -3.3 

Octadecanoic acid -3.5 

Squalene -5.7 

Heptacosane -5.2 

Stigmasterol -6.1 

Fig. 4.28. Molecular surface view of NF-κβ (1nfi) protein with Ethyl iso-allocholate.  
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found in selected plant extract (CSL) 

due to presence of several active 

metabolites including Squalene, 

Heptacosane and stigmasterol etc., 

these were considered as the potential 

d r u g  t a r g e t  l i g a n d s  a g a i n s t 

neurodegenerative disorders (NDs). As 

a part of drug target establishment, 

molecular docking was first performed 

to explore the binding pattern of the 

above mentioned target compounds 

with human brain membrane protein 

(dopamine receptor D3 protein; ID- 

3pbl). The D3 protein, localized to the 

limbic areas of the brain, was selected 

due to its prominent role in cognition, 

emotional and endocrine functions and 

hence, it might be the chief target of 

antipsychotic therapy involving 

dopamine antagonists (Nakajima et al., 

2013). Results obtained from docking 

revealed different binding sites with 

different affinities (Table 4.14.). The in

-silico insight in this case shows that 

the compound Stigmasterol shows the 

best results with a binding affinity of -

6.1 kcal/mol in autodock vina (Fig. 

4.29), although, other promising 

compound l ike Squalene  and 

Heptacosane are not too far behind. 

Strong binding pattern of these ligand 

compounds with dopamine receptor D3 

protein signified their possible role in 

the treatment of neurodegeneration. 

Fig. 4.29. Molecular docking representation of dopamine receptor D3 (3pbl) protein with 

Stigmasterol.  
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4.10.4. Molecular Docking and 

nephrotoxicity 

The molecular docking result shows an 

overall good binding affinity (Table 

4.15.). The plant extract (CSL) selected 

here provided loads of promising 

bioactive phytochemicals. Therefore, 

we wanted to reinvestigate their 

potential from the point of view of 

renal health. We already have exciting 

Table 4.15. Binding affinity of receptors (protein) with ligands (phytochemicals).  

Ligands 

Binding Affinities (kcal/mol) 

Polycystic Kidney Disease protein 2 (5t4d) 

Dodecanoic acid -4.7 

3,7,11,15-Tetramethyl-2-hexadecen-1-ol -6.1 

Tetradecanoic acid -4.7 

Hexadecanoic acid -5.8 

Phytol -5.2 

Linoleic acid -4.8 

Oleic acid -4.8 

Octadecanoic acid -4.9 

Squalene -7.5 

Heptacosane -6.0 

Stigmasterol -8.6 

Fig. 4.30. In-silico docking representation of stigmasterol with Polycystic Kidney Disease 

protein 2 (5T4D).  
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result in these aspect considering 

results from the histopathological 

experiment and in-vivo enzymatic 

assays. The in-silico insight in this case 

shows that the compound stigmasterol 

shows the best results with a binding 

affinity of -8.6 kcal/mol in autodock 

vina (Fig. 4.30), although, other 

promising compound like squalene and 

3,7,11,15-Tetramethyl-2-hexadecen-1-

ol acid are not too far behind. The 

protein in consideration is Polycystic 

kidney disease protein 1-like 2 (PKD2) 

that is responsible for autosomal 

dominant polycystic kidney disease. 

This is one of the most important 

proteins responsible for multiple cyst 

formation in kidney. The treatment of 

CSL extract already shows promising 

result in the in-vivo experiments so in 

the light of in-silico experiments we 

can confirm that specific compounds 

like stigmasterol and squalene might be 

the reason behind such effect. The 

que r y s t i l l  r em ai ns  wh e th er 

stigmasterol alone is capable of such 

effect or is it the combinatorial action 

as seen in most of the herbal 

formulations. 

4.11. Study of solvent fraction  

4.11.1. Characterization of the 

compounds 

The structures of all the compounds 

were elucidated on the basis of 

physical and spectroscopic analysis and 

by comparing with the spectral data of 

already reported compounds. The 

analytical data of the compounds along 

with physical properties is listed in 

Table 4.16. 

4.11.2. FTIR analysis 

The FT-IR spectrum of fraction-1 

showed three C-H stretching bands at 

2913, 2965 and 2852 cm-1 and four 

skeletal vibrational bands at 1376, 

1440, 1107 and 832 cm-1 (Fig. 4.31A). 

The band at 1666 cm-1 was due to C=C 

stretching (Hall et al., 2016; Chun et 

al., 2013). The recorded infrared 

spectrum of fraction-1 was compared 

with the literature spectral data and its 

quiet similar to the spectra squalene 

(Hall et al., 2016; Chun et al., 2013).  

The spectrum of fraction-2 possesses a 

band at 2989 cm-1 attributable to the 

carbon hydrogen bonds of the 

unsaturated linkage (methyl ester) (Wu 

Table 4.16. Analytical and Physical data of fraction-1 and fraction-2.  

Compound % Found Physical State Colour Amount 

Yield (mg) 
C H 

Fraction 1 87.21 11.93 Solid Dark Brown 251.9 

Fraction 2 78.01 11.31 Solid Dark Brown 211.9 
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Fig. 4.31. FTIR spectra of (A) fraction-1 and (B) fraction-2.  
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et al., 2009). Peaks at 1721cm-1 and 

1744cm-1 were assigned for -C-H 

stretching vibration of CH2 group (Fig. 

4.31B) (Wu et al., 2009). Low intensity 

bands at 2134cm-1 and 2183cm-1 were 

assigned for =C-H stretching and -C=C 

stretching of HC=CH. While peak at 

2347cm-1 was assigned for CH2 

symmetric stretching. The obtained 

spectrum of fraction-2 is compared 

with the literature data and it is similar 

to the spectra of 9, 12, 15-

Octadecatrienoic acid, methyl ester 

(linolenic acid methyl ester) (Wu et al., 

2009). 

4.11.3. NMR Spectra 

The 13C NMR spectra of fraction-1 

displayed fifteen signals which were 

distinguished as four methyls (25.51, 

17.60, 16.05 and 16.01 ppm), three 

quaternary carbons (135.11, 134.90 

and 131.26 ppm), five allylic 

methylenes (39.77, 39.74, 28.29, 26.16 

and 26.11 ppm) and three ethylenic 

methines (125.31, 124.23 and 124.28 

ppm) (Fig. 4.32B) (Pogliani et al., 

1994). The 1H NMR spectra of fraction

-1 exhibited signals for vinylic protons 

at ẟ5.12-5.16, methylene protons at 

ẟ1.99-2.07 and methyl protons at ẟ1.60

-1.68 (Fig. 4.32A) (Pogliani et al., 

1994). 

The 1H NMR spectra of fraction-2 

showed signals for the olefinic protons 

Table 4.17. 1H, 13C chemical shift of compound fraction-1 and fraction-2.  

  Ci/Hi ẟ(Ci) 
(ppm) 

ẟ(Hi) 
(ppm) 

  Hi ẟ(Hi) 
(ppm) 

Fraction 1 

Me1t 25.51 1.68 

Fraction 2 

20 0.81 

Me2 17.60 1.60 19 1.69 

2q 131.26   18 1.68 

3 125.31 5.14 17 1.69 

4 26.16 2.07 9 1.73 

5 39.77 1.99 8 1.75 

6q 135.11   7 1.76 

Me6 16.05 1.61 6 1.81 

7 124.23 5.12 5 1.96 

8 26.11 2.06 18 2.06 

9 39.74 2.01 10 2.18 

10q 134.90   4 2.72 

Me10 16.01 1.62 13 2.83 

11 124.28 5.16 11,12,14 5.11 

12 28.29 2.02 15 5.45 
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Fig. 4.32. 1H NMR spectra (A) and  13C  NMR spectra (B) of fraction-1 (Squalene).  

(A) 

(B) 
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Fig. 4.33. 1H NMR spectra (A) and 13C NMR spectra (B) of fraction-2 (linolenic acid methyl 

ester).  

(A) 

(B) 
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at ẟ5.30-5.45 ppm, methylene protons 

at ẟ1.69-2.30, protons linked to the 

allylic carbons at ẟ2.03-2.18 ppm, 

protons correspond to the bis-allylic 

carbons at ẟ2.72-2.83 ppm and for the 

protons of terminal methyl group at 

ẟ0.81-0.93 ppm (Fig. 4.33A and 

4.33B) (Davis et al., 1999).  

Both 1H and 13C NMR spectra of 

fraction-1 and fraction-2 (Table 4.17.) 

are compared with the available 

literature spectral data and it is found 

to be similar to the spectra of Squalene 

f o r  f r a c t i o n - 1  an d  9 , 1 2 , 1 5 -

Octadecatrienoic acid, methyl ester 

(linolenic acid methyl ester) for 

fraction-2 (Pogliani et al., 1994; Davis 

et al., 1999). 

4.11.4. In-vitro antioxidant activity 

In the present study, fraction-1 and 

fraction-2 exhibited potent phenol and 

flavonoid content (Table 4.18.) and 

free radical scavenging activity. 

Among the two fractions, fraction-2 

showed higher DPPH scavenging 

activity (64.42±0.60% at 200µg/ml) 

than the respective standard ascorbic 

acid (58.50±0.02% at 200µg/ml) (Fig. 

4.34.A). Highly significant nitric oxide 

scavenging activity was also observed 

in case of fraction-2 (fraction-1 

51.09±1.23%, fraction-2 59.67±0.62% 

at 200 µg/ml) (Fig. 4.34.B) in 

comparison to the respective standard 

curcumin (100±0.0 at 200 µg/ml). 

Hydrogen peroxide scavenging assays 

of the two fractions showed that the 

activity of fraction-2 is higher than the 

fraction-1 (fraction-1 42.79±0.43%, 

fraction-2 49.00±0.41% at 200 µg/ml) 

(Fig. 4.34.C) in comparison to Sodium 

pyruvate (7.78±0.90% at 200 µg/ml). 

Ferric reducing power assay of the 

fractions as observed from Fig. 4.34.D, 

showed their excellent reducing power 

activity, among which fraction-2 had 

maximum reducing power when 

compared with fraction-1 and the 

standard BHT under study. Detailed 

IC50 values of the respective in-vitro 

antioxidant tests are enlisted in Table 

4.19. 

Natural antioxidants are of immense 

importance as nutrients and health 

supplements. Clinical trials have 

revealed that there is an inverse 

correlation between the intake of fruits 

and vegetables and the occurrence of 

Table 4.18. Polyphenol contents of the two fractions.  

  Phenol (mg/g GAE) Flavonoid (mg/g QE) 

Fraction-1 215.34 112.21 

Fraction-2 330.25 125.67 
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disorders such as inflammation, 

cardiovascular disease, cancer, ageing 

and depression etc. (Durackova, 2010). 

Enhanced quantity of phenol and 

flavonoid content in two fractions, 

especially fraction-2 prompted us 

towards screening of its detailed 

therapeutic and medicinal properties 

including free radical scavenging 

a c t i v i t i e s  a n d  c h e m i c a l 

characterization. Free radical DPPH 

accept an electron or hydrogen radical 

to become stable which reacts with a 

reducing agent to form a new bond, 

thus, changing the colour of the 

solution. Being an antioxidative agent, 

Table 4.19. IC50 values of each fraction with their respective standard used in the present 

study.  

Parameters Fraction-1 Fraction-2 Standard 

DPPH 194.00±2.31*** 164.56±1.15***  203.2±1.9 
(Ascorbic Acid) 

Nitric Oxide 178.18±3.54*** 128.58±2.50*** 61.17±0.41 
(Curcumin) 

Hydrogen Peroxide 295.52±11.49** 289.30±5.90**  2185.2±187.4 
(Sodium Pyruvate) 

Units in μg/ml. Data expressed as mean ± S.D (n=6). **p<0.01; ***p<0.001 when compared with 

standard. 

Fig. 4.34. Antioxidant activity of two isolated compound squalene and linolenic methyl acid 

ester (A) DPPH activity; (B) Nitric oxide; (C) Hydrogen peroxide and (D) Reducing power 

assay. [Data expressed as mean ± S.D (n=3). αp<0.05; β p<0.01; γp<0.001; ψ-Non significant 

when compared with standard].  
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fraction-2 exerts decrease coloration 

with higher concentration (Huang et 

al., 2005). Nitric oxide (NO) is a 

destructive free radical, damaging 

several biological molecules in human 

body which in turn produce another 

detrimental molecule, peroxynitrite 

(ONOOˉ) upon react ion with 

superoxide radical. We found that NO 

scavenging activity of fraction-2 was 

pretty higher than the others signifying 

i ts posit ive affection towards 

superoxide anion hindering the 

formation of peroxynitrite. Hydrogen 

peroxide (H2O2), another oxidative 

agent, accumulates in cells and 

converts into Hydroxyl radical (OH•) 

(Ray and Husain, 2002; Valko et al., 

2004). Fraction-1 and fraction-2 was 

found to be a potent H2O2 quencher to 

Table 4.20. Antimicrobial activity of isolated compound.  

Sample Concentration 

(mg/ml) 

Diameter of zone of inhibition (mm.) 

Fraction-1 
B. subtilis S. aureus E. coli P. aeruginosa 

10 11.5±0.7 12.5±1.41 13±1.41 13.5±0.7 

Fraction-2 10 14±1.41 14±1.41 16±2.82 18.5±0.7 

DMSO   8.5±0.7 8.5±0.7 8.5±0.7 8.5±0.7 

Fig. 4.35. Zone of inhibitions/Antimicrobial activity of two isolated compound squalene and 

linolenic acid methyl ester against various  pathogens (A) B. subtilis; (B) S. aureus; (C) E. 

coli and (D) P. aeruginosa using  agar  well  diffusion assay.  
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nullify the effect of ROS and might 

have potential to prevent different 

types of oxidative stress related 

disorders (Lapidot et al., 2002). 

4.11.5. Antimicrobial activity of the 

solvent fractions 

The two fractions (Fraction-1 and 

fraction-2) were tested against two 

pathogenic gram positive bacteria 

Bacillus subtilis, Staphylococcus 

aureus and two pathogenic gram 

negative bacteria Escherichia coli, 

Pseudomonas aeruginosa etc. Fraction-

1 and fraction-2 showed significant 

antimicrobial activities (zone of 

inhibition in  mm) against B. subtilis, 

E. coli and P. aeruginosa (Table 4.20.; 

Fig. 4.35) whereas, both the fraction 

showed moderate activity against S. 

aureus. These active compounds, as 

natural or synthetic, had demonstrated 

the capacity to modulate the antibiotic 

activity. Fraction-1 and fraction-2 is 

such a compound has a potential to 

inhibit the bacterial efflux systems, 

enhancing the antibiotic activity. 

Similar results were also observed by 

Shakhatreh et al. (2016) and Sampaio 

et al. (2014). On the basis of result 

obtained in this present investigation 

we conclude that the compound 

showed potent anti-bacterial activity. 

This implied that both gram positive 

and gram negative bacteria were 

susceptible to such active compounds. 

The obtained results may provide a 

support to protect against bacterial 

disorder and these compounds might 

prove beneficial as a novel drug 

candidate against bacterial infection in 

future. 

4.12. In-vitro regeneration through 

tissue culture 

4.12.1. Establishment of aseptic 

culture 

Fungal and bacterial contamination 

was the main problem during the early 

stage of the culture initiation. To avoid 

this problem various surface sterilants 

(tween 20, 70 % ethanol, 0.1% 

mercuric chloride solution) were used, 

but it could not eliminate the 

contaminants totally. Almost similar 

methods like 70 % ethanol and 0.1 % 

mercuric chloride (HgCl2) have been 

used to disinfect the explants of 

Clerodendrum inerme (Srinath et al., 

2009). Labolene (5%) in combination 

with 0.1% HgCl2 has been used in the 

tissue culture study of Clerodendrum 

serratum by Sharma and his co 

workers (2009). 

4.12.2. Callus induction 

In-vitro maintained nodal explants 

started swelling within 6–8 days and 
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fully developed callus like structures 

were observed after 12-15 days of 

inoculation. All the calli were observed 

to be initiated from the cutting edge of 

the explants (Fig. 4.36.A). The calli 

formed were fast growing, yellowish 

green and compact. Though in our 

tissue culture studies, MS and WPM 

were used for preliminary screening, 

but better responses were observed in 

cultures of MS media. So, for 

propagation of C. thomsoniae only MS 

was employed for further regeneration. 

This indicates that some of the 

essential component required by 

Clerodendrum for its regeneration is 

Table 4.21. Effect of different concentrations of BAP with the optimal concentrations of 

NAA on callus induction from nodal segments of C. thomsoniae.  

Medium Plant growth regulators 

(mg/l) Callus induction 

frequency (%) 

Mean weight of the callus 

(gm) 

MS 

BAP NAA 

0 0 0 0.0 

1 0.5 25 0.11±0.015 

2 0.5 85 0.56±0.076 

3 0.5 40 0.3±0.02 

4 0.5 30 0.2±0.025 

Fig. 4.36. Stages of callus induction and regeneration. (A) Callus induction, (B) Formation 

of in-vitro shoot, (C) Development of leaves, (D) In-vitro root induction, (E) Plantlet with 

well developed roots, (F) Different stages of shoot induction, (G) Acclimatization of plant in 

clay pot containing mixture of soil and sand.  
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not available in WPM (Nataraj et al., 

2016). Similar observation on other 

species of Clerodendrum tissue culture 

is available. Callus was induced only 

when nodal explants were inoculated in 

MS medium supplemented with BAP 

and NAA. The callus induction 

frequency was found optimum in MS 

medium supplemented with 2 mg/l 

BAP and 0.5 mg/l NAA (85%), 

followed by 40% with 3 mg/l BAP and 

0.5 mg/l NAA (Table 4.21.). Further 

increase in the hormone concentration 

resulted in reduction of callus 

formation. In our present study, the 

highest callus weight (0.56±0.076gm) 

was noted with 2 mg/l BAP and 0.5 

mg/l NAA followed by 3 mg/l BAP 

and 0.5 mg/l NAA (0.3±0.02gm) 

(Table 4.21.). 

4.12.3. Shoot regeneration 

The regenerative ability of the compact 

calli was studied by the application of 

two important plant hormones 

cytokinins and auxin. After 2 weeks of 

the culture, most of the calli turned 

green and emergence of shoot 

primordia took place (Fig. 4.36.B and 

C). The number and length of shoots 

varied with the concentration of 

phytohormones used. MS medium 

supplemented with 2 mg/l BAP in 

combination with 0.5 mg/l NAA 

produced the highest number of shoot 

buds (13±1.5) followed by 3 mg/l BAP 

in combination with 0.5 mg/l NAA 

(9.5±0.5) (Table 4.22.). BAP is most 

commonly used cytokinin mainly due 

to twofold reasons, firstly, it is cheap 

and secondly, it can be autoclaved 

(Thomas and Blakesley, 1987). The 

highest shoot length (3.5±0.5 cm) was 

noted with 2 mg/l BAP and 0.5 mg/l 

NAA followed by 2.3±0.15 cm with 3 

mg/l BAP in combination with 0.5 mg/

l NAA. In the present workflow, BAP 

was found to be rather effective in case 

of shoot multiplication. These findings 

are in accordance with the earlier work 

on in-vitro propagation of other 

Clerodendrum species like C. inerme  

Table 4.22. Influence of different concentrations of plant growth regulators on regeneration 

of shoot buds and elongation of proliferated shoots from callus of C. thomsoniae.  

Medium Plant growth regulators (mg/l) 
Mean no. of shoots/callus 

Mean Shoot length 

(cm) 

MS 

BAP NAA 

0 0 0.0 0.0 

1 0.5 6.5±0.5 1.33±0.3** 

2 0.5 13±1.5 3.5±0.5** 

3 0.5 9.5±0.5 2.3±0.15** 

4 0.5 4±1.0 1.6±0.07NS 

Data expressed as mean ± S.D (n=3). **p<0.01; NS-Non significant when compared with mean no. 

of shoots/callus. 
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(Srinath et al., 2009), C. serratum 

( S h a r m a  e t  a l . ,  2 0 0 9 ) ,  C . 

colebrookianum (Mao et al., 1995), C. 

inerme (Baburaj et al., 2000) where 

BAP has been widely used and was 

found to be effective.  

In our present experiment, it was noted 

that root development took place 

without changing the medium and 

hormones. In BAP assisted with MS, 

rooting was initiated little later 10 ± 3 

days after shoot development. About 

90 % of shoots rooted in MS medium 

supplemented with 2 mg/l BAP in 

combination with 0.5 mg/l NAA. The 

highest number of roots (3.5±0.5) and 

maximum length of roots (21.3±1.52 

cm) were recorded with 2 mg/l BAP 

with 0.5 mg/l NAA followed by 3 mg/

l, 4mg/l BAP (Table 4.23.; Fig. 4.36.D 

and E). 

4.12.4. Acclimatization  

The in-vitro propagated plantlets with a 

well developed shoot and root system 

were successfully transferred to clay 

pots containing sandy soil and farm 

yard manure in a ratio of 1:1 (v/v) 

exhibited 70 % survival rate and grew 

in the greenhouse (Fig. 4.36.G). After a 

month, these acclimatized plants were 

successfully transferred to the field. 

4.12.5. Genetic fidelity testing 

In the present study, plantlets were 

produced indirectly from the nodal 

explants through the formation of 

callus. No differences were observed 

between field grown plant and plantlets 

regenerated from nodal explants 

through callus by RAPD and ISSR 

analysis. A total of 30 RAPD and 15 

ISSR primers were used to screen 

somaclonal variations, out of which 

only 10 RAPD and ISSR primers 

produced c l ear  and  sco rable 

amplification products. A total of 65 

scorable bands were obtained from the 

RAPD analysis, whereas ISSR primers 

produced 75 distinct and scorable 

bands (Table 4.24.). The number of 

Table 4.23. Effect of different concentrations of BAP and NAA on rooting of in-vitro raised 

elongated roots in C. thomsoniae.  

Medium Plant growth regulators (mg/l) 
Mean no. of roots/explant 

Mean root length 

(cm) 

MS 

BAP NAA 

0 0 0.0 0.0 

1 0.5 1.33±0.35 7.8±0.76** 

2 0.5 3.5±0.5 21.3±1.52** 

3 0.5 1.9±0.13 13±1.0** 

4 0.5 1.7±0.05 10.5±0.5** 

Data expressed as mean ± S.D (n=3). **p<0.01 when compared with mean no. of roots/explants. 
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bands varied from 3-13 in case of 

RAPD primers and 3-12 in case of 

ISSR primers respectively. All the 

bands generated were found to be 

monomorphic i.e. bands generated 

through both RAPD and ISSR analyses 

were common in parental genotypes 

and the in-vitro raised plantlets. A 

representative of RAPD and ISSR 

profile is depicted in Fig. 4.37. The 

size of the bands ranged in between 

220-1646 bp and 139-1,340 bp in case 

of  RAPD and ISSR primers 

respectively.  Sharma and his 

coworkers (2009) studied the clonal 

fidelity of in-vitro raised C. serratum 

where they used 6 decamer RAPD 

primers to establish the genetic 

stability among the micropropagated 

plantlets. Mishra and her coworkers 

(2015) and Goyal et al. (2015) reported 

that RAPD and ISSR fingerprints are 

very crucial to detect clonal fidelity of 

in-vitro raised plantlets. 

Table 4.24. PCR amplification using RAPD and ISSR primers.  

Primer ID Primer sequence (5’-

3’) 

Total bands 

amplified 

No. of monomor-

phic bands 

Band size 

(bp) 

OPA 01 CAGGCCCTTC 4 4 324-1310 

OPA 02 TGCCGAGCTG 8 8 325-1646 

OPA 03 AGTCAGCCAC 13 13 224-1434 

OPA 07 GAAACGGGTG 3 3 220-1128 

OPA 08 GTGACGTAGG 5 5 357-1453 

OPA 09 GGGTAACGCC 4 4 286-1218 

OPA 10 GTGATCGCAG 7 7 346-1605 

OPA 11 CAATCGCCGT 5 5 383-1383 

OPA 12 CAGCACCCAC 9 9 459-1544 

OPA 18 AGGTGACCGT 7 7 363-1589 

Total bands   65 65   

UBC 807 (AG)8T 7 7 226-949 

UBC 808 (AG)8C 8 8 139-1340 

UBC 810 (GA)8T 12 12 225-935 

UBC 811 (GA)8C 6 6 185-847 

UBC 813 (CT)8T 3 3 250-975 

UBC 815 (CT)8G 4 4 425-1260 

UBC 818 (CA)8G 8 8 326-1030 

UBC 822 (TC)8A 8 8 288-1250 

UBC 824 (TC)8G 8 8 235-1225 

UBC 825 (AC)8T 11 11 323-1110 

Total bands   75 75   
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4.12.6. GC-MS analysis 

The present study was extended for the 

analysis pertaining to the identification 

of active compounds in field grown 

plant and tissue culture plant using GC-

MS method. A total number of 

nineteen (19) and twenty seven (27) 

phytocompounds have been identified 

in field grown plant and tissue culture 

plant respectively (Table 4.25.), which 

corresponds to Fig. 4.38 and the 

screened phytometabolic constituents 

have been provided in Table 4.26. Ten 

compounds are common between field 

grown plant and tissue culture plant, 

but interestingly seventeen (17) 

compounds were exclusively present in 

tissue culture plant of which a number 

of compounds are of potential 

therapeutic significance. Several 

phytochemicals belonging to long 

chain fatty moiety and their derivatives 

such  as  Hex adecano i c  a c id ; 

Dodecanoic acid; Tetradecanoic acid; 

Heptanedioic acid; Octanedioic acid; 

Adipic acid etc has been identified in 

the samples. Interestingly, these long 

chain fatty acids play an important role 

in plant development (Bach and Faure, 

2010). linoleic acid (LA), oleic acid 

(OA), squalene and stigmasterol are the 

main bioactive compounds having 

different medicinal properties. LA is 

one of the essential fatty acids that 

human need in diet. Deficiency of LA 

may lead to growth retardation, 

i n f e r t i l i t y ,  s k i n  an d  k i d n e y 

degeneration and abrupt changes in 

fatty acid composition of lipids 

(Dobryniewski et al., 2007). Besides, 

Fig. 4.37. DNA fingerprinting pattern of in-vitro callus regenerated plantlets of C. thom-

soniae. (A) using RAPD primer OPA 13 and (B) using ISSR primer UBC 808. Lane 2–6: 

micropropagated plantlets compared with field grown plant (lane1); Lane M1: 100 bp mo-

lecular marker; Lane M2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  
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Table 4.25. List of phytocompounds identified in C. thomsoniae leaf extract (field grown  

plant and tissue culture plant) by GC-MS analysis.  

Compound name Formula Mol. 
Wt. † 

Field grown 

plant 

Tissue culture 

plant 

Acetic acid C2H4O2 55 × √ 

Propanoic acid C3H6O2 73 × √ 

3-Hydroxy-2-butanone C4H8O2 87 × √ 

Glyceric acid C3H6O3 89 √ × 

3-Hydroxybutyric acid C4H8O3 103 × √ 

Diethylene glycol C4H10O3 105 × √ 

2-Furancarboxylic acid C5H4O3 111 × √ 

2-Hexenoic acid C6H10O2 113 √ √ 

Butanedioic acid C4H6O4 117 √ √ 

1,2,3-Benzenetriol (Pyrogallol) C6H6O3 125 × √ 

Pyroglutamic acid C5H7NO3 127 × √ 

Pentanedioic acid (Glutaric acid) C5H8O4 131 √ √ 

Malic acid C4H6O5 133 √ × 

1,2-Ethanediol, phenyl C8H10O2 137 × √ 

Benzoic acid, 3-hydroxy (m-

Salicylic acid) 

C7H6O3 137 
× √ 

4-Hydroxyphenylethanol 

(Tyrosol) 

C8H10O2 137 
× √ 

Adipic acid C6H10O4 145 × √ 

Heptanedioic acid (Pimelic acid) C7H12O4 159 × √ 

Octanedioic acid (Suberic acid) C8H14O4 173 × √ 

1-Dodecanol C12H26O 185 × √ 

Azelaic acid C9H16O4 187 √ √ 

Dodecanoic acid C12H24O2 200 √ √ 

Ethyl tartrate C8H14O6 205 × √ 

Tetradecanoic acid C14H28O2 227 √ √ 

Hexadecanoic acid (Palmitic 

acid) 

C16H32O2 255 
√ √ 

Heptadecanoic acid C17H34O2 269 √ × 

Linoleic acid C18H32O2 279 √ √ 

Oleic acid C18H34O2 281 × √ 

Stearic acid C18H36O2 283 √ × 

2-Hexadecen-1-ol, 3,7,11,15-

tetramethyl 

C20H40O 295 
√ × 

Eicosanoic acid C20H40O2 311 √ × 

Palmitelaidic acid, trimethylsilyl 

ester 

C19H38O2Si 325 
√ × 

Heptacosane C27H56 379 √ × 

Squalene C30H50 409 √ √ 

Stigmasterol C29H48O 412 √ √ 

α-Tocopherol C29H50O2 429 √ × 
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Fig. 4.38. GC-MS fingerprinting of (A) field grown plant and (B) tissue culture plant.  

Table 4.26. Compounds with potential medicinal value identified in C. thomsoniae tissue 

culture plant.  

Compound name Activity Reference 

3-Hydroxybutyric 

acid 

Anti-stress activity Sleiman et al. (2016) 

Azelaic acid Effective in the treatment of 

postinflammatory hyperpigmenta-

tion and melasma 

Breathnach (1995) 

n-Hexadecanoic 

acid 

Anti-oxidant, Hypocholes-

terolemic 

Aparna et al. (2012); Sutha et al. 

(2010). 

Linoleic acid Anti-cancer Tsuzuki et al. (2004); Cesano et 

al. (1998). 

Oleic acid Aanticancer Martín-Moreno et al. (1994); 

Reddy and Maeura (1984). 
Squalene Anti-oxidant, anticancer activity Amarowicz (2009); Yoshida and 

Niki (2003). 

Stigmasterol Anti-oxidant, anticancer activity Amarowicz (2009); Yoshida and 

Niki (2003). 
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LA has been reported to suppress 

human tumor (Tsuzuki et al., 2004) 

and lung tissue cancer (Cesano et al., 

1998). Another metabolite, OA has 

been reported to have potential 

protective effect against breast cancer 

and colon carcinomas in rats (Martin-

Moreno et al., 1994; Reddy and 

Maeura, 1984). 3-Hydroxybutyric acid 

has anti-stress activity (Sleiman et al., 

2016). In addition, squalene and 

stigmasterol were reported as potent 

antioxidants as well as beneficial 

a g a i n s t  s e v e r a l  c a r c i n o g e n s 

(Amarowicz, 2009); (Yoshida and 

Niki, 2003). Hence, it seems likely that 

the tissue culture plant contain plenty 

of medicinally important constituents 

which might be a good source of 

natural medicine. 

4.12.7. Molecular docking 

The compounds detected by GC-MS 

for the field grown plant and the tissue 

cultured progeny largely contain the 

same set of phytocompounds indicating 

that the basic chemical architecture of 

both is same. However, some of the 

compounds present in tissue cultured 

plant were missing in the field grown 

plant (Table 4.25.). Among them 

interestingly 3-Hydroxybutyric acid 

and Pyroglutamic acid are also present. 

They are both reported for anti-stress 

activity and their presence indicates the 

intelligent development scheme for the 

micropropagated progeny (Pepeu and 

Spignoli, 1989; Sleiman et al., 2016). 

To further understand their chemical 

behavior from a different perspective 

we conducted in-silico molecular 

Fig. 4.39. Molecular surface view of BDNF protein with (A) 3-Hydroxybutyric acid and (B) 

Pyroglutamic acid docked into its binding site.  
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docking tests. Here the receptor protein 

used is Brain-derived neurotrophic 

factor (BDNF), which is reported to 

have an upper hand in depression and 

stress related lifestyle hazards (Sleiman 

et al., 2016). The two compounds are 

seen to have good interactions with our 

BDNF receptor, 3-Hydroxybutyric acid 

has a binding affinity of -4.4 kcal/mol 

and Pyroglutamic acid has a binding 

affinity of -4.7 kcal/mol (Fig. 4.39). 

So, it can be inferred that the 3-

Hydroxybutyric acid and Pyroglutamic 

acid present in the micropropagated 

plants can have a potential to bind with 

BDNF receptor. Hence, besides having 

all the therapeutic uses of the plant 

itself, the tissue cultured plants can 

possess an added anti-stress property in 

itself. 

4.13. Study of Molecular diversity 

4.13.1 DNA isolation 

Clerodendrum DNA was isolated using 

the standard protocol of Doyle and 

D o y l e  ( 1 9 8 7 )  w i t h  m i n o r 

modifications. The DNA-CTAB 

complex provided a network of whitish 

precipitate of nucleic acids after proper 

removal of impurities and further used 

for downstream processing. Agarose 

gel analysis of those DNA thus 

obtained exhibited distinct and clear 

bands. 

Crude DNA is basically mixed with 

many contaminants including RNA, 

protein and polysaccharides etc. which 

lead to enzymatic reaction with DNA. 

Therefore, DNA purification is 

prerequisite step before performing 

downstream analysis like PCR 

amplification, DNA restriction and 

gene cloning. Inclusion of CTAB 

method in DNA extraction process 

helps to eliminate polysaccharides 

from DNA precipitations to a large 

extent. Subsequently, extraction with 

phenol:chloroform:isoamyl alcohol 

indicates the removal of protein 

impurities from the DNA samples. 

Further, RNAase enzyme is used to 

remove RNAs from samples.  

In the present study, 2 different types 

of quantification methods were 

followed to analyze the quality of 

DNA. First one is spectrophotometric 

method and the other one is agarose gel 

electrophoresis. In spectrophotometric 

method, the DNAs were quantified in a 

UV spectrophotometer with 260 nm 

and 280 nm filters. The results were 

calculated as the ratio of A260/A280 after 

performing of six replicates and the 

samples considered only showing a 

ratio of around 1.8 (Table 4.27.). 
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Table 4.27. List of samples showing their 

purity.  

Sample ID A260/A280 ratio (purity) 

CL-1 1.83 

CL-2 1.80 

CL-3 1.83 

CL-4 1.77 

CL-5 1.78 

CL-6 1.85 

CL-7 1.88 

CL-8 1.83 

CL-9 1.78 

CL-10 1.79 

CL-11 1.75 

 

 

 

 

 

 

 

 

 

the DNA was determined with the help 

of 0.8% Agarose gel electrophoresis 

using λ-DNA/EcoRI/HindIII double 

digest indicating molecular weight of 

the sample DNA (Fig. 4.40). The 

samples with relatively larger bands 

were chosen for further downstream 

process. 

Hence, the combination of the above 

mentioned three steps i.e. extraction, 

purification and quantification allowed 

sufficient amount of pure DNA from 

the leaves of different Clerodendrum 

species for PCR amplification. 

4.13.2 RAPD analysis 

RAPD is a routinely used technique to 

evaluate the genetic relationship among 

species, varieties and cultivars. 

Initially, 45 different decamer primers 

have been used to study the genetic 

diversity (RAPD analysis) of 11 

species of Clerodendrum. Out of the 45 

primers screened, 39 resulted distinct 

and scorable bands ranging from 124 

bp to 1980 bp (Table 4.28.). 

A total of 495 bands were generated of 

which all are polymorphic bands. 

Interestingly, the percentage of 

polymorphism was found to be 100% 

and the number of polymorphic bands 

(Table 4.28.) generated by each 

decamer primers ranged in between 04 

Fig. 4.40. Crude DNA of all the Clerodendrum samples (Lane C1- C11: different samples of 

Clerodendrum under study, Please refer table 3.1 for the name of species); L1: λ DNA/

EcoRI/HindIII double digest DNA ladder.  

In gel electrophoresis, the intactness of 
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Table 4.28. Total number and size of amplified bands, number of monomorphic and poly-

morphic bands generated and percentage of polymorphism generated by the RAPD primers.  

Primer 

ID 

Sequence (5′-3′) Total 

bands 
amplified 

Monomor-

phic 
bands 

Polymor-

phic 
bands 

% poly-

morphis

m 

Band size 
(bp) 

OPA01 CAGGCCCTTC 16 0 16 100% 324-1410 

OPA02 TGCCGAGCTG 18 0 18 100% 325-1656 

OPA03 AGTCAGCCAC 27 0 27 100% 124-1444 

OPA04 AATCGGGCTG 21 0 21 100% 195-1367 

OPA05 AGGGGTCTTG 14 0 14 100% 288-1750 

OPA07 GAAACGGGTG 24 0 24 100% 220-1238 

OPA08 GTGACGTAGG 14 0 14 100% 367-1533 

OPA09 GGGTAACGCC 13 0 13 100% 276-1118 

OPA10 GTGATCGCAG 17 0 17 100% 346-1600 

OPA11 CAATCGCCGT 14 0 14 100% 393-1483 

OPA12 TCGGCGATAG 16 0 16 100% 249-1733 

OPA13 CAGCACCCAC 11 0 11 100% 239-1175 

OPA14 TCTGTGCTGG 10 0 10 100% 323-1165 

OPA15 TTCCGAACCC 17 0 17 100% 483-1600 

OPA16 AGCCAGCGAA 13 0 13 100% 329-1620 

OPA17 GACCGCTTGT 13 0 13 100% 347-1445 

OPA18 AGGTGACCGT 20 0 20 100% 285-1523 

OPA19 CAAACGTCGG 20 0 20 100% 268-1980 

OPA20 GTTGCGATCC 15 0 15 100% 285-1523 

OPB01 GTTTCGCTCC 12 0 12 100% 350-1440 

OPB04 GGACTGGAGT 15 0 15 100% 375-1470 

OPB05 TGCGCCCTTC 08 0 08 100% 753-1450 

OPB06 TGCTCTGCCC 11 0 11 100% 360-1445 

OPB07 GGTGACGCAG 14 0 14 100% 314-1200 

OPB08 GTCCACACGG 10 0 10 100% 250-1150 

OPB10 CTGCTGGGAC 11 0 11 100% 628-1630 

OPB11 GTAGACCCGT 16 0 16 100% 190-1600 

OPB12 CCTTGACGCA 08 0 08 100% 185-1500 

OPB13 TTCCCCCGCT 04 0 04 100% 350-1450 

OPF09 CCAAGCTTCC 11 0 11 100% 561-1255 

OPG19 GTCAGGGCAA 11 0 11 100% 446-1443 

OPH04 GGAAGTCGCC 14 0 14 100% 375-1330 

OPN05 ACTGAACGCC 15 0 15 100% 425-1430 

OPN13 AGCGTCACTC 10 0 10 100% 483-1175 

OPN19 GTCCGTACTG 12 0 12 100% 159-1570 

  Total 495 0 495 100%   
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(OPB13) and 27 (OPA03). The RAPD 

profile of the 11 accessions of 

Clerodendrum generated using primers 

OPA 12, OPA 16, OPA 18 and OPN 

19 are represented in Fig. 4.41.(A-D). 

A similarity matrix was further drawn 

using Dice coefficient of similarity 

(Nei and Li, 1979) ranging from 0.60 

to 0.85 (Table 4.29.). The lowest 

similarity was observed between C. 

japonicum and C. serratum, while the 

highest value was recorded between C. 

speciaosum and C. infortunatum. A 

dendrogram was constructed on the 

basis of the data obtained from RAPD 

analysis using NTSYSpc (Fig. 4.42). In 

fact, RAPD markers are the most 

suitable ones to analyze the genetic 

variation of both intra and inter-

population (Li et al., 2010). The 

dendrogram prepared from RAPD 

analysis revealed that C. indicum, C. 

speciaosum, C. thomsoniae, C. 

splendens, C. fragrans and C. 

bracteatum formed a group (1st clade) 

in which members of C. inerme, C. 

colebrookianum, C. japonicum and C. 

infortunatum formed another group 

(2nd clade). C. speciaosum and C. 

thomsoniae shared a node at 85% 

whereas C. indicum exhibited a cluster 

with C. speciaosum and C. thomsoniae 

sharing a node at 71% and 73% 

respectively. In the second clade, C. 

inerme and C. colebrookianum shared 

a node at 69%. In addition, C. serratum 

appeared as a distinct outgroups in the 

dendrogram. The correspondence 

analysis of both 2D (Fig. 4.43.A) and 

3D (Fig. 4.43.B) plotting and 

corroborated the cluster analysis result. 

Hence, it might be inferred that RAPD 

markers are praiseworthy for analyzing 

genetic variations among the species 

and could be utilized as molecular 

taxonomic characters to analyze the 

genetic relationships among the species 

of Clerodendrum. 

4.13.3 Inter Simple Sequence Repeat 

analysis 

We accessed phylogenetics among the 

11 accessions of Clerodendrum using 

DNA based technique complemented 

with 15 ISSR primers. Initially, fifteen 

ISSR primers were screened and all the 

primers showed positive response to 

generate distinct, scorable bands (Table 

4.30.). Among the primers used, the 

primer UBC 836 produced 11 bands 

while UBC 810 amplified the highest 

number of bands i.e. 20. A total of 229 

amplified bands were produced by the 

15 primers of which all the 229 were 

polymorphic. The frequency of 

polymorphism was found to be 100%. 

The band size ranged between 111 bp 
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Table 4.29. The similarity matrix obtained using Dice coefficient of similarity among the 11 

species of Clerodendrum based on RAPD profiling.  

  CL-1 CL-2 CL-3 CL-4 CL-5 CL-6 CL-7 CL-8 CL-9 CL-10 CL-11 

CL-1 1                     

CL-2 0.68 1                   

CL-3 0.68 0.66 1                 

CL-4 0.67 0.63 0.66 1               

CL-5 0.71 0.68 0.65 0.75 1             

CL-6 0.73 0.68 0.65 0.68 0.85 1           

CL-7 0.67 0.66 0.67 0.63 0.66 0.68 1         

CL-8 0.65 0.68 0.60 0.64 0.66 0.66 0.62 1       

CL-9 0.69 0.69 0.69 0.65 0.70 0.70 0.69 0.64 1     

CL-10 0.70 0.65 0.62 0.63 0.68 0.70 0.67 0.60 0.66 1   

CL-11 0.67 0.65 0.65 0.63 0.67 0.67 0.66 0.61 0.68 0.73 1 

For details on sample ID CL-1 to CL-11 please refer table 3.1. 

Fig. 4.41. Representatives of RAPD profiling of 11 accessions of Clerodendrum amplified 

with (A) OPA12, (B) OPA 16, (C) OPA 18 and (D) OPN 19 primers. Lane L1: 100 bp mo-

lecular marker; Lane C1-C11 different accessions of Clerodendrum under study (refer table 

3.1); Lane L2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  
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Fig. 4.42. Dendrogram obtained from UPGMA cluster analysis of RAPD markers illustrat-

ing the genetic relationships among the 11 accessions of Clerodendrum.  

Fig. 4.43. Principal coordinate analysis of 11 species of Clerodendrum based on RAPD 

analysis data. (A) 2-dimensional plot and (B) 3-dimensional plot.  

(A) (B)
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to 1350 bp. A representative of ISSR 

profile of the 11 accessions of 

Clerodendrum generated with UBC 

811, UBC 815, UBC 841 and UBC 873 

primer is depicted in Fig. 4.44 (A-D). 

Nei’s genetic similarity between each 

pair of species ranged in between 0.53 

to 0.88 (Table 4.31.). The lowest was 

found between C. japonicum and C. 

serratum while the highest value was 

recorded between C. speciaosum and 

C. thomsoniae.  

The dendrogram constructed based on 

the data from the ISSR based random 

primers (Fig. 4.45) showed that most of 

the Clerodendrum species clustered 

together whereas, C. serratum 

appeared as a distinct outgroup in the 

dendrogram. In this dendrogram, C. 

indicum and C. japonicum shared a 

node at 66% whereas C. speciaosum 

and C. thomsoniae sharing a node at 

88% respectively. The correspondence 

analysis of both 2D (Fig. 4.46.A) and 

3D (Fig. 4.46.B) plotting and 

corroborated the cluster analysis result. 

Thus it can be inferred from the ISSR 

marker  s tudy tha t  no t  on l y 

morphological features must be 

considered for the taxonomy of 

Clerodendrum but multidisciplinary 

approach including the molecular 

techniques must be employed to have 

correct taxonomic demarcation. 

Table 4.30. Total number and size of amplified bands and number of polymorphic bands 

generated by ISSR primers.  

Primer ID Sequence (5’-3’) Total bands 

amplified 

Polymorphic 

bands 

% 

of polymor-

phism 

Band size 

(bp) 

UBC807 (AG)8T 15 15 100% 216-949 

UBC808 (AG)8C 15 15 100% 190-848 

UBC810 (GA)8T 20 20 100% 235-925 

UBC811 (GA)8C 13 13 100% 195-840 

UBC813 (CT)8T 16 16 100% 250-975 

UBC815 (CT)8G 18 18 100% 111-1333 

UBC818 (CA)8G 14 14 100% 320-1023 

UBC822 (TC)8A 15 15 100% 278-1350 

UBC824 TC(8)G 14 14 100% 245-1215 

UBC825 (AC)8T 13 13 100% 313-1100 

UBC834 (AG)8YT 16 16 100% 350-1050 

UBC836 (AG)8YA 11 11 100% 131-986 

UBC841 (GA)8YC 17 17 100% 154-1336 

UBC856 (AC)8YA 18 18 100% 170-1267 

UBC873 (GACA)4 14 14 100% 275-1250 

  Total 229 229 100%   
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Fig. 4.44. ISSR banding patterns of 11 accessions of Clerodendrum generated by (A) 

UBC811, (B) UBC 815, (C) UBC 841 and (D) UBC873 primers. Lane L1: 100 bp molecular 

marker; Lane C1-C11 different accessions of Clerodendrum under study (please refer table 

3.1 for the species); Lane L2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  

Table 4.31. The similarity matrix obtained using Dice coefficient of similarity among the 11 

species of Clerodendrum based on ISSR profiling.  

  CL-1 CL-2 CL-3 CL-4 CL-5 CL-6 CL-7 CL-8 CL-9 CL-10 CL-11 

CL-1 1                     

CL-2 0.60 1                   

CL-3 0.66 0.64 1                 

CL-4 0.60 0.70 0.64 1               

CL-5 0.61 0.65 0.64 0.79 1             

CL-6 0.61 0.64 0.62 0.72 0.88 1           

CL-7 0.64 0.62 0.61 0.66 0.65 0.66 1         

CL-8 0.60 0.59 0.53 0.61 0.60 0.60 0.66 1       

CL-9 0.64 0.62 0.63 0.66 0.64 0.65 0.68 0.66 1     

CL-10 0.65 0.64 0.62 0.68 0.70 0.59 0.69 0.66 0.71 1   

CL-11 0.62 0.62 0.62 0.66 0.66 0.65 0.62 0.62 0.71 0.79 1 

For details on sample ID CL-1 to CL-11 please refer table 3.1. 
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Fig. 4.45. Dendrogram generated from the cluster analysis of ISSR markers of 11 Cleroden-

drum accessions.  

Fig. 4.46. Principal coordinate analysis of 11 species of Clerodendrum based on ISSR analy-

sis data. (A) 2-dimensional plot and (B) 3-dimensional plot.  

(A) (B)
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4.13.4. PCR-RFLP analysis  

PCR-RFLP is a simple and cheap 

method playing a vital role in accessing 

the genetic diversity of different plant 

species. Therefore, it is applied to 

study the fingerprinting of selected 

species under the genus Clerodendrum 

found in North Bengal and Assam. 

4.13.4.1. PCR amplification of matK  

In the present study, 11 species of 

Clerodendrum were employed to PCR 

amplification using a primer pair 

consisting of forward and reverse 

primers to target the matK region of 

the chloroplast DNA of Clerodendrum. 

The primer pair successfully amplified 

the matK region of the chloroplast 

genome. The amplified product is 

shown in Fig. 4.47.  

4.13.4.1.1. PCR product restriction 

digestion and agarose gel analysis 

The PCR product obtained from the 

primer pair matK were subjected to 

restriction digestion using 4 different 

restriction enzymes like HinfI, HaeIII, 

HpaII and EcoRI to short out the 

degree of genetic variation among 

different species of Clerodendrum. 

Amongst 6 enzymes studied, 2 

restriction enzymes (MboI and MspI) 

were found to be unsuccessful to digest 

the PCR products while the other four 

restriction enzymes produced a total of 

8 polymorphic bands (Table 4.32.). All 

the restriction enzymes produced two 

bands each. The total percentage of 

polymorphism was found to be 100%. 

The result obtained from restriction 

Fig. 4.47. Amplification of 11 species of Clerodendrum with matK primer. Lane L1: 100bp 

DNA ladder; Lane C1-C11: Different species of Clerodendrum as listed in Table 3.1 and 

L2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  
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digestion with the enzyme HaeIII and 

HpaII is depicted in Fig. 4.48. 

4.13.4.1.2. PCR-RFLP data analysis 

A total of 8 scorable bands were 

produced using various restriction  

enzymes. Of the 8 cuts 8 were 

polymorphic. These clear and distinct 

bands were scored and used for further 

analysis (Table 4.32.). A dendrogram 

was prepared (Fig. 4.49) on the basis of 

similarity estimates using the 

unweighted pair group method with 

arithmetic average (UPGMA) using 

NTSYSpc version (2.0) (Rohlf, 1998). 

The dendrogram revealed two major 

clusters and one outgroup. The first 

cluster comprises with 3 species (C. 

indicum, C. splendens  and C. 

infortunatum) while, the second cluster 

consisted of 7 species (C. inerme, C. 

japonicum, C. chinense, C. bracteatum, 

C. speciaosum, C. thomsoniae and C. 

colebrookianum). Interestingly, similar 

type of closeness among the species of 

C. indicum and C. splendens was also 

observed in the RAPD dendrogram. 

Henceforth, from the above analysis it 

could be inferred that in the present 

study notable polymorphism has been 

found among the selected species due 

to their polyphyletic nature of the 

different species of Clerodendrum. 

Table 4.32. Total fragments, number of polymorphic bands generated by using different 

restriction enzymes.  

Restriction 

Enzyme 

Optimum 

temperature 

No. of cuts No. of polymorphic 

bands 

% of polymorphism 

matK 

HinfI 37 ºC 2 2 100% 

HaeIII 37 ºC 2 2 100% 

HpaII 37 ºC 2 2 100% 

EcoRI 37 ºC 2 2 100% 

    8 8 100% 

Rps16 

HinfI 37 ºC 4 2 50% 

HaeIII 37 ºC 2 1 50% 

EcoRI 37 ºC 2 1 50% 

    8 4 50% 

Taberlet (TrnL-TrnF) 

HinfI 37 ºC 4 2 50% 

HaeIII 37 ºC 5 5 100% 

HpaII 37 ºC 3 2 66.66% 

EcoRI 37 ºC 1 1 100% 

TaqI 65 ºC 4 2 50% 

    17 12 70.58% 
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Fig. 4.48. Restriction digestion products of matK region of chloroplast genome by (A) 

HaeIII and (B) HpaII. Lane L1: 100 bp molecular marker; Lane C1-C11 different accessions 

of Clerodendrum under study (refer table 3.1); Lane L2: λ-DNA/EcoRI/HindIII double di-

gest DNA ladder.  

Fig. 4.49. A dendrogram based on the restriction digestion products data of the matK region 

of 11 species under the genus Clerodendrum.  
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4.13.4.2. PCR amplification of Rps16 

In the present study, 11 species of 

Clerodendrum were employed to PCR 

amplification using a primer pair 

consisting of forward and reverse 

primers to target the Rps16 region of 

the chloroplast DNA of Clerodendrum. 

The primer pair successfully amplified 

the Rps16 region of the chloroplast 

genome. The amplified product is 

shown in Fig. 4.50.  

4.13.4.2.1. PCR product restriction 

digestion and agarose gel analysis 

The PCR product obtained from the 

primer pair Rps16 was subjected to 

restriction digestion using 3 different 

restriction enzymes like HinfI, HaeIII 

and EcoRI to short out the degree of 

genetic variation among different 

species of Clerodendrum. Amongst 6 

enzymes studied, 3 restriction enzymes 

(AluI, TaqI and MboI) were found to 

be unsuccessful to digest the PCR 

products while the other three 

restriction enzymes produced a total of 

4 polymorphic bands (Table 4.32.). 

Among the three restriction enzymes, 

HinfI produced two polymorphic bands 

whereas HaeIII and EcoRI reproduced 

one band respectively. The total 

percentage of polymorphism was found 

to be 50%. The result obtained from 

restriction digestion with the enzyme 

EcoRI and HaeIII is depicted in Fig. 

4.51. 

4.13.4.2.2. PCR-RFLP data analysis 

A total of 8 scorable bands were 

produced by the various restriction 

digestion enzymes. Of the 8 cuts 4 

were polymorphic. These clear and 

Fig. 4.50. Amplification of 11 species of Clerodendrum with Rps 16 primer. Lane L1: 

100bp DNA ladder; Lane C1-C11: Different species of Clerodendrum as listed in Table 3.1 

and L2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  
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Fig. 4.51. Restriction digestion products of Rps 16 region of chloroplast genome by (A) 

EcoRI and (B) HaeIII. Lane L1: λ-DNA/EcoRI/HindIII double digest DNA ladder; Lane C1-

C11 different accessions of Clerodendrum under study (refer table 3.1).  

Fig. 4.52. A dendrogram based on the restriction digestion products data of the Rps16 region 

of 11 species under the genus Clerodendrum.  
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distinct bands were scored and used for 

further analysis (Table 4.32.). A 

dendrogram was prepared (Fig. 4.52) 

on the basis of similarity estimates 

using the unweighted pair group 

method with arithmetic average 

(UPGMA) using NTSYSpc version 

(2.0) (Rohlf, 1998). The dendrogram 

revealed two major clusters. The first 

cluster comprises with 8 species (C. 

indicum, C. inerme, C. japonicum, C. 

infortunatum, C. serratum, C. 

colebrookianum, C. chinense and C. 

bracteatum) while, the second cluster 

consisted of 3 species (C. splendens, C. 

speciaosum and C. thomsoniae). 

Henceforth, from the above analysis it 

could be inferred that in the present 

study notable polymorphism has been 

found among the selected species due 

to their polyphyletic nature of the 

different species of Clerodendrum. 

4.13.4.3. PCR amplification of trnL-

trnF region 

In this study the genomic DNA of all 

the 11 accessions of Clerodendrum 

were subjected to PCR amplification 

using a primer pair consisting of 

forward and reverse primers to target 

the trnL-trnF region of the chloroplast 

DNA of Clerodendrum. The primer 

pair successfully amplified the trnL-

trnF region of the chloroplast genome 

and the amplified product is shown in 

Fig. 4.53. 

4.13.4.3.1. PCR product restriction 

digestion and agarose gel analysis 

The PCR products were subjected to 

restriction digestion using different 

Fig. 4.53. Amplification of 11 species of Clerodendrum with Tab c-f (TrnL-TrnF) primer. 

Lane L1: 100bp DNA ladder; Lane C1-C11: Different species of Clerodendrum as listed in 

Table 3.1 and L2: λ-DNA/EcoRI/HindIII double digest DNA ladder.  
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Fig. 4.54. Restriction digestion products of TrnL-TrnF region of chloroplast genome by (A) 

EcoRI and (B) HaeIII. Lane L1: λ-DNA/EcoRI/HindIII double digest DNA ladder; Lane C1-

C11 different accessions of Clerodendrum under study (refer table 3.1).  

Fig. 4.55. A dendrogram based on the restriction digestion products data of the TrnL-TrnF 

region of 11 species under the genus Clerodendrum.  
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restriction enzymes like HinfI, HaeIII, 

HpaII, EcoRI and TaqI to examine the 

degree of genetic variation among 

different species of Clerodendrum. 

Different restriction enzyme resulted in 

different banding pattern and generated 

bands of different base pairs. The 

restriction enzyme HaeIII, HinfI and 

TaqI produced five and four bands 

respectively. The total percentage of 

polymorphism was found to be 

70.58%. The result obtained from 

restriction digestion with the enzyme 

EcoRI and HaeIII is depicted in Fig. 

4.54. 

4.13.4.3.2. PCR-RFLP data analysis 

A total of 17 scorable bands were 

produced by the various restriction 

digestion enzymes. Of the 17 cuts 12 

were polymorphic. These clear and 

distinct bands were scored and used for 

further analysis (Table 4.32.). A 

dendrogram was prepared (Fig. 4.55) 

on the basis of similarity estimates 

using the unweighted pair group 

method with arithmetic average 

(UPGMA) using NTSYSpc version 

(2.0) (Rohlf, 1998). The dendrogram 

revealed one major clusters and one 

outgroup. This cluster comprises with 

10 species (C. indicum, C. inerme, C. 

japonicum, C. infortunatum, C. 

splendens, C. speciaosum and C. 

thomsoniae, C. colebrookianum, C. 

chinense and C. bracteatum). The 

above analysis showed no major and 

well supported incongruence in the 

TrnL-F region of the chloroplast 

genome of different Clerodendrum 

species. The probable reason for this is 

that the plastid DNA is generally non-

recombining and maternally inherited 

in most angiosperms. 

4.13.5. DNA barcoding analysis 

DNA barcoding is a novel and 

innovative technique which can be 

used to explore the evolution, 

identification and genetic relatedness 

of unknown plants and animal species 

by using a short stretch of DNA 

sequence (Hebert et al., 2003). 

Chloroplast and mitochondrial genes 

are being recently used to study the 

sequence variation at generic and 

species level. The chloroplast genes 

such as matK, Rps16 and TrnL-F have 

been utilized by various workers to 

study the plant evolutionary pattern as 

well as to resolve various anomalies in 

the taxonomic levels. 

4.13.6. Sequencing of PCR-product 

and Submission to GenBank 

A total of 29 samples (11 matK, 11 

Rps16 and 7 TrnL-TrnF) were 

sequenced from Chromous Biotech 
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Pvt. Ltd, Bangalore for both the 

forward  and  reverse  pr imers 

individually. The sequencing resulted 

in an average of 810 bp for each 

reaction. In the present study, the 

nucleotide BLAST was performed for 

each of the sequence obtained to find 

out the homology with the sequences 

already present in the GenBank. The 

nucleotide BLAST showed 95 to 100% 

identity with the Clerodendrum 

sequence already available in the 

GenBank. After authentication of the 

sequences were submitted to the 

GenBank (Fig. 4.56.A-C). The list of 

different species of Clerodendrum 

along with their GenBank accession 

number is given in Table 4.33. 

Fig. 4.56. (A) Snapshot of partial matK gene sequence of Clerodendrum indicum submitted 

to GenBank (NCBI). 
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Fig. 4.56. (B) Snapshot of partial rps16 gene sequence of Clerodendrum japonicum submit-

ted to GenBank (NCBI). 
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Fig. 4.56. (C) Snapshot of partial trnL-trnF Intergenic Spacer (IGS) sequence of Cleroden-

drum colebrookianum submitted to GenBank (NCBI).  

4.13.7. Data analysis 

Apart from RAPD and ISSR analysis, 

DNA barcoding is another kind of 

taxonomic method that has become a 

rational approach for identifying 

million species of plants and animals, 

based on the analysis of short, 

standardized and universal DNA 
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regions. Molecular documentation of 

different taxa and their validated 

systematic position in the respective 

family of plant kingdom had always 

been a challenging task. Chloroplast 

gene like matK, Rps16 and IGS region 

like TrnL-F could be essential to 

resolve this problem. In the present 

study, a few selected species under the 

family Lamiaceae (please refer Table 

3.8) were employed to explore inter-

generic and intra-generic differences 

using matK, Rps16 and TrnL-F locus. 

The phylogenetic analysis (Fig. 4.57.A

-C) of the matK, Rps16 and TrnL-F 

region revealed a close relationship 

among the selected taxa. Interestingly, 

Fig. 4.57.A revealed all the fourteen 

genera of the subfamily Ajugoideae 

were appeared together, whereas, it has 

been found that the two subfamily 

Symphorematoideae and Nepetoideae 

very close to Ajugoideae as found in 

traditional classification (Cronquist, 

1981). Interestingly, Fig. 4.57.B 

discloses that out of eleven genera 

from the subfamily Ajugoideae nine 

genera were clubbed together and two 

Table 4.33. List of species with the submitted GenBank accession numbers for matK, TrnL-

TrnF and rps16.  

Taxa matK accession  

number 

TrnL-F accession 

number 

Rps16 Acces-

sion  number 

Clerodendrum indicum LM651024 LM651034 LN832025 

Clerodendrum inerme 

(Syn. Volkameria inermis) 

LM651025 ---- LN832026 

Clerodendrum  japonicum LM651026 ---- LN832027 

Clerodendrum  splendens LM651027 ---- LN832028 

Clerodendrum speciaosum LM651028 LM651035 LN832029 

Clerodendrum  thomsoniae LM651029 ---- LN832030 

Clerodendrum infortu-

natum (Syn. Clerodendrum 

viscosum) 

LM651030 LM651036 LN832031 

Clerodendrum serratum 

 (Syn. Rotheca serrata) 

LM651031 LM651037 LN832032 

Clerodendrum cole-

brookianum 

LM651032 LM651038 LN832033 

Clerodendrum chinens 

(Syn. Clerodendrum fra-

grans) 

LN832023 LN823952 LN832034 

Clerodendrum  bracteatum LN832024 LN823953 LN832035 
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Fig. 4.57. (B) Most parsimonious tree (neighbour joining method) showing the relationship 

of Rps16 region of 20 different taxa. Numbers at nodes indicate the bootstrap values.   

(A) 

Fig. 4.57. (A) Most parsimonious tree (neighbour joining method) showing the relationship 

of matK region of 26 different taxa. Numbers at nodes indicate the bootstrap values.  

(B) 
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genera separated out, whereas, five 

genera of the subfamily Nepetoideae 

were appeared together and shared 

more similarities with each other. A 

similar trend was also observed in Fig. 

4.57.C. Hence, from the above 

illustration, it may conclude that DNA 

barcode serve a reliable genetical 

approach to place the morphologically 

similar or dissimilar or disputed taxa 

into its appropriate systematic position 

(Schäferhoff et al., 2010; Selvaraj et 

al., 2008).  

Fig. 4.57. (C) Most parsimonious tree (neighbour joining method) showing the relationship 

of TrnL-F region of 21 different taxa. Numbers at nodes indicate the bootstrap values.   

(C) 
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It was in August, 2012 when I joined 

T h e  M o l ec u l a r  C yt o g e n e t i c s 

Laboratory, Department of Botany and 

decided to pursue my research work for 

PhD degree. From the very first day, I 

was determined to work on any 

medicinally important plant of North 

Bengal. After consulting my PhD guide 

and searching available literature I was 

convinced that virtually no work has 

been done on the various species of 

Clerodendrum of North Bengal. 

Although, local people used these 

plants for preparation of herbal 

medicine. Ethnomedicinally, different 

parts including leaf, root and stem of 

Clerodendrum have been reported to 

be useful in healing, rheumatism, 

asthma, skin disease, malaria and 

inflammatory diseases. Moreover, 

tribal people of North-East India often 

use different parts like leaf and root of 

C. colebrookianum to treat various 

ailments including cough, dysentery, 

bronchitis, asthma, fever, liver 

disorders, stomach disorders and 

hypertension. Thus, keeping this in 

mind I initiated my work with 

collection of Clerodendrum samples 

from two districts of North Bengal 

(Darjeeling and Jalpaiguri) and Assam 

(Kamrup) and once considerable 

germplasm was obtained, I started 

working on molecular documentation, 

micropropagation, antimicrobial 

activity and assessing the therapeutic 

p r o p e r t i e s  o f  C l e r o d e n d r u m 

encountered in North Bengal and 

Assam. The major findings of the 

present study may thus be summarized 

as follows: 

 The inventory resulted in 

Conclusion 

 

“If you can’t explain it simply, you don’t understand it well enough”  
-Albert Einstein 
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documentation of 11 different 

species of Clerodendrum from 

North Bengal and Assam. 

 In-depth antioxidant and cytotoxic 

profil ing through different 

standard methods reflected that C. 

indicum (CIL), V. inermis (VIL), 

C. serratum (CSL) and C. 

colebrookianum (CCL) could be 

used as potent antioxidative as 

well as non-toxic stuffs which in 

turn can ameliorate different ROS 

mediated disorders including liver, 

kidneys and neurodegenerative 

ailments leading to a healthy and 

hassle-free life. 

 Generation of ROS (Reactive 

Oxygen Species) in human hepatic 

cell line (WRL-68) and human 

liver cancer cell line (Hep-G2) was 

diminished properly after the 

application of CIL, VIL and CCL. 

Thus, it has been evident that CIL, 

VIL and CCL have the potential to 

prevent different types of oxidative 

stress related disorders. 

 Gentamicin  induced ROS 

generation in human embryonic 

kidney cell line (HEK-293) was 

diminished proportionately under 

the influence of CSL extract. 

Therefore, it can be inferred that 

CSL plays an important role in 

reducing the impact of gentamicin 

on normal intracellular function. 

 The antimicrobial activity in the 

present study offer a scientific 

support to the use of leaves of 

four Clerodendrum species as a 

new antibacterial drug against 

bacterial infection in future. 

 Normalization of liver enzymatic 

markers may provide beneficial 

under chronic hepatic damage. 

Thus the potentiality of CIL, VIL 

and CCL is well justified and 

holds a new hope for the 

d i s c o v e r y  o f  n e w 

hepatoprotective drug. 

 Interestingly, C. serratum was 

found to be effective to 

ameliorate the brain impairment 

by means of endorsing brain 

enzymatic function against 

oxidative stress. Thus, most 

importantly, it is the first 

evidence of neurotherapeutic role 

of CSL in neutralizing ROS 

mediated neuronal damage 

thereby demands utmost attention 

for developing CNS drug. 

 Elevated catalase superoxide 

dismutase and glutathione 

reductase activities along with the 
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inhibition of lipid peroxidation 

would prove beneficial under 

nephrotoxicity in rat model.  

 The various phytocompounds 

identified through FTIR and GC-

MS analysis, are responsible for 

the potent bioactivities of 

Clerodendrum.  

 In molecular docking study, we 

also studied the possible 

interaction and binding affinity of 

various compounds present in 

CIL, VIL, CSL and CCL with a 

variety of human proteins (liver, 

brain, kidney and ROS-generation 

protein) and found that a number 

o f  co m p o u n d  b i n d  w i t h 

considerable strength with various 

proteins. Hence, present finding 

could open a new door to 

understand the roots of several 

diseases and disorders facilitating 

new drug discovery. 

 Solvent fraction study of the 

extract of V. inermis (syn: C. 

inerme )  l ea f  r esul t ed  in 

identification of two compounds 

i.e. Squalene and 9, 12, 15-

Octadecatrienoic acid, methyl 

ester (linolenic acid methyl ester). 

The compounds also showed 

significant antioxidant and 

antimicrobial activity. 

 A protocol for successful in-vitro 

callus regeneration of C. 

thomsoniae through nodal culture 

was standardized. The study of 

somaclonal variation using both 

RAPD and ISSR primers revealed 

no genetic variability among the 

in-vitro regenerated plantlets 

compared to the field grown 

plant.  

 GC-MS analysis was conducted 

pertaining to the identification of 

active compounds present in field 

grown plant and tissue culture 

plant. However, some of the 

compounds present in tissue 

cultured plant were missing in the 

field grown  plant. Hence, it seems 

likely that the tissue culture plant 

contain plenty of medicinally 

important constituents which 

might be a good source of natural 

medicine. Taking into account of 

all the GC-MS and in-silico 

molecular docking data, it can be 

concluded that some of these 

compounds may hold promise as 

medically relevant candidates and 

might prove beneficial in future 

drug development. 

 A high level of polymorphism was 
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detected among the different 

accessions of Clerodendrum using 

both RAPD and ISSR based 

analysis.  

 PCR-RFLP analysis accounted a 

total of 8, 4 and 12 polymorphic 

bands with 100%, 50% and 

70.58% of polymorphism in case 

of matK, Rrps16 and trnL-trnF 

region of the chloroplast genome 

respectively. It may be presumed 

that this polymorphism had 

resulted due to their polyphyletic 

nature of 11 species under the 

genus Clerodendrum. 

 DNA barcode analysis by means 

of matK, Rps16 and TrnL-F 

clearly reflected that two 

subfamily Symphorematoideae 

and Nepetoideae very close to 

Ajugoideae which validates the 

traditional classification of 

Cronquist. 
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 CTAB- buffer  

100mM Trizma Base (Sigma, Cat# T1503) (pH-8.0) 

20mM EDTA (Merck India, Cat# 60841801001730) (pH-8.0) 

1.4 M NaCl (Merck India, Cat#60640405001730) 

2% (w/v) CTAB (Hexadecyl cetyl trimethyl ammonium bromide) (Sigma, Cat# H6269) 

12.11g of molecular grade Trizma base was dissolved in 400 ml double distilled water, 

pH was adjusted to 8.0 and was divided into two parts of equal volume. To one part 

7.44g EDTA was added and to the other part 81.8g NaCl and 20g CTAB. Both the parts 

were than mixed and the final volume was made up to 1000ml with double distilled wa-

ter prior to autoclaving. The buffer was autoclaved at 121ºC and 15 psi for 20 mins and 

stored at room temperature for further use. 

Note: Add 1% PVP (Polyvinylpyrrolidone) (Sigma, Cat #P5288) and 0.3% β-

mercaptoethanol (Sigma, Cat# M3148) just before use. 

 

 5X TBE (Tris-borate-EDTA) buffer 

Trizma base (Sigma, Cat# T1503) = 27 gm 

Boric acid (Sigma, Cat# 15663)= 13.75 gm 

0.5M EDTA (pH 8.0)=1.86 gm 

All the reagents were dissolved separately and finally mixed together and the final vol-

ume was made up to 1000ml with double distilled water prior to autoclaving. The buffer 

was autoclaved at 121ºC and 15 psi for 20 mins and stored at room temperature for fur-

ther use. 

 1X TE: 

Tris- Cl (pH 8.0) (i.e. 10Mm) =0.6055gm 

EDTA (pH 8.0) (i.e. 1mM) =0.186 gm 

Both the reagents were dissolved separately and finally mixed together and the final vol-

ume was made up to 1000ml with double distilled water prior to autoclaving. The buffer 

was autoclaved at 121ºC and 15 psi for 20 mins and stored at room temperature for fur-

ther use. 

 3M Sodium Acetate (Sigma, Cat# S9513): 

The required amount of sodium acetate i.e.12.31 g was dissolved in 50ml double dis-
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tilled water prior to autoclaving. The solution was autoclaved at 121ºC and 15 psi for 20 

mins and stored at room temperature for further use. 

 6X gel loading buffer: 

TYPE 3: 

0.25% Bromophenol blue (Sigma, Cat# B0126) 

0.25% Xylene cyanol FF (Sigma, Cat# X4126) 

30% Glycerol (Merck India, Cat#61756005001730) in water 

Store at 4ºC. 

 RNase A: 

The RNase A enzyme (Sigma, Cat# R4875) was dissolved at a concentration of 10mg/

ml in 0.01M sodium acetate (Sigma, Cat# S9513) (pH 5.2). The solution was heated at 

100ºC for 15 minutes in a water bath and allowed to cool slowly to room temperature. 

The pH was adjusted by adding 1/10 volume of 1M Tris- Cl (pH 7.4) and stored at -20ºC 

for further use. 

Note: Both 0.01M sodium acetate and 1M Tris-Cl were prepared and autoclaved at 

121ºC and 15 psi for 20 mins prior to use. 
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a b s t r a c t

Clerodendrum is a plant with potent antioxidant activity and has been frequently employed as a tradi-
tional remedy against bronchitis, asthma, liver and stomach disorders. Three species of genus
Clerodendrum namely Clerodendrum indicum, C. colebrookianum and C. inerme (Syn. Volkameria inermis)
were investigated for their possible activity against oxidative stress induced liver injury. Apart from gen-
eration of Reactive Oxygen Species (ROS) in theWRL-68 cell line (human hepatic cell line), in-vitro and in-
vivo antioxidant assays were also assessed. Features of immune cell proliferation (MTT) were analyzed
thoroughly. Gas Chromatography-Mass Spectrometry (GC–MS) and Fourier Transform Infrared
Spectroscopy (FTIR) analyses have been performed to identify the active biological compounds. These
active biological compounds were further subjected to molecular docking. The antioxidant activity of
three Clerodendrum sp. was significantly high in DPPH, nitric oxide, hydroxyl radical and hydrogen per-
oxide etc. Biochemical parameters like catalase, superoxide dismutase (SOD) and reduced glutathione
(GSH) were generated in excess due to CCl4 administration, which was ameliorated by treating with
Clerodendrum extract. The phytochemical 24,25-Dihydroxyvitamin D shows excellent binding affinity
in Autodock Vina. The present study provided convincing evidences that C. indicum and C. inerme showed
good result but C. colebrookianum performed better by almost all means.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oxidative stress is a condition where there is an imbalance
between the generation of free radicals (reactive oxygen species
and reactive nitrogen species) and the inability to detoxify them
through protective mechanisms (natural antioxidant). The aerobic
cell produces ROS by different endogenous and exogenous factors.
ROS is produced by myeloperoxidase (MPO) - Halide - H2O2 system

where in the presence of chloride ion, H2O2 is converted to
hypochlorous acid, a potent oxidizing agent (Nimse and Pal,
2015). ROS in low concentration governs imperative physiological
functions like cellular growth and expression and subsequently,
bolsters defense mechanism against infection (Nimse and Pal,
2015). Unfortunately, due to redox imbalance an increasing risk
of diseases like diabetes, cancer, obesity, rheumatoid arthritis, cog-
nitive disorders becomes inevitable (Durackova, 2010; Poyton
et al., 2009). In hypoxic environment the mitochondrial respiratory
chain can also generate reactive nitrogen species (RNS)
(Durackova, 2010). RNS induces excessive lipid peroxidation which
may lead to the production of other reactive species like reactive
aldehydes and malondialdehyde (Mittler, 2002).

Liver fibrosis is the precursor for different hepatic disorders, of
all the liver dysfunctions, contact with toxic reagents and drug is
prime (Cicho _z-Lach and Michalak, 2014). Carbon tetrachloride
(CCl4) is considered as a haloalkene which is extensively used to
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generate oxidative stress and cause the liver injury (Weber et al.,
2003).

Clerodendrum is a member of Lamiaceae family; mostly they are
perennial shrub genus and in Indian Ayurvedic system it is used in
many of the herbal preparations. The species of Clerodendrum are
distributed in tropical regions of Asia including India, Myanmar,
Bangladesh, Malayasia, Indonesia, Thailand, Bhutan, Nepal and also
in temperate Tibet (Hooker, 1885). This genus contains several spe-
cies; however three species are widely used for medicinal purposes
in India. These are C. indicum (L.) Kuntze, C. inerme (L.) Gaertn. (Syn.
Volkameria inermis L.) and C. colebrookianum Walp. Ethnomedici-
nally, different parts including leaf, stem and root extracts have
been proposed to be instrumental in healing different ailments in
North-East India as well as in Chinese medicine (Kar et al., 2014).
Although, ethnobotanically they have diverse medicinal properties
but their experimental validation is largely incomprehensible.
Therefore, the present investigation aims for an in-depth analysis
about antioxidant and hepatoprotective potentialities of C. indicum,
V. inermis and C. colebrookianum in CCl4 induced murine model.

2. Materials and methods

2.1. Collection of plant material, extract preparation and
determination of free radical scavenging activity

Leaves of all three species namely C. indicum (CIL), V. inermis
(VIL) and C. colebrookianum (CCL) were collected from the medici-

nal plant Garden, NBU and roadside from Azra, Guwahati, Assam
and were submitted to the Herbarium. Plant extract was prepared
as per the standardized method of Dutta et al. (2018). The plant
extracts were used to evaluate a total of twelve in-vitro free radical
scavenging activity as well as Erythrocyte membrane stabilizing
activity (EMSA), MTT, haemolytic assay, phenol and flavonoid con-
tent (Dutta et al., 2018).

2.2. Measurement of intracellular ROS generation

The cell line WRL-68 which is a human hepatic was used for
general quantification of H2O2 production using a fluorescent dye
20-70 dichlorofluorescin (H2DCF). Oxidation of 20-70 dichlorofluo-
rescin (H2DCF) to 20-70 dichlorofluorescein (DCF) and detection of
intracellular ROS generation was measured as per the modified
method of Dutta et al. (2018).

2.3. Hepatoprotective activity

2.3.1. Animal maintenance, acute toxicity study and experimental
design

In breed, Swiss albino mice (6–8 weeks of age and 33 ± 2gms
body weight; 6 male mice/group, n = 6) were taken from the ani-
mal house of Department of Zoology, NBU and were kept in
polypropylene cages with proper bedding material with sufficient
food and water ad-libitum. The animals in the animal house were
exposed to constant 12 h dark/light cycle at a temperature of
25 �C. All the experiments were approved by the ethical

Fig. 1. Antioxidant activity of C. indicum, V. inermis and C. colebrookianum. (A) DPPH activity; (B) Nitric oxide scavenging activity; (C) Super oxide radical scavenging activity;
(D) Reducing power assay. Data expressed as mean ± S.D (n = 6). ap < 0.05; bp < 0.01; cp < 0.001; NS-Non significant when compared with standard.
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committee, Department of Zoology (No. 840/ac/04/CPCSEA and
dated: 11/08/2014). Mice were kept on overnight fasting prior to
the experiment followed by oral administration of plant extracts
(CIL, VIL and CCL) at an increasing dose of 250, 500, 1000 and
2000 mg/kg body weight (BW) to study the acute toxicity follow-
ing OECD guidelines. The groups were carefully observed for toxi-
cological symptoms at different time intervals, first after 30 min
and then at 2, 4, 8, 24 and 48 h. After selection of the doses, Swiss
albino mice (54 mice) were randomly divided into nine groups
(n = 6) and the plant extracts were administrated daily for 21 days.
Control group was given normal saline water; CCl4 group had 1:1
(v/v) CCl4 mixed with olive oil; Silymarin group was given 1:1
(v/v) CCl4 in olive oil as well as 100 mg/kg BW silymarin; low dose
group (CILL, VILL and CCLL) received 1:1 (v/v) CCl4 in olive oil and
50 mg/kg BW plant extract, whereas, high dose extract (CILH, VILH
and CCLH) groups received 1:1 (v/v) CCl4 in olive oil and 200 mg/kg
BW plant extract respectively. Hereby 24 hrs after the last dose i.e.
on the 22nd day all the animals were sacrificed under proper anes-
thesia (mild 2% ether) by cervical dislocation. The liver of the dis-
eased mice was collected and the liver supernatant was prepared
as per the method of Dutta et al. (2018). For histological studies
the remaining liver tissues were chopped into fine pieces and pre-
served overnight in 10% formaldehyde solution for dehydration.
The liver sections were prepared and stained by the method of
Dey et al. (2016).

2.3.2. Determination of peroxidase, catalase (CAT), reduced
glutathione (GSH), superoxide dismutase (SOD), lipid peroxidation
(LPO) and NO release activity

Peroxidase, Catalase (CAT), Superoxide dismutase (SOD),
Reduced Glutathione (GSH) activity and NO release activity was
measured according to the standard method (Dey et al., 2016;
Dutta et al., 2018). The amount of MDA was quantified employing
TBARS assay kit (Cayman, USA).

2.4. FTIR, GC–MS analysis and molecular docking study

FTIR and GC–MS analyses were performed according to the
standard protocol with slight modifications. The most prominent
and active compounds detected through GC–MS were subjected
to molecular docking analysis against proteins. The crystallo-
graphic structures of the proteins stored in PDB database (http://
www.rcsb.org) were downloaded. Molecular docking was per-
formed through AutoDock Vina (Trott and Olson, 2010). Standard
method employed by Dutta et al. (2018).

2.5. Statistical analysis

Statistical analysis pertaining to one way analysis of variance
(ANOVA) was performed employing KyPlot version 5.0 beta.

Fig. 2. Antioxidant activity of C. indicum, V. inermis and C. colebrookianum. (A) Hydroxyl radical scavenging assay; (B) Hydrogen peroxide scavenging activity; (C) Total
antioxidant scavenging activity; (D) Hypochlorous acid scavenging assay. Data expressed as mean ± S.D (n = 6). ap < 0.05; bp < 0.01; cp < 0.001; NS-Non significant when
compared with standard.
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3. Results and discussion

3.1. In-vitro antioxidant activity

In the present study, all three Clerodendrum species, C. indicum
(CIL), V. inermis (VIL) and C. colebrookianum (CCL) exhibited higher
free radical scavenging activity with respect to standard ascorbic
acid (Fig. 1A) (Blois, 1958). Among the three extracts, the CCL
(65.78 ± 1.04%) extract showed the highest percent of inhibition.
The property of DPPH is to accept an electron or hydrogen radical
to attain stability, which changes the colour of the solution due to
the presence of natural antioxidant (Huang et al., 2005). Hydroxyl
radical (Fig. 2A), peroxinitrate (Fig. 3A) and hydrogen peroxide
(Fig. 2B) assays also revealed highly significant scavenging activity.
In the peroxisomes, hydrogen peroxide (H2O2) is produced from
superoxide in the presence of superoxide dismutase (Matés and
Sánchez-Jiménez, 2000; Ray and Husain, 2002), it accumulates in
cells and converts into Hydroxyl radical (OH�) when it comes in
contact with other transition metals like Fe2+, Cu2+, etc.
(Wanasundara and Shahidi, 1995). In mitochondria, highly toxic
superoxide anion (O2

.-) are produced which undergoes sponta-
neous dismutation and generates singlet oxygen. The percent of
inhibition of singlet oxygen by Clerodendrum sp. showed moderate
scavenging activity (Fig. 3B) when compared to standard Lipoic
acid. In the present experiment, CIL (77.81 ± 2.45% at 200 mg/ml)
and CCL (77.28 ± 0.68% at 200 mg/ml) extracts discolor the
ferrozine-complex solution, indicating its iron chelating capacity
(Fig. 4Aa and b) and the presence of active components (Blois,
1958). The CCL extract had higher reducing power activity
(Fig. 1D) with respect to standard BHT. All concerned extracts

exhibited better total antioxidant potential with respect to stan-
dard ascorbic acid (Fig. 2C). For nitric oxide scavenging activity
(Fig. 1B), superoxide anion activity (Fig. 1C), hypochlorous acid
(Fig. 2D) and lipid peroxidation (Fig. 4B) scavenging assay, the
extracts showed moderate activity. Nitric oxide, a free radical gen-
erated from amino acid L-arginine by nitric oxide synthase (NOS),
damages several biological molecules in human body and has been
associated with destructive consequences (Gimenez-Garzó et al.,
2015; Sehitoglu et al., 2015). Clerodendrum extracts show efficient
scavenging of nitric oxide. CCL, on the other hand, contained high-
est phenolic and flavonoid compounds (67.29 ± 3.15 mg/ml keep-
ing gallic acid as standard per 100 mg plant extract and
48.71 ± 1.69 mg/ml keeping quercetin as standard per 100 mg
plant extract). Detailed percent of inhibition and IC50 values of
the respective in-vitro antioxidant tests are enlisted in Table 1.

3.2. Erythrocyte membrane stabilizing activity (EMSA)

Erythrocyte Membrane Stabilizing Activity (EMSA) (Fig. 3D) is a
vital procedure to indirectly evaluate the superoxide radical induced
antioxidant capacity of erythrocyte membrane. CCL extract showed
excellent membrane stabilizing activity (30.68 ± 0.77%) which
might in turn aid to improve the immune system.

3.3. Haemolytic activity

Haemolytic activity is a parameter to evaluate cytotoxicity,
mediated by natural compounds present in the plant extracts. In
the mentioned experiment VIL extract showed higher percent of
inhibition (24.51 ± 1.12%) than the rest two extracts (Fig. 3C).

Fig. 3. Antioxidant activity of C. indicum, V. inermis and C. colebrookianum. (A) Peroxynitrate scavenging assay; (B) Singlet oxygen scavenging activity; (C) Haemolytic assay;
(D) Erythrocyte membrane stabilizing activity. Data expressed as mean ± S.D (n = 6). ap < 0.05; bp < 0.01; cp < 0.001; NS-Non significant when compared with standard.
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3.4. Measurement of cell viability (MTT assay)

Cell viability effects of CIL, VIL and CCL extracts were estimated
using MTT colorimetric assay on splenocyte cells. After incubating
the splenocyte cells at different concentrations of CIL, VIL and CCL
for 4 h the results were obtained. Fig. 4C showed that the extracts
were non-toxic to splenocyte cells. However, CCL extract of the

present study stimulated the proliferation of mice splenocyte with
increasing order of their doses.

3.5. Measurement of ROS generation in WRL-68

Cellular response in case of ROS is generally characterized by
the up regulation of antioxidants such as superoxide dismutase

Fig. 4. Antioxidant activity of C. indicum, V. inermis and C. colebrookianum. (A) Iron chelation assay; (B) Lipid peroxidation activity; (C) MTT cell proliferation assay. Data
expressed as mean ± S.D (n = 6). Data expressed as mean ± S.D (n = 6). ap < 0.05; bp < 0.01; cp < 0.001; NS-Non significant when compared with standard.

Table 1
Percent (%) of inhibition and IC50 (in parenthesis) values of three Clerodendrum species (CIL, VIL and CCL) and standard for different antioxidant and free radical scavenging assays.

Parameters CIL VIL CCL Standard

DPPH 43.6 ± 0.4
(287.8 ± 11.9**)

63.1 ± 4.8
(160.5 ± 16.6*)

65.7 ± 1.0
(67.8 ± 2.5***)

58.5 ± 0.02
(203.2 ± 1.9)

Hydroxyl Radical 31.3 ± 1.2
(484.6 ± 28.2*)

33.13 ± 0.6
(452.1 ± 29.0*)

35.39 ± 2.3
(438.3 ± 39.9*)

31.3 ± 0.8
(597.2 ± 11.9)

Hydrogen Peroxide 33.3 ± 1.5
(396.4 ± 24.4**)

30.2 ± 0.8
(433.5 ± 16.8**)

45.8 ± 3.3
(348.74 ± 26.7**)

7.64 ± 0.68
(2185.2 ± 187.4)

Nitric Oxide 49.4 ± 2.2
(155.06 ± 8.05**)

46.4 ± 0.7
(211.3 ± 6.3***)

44.31 ± 1.1
(188.7 ± 21.02**)

100 ± 0.00
(61.17 ± 0.41)

Superoxide Anion 37.4 ± 1.4
(373.4 ± 25.2**)

33.3 ± 0.3
(395.1 ± 9.3***)

29.3 ± 1.02
(366.7 ± 20.3**)

39.5 ± 1.5
(94.5 ± 3.7)

Hypochlorous Acid 47.7 ± 2.2
(308.3 ± 33.3*)

42.6 ± 0.3
(293.6 ± 7.6**)

42.7 ± 2.1
(299.9 ± 17.9**)

62.4 ± 0.4
(130.07 ± 5.12)

Total Antioxidant Activity 91.1 ± 0.6
(18.03 ± 0.3**)

76.8 ± 0.2
(58.9 ± 1.8**)

74.1 ± 0.5
(55.7 ± 2.7**)

69.3 ± 0.07
(116.5 ± 5.9)

Peroxynitrite 22.0 ± 0.9
(724.0 ± 40.2***)

23.4 ± 0.9
(637.8 ± 25.9*)

26.3 ± 0.9
(525.9 ± 22.06**)

17.6 ± 0.2
(799.3 ± 36.9)

Singlet Oxygen 52.02 ± 0.3
(240.4 ± 3.8NS)

54.5 ± 0.2
(202.2 ± 4.5***)

54.05 ± 0.3
(205.9 ± 4.8***)

77.9 ± 1.3
(48.4 ± 3.6)

Lipid Peroxidation 34.3 ± 0.6
(316.6 ± 13.8**)

43.8 ± 1.4
(226.3 ± 7.5*)

36.6 ± 1.7
(270.3 ± 20.3**)

77.8 ± 0.9
(11.1 ± 0.2)

Iron chelation 77.8 ± 2.4
(676.2 ± 45.2)

36.3 ± 0.7
(116.4 ± 3.5)

77.3 ± 0.6
(576.2 ± 57.4)

0.4 ± 0.2
(1.4 ± 0.0)

Units in lg/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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(SOD) and plays a vital part in apoptosis. In the control group of
WRL-68 (Fig. 5A), the scattered green fluorescence light indicates
that ROS formation was of minimal quantity. Whereas, H2O2 and
CCl4 groups of WRL-68 (Fig. 5B and C) showed a large amount of
ROS generation. Among the three plants, CCL group (Fig. 5F)
induced light fluorescence indicating a low amount of ROS gener-
ation compared to CIL (Fig. 5D) and VIL (Fig. 5E). The change in flu-
orescence intensity indicates that CIL, VIL and CCL extracts has an
upper hand in the resultant production of intracellular ROS. Thus, it
has been evident that Clerodendrum extracts possesses both in-vivo
and in-vitro antioxidant capacity and might have potential to pre-
vent different types of oxidative stress related disorders.

3.6. Hepatoprotective activity

3.6.1. Acute toxicity study
CIL, VIL and CCL extracts were administered orally and none of

the mice died even at 2000 mg/kg dose. Therefore, 1/40th (50 mg/
kg) and 1/10th (200 mg/kg) of the maximum dose were considered
safe for in-vivo studies.

3.6.2. Body weight changes
Changes in mouse body weight after the treatment of CCl4, sily-

marin, CIL, VIL and CCL have been displayed in Table 2. Treated
mice displayed no significant gain in weight.

3.6.3. In-vivo antioxidant assays
In the present study, we tried to further investigate how free

radicals are linked to hepatic damage and the potential therapeutic
role of Clerodendrum extracts in this regard. Haloalkane CCl4 is
extensively used in industrial sectors; however, it is always associ-
ated with environmental toxicity and occupational hazards
(Ruprah et al., 1985). Partial pressure of reactive oxygen in tissues
is responsible for carbon tetrachloride (CCl4) induced hepato-
toxicity. CCl3* and CHCl2* radicals are produced by the low partial

pressure of oxygen (De Groot et al., 1988). Lipid peroxidation,
resulting from oxidative stress, is a vital reason for hepatic injury
(De Groot et al., 1988). In the present study there is a significant
inhibition of catalase, reduced glutathione (GSH) and superoxide
dismutase (SOD) activity by Clerodendrum (CIL, VIL and CCL)
extract, which occurred in CCl4 intoxicated mice compared to the
control group (Fig. 6A, C and D). C. colebrookianum treatment
showed a significant increase in the percent of inhibition of cata-
lase and reduced glutathione when compared to other Cleroden-
drum species (CIL and VIL) and CCl4 intoxicated groups. CCl4
treatment significantly lowers the peroxidase enzyme activity in
hepatic tissue (Fig. 6B). Peroxidase activity enhanced significantly
(15.37 ± 0.45 unit/mg tissues) after CCLH administration and was
eventually better than standard silymarin treated case
(12.73 ± 0.93 unit/mg tissue). Interestingly, MDA level was signifi-
cantly decrease when treated with CCLH which was even lower
than the MDA level in control group (Fig. 6E). NO level was
increased due to CCl4 toxicity (Fig. 6F) and significant (p < 0.001)
reduction of NO level was distinctly evident in the treated group

Fig. 5. Effects of Clerodendrum species (CIL, VIL and CCL) on oxidative stress in the Human Hepatic Cell Line (WRL-68). (A) Control cell culture; (B) Cells exposed to 200 lg/ml
concentration of H2O2; (C) Cells exposed to 200 lg/ml concentration of CCl4; (D–F) Cells exposed to 200 lg/ml concentration of CIL, VIL and CCL for 24 h.

Table 2
Effects of three Clerodendrum species (CIL, VIL and CCL) on the body weight of the
treated mice.

Group Initial weight Final weight % Body weight change

Control 33.98 ± 1.65 35.99 ± 0.71NS 5.61 ± 3.06▲
CCl4 36.95 ± 1.34 32.71 ± 1.86** �13.05 ± 2.28.
Silymarin 35.57 ± 1.26 36.93 ± 1.63NS 3.64 ± 1.99▲
CIL 50 mg/kg 33.01 ± 1.97 35.32 ± 0.82NS 6.59 ± 3.44▲
CIL 200 mg/kg 33.08 ± 1.93 35.36 ± 0.88NS 6.49 ± 3.15▲
VIL 50 mg/kg 33.05 ± 1.95 35.34 ± 0.8NS 6.53 ± 3.41▲
VIL 200 mg/kg 33.01 ± 1.92 35.42 ± 0.98* 6.86 ± 2.80▲
CCL 50 mg/kg 32.05 ± 1.04 35.51 ± 1.1** 9.73 ± 1.29▲
CCL 200 mg/kg 31.34 ± 0.86 35.09 ± 0.47* 10.67 ± 2.50▲

aWeight (mean ± SD) in gram, *P � 0.05, **P � 0.01, NS = Non significant. Final body
weight was compared with initial body weight of corresponding group. ▲ Increase
weight; . Decrease weight.
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Fig. 6. The effect of Clerodendrum extracts (CIL, VIL and CCL) on (A) Catalase activity; (B) Peroxidase activity; (C) Reduced Glutathione (GSH) activity; (D) Superoxide
Dismutase (SOD) activity; (E) Lipid Peroxidation (LPO) activity; (F) NO release. Data expressed as mean ± S.D (n = 6). ap < 0.05; bp < 0.01; cp < 0.001; dp = non significant vs
control group; ap < 0.05; bp < 0.01; cp < 0.001; wp = non significant vs CCl4 group; *p < 0.05; **p < 0.01; ***p < 0.001; ****p = non significant vs silymarin group.

Fig. 7. Photomicrographs (400�) of the histopathological examinations of the liver samples of different groups. (A) Control group (B) CCl4 group (C) Silymarin group (D) CILL
group (E) CILH group (F) VILL group (G) VILH group (H) CCLL group (I) CCLH [intact nucleus (IN), normal sinusoids (NS), fatty infiltrations (FI), Necrotic hepatocytes (N), leukocyte
infiltrations (LI), prominent calcification (C), congested vesicles (VC), bile duct proliferations (BdP), sinusoidal dilations (SD), haemorrhagic necrosis (HN), portal veins (PV)].

P. Kar et al. / Saudi Journal of Biological Sciences xxx (xxxx) xxx 7

Please cite this article as: P. Kar, S. Dutta, A. K. Chakraborty et al., The antioxidant rich active principles of Clerodendrum sp. controls haloalkane xenobiotic
induced hepatic damage in murine modelClerodendrum sp. –>, Saudi Journal of Biological Sciences, https://doi.org/10.1016/j.sjbs.2018.12.006

https://doi.org/10.1016/j.sjbs.2018.12.006


as well as in control. Catalase is an antioxidative enzyme; it limits
the generation of OH. by H2O2 scavenging. SOD (super oxide dis-
mutase) and GSH (Glutathione reductase) are other enzymes that
catalyze the formation of ordinary molecular oxygen or hydrogen
peroxide from superoxide radicals. The administration of Cleroden-
drum increases the activity of catalase, peroxidase, reduced glu-
tathione, superoxide dismutase levels and stabilizes the elevated
level of MDA and NO.

3.6.4. Histopathological examination
Histopathological results demonstrate structural changes inhep-

atic tissue of different treatment groups (Fig. 7). The haematoxilin-
eosin staining of CCl4 groups showed different types of liver damage
(Fig. 7B), whereas, administration of silymarin significantly regu-
lated the injury level (Fig. 7C). Interestingly, in the present study it
came out that CCLH (Fig. 7I) brought down the injury more effec-
tively when compared to the standard silymarin. The detailed
histopathological study also supports the in-vitro antioxidant and
in-vivo hepatoprotective activity and helps in attenuation of
deformed hepatic cellular architectures. Cellular metabolism is also
responsible for the production of oxidative species which takes part
in proliferation, cell activation and migration (Droge, 2002).

3.7. FTIR analysis

FTIR is a suitable method to identify and validate the com-
ponents present in herbal formulations (Liu et al., 2006). Func-

tional groups present in three Clerodendrum extracts were
identified by using Fourier transform infrared spectroscopy
(FTIR). The IR spectrum of CIL, VIL and CCL extracts indicated
the presence of major peaks like amines, ether, alcohol and car-
boxylic acid at 1081 cm�1, 1245 cm�1, 3294 cm�1, 1734 cm�1

respectively. The peak ratio of FTIR analysis revealed that CIL,
VIL and CCL extracts are natural sources of several vital
phyto-compounds.

Fig. 8. Heatmap based on binding energy among proteins and phytochemicals. The phytochemicals which served as ligands for molecular docking experiment are along the Y
axis and the proteins are placed on the X-axis.

Fig. 9. Molecular docking (molecular surface view) between Nrf2 protein and
24,25-Dihydroxyvitamin D: This molecular docking figure show compounds at their
binding site on the left and on the right the amino acids that interact with the ligand
to give resultant binding energy.
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3.8. GC–MS analysis

Functional groups, revealed from FTIR analysis, were exten-
sively correlated with GC–MS data. Subsequently, our analysis
involved identification of active compounds in CIL, VIL and CCL
using GC–MS method. A total number of thirty three (33) phyto-
compounds have been identified in CIL (9 compounds), VIL (14
compounds) and CCL (10 compounds).

3.9. Molecular docking

The molecular docking results came out with new insights.
While phytochemicals were analyzed with each of the proteins,
at least one compounds from each plant showed exhilarating
results. 24,25-Dihydroxyvitamin D of C. indicum (CIL) (�9.9 kcal/-
mol), Ethyl iso allocholate of V. inermis (VIL) (-8.2 kcal/mol) and
Stigmasterol of C. colebrookianum (CCL) (�9.1 kcal/mol) showed
higher binding affinity compared to other compounds (Fig. 8).
Among them on an average stigmasterol was found to have a slight
upper hand compared to the remaining compounds. However,
when individual interactions were compared, 24, 25-
Dihydroxyvitamin D displayed the highest binding affinity with
Nrf2 protein which is a transcription factor in humans encoded
by NFE2L2 gene (Nuclear factor erythroid-derived 2) (Fig. 9)
(Kovac et al., 2015). Interestingly, Nrf2 has the best interaction pat-
tern with all the ligands. However, ap1 protein (activator protein 1)
also had decent binding energies with most of the ligands; like-
wise, NF-jb also had good interactions on an average. A heatmap
of docking scores showing the binding affinity between the
selected proteins and the chemicals present in the plants is shown
in Fig. 8. Thus, these herbal alternatives can provide essential
antioxidants as well as have no evident toxic effect even at the face
of oxidative stress.

4. Conclusion

The present study shows an in depth antioxidant and hepato-
protective assessment of Clerodendrum species. CCl4 induced liver
damage involves overproduction of ROS and RNS. Present findings
reveal that Clerodendrum species might be instrumental in the
recovery of oxidative stress and protection from hepatic damage.
The herbal formulation of Clerodendrum extracts especially CCL
extract seems to be effective in combating against the oxidative
stress induced hepatic damage.
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Abstract

The progress in industrialization has blessed mankind with a technologically superior life-

style but poor management of industrial waste has in turn poisoned nature. One such chemi-

cal is carbon tetra chloride (CCl4), which is a potent environmental toxin emitted from

chemical industries and its presence in the atmosphere is increasing at an alarming rate.

Presence of CCl4 in human body is reported to cause liver damage through free radical

mediated inflammatory processes. Kupffer cells present in the liver are potentially more sen-

sitive to oxidative stress than hepatocytes. Kuffer cells produced tumor necrosis factor-α
(TNF-α) in response to reactive oxygen species (ROS), that might further cause inflamma-

tion or apoptosis. In this study hepatoprotective capacity of antioxidant rich extract of Croton

bonplandianus Baill. (CBL) was evaluated on CCl4 induced acute hepatotoxicity in murine

model. Hydro-methanolic extract of C. bonplandianus leaf was used for evaluation of free

radical scavenging activity. Liver cells of experimental mice were damaged using CCl4 and

subsequently hepatoprotective potential of the plant extract was evaluated using series of

in-vivo and in-vitro studies. In the hepatoprotective study, silymarin was used as a positive

control. Antioxidant enzymes, pro-inflammatory markers, liver enzymatic and biochemical

parameters were studied to evaluate hepatoprotective activity of Croton bonplandianus leaf

extract. Free radical scavenging activity of CBL extract was also observed in WRL-68 cell

line. The phytochemicals identified by GCMS analysis were scrutinized using in-silico

molecular docking procedure. The results showed that CBL extract have potent free radical

scavenging capacity. The biochemical parameters were over expressed due to CCl4 admin-

istration, which were significantly normalized by CBL extract treatment. This finding was

also supported by histopathological evidences showing less hepatocellularnecrosis, inflam-

mation and fibrosis in CBL and silymarin treated group, compared to CCl4 group. ROS gen-

erated due to H2O2 in WRL-68 cell line were normalize in the highest group (200 μg/ml)

when compared with control and negative control (CCl4) group. After molecular docking

analysis, it was observed that the compound α-amyrin present in the leaf extract of C.
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bonplandianus has better potentiality to protect hepatocellular damages than the standard

drug Silymarin. The present study provided supportive evidence that CBL extract possesses

potent hepatoprotective capacity by ameliorating haloalkane induced liver injury in the

murine model. The antioxidant and anti-inflammatory activities also affirm the same. The

synergistic effects of the phytochemicals present in CBL are to be credited for all the hepato-

protective activity claimed above.

Introduction

In aerobic system, oxygen and nitrogen are abundantly found. These molecules take part in

various physiological and metabolic processes and undergo changes [1]. The molecules inturn

gets transformed to unpaired moieties which are readily reactive, example singlet oxygen,

superoxide, nitric oxide etc. [2]. The oxygen free radicals and nitrogen free radicals are such

reactive moieties. Later it was found that apart from unpaired free radicals certain paired non-

radical compounds like hydrogen peroxide, ozone and peroxynitrite are equally harmful [3].

So, the terms Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) were

coined to include all these reactive radical and non-radical molecules which are produced by

different endogenous and exogenous sources inside living system [4]. Although, ROS and RNS

have certain beneficial role like signal transduction, bodies defence mechanisms against

microbes etc., and are required in trace amount inside our body. But, due to their chemical

nature they helps lipid peroxidation causes DNA damage and oxidize several molecules

including cellular membrane and causes injury [5]. Inspite of having a strong antioxidant

mechanism (natural antioxidant in body), cell damage from ROS/ RNS is pervasive. Oxida-

tive/nitrosative stress is an essential phenomenon associated in this regard. It occurs due to an

imbalance between the production of this oxygen free radical (oxidants) and their elimination

by defence mechanisms referred to as antioxidant. Similarly, nitrosative stress is also equally

dangerous and arises mainly due to nitrogen free radical [6].

Hepatic cells are equally if not more vulnerable to such stresses [7]. Oxidative stress is a

commonly used term that refers to a state when the cellular redox balance is altered [8]. The

parenchyma and the non-parenchyma cells of liver are equally affected by oxidative stress,

although both show different response. The mitochondrion microsome and perxoisome in

parenchyma cells can produce ROS, which triggers the regulation of PPARA gene. The PPAR

α, δ, γ are involved in kitogenesis. Although parenchyma cells consists of 70–80% of liver vol-

ume and covers bulk of the liver constitution, the non-parenchyma cells also plays a huge role

on oxidative stress. The changes in composition of parenchyma cells as well as extra cellular

matrix of liver due to oxidative and nitrosative stress modulates immune system. Immune and

inflammatory cells get recruited at the site of injury and this activates non-parenchyma cells

like hepatic stellate cells and kupffer cells [9]. There is a substantial increase in levels of growth

hormone, cytokines and chemokines which leads to fibrosis and chronic liver diseases. Liver

fibrosis is the gateway to several liver-related ailments and among all the reasons for liver dys-

functions, the exposure to toxic reagents and drug cannot be ignored. Carbon tetrachloride

(CCl4) has been widely used for liver studies for long now [10].

Croton bonplandianus Baill. (C. bonplandianus) (Euphorbiaceae) is an exotic weed com-

monly found in wastelands which possess medicinal properties [11]. Leaf of C. bonplandianus
is used in the treatment of skin diseases and applied traditionally in external cuts and wounds

[12]. Leaf of C. bonplandianus contains diterpene resins which are reported to have antitumor

Antioxidant and hepatoprotective activity of C. bonplandianus
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activity [13]. C. bonplandianus is reported to possess potent hepatoprotective, anti-helminthic

activity and also used for controlling high blood pressure [14–16]. Inspite of having diverse

medicinal properties ethnobotanically, their proper pharmacognostic evidence is largely

obscure. The present study aims to investigate the hepatoprotective potential of C. bonplandia-
nus in CCl4 induced murine model.

Materials and methods

Preparation of plant extract

Leaf of Croton bonplandianus was collected during April and May, 2016, from the garden of

medicinal plants of Department of Botany, University of North Bengal (26.70720 N; 88.35580

E). The plant was identified by plant taxonomist of Department of Botany, University of North

Bengal. The specimen (Accession number-09870) was deposited at the Herbarium of the same

department. 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.

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, Com-

mittee for the Purpose of Control and Supervision of Experiments on Animals). The experi-

ments with animals were performed in accordance with the legislation for the protection of

animals used for scientific purposes.

Animal maintenance

Swiss albino mice (6 male/group) were used for hepatoprotective analyses. Male Swiss albino

mice were used for all the experiments. Mice (6 male/group, n = 6) were kept in polypropylene

cages (Tarson, India), with paddy husk as bedding material. The experimental mice were

maintained in the animal house of the Department of Zoology, University of North Bengal

with sufficient food and water ad-libitum under a constant 12 hour dark/light cycle at an envi-

ronmental temperature of 25˚C.

Determination of in vitro antioxidant activity

Total antioxidant, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging, hydroxyl radical

scavenging, superoxide radical scavenging, nitric acid radical scavenging, singlet oxygen scav-

enging, reducing power, Fe2+ chelation, peroxynitrite scavenging and hypochlorous acid scav-

enging activities were determined by following the previously reported methods with minor

modification for the evaluation of free radical scavenging properties of CBL extract [17,18].

Antioxidant and hepatoprotective activity of C. bonplandianus
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Determination of erythrocyte-membrane stabilizing activity

Erythrocyte membrane stabilizing activity of CBL extract was performed by standard method

as described by Dey et al. [19]. 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 super-

natant was measured at 562 nm and compared with the standard compound, quercetin.

Determination of total phenolic and flavonoid content

The total phenolic and flavonoid content of CBL extract was determined using standard proto-

col [17]. A standard curve prepared with known quantities of gallic acid (R2 = 0.9468) and

quercetin (R2 = 0.9947) were used to measure the phenolic and flavonoid content respectively.

Detection of intracellular ROS generation

A colorimetric procedure has been used to generally quantify H2O2 by oxidation of 2’-7’

dichlorofluorescin (H2DCF) to 2’-7’dichlorofluorescein (DCF). Originally, DCF was thought

to be specific for hydrogen peroxide, but recent evidence has shown that other ROS/RNS such

as nitrate and hypochlorous acid can oxidize H2DCF [20, 21]. Human hepatic cell line (WRL-

68) was grown on coverslip in 35mm Petri-plate culture dishes and incubated for 24 hours at

37˚C 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 cover slips on the slide in 20%

glycerine/PBS solution. Cells were observed under LED-based fluorescence microscope, Mag-

nus MLXi microscope. The cells were excited at 480nm 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.

Experimental design: In vivo hepatoprotective activity

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

(OECDiLibrary, 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 clini-

cal 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 mg/kg dose. Therefore, 1/40th, 1/20th and 1/8th of

the maximum dose was considered for the in vivo studies.

Doses. Swiss albino mice (36 mice) were randomly divided into six groups (n = 6) and fol-

lowing 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)

Antioxidant and hepatoprotective activity of C. bonplandianus

PLOS ONE | https://doi.org/10.1371/journal.pone.0196411 April 30, 2018 4 / 30

https://doi.org/10.1371/journal.pone.0196411


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, under proper anesthesia (2% ether) all the animal

were sacrificed by cervical dislocation to alleviate suffering. 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 liga-

ments. 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% formalde-

hyde solution for histological study.

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).

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 [22]. 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).

Estimation of catalase activity. Catalase activity was assessed by the standard protocol of

Luck [23] 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 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.

Estimation of reduced glutathione (GSH). Reduced glutathione activity was measured

according to the standard protocol [24]. An aliquot of 1 ml liver tissue supernatant was treated

with 0.5 of Elman reagent (19.8 mg DTNB 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.

Estimation of superoxide dismutase (SOD). For the estimation of superoxide dismutase,

standard method was followed with minor modifications [25]. 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 homoge-

nate (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.

Experimental design: In vitro. In vitro hepatoprotective potentiality of C. bonplandianus
extracts was studied according to the previously described standardized protocol with some

modifications [10, 26, 27]. 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
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incubated for 2 h and centrifuged at 5000 rpm for 10 min. After centrifugation culture super-

natant was collected for further experiments.

Liver function test: In vitro. Culture supernatant from the experimental groups were ana-

lysed for ACP, ALP, bilirubin, LDH, AST, ALT and total protein levels using commercially

available kits (Crest Biosystems, India).

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 was measured at 340 nm.

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.

Measurement of inhibition of NO. Nitric oxide level was determined using the Griess

reagent method [28] 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) ethylene-

diamine 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.

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.

Histopathological studies

Livers were removed from the experimental mice, cut into small pieces and fixed in 10% form-

aldehyde 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 [29,30]. Fibrosis was also observed

in the CCl4 intoxicated group.

GC–MS analysis

CBL extract was dissolved in n-hexane and the mixture was centrifuged thrice at 12,000 rpm

for 15 min for GC-MS analyses. Supernatant was collected and used for GC–MS analysis. Agi-

lent 5975 GCMS system (Agilent Technologies, USA) attached with HP-5 ms Capillary Col-

umn (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-2.21e0.5 Torr) was used to identify the bio active compounds present in CBL extract.

Helium was used as a carrier gas at a flow rate of 1 ml/min and 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 and the essential compounds in CBL 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.
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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 AutoDock Vina [31]. The recep-

tor 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 (IkappaBalpha/NF-kappaB complex), 1vkx

(Crystal structure of p50/p65 heterodimer), 2jod (adenylate cyclase). On the other hand for

proteins with PDB ID’s 1ilg (Human Pregnane X Receptor), 1n3u (oxygenase-1), 3i7h (Crystal

Structure of DDB1), 7api (human alpha1-antitrypsin) 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 visualiza-

tions were performed using the AutoDock Tools and ligand docking with Autodock Vina.

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

KyPlotV5.0 (32 bit) 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 control and X1 = absorbance in the presence of the samples or standard.

The IC50 (half maximal inhibitory concentration) values were calculated by the following for-

mula: Y = A1/(X+A1)×100, where A1 = IC50, Y = response (Y = 100% when X = 0), X = inhibi-

tory concentration. Extent of dose-dependent activity was calculated by pair wise linear

correlation analysis between group mean percent of inhibition Vs respective concentrations.

Results

In vitro antioxidant activity

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 S1 Table.

Leaf extract of CBL showed lower IC50 value than ascorbic acid, mannitol, sodium pyruvate,

curcumin, quercetin in DPPH, hydroxyl radical, H2O2, nitric oxide, superoxide anion, hypochlo-

rous acid scavenging assay and found comparable with peroxinitrate shown by gallic acid and lipid

peroxidation shown by trolox. On the other hand, CBL showed higher IC50 value than lipoic acid

and EDTA in singlet oxygen and iron chelation scavenging assay. In case of total antioxidant activ-

ity, CBL showed better scavenging activity than the standard ascorbic acid. The reducing power of

CBL was also determined and found that the reducing capacity of CBL extract was increased in a

dose dependent manner comparable to the reference compound ascorbic acid (Figs 1–6).

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 intracel-

lular 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 demon-

strated significantly H2O2 neutralizing activity (Fig 2A and 2B). The ferric iron (Fe2+) chelation

capacity of C. bonplandianus at 200 μg/mL was 59.36 ± 1.81% (Fig 4A and 4B). EDTA, however

demonstrated significantly (P<0.001) superior ferric chelation capacity as demonstrated by its
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low IC50 value of 10.23±0.89 μg/ml. In case of direct scavenging of OH•, C. bonplandianus dem-

onstrated superior activity than that of the standard mannitol (Fig 1C and 1D).

Inhibition of OH•: Bivariate analysis

Dose-dependent bivariate correlation analysis of Fe2+ chelation and H2O2 inhibition were per-

formed 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) (S1 Fig).

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.

Fig 1. Antioxidant activity of Croton bonplandianus. (A)&(B) DPPH scavenging activity; (C) % of hydroxyl radical (OH•) scavenging Vs standard mannitol; (D)

depicts remaining 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.

https://doi.org/10.1371/journal.pone.0196411.g001
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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 CCl4may 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 dichlorofluores-

cein assay. Fig 7 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 (Fig 7). The resulting change in fluorescence intensity

gives strength to the hypothesis that CBL affects in the production of intracellular ROS.

Hepatoprotective activity

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

Fig 2. 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 unneutralized 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.

https://doi.org/10.1371/journal.pone.0196411.g002
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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.

Body and liver weight. Significant body weight changes were observed in CCl4, CBLM

and silymarin groups shown in Table 1. 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 high-

est 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.

In vivo liver marker enzymes and biochemical parameters. The effect of CCl4 and the

subsequent administration of silymarin and CBL on the various serum enzymatic and bio-

chemical parameters are shown in Table 2. 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.

Fig 3. Antioxidant activity of Croton bonplandianus. (A)&(B) concentration dependent Total antioxidant activity and extent of Mo6+ reduction; (C) % inhibition of

lipid peroxidation Vs standard trolox; (D) depicts remaining unneutralized lipid peroxides (ROO•). 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.

https://doi.org/10.1371/journal.pone.0196411.g003
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Estimation of hepatic antioxidative enzymes: Catalase, peroxidase, superoxide dismut-

ase and reduced glutathione. Significant inhibition of enzymatic catalase and SOD (super-

oxide dismutase) and non-enzymatic reduced glutathione by CBL extract occurred in CCl4

intoxicated mice when compared with the control (Fig 8). CBL treatment enabled significant

increase in the enzyme activity 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 (Fig 8). The per-

oxidase 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 significantly ele-

vated by CBLH (12.74 unit/mg tissue) when compared with the standard silymarin treated

group (12.07 unit/mg tissue).

Fig 4. Antioxidant activity of Croton bonplandianus. (A) Fe2+-chelation Vs standard EDTA; (B) depicts remaining unneutralized Fe2+; (C) % inhibition of Superoxide

(O2
•-) Vs standard quercetin; (D) depicts unneutralized superoxide (O2

•-) 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.

https://doi.org/10.1371/journal.pone.0196411.g004
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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 3.

The CCl4 group showed the higher toxicity than the other groups.

Lipid peroxidation (MDA level). Lipid peroxidation or MDA level in the treated groups

are illustrated in (Fig 9A). 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 low-

ered to10.60 μM/litre after CBLH administration.

MTT cytotoxic effect. Viability of cells were decreased in the CCl4 group significantly

(p<0.01) compared to the control group (Fig 9C). 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 experimen-

tal 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.

Fig 5. Antioxidant activity of Croton bonplandianus. (A) % inhibition of Singlet O2 (1O2) Vs standard lipoic acid; (B) depicts unneutralized Singlet O2 (1O2); (C) %

inhibition of Nitric oxide (NO) Vs standard curcumin; (D) depicts unneutralized nitric oxide (NO). 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.

https://doi.org/10.1371/journal.pone.0196411.g005
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Measurement of the release of TNF- α. Measurement of TNF- α release are demon-

strated in the Fig 9B. 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 bet-

ter by CBLH group (716.66 ± 73.06 pg/ml) when compared with the standard silymarin group

(786.22 ± 49.70 pg/ml).

Inhibition of nitric oxide (NO). CCl4 toxicity resulted increases in NO release when com-

pared to the control (Fig 9D). 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%.

Histopathological examination

There are several hiotological parameters showed the injury level of experimental groups as

enlisted in S2 Table. The haematoxilin-eosin staining of hepatocytes displayed clearly the well

Fig 6. Antioxidant activity of Croton bonplandianus. (A) % inhibition of Peroxynitrite (OONO-) Vs standard gallic acid; (B) depicts unneutralized Peroxynitrite

(OONO-); (C) Total reducing power activity.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.

https://doi.org/10.1371/journal.pone.0196411.g006
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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 necrosis, bile duct prolifera-

tion, sinusoidal dialation, inflammation (leukocyte infiltration), vascular congestion, loss of

structure of hepatic nodules, fatty 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 (Figs 10 and 11; S2 Fig). The injury level found in the CCl4 group

was down regulated by the administration of standard drug silymarin. Interestingly, in the

Fig 7. Effects of CBLin 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(20,70 -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 intensity of fluorescence through the images of WRL-68 cells

treated with different concentration of CBL (D-H), CCl4 (C), H2O2 (B) and control (A).

https://doi.org/10.1371/journal.pone.0196411.g007

Table 1. Changes of body weight (g) and liver weight (g) in different experimental groups. 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.

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.

https://doi.org/10.1371/journal.pone.0196411.t001
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present study it was observed that high dose of plant extract (CBLH) down regulates the injury

better or similar compared to the standard silymarin.

GC-MS analysis

GC-MS analysis showed the chemical fingerprint of the CBL extract (Fig 12 and S3 Table).

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.

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 Campes-

terol and Ethyl iso-allocholate (Fig 13). 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 phyto-

chemical α-amyrin had a binding affinity better than silymarin with all the receptors on aver-

age. The highest binding affinity was found between α-amyrin and a protein with PDB ID

Table 2. Describes the levels of various enzymatic and biochemical parameters in the serum of six (n = 6) treated groups. The 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.) 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 ± .66��� 82.66 ± 0.94���c 141.70 ± .81���d 127.72 ± 0.91���b 108.49 ± .11���c

ALT (u/ml) 47.94 ± 0.65 137.39 ± .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 ± .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 ± .41��� 296.01 ± 2.15��c 548.55 ± 4.45���c 502.66 ± 6.04���b 340.50 ± .67���c

Cholesterol (mg/dl) 68.66 ± 1.51 132.17 ± .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.

https://doi.org/10.1371/journal.pone.0196411.t002
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3i7h which is the crystal structure of DDB1 in complex with H-Box Motif of HBX (Fig 14).

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

(S3 Fig).

Discussion

The demand 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 mini-

mal side effects [32]. 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. bonplan-
dianus 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

Fig 8. 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.

https://doi.org/10.1371/journal.pone.0196411.g008
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reducing agent to form new bond, changing the color of the solution. The colored DPPH solu-

tion mixed with natural antioxidants. DPPH gives rise to the reduced form with the loss of vio-

let 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 physiologi-

cal function. Inhibition of H2O2 indirectly from environment is rapidly decomposed into oxy-

gen 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 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 other hand

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, 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 per-

oxide 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 [33]. Hypochlorous acid produced from the site of chronic inflamma-

tion resulting from the oxidation of Cl- ion by the neutrophil enzyme, myelo-peroxidase.

Hypochlorous acid degrades heme prosthetic group and inactivates the antioxidantenzyme

catalase. Leaf extract of C. bonplandianus also prove that it has the potentiality to scavenge

Table 3. Changes in the levels of various enzymatic and biochemical parameters of the culture supernatants of the experimental groups. 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���d 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.

https://doi.org/10.1371/journal.pone.0196411.t003
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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. Keep-

ing 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) waschosen to induce hepatic damage in murine model

amelioration by the leaf extract of C. bonplandianuswas investigated through antioxidant and

anti-inflammatory activities. The toxicity profile of CCl4 is well established worldwide [34–36].

Extensive usage of CCl4 in industrial sectors has a rich history of 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 [37]. Multiple sources for

generation of reactive oxygen species (ROS) have been identified; among them CCl4 was used

Fig 9. 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 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.

https://doi.org/10.1371/journal.pone.0196411.g009
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Fig 10. Photomicrographs (100×) of the histopathological examinations of the liver samples of different groups.

Even though the extract treated groups possessed injury marks however, 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 sinusoids (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 demonstrated 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 infiltrations (FI); (F) CBLH group demonstrated lowering of most of the injury signs however,

leukocyte infiltrations (LI) could be identified in the liver samples.

https://doi.org/10.1371/journal.pone.0196411.g010
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Fig 11. Photomicrographs (400×) of the histopathological examinations of the liver samples 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 extensive 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 leukocyte 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).

https://doi.org/10.1371/journal.pone.0196411.g011
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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 [38]. Increased lev-

els 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 dimin-

ished 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 [39,40]. Metabolism of lipid is hampered by CCl4 and cause stea-

tosis 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 [39,41]. In CCl4 induced liver injury model, oxidative stress

can provoke and promote lipid peroxidation that damage the hepatocellular membrane [39].

Fig 12. Gas Chromatography Mass Spectrometry (GC-MS) analysis of Croton bonplandianus.

https://doi.org/10.1371/journal.pone.0196411.g012
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This hepatocellular damage is followed by the release of pro-inflammatory chemokines and

cytokines (Fig 15) [42].

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 (Fig 15). In studied animal model

significant (P<0.001) loss of body weight and relative liver weight have occurred after CCl4

toxicity. After the treatment 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 poten-

tiality in restricting drastic body weight changes through anti-hyperlipidimic activity. Bio-

marker of hepatotoxicity represents the altered levels of hepatobillary enzymes transaminase

and phosphatase. Whereas normalization of these enzymatic parameter represent the

improvement of normal liver function [43–45]. 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 [46]. The in vitro enzymatic result also supports the hepatoprotective

Fig 13. Heatmap based on binding energy among proteins and phytochemicals. The phytochemicals which served as ligands for molecular docking experiment are

along the Y axis and the proteins are placed on the X-axis.

https://doi.org/10.1371/journal.pone.0196411.g013
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Fig 14. Molecular docking (secondary structure view) between Hepatitis BX protein and α-amyrin.

https://doi.org/10.1371/journal.pone.0196411.g014
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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 oxi-

dative stress due to CCl4, deactivates the cellular anti-oxidative enzymes [47]. Peroxidase, cata-

lase and superoxide dismutase are the major anti-oxidative enzymes responsible for the

neutralization of free radicals. Hydrogen peroxide and lipid peroxides converts into non reac-

tive species by the action of peroxidase enzyme. On the other hand catalase prevents the for-

mation 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

Fig 15. 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 induced 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 synthase; MPO: Myeloperoxidase; MDA: Malondialdehyde.

https://doi.org/10.1371/journal.pone.0196411.g015
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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 [47]. 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 oxida-

tive Haber-Weiss reaction [48–50]. CCl4 toxicity markedly increases oxidative stress, lowering

liver anti-oxidative enzymes. In this study it is established that the diminished catalase, peroxi-

dase 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 [46,51]. 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 result-

ing in endotoxin shock and inflammatory hepatic injury [51–53]. Excess amount of NO cou-

ples 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 suppres-

sion 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 transduc-

tion and transcriptional pathways. TNF-α is a crucial cytokine which mediates liver injury (Fig

15). 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 (Fig 15). GSH is depleted due

to CCl4 toxicity after the susceptibility of hepatocytes by TNF-α [54, 55]. The altered GSH level

due to CCl4 toxicity was subsequently controlled by the administration of CBL extract. The hepa-

toprotective potentialities of leaf extract of C. bonplandianus were further established by detailed

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

tectures were deformed and subsequently attenuated by CBL extract. CCl4 toxicity initiates tre-

mendous hepatocellular damages like hepatocellular necrosis, bile duct proliferation, leukocytes

infiltration (inflammation), vascular congestion, loss of structure of hepatic nodules, hepatocellu-

lar fibrosis, fatty acid infiltration, vascular degeneration and calcification. All these were normal-

ized 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. To further understand these bioactive molecules on a molecular level in silico
methods like Molecular Docking experiments were carried out. The bioactive chemicals

treated as ligand showed overall good binding affinity with the proteins taken as receptors for

the molecular docking experiments (Fig 13). Among the receptors, Hepatitis BX (PDB ID

3I7H) protein showed best binding affinity with the phytochemicals (Fig 13).Hepatitis BX may

act as the precursor for Hepatocellular carcinoma (HCC). Hepatitis BX promotes the expression
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of insulin-like growth factor (IGF) in HCC [56]. Thus blocking this protein with this phyto-

chemical 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 whose primary function is to sense

the presence of alien toxic substances and in response up-regulate the expression of proteins

involved in the detoxification and clearance of such 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 antioxidant 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 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 a already established drug.

Conclusion

The current study reports the first ever detailed anti-oxidant and hepatoprotective evaluation

of ethnomedicinal plant Croton bonplandianus. Oxidative stress can arise from overproduction

of ROS by metabolic reaction. Overproduction of ROS uses oxygen and shifts the balance

between oxidant/anti-oxidant status. In recent years free radicals such as NO, ONOO-, H2O2,

O2
.—and OH. are the prime that mediate oxidative stress emerge as the corner-stone or precur-

sor of several harmful diseases. These free radicals take part in immune reaction during

chronic pro-inflammatory response, causing the tissue damage. On the other hand overpro-

duction of these reactive oxygen and nitrogen species are involved in liver damage. CCl4

induced liver toxicity is a multidimensional phenomenon predominantly governed by free

radicals and inflammatory related responses. Inflammation and oxidative stress are closely

linked with each other and one of them may appear before or after the other. But when one of

them appears the other, one is most likely to appear and take part in the pathogenesis of many

chronic diseases including liver damage. In the present study it is evident that CBL extract

aided in the recovery of oxidative stress, liver enzymatic levels, normalize hepatic anti-oxida-

tive liver enzymatic levels, inhibited lipid peroxidation and cell death. On the basis of these

facts, antioxidant therapy by CBL extract alone or in combination with other pharmacological

strategies appear as the most reasonable treatment of CCl4 induced hepatic damage and pro-

vides a better means of treating various hepatic complications in future.
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ABSTRACT
A new Schiff base ligand, H2L, and its Zn(II) complex were prepared and 
characterized by different analytical and spectroscopic techniques. The 
elemental analysis results suggest the stoichiometry of the complex 
to be 1:1. The molar conductance study shows the non-electrolytic 
nature of the complex. Infrared spectra reveal that the metal ion is 
coordinated in tetradentate fashion which was further confirmed by 
NMR study. The synthesized complex was found to interact with CT-
DNA quite efficiently. The DNA binding study of the complex was 
explored by UV–vis and viscosity measurement. Fluorescence titration 
studies and the experimental results suggest that the complex might 
bind to DNA via an intercalative mode. The in silico target prediction 
and molecular docking experiments confirm that, apart from high 
interaction potentiality with nucleotides, the complex has possible 
implications in carcinogenesis, too.

© 2018 informa uK limited, trading as taylor & francis Group

KEYWORDS
3,3′-methylenedianiline; 
2-hydroxy-5-nitro-
benzaldehyde; Zn(ii) 
Complex; dna Cleavage; 
molecular docking

ARTICLE HISTORY
received 29 december 2017 
accepted 14 april 2018

CONTACT Biswajit sinha  biswachem@gmail.com, biswajitsi2006@yahoo.co.in
 supplemental data for this article can be accessed at https://doi.org/10.1080/00958972.2018.1476687.

http://orcid.org/0000-0003-0468-4035
mailto:biswachem@gmail.com
mailto:biswajitsi2006@yahoo.co.in
https://doi.org/10.1080/00958972.2018.1476687
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/00958972.2018.1476687&domain=pdf


2   D. K. MISHRA ET AL.

1. Introduction

Molecules that interact with DNA have been studied extensively with the aim of designing 
new types of chemotherapy agents and probes for nucleic acid structures [1, 2]. The study 
of the interaction of transition metal complexes with DNA has been the main focus of recent 
investigations. Cisplatin (cis-diamminedichloridoplatinum(II)) is the first clinically approved 
anticancer drug; its various analogs are found to be capable to bind to DNA, halting its 
replication and induce apoptosis [3]. However, these complexes have so many disadvantages, 
poor solubility [4], dose-limiting side-effects like nausea, nephrotoxicity, and neurotoxicity 
[5], and acquired resistance in many cancer types [6]. These basic problems associated with 
chemotherapy necessitate the evolvement of new anticancer approaches.

Development of new molecules that can obstruct cancerous cells by interacting with 
DNA in a non-classical mechanism is an example of a new anticancer approach. Transition 
metal complexes are ideal for these tasks, as their unique characteristics allow specific inter-
actions with DNA and other important biomolecules [7]. Transition metals that are utilized 
extensively in these fields include platinum [8], ruthenium [9], zinc [10], titanium [11], rho-
dium [12], copper [13], palladium [14], gold [15], vanadium [16], and iron [17]. Schiff base 
metal complexes have also gained recognition for their utilities in these biological processes 
[18]. In recent years, many studies associated with Schiff base metal complexes show prom-
ising anticancer activity and are of great interest in both chemistry and biology [19].

Zinc, which is known as “essential trace element,” plays an important part in many bio-
logical processes. It is essential for the functionality of more than 300 enzymes and vital for 
the stabilization of DNA and gene expression [20]. It is involved in immune responses, in 
homeostasis, in apoptosis, and in aging. Zn-binding proteins and enzymes are protective in 
stress and infections [21]. To explore the chemistry of Zn(II) complexes and DNA interaction, 
here we have synthesized and characterized a new Zn(II) complex and studied its interaction 
with calf-thymus DNA (CT DNA) by different physical and spectroscopic techniques.

2. Experimental

2.1. Materials

3,3’-Methylenedianiline, 2-hydroxy-5-nitro-benzaldehyde, CT DNA, and ethidium bromide 
(EB) were purchased from Sigma Aldrich. Zn(II) acetate and solvents (included absolute ethyl 
alcohol, diethylether, and dimethylsulfoxide.) were purchased from Sd Fine Chemicals, India. 
Solvents were purified prior to their use following standard literature procedures.

2.2. Physical measurements

Elemental analyses (C, H, and N) of the ligand and its Zn(II) complex were conducted using 
a Perkin-Elmer 240 elemental analyzer. NMR spectra were recorded on a Bruker 400 MHz 
FT-NMR instrument using DMSO-d6 as solvent and tetramethylsilane [Si(CH3)4] as internal 
standard. The UV–vis spectra of the ligand and its metal complex were recorded in DMSO 
using a Jasco V-530 UV–vis spectrophotometer (path-length: 1 cm) while infrared spectra 
(in the range 400–4000 cm−1) were recorded on a Perkin-Elmer FT-IR spectrometer (RX-1) 
using KBr pellets. Fluorescence emission experiments were carried out Jasco V-530 spectro-
photometer at room temperature. Thermal denaturation study of DNA was performed on a 
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Jasco V-530 double beam UV–vis spectrophotometer. Viscosity studies were carried out using 
an Ostwald viscometer maintained at constant temperature. Specific conductance of the 
synthesized complex was measured in DMSO (at room temperature) using a Systronics (India) 
conductivity meter (TDS-308). The purity of the ligand and its Zn(II) complex was confirmed 
by TLC. The melting point of the synthesized compounds was determined using open cap-
illary technique.

2.3. Synthesis of Schiff base ligand

A hot ethanolic solution of 3,3′-methylenedianiline (0.1 mol) was refluxed with 2-hydroxy-5-ni-
tro-benzaldehyde (0.2 mol) in a round-bottom flask for 2 h with constant stirring. The result-
ing yellow solid product was separated by filtration, washed with ethanol followed by diethyl 
ether, and dried in a vacuum desiccator over anhydrous calcium chloride.

2.4. Synthesis of metal complex

Hot ethanolic solution of Zn(II) acetate was added dropwise to the equimolar ethanolic 
solution of synthesized ligand. The resulting mixture was then stirred and refluxed (at 
40–50 °C) for 2 h whereupon the Zn(II) metal complex was precipitated out. The dark yellow 
solid complex was separated by filtration, washed with ethanol, and dried in a vacuum 
desiccator.

2.5. DNA Interaction study

2.5.1. Absorption study
The DNA binding experiment of the synthesized Zn(II) complex was carried out in Tris-HCl 
buffer (50 mM, pH 7.2). CT DNA solution gave a ratio of UV absorbance at 260 and 280 nm 
of about >1.86, informing that DNA was free from protein contamination [16]. The concen-
tration of CT DNA was measured by following the UV absorbance at 260 nm 
(ε260 = 6600 M−1 cm−1). Absorption titration experiment was performed with fixed concen-
tration of synthesized complex (10 μM), while the concentration of CT DNA was varied. 
Because of low solubility of Zn(II) complex in Tris-HCl buffer, the complex was first dissolved 
in DMSO to prepare a stock solution (1 × 10−4 M) and then diluted by buffer to get the desired 
concentration. During the study of absorption, equal increment of CT DNA was added at 
each step to both the complex solution chamber and the reference chamber to eliminate 
the absorption of free CT-DNA, and the resulting spectra were believed to result from the 
Zn(II) complex and the CT-DNA-metal complex aggregates. Using the absorption data, the 
intrinsic binding constant (Kb) was measured by plotting [DNA]/(εa − εf) versus [DNA] using 
the Wolfe–Shimer equation [19]:

where εa, εb, and εf correspond to apparent extinction coefficient of the Zn(II) complex Aobs/
[complex], extinction coefficient for the complex in fully bound form, and in free form, respec-
tively. The intrinsic binding constant (Kb) was obtained from the ratio of slope to intercept.
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2.5.2. Ethidium bromide (EB) competitive study with fluorescence emission 
spectroscopy
To examine the ability of the Zn(II) complex to displace EB from DNA-EB conjugate, a com-
petitive study was performed by fluorescence emission spectroscopy. The competitive bind-
ing experiment was carried out in Tris-HCl buffer by keeping [DNA]/[EB] = 1.13, while the 
concentration of the complex was increased gradually [22]. During the titration experiment, 
samples were excited at a wavelength of 540 nm (i.e. λex = 540 nm), while the emission range 
was between 550 and 700 nm. The obtained spectra were resolved using the classical Stern–
Volmer equation [22], I0/I = 1 + KSVr, where I and I0 are the fluorescence intensities in the 
presence and absence of the quencher (here Zn(II) complex), respectively, while Ksv is quench-
ing constant and r is quencher’s concentration.

2.5.3. Thermal denaturation study
DNA thermal denaturation study was performed on a Jasco UV–Vis V-530 model spectro-
photometer equipped with a temperature controlling programmer. The temperature of the 
experimental solutions was raised by 1 °C min−1. The absorbance for the solutions of CT-DNA 
(100 μM) both in the absence and presence of Zn(II) complex (10 μM) was monitored con-
tinuously at 265 nm [22].

2.5.4. Viscosity measurements
Viscosity studies were carried out using an Ostwald capillary-type viscometer thermostated 
at 25 ± 1 °C. During the measurement, concentration of CT DNA was kept constant (100 μM), 
while concentration of ligand/complex solution was gradually increased (10–100 μM). The 
flow times of the solutions were noted with a digital stopwatch with an accuracy of ±0.20 s. 
Viscosity values were calculated using the relation [23]: η = (t − to)/to, where t is the flow time 
of CT-DNA containing ligand or complex solution and to is the flow time of buffer alone in 
seconds. The obtained data were presented as (η/ηo)1/3 versus 1/R (R = [DNA]/[Complex]), 
where ηo and η is the viscosity of DNA in the absence and in the presence of the ligand or 
complex, respectively.

2.5.5. DNA cleavage study
DNA cleavage study of synthesized ligand and its Schiff base metal complex was guided by 
agarose gel electrophoresis on supercoiled pBR322 plasmid DNA [24]. The tests were done 
under aerobic condition using H2O2 as oxidant. In each reaction mixture, concentration of 
DNA (20 μM) and H2O2 (200 μM) was kept constant, while concentration of synthesized com-
plex (5–15 μM) was varied. The mixture was incubated at 37 °C for 2 h. After incubation, 2 
μL of loading buffer (having pH 7.0) containing 25% bromophenol blue, 30% glycerol, and 
0.25% xylene cyanol was added to each tube and finally each sample solution was loaded 
on 1% (w/v) agarose gel containing 1 μg/mL EB. The electrophoresis was carried out in a 
dark chamber for 2 h at 50 V in Tris-acetic acid-EDTA buffer having pH 8.3. After electropho-
resis, the gel was photographed under UV light (280 nm).
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2.6. Molecular modeling analysis

2.6.1. Swiss target prediction
The bioactive small molecules, drugs, and metabolites have a tendency to bind with proteins 
and other macromolecule targets to modulate their activities, which has visible expression 
in organisms. The Schiff base Zn(II) complex is checked for possible bioactivity with Swiss 
target prediction web server (http://www.swisstargetprediction.ch).

2.6.2. Molecular docking
The target proteins identified by Swiss target prediction were chosen as receptor protein. 
The X-ray crystallographic structures of these receptor proteins were obtained from RCSB 
PDB (https://www.rcsb.org). They were used for molecular docking analysis against the syn-
thesized chemical. Molecular docking was performed using Auto Dock Vina. The receptor 
structures were defined as rigid and the grid dimensions varied from being 80, 80, and 80 
for X, Y, and Z dimensions for proteins having PDB ID’s 1D3G, 1JY1, 1R2D, 2NL9, and 4LXD 
while 100, 100, and 100 for 3D2Q and 4CIM, whereas for the protein with PDB ID 2ON9, it is 
60, 60, and 60, respectively. The exhaustiveness of the simulation was set to 8. Every protein 
of interest was made ready by removing the water molecules and by adding polar hydrogen 
to them. Gasteiger charges were added to the proteins on the basis of electronegativity 
equilibration and all non-polar hydrogens were merged. This was performed because Auto 
Dock uses the united atom model to represent molecules. Gasteiger charges were also cal-
culated for the respective complex and all the torsions were allowed to rotate.

2.7. Antioxidant activity

2.7.1. Determination of in vitro antioxidant activity
Antioxidant properties of the Zn(II) complex were evaluated by several in vitro biochemical 
assays. Total antioxidant, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging, hydroxyl 
radical scavenging, superoxide radical scavenging, nitric acid radical scavenging, singlet 
oxygen scavenging, reducing power, Fe2+ chelation, peroxynitrite scavenging, and hypochlor-
ous acid scavenging activities were determined by following previously reported methods 
with minor modification for the evaluation of free radical scavenging properties of Zn(II) 
complex [25, 26].

2.7.2. Determination of erythrocyte membrane stabilizing activity
Erythrocyte membrane stabilizing activity experiment was performed by following the 
standard method, described by Dey et al. [27]. Briefly, different concentrations of the Zn(II) 
complex (0–200 μg/mL) were 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 solutions were then kept under bright 
light for 30 s 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.

http://www.swisstargetprediction.ch
https://www.rcsb.org
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3. Results and discussion

The formation of the investigated Schiff base ligand and its metal complex is represented 
in Figure 1.

3.1. Characterization of the ligand and its Zn(II) complex

The synthesized ligand and its corresponding Zn(II) complex have been characterized by 
different analytical and spectroscopic techniques (IR, 1H and 13C NMR, UV–vis, molar con-
ductance, etc.). The analytical data of the synthesized ligand and its Zn(II) complex along 
with physical properties is listed in Table 1. The ligand and the metal complex are moisture 
insensitive, air stable, and soluble in DMSO and DMF. The analytical data are in good agree-
ment with calculated values and are consistent with formation of mononuclear Zn(II) com-
plex having metal to ligand ratio 1:1.

3.1.1. Molar conductance
The synthesized Zn(II) complex was dissolved in DMSO solvent and molar conductance of 
10−3 M solution was measured at room temperature (Table 1). The molar conductance value 
indicates that the metal complex is a non-electrolyte [28].

3.1.2. Infrared spectra
The coordination of the ligand to the metal ion has been studied by comparing the IR data 
of the ligand with its Zn(II) complex. The IR spectra of synthesized Schiff base and its corre-
sponding Zn(II) complex are shown in Figure S1. There are some appreciable shifts in the 
stretching frequencies of Zn(II) complex compared to free ligand. The Schiff base shows a 
characteristic strong band at 1618 cm−1 due to the azomethine ν(C=N) [28]. This band shifted 
to 1599 cm−1 in the synthesized complex, indicating participation of the azomethine nitrogen 
in complexation [28]. A broad band at 3447 cm−1 due to phenolic -OH group of ligand 

Figure 1. synthesis of schiff base ligand and its Zn(ii) complex.

Table 1. analytical and physical data of schiff base ligand and its Zn(ii) complex.

Compound m.p. (°C)
Color 

(% yield)
Mol. wt. 

(gm)

% Found (calcd)
Λm 

Ω−1 mol−1 cm2C H N
h2l (C27h20n4o6) 140 yellow (84) 496 65.71 

(65.32)
4.16 (4.03) 11.13 

(11.29)
_

[Zn(l)] 
(C27h18n4o6Zn)

>250 dark yellow 
(78)

559 58.06 
(57.96)

3.41 (3.22) 9.94 
(10.02)

14.11
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disappeared in the corresponding Zn(II) complex, suggesting the involvement of oxygen 
atom of -OH group in coordination to Zn(II) ion [28]. The coordination of O atom of phenolic 
-OH group to metal ion is further proved by the shift in ν(C-O) band of ligand at 1099 cm−1 
to higher frequency at 1105 cm−1 in Zn(II) complex [29]. The participation of phenolic O and 
azomethine N in complexation are confirmed by the development of two non-ligand bands 
in the spectra of complex at 535 cm−1 and 466 cm−1 due to ν(Zn–O) and ν(Zn–N), respectively 
[28]. Therefore, the above arguments together with the elemental analyses indicated that 
Schiff base ligand behaves as a dibasic tetradentate ligand coordinated to the metal ion via 
the azomethine N and deprotonated phenolic O and the complex possibly have a tetrahedral 
geometry because of d10 configuration of Zn(II).

3.1.3. NMR Spectra
The 1H NMR spectra of the Schiff base ligand and its Zn(II) complex are shown in Figure 2(a). 
The synthesized Schiff base showed a singlet at 9.17 ppm because of azomethine proton 
(–CH=N–) [24]. However, in the case of Zn(II) complex, this –CH=N– peak is shifted to 
8.70 ppm, suggesting the involvement of azomethine nitrogen in coordination with Zn(II). 
Moreover, the ligand showed a signal at 10.29 ppm due to hydroxyl (–OH) proton which 
disappears in the synthesized complex, revealing the deprotonation of –OH group during 
complexation [30].

The 13C NMR spectra of both ligand and complex (Figure 2(b)) show peaks at 116.19–
153.12 ppm for aromatic carbons and at 42.09 for –CH2. The ligand signals at 167.71 ppm 
and 169.01 ppm for –CH=N and –C–OH group are shifted upfield to 160.03 ppm and 
162.12 ppm for the Zn(II) complex, respectively. There are no appreciable changes in other 
peaks. So the changes in peak position for –CH=N and –C–OH carbons in the synthesized 
complex with respect to ligand confirms the complexation.

3.1.4. Electronic spectra
The UV–vis absorption spectra of the Schiff base and its Zn(II) complex were recorded in 
DMSO (1 × 10−5 M) at room temperature and are depicted in Figure 3. The electronic absorp-
tion spectrum of Schiff base contains two bands at 380 and 430 nm. The band at higher 

Figure 2(a). 1h nmr spectrum of schiff base ligand and its Zn(ii) complex.
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Figure 2(b). 13C nmr spectrum of schiff base ligand and its Zn(ii) complex.

Figure 3. uV–vis absorption spectra of schiff base ligand and its Zn(ii) complex in dmso.
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energy (380 nm) is attributed to π-π* transitions of phenyl ring, while the lower energy band 
at 430 nm is assigned to n-π* transition of azomethine (–CH=N–) group [30]. These absorp-
tion bands also exist in the spectrum of Zn(II) complex but undergo blue shift. This shift in 
the spectra of the synthesized complex supports the coordination of the ligand to Zn(II) ion. 
The Zn(II) complex because of its d10 configuration does not show any d–d transition and 
hence it’s diamagnetic and possibly having tetrahedral geometry.

3.2. DNA Binding study

3.2.1. Absorption study
Electronic absorption spectroscopy serves as an effective tool to study the binding mode 
of DNA with metal complexes. The binding behavior of DNA to metal complex is often 
investigated by the changes in the wavelength and in the absorbance. A metal complex 
binds to DNA via intercalation usually results in bathochromism (red-shift in wavelength) 
and hypochromism shift because of strong stacking interaction of DNA base pairs with 
aromatic chromophore [22]. Here on increasing the amount of DNA in the complex solution 
resulted in red-shift (1.8 nm for n-π* band, Figure 4) and noticeable hypochromicity too, 
indicating intercalative mode of binding. The intrinsic binding constant (Kb) was evaluated 
using Wolfe–Shimer equation and the value of Kb was 2.30(±0.06) × 105 M−1. However, this 
value is slightly lower than standard EB (1.4 × 106 M−1) but mostly higher than other reported 
Zn(II) complexes [31–33].

Figure 4. absorption spectra of Zn(ii) complex (orange line) in the absence and presence of increasing 
amount of Ct dna (0–15 μm). inset: plot for binding constant (Kb).
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3.2.2. EB-competitive study with fluorescence emission spectroscopy
EB-DNA conjugate exhibits an intense emission band at 592 nm because of intercalation of 
the planar phenanthridine ring of EB between adjacent DNA base pairs [35]. A significant 
quenching of the EB-DNA emission band may be observed if a foreign molecule (which can 
intercalate to DNA equally or stronger than EB) is added into EB-DNA solution [35]. The 
synthesized Zn(II) complex does not show any emission band in solution or in the presence 
of CT DNA or EB when excited at 540 nm. So the observed changes in the emission spectra 
of EB-DNA solution, when Zn(II) complex is added, are vital to examine the EB-displacement 
ability of the synthesized complex. The addition of Zn(II) complex in EB-DNA solution causes 
a significant quenching of the intense emission band at 592 nm shown in Figure 5. The 
calculated quenching constant (Ksv) value for the synthesized complex is 3.0(±0.02) × 105 M−1, 
which is mostly higher than other reported Zn(II) complexes [31, 34]. Therefore, the observed 
quenching suggests remarkable ability of Zn(II) complex to displace intercalator EB from 
EB-DNA conjugate and divulging indirectly the intercalative mode of binding to DNA [22].

3.2.3. Thermal denaturation study
Thermal denaturation study provides information regarding the extent of intercalation [36]. 
The intercalation of complex into DNA base pairs generally increases the melting tempera-
ture (Tm) of DNA [22]. Figure 6 shows thermal denaturation profile of CT DNA solution both 
in the absence and presence of Zn(II) complex. The melting temperature (Tm) for CT DNA 
solution was 79.0 °C. But in the presence of Zn(II) complex, Tm value increases dramatically 
to 85.0 °C. The increase in melting temperature of CT DNA in the presence of complex 
(ΔTm = 6.0 °C) indicates intercalative binding of Zn(II) complex into DNA [36].

3.2.4. Viscosity measurement
Viscosity measurement is a substantial tool to study the binding mode of compounds to 
DNA. The interaction of DNA with metal complexes via intercalation generally results in an 
increase of the separating distance of the DNA base pairs present at the intercalation site in 
order to host the binding compound. As a result, the length of the DNA helix increases, 
leading to an increase in DNA viscosity [37], while the binding to DNA via non-classic inter-
calation (like external groove-binding or electrostatic interaction) results in a kink or bend 
in the DNA-helix. This kink or bend in DNA helix causes slight shortening of the effective 
length of DNA helix; in such cases, the changes in DNA viscosity is less prominent or there 
is no change at all [37]. EB is a well-known DNA intercalator that increases the relative vis-
cosity of DNA by lengthening the DNA helix. Upon increasing the concentration of Zn(II) 
complex in the CT DNA solution, the relative viscosity of DNA solution increases steadily 
almost similar to the nature as in the case of EB (shown in Figure 7). This increase in viscosity 
in the case of complex solution suggests that the synthesized Zn(II) complex could bind to 
DNA via intercalation mode, which is consistent with the UV–vis and fluorescence spectral 
data.

3.2.5. DNA Cleavage study
The DNA cleavage study was guided by gel electrophoresis method with different concen-
trations of Zn(II) complex in the presence of H2O2. The ability of the complex to cleave DNA 
is determined by transformation of DNA from supercoiled form (Form 1) to nicked form 
(Form 2) and linear form (Form 3). For Form I1, the fastest migration is observed. If only one 
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Figure 5. emission spectra from eB bound to the dna in the absence and presence of increasing amount 
of Zn(ii) complex (0–30 μm), inset: plot for quenching constant (Ksv).

Figure 6. Plot of absorbance versus temperature (°C) for the melting of 1) Ct dna alone (red line) and 2) 
Ct dna + Zn(ii) complex (purple line).
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strand is cleaved, then Form 1 relaxes to convert into a slower-moving Form 2. If both strands 
are cleaved, Form 3 is then generated which moves in between Form 1 and Form 2 [38]. The 
result of DNA cleavage is shown in Figure 8.

Here for control experiments (lanes 1 and 2) and in the presence of ligand (lane 3), no 
DNA cleavage is found as there is no metal complex in role, while with increasing the con-
centration of the synthesized complex (lanes 4–6), the percentage of Form 1 starts to diminish 
gradually, whereas Form 2 increased. This indicates that the synthesized Zn(II) complex acted 
on supercoiled plasmid DNA as there was remarkable difference in bands of the complex 
compared to band of the control DNA. But in the case of ligand, there is no appreciable 

Figure 7. effect of increasing amounts of (a) eB and (b) Zn(ii) complex on the relative viscosity of Ct dna.

Figure 8. Changes in the agarose gel electrophoretic pattern of pBr322 plasmid dna induced by h2o2 for 
ligand and Zn(ii) complex. lane 1: dna control, lane 2: dna + h2o2, lane 3: dna + 10 μm ligand + h2o2, 
lanes 4–6: dna + Zn(ii) complex + h2o2, [complex] = 5, 10, 15 μm, respectively.
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change in the bands with respect to control DNA. The experiment is modulated by hydroxyl 
radical or peroxo species originated from H2O2. The existence of smears in the gel photograph 
suggests radical cleavage [39]. The detail mechanism of DNA cleavage by metal complex in 
the presence of H2O2 has been reported by various research groups [39, 40]. As the synthe-
sized complex is efficient to cleave the supercoiled plasmid DNA into open circular form, it 
can be inferred that the complex may inhibit the growth of pathogens by cleaving the 
genome [24].

3.3. Molecular modeling analysis

3.3.1. Swiss target prediction
The Swiss prediction report for the synthesized Zn(II) complex showed probable association 
with biological network. It is seen that among the probable targets, 20% are enzymes and 
40% are cytosolic proteins, and there is a huge chunk of another 40% which are unclassified 
proteins (Figure S2). Among the list of predicted targets, there are important compounds 
such as BCl-2 like protein 1 which are linked to various cellular activities, especially pro 
apoptotic functions. Then again, there is Bcl-2-like protein 2 which is also linked to similar 
function [41]. Apoptosis regulator Bcl-2 is another similar protein which shows interaction 
with the Zn(II) complex. Induced myeloid leukemia cell differentiation protein Mcl-1 is 
another protein of BCl-2 family which is essential for apoptosis regulation. All these proteins 
are essentially related to carcinogenesis pathway [42]. So it is quite likely that the synthesized 
Zn(II) complex might play a role in general oncology. Moreover, there are other important 
proteins in this aspect. Microtubule-associated protein Tau promotes microtubule assembly 
and stability, and might be involved in the establishment and maintenance of neuronal 
polarity which suggest probable implications in neurodegenerative diseases. They are vital 
proteins in Alzheimer’s disease [43]. These apart from important DNA repair enzymes like 
Tyrosyl-DNA phosphodiesterase 1 and Muscleblind-like protein groups also seem to have 
some affinity toward the synthesized complex. These multivaried activities suggest impor-
tance of the synthesized complex in biological systems.

3.3.2. Molecular docking
The synthesized Schiff base Zn(II) complex has interesting target partners. To better under-
stand their interaction with the complex and to understand which compound has better 
interaction, we have conducted the molecular docking experiments. Tyrosyl-DNA phos-
phodiesterase 1 has the best binding affinity with the complex (Table 2). These enzymes 
have DNA repair capacity and catalyze different hydrolysis reactions in nucleotides. Moreover, 

Table 2. Binding affinity of the Zn(ii) complex with different proteins.

Protein name Gene name PDB ID Binding affinity (kcal/mol)
dihydroorotate dehydrogenase (quinone), mitochondrial dhodh 1d3 g −9.2
tyrosyl-dna phosphodiesterase 1 tdP1 1jy1 −10.5
Bcl-2-like protein 1 BCl2l1 1r2d −9.6
induced myeloid leukemia cell differentiation protein mcl-1 mCl1 2nl9 −10
microtubule-associated protein tau maPt 2on9 −7.1
muscleblind-like protein 1 mBnl1 3d2q −8.7
Bcl-2-like protein 2 (by homology) BCl2l2 4cim −9.4
apoptosis regulator Bcl-2 (by homology) BCl2 4lxd −8.5
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it is seen earlier from DNA interaction study that the Zn(II) complex has different DNA binding 
and cleaving activity. So, a high affinity of magnitude -10.5 kcal/mol in Auto Dock environ-
ment confirms these previous claims. Then again, induced myeloid leukemia cell differenti-
ation protein Mcl-1 has the second best binding affinity. This protein plays a major role in 
apoptotic regulations. It is already seen that apart from Mcl-1 protein different Bcl-2 family 
proteins has major activity with the synthesized Zn(II) complex. Proteins like Bcl-2-like protein 
1, Apoptosis regulator Bcl-2, and Bcl-2-like protein 2 are all members of Bcl-2 family of pro-
teins, and all have good binding affinity with the synthesized complex (Figure 9). The proteins 
of Bcl-2 family are all linked to carcinogenesis pathway. So it is confirmed that along from 
nucleotide interaction the synthesized Zn(II) complex has possible implications in 
carcinogenesis.

Figure 9. top: the molecular surface view of the protein molecule and the docked complex molecule 
at its binding site. Bottom: the molecular interaction of the amino acids with the synthesized complex.
note: the three letter amino acid code with their positions are shown here.
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3.4. In vitro antioxidant activity

The free radical scavenging activity of Zn(II) complex in dose-dependent manner and the 
differences in the activities compared with standard compound is seen. Half-maximal inhib-
itory concentrations (IC50) of Zn(II) complex are shown in Table 3. The synthesized Zn(II) 
complex showed lower IC50 value than ascorbic acid, mannitol, sodium pyruvate, curcumin, 
quercetin in DPPH, hydroxyl radical, H2O2, nitric oxide, superoxide anion, and hypochlorous 
acid scavenging assay and was found comparable with peroxinitrate shown by gallic acid 
and lipid peroxidation shown by trolox.

On the other hand, Zn(II) complex showed higher IC50 value than lipoic acid and EDTA in 
singlet oxygen and iron chelation scavenging assay. In the case of total antioxidant activity, 
Zn(II) complex showed better scavenging activity than the standard ascorbic acid. The reduc-
ing power of Zn(II) complex was also determined and found that the reducing capacity of 
Zn(II) complex extract was increased in a dose-dependent manner comparable to the ref-
erence compound ascorbic acid (Figures S3–S7) and ligand.

In the present antioxidant profiling, Zn(II) complex showed potential free radical scav-
enging 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 was 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 Zn(II) complex proves the presence of significant antiox-
idant properties. But in the case of ligand, the results are not satisfactory.

Human beings are exposed to H2O2 indirectly. Inhibition of H2O2 indirectly from the envi-
ronment 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 Zn(II) complex to scavenge H2O2 proves beneficial for our health.

Table 3. Percentage of inhibition at highest concentration and iC50 values (in parentheses) of Zn(ii)-Com-
plex and standard for different antioxidant and free radical scavenging assays.

notes: units in μg/ml. data expressed as mean ± s.d.
*p ≤ 0.05(two sided); **p ≤ 0.01(two sided); ***p ≤ 0.001(two sided); nsp > 0.05(two sided).

Parameter Zn(II)-Complex Standard
dPPh 43.52 ± 0.04** 58.5 ± 0.02

(272.25 ± 1.06**) (202.06 ± 0.12)
nitric oxide 57.43 ± 0.48** 100 ± 0

(145.42 ± 2.18*) (60.93 ± 0.04)
hydroxyl radical 56.9 ± 0.42* 31.31 ± 0.84

(129.97 ± 1.05*) (591.48 ± 9.50)
hydrogen peroxide 25.14 ± 0.6** 7.64 ± 0.68

(744.25 ± 70.57ns) (2147.45 ± 248.44)
hypochlorous acid 47.52 ± 0.58* 62.36 ± 0.36

(214.22 ± 2.13*) (132.46 ± 4.37)
Peroxynitrite 16.87 ± 0.86ns 17.68 ± 0.21

(1034.4 ± 65.65*) (799.39 ± 36.99)
singlet oxygen 24.81 ± 1.07*** 77.97 ± 0.34

(637.85 ± 36.65**) (48.43 ± 3.65)
hemolytic 28.19 ± 0.24** 73.93 ± 1.01

(440.12 ± 4.85**) (78.31 ± 2.35)
emsa 43.49 ± 0.36* 78.67 ± 0.67

(266.02 ± 0.55***) (67.03 ± 0.64)
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Nitric oxide plays an important role as pro-inflammatory mediators. Nitric oxide (NO.) is 
synthesized from the amino acid L-arginine by activation of nitric oxide synthase (NOS). 
During chronic inflammation, iNOS (calcium-independent isoform of NOS) is activated by 
LPS (lipopolysaccharide) and produces large amounts of nitric oxide. The active NO. trans-
locates 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 
causes oxidative stress-related disorder. In the present study, it is demonstrated that nitric 
oxide is down regulated by Zn(II) complex when compared to standard curcumin. Thus, Zn(II) 
complex might inhibit the inflammation-related disorders.

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 con-
taining polyunsaturated fatty acid moieties of cell membrane and cause damage of cell [44]. 
Hypochlorous acid is 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. Zn(II) complex was 
also proved to have the potentiality to scavenge peroxynitrate, hydroxyl radical, superoxide, 
singlet oxygen, and other free radicals that cause harmful effects in our biological system. 
In comparison to the ligand, the Zn(II) complex shows far better free radical scavenging 
activity. Thus, Zn(II) complex might prove to be a key component in prevention of various 
diseases related to oxidative stress and free radical generation.

4. Conclusion

The synthesized Schiff base ligand and its Zn(II) complex have been characterized by different 
spectral and analytical techniques. Results of the physical measurements exhibit that the 
Zn(II) metal ion is coordinated by two azomethine nitrogen and two phenolic oxygen atoms, 
and hence it possibly adopts a tetrahedral geometry. The synthesized complex is stable and 
non-electrolyte in nature. The ability of the synthesized complex to bind to DNA was mon-
itored by different techniques. The experimental results indicate that the Zn(II) complex 
interacts remarkably with CT DNA and confirms an intercalative mode of binding to CT DNA. 
Apart from high binding affinity with DNA at stable energetics, it is also seen that the complex 
has interaction potential with other biologically important pathways like apoptosis regula-
tion, which hints toward possible involvement with carcinogenesis. In the present study, it 
is also evident that the synthesized complex aided in the recovery of oxidative stress and 
inhibited lipid peroxidation. On the basis of these facts, antioxidant therapy by synthesized 
Zn(II) complex alone or in combination with other pharmacological strategies appears as 
the most reasonable treatment of oxidative stress induced several mental disorders like 
mental stress, trauma, and anxiety.
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ABSTRACT
Background: Clerodendrum infortunatum is a medicinal plant found 
especially in the Sub‑Himalayan regions of West Bengal. Various tribal 
communities of this region have been using these plants as a source 
of natural medicine. Objective: Medicinal values of C. infortunatum are 
well established, but the immunomodulatory properties have never been 
studied. Therefore, we wanted to investigate various immunomodulatory 
activities of this plant. Materials and Methods: Several parameters such 
as plaque‑forming cell assay, hemagglutination titer, phagocytic activity of 
macrophages, and inhibition of lipopolysaccharide (LPS) were performed. 
Moreover, effects of C. infortunatum on the weight of various organs and 
total serum protein, albumin, and globulin levels were also determined. The 
phytochemical fingerprints of C. infortunatum extracts were obtained from 
Fourier transform infrared and gas chromatography‑mass spectrometry 
analysis. Results: The macrophage stimulation and plaque‑forming 
cell numbers  (using sheep red blood cell as antigen) were significantly 
proliferated and found optimum at 100 and 250 mg/kg doses of leaf and 
root extracts simultaneously. The extent of stimulation in mural humoral 
immunity was in the order of leaf >  root > stem. The anti‑inflammatory 
activity of C. infortunatum was confirmed by the inhibition of LPS‑induced 
nitric oxide synthesis by macrophages. Conclusion: It can be concluded 
that 70% hydromethanolic extract of C. infortunatum has profound 
immunomodulation potentials in the murine model, stimulating both 
humoral and innate form of the immune system.
Key words: Clerodendrum infortunatum, Fourier transform infrared, gas 
chromatography‑mass spectrometry, immunomodulation, plant extract

SUMMARY
•  Clerodendrum infortunatum is used as traditional medicine to cure common 

ailments such as bronchitis, asthma, fever, blood infection, and inflammation
•  The macrophage stimulation and plaque‑forming cell numbers (using sheep 

red blood cell as antigen) were significantly proliferated and found optimum 
at 100 and 250 mg/kg doses of leaf and root extracts simultaneously

•  Our study revealed that the hemolytic activity of C. infortunatum is very 
negligible in case of all the extracts compared to standard Triton X and 
therefore may be considered safe from the hemolytic perspective

•  It can be concluded that 70% hydromethanolic extract of C. infortunatum 
has profound immunomodulation potentials in the murine model, stimulating 
both humoral and innate form of the immune system.

Abbreviations used: PFC: Plaque‑forming cell assay; 
HA titer: Hemagglutination titer; LPS: Lipopolysaccharide; FTIR: Fourier 
transform infrared; GC‑MS: Gas chromatography‑mass spectrometry; 
SDS: Sodium dodecyl sulfate; sRBC: Sheep red blood cell; 
PBS: Phosphate buffer saline; PC: Phagocytic capacity; PI: Phagocytic 
index; NaCl: Sodium chloride; CaCl2: Calcium chloride; NBT: Nitro blue 
tetrazolium; DMSO: Dimethyl sulfoxide; KOH: Potassium hydroxide; 
H2SO4: Sulfuric acid; HOCl: Hypochlorous acid; H2O2: Hydrogen peroxide; 
EDTA: Ethylenediaminetetraacetic acid.
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INTRODUCTION
Currently, there is a worldwide increase in diseases, especially the 
infectious disease. This requires a proportionate increase in body’s 
defense mechanisms to control the wrath through a process called 
immunomodulation. In developing nations, malnutrition and infectious 
diseases have always worked hand in hand. This remains a challenge 
as they compromise the body’s immune responses, especially in the 
affected individuals.[1] Effective immune responses typically involve 
antigen presentation, activation of T‑ and B‑lymphocytes, and secretion 
of immune effectors molecules such as antibodies and cytokines. Various 
tribal communities confined in different parts of India use medicinal 
plants for the treatment of several diseases. Even in ancient civilizations 
of Mesopotamia, Egypt, Greece, India, and China, the plant‑derived 

medicines were extensively consumed for the treatment of various 
inflammation and tumor.[2,3] Many immunomodulatory agents derived 
from plant products are used to either suppress or stimulate the immune 
responses of an organism against the antigens. In the rural areas of the 
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Sub‑Himalayan region, there are lots of tribal populations such as Munda, 
Oraon, Santhal, Rava, Gurkha, and Lepcha, who are suffering from 
malnutrition and various infectious diseases. These tribal populations do 
not fulfill their required amount of dietary supplement to have a proper 
defensive immune system. The allopathic medicines are obviously 
the first choice when it comes to counter any sort of infection. These 
allopathic drugs stimulate or suppress the immune functions rapidly 
but have many side effects. Moreover, these drugs are very expensive for 
the poor people. In distant places and rural areas, these drugs are not 
easily available, and in the most cases, they are associated with advance 
drug reactions. As a result, the majority of tribal populations turn to use 
alternative herbal medicine that is widely accepted, is easily available, 
and assumed to have fewer side effects.[4] In the present investigation, 
C. infortunatum Linn. is selected to ascertain its ethnopharmacological 
importance with scientific evidence. C. infortunatum Linn. is a shrub 
found abundantly in the Sub‑Himalayan regions of West Bengal and 
Sikkim provinces of India. This plant is used as traditional medicine 
to cure common ailments such as bronchitis, asthma, fever, blood 
infection, inflammation,[5] burning sensation, tuberculosis, and 
hepatoprotective.[6] It is also used as an antiepileptic in Indian folk 
medicine.[7,8] Conventionally, the Kuki and Rongmai Naga tribes found in 
Northeast India use this plant extract orally to cure fever, bowel troubles, 
and scorpion sting. In Sub‑Himalayan region of North Bengal, various 
tribal communities use fresh root bark as a remedy for diarrhea. Likewise, 
Kachari, Hmar, and Riang tribal communities of Barak Valley and North 
Cachar Hills use this plant to combat stomach pain and diabetes.[9] This 
plant is also used as a bandage in swelling[10] and vermifugation and in 
the treatment of malaria.[11] There are some bioactive compounds that 
were isolated from C. infortunatum such as β‑sitosterol, clerosterol, 
clerodolone, clerodone, and luperol, which have tremendous medicinal 
properties.[12,13] Since no extensive immunomodulatory study in animal 
model has been carried out yet with C. infortunatum crude extract, we 
have attempted to evaluate the stimulation of murine immune responses 
by C. infortunatum. Besides these, we have also done the phytochemical 
fingerprinting of C. infortunatum using gas chromatography‑mass 
spectrometry (GC‑MS) and Fourier transform infrared (FTIR) analysis 
to identify the bioactive compounds which stimulate or enhance the 
murine immune system.

MATERIALS AND METHODS
Plant material
C. infortunatum was collected between April and May 2016 from the 
medicinal plant garden of Department of Botany, University of North 
Bengal. The plant was identified by a plant taxonomist of Department of 
Botany, University of North Bengal. The specimen (Accession no. 9617) 
was deposited at the Herbarium of the same department.

Chemicals
All solvents and materials were obtained from HiMedia 
Laboratories Pvt. Ltd  (Mumbai, India), unless otherwise indicated. 
Lipopolysaccharide  (LPS), Freund’s incomplete adjuvant, and nystatin 
were procured from Sigma Aldrich, MO, USA. Sodium dodecyl 
sulfate  (SDS) was procured from Merck Specialties Pvt. Ltd, Mumbai, 
India, and phosphoric acid was obtained from Thomas Baker Chemicals 
Pvt. Ltd, Mumbai, India.

Preparation of plant extract
The fresh and disease‑free parts of the plant such as leaf, stem, and root 
were washed twice with double distilled water. After proper washing, leaf, 
stem, and root were separated and shade‑dried at room temperature for 
21 days. Dried parts were pulverized into fine powder using a mechanical 

grinder. The powdered samples  (10  g) were extracted in a Soxhlet 
apparatus using 70% methanol  (the ratio of plant material to solvent 
was 1:10  m/v) for 6–7  h. The extracts were then concentrated under 
reduced pressure and controlled temperature (40°C–50°C) using rotary 
evaporator (Buchi Rotavapor R‑3, Switzerland). After that, the extracts 
were further lyophilized using Eyela Freeze Dryer (FDU‑506, USA) to 
obtain dry powder and stored at −20°C until required. The yield of the 
extract was calculated following the formula:

−
= ×2 1

0

100W Wy
W

where W2: Weight of lyophilized extract and container, W1: Weight of 
container, and W0: Weight of the initial dried plant sample.

Animals and care
Both male and female Swiss albino mice of 6–8  weeks of age and 
25  ±  2 g body weight  (BW) were used for all the experiments. Mice 
were kept in polypropylene cages, with paddy husk as bedding material. 
The experimental mice were maintained in the animal house of the 
Department of Zoology, University of North Bengal, with sufficient 
food and water ad libitum under a constant 12‑h dark/light cycle at 
an environmental temperature of 25°C. Complement was collected 
from guinea pigs  (250 g) to perform plaque‑forming cell  (PFC) assay. 
Immunization was done using sheep red blood cell  (sRBC) which 
was preserved at the Departmental Animal House. Animal Ethical 
Committee  (Registration No.  840/ac/04/CPCSEA) was approved for 
performing all the in vivo experiments.

Immunomodulatory activity
Both in vivo and in vitro experiments were performed to investigate the 
immunomodulatory activities of C. infortunatum.

In vivo experiments
Acute toxicity test
Acute toxicity study of C. infortunatum was done according to the 
Organization for Economic Cooperation and Development guidelines 
(test 423: acute oral toxicity–acute toxic class method; 2002).[14] Mice were 
divided into six groups (n = 6) for leaf, stem, and root extracts and were 
made to fast overnight before the experiment. Hydromethanolic extract 
of C. infortunatum was administered orally at 1000 and 1500 mg/kg of 
BW dose and carefully observed for the development of any clinical or 
toxicological symptoms up to 48 h.

Dosage
Sixty Swiss albino mice were divided into ten groups (n = 6 per group) 
for in  vivo immunomodulatory study. All the extracts were received 
orally for 20 days to perform the in vivo experiments. Group I (normal) 
received normal saline. Groups  II, III, and IV  (experimental) received 
C. infortunatum leaf extract (CILE) 50, 100, and 250 mg/kg BW, respectively. 
Groups  V, VI, and VII  (experimental) received C. infortunatum stem 
extract (CISE) 50, 100, and 250 mg/kg BW, respectively, and Groups VIII, 
IX, and X (experimental) received C. infortunatum root extract (CIRE) 
50, 100, and 250 mg/kg BW, respectively.
To measure the body and organ weight and count the splenocyte 
and leukocyte at day 21, 24  h after the last dose, all the animals were 
sacrificed under a proper anesthetic condition, and relative organ 
weight (organ weight/100  g of BW) of the liver and spleen and the 
percentage BW gain/loss were measured. Single cell suspensions of the 
spleen  (prepared in RPMI containing 5% fetal bovine serum  [FBS]) 
and total leukocyte were prepared (using Leishman stain) to count the 
cellularity by hemocytometer.[15]
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Plaque‑forming cell assay
The PFC assay, the key experiment to determine the effect of 
immunomodulation, was performed according to the standard method 
with slight modifications.[16] Mice were immunized with sRBC at day 17, 
and on the 4th day, all the mice were sacrificed under proper anesthesia. 
A single cell suspension of the spleen was prepared in phosphate buffer 
saline (PBS) and cells were adjusted to a concentration of 106 cells/ml. 
0.1 ml cell suspension was mixed with 0.05 ml guinea pig complement 
and 0.05 ml of 25% sRBC. Glass slide and bi‑gummed tape (Scotch Brand, 
St. Paul, MN) were used to prepare the Cunningham chambers.[16,17] 
Then, the prepared samples were placed in the chambers and sealed with 
paraffin and petroleum jelly (1:1). After incubation for 4 h at 37°C, the 
plaques were counted under a phase‑contrast microscope.

Estimation of total immunoglobulin M
The blood sample was collected from the immunized mice. The collected 
blood sample was kept at room temperature for 30 min for the separation 
of serum. After separation, straw‑colored serum was isolated using 
centrifugation at 1000  rpm for 5 min. The isolated serum was diluted 
10,000‑fold for the estimation of immunoglobulin M  (IgM) level 
using commercially available kit (MyBiosource, USA) according to the 
manufacturer’s instruction.

Hemagglutination titer assay
Hemagglutination  (HA) titer assay was performed according to the 
standard method with slight alterations.[17] Serum was collected from 
the blood on the 4th day of immunization with sRBC. After that, serum 
was kept in a water bath at 56°C for 45  min for the inactivation of 
complement activity. Khan tubes were used for the determination of HA 
titer. Serum (0.1 ml) and PBS (0.9 ml) were added to the first Khan tube. 
In the remaining Khan tubes, 0.5  ml of PBS was added. Then, 0.5  ml 
of mixture was added to the second Khan tube from the first one and 
0.5 ml of the mixture was simultaneously added to the third tube from 
the second one. In the same manner, eight such dilutions were prepared 
as double‑fold dilution; 0.5 ml 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. 0.1 ml of 10% sRBC was added to each tube. 
Then, all the Khan tubes were incubated at 37°C for 12 h in a humidified 
atmosphere, and after incubation, visible HA was observed and the 
degree of agglutination was also noted.

Counting of peritoneal macrophages
The peritoneal macrophages were enumerated according to the standard 
protocol.[18] 0.5 ml of Freund’s incomplete adjuvant was injected in the 
peritoneum, 1 day before the experiment at day 20, to count the peritoneal 
macrophages. The peritoneal exudates were collected by washing the 
peritoneum with PBS. The peritoneal exudate cells were collected after a 
spin for 5 min at 1000 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 37°C in a Petri dish. After incubation, the 
Petri dish was washed with 2% ethylenediaminetetraacetic acid in chilled 
PBS and centrifuged for 5  min at 1000  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 hemocytometer 
under the phase‑contrast microscope.

Assessment of phagocytic activity of macrophages
Stimulation of phagocytic activity of macrophages was performed 
according to a standard method with little modifications.[19] The 
procedure of macrophage collection was described previously. After 
the collection of macrophages from the C. infortunatum‑treated 
mice (50 mg/kg BW, 100 mg/kg BW, and 250 mg/kg BW, respectively 

for 20 days), the 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 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 a glass slide and stained 
with Wright–Giemsa. The stained slide was observed and 500  cells 
were counted under a 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.

Estimation of total serum protein, albumin, and globulin
Serum was collected on the 21st day from the tail vein of a mouse for the 
estimation of protein, albumin, and globulin. Commercially available 
kits  (Crest Biosystems, India) were used to determine the total serum 
protein, albumin, and globulin.

In vitro experiments
Hemolytic assay
Blood samples were collected from Swiss albino mice (25 ± 2 g) followed 
by three times washing of blood cells with 20 mM Tris‑HCl containing 
144 mM NaCl (pH 7.4). Two percent erythrocyte suspension was prepared 
for hemolytic assay.[20] The experiment was done in a 96‑well plate, and 
100 μl of 0.85% NaCl solution containing 10 mM CaCl2 was added in 
each well. The first well containing the solvent alone served as control, 
and from the second well onward, 100 μl of plant extract was added 
with various concentrations  (0–200  μg/ml). Triton X (0–200  μg/ml) 
was added to the last well which served as positive control. Thereafter, 
2% erythrocyte suspension was added in each well and incubated at 
room temperature for 30  min. After incubation, the suspension was 
centrifuged and the supernatant was collected. Then, the supernatant 
was used to measure the absorbance of liberated hemoglobin at 540 nm. 
The hemolytic activity was calculated using the following formula:

Percentage of hemolytic activity = ×0 1 100
H H

where H0 is the absorbance of the blank and H1 is the absorbance of 
sample and standard (Triton X).

In vitro cell adhesion assay
Cell adhesion assay was performed according to the standard method 
with slight modifications.[21] 0.5  ml Freund’s incomplete adjuvant was 
injected intraperitoneally 1 day before 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 exudate cells 
were collected and centrifuged at 1000  rpm at 4°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 × 106 cells/ml and seeded in 96‑well plate with different concentrations 
of 0–200 μg/ml of C. infortunatum extract. Then, the total experimental 
setup was incubated for 60  min, and after incubation, the 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 37°C 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:
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Percentage increase of adherence = 
−

×0 1

0

100
A A

A

where A0 = absorbance of the control (cells without treated plant extract) 
and A1 = absorbance of the test sample.

Respiratory burst activity
The assay was performed according to the standard protocol with 
some modifications.[22] Murine peritoneal macrophages were collected 
in RPMI‑1640 as previously described and seeded into 96‑well 
plate. The plate was precoated with 0.2% poly‑L‑lysine along with 
various concentrations  (0–200 μg/ml) of C. infortunatum 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 
room temperature (RT). The 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 dimethyl sulfoxide and the absorbance was immediately 
taken at 630 nm.

Myeloperoxidase release assay
The assay was performed according to the standard protocol with slight 
modifications.[23] Murine peritoneal macrophages (2 × 106 cells/ml) were 
seeded into 96‑well culture plate. To this, 100  ng/ml LPS and varying 
concentrations (0–200 μg/ml) of the plant extracts were added. The cells 
were then incubated at 37°C under a humidified condition for 60 min, 
and after incubation, the solutions from each well were centrifuged 
at 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 the 
supernatant (100 μl) collected from each group was 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.

Inhibition of lipopolysaccharide-induced nitric 
oxide production
Inhibition of nitric oxide  (NO) production was done according to the 
standard methods with slight modification.[24] Griess reagent method 
was applied to estimate the NO level. Macrophage was collected 
intraperitoneally by the method as described previously. 200 μl of 
cell suspension  (2  ×  106  cells/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 
that, the total reaction mixture was incubated for 24 h under 5% CO2 in 
humidified atmosphere of 90% air at 37°C temperature. After incubation, 
centrifugation was done at 5000 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 NO level was 
measured using the following formula:

Percentage inhibition of NO level = 
−

×0 1

0

100
A A

A
where A0 = absorbance of the control (cells without treated plant extract) 
and A1 = absorbance of the test sample.

Fourier transform infrared analysis
The characteristic of functional groups in leaf, stem, and root of 
C. infortunatum was identified by using FTIR spectrophotometer. 10 mg 
of plant extracts of leaf or stem or root was taken in CaF2 vessel and 
placed in a sample cup of a diffuse reflectance accessory. Shimadzu 
8300 FTIR spectrophotometer was used to identify the functional 
group available in the extracts. The leaf, stem, and root extracts of 
C. infortunatum were scanned from 400 to 4000 cm−1 for 16  times to 
increase the signal‑to‑noise ratio.

Gas chromatography-mass spectrometry analysis
C. infortunatum extract was mixed with 5  ml n‑hexane. Then, 
the mixture was incubated for 2  days at 4°C with occasional 
shaking and centrifuged at 15,000  rpm for 20  min at 25°C. 
The resultant supernatants were collected and filtrated using 
Whatman filter paper no.  1. Then, the supernatant  (200 
μl) was mixed with 20 μl of N, O‑bis  (trimethylsilyl) 
trifluoroacetamide  +  trimethylchlorosilane  (99:1  v/v) mixture 
and incubated 60  min at laboratory temperature with occasional 
shaking.
Thereafter, C. infortunatum extract was analyzed using Thermo Scientific 
Trace 1300 gas chromatography instrument attached with Thermo 
Scientific ISQ QD single quadrupole mass spectrophotometer. The GC 
was equipped with TG‑5MS column (30 m × 0.25 mm × 0.25 μm). The 
inlet temperature was maintained at 250°C and the initial temperature 
of the program was set at 60°C  (solvent delay 5  min) with a hold of 
4  min, followed by a ramp of 5°C to 290°C with a hold of 10  min 
(60‑min program). Samples of leaf, stem, and root extract of 
C. infortunatum (1 μl) were injected in a splitless mode  (split flow 
50 ml/min) with a splitless time of 0.80 min, using a Thermo Scientific 
AI‑1310 auto‑sampler with a constant flow of helium gas (1 ml/min). 
MS 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: 2.21e‑0.5 Torr) and 
the mass analyzer range was set to 50–650 amu for better performance. 
All the plant extracts  (leaf, stem, and root) were analyzed thrice for 
confirmation of the result.

Statistical analysis
All data have been reported as mean  ±  standard deviation of six 
measurements. KyPlot version 2.0 beta 15 (32 bit) and Graph Pad Prism 
version  7.03 were used for statistical analysis. One‑way analysis of 
variance with Dunnett’s test was used to analyze the data.

RESULTS
Acute toxicity study
In the acute toxicity study, no sign of mortality of mice was observed 
following the concentration from 0 to 1500 mg of leaf, stem, and root 
extract of C. infortunatum/kg BW. Hence, 50 mg/kg BW, 100 mg/kg BW, 
and 250  mg/kg BW were selected for the in  vivo immunomodulatory 
experiments.

Effect of plant extract on body weight, organs’ 
weight, cellularity, and leukocyte count
Effect of various doses of C. infortunatum extracts in different organs 
on the basis of weight is shown in Table  1. No significant changes in 
terms of increase or decrease in the BW, liver weight, and spleen weight 
were observed in mice that were fed with leaf, stem, and root extract for 
20 days when compared with their respective control groups.
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Assessment plaque-forming cell assay and 
hemagglutination titer
The potentiality of C. infortunatum extract to modulate the humoral 
immune response is presented in Figure 1d. The most poignant increase 
in PFC value was found at 250 mg/kg BW dose compared to the control 
in case of all the extracts. Results of the HA titer [Table 2] showed the 
highest visible agglutination at the 100  mg/kg dose, followed by 250 
and 50 mg/kg dose in case of CILE, and 250 mg/kg followed by 100 and 
50 mg/kg BW in case of CISE and CIRE when compared to the control.

Immunoglobulin M level
In vivo IgM level is displayed in Table 2 and Figure 2a. The IgM level 
at 0  mg/kg  (control) was 0.33  ±  0.02  mg/ml. At 250  mg/kg, the level 

of IgM for CILE, CISE, and CIRE was 0.62  ±  0.02, 0.38  ±  0.01, and 
0.40 ± 0.02 mg/ml, respectively. The dose‑dependent correlation between 
PFC value and IgM level demonstrated high correlation between two 
interrelated parameters. The coefficient of determination  (R2) of PFC 
and IgM correlation for CILE, CISE, and CIRE was 0.8468, 0.8223, and 
0.9769, respectively [Figure 2b‑d].

Counting of peritoneal macrophage
Peritoneal macrophages elevated with the increase in the dose of leaf, 
stem, and root extract of C. infortunatum, supporting stimulation of 
murine immune response  [Table  3]. The most significant increase 
of the macrophage population was found at the dose of 50, 100, and 
250 mg/kg BW in case of CILE and 250 mg/kg BW in case of CISE and 
CIRE, respectively, when compared with control groups.

Table 1: Effect of different doses of Clerodendrum infortunatum leaf extract, Clerodendrum infortunatum stem extract and Clerodendrum infortunatum root 
extract on liver, spleen, and body weights of mice after 20 days along with the phagocytic index of stimulation of phagocytosis assay

Dose (mg/kg) Body weight Liver weight Spleen weight PI of yeast cell phagocytosis
Control (0) 25.64±0.52 4.66±0.27 0.53±0.05 62.95±4.18
50 25.96±0.83 NS 5.06±0.07 NS 0.59±0.02 NS 72.06±3.57 NS
CILE

100 25.62±1.00 NS 4.42±0.48 NS 0.46±0.03 NS 79.02±2.55*
250 25.77±0.26 NS 4.90±0.16 NS 0.48±0.03 NS 85.37±3.86*
50 25.97±0.56 NS 4.73±0.24 NS 0.54±0.04 NS 66.23±3.14 NS

CISE
100 25.82±0.28* 4.99±0.30 NS 0.62±0.04 NS 70.61±2.46 NS
250 25.78±0.34 NS 5.59±0.26 NS 0.62±0.01 NS 74.17±2.25 NS
50 25.28±0.61 NS 5.51±0.22* 0.52±0.02 NS 69.08±2.27*

CIRE
100 25.94±0.37 NS 5.17±0.52 NS 0.58±0.01 NS 73.98±1.75 NS
250 26.23±0.39 NS 5.08±0.29 NS 0.63±0.03 NS 81.81±2.17*

*P≤0.05. CILE: Clerodendrum infortunatum leaf extract, CISE: Clerodendrum infortunatum stem extract, CIRE: Clerodendrum infortunatum root extract; PI: 
Phagocytic index, NS: Nonsignificant

Figure  1:  (a) Hemolytic activity,  (b) in  vitro cell adhesion assay,  (c) inhibition of lipopolysaccharide-induced nitric oxide production,  (d) plaque-forming 
cells assay. The value represents mean ± standard deviation of six sets of experiments. αP ≤ 0.05, βP ≤ 0.01, γP ≤ 0.001; when compared with control and 
standard (in case of hemolytic activity). NS: Nonsignificant; SD: Standard deviation
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Stimulation of the degree of phagocytic activity of 
macrophages
The effect of CILE, CISE, and CIRE on the PC of murine peritoneal 
macrophage is illustrated in Figure 3a and b. The PC was measured by 
the mean percentage of macrophages engulfing >4 yeast cells. Among the 
three extracts, only CILE demonstrated significant increase (P < 0.01) in 
PC at 250 mg/kg dose as compared to 0 mg/kg dose (control group). In 
case of CILE, the PC at 0 mg/kg (control) was 12.66% ± 1.53% which 
was increased to 30.66% ± 2.52% at 250  mg/kg. In case of CIRE, the 
PC was 17.00% ± 2.00% at the highest dose. In case of CISE, the PC 
was 17.66% ± 2.09% at the highest dose. Figure  3b demonstrates the 
PI of CILE, CISE, and CIRE. The PI was calculated by multiplying 
the percentage of yeast‑ingesting macrophages with the number of 
yeast‑ingested per macrophages. Compared to 0 mg/kg (control group), 
the PI of CILE and CIRE was significant (P < 0.05) at 250 mg/kg dose. 
At the highest dose, the PI of C. infortunatum leaf extract (CILE) and C. 
infortunatum root extract (CIRE) was 162.66 ± 6.80 and 103.67 ± 11.06, 
respectively.

Determination of total protein, albumin, and 
globulin levels in serum
Total serum protein, albumin, and globulin levels poignantly 
increased with the increment in the doses of various extracts of 
C. infortunatum [Table 3]. The protein level was significantly increased 
at 100 mg/kg and 250 mg/kg BW in case of CILE and CIRE extracts and 
250 mg/kg BW in case of CISE. The protein level is significantly elevated 
at 250 mg/kg BW in case of CISE.

Hemolytic activity
The hemolytic activity of C. infortunatum on murine erythrocytes 
was negligible when compared to the standard Triton X, as presented 
in Figure 1a. The percent of hemolysis increased in a dose‑dependent 
manner in case of all the three plant part extracts.

In vitro cell adhesion assay
Adherence property of macrophages increased in a dose‑dependent 
manner with the increase in C. infortunatum extract 
concentration  [Figure  1b]. Impressive result was observed with every 
dose of all extracts.

Respiratory burst assay
An increase in absorbance signifies increased respiratory burst 
activity [Figure 3c]. Significance increases in absorbance were observed 
at highest dose  (200 μg/ml) in case of CILE, CISE, and CIRE when 
compared with control group (0 μg/ml).

Myeloperoxidase release assay
Significant  (P  <  0.001) myeloperoxidase  (MPO)‑reducing 
capacity  [Figure 3d] was observed in case of CILE, CISE, and CIRE. 
At 200 μg/ml, the amount of reduction of MPO for CILE, CISE, and 
CIRE was 18.59% ± 0.66%, 12.07% ± 0.75%, and 14.76% ± 0.71%, 
respectively.

Inhibition of lipopolysaccharide-induced nitric 
oxide production
The inhibition of NO production from LPS‑stimulated 
macrophage by C. infortunatum extracts is represented in 
Figure 1c. The inhibition of NO is increased in a dose‑dependent 
manner for all extracts. The plant extract showed a significant NO Ta

bl
e 

2:
 T

he
 im

m
un

om
od

ul
at

or
y 

eff
ec

t o
f C

le
ro

de
nd

ru
m

 in
fo

rt
un

at
um

 le
af

 e
xt

ra
ct

, C
le

ro
de

nd
ru

m
 in

fo
rt

un
at

um
 s

te
m

 e
xt

ra
ct

, C
le

ro
de

nd
ru

m
 in

fo
rt

un
at

um
 ro

ot
 e

xt
ra

ct
 b

y 
pl

aq
ue

-fo
rm

in
g 

ce
ll 

as
sa

y,
 

im
m

un
og

lo
bu

lin
 M

 le
ve

ls
, a

nd
 h

em
ag

gl
ut

in
at

io
n 

tit
er

 a
ss

ay

D
os

es
Co

nt
ro

l
CI

LE
CI

SE
CI

RE

0 
m

g/
kg

50
 m

g/
kg

10
0 

m
g/

kg
25

0 
m

g/
kg

50
 m

g/
kg

10
0 

m
g/

kg
25

0 
m

g/
kg

50
 m

g/
kg

10
0 

m
g/

kg
25

0 
m

g/
kg

PF
C

49
7.

77
±2

4.
28

52
1.

10
±2

4.
28

60
2.

77
±4

8.
57

76
6.

11
±7

5.
90

51
7.

22
±6

4.
25

56
7.

77
±1

08
.4

0
71

9.
44

±5
8.

71
51

3.
32

±8
8.

08
58

3.
33

±3
0.

86
75

0.
55

±7
7.

67
Ig

M
0.

33
±0

.0
2

0.
44

±0
.0

2
0.

53
±0

.0
2

0.
62

±0
.0

2
0.

34
±0

.0
1

0.
37

±0
.0

1
0.

38
±0

.0
1

0.
33

±0
.0

1
0.

34
±0

.0
1

0.
40

±0
.0

2
H

A
 ti

tr
e

1:
40

1:
40

1:
16

0
1:

80
1:

40
1:

80
1:

16
0

1:
40

1:
80

1:
16

0
PF

C
: P

la
qu

e 
fo

rm
in

g 
ce

ll;
 Ig

M
: I

m
m

un
og

lo
bu

lin
 M

; H
A

: H
em

ag
gl

ut
in

at
io

n;
 C

IL
E:

 C
ler

od
en

dr
um

 in
fo

rt
un

at
um

 le
af

; C
IS

E:
 C

ler
od

en
dr

um
 in

fo
rt

un
at

um
 st

em
 e

xt
ra

ct
; C

IR
E:

 C
ler

od
en

dr
um

 in
fo

rt
un

at
um

 ro
ot

 e
xt

ra
ct

; 



SOMIT DUTTA, et al.: Immunomodulatory Activity of Clerodendrum infortunatum

Pharmacognosy Magazine, Volume 14, Issue 57, July-September 2018 (Supplement 2) S423

suppression capacity for each dose. At the highest concentration 
of 250  mg/kg BW, the percentage of inhibition was 59.25% ± 
3.26% and 50.33% ± 2.27% by leaf and root, respectively, which 
is very convincing.

Fourier transform infrared analysis
The IR spectrum [Figure 4 and Table 4] of the leaf, stem, and root extract 
displayed different peaks corresponding to different functional groups 
present in C. infortunatum.

Gas chromatography-mass spectrometry analysis
Automated Mass Spectral Deconvolution and Identification System 
version 2.70 was used for MS data analyses. Mass fragmentation patterns 
using the database of National Institute Standard and Technology with 
an MS‑Library Version 2011 were used for the identification of major 
and essential compounds. The identified several bioactive compounds 
from the leaf, stem, and root of C. infortunatum have diverse chemical 
nature; many of them possess distinct and definitive pharmacological 
activities [Table 5 and Figure 5].

Table 3: Effect of different doses of Clerodendrum infortunatum leaf extract, Clerodendrum infortunatum stem extract, Clerodendrum infortunatum stem extract 
and Clerodendrum infortunatum root extract on total serum protein, albumin, and globulin levels; splenocyte, leukocyte, and macrophage count after 20 days 
treatment

Doses mg/kg BW Proteina Albumina Globulina Spleenocyteb Leukocytc Macrophageb

Control (0) 6.77±0.53 2.95±0.05 2.49±1.82 422.51±11.93 12395.36±135.87 16.00±0.50
50 8.06±0.39 NS 3.66±0.04** 4.39±0.39 NS 443.85±10.68 NS 12863.90±0.96* 16.97±0.40**
CILE

100 8.51±0.20* 3.98±0.47 NS 4.53±0.40 NS 460.61±7.38* 13558.90±184.79** 18.64±0.24**
250 9.65±0.30** 4.20±1.34 NS 5.44±1.62 NS 476.6±5.35* 14591.42±116.53*** 20.57±0.35**
50 6.97±0.27 NS 3.31±0.21 NS 3.66±0.44 NS 425.65±7.10 NS 12567.79±110.94 NS 16.08±0.76 NS

CISE
100 7.22±0.20 NS 3.43±0.52 NS 3.77±0.60 NS 432.72±6.45 NS 13035.80±188.33* 16.813±0.16 NS
250 8.35±0.30* 3.96±0.72 NS 4.38±1.02 NS 453.91±4.65* 13700.85±164.64** 17.706±0.22**
50 6.77±0.37 NS 3.41±0.11 NS 3.36±0.26 NS 433.84±10.70 NS 12654.66±145.51 NS 16.79±0.47 NS

CIRE
100 8.21±0.22* 3.73±0.44 NS 4.48±0.41 NS 450.61±7.42* 13604.36±238.53* 17.66±0.20 NS
250 9.31±0.09* 4.20±0.32* 5.11±0.41 NS 466.36±5.00* 14597.5±258.04* 18.99±0.30**

aAmount in g/dl, bMean±SD×106 cells per ml, cMean±SD cells/mm3. *P≤0.05, **P≤0.01, ***P≤0.001; when compared with control. NS: Non significant, 
CILE: Clerodendrum infortunatum leaf extract, CISE: Clerodendrum infortunatum stem extract, CIRE: Clerodendrum infortunatum root extract; BW: Body weight; 
SD: Standard deviation

Figure  2:  (a) Immunoglobulin M levels and linear correlation between  (b) immunoglobulin M level and plaque-forming cell value of Clerodendrum 
infortunatum leaf extract, (c) immunoglobulin M level and plaque-forming cell value of Clerodendrum infortunatum stem extract (d) immunoglobulin M level 
and plaque-forming cell value of Clerodendrum infortunatum root extract. Where R2: Coefficient of determination; NS: Nonsignificant; αP ≤ 0.05, βP ≤ 0.01, 
γP ≤ 0.001; when compared with control
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DISCUSSION
Most of the multicellular living organisms possess immune system. The 
immune system works either through the humoral pathway or by the 
cell‑mediated pathway to destroy the foreign materials and causative agents 
of many diseases. The 70% hydromethanolic extracts of C. infortunatum 
have been investigated to possess immense immunomodulatory 
activities. Hydromethanolic extracts of C. infortunatum were chosen 
as the sample material, because in ethnopharmacology and traditional 
system, medicines are prepared mostly in polar solvents and many 
ethnopharmacological medicines are actually tinctures prepared by 
hydroalcoholic solvent extraction processes. Immunomodulatory 
evaluation of CILE, CISE, and CIRE was performed using both in vivo 
and in vitro methods. Although the immunomodulatory potentialities of 
C. infortunatum have been claimed in the traditional medicinal systems, 
very few studies were performed to evaluate such claim. The BW and 
organ weight changes are one of the most crucial and sensitive indicators 
of an animal’s health status, and it is widely accepted in the evaluation 
of test article‑associated toxicities.[25] In the present study, no significant 
loss of BW and organ weight was observed supporting nontoxicity of 
C. infortunatum. 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.[26] sRBC 
is a particulate T‑cell‑dependent natural antigen which activates T‑cell 
to induce activation of enough B‑cells in whole splenocyte population 
and evokes IgM‑mediated immune response at higher multitude 
followed by the complement‑mediated lysis of sRBC. IgM binds guinea 
pig complement more efficiently; thus, the PFC value is influenced by 
the generation of IgM level. sRBC‑mediated antibody response is also 
routinely used in immunotoxicological studies.[27,28] In the present study, 
only CILE and CIRE 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 and IgM value of 
CILE and CIRE at 250 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).[26] HA titer assay is one of the key experiments 
to establish the immunomodulatory potential of C. infortunatum. 
Differentiation and proliferation of B‑cells into antibody‑secreting 
plasma cells were done by the interaction of naive B‑cells with foreign 
antigens followed by the antibody binding to neutralize the antigen. Thus, 
a cross‑linking latex was formed which was ingested by the phagocytic 
cells.[29] As the serum of the immunized mice contained antibody against 
sRBC, agglutination was visible. It was observed that leaf, stem, and root 
extracts of C. infortunatum exhibited optimum dose for the humoral 
antibody titer. Counting of peritoneal macrophages is another important 
parameter that could help in assessing the immunomodulatory activity 
of C. infortunatum. Macrophages are the important cells that control the 
cell‑mediated and humoral immunity as antigen presenting cells engulf 
lead to digestion of cellular debris, foreign substances, microbes, and 
cancer cells in a process called phagocytosis.[29] Activation of macrophages 
may be responsible for immunostimulation. A significant increase in the 
number of peritoneal macrophages in case of C. infortunatum‑treated 
mice, therefore, represents its immunomodulatory activity. The increase 
of PI of yeast cell in a dose‑dependent manner in case of all the extracts 
demonstrated that C. infortunatum consumption had a significant effect 
on the phagocytic potential of the macrophages which stimulated the 
innate immunity as well.
Our present study showed the adherence property of the murine 
macrophages increased in a dose‑dependent manner and is highest at 
250 mg/kg BW in case of leaf extract, and this improvement might be 
primarily caused due to the increase in the expression of cell adhesion 
receptors such as integrin and mucin‑like molecules. NO is released 
from macrophage as the primary effector molecule for inflammatory and 
cytotoxic activity. The release of NO can be used as a marker of macrophage 

Figure 3: (a) Phagocytic capacity, (b) phagocytic index of murine peritoneal exudate macrophages, (c) respiratory burst activity of murine peritoneal exudate 
macrophages, (d) percentage of myeloperoxidase reduction in murine peritoneal macrophages. The value represents mean ± standard deviation of six sets 
of experiments. αP ≤ 0.05, βP ≤ 0.01, γP ≤ 0.001; when compared with control

dc

ba
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Table 5: Chemical fingerprints of Clerodendrum infortunatum revealed by gas 
chromatography-mass spectrometry analyses

Compound name Molecular 
weight†

Formula RT

CILE
Lactic acid, bis‑TMS 234 C9H22O3Si2 9.45
2‑Methyl‑4‑pentenoic acid, 
trimethylsilyl ester

186 C9H18O2Si 9.79

Propane‑1,2‑diol, di‑TMS 220 C9H24O2Si2 13.24
4‑Hydroxybutyric 
acid, (2TMS)

248 C10H24O3Si2 14.35

Phosphoric acid, tris‑TMS 314 C9H27O4PSi3 15.64
Succinic acid (2TMS) 262 C10H22O4Si2 16.47
(4‑Allyl‑2‑methoxyphenoxy) 
trimethylsilane

236 C13H20O2Si 20.29

Malic acid (3TMS) 350 C13H30O5Si3 20.19
Tetradecane, 
2,6,10‑trimethyl‑

240 C17H36 22.03

Dodecanoic acid, 
1‑methylethyl ester

242 C15H30O2 24.03

Octanedioic acid, 
bis (trimethylsilyl) ester

318 C14H30O4Si2 25.81

Azelaic acid, bis‑TMS 332 C15H32O4Si2 27.91
Tetradecanoic acid, TMS 300 C17H36O2Si 28.87
n‑Pentanoic acid, 
trimethylsilyl ester

314 C18H38O2Si 30.84

Palmitelaidic acid, 
trimethylsilyl ester

326 C19H38O2Si 32.23

Hexadecanoic acid, 
trimethylsilyl ester

328 C19H40O2Si 32.74

Heptadecanoic acid, TMS 342 C20H42O2Si 34.51
Linoleic acid, TMS 352 C21H40O2Si 35.70
α‑Linolenic acid, TMS 350 C21H38O2Si 35.82
Stearic acid, trimethylsilyl 
ester

356 C21H44O2Si 36.26

Eicosanoic acid, trimethylsilyl 
ester

384 C23H48O2Si 39.50

Docosanoic acid, 
trimethylsilyl ester

412 C25H52O2Si 42.51

Squalene 420 C30H50 45.20
Tetracosanoic acid, 
trimethylsilyl ester

440 C27H56O2Si 45.32

Heptacosane 380 C27H56 48.73
(+)‑α‑Tocopherol, 
O‑trimethylsilyl‑

502 C32H58O2Si 49.58

Stigmasteroltrimethylsilyl 
ether

484 C32H56OSi 52.04

CISE
Propanoic acid, 2‑oxo‑, 
trimethylsilyl ester

160 C6H12O3Si 5.25

2‑Pyrrolidinone, 1‑methyl‑ 99 C5H9NO 8.81
Propionic acid, 
2‑(trimethylsiloxy)‑, 
trimethylsilyl ester

234 C9H22O3Si2 9.52

Hexanoic acid, trimethylsilyl 
ester

188 C9H20O2Si 9.70

Acetic 
acid, (trimethylsiloxy)‑, 
trimethylsilyl ester

220 C8H20O3Si2 9.90

1‑Trimethylsilyloxy‑n‑octene 200 C11H24OSi 10.04
Pentanoic acid, 2‑oxo‑, 
trimethylsilyl ester

188 C8H16O3Si 11.84

β‑Hydroxybutyric 
acid (2TMS)

248 C10H24O3Si2 12.29

Tetradecane 198 C14H30 15.91
Succinic acid (2TMS) 262 C10H22O4Si2 16.48

Contd...

Table 4: Fourier transform infrared spectroscopy peak values of Clerodendrum 
infortunatum

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 

bands1542.31
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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Table 5: Contd...

Compound name Molecular 
weight†

Formula RT

Glyceric acid, (3TMS) 322 C12H30O4Si3 17.15
4‑Isopropylphenol, 
trimethylsilyl ether

208 C12H20OSi 17.24

Fumaric acid, bis‑TMS ester 260 C10H20O4Si2 17.35
Nonanoic acid, trimethylsilyl 
ester

230 C12H26O2Si 17.59

Glutaric acid (2TMS) 276 C11H24O4Si2 18.85
(4‑Allyl‑2‑methoxyphenoxy) 
trimethylsilane

236 C13H20O2Si 20.29

Malic acid (3TMS) 350 C13H30O5Si3 21.24
Adipic acid, 
bis (trimethylsilyl) ester

290 C12H26O4Si2 21.40

Hexadecane, 
2,6,11,15‑tetramethyl‑

282 C20H42 22.04

Isopropyl laurate 242 C15H30O2 24.04
Dodecanoic acid, 
trimethylsilyl ester

272 C15H32O2Si 24.68

Suberic acid (2TMS) 318 C14H30O4Si2 25.81
L‑(+)‑Tartaric acid, 
bis (trimethylsilyl) ether, 
bis (trimethylsilyl) ester

438 C16H38O6Si4 27.31

Tetradecanoic acid, TMS 300 C17H36O2Si 28.89
Pentadecanoic acid, TMS 
ester

314 C18H38O2Si 30.84

Eicosane, 2‑methyl‑ 296 C21H44 31.17
cis‑9‑Hexadecenoic acid, 
trimethylsilyl ester

326 C19H38O2Si 32.24

Palmitic acid, trimethylsilyl 
ester

328 C19H40O2Si 32.77

Heptadecanoic acid, TMS 342 C20H42O2Si 33.43
tert‑Hexadecanethiol 258 C16H34S 33.64
Heptadecanoic acid, 
trimethylsilyl ester

342 C20H42O2Si 34.52

Linoleic acid trimethylsilyl 
ester

352 C21H40O2Si 35.43

Oleic acid, trimethylsilyl ester 354 C21H42O2Si 35.51
Stearic acid, trimethylsilyl 
ester

256 C21H44O2Si 36.31

Nonadecanoic acid, 
trimethylsilyl ester

370 C22H46O2Si 37.91

Eicosanoic acid, trimethylsilyl 
ester

384 C23H48O2Si 39.50

Behenic acid, trimethylsilyl 
ester

412 C25H52O2Si 42.52

Squalene 410 C30H50 45.21
Tetracosanoic acid, 
trimethylsilyl ester

440 C27H56O2Si 45.33

(+)‑α‑Tocopherol, 
O‑trimethylsilyl‑

502 C32H58O2Si 49.58

Cholesterol trimethylsilyl 
ether

458 C30H54OSi 49.75

Stigmasteroltrimethylsilyl 
ether

484 C32H56OSi 52.09

CIRE
Propanoic acid, 2‑oxo‑, 
trimethylsilyl ester

160 C6H12O3Si 5.37

2‑Pyrrolidinone, 1‑methyl‑ 99 C5H9NO 8.85
Lactic acid, bis‑TMS 234 C9H22O3Si2 9.55
Hexanoic acid, trimethylsilyl 
ester

188 C9H20O2Si 9.73

Acetic acid, [(trimethylsilyl) 
oxy]‑, trimethylsilyl ester

220 C8H20O3Si2 9.94

2‑Ethylhexanoic acid, 
trimethylsilyl ester

216 C11H24O2Si 12.31

activation.[30] NO reacts with free radical superoxide and forms 
peroxynitrite which stimulates the production of prostaglandins, a potent 
mediator of inflammatory conditions.[31] There are various disorders such 
as multiple sclerosis, arthritis, juvenile diabetes, and ulcerative colitis, 
which is associated with the release of NO[32] and the NO inhibitory effects 
of plant materials which directly correlated with their anti‑inflammatory Contd...

Table 5: Contd...

Compound name Molecular 
weight†

Formula RT

Butane, 
1,2,3‑tris (trimethylsiloxy)‑

322 C13H34O3Si3 13.27

Benzaldehyde, 2,5‑dimethyl‑ 134 C9H10O 13.66
Caprolactam 113 C6H11NO 14.45
Phosphoric acid, tris‑TMS 314 C9H27O4PSi3 15.66
2‑Isopropyl‑5‑methyl‑ 
1‑heptanol

172 C11H24O 16.10

Succinic acid (2TMS) 262 C10H22O4Si2 16.48
Fumaric acid, 
bis (trimethylsilyl) ester

260 C10H20O4Si2 17.35

Nonanoic acid, trimethylsilyl 
ester

230 C12H26O2Si 17.60

Tetradecane 198 C14H30 18.54
(4‑Allyl‑2‑methoxyphenoxy) 
trimethylsilane

236 C13H20O2Si 20.29

1‑Hexadecanol, 2‑methyl‑ 256 C17H36O 20.40
Malic acid (3TMS) 350 C13H30O5Si3 21.20
Phenol, 
2,4‑bis (1,1‑dimethylethyl)‑

206 C14H22O 21.38

Hexadecane, 
2,6,11,15‑tetramethyl‑

282 C20H42 22.04

1‑Dodecanol, O‑TMS 258 C15H34OSi 22.77
Hexadecane 226 C16H34 23.41
Dodecanoic acid, 
1‑methylethyl ester

242 C15H30O2 23.04

Dodecanoic acid, 
trimethylsilyl ester

272 C15H32O2Si 24.68

Dodecyl acrylate 240 C15H28O2 25.53
Nonadecane 268 C19H40 25.26
Suberic acid (2TMS) 318 C14H30O4Si2 25.81
L‑(+)‑Tartaric acid, 
bis (trimethylsilyl) ether, 
bis (trimethylsilyl) ester

438 C16H38O6Si4 27.31

Azelaic acid, bis‑TMS 332 C15H32O4Si2 27.92
Tetradecanoic acid, 
trimethylsilyl ester

300 C17H36O2Si 28.89

Palmitelaidic acid, 
trimethylsilyl ester

326 C19H38O2Si 32.24

Hexadecanoic acid, 
trimethylsilyl ester

328 C19H40O2Si 32.79

Oleic acid, methyl ester 296 C19H36O2 33.69
Heptadecanoic acid, TMS 342 C20H42O2Si 34.53
Linoleic acid trimethylsilyl 
ester

352 C21H40O2Si 35.73

Oleic acid, trimethylsilyl ester 354 C21H42O2Si 35.83
Stearic acid, trimethylsilyl 
ester

356 C21H44O2Si 36.32

Docosanoic acid, 
trimethylsilyl ester

412 C25H52O2Si 42.53

Squalene 410 C30H50 45.21
Stigmasteroltrimethylsilyl 
ether

484 C32H56OSi 52.93

β‑Sitosteroltrimethylsilyl 
ether

486 C32H58OSi 53.22

†(M‑H)−. RT=Retention time. CILE: Clerodendrum infortunatum leaf extract, 
CISE: Clerodendrum infortunatum stem extract, CIRE: Clerodendrum 
infortunatum root extract
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potential.[33] Our present study demonstrates that leaf and root extracts 
of C. infortunatum have a higher potential of NO inhibition than stem 
extract when macrophages are stimulated by LPS. The inhibition of 
NO established the anti‑inflammatory activity of C. infortunatum. In a 
certain pathological conditions such as hemoglobinopathies, oxidative 
stress, and glucose‑6‑phosphate dehydrogenase deficiency, hemoglobin 
is destructed and the heme liberates from it. Many components available 
in the food have the hemolytic activity which makes the erythrocyte 
lipid bilayer permeable irreversibly, and thus, hemoglobin is released 
into the medium.[34] Our study revealed that the hemolytic activity of 

C. infortunatum is very negligible in case of all the extract compared 
to standard Triton X and therefore may be considered safe from the 
hemolytic perspective.
The present study investigated the in  vitro myeloperoxidase and 
respiratory burst activities of the isolated murine peritoneal macrophage. 
Recognition and internalization of invading bacteria are the primary 
functions of the macrophages, and inside the phagosome, activation of 
NADPH oxidase results in the generation of superoxide anion, which 
is deprotonated to form O2 and H2O2, from which the highly reactive 
hypochlorous acid  (HOCl) is generated through the myeloperoxidase 

Figure 4: Fourier transform infrared of Clerodendrum infortunatum
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reaction.[35] Generation of a plethora of oxygenated radical such as 
superoxide radical, H2O2, hydroxyl radical, singlet oxygen, HOCl, 
chloramines, NO, snd peroxynitrite, to kill the internalized pathogen, 
is termed as respiratory burst activity. Total protein, globulin, and 
albumin level is very important for the immune system. A low protein 
level can lead to liver and kidney disorders, whereas the insufficient level 
of albumin and globulin may be the cause of autoimmune disorders. 
In our study, total protein, albumin, and globulin level was increased 
significantly by C. infortunatum in a dose‑dependent manner, so it 
can be concluded that C. infortunatum may help in the protection 

of liver, kidney, and many autoimmune disorders. Functional group 
identified that using FTIR analysis had serious implications in the 
anti‑inflammatory, antibacterial, and immunomodulatory activity 
of C. infortunatum. Various ketone analogs were demonstrated 
anti‑inflammatory and immunosuppressive potential through the in vivo 
model.[36] The hydromethanolic extract of C. infortunatum has C=O, 
C‑H, C=C, and C‑O bond‑stretching compounds exhibiting the zone 
of inhibition against the tested organism when compared with control. 
Hence, our investigation suggests that stem extract of C. infortunatum is 
a promising development of phytomedicine for antimicrobial properties. 

Figure 5: Gas chromatography-mass spectrometry identification of chemical fingerprints of Clerodendrum infortunatum
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There are numerous compounds possessing active nitro groups with 
diverse medicinal properties, which stimulate the immunomodulatory 
potential of C. infortunatum.[37] The immunomodulatory activity of 
C. infortunatum was also supported by chromatographic fingerprinting 
as the bioactivity of the identified phytochemicals. Azelaic acid present 
in the leaf of C. infortunatum can be used as an effective treatment for 
mild‑to‑moderate acne vulgaris.[38] Squalene present in the leaf, stem, 
and root of C. infortunatum is a polyunsaturated hydrocarbon and 
considered as an important substance in practical and clinical uses 
with a huge potential in nutraceutical and pharmaceutical industries. 
Squalene possesses anticancer, antioxidant, drug carrier, detoxifier, 
skin‑hydrating, and emollient activities both in animal models and 
in  vitro environments which support the immunomodulatory activity 
of C. infortunatum.[39] Acetic acid is known to kill a wide spectrum of 
fungi and bacteria present in C. infortunatum and directly correlated 
with our antimicrobial study. Stigmasterol present in C. infortunatum 
shows antioxidant and immunomodulatory activity.[40] Besides, literature 
review reveals that the phytocompounds present in C. infortunatum is 
the major cause of the immunomodulatory activity.

CONCLUSION
C. infortunatum displayed potent immunomodulatory activity which 
may prove beneficial and effective after further exploration. Stimulation 
of the immune system by herbal medicine is directly correlated to the 
improvement of depressed the immune system and downregulation 
of infectious diseases. Our investigations showed that C. infortunatum 
possess potent immunomodulatory activity by stimulating both innate 
and humoral arm of the murine immune system.
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Mimosoids form a major group in legumes. Of which, most of the members are traditionally reported remedies to 
diseases in rural India. However, proper justification and validation of their traditional practice are lacking. Hence, we 
intended to explore a comprehensive account of phytochemical profiling, antioxidant activity and genetic variation among 
selected ethnomedicinal species of Mimosoideae (Mimosaceae). The phytochemical study confirmed the presence of 
alkaloid, tannin, phenolic and flavonoid in all selected members. Antioxidant profiling through DPPH (2,2-diphenyl-1-
picrylhydrazyl), OH● (Hydroxyl radical), NO (nitric oxide), and TAA (total antioxidant activity) assays was found to be 
significant (p < 0.001). In fact, all the extracts exhibited higher scavenging potentiality than the respective standards 
underlining their ethnomedicinal significance. An attempt was also made to analyze the genetic diversity of nine selected 
Mimosoids employing RAPD and DNA barcode analysis. A total of 330 amplified distinct bands, ranging from 190-1763 bp 
with 100 % of polymorphism were yielded through RAPD analysis. The dendrogram constructed clearly revealed the 
genetic relatedness among the species of Mimosoids validating conventional classification. We further correlated the 
dendrogram with phytochemical profiling. What's more, two phylogenetic dendrograms of matK and TrnL-F loci of selected 
taxa clearly showed inter-generic and intra-generic diversity among the nine studied species as a first-hand information. 

Keywords: Mimosaceae, Phytochemical, Antioxidant, RAPD, DNA barcode. 
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Since time immemorial, men used to depend on plant 
resources for their basic needs. In essence, practices 
of medicinal plants are deeply rooted in the society of 
indigenous community, and the traditional knowledge 
passes from generation to generation verbally. A 
plethora of evidence reflected the therapeutic 
significance of plants in India as well as in other 
countries1-3. In fact, medicinal plants are considered to 
be the main sources of several phytochemical 
compounds (PCs) like alkaloids, tannins, phenols, 
steroids and flavanoids curing diversified chronic 
diseases4. The most obvious role of PCs is protection 
from free radicals or reactive oxygen species (ROS) 
that is produced continuously in human body5. In fact, 
medicinal plants are the best known scavenger of 
ROS without any adverse effects4. In this context, 
Mimosoids play a major role within legumes having 
multidisciplinary medicinal value. According to 
Cronquist6, they have usually been recognized either 
as the family Mimosaceae or as the subfamily 

Mimosoideae of the order Fabales. Mimosoideae 
consist of about 80 genera and 3370 species of trees, 
shrubs, and lianas found mainly in tropical, 
subtropical, and warm temperate regions of the 
world7. The members of Mimosoideae are 
characterized by their valvate aestivation of petals, 
bipinnate leaves, regular flowers grouped into spicate 
or capitate inflorescence. Besides, they have been 
acknowledged as vegetables (e.g. Pisum sativum, 
Glycine max, etc.), oil (e.g. Arachis hypogea, Glycene 
soya, etc.), fruits (Tamarindus indica, Phaseolus 
coccineus, etc.) and timber (e.g. Dalbargia sisso, 
Acacia auriculiformis, etc.). Recently, in our 
preceding studies we have already documented the 
local traditional practices of Mimosa pudica, Acacia 
nilotica, A. catechu and A. concinna8-10 curing 
leucorrhea, bone crack, ankle sprain, breast cancer or 
tumor, eczema, leucoderma and other skin disorders 
by the indigenous people of Malda and Uttar Dinapur 
districts. Besides, Mimosa, Acacia, Albizia, and 
Samanea under Mimosoideae were accounted to be 
effective as anti-diuretic, anti-dysenteric, anti-

—————— 
*Corresponding author 
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diarrheal and antioxidative plant species11,12.  
More surprisingly, hardly any step was undertaken so 
far to represent a comparative as well as a 
comprehensive account of phytochemicals and 
antioxidant activities among these ethnomedicinal 
members of Mimosaceae. 

Also, information is hardly available regarding the 
genetic variation of the above mentioned populations 
within the order Fabales. Since the morphological 
variation between species is difficult to distinguish; an 
appropriate knowledge of molecular documentation 
would be a rational way to understand the genetic 
relationship among different families. Hence, a first 
initiative step was carried out to explore the genetic 
variations of the above mentioned populations 
through DNA fingerprinting techniques. Of the 
various DNA fingerprinting techniques developed for 
plant research, random amplified polymorphic DNA 
(RAPD) analysis has become increasingly popular 
which are being used to evaluate the genetic 
relationship among species, cultivars, and varieties13. 
Subsequently, a new modified molecular technique, 
i.e. DNA barcoding was developed recently to explore 
the evolution, identification and genetic relatedness of 
unknown plants and animal species resolving various 
anomalies in the taxonomic levels by using a short 
stretch of DNA sequence14. Considering all of these 
facts, the present study was designed to investigate a 
comprehensive phytochemical and antioxidant 
profiling among nine medicinal plant species of 
Mimosoideae. Besides, we intended to explore 
whether this antioxidant activity of selected species 
corroborates with the genetic diversity or not. 
 

Materials and methods 
Plant materials 

Germplasm was collected from various places of 
northern parts of Bengal province in India. Herbarium 
specimens were prepared and deposited at North 
Bengal University Herbarium (acronym: NBU). 
Mimosa pudica (M1), M. invisa (M2) and Acacia 
nilotica (M3) were collected from Malda district 
(Voucher No. NBU/MLD/308, NBU/MLD/311 & 
RUC/MLD/433, respectively). A. nilotica var. indica 
(M4), A. catechu (M5) and A. concinna (M6) were 
collected from Uttar Dinajpur district (Voucher No. 
RUC/UD/454, NBU/UD/1039 and NBU/UD/756, 
respectively). Similarly, Albizia lebbeck (M7),  
A. chinensis (M8) and Samanea saman (M9) were 
obtained from Darjeeling district (Voucher No. 
NBU/DJ/902, NBU/DJ/1002 and NBU/DJ/1022). The 

habit, habitat, locality, collection time and morphology 
of each plant specimen were also recorded. Fresh leaf 
materials were used for DNA isolation. 
 
Preparation of plant extracts 

The leaves of each plant were washed thoroughly 
in double distilled water followed by shade-dry 
separately for three weeks and then grounded into 
powder by electric grinder (Lords Hummer 1100). 
Extensive extraction was further performed in Soxhlet 
apparatus for 9-11 h using ethanol as a solvent (dried 
leaf material:ethanol, 1:10 v/v). Each extract was then 
concentrated under reduced vacuum pressure at  
40 C ± 2 C in a rotary vacuum evaporator  
(Buchi Rotavapor R-3, Switzerland). The 
concentrated extracts were further lyophilized 
separately using Eyela Freeze Dryer (FDU-506, USA) 
and weighed subsequently. Finally, the lyophilized 
extracts were stored in a sterile container and  
placed at -20 C until further use. The extracts  
were freshly dissolved in double distilled water prior 
to experiments. 
 
Chemicals 

Chemicals used in the present study were of 
analytical grade and/or molecular grade and procured 
either from HiMedia (India), or E-Merck (India), or 
Promega unless mentioned otherwise. 
 
Phytochemical diversity screening 

A preliminary phytochemical screening was carried 
out as per the standard methods described by 
Harborne15 and Evans16. 
 
Diversity of antioxidant activity among nine 
Mimosoids 

Antioxidant potentialities of nine different plant 
extracts were performed to measure the scavenging 
capacity of each extract comparing with respective 
potent known standards (positive control), corresponding 
to the assays. The concentrations of each extract were 
selected based on the physiological standards to reflect 
their dose-dependent inhibitory effects. 

Initially, free radical scavenging activity of each 
each extract was performed through DPPH (2,2-
diphenyl-1-picrylhydrazyl) assay employing different 
concentrations of extracts (0–100 μg/mL, dissolved in 
distilled water) and freshly prepared DPPH solution 
(1 mM; diluted in 95 % methanol)17. The Optical 
density (OD) value was measured after 30 min of 
reaction at 517 nm using UV-Vis Spectrophotometer. 
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Ascorbic acid was taken as positive control and the 
percentage inhibition was calculated as per Saha et al.17 
The hydroxyl radical (OH●) scavenging assay was 
carried out on the basis of Fenton reaction with a 
slight modifications17. In this assay, a reaction 
mixture was prepared containing 2-deoxy-2-ribose 
(2.8 mM), ferric chloride (FeCl3; 100 μM), hydrogen 
peroxide (H2O2; 1.0 mM), monopotassium phosphate-
potassium hydroxide buffer (KH2PO4-KOH; 20 mM; 
pH 7.4), ethylenediaminetetraacetic acid (EDTA;  
100 μM), ascorbic acid (100 μM) and different 
concentrations of plant extracts (0–100 μg/mL, 
dissolved in distilled water) up to a final volume of  
1 mL and left for 1 h of incubation at 37 °C. 
Afterward, 0.5 mL of incubated mixture was 
transferred into another test tube and mixed with  
1 mL of each tricarboxylic acid (TCA; 2.8 %) and 
aqueous thiobarbituric acid (TBA; 1 %). Finally, the 
mixture was incubated for 15 min at 90 °C and cooled 
down to room temperature and the absorbance was 
measured at 532 nm. Mannitol was used as standard. 
Subsequently, nitric oxide (NO) quenching activity 
was performed following the GriessI-llosvoy reaction 
with a few changes17. In essence, a reaction mixture 
was prepared containing phosphate buffered saline 
(pH 7.4), sodium nitroprusside (SNP; 10 mM) and 
various concentrations of extract (0–100 μg/mL) and 
left for 150 min at 25 °C. After incubation, 1 mL of 
sulfanilamide (0.33 %; diluted in 20 % of glacial 
acetic acid) was added to 0.5 mL of the previous 
mixture and kept for 5 min follwed by addition of  
N-(1-Naphthyl) ethylenediamine dihydrochloride 
(NED, 1 mL; 0.1 %) at room temperature to be left  
for 30 min. The OD value was measured at 540 nm. 
Curcumin was adopted as standard and the percentage 
inhibition was calculated as per Saha et al.17  
Finally, the total antioxidant activity (TAA)  
was followed by Prieto et al.18 and compared with 
respective standard, ascorbic acid. The activity was 
measured by the reduction of molybdenum (VI) to 
molybdenum (V). 
 
Statistical analysis 

All the data in the present study were prepared as the 
mean ± SD of six measurements. The statistical analysis 
was executed by one-way analysis of variance 
(ANOVA) with Dunnett’s test using KyPlot version 5.0 
beta 15 (32 bit) for windows where p < 0.05 was 
considered as significant. The graphs were also 
generated using KyPlot (version 5.0 for windows). 

Molecular diversity study 
DNA extraction, amplification, and sequencing 

Total genomic DNA from each plant was isolated 
using the standardized protocol developed by Doyle 
& Doyle19 with a slight modification of Goyal & 
Sen20. Initially, a total of 45 RAPD markers and two 
phylogenetic markers such as matK and trnL-F region 
were amplified using standard PCR protocols.  
Primers (matK and TrnL-F) used for amplification 
and sequencing were as follows, matK  
F: CGATCTATTCATTCAATATTTC; matK R: 
TCATGCACACGAAAGTCGAAGT and TabC 
(forward): CGAAATCGGTAGACGCTACG; TabF 
(reverse): ATTTGAACTGGTGACACGAG. Briefly, 
25 µL of PCR reaction mixture were prepared 
containing 12.5 µL of PCR Master Mix (2X), 1.25 µL 
of each forward and reverse primer (0.25 μM), 8 µL 
of Pyrogen free (PF) water and 2 µL of template DNA 
(25 ng/µL). The PCR reactions were performed on 
Applied Biosystems Thermocycler-2720. The RAPD-
PCR amplification cycle consisted of the following 
specifications: 4 min at 94 ºC, 1 min at 37 ºC, 2 min at 
72 °C, 44 cycles of 1min at 94º C for, 1 min at 37 ºC, 
2 min at 72 °C and a final extension time of 10 min at 
72 °C. The matK-PCR amplification cycle followed 
in the present study are: 4 min at 94 °C, 30 sec at  
48 °C, 1 min at 72 °C, 34 cycles of 1 min at 94 °C,  
30 sec at 48 °C, 1 min at 72 °C, and a final extension 
time of 7 min at 72 °C whereas 5 min at 95 °C, 45 sec 
at 54 °C, 2 min at 72 °C, 34 cycles of 45 sec at 95 °C, 
45 sec at 54 °C, 2 min at 72 °C, and a final extension 
time of 7 min at 72 °C was considered for trnL-F 
region. The amplified products of RAPD, matK and 
TrnL-F were resolved on 1.8 % (w/v) agarose gel 
containing Ethidium bromide solution (0.5 µg/mL) 
run in 0.5 X TBE (Tris-borate-EDTA) buffer. The 
fragment size was estimated using 100 bp DNA 
ladder and λ DNA/Eco RI/Hind III double digest as 
molecular weight marker.  
 
Sequencing and BLAST analysis 

The PCR products were sequenced from Chromous 
Biotech Pvt. Ltd. Company (Bangalore, India) in both 
directions using matK R, matK F and Tab C, Tab F 
primers. The sequences were first aligned using 
CLUSTAL W method of Bio-Edit software. 
Subsequently, the aligned sequences were further 
deposited in NCBI GenBank as query sequences in 
nucleotide BLAST tool to obtain similarity level with 
respective species already present (sequences) in 



 SAHA et al.: ASSESSMENT OF DIFFERENT DIVERSITIES AMONG MIMOSACEAE 
 
 

135

GenBank. Finally, the authenticated sequences 
(inhouse) were submitted to the GenBank. 
 
Data collection 

Genome sequences of matK (17) and TrnL-F (15) 
region of Fabaceae were downloaded from NCBI 
(National Centre for Biotechnology Information) 
including one outgroup taxa from Cannabaceae. 
 
Data analysis 

In the present study, each polymorphic band was 
considered as a binary character and was scored as 1 
(presence) or 0 (absence) for each sample and 
accumulated in a data matrix. Further, a similarity 
matrix was calculated on the basis of band-sharing 
from the binary data using Dice coefficient21 while a 
dendrogram of similarities was generated using the 
group average agglomerative clustering tool. The 
analysis was done using the software package 
NTSYSpc (version 2.0)22.  
 
Phylogenetic analysis 

The matK and TrnL-F region sequences of selected 
Mimosoids generated in the present study are as 
follows: matK region (accession no.)- LM643807, 
LM643808, LM643809; TrnL-F region (accession 
no.)- LM643811, LM643810, LM643812. The other 
reference sequences of matK and TrnL-F regions of 
different families or subfamilies (Mimosoideae, 
Caesalpinioideae, Papilionoideae and Canabaceae) 
were retrieved from GenBank and used to construct a 
phylogenetic tree by means of MEGA 4.0 software 
version with neighbour joining (NJ) and UPGMA 
methods after the proper alignment of DNA 
sequences using CLUSTAL W2 (www.ebi.ac.uk/ 
Tools/clustalw2) software. Parsimony analysis, 
various clades, transition/transversion (ns/nv) ratio 
and variability in different regions were also 
determined by MEGA 4.0. 
 
Results and discussion 
Comparative phytochemical screening and 
antioxidant potentiality of nine plant species of 
Mimosoids 

Since PCs or secondary metabolites contribute a 
significant role towards the biological activities of 
medicinal plants4, we performed a preliminary 
phytochemical screening of nine Mimosoids to justify 
their ethnobotanical claim significantly. Result 
exhibited the presence of tannins, flavonloids, 
alkaloids, saponins, phenolics and terpenoids in  

all cases (Table 1) attributing their antioxidant, 
anticancer, anti-mutagenic, antihyperglycemic, anti-
inflammatory, immunomodulatory and tumor 
promotion inhibitory activity4,5,15,16. This finding may 
lead in locating the source of pharmacologically 
active compound facilitating new drug discovery and 
thereby validates ethnomedicinal aspect of selected 
Mimosoids.  

We further explored the antioxidant potential and 
therapeutic values of those plants using four different 
antioxidant assays namely DPPH, OH, NO and TAA. 
In the present investigation, free radical scavenging 
activity (DPPH) of A. catechu extract was found to 
exhibit higher (86.30±0.18 % at 100 µg/mL) 
inhibitory activity than the others followed by  
A. nilotica with 83.79±0.92 % of inhibition at  
100 µg/mL (Fig. 1a). Moreover, we found that all the 
extracts revealed greater scavenging activities  
(p < 0.001) than the standard, ascorbic acid 
(27.93±1.10 % at 100 µg/mL) with lower IC50 (half 
maximal inhibitory concentration, it indicates how 
much of a particular substance is needed to inhibit the 
effectiveness of a given biological process by half) 
values (Table 2). In fact, all the nine Mimosoids 
exhibited higher DPPH quenching activity than many 
other studied plants, so far23 signifying their effective 
role as potent antioxidants and free radical 
scavengers. The underlying mechanism of this 
enhancing activity was probably due to the presence 
of electron or hydrogen donating capacity of 
extracts17. Besides, hydroxyl radical (OH●), the most 
hazardous free radical causing severe damage to 
biomolecules found in living cells, was efficiently  
(p < 0.001) scavenged by all of the extracts (Fig. 1b) 
in a dose-dependent manner. Acacia nilotica  

Table 1 — Comparative phytochemical screening of nine 
Mimosoids 

Phytochemical Plant Sample(s) 

M1 M2 M3 M4 M5 M6 M7 M8 M9

Alkaloid + + + + + + + + + 
Tannin + + + + + + + + + 
Steroid + + + ‒ + ‒ + + ‒ 
Phenolic + + + + + + + + + 
Flavonoid + + + + + + + + + 
Cholestrerol ‒ ‒ ‒ + + + + ‒ + 
Terpenoid + + + + + + + + + 
Anthraquinone ‒ ‒ + ‒ + ‒ ‒ ‒ + 
Carbohydrate + + + + + + + ‒ + 

(+) = Presence, (-) = Absence 
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extract exhibited the highest OH● scavenging capacity 
(56.70 ± 2.15 % at 100 µg/ml) among the nine studied 
species. Hence, the result justifies the OH● quenching 
potential of all extracts considerably. Subsequently, 
Fig. 1c represented enhanced NO scavenging activity 
of all nine different Mimosoids. Of which, M5  
extract revealed the highest inhibitory activity  
(63.04 ± 0.36 % at 100 µg/mL) with lower IC50 value 
of 45.57 ± 1.3 µg/mL indicating beneficial function of 
extracts as potent antioxidant which might be due to 
presence of phenolic compounds, that we have 
obtained in phytochemical investigation (Table 1). 
Eventually, total antioxidant activity (TAA) of nine 
extracts were further determined. Results 
demonstrated significant TAA quenching ability  
(p < 0.001) in all the studied extracts (Fig. 1d) 
highlighting their potent role against free radicals and 
thus the ethnomedicinal value of these species are 
established. 
 
Study of genetic diversity 

We further intended that whether the antioxidant 
activity of selected Mimosoids corroborates with 
genetic diversity or not. The genetic diversity study of 
selected Mimosoids was performed by means of 
RAPD and DNA barcoding analysis. Initially,  
45 different decamer primers have been used to study 
the genetic diversity (RAPD analysis) of nine plant 

species under Mimosoideae24. Out of the 45 primers 
screened, 23 (OPA 01-OPA 04, OPA 07, OPA  
10-OPA 13, OPA 16-OPA 20, OPB 01, OPB 11-OPB 
13, OPF 09, OPG 19, OPN 05, OPN 13 and OPN 19) 
resulted distinct and scorable bands ranging from  
190 bp to 1763 bp. A total of 330 bands were 
generated of which all are polymorphic bands, no 
monomorphic bands were observed. Interestingly, the 
percentage of polymorphism was found to be 100 % 
and the number of polymorphic bands generated by 
each decamer primers ranged in between 2 (OPB 13) 

 
 
Fig. 1 — Free radical scavenging activity of nine different Mimosoids. (a). DPPH scavenging activity and standard ascorbic acid.
(b). Hydroxyl radical quenching activity and standard mannitol. (c). Nitric oxide radical scavenging aptitude of nine Mimosoids and
standard Curcumin. (d). Total antioxidant activity of different Mimosoids and standard ascorbic acid [Each value represents mean ±SD
(n=6); Where, γ = p < 0.001, β = p < 0.01 and α = p < 0.05 Vs standard (μg/mL)]. 

Table 2 — IC50 values of different antioxidant assays 

IC50 values (half maximal inhibitory concentration) 

Extract DPPH 
(µg/mL) 

OH 
(µg/mL) 

NO 
(µg/mL) 

TAA 
(µg/mL) 

M1 29.82±0.7 108.02±2.05 58.71±0.6 9.65±0.5 
M2 37.67±1.2 114.43±4.2 52.57±1.9 9.32±0.1 
M3 22.33±0.6 77.24±2.51 56.40±2.1 5.42±0.1 
M4 37.87±1.7 91.35±3.1 63.67±0.7 5.90±0.0 
M5 18.26±0.4 101.41±2.11 45.57±1.3 8.92±0.0 
M6 34.04±0.7 104.41±3.53 52.14±0.3 5.38±0.2 
M7 39.22±2.2 113.89±0.63 72.82±1.6 8.53±0.2 
M8 43.50±1.8 120.87±1.46 77.29±1.5 9.73±0.1 
M8 45.26±1 138.93±4 94.73±1.2 16.91±1.1 
Stnd 266.88±29

(AA) 
512.77±48.1 

(M) 
95.26±4.8

(C) 
81.42±4.7

(AA) 

Stnd=Standard, AA= Ascorbic acid, M= Mannitol, C=Curcumin. 
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and 20 (OPA 01). The RAPD profile of the nine 
accessions of Mimosoideae generated using primers 
OPA 01 and OPB 13 are depicted in Figs 2a & b. A 
similarity matrix was further drawn using Dice 
coefficient of similarity21 ranging from 0.528 to 
0.867. The lowest similarity was observed between 
Mimosa pudica and Albizia lebbeck, while the highest 
value was recorded between Acacia catechu 
(Senegalia catechu) and Acacia nilotica. A 
dendrogram was constructed on the basis of the data 
obtained from RAPD analysis using NTSYSpc  
(Fig. 3). The dendrogram prepared from RAPD 
analysis revealed that the members of Mimosa, 
Acacia, Albizia and Samanea formed a group in 
which members of Acacia were found to be form a 
loose sub-group. Acacia nilotica and A. catechu 
shared a node at 86.7 % whereas A. concinna 
exhibited a cluster with A. nilotica and A. catechu 
sharing a node at 84.9 % and 85.8 %, respectively. In 
addition, Albizia lebbeck appeared as a distinct 
outgroup in the dendrogram. Similar results were also 
documented by Sulain et al.25 using RAPD analysis 
where M. pudica was found to be closely related to  
M. pigra and M. invisa. Nanda et al.26 also reported 
the genetic relationships of six Acacia species using 
RAPD in which A. farnesiana and A. catechu were 
the closest members sharing with 30 % similarity 
whereas A. auriculiformis and A. concinna shared 
about 28 % and 18 % similarity, respectively, with the 
cluster formed by A. farnesiana and A. catechu. 
Hence, the RAPD markers exhibited the potentiality 
to conserve the identified clones as well as to 

characterize the genetic relatedness among the species 
of Mimosoids. Interestingly, this genetic relatedness 
was also supported by the antioxidant profiling, 
examined in the present study. For instance, M1  
(M. pudica) and M2 (M. invisa) exhibited similar kind  
of antioxidant activities (Table 2) out of four different 
antioxidant assays, thereby clubbed together as found 
in Fig. 3. Subsequently, all four Acacia species were 

 

Fig. 3 — Dendrogram obtained from UPGMA cluster analysis of
RAPD markers illustrating the genetic relationships among the
nine accessions of Mimosoids. 

 
 
Fig. 2 — A representative RAPD profile of nine accessions of Mimosoids amplified with (a) OPA 01 primer and (b) OPB 13 primer.
Here, Lane L1= 100 bp molecular marker; Lane M1-M9= different accessions of Mimosoids under study; Lane L2= λ DNA/Eco RI/Hind
III double digest DNA ladder/marker (some of the polymorphic bands are indicated by arrows). 
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found to reveal quite comparable antioxidant 
activities corroborating with RAPD dendrogram. 
Antioxidant activities (Table 2) of two Albizia species 
and one Samanea species also evidenced as per the 
molecular screening observed in Fig. 3. Thus, we may 
infer that the antioxidant activities of selected 
Mimosoids probably played a distinct role in 
discriminating different taxa as found in molecular 
profiling. 

Apart from RAPD analysis, DNA barcoding is 
another kind of taxonomic method that has become a 
rational approach for identifying million species of 
animals and plants, based on the analysis of short, 
standardized and universal DNA regions. Molecular 
documentation of different taxa and their validated 
systematic position in the respective family of plant 
kingdom had always been a challenging task. 
Chloroplast gene like matK and IGS region like  
TrnL-F could be pivotal to resolve this problem27.  

In the present study, we employed selected species 
(Figs 4a & b) to explore inter-generic and intra-
generic differences between Mimosoideae, 
Caesalpinioideae, Papilionoideae and Canabaceae 
using matK and TrnL-F locus. The phylogenetic 
analysis (Figs 4a&b) of the matK and TrnL-F region 
revealed a close relationship among the selected taxa. 
Interestingly, Fig. 4a discloses that M. pudica and  
M. invisa share 99 % similarity while Senegalia 
catechu syn. Acacia catechu and Acacia concinna 
share 96 % similarity reflecting their close genetic 
relatedness as found in traditional classification5. 
Result also exhibited that a total of 2 major clades 
were formed; one of which consisted of Mimosoideae 
and Caesalpinioideae while another single one is 
Papilionoideae. Therefore, it can be attributed to the 
fact that the all the selected taxa under the subfamily 
Mimosoideae and Caesalpinioideae were clubbed 
together and shared more similarities with each other 

 
 

Fig. 4 — Most parsimonious tree (neighbour joining method) showing the relationship of matK region of 16 different taxa (a) and TrnL-F
region of 14 different taxa (b) belonging from subfamilies, Mimosoideae, Papilionoideae and Caesalpinioideae within the family
Fabaceae and one outgroup taxa from Cannabaceae. The tree indicates the phylogenetic evolution of different subfamilies Mimosoideae;
Papilionoideae; Caesalpinioideae [Numbers at nodes indicate the bootstrap values; sequence numbers were provided within parentheses;
*Present Study (inhouse sequence number submitted to GeneBank) and the rest of sequences were downloaded from NCBI]. 
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(94 %) than the subfamily Papilionoideae (Fig. 4a). 
We also observed a similar trend in Fig. 4b that the 
seven species from Mimosoideae and one species 
from Caesalpinioideae grouped together forming the 
first clade whereas the remaining six genera of 
Papilionoideae clubbed together to make the second 
clade demonstrating their different place within the 
family. The present genetical approach through matK 
and TrnL-F clearly reflected that the members of 
Mimosoideae and Caesalpinioideae are much closer 
than the members from Papilionoideae validating the 
traditional classification6. Hence, from the above 
illustration, we may conclude that DNA barcode 
serves a reliable genetical approach to place the 
morphologically similar or dissimilar or disputed taxa 
into its appropriate systematic position. 
 

Conclusion 
Since most of the members of the Mimosoideae 

have great medicinal importance in Indian traditional 
therapeutic system, no such remarkable 
comprehensive accounts of their different properties 
have been carried out so far. Hence, we designed the 
present study with an aim to explore the 
phytochemical, antioxidant and genetic diversities 
among nine ethnomedicinal plant species of 
Mimosoideae. The antioxidative properties of the 
plants have gained great interest due to the presence 
of certain phytochemical compounds. Among the nine 
extracts examined, Acacia catechu, A. nilotica, 
Mimosa pudica and M. invisa exhibited higher free 
radical scavenging activity than the rest, and can be 
used as a good source of natural antioxidants for 
health benefits. Further isolation of unknown 
bioactive compounds would be an appreciable one for 
pharmaceuticals. Additionally, DNA profiling in 
selected Mimosoideae clearly showed that it was 
possible to analyze the RAPD patterns for correlating 
their similarity and distance between species by which 
one could predict the origin of the species to a great 
extent. Further, the application of DNA barcode like 
matK and TrnL-F appeared more practical for 
defining the uniqueness and validation of the 
systematic position of species and taxa. 
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ABSTRACT The genus Rhizobium contains many species able to form nitrogen-
fixing nodules on plants of the legume family. Here, we report the 6.9-Mbp draft ge-
nome sequence of Rhizobium sp. strain RSm-3, with a G�C content of 61.4% and
6,511 candidate protein-coding genes.

The genus Rhizobium, established in 1889, is a group of motile, aerobic, and Gram-
negative bacteria in the alphaproteobacterial group with a moderate G�C percentage

(60%) (1, 2). Members of the genus Rhizobium form a symbiotic association with various
legume plants of the Fabaceae family (3–5) and form nodules on the root surface. These
nodules are the sites of nitrogen fixation. The symbiosis between Rhizobium and legumes
is of great importance (6). Compared to the use of chemical fertilizers, symbiosis offers
cheaper and more effective agronomic practices by providing an adequate supply of N for
legume-based crops (7, 8). The French bean, or common bean (Phaseolus vulgaris L.), is one
of the most important plant hosts of Rhizobium spp., with the broadest genetic base (9, 10),
and is one of the major cultivated crops containing large amounts of protein, minerals, and
antioxidant compounds (11).

Rhizobium sp. strain RSm-3 was isolated from the root nodules of P. vulgaris
collected from the Sonada region of Darjeeling district (26.9400°N, 88.250°E; altitude,
5,157 ft) of West Bengal, India. The strain showed antagonistic activity against the
fungal pathogen Fusarium solani and resistance against most of the antibiotics tested
against it. These interesting features led us to do 16S rRNA gene sequencing, which
identified the strain as Rhizobium sp. and shared 99% identity with Rhizobium etli EBRI
21 (accession no. AY221176.1). This strain was sequenced to provide a greater under-
standing of these physiological properties and its interaction with P. vulgaris.

Sequencing of the draft genome of Rhizobium sp. strain RSm-3 was performed at the
Hubbard Center for Genome Studies (University of New Hampshire, Durham, NH) using
Illumina techniques (12). A standard Illumina shotgun library was constructed and
sequenced using the Illumina HiSeq 2500 platform, which generated 1,585,078 reads
(260-bp insert size) totaling 341 Mbp. The Illumina sequence data were trimmed by
Trimmonatic version 0.32 (13) and assembled using SPAdes version 3.5 (14), and
ALLPaths-LG version r52488 (15). The final draft assembly for Rhizobium sp. strain RSm-3
consisted of 60 contigs, with an N50 contig size of 313.1 kb and 54.3� coverage of
the genome. The final assembled genome contained a total sequence length of
6,912,093 bp, with a G�C content of 61.4%.

The assembled RSm-3 genome was annotated via the NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) and resulted in 6,511 candidate protein-coding genes, 46

Received 14 February 2017 Accepted 16
February 2017 Published 13 April 2017

Citation Rai R, Swanson E, Sarkar I, Lama D,
Abebe-Aleke F, Simpson S, Morris K, Thomas
WK, Kar P, Gtari M, Sen A, Tisa LS. 2017.
Permanent draft genome sequence of the
French bean symbiont Rhizobium sp. strain
RSm-3 isolated from the Eastern Himalayan
region of India. Genome Announc 5:e00175-17.
https://doi.org/10.1128/genomeA.00175-17.

Copyright © 2017 Rai et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Louis S. Tisa,
louis.tisa@unh.edu.

This is scientific contribution number 2711.

PROKARYOTES

crossm

Volume 5 Issue 15 e00175-17 genomea.asm.org 1

 on A
pril 13, 2017 by guest

http://genom
ea.asm

.org/
D

ow
nloaded from

 

http://orcid.org/0000-0001-6946-6907
https://doi.org/10.1128/genomeA.00175-17
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:louis.tisa@unh.edu
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00175-17&domain=pdf&date_stamp=2017-4-13
http://genomea.asm.org
http://genomea.asm.org/


tRNAs, four rRNA (two 5S rRNA, one 16S rRNA, and one 23S rRNA) regions, and 111
(1.69%) pseudogenes. The genome of RSm-3 also revealed the presence of the nif and
common nod operons involved in nitrogen fixation and host plant nodulation, respec-
tively. A total of 590 signal peptide-coding genes and 1,563 enzyme-coding genes were
assigned through the annotation program.

There are two major branches of common bean, Mesoamerican and Andean (16),
and a third genetic diversification of the common bean is found in the Peru-Ecuador
region (17). A new species of Rhizobium, R. ecuadorense, has been proposed for the
microsymbiont of the Peru-Ecuador common bean. The average nucleotide identity
(ANI) score for Rhizobium sp. strain RSm-3 was 98% similarity with the R. ecuadorense
type strain (CNPSo 671) (18) suggesting that it is a subspecies of R. ecuadorense.

Accession number(s). This whole-genome shotgun sequence has been deposited
at DDBJ/EMBL/GenBank under the accession number MAWZ00000000. The version
described in this paper is the first version, MAWZ01000000.
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Abstract The biodiversity hub at north-eastern region of
India contains actinorhizal plants like Elaeagnus pyriformis,
Myrica nagi and Myrica esculenta which serve as functional
food for the natives. Apart from having immense nutritional
value, fruits of these plants have been utilized in traditional
medicine and have displayed antioxidant behavior as ob-
served from our previous findings. Therefore, the aim of the
present study was to investigate the phytochemical finger-
prints of the fruit juices of some actinorhizal plants using
GC-MS method and correlate the data with the therapeutic
value of the fresh fruit juice. The results established the abun-
dance of several chemical species with potential medicinal
properties such as anti-diabetic, anti-cancer, anti-inflammato-
ry, hepatoprotective activities. However, further studies are
needed to isolate and identify the specific phyto-compounds
involved in managing various diseases.

Keywords Actinorhizal plants . Elaeagnus pyriformis .

GC-MS . Phyto-compound . Anticancer

1 Introduction

Plants have been used as enriched sources of food and medi-
cine since time immemorial. Functional foods are at the core
of herbal medicine and at present, the main focus of nutraceu-
tical industry. Phyto-medicines play a crucial role in pharma-
cognostic strategies, where different species of plants are
prime focus in alternative drug discoveries (Kar et al. 2014).

Actinorhizal plants are taxonomically diverse group of dicot-
yledonous angiosperms distributed among eight plant families,
representing about twenty five genera. They are mostly woody
trees or shrubs, except for the genus Datisca which is herba-
ceous in nature (Ribeiro et al. 2011). These plants have the
ability to fix atmospheric nitrogen (N2) by the formation of root
nodules with N2-fixing actinomycetes genus Frankia. It has
already been reported that the actinorhizal plants like Alnus,
Hippophae, Casuarina, Elaeagnus andMyrica fix atmospheric
nitrogen and increase the soil fertility of the surrounding area
(Palmgren et al. 1985; Basistha et al. 2010; Andrade et al. 2015;
Sen et al. 2008; Khamzina et al. 2009; Permar and Fisher 1983).
Besides fixing atmospheric nitrogen (N2), many actinorhizal
plants are known to serve as functional fruits and may have
medicinal values. In the biodiversity hub of north-eastern India,
various actinorhizal plants are found (Table 1). Among these,
E. pyriformis, M. nagi and M. esculenta serve as functional
food for the natives (Yanthan et al. 2011) and are also known
to have medicinal properties (Kala 2005; Goyal et al. 2013).

Elaeagnus (Silverberry or Oleaster) is a deciduous, shrub
belonging to the family Elaeagnaceae. In India, only four spe-
cies of Elaeagnus are recorded namely E. pyriformis, E.
angustifolia, E. latifolia and E. umbellata (Sharma and
Kumar 2006). E. pyriformis is mainly predominant in the
eastern Himalayan region and north-eastern India (Asati and
Yadav 2004). Myrica (Bayberry or Box myrtle) belonging to
the family Myricaceae varies between shrubs to trees and is
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mostly evergreen, dioecious with height ranging from 3
to 10 m. In India, it is distributed in the subtropical
Himalayan region including Assam, Khasi, Jaintia,
Naga and Lushai Hills at higher altitudes of about
900–1200 m above sea level (Osmaston 1987). In
Meghalaya, three different morphotypes of Myrica are en-
countered, classified as M. esculenta, M. nagi and a third
intermediate between the two (Yanthan and Misra 2013).

Traditionally, the fruits of E. pyriformis are used to relieve
constipation (Kala 2005) while the seeds and flowers of
E. umbellata are frequently used to mitigate coughs and pul-
monary infections (Parmar and Kaushal 1982). Fruits of
M. esculenta and M. nagi are useful in preparing refreshing
drinks. In addition, they are also reported to heal ulcers and
bone fracture (Jeeva et al. 2011; Panthari et al. 2012).

Previously, we reported the presence of natural antioxi-
dants in selected actinorhizal plants found in north-eastern
parts of India (Goyal et al. 2013). The bioactivities were spec-
ulated due to the presence of high quantity of phenolics,
flavonoids and flavonols in these fruits. Rawat et al. (2010)
also reported high levels of antioxidant and free radical scav-
enging activities of selected actinorhizal fruit plants. However,
proper characterization and profiling of the phytochemical
constituents of fruit juices associated with these actinorhizal
plants still remains largely obscure. Therefore, the aim of the
present work encompasses proper screening and characteriza-
tion of fruit juices of E. pyriformis, M. nagi, M. esculenta
employing gas chromatography coupled with mass spectro-
metric (GC-MS) studies.

2 Materials and methods

2.1 Chemicals

All chemicals and reagents were procured formHi-Meida Pvt.
Ltd. (Mumbai, India) unless otherwise indicated. HPLC grade
solvents were obtained from Sigma Aldrich (USA).
Milli-Q ultra-pure water from the departmental facility
was used in the experiments.

2.2 Plant materials and extraction

The fruits of Elaeagnus pyriformis, Myrica nagi and
M. esculenta were collected from the local market of
Shillong, Meghalaya, duringMarch 2015. The plant materials
were authenticated by the Taxonomist of Department of
Botany, University of North Bengal. A voucher specimen
has been preserved in the Botany Department, University of
North Bengal, with voucher specimen numbers as 9660, 9659
and 9658 for E. pyriformis,M. nagi andM. esculenta respec-
tively. The fresh fruits (500 g) were washed twice with double
distilled water and dried at room temperature. The fruits were
mechanically squeezed into juice (100 ml) after separation of
the seeds. The obtained juice was concentrated under reduced
pressure and controlled temperature (40°-50 °C) using rotary
evaporator. The juice was lyophilized to obtain dry powder
(2.24 g) and stored at 4 °C until used.

2.3 Instruments and chromatographic conditions

The extracts of E. pyriformis, M. nagi and M. esculenta were
separately dissolved in n-hexane and the mixtures were cen-
trifuged thrice at 12,000 rpm for 15 min. The two clear super-
natants were used in GC-MS analysis for identification of differ-
ent classes of phytochemicals. Gas chromatography instrument
(Thermo Scientific Trace 1300) with ISQ QD (Thermo
Scientific) single quadrupole mass analyzer was used for the
analysis. The GC was equipped with TG-5MS column
(30 m × 0.25 mm × 0.25 μm). The inlet temperature was main-
tained at 250 °C. The initial temperature was set at 60 °C (sol-
vent delay 5 min) with a hold of 2 min, followed by a ramp of
5 °C to 290 °C with a hold of 6 min (54 min programme).
Samples (1 μl) were injected in splitless mode (split flow
50 ml/min) with splitless time of 0.80 min, using a Thermo
Scientific AI-1310 auto-sampler. The carrier gas was
helium (99.99%), with a constant flow of 1ml/min. MS transfer
line temperature was set at 290 °C with an Ion source tempera-
ture of 230 °C (electron ionization). The individual sampleswere
analyzed at electron energy 70 eV (vacuum pressure- 2.21e-
0.5 Torr). The mass analyzer range was set to 50–650 amu.

Table 1 List of actinorhizal plants found in biodiversity hub of North-East India

Genera Species Family Location References

Alnus nepalensis; nitida Betulaceae Sikkim, Darjeeling Himalayan region, Meghalaya,
Arunachal Pradesh, Nepal, Nagaland

Sharma et al. 1998.

Casuarina equisetifolia Casuarinaceae Himachal Pradesh, Sikkim, Darjeeling Himalayan region,
Meghalaya, Arunachal Pradesh

Osmaston 1987.

Elaeagnus pyriformis Elaeagnaceae Eastern Himalayan region and northeastern India Asati and Yadav 2004.

Hippophae salicifolia Elaeagnaceae Eastern Himalayan region and northeastern India Basistha et al. 2010.

Myrica esculenta; nagi Myricaceae Assam, Meghalaya, Arunachal Pradesh Osmaston 1987.

Coriaria nepalensis Coriariaceae Sikkim and Arunachal Pradesh Hook.F. 1876.

160 Kar P. et al.



Post-sample run, solvent wash (2 μl) was performed with a
17 min program of initial temperature 60 °C to final temperature
of 300 °C (20 °C/min ramp) with 5 min hold at 300 °C.

2.4 Identification of components

All samples were run thrice to minimize the error and
results were plotted only with the compounds identified
in all three runs. The samples were analyzed using
Thermo Xcalibur™ software version 2.2. MS data anal-
ysis was performed by Automated Mass Spectral
Deconvolution and Identification System (AMDIS) ver-
sion 2.70. The major and essential compounds were
identified by mass fragmentation patterns of the refer-
ence of parent compound using MS interpreter Version
2.0 and by matching with the reference database of
National Institute of Standards and Technology (NIST)
with a MS library version 2011. No external standards
were used.

3 Results and Discussion

The present study was designed to analyze the phyto-
chemical fingerprint of commonly found actinorhizal
plants of north east India using GC-MS based method.
The identification of phytocompounds was made based
on the retention time, molecular formula and by inter-
pretation of mass spectra. All of the phytochemicals
identified in the three actinorhizal plants are enlisted
in Table 2, which corresponds to Figs 1, 2 and 3, and
the screened phytometabolic constituents have been pro-
vided in Table 3.

The relative abundance of 2-Furancarboxaldehyde, 5-
methyl; Ethyl 2-nitropropionate; Furylhydroxymethyl ke-
tone; 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-
methyl; 5-Hydroxymethylfurfural; 3-Hydroxydecanoic
acid; 9-Oxabicyclo[6.1.0]non-6-en-2-one were highest
in E. pyriformis . 2,5-Furandione, 3-methyl-; 2-
Furancarboxaldehyde, 5-methyl; Ethyl 2-nitropr
opionate; Methyl 2-furoate; 4H-Pyran-4-one, 2,3-
d i h yd r o - 3 , 5 - d i h yd r o xy - 6 -me t h y l ; 5 -Hyd r oxy
methylfurfural; 2,4-Dimethyl-3-pentanol acetate; Phenol,
2-propyl-; 9-Oxabicyclo[6.1.0]non-6-en-2-one were
highest in M. nagi. Similarly, 2(1H)-Pyridinone, 6-
hydroxy-; Methyl 3-butynoate; Citric acid, trimethyl es-
ter; Azulene, 1,4-dimethyl-7-(1-methylethyl)-; n-
Hexadecanoic acid; 9,12-Octadecadienoic acid (Z,Z)-;
γ-Sitosterol were highly abundant in M. esculenta.
Interestingly, we found thirteen compounds which are
common between Elaeagnus pyriformis and Myrica
nagi, whereas, most of the phytochemicals found in
M. escu l en ta a r e v i r t ua l l y un ique excep t 2 -

Furancarboxaldehyde, 5-methyl and n-Hexadecanoic
acid. Among the prominent compounds found in
Elaeagnus pyriformis and Myrica nagi are 2(5H)-
Furanone; 2-Furancarboxaldehyde, 5-methyl; 2,4-
Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one; 4H-Pyran-
4-one , 2 ,3-d ihydro-3 ,5-dihydroxy-6-methyl ; 5-
Hydroxymethylfurfural; D-Allose and n-Hexadecanoic
acid.

The phyto-metabolomic profiles of two Myrica spe-
cies, namely M. esculenta and M. nagi varied greatly
despite belonging to the same genus. This variation of
phytochemical profile may be attributed to the fact that
fruits were collected from the local market in ripe con-
dition (M. nagi) and unripe condition (M. esculenta) at
the end of March, 2015. Therefore, the difference in
phyto-metabolic profile among the two Myrica species
was probably due to drastic metabolomic changes dur-
ing the ripening process. Previous reports also support
this view. Significant metabolomic shift was observed in
the Capsicum frutescens and Lycopersicon esculentum
fruits during the ripening process and in turn had great
impact on their antioxidant activities (Azeez and Badiru
2012). Furthermore, the unripe and ripe fruits of Piper
amalago, Piper hispidum and Pistacia palaestina were
demonstrated to possess highly diverse phytochemical
profiles primarily responsible for the metabolomic
changes during the gradual but fast ripening process
(Flamini et al. 2004; Simeone et al. 2011). The present
result also corroborates our previous report that the an-
tioxidant and free radical scavenging activity of unripe
fruit of M. esculenta and ripe fruit of M. nagi were
significantly different (Goyal et al. 2013).

A number of compounds with potential therapeutic
significance have been detected with the help of GC-
MS analysis in the studied actinorhizal fruits. Several
phytochemicals belonging to long chain fatty moiety
and their derivatives such as 3-Hydroxydecanoic acid;
n-Hexadecanoic acid; n-Nonanyl acetate; 9,12-
Octadecadienoic acid Z,Z; Dodecanedioic acid;
Tetradecane; Heptadecane; Octadecane etc has been
identified in the samples. Interestingly, these long chain
fatty acids in the plants play important role in plant
development (Bach and Faure 2010). Hydroxymet
hylfurfural identified in E. pyriformis and M. nagi was
possibly derived from fructose during heating or drying
(Murkovic and Pichler 2006). 2(5H)-furanone and 5-
acetoxymethyl-2-furaldehyde compounds are mostly re-
sponsible for flavour in fruits. The concentrations of
these volatile compounds tend to increase at first and
then decrease as the ripening continues (Vazquez-Cruz
et al. 2012). Alternatively, the furan and pyran deriva-
tives identified in the present study may possibly be
degradation products during the ripening process. For

Phytometabolomic fingerprinting of selected actinorhizal fruits 161



T
ab

le
2

L
is
to

f
ph
yt
oc
om

po
un
ds

id
en
tif
ie
d
by

G
C
-M

S
an
al
ys
is

Sl
.N

o.
C
om

po
un
d
na
m
e

B
io
ch
em

ic
al
cl
as
s

Fo
rm

ul
a

M
ol
.W

t.†
Id
en
tif
yi
ng

Fr
ag
m
en
ts

R
et
en
tio

n
T
im

e

E
la
ea
gn
us

py
ri
fo
rm

is

1.
2(
5H

)-
Fu

ra
no
ne

a
Fu

ra
n
ke
to
ne

C
4
H
4
O
2

83
55

c
5.
64

2.
2,
5-
Fu

ra
nd
io
ne
,d
ih
yd
ro
-3
-m

et
hy
le
ne
-

Fu
ra
n
ke
to
ne

C
5
H
4
O
3

11
1

68
c ,
53

6.
26

3.
2-
Fu

ra
ne
th
an
ol
,β

-m
et
ho
xy
-(
S)
-

Fu
ra
n
al
co
ho
l

C
7
H
1
0
O
3

14
1

11
1c
,8
1

6.
64

4.
2-
Fu

ra
nc
ar
bo
xa
ld
eh
yd
e,
5-
m
et
hy
lb

Fu
ra
n
al
de
hy
de

C
6
H
6
O
2

10
9c

81
,5
3

6.
80

5.
2,
4-
D
ih
yd
ro
xy
-2
,5
-d
im

et
hy
l-
3(
2H

)-
fu
ra
n-
3-
on
ea

Fu
ra
n
ke
to
ne

C
6
H
8
O
4

14
3

10
1c
,7
3,
55

7.
17

6.
2-
(3
-H

yd
ro
xy
-p
ro
py
l)
-c
yc
lo
he
xa
ne
-1
,3
-d
io
ne

A
lip

ha
tic

C
9
H
1
4
O
3

16
9

11
2,
84
,5
4c

7.
61

7.
2,
5-
D
im

et
hy
lc
yc
lo
he
xa
no
ne

a
A
lip

ha
tic

C
8
H
1
4
O

12
5

82
,6
9c
,5
6

8.
16

8.
E
th
yl

2-
ni
tr
op
ro
pi
on
at
ea

E
st
er

C
5
H
9
N
O
4

14
3

73
c ,
55

9.
04

9.
Fu

ry
lh
yd
ro
xy
m
et
hy
lk

et
on
e

K
et
on
e

C
6
H
6
O
3

12
5

95
c ,
67

9.
99

10
.

2-
B
ut
en
ed
io
ic
ac
id

(E
)-
,m

on
om

et
hy
le
st
er
a

E
st
er

C
5
H
6
O
4

12
9

99
c ,
85

11
.3
1

11
.

4H
-P
yr
an
-4
-o
ne
,2
,3
-d
ih
yd
ro
-3
,5
-d
ih
yd
ro
xy
-6
-m

et
hy
la

Fl
av
on
oi
d

C
6
H
8
O
4

14
3

10
1c
,7
2,
55

11
.8
2

12
.

4-
M
et
ho
xy
m
et
ho
xy
-o
ct
-2
-e
ne

A
lk
an
e

C
1
0
H
2
0
O
2

17
1

11
5#
,8
5

12
.0
2

13
.

5-
H
yd
ro
xy
m
et
hy
lf
ur
fu
ra
la

S
ug
ar

de
ri
va
tiv

e
C
6
H
6
O
3

12
5

97
c ,
69

14
.7
4

14
.

3-
H
yd
ro
xy
de
ca
no
ic
ac
id

F
at
ty

ac
id

C
1
0
H
2
0
O
3

18
7

89
c ,
71

15
.1
2

15
.

2-
Pr
op
ox
y-
su
cc
in
ic
ac
id
,d
im

et
hy
le
st
er

E
st
er

C
9
H
1
6
O
5

20
3

10
3,
71

c ,
61

15
.2
3

16
.

4-
M
et
ho
xy
m
et
ho
xy
-4
-m

et
hy
l-
he
x-
2-
yn
al

A
ld
eh
yd
e

C
9
H
1
4
O
3

16
9

14
1c
,1
09

15
.9
7

17
.

4-
M
er
ca
pt
op
he
no
l

Ph
en
ol
ic

C
6
H
6
O
S

12
5c

97
16
.5
1

18
.

M
et
hy
l4

-n
itr
oh
ex
an
oa
te

E
st
er

C
7
H
1
3
N
O
4

17
4

11
3,
69

c
16
.7
8

19
.

E
th
yl

ac
et
oa
ce
ta
te
2-
N
itr
oa
ce
ty
lh
yd
ra
zo
ne

A
m
in
o

C
8
H
1
3
N
3
O
5

23
0

18
5,
11
1,
98

c
18
.2
4

20
.

N
on
a-
2,
3-
di
en
oi
c
ac
id
,e
th
yl

es
te
r

E
st
er

C
11
H
1
8
O
2

18
1

10
9,
98

c
18
.4
7

21
.

Fu
m
ar
ic
A
ci
d

A
ci
d

C
4
H
4
O
4

11
5

98
c ,
53

19
.2
7

22
.

D
-A

llo
se

a
S
ug
ar

C
6
H
1
2
O
6

17
9

98
,7
3,
60

c
21
.4
0

23
.

D
od
ec
an
oi
c
ac
id
,2
-(
ac
et
yl
ox
y)
-1
-[
(a
ce
ty
lo
xy
)m

et
hy
l]
et
hy
le
st
er

E
st
er

C
1
9
H
3
4
O
6

17
9

18
3,
14
9,
73

c
24
.1
0

24
.

1-
Is
ob
ut
yl
-7
,7
-d
im

et
hy
l-
oc
ta
hy
dr
o-
is
ob
en
zo
fu
ra
n-
3a
-o
la

Fu
ra
n
al
co
ho
l

C
1
4
H
2
6
O
2

12
5

16
9c
,8
1

25
.3
5

25
.

3-
B
ut
yl
-4
-n
itr
o-
pe
nt
-4
-e
no
ic
ac
id
,m

et
hy
le
st
er
a

E
st
er

C
1
0
H
1
7
N
O
4

11
4

16
9c
,9
5,
65

25
.8
8

26
.

5-
A
ce
to
xy
m
et
hy
l-
2-
fu
ra
ld
eh
yd
e

A
ld
eh
yd
e

C
8
H
8
O
4

16
7

12
6c
,7
9

30
.0
4

27
.

n-
H
ex
ad
ec
an
oi
c
ac
id
b

Fa
tty

ac
id
/C

ar
bo
xi
lic

ac
id

C
1
6
H
3
2
O
2

25
5

12
9,
73
,6
0c

31
.0
5

28
.

9-
O
xa
bi
cy
cl
o[
6.
1.
0]
no
n-
6-
en
-2
-o
ne

a
A
lip

ha
tic

ke
to
ne

C
8
H
1
0
O
2

13
7

10
9c
,8
1

31
.6
7

M
yr
ic
a
na
gi

1.
2(
5H

)-
Fu

ra
no
ne

a
Fu

ra
n
ke
to
ne

C
4
H
4
O
2

83
55

c
5.
65

2.
2,
5-
Fu

ra
nd
io
ne
,3
-m

et
hy
l-

F
ur
an

ke
to
ne

C
5
H
4
O
3

11
1

68
c ,
53

6.
44

3.
4-
Py

ri
di
no
l-
1-
ox
id
e

Ph
en
ol
ic

C
5
H
5
N
O
2

11
0c

95
6.
65

4.
2-
Fu

ra
nc
ar
bo
xa
ld
eh
yd
e,
5-
m
et
hy
lb

Fu
ra
n
al
de
hy
de

C
6
H
6
O
2

10
9c

81
,5
3

6.
81

5.
2,
4-
D
ih
yd
ro
xy
-2
,5
-d
im

et
hy
l-
3(
2H

)-
fu
ra
n-
3-
on
ea

Fu
ra
n
ke
to
ne

C
6
H
8
O
4

14
3

10
1c
,7
3,
55

7.
16

162 Kar P. et al.



T
ab

le
2

(c
on
tin

ue
d)

Sl
.N

o.
C
om

po
un
d
na
m
e

B
io
ch
em

ic
al
cl
as
s

Fo
rm

ul
a

M
ol
.W

t.†
Id
en
tif
yi
ng

Fr
ag
m
en
ts

R
et
en
tio

n
T
im

e

6.
2H

-P
yr
an
-2
,6
(3
H
)-
di
on
e

Fl
av
on
oi
d

C
5
H
4
O
3

11
1c

84
,5
5

7.
58

7.
2,
5-
D
im

et
hy
lc
yc
lo
he
xa
no
ne

a
A
lip

ha
tic

C
8
H
1
4
O

12
5

82
,6
9c
,5
6

8.
15

8.
Fu

ra
n

F
ur
an

C
4
H
4
O

67
c

–
8.
60

9.
E
th
yl

2-
ni
tr
op
ro
pi
on
at
ea

E
st
er

C
5
H
9
N
O
4

14
3

73
c ,
55

9.
02

10
.

T
hi
op
he
ne
,3
-(
1,
1-
di
m
et
hy
le
th
yl
)-

T
hi
of
ur
an

C
8
H
1
2
S

13
9

12
5c

9.
25

11
.

5-
M
et
hy
l-
2-
py
ra
zi
ny
lm

et
ha
no
l

A
lc
oh
ol

C
6
H
8
N
2
O

12
3c

95
9.
81

12
.

C
yc
lo
he
xa
na
m
in
e,
N
-3
-b
ut
en
yl
-N

-m
et
hy
l-

A
m
in
e

C
11
H
2
1
N

16
6

12
6c
,5
5

9.
92

13
.

M
et
hy
l2

-f
ur
oa
te

C
ar
bo
xy
la
te

C
6
H
6
O
3

12
5

95
c

9.
97

14
.

3-
M
et
ho
xy
ca
rb
on
yl
py
ra
zo
le

P
yr
az
ol
e

C
5
H
6
N
2
O
2

12
5

95
c

10
.0
7

15
.

n-
N
on
an
yl

ac
et
at
e

C
ar
bo
xy
la
te

C
11
H
2
2
O
2

18
5

98
,8
3,
55
#

10
.8
3

16
.

2-
B
ut
en
ed
io
ic
ac
id

(E
)-
,m

on
om

et
hy
le
st
er
a

E
st
er

C
5
H
6
O
4

12
9

99
c ,
85

10
.9
9

17
.

4H
-P
yr
an
-4
-o
ne
,5
-h
yd
ro
xy
-2
-m

et
hy
l-

F
la
vo
no
id

C
6
H
6
O
3

12
5c

98
,6
7

11
.3
1

18
.

T
ri
de
ca
ne
,6
-m

et
hy
l-

A
lk
an
e

C
1
4
H
3
0

19
7

12
6,
85
,5
7c

11
.3
1

19
.

1,
4-
D
io
xa
sp
ir
o[
4.
5]
de
ca
ne
,8
-m

et
ho
xy
-

A
lk
an
e

C
9
H
1
6
O
3

17
1

99
c ,
86

11
.5
8

20
.

4H
-P
yr
an
-4
-o
ne
,2
,3
-d
ih
yd
ro
-3
,5
-d
ih
yd
ro
xy
-6
-m

et
hy
la

Fl
av
on
oi
d

C
6
H
8
O
4

14
3

10
1c
,7
2,
55

11
.8
2

21
.

H
ep
ta
-2
,4
-d
ie
no
ic
ac
id
,m

et
hy
le
st
er

E
st
er

C
8
H
1
2
O
2

13
9

11
1c
,8
1

11
.9
8

22
.

4-
(2
-H

yd
ro
xy
et
hy
l)
-3
-m

et
hy
l-
2-
py
ra
zo
lin

-5
-o
ne

K
et
on
e

C
6
H
1
0
N
2
O
2

14
1

11
1c
,5
7

12
.6
0

23
.

4H
-P
yr
an
-4
-o
ne
,3
,5
-d
ih
yd
ro
xy
-2
-m

et
hy
l-

F
la
vo
no
id

C
6
H
6
O
4

14
1c

85
,6
8

12
.8
7

24
.

O
ct
an
e,
3,
5-
di
m
et
hy
l-

A
lk
an
e

C
1
0
H
2
2

14
1

85
,7
1,
57

c
13
.1
0

25
.

Py
rr
ol
id
in
e,
2α

-[
1-
py
rr
ol
id
yl
]-

A
lk
al
oi
d

C
9
H
1
8
N
2

15
3

84
c

13
.4
4

26
.

3-
(1
-C
yc
lo
pe
nt
en
yl
)f
ur
an

Fu
ra
n

C
9
H
1
0
O

13
3c

10
5,
71

13
.7
3

27
.

5-
H
yd
ro
xy
m
et
hy
lf
ur
fu
ra
la

S
ug
ar

de
ri
va
tiv

e
C
6
H
6
O
3

12
5

97
c ,
69

14
.6
7

28
.

3-
C
yc
lo
he
xa
ne
di
on
e,
2-
bu
ty
l-
2-
m
et
hy
l-

A
lip

ha
tic

C
11
H
1
8
O
2

19
3

11
1,
55
#

15
.8
1

29
.

5-
(H

yd
ro
xy
m
et
hy
l)
-2
-(
di
m
et
ho
xy
m
et
hy
l)
fu
ra
n

Fu
ra
n

C
8
H
1
2
O
4

14
1c

81
15
.9
5

30
.

D
-M

el
ez
ito

se
Su

ga
r

C
1
8
H
3
2
O
1
6

50
3

12
6,
97
,7
3c

16
.4
1

31
.

2,
4-
D
im

et
hy
l-
3-
pe
nt
an
ol

ac
et
at
e

A
lc
oh
ol

C
9
H
1
8
O
2

15
7

11
5c
,5
5

16
.7
3

32
.

H
yd
ra
zi
ne
ca
rb
ox
am

id
e,
2-
(2
-m

et
hy
lc
yc
lo
he
xy
lid

en
e)
-

A
m
id
e

C
8
H
1
5
N
3
O

16
8c

12
6,
95

16
.9
6

33
.

Ph
en
ol
,2
-p
ro
py
l-

P
he
no
l

C
9
H
1
2
O

13
5

10
7c

18
.0
5

34
.

3-
C
yc
lo
pe
nt
yl
pr
op
io
ni
c
ac
id
,2
-t
et
ra
hy
dr
of
ur
yl
m
et
hy
le
st
er

E
st
er

C
1
3
H
2
2
O
3

12
5

12
5,
84
,7
1c

18
.3
4

35
.

B
en
ze
ne
et
ha
no
l,
4-
hy
dr
ox
y-

A
lc
oh
ol

C
8
H
1
0
O
2

13
7

10
7c

19
.4
1

36
.

D
-A

llo
se

a
S
ug
ar

C
6
H
1
2
O
6

17
9

98
,7
3,
60

c
21
.4
8

37
.

A
dr
en
al
on
e

K
et
on
e

C
9
H
11
N
O
3

18
0

15
2c
,1
37
,1
09

22
.0
5

38
.

2-
H
yd
ro
xy
pr
op
an
e-
1,
2,
3-
tr
ic
ar
bo
xy
lic

ac
id
,d
im

et
hy
le
st
er

E
st
er

C
8
H
1
2
O
7

21
9

14
3c
,1
10

22
.3
9

39
.

D
-M

an
no
se

S
ug
ar

C
6
H
1
2
O
6

17
9

73
c

23
.7
3

40
.

1-
Is
ob
ut
yl
-7
,7
-d
im

et
hy
l-
oc
ta
hy
dr
o-
is
ob
en
zo
fu
ra
n-
3a
-o
la

Fu
ra
n
al
co
ho
l

C
1
4
H
2
6
O
2

12
5

16
9c
,8
1

25
.3
7

Phytometabolomic fingerprinting of selected actinorhizal fruits 163



T
ab

le
2

(c
on
tin

ue
d)

Sl
.N

o.
C
om

po
un
d
na
m
e

B
io
ch
em

ic
al
cl
as
s

Fo
rm

ul
a

M
ol
.W

t.†
Id
en
tif
yi
ng

Fr
ag
m
en
ts

R
et
en
tio

n
T
im

e

41
.

3-
B
ut
yl
-4
-n
itr
o-
pe
nt
-4
-e
no
ic
ac
id
,m

et
hy
le
st
er
a

E
st
er

C
1
0
H
1
7
N
O
4

11
4

16
9c
,9
5,
65

25
.9
7

42
.

A
ce
tic

ac
id
,3
-c
ya
no
-2
-c
yc
lo
he
xy
l-
6-
m
et
hy
l[
1,
2]
ox
az
in
an
-6
-y
lm

et
hy
le
st
er

E
st
er

C
1
5
H
2
4
N
2
O
3

17
9

13
6,
10
8,
55

c
27
.9
6

43
.

n-
H
ex
ad
ec
an
oi
c
ac
id
b

Fa
tty

ac
id
/C

ar
bo
xi
lic

ac
id

C
1
6
H
3
2
O
2

25
5

12
9,
60

c ,
73

31
.0
3

44
.

9-
O
xa
bi
cy
cl
o[
6.
1.
0]
no
n-
6-
en
-2
-o
ne

a
A
lip

ha
tic

ke
to
ne

C
8
H
1
0
O
2

13
7

10
9c
,8
1

31
.6
4

45
.

2,
15
-H

ep
ta
de
ca
di
en
e,
9-
(e
th
ox
ym

et
hy
l)
-

A
lk
en
e

C
2
0
H
3
8
O

29
3

10
9,
81
,5
5c

33
.5
8

46
.

9,
12
-O

ct
ad
ec
ad
ie
no
ic
ac
id

(Z
,Z
)-

F
at
ty

ac
id
/C

ar
bo
xi
lic

ac
id

C
1
8
H
3
2
O
2

27
9

95
,8
1,
67

c
34
.2
5

47
.

10
-M

et
hy
l-
8-
te
tr
ad
ec
en
-1
-o
la
ce
ta
te

A
lk
an
e

C
1
7
H
3
2
O
2

26
7

12
5,
11
1,
55

c
34
.3
3

M
yr
ic
a
es
cu
le
nt
a

1.
2-
Fu

ra
nc
ar
bo
xa
ld
eh
yd
e,
5-
m
et
hy
lb

Fu
ra
n
al
de
hy
de

C
6
H
6
O
2

10
9c

81
,5
3

7.
12

2.
Fu

ra
n

F
ur
an

C
4
H
4
O

67
c

–
8.
77

3.
2(
1H

)-
Py

ri
di
no
ne
,6
-h
yd
ro
xy
-

A
lc
oh
ol

C
5
H
5
N
O
2

11
0

68
c

9.
88

4.
B
ut
an
ed
io
ic
ac
id
,m

et
hy
le
ne
-,
di
m
et
hy
le
st
er

E
st
er

C
7
H
1
0
O
4

15
7

99
,5
9c

10
.4
9

5.
M
et
hy
l3

-b
ut
yn
oa
te

E
st
er

C
5
H
6
O
2

97
68

c ,
59

15
.8
9

6.
M
et
hy
l3

,4
-t
et
ra
de
ca
di
en
oa
te

E
st
er

C
1
5
H
2
6
O
2

23
7

12
6,
84

c
18
.2
3

7.
C
yc
lo
he
xa
ne
ac
et
ic
ac
id
,2
-o
xo
-,
m
et
hy
le
st
er

E
st
er

C
9
H
1
4
O
3

16
9

13
9c
,7
4

21
.5
0

8.
4-
D
im

et
hy
la
m
in
om

et
hy
l-
3-
m
et
ho
xy
-5
H
-f
ur
an
-2
-o
ne

Fu
ra
n
ke
to
ne

C
8
H
1
3
N
O
3

17
0

12
7,
84
,5
8c

22
.0
8

9.
C
itr
ic
ac
id
,t
ri
m
et
hy
le
st
er

C
itr
ic
ac
id

es
te
r

C
9
H
1
4
O
7

23
3

14
3c
,1
01

22
.5
9

10
.

U
nd
ec
an
ed
io
ic
ac
id
,d
im

et
hy
le
st
er

E
st
er

C
1
3
H
2
4
O
4

24
3

13
9,
98

c ,
74

23
.0
4

11
.

A
zu
le
ne
,1
,4
-d
im

et
hy
l-
7-
(1
-m

et
hy
le
th
yl
)-

H
yd
ro
ca
rb
on

C
1
5
H
1
8

19
7

18
3c
,1
68

26
.2
2

12
.

D
od
ec
an
ed
io
ic
ac
id

D
ic
ar
b\
ox
yl
ic
ac
id

C
1
2
H
2
2
O
4

22
9

98
c ,
84
,5
5

27
.6
1

13
.

11
,1
4-
E
ic
os
ad
ie
no
ic
ac
id
,m

et
hy
le
st
er

E
st
er

C
2
1
H
3
8
O
2

32
1

95
,6
7c
,5
5

27
.8
5

14
.

Te
tr
ad
ec
an
e,
2,
6,
10
-t
ri
m
et
hy
l-

A
lk
an
e

C
1
7
H
3
6

23
9

11
3,
85
,5
7c

29
.8
7

15
.

1,
2-
L
on
gi
di
on
e

K
et
on
e

C
1
5
H
2
2
O
2

23
3

14
5,
10
9c
,6
9

31
.0
1

16
.

n-
H
ex
ad
ec
an
oi
c
ac
id
b

P
al
m
iti
c
ac
id

C
1
6
H
3
2
O
2

25
5

12
9,
60

c ,
73

31
.1
1

17
.

H
ep
ta
de
ca
ne
,9
-h
ex
yl
-

A
lk
an
e

C
2
3
H
4
8

32
3

85
,7
1,
57
#

31
.8
1

18
.

9,
12
-O

ct
ad
ec
ad
ie
no
ic
ac
id

(Z
,Z
)-

F
at
ty

ac
id
/C

ar
bo
xi
lic

ac
id

C
1
8
H
3
2
O
2

27
9

95
,8
1,
67

c
34
.2
8

19
.

tr
an
s-
13
-O

ct
ad
ec
en
oi
c
ac
id

F
at
ty

ac
id

C
1
8
H
3
4
O
2

28
1

83
,6
9,
55

c
34
.3
8

20
.

O
ct
ad
ec
an
oi
c
ac
id

F
at
ty

ac
id
/C

ar
bo
xi
lic

ac
id

C
1
8
H
3
6
O
2

28
3

18
5,
12
9,
73

c
34
.7
9

21
.

O
ct
ad
ec
an
e,
3-
et
hy
l-
5-
(2
-e
th
yl
bu
ty
l)
-

A
lk
an
e

C
2
6
H
5
4

36
5

85
,7
1,
57

c
38
.7
9

22
.

Ph
en
ol
,2
,4
-b
is
(1
-p
he
ny
le
th
yl
)-

Ph
en
ol

C
2
2
2
2
O

30
1

28
7c
,1
05

39
.0
7

23
.

γ
-S
ito

st
er
ol

S
te
ro
id

C
2
9
H
5
0
O

41
3

30
3,
21
3,
14
5,
10
7,
55

c
52
.5
1

a
Fo

un
d
in

E
.p
yr
ifo

rm
is
an
d
M
.n
ag
i;

b
Fo

un
d
in

E
.p
yr
ifo

rm
is
,M

.n
ag
ia

nd
M
.e
sc
ul
en
ta
;c

B
as
e
pe
ak

re
pr
es
en
tin

g
hi
gh
es
ta
bu
nd
an
ce
;†

[M
-H

]−

164 Kar P. et al.



Fig. 1 GC chromatogram of Elaeagnus pyriformis

Fig. 2 GC chromatogram of Myrica nagi
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instance different degradation furan and pyran com-
pounds were identified in coffee from different origin
(Gloess et al. 2014).

Therefore, it seems likely that actinorhizal fruits
growing in North-East India contain plenty of nutrition-
ally and medicinally important constituents which may

Fig. 3 GC chromatogram of Myrica esculenta

Table 3 Compounds with potential medical value identified in fruits of three actinorhizal species

Compound name Activity Reference

2-Furancarboxaldehyde, 5-methyl- Anti-microbial, Preservative. Gopalakrishnan and Udayakumar 2014.

4H-Pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl-

Anti-microbial, anti-inflammatory. Gopalakrishnan and Udayakumar 2014.

Methyl 4-nitrohexanoate Analgesic, anti-diabetic, anti-bacterial, anti-fungal. Gopalakrishnan and Udayakumar 2014.

D-Allose Anti-cancer, anti-oxidant. Gopalakrishnan and Udayakumar 2014.

Methyl 3-butynoate Anti-bacterial. Jumare et al. 2015.

5-Hydroxymethylfurfural Anti-oxidant, anti-proliferative. Zhao et al. 2013.

Fumaric acid Anti-inflammatory. Shakya et al. 2014.

3-(1-cyclopentenyl)-furan Anti-fungal. Huang et al. 2010.

Azulene, 1,4-dimethyl-7-(1-
methylethyl)-

Anti-microbial, anti-allergic, anti-inflammatory. Thanga et al. 2012

Octadecanoic acid Anti-tumor, anti-fungal. Abou-Elela et al. 2009; Hsouna et al. 2011.

9,12-Octadecadienoic acid (Z,Z)- Anti-inflammatory, hypocholesterolemic, anti-cancer,
hepatoprotective, anti-arthritic.

Lalitharani et al. 2010; Ponnamma and Manjunath
2012; Uma et al. 2009.

γ-Sitosterol Anti-diabetic, anti-cancer, anti-microbial. Sundarraj et al. 2012.

Phenol, 2-propyl- Anti-oxidant, anti-bacterial, anti-inflamatory. Gopalakrishnan and Kalaiarasi 2013; Kalaiarasan
et al. 2011.

n-Hexadecanoic acid Anti-oxidant, Hypocholesterolemic. Aparna et al. 2012; Sutha et al. 2010.
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be used in various pharmaceutical and industrial appli-
cations. However, further studies are needed to isolate
and identify the specific phyto-compounds involved in
managing various diseases.

4 Conclusion

The present work has offered strong preliminary identification
of several phyto-compounds from the juices of the selected
actinorhizal plants. Some of these compounds may hold
promise as medically relevant candidates and might prove
beneficial in future drug development.
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Canna is a spectacular ornamental plant which gains its importance in terms of 
nutritive and medicinal values. However, there are number of problems related to the 
production and breeding for improved varieties of Canna. Protoplast fusion technique was 
tried to generate genetically modified hybrid varieties of Canna. In vitro generated leaves 
and shoots of Canna indica and Canna edulis were used as the source for isolation of 
protoplasts. Viable protoplasts (viability range 60-75%) were generated in enzymatic 
combination of cellulase (1%) and pectinase (0.5%) with an incubation temperature of 24±3ºC 
for 16-18 hrs in dark. In the present experiment, protoplast fusion in Canna was standardized 
using Polyethylene glycol (PEG). The fused protoplasts were cultured in a medium consisted 
of Banana Micropropagation medium, supplemented with nutrients and growth regulators 
for regeneration. 
 
Keywords: Canna; protoplast; Cellulase; Pectinase; PEG 
 

Canna, the solitary genus of the 
family Cannaceae (Prince, 2010), is cultivated 
extensively around homes and public parks 
for its decorative and widely varying flower 
colors (Nakornthap, 1965). Besides, some of 
the Canna species/ cultivars are also 
treasured as medicine specially Canna indica 
Linn. and Canna edulis Ker Gawler 
(Choudhury et al., 2010; Joshi et al., 2009; 
Mishra et al., 2011; 2012). However, there are 
number of problems related to the 
production of Canna and breeding of Canna 
for the creation of improved varieties. 
Germination of seed in Canna is very difficult 
and not practiced very often. Therefore, 
production of new variety with mating and 

cross pollination is limited. We also found 
that standardization of tissue culture 
technique in Canna, particularly; varieties 
found in India have not been attempted. 
Besides, asexual reproduction, conventional 
breeding is not very popular in Canna, 
because it occurs through the multiplication 
of rhizome, which is a very slow process. 
Alternative methods like protoplast fusion 
for production of hybrid varieties has never 
been tried perhaps anywhere in the world. 
Looking all these into account, in the present 
study an efficient protoplast isolation and 
fusion technique was tried to generate 
genetically hybrid varieties.  
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Materials and methods 
Young leaves of Canna edulis and 

immature healthy fruits of Canna indica were 
collected from our laboratory greenhouse for 
aseptic culture (accession no. 9588 and 9590 
respectively and deposited in the “NBU 
Herbarium”, Department of Botany, 
University of North Bengal). The explants 
were surface sterilized using the standard 
protocol of Goyal et al. (2014).  

Surface sterilized fruits of C. indica 
were blot dried, and seeds were excavated. 
For germination, single cotyledonous seeds 
were cut to pieces and inoculated in MS 
medium supplemented with 3% sucrose, 
0.42% Calcium chloride and 0.7% agar 
without any growth regulators.  

Leaves of C. edulis were excised and 
aseptically cultured in Banana micro-
propagation medium (BM) containing 1% 
agar, 30g/L sucrose, 0.17% NH4NO3, BAP (2 
mg/L) and NAA (0.5 mg/L) and found to be 
effective in inducing callus. The same 
medium with BAP (2 mg/L) was found ideal 
for plantlet regeneration.  

All the cultures were incubated at 
25°C±2°C with 12 hours light exposure. The 
in vitro generated leaves of both C. indica and 
C. edulis were maintained for further study.  

Isolation and purification of 
protoplasts were standardized as per Assani 
et al. (2002); De (1997) with some 
modifications. In vitro cultured leaves (4 to 5 
weeks old) of C. indica and C. edulis were 
considered for isolation of protoplast. One 
gram leaves of each species were peeled and 
cut into pieces of 1 × 0.5 mm size separately. 
Cut pieces of leaves were placed with lower 
surface down in sterile petriplates in cell and 
protoplast washing medium-1 (CPW-1) (De, 
1997). After 5 minutes, CPW-1 was replaced 
by the enzymatic solution of cellulase and 
pectinase. Different combinations of both 
cellulase (0.5%, 1%, 1.5%, 2%) and pectinase 
(0.15%, 0.3%, 0.5%, 0.75%) were tried to 
observe the best result. Peeled leaves were 
incubated at 24±3ºC for 16-18 hrs in dark. 

After the incubation for enzymatic digestion, 
enzymatic solution was gently replaced by 
CPW-1 without disturbing the leaf pieces. 
The digested leaf pieces were gently agitated 
and squeezed with a pair of fine sterile 
forceps to facilitate the release of protoplasts. 
Purification of isolated protoplast was done 
by passing the digestion mixture through 
100µm sterile metallic mesh to remove the 
debries and large cell colonies. The filtrate 
was transferred to centrifuge tube and 
spinned at 900 rpm (100Xg) for 5 minutes at 
room temperature (RT). The protoplasts were 
settled as pellet which was resuspended in 
second cell and protoplast washing medium-
2 (CPW-2) (De, 1997) and centrifuged at 1,300 
rpm (200Xg) for 7 minutes. The viable 
protoplasts forming dark green band (De, 
1997) were collected from the surface of the 
mixture of CPW-2. Protoplasts were washed 
by suspending in CPW-1 and centrifuged at 
900 rpm (100Xg) for 5 minutes for 2-3 times to 
remove the sucrose. Protoplast viability was 
checked by using phenosafranin according to 
the method described by De, 1997. 
Phenosafranin (0.1%) was mixed with 
protoplast preparation to view the staining. 

Fusion of protoplast was achieved by 
using the protocol of Assani et al. (2005) with 
desired modification. Viable protoplasts of 
both the species were mixed in equal 
proportion in a fusion solution containing 0.5 
M mannitol and 0.5 mM CaCl2. Protoplast 
mixture was slowly dropped down to the 
sterile petriplate followed by the addition of 
Polyethylene glycol (PEG) solution (50% 
PEG, 0.5 M mannitol and 0.5 mM CaCl2). 
After 30 minutes of incubation in RT, the PEG 
solution was replaced by liquid culture 
media. Further the protoplasts were studied 
under microscope for possible fusion. 

Medium was prepared couple of days 
before the fusion of protoplasts. The fused 
protoplasts were sieved through 250 µm 
sterile metallic mesh to select the small cell 
aggregates for their culture. The culture 
medium consisted of BM media, 2 mg/L 
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BAP, 0.5 mg/L NAA, 2.8 mM glucose, 278 
mM maltose, 116 mM saccharose, 2.5 mM 
myo inositol (pH 5.6±0.2) and 0.4% agar. The 
media was autoclaved for sterilization. The 
mixture was carefully poured into sterilized 
culture vessels. Then the sieved protoplasts 
(fused) were gently plated on the agar 
medium for the initiation of cell division and 
growth. The cultures were maintained at 
25ºC in the dark to observe further 
development of fused mesophyll cells. 
 
Results and discussion 

In vitro germinated leaves of C. indica 
and in vitro regenerated shoots of C. edulis 
were used as the source for isolation of 
protoplasts. It was observed that in both the 
plants, good quality of protoplasts was 
produced from in vitro leaf tissue (Fig 1). Of 
all the combinations of enzymes, 1% cellulase 
+ 0.5% pectinase generated good quality 
protoplasts in both the plants. As per the 
literature, the viable protoplasts were viewed 
to be unstained with phenosafranin (De, 
1997). The viability range of freshly isolated 
leaf protoplasts was 60-75%. Mesophyll 
protoplasts of C. edulis were found to be more 
uniform in size [20-30 micro meter (µm)] than 
that of C. indica.  

The isolation of protoplasts in Canna 
depends significantly on both donor material 
and genotype used. It is essential to 
standardize the enzymatic mixture for the 
donor material to isolate high quality of 
protoplasts. This indicated that the digestion 
of cell wall components depends on 
enzymatic mixture. A number of studies have 
been performed to access the significance of 
the donor material in protoplast isolation. In 
banana and other monocotyledons such as 
rice, maize and wheat, lower yield and lower 
viability of protoplasts were observed when 
derived from mesophyll tissue (Assani et al., 
2002; Jain et al., 1995; Prioli and So¨ndahl 
1989; Vasil et al., 1990). The less viable 
protoplasts of mesophyll tissue could be 
connected to the sensitivity of leaves to 

enzymatic stress, resulting in breakage and 
damage during enzymatic digestion. Similar 
type of observation was found in our study. 

 

 
 
Figure 1- Protoplast isolation and fusion of in 
vitro regenerated Canna. (a) In vitro 
germinated C. indica (b) Callus regenerated C. 
edulis (c & d) Leaf pieces of C. indica and C. 
edulis for enzymatic digestion; (e & f) Freshly 
isolated mesophyll protoplasts (g) 
Protoplasts coming closer to each other after 
application of PEG (h) Fused protoplasts (i) 
Chain of Fused protoplasts (j) Initiation of 
callus. 
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In the present study, a standard 
protocol for isolation of protoplasts has been 
developed for the ornamental monocot like 
Canna. Since protoplast regeneration is a 
prerequisite for somatic hybridization, 
efficient isolation of protoplasts would be 
important for producing new cultivars of 
Canna through protoplast fusion. 

Somatic hybridization could be an 
excellent tool for the breeding of ornamental 
and cultivated Canna. But till date there are 
very few reports of successful somatic 
hybridization in monocots. In the present 
experiment, protoplast fusion in Canna was 
standardized using PEG. Different steps of 
protoplast fusion are represented in figure 1. 

A number of fused protoplasts were 
clearly seen under microscope. The rate of 
cell divisions of fused protoplasts may be 
affected by the toxic level of PEG, which 
hampers the viability of protoplasts. Less 
viable protoplasts do not participate in the 
fusion process and ultimately lowers down 
the mitotic activities (Mercer and Schlegel, 
1979).  

Callus like whitish mass of tissue was 
observed 9-10 days after the culture of fused 
Protoplasts. The frequency of formation of 
the above whitish tissue was very low i.e. 25-
30% only. The callus like tissue was able to 
divide and increase in their size, although 
they did not differentiate further and died 
thereafter. This showed that the calli 
produced from the fused protoplast did not 
regenerate; however, they were alive for 
about 15 days while on the feeder layer. The 
whitish tissue may represent a type of wound 
tissue, which stimulates callus formation but 
was incapable of further differentiation and 
formation of somatic embryo. Lower 
regenerating capacity of fused plant 
protoplasts might be due to the suppression 
of totipotency. Reduced viability and cell 
division potential in fused protoplasts may 
be because of the presence of reactive oxygen 
species and reduced cellular antioxidant 
mechanism. Moreover, the loss of viability 

with due course of time might be due to 
different biotic and abiotic factors. The 
incapability of regeneration of fused plant 
protoplasts was described by many authors 
(Evans et al., 1984; Schieder and Kohn, 1986). 
This may be because of the effect of PEG, 
which ceases the development of fusion 
product and finally limiting the formation of 
callus and somatic embryos (Assani et al., 
2005).     
 
Conclusion 

Thus, here we tried to develop some 
hybrid varieties of Canna through protoplast 
fusion. So far our knowledge goes this is the 
first attempt to fuse Canna protoplasts in 
vitro. Viable protoplasts were isolated as a 
result of enzymatic digestion of the in vitro 
leaves of Canna. Fusion of mesophyll 
protoplasts was standardized using 
Polyethylene glycol. However, detailed study 
has to be carried out to sort out the problems 
related to the regeneration of fused 
protoplasts.  
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INTRODUCTION

Traditional liquor preparation is a common household practice 
among different tribal communities in India. They consume 
native drink (e.g., sajpani, kiad etc.) virtually in every occasion 
of life such as various festivals, marriage ceremony and even in 
funeral [1]. Almost all tribes prepare and consume traditional 
drink but their names, ingredients, and mode of preparation 
differ greatly from community to community and region to 
region. Rice is the main ingredient preparing these native drinks 
or liquors. However, the tribals use local medicinal plant parts 
along with rice to prepare their native liquor and believe that the 
beverage prepared in this process prevents headache, insomnia, 
body ache, urinary troubles and cholera [2-4]. The North-eastern 
provinces of India, colonized by native Bodo, Garo, Rabha, 
Karbi, Ahom, Deori, Dimasa, Kachari, etc. communities are best 
known for the production of household liquors [4,5]. However, 

there is virtually no data available regarding the traditional 
alcoholic beverage preparation in the sub-Himalayan non-hilly 
region of Bengal.

Malda, district of West Bengal in India, is characterized by its 
diversified historical dynasty, mango production, rich wetland, 
natural vegetation and its diversified ethnic groups including 
Santala, Oraon, Rajbanshi, Namasudre, Polia, Mundas, 
Malpaharias etc. [6] Amongst these tribes, Oraon community 
are famous in preparing quality local drink or known as Chullu 
from rice. In fact Chullu production is a part of their culture, 
identity, myths, and spiritual practices. Their own traditional 
way of preparing the brew with medicinally important plants 
distinguished them from rest of the tribal communities of the 
region. The recipe of brew preparation is however a secret and 
passed on generation after generation orally. Besides, they also 
make a good living by selling this native drink.
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ABSTRACT
Aim: Preparation of daily traditional drink by the indigenous tribes is a common phenomenon in India. Oraon 
tribes in Malda district of West Bengal, India are very much practiced in making of their own native brew, 
known as Chullu. Therefore, the aim of this study was to explore the whole Chullu procedure technology of the 
region and its socioeconomic effect on Oraon. Ethnomedicinal investigation of local plants involved in Chullu 
preparation was another aspect of this study. Materials and Methods: The present study was conducted 
from April 2012 to June 2013. Consecutive field surveys were performed to collect information from Chullu 
producers to focus the procedure technology of local brew by means of semi-structured individual interviews, 
informal interviews and group discussion. A semi-structured questionnaire process was also performed to 
obtain the information regarding the ethnic use of plant species involved in Chullu preparation. Results: The 
present study revealed that four medicinal plant species along with rice having strong local ethnomedicinal 
value were used to prepare this indigenous drink. Oraon prepare the brew using their unique home-made 
distillation process. Commercialization of this local brew represents an alternative income to develop their 
economic condition, especially for poor households. The index of importance value was considered to evaluate 
the importance, usage, and knowledge of the five studied species. Conclusion: It could be concluded that 
practices of Chullu preparation represent a bonding between ethnic knowledge and Oraon people of the 
province. Commercialization of Chullu may be considered as a source of alternative way of income for poor 
households in the region.

KEYWORDS: Alternative income, Chullu, ethnobotany, Oraon, Malda district
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So far there is no authentic documentation of Chullu 
preparation technology used by Oraons’ of Malda district of 
West Bengal, India. The plants those were used in preparing 
Chullu, either known medicinally or have ethnic use among 
Oraons’. Therefore, a semi-structured questionnaire process 
was also intended to focus the local use of the plants, their parts 
involved in medicinal practices and preparation of drugs from 
those plant parts. Another aspect which was considered in this 
study was the economic significance of Chullu production and 
sale. Hence, it may be a pioneer study to explore the Chullu 
procedure technology and its economic impact among Oraon 
community of the district along with ethnomedicinal value of 
used plant species.

MATERIALS AND METHODS

Study Area

Malda (latitude and longitude of 24°40′20″N to 25°32′08″N 
and 88°28′10″E to 87°45′50″E respectively), a district of West 
Bengal, India with a total land area of 3455.66 km2. [6] is 
known as ‘mango district’ for its wide array of mango variety and 
production. It consists of two municipalities, 15 blocks or sub-
divisions and 3701 villages with a population of more than forty 
lakh. The district is also characterized by its diversified wetland 
and forest vegetation. The Adh soi wetland (beel), located at 
Harischandrapur-II block of the region, is one of the largest 
among the wetlands of the state comprising rich vegetation 
due to its macrophytic diversity [7]. Adina and Bhalluka forests 
are the two most important forest areas of the district. A few 
small forest areas are also scattered in Old Malda, Habibpur, 
Harishchandrapur and in Gajol blocks [8].

Most of ethnic communities live mainly in the four blocks of this 
province namely, Gazole, Bamongola, Habibpur and Old Malda 
comprising more than 85% of total tribal population. Hence we 
considered these four blocks as our study area [Figure 1] due to 
its noticeable Oraon population. The climate of this region is 
extreme because of its geographical position. The district has 
a hot summer (35-42°C) from March to September and a very 
cold winter (6-12°C) from November to February. The monsoon 
starts from June and continues to the mid-September and the 
average rainfall is approximately 1453.1 mm.

Oraon Community

Oraon community is one of the largest tribal groups in India, 
possessing a unique tradition and culture. In Malda district, a 
sizeable portion of the tribal communities are the Oraons who 
mostly inhabits in the remote villages [9]. They have distinctive 
lifestyle and are fond of festivals of various kinds like Jatrapala 
(one kind of play portraying colorful stories), Gambhira (a kind 
of play portraying the social satire, political circumstances or 
the life story of god and goddesses), folk songs and dances, 
traditional musical instruments etc. Consumption of Chullu 
prepared mainly from rice is common for Oraons during these 
occasions. Besides, they regularly consume this drink during 
marriage ceremony, birth of a child or even in funeral. In fact, 

a section of the community makes a good living by preparing 
Chullu.

Data Collection

Prior to survey, several meetings were held with the community 
members to explain the purposes of the study being conducted 
and to obtain their prior informed consent (PIC). The survey 
was carried out among the 19 villages (Chaknagar, Haspukur, 
Rishipur, Bhabuk, Parameshpur, Dhumpur, Nityanandapur, 
Aktail, Dangapara, Lakhitur, Habibpur, Jhinjhinipukur, 
Pakuahut, Jagdala, Kanturka, Kenpukur, Salaidanga, Majhra, 
Baidyapur) of above mentioned four blocks (Gazole, Bamongola, 
Habibpur and Old Malda) during last year (April 2012 to June 
2013). Hundreds of informants were interviewed to get the 
information regarding the Chullu preparation and plants and 
plant-parts involved therein. The sociocultural and marketing 
value of this drink has also been considered. The whole survey 
procedure involved several levels of interviewing such as semi-
structured individual interviews, informal interviews, open-
ended questionnaires, and group discussion with the local 
informants.

Total Key Informants

Hundreds of villagers of the study area were interviewed, but 
the information given by professional Chullu producers and 
persons with proven knowledge on plants involved in Chullu 
production were only recorded. After cross verification, the 
information obtained only from 201 Chullu producers based 
on their experiences (174 female, 27 male) of 19 villages were 
recorded. Among the ethnomedicinal practitioners, we found 
27 healers who were involved in traditional healing practices, 

Figure 1: The map of study area (Malda district) showing four main 
Oraon populated zones (1: Gazole block; 2: Bamongola block; 3: Old 
Maldah block; 4: Habibpur block)
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gave information regarding the ethnic use of the same plants 
involved in Chullu production for treating ailments. To survey 
the economic aspect of the Chullu production, authors also 
interviewed 56 vendors of 19 villages.

Data Analysis

In order to evaluate the importance of the medicinal plants as 
per the local informants of the villages, the value of importance 
(IVs) index was determined [10]. IVs index measures the 
importance of a plant species based on how many informants 
cite one species as the most important one among the total 
number of informants (Value varies from 0 to 1). IVs= nis/n; 
where, nis= number of informants who consider the species to 
be the most important, and n= total number of informants.

RESULTS

After interviewing with 201 Chullu producers, the local beverage 
procedure technology by Oraon people was summarized under 
two main sub-legends: preparation of Chullu -starter and 
preparation of Chullu. It was observed that Chullu production 
which has great impact on Oraon people, indirectly help to uplift 
the village economy. Virtually, commercialization of Chullu is an 
alternative way of their daily livelihood. A total of four medicinal 
plants including Holarrhena pubescens, Wattakaka volubilis, 
Ichnocarpus frutescens and Clerodendrum viscosum along with 
rice (Oryza sativa) which were used in the preparation of this 
drink had great ethnomedicinal value in the locality.

Chullu Procedure Technology

Preparation of Chullu-starter

To prepare Chullu-starter (locally known as modguli), rice grains 
and 4 different plant parts are mixed together in a 2:1 ratios and 
dusted. Briefly, rice grains are taken in earthen pot and cleaned in 
water, followed by drying under sunlight for 1-2 days. Different 
plant parts like bark and leaves of H. pubescens, fruit and bark 
of W. volubilis, leaves of I. frutescens and C. viscosum are also 
cleaned well to remove dust particles and dried. Then, the plant 
parts along with rice grains are powdered by dheki (a wooden 
mortar with a large wooden handle). The powdered material is 
then sieved. The sieved material is locally known as modgura. 
Water (1/3rd of the total powder) is added to modgura to make 
dough and thick tablet like structures of 5-8 cm. in diameter 
are prepared [Figure 2]. These tablets are called modguli. The 
modgulis are kept in between two layers of straw for 4-5 days 
or until the pungent smell comes (the process is known as jag-
dewa). Now, the starters are prepared for sundry. These modgulis 
are kept on clean cloth under sunlight for another 7-10 days. 
Finally, the sundried Chullu-starters are packaged depending 
upon their sizes for marketing [Figure 2].

Preparation of Chullu

To prepare Chullu, cooked rice is the main ingredient. Briefly, 
starters (four to five pieces for 1 kg of cooked rice) are dusted 

and mixed properly with cooked rice and taken in an earthen pot 
(handi). Water (400-500 ml) is added into the pot covering the 
mouth with a banana leaf, followed by an earthen lid and left for 
fermentation. A yellowish watery juice with a strong alcoholic 
pungent smell comes out after 3-4 days, which is filtered with 
a clean cloth into another pot. This first fermented yellowish 
beverage is known as hanria. Fresh water (2-2.5 lit) is added in 
the same earthen pot containing fermented rice and hanria and 
left for 12-18 h [Figure 3].

Now to prepare typical Chullu, Oraon follow their unique 
distillation process. In this preparation, three pots are piled one 
above the other. The lowest pot containing the fermented rice 
with hanria, the middle one being an empty earthen pot with 
several pores (known as jhanjhi) at the bottom and the topmost 
aluminum pot filled with cold water. The air gaps between each 
pot are sealed with mud. A pipe is inserted and sealed with 
mud at the side bottom of the middle earthen pot. The entire 
preparatory set is then placed over earthen oven starting the 
heating process [Figure 3]. After heating, the vapor goes up 
from the lower-most pot passes through the pores of the middle 
pot and comes in contact with upper-most pot containing cold 
water. Due to cooling, the vapor condenses into water which 
comes down and is collected in the bottle through the pipe of 
the middle pot. Thus, the prepared beverage is watery in color 
possessing alcoholic odor and is known as Chullu or mod. 
Finally, this alcoholic beverage is packaged in glass-bottle for 
selling in the market.

Ethnomedicinal Uses of Plants Involved in Chullu

During survey, we found that the plants used in Chullu 
preparation had great local medicinal values. Therefore, 
a semi-structured questionnaire and individual interview 
[Figure 4] among the healers had been carried out among 19 

Figure 2: Preparation of Chullu-starter
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villages to obtain the information. After interviewing with 
some experienced traditional healers authors found a massive 
ethnomedicinal value in the region. However, as per our title 
concerned, we focused only on the above mentioned five plant 
species [Table 1] as those are used in Chullu preparation. A total 
of 27 traditional experienced healers were chosen after cross 
verification for obtaining the information regarding ethnic use 
of those species only.

It was observed that the herbal formulation from the bark 
of H. pubescens was prescribed by 22 healers out of 27 to 
treat chronic diarrhoea, chronic dysentery, urinary troubles, 
bleeding of piles etc. whereas C. viscosum was prescribed by 
21 healers to treat several disorders. Similarly, W. volubilis, 
I. frutescens, O. sativa were also used in various purposes as 
shown in Table 1. The IVs result exhibited high IV for all 
the species [Table 1] establishing greater ethnic knowledge 
regarding plant resources in the studied area. However, the 
IVs value of O. sativa is low (0.49) in comparison to others 
and prescribed only by only 13 healers. The study attempts 
to highlight that the above mentioned five plants are most 
valued species in the studied region and if sustainably 
harvested, they could be used as an alternative livelihood 
strategy for poor people.

DISCUSSION

Chullu and Village Economy

The local traditional liquor, Chullu occupies a sizable portion of 
village economy, especially the economy of poor tribal people. 
The Oraon community is actively involved in production and 
marketing of Chullu. Though the Oraons are involved in Chullu 
production, sometimes non-tribal agents provide funds to the 
tribals to produce liquor in a large scale and collect from them 
to be sold in the urban areas. The starters are processed into 
two different packets depending upon their sizes and sold at 
market. Similarly, traditional Chullu is packaged in bottles to 
sell at beer-shop. It was found that the large packets (5-7 cm 
diameter each) of starter are sold @  15 or USD 0.24 of per 
packet containing 8 pieces whereas small packets (2-3 cm 
diameter each) are sold @  8 or USD 0.13 of per packet with 
8 pieces. Hanria, the first alcoholic product during preparation 
of Chullu is also sold @  5-7 or USD 0.08 to 0.11 per glass of 
100 ml whereas the typical Chullu is sold @  30 or USD 0.48 
per bottle of 550 ml.

During survey, we found that though the tribals consume 
Chullu throughout the year, production of this drink usually 
at its peak in dry season like summer mainly because drying 
of starter is relatively easy in dry season. It was also observed 
that commercialization of Chullu occurred when a groups 
of villagers from different parts gathered in local fairs, ritual 
ceremonies, Jatrapalas, folk songs or dance programs or in 
other social activities. The other means of selling occurred 
when someone or a group of villagers go to the urban areas due 
to their personal purposes carry the native drink and sell those 
during their stay in urban areas. Sales also occur through the 
agents who directly purchase the indigenous brew. As evident 
from Table 2, inhabitants of Haspukur, Baidyapur, Kanturka, 
Dhumpur, Lakhitur, Pakuahat, Bhabuk and Habibpur villages 
amongst 19 are more interested than others in preparing the 
local brew which indirectly helps to boost up their economic 
condition. However, the frequency of alcohol preparation in the 
villages was more than 65 percent suggesting high concern to 
prepare the traditional liquor. Excess amount of local brew are 

Figure 3: Preparation of Chullu

Figure 4: Questionnaire datasheet of ethnomedicinal use of plants 
in studied region
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also produced in those areas as per the demand of agents. Hence, 
commercialization of local drink would be a good alternative 
way to the ethnic people if properly manufactured.

In selling local traditional brew, the most critical factors 
are the lack of proper infrastructure, proper management, 
communication, transportation, local market or beer-shops 
etc. It has been observed that some of the villages are in such 
remote areas that the transportation facilities are inaccessible. 
Therefore it becomes difficult to reach to the desired places or 
sometimes become detached due to some natural calamities. 
As a result the transportation charges become more than the 
production cost of Chullu. Seasonality, especially rainy season is 

Table 1: List of medicinal plants investigated for Chullu preparation and their respective ethnic uses
Plant species/family/Vn Used 

parts
Ethnomedicinal use Formulation 

prescribed by 
no. of healers

IVs

H. pubescens (Buch.-Ham.) 
Wall. ex DC. (Apocynaceae)/
Vn Koriya/Indrajab

Bark The bark is grinded to make powder and taken orally with milk to cure from 
chronic diarrhea, chronic dysentery, urinary troubles and bleeding of piles. 
The seeds are used as anthelmintic

22 0.81

W. volubilis (Linn.f.) Stapf. 
(Asclepiadaceae)/Vn Muniraj/
Barka Dabai

Leaves 
and 
roots

i) Leaves are crushed to make paste and used externally on eczema, boils 
and abscesses
ii) Leaves are grinded to make powder and taken orally along with cow’s 
milk in body weakness
iii) Leaves are used as sex stimulant along with the healers’ own ingredients
iv) Roots are utilized in case of fever and jaundice

18 0.66

O. sativa L. (Poaceae)/Vn Dhan Grain The grains (chal) are soaked in water for whole night and next morning the 
decoction is taken orally to treat gastric problems

13 0.49

I. frutescens (L.) W.T. Aiton. 
(Apocynaceae)/Vn Kathmol

Root i) Roots are used in leucorrhoea, skin diseases
ii) Root decoction is used in fever and cough

19 0.70

C. viscosum Vent. 
(Verbenaceae)/Vn Titvat

Leaf i) The apical bud are crushed with salt and take to prevent worm (tapeworm 
or guinea worm) infection and also used in liver disorders
ii) Leaf paste is applied externally to prevent skin problems
The leaf juice is applied on head to prevent lice

21 0.78

Vn: Vernacular name, C. viscosum: Clerodendrum viscosum, I. frutescens: Ichnocarpus frutescens, O. sativa: Oryza sativa, W. volubilis: Wattakaka 
volubilis, IV: Importance value

Table 2: Frequency of Chullu preparation in studied villages
Name of 
studied 
villages

Total no. of 
population 
studied#

Total number of 
persons preparing 
alcohol in village

Frequency of 
Chullu preparation 
by local people (%)

Chaknagar 345 269 77.97
Haspukur 460 375 81.52
Parameshpur 439 349 79.49
Baidyapur 521 439 84.26
Jhinjhinipukur 296 203 68.58
Aktail 345 268 77.68
Nityanandapur 211 153 72.51
Kanturka 362 301 83.14
Rishipur 209 164 78.46
Srirampur 358 277 77.37
Dhumpur 421 355 84.32
Lakhitur 379 330 87.07
Jagdala 265 211 79.62
Dangapara 119 86 72.26
Pakuahat 451 368 81.59
Salaidanga 223 162 72.64
Majhra 195 142 72.82
Bhabuk 385 324 84.15
Habibpur 535 450 84.11

#Total population studied=(Number of Chullu producing person+No. of 
non-Chullu producing person)

also a great factor. Due to the presence of heavy moisture in the 
environment and/or inadequate sunlight, the starters don’t get 
dried up well leading to fungal contamination. As a result, the 
drink prepared with those half-dried starters becomes toxicated 
or sometimes fatal.

Transmission of Knowledge

The knowledge of the wild medicinal plants used in various 
purposes are based on regular practices, oral transmission and are 
also influenced by several factors such as age, gender, relationship 
and other sociocultural factors generating variability in a 
particular zone [11]. The privacy of traditional medical practices 
in the indigenous people is a common phenomenon [12]. The 
use of selected plant species in Chullu preparation distinguishes 
the Oraon people from other communities in the studied region 
and it confirms that the knowledge is confined within this 
community. The informants reported that they always keep 
their medicinal plant knowledge secret. The open transfer of 
indigenous knowledge could only take place verbally along the 
family line, usually from older knowledgeable person to younger 
ones. The transfer of knowledge takes place hardly to the people 
outside the family and passed only on substantial cash payment.

CONCLUSION

Through the present survey we intended to have a detailed 
account of local drink production in selected regions of rural 
Bengal. Rural Malda district to be precise, we have also given 
special emphasis to the tribal community and their way 
of preparing local drink, Chullu. Oraon economy involved 
typical method of Chullu production which is indigenous 
to their community. We found that Chullu production, 
trade and marketing are a popular occupation among Oraon 
communities.
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Any kind of traditional alcoholic drink is popular among the 
tribal communities and the non-tribals because of its cheap cost 
and high alcohol content. The tribal communities use native 
brew virtually in every occasion, from birth to funeral. They 
used several herbs and shrubs for the preparation of local drink. 
Some of which are ethno-botanically important. Oraons have a 
popular belief that the plant parts used in Chullu actually help 
them in combating against various ailments such as headache, 
insomnia etc.

Overall, it is apparent that the present survey is some of the 
most comprehensive one on Chullu production and marketing 
in Bengal and certainly the most exhaustive for rural Malda 
district of West Bengal.
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Abstract
The ethnobotanical survey in Chanchal block of Malda district recorded a total of 49 species
belonging to 29 families were used to treat 25 local ailments. Root was the most frequently used
plant part in preparing herbal remedies followed by leaf. The most common diseases treated in
the study area were bone fracture, gastritis, diabetes, rheumatism, gastritis, asthma, bronchitis,
skin disorders etc. In most of the cases, more than one species has been utilized to treat one
disease. For instance, five plant species namely Acacia nilotica (Linnaeus) Delile, Musa x
paradisiaca Linnaeus, Bombax ceiba Linnaeus, Catharanthus roseus (Linnaeus) G. Don,
Syzygium cumini (Linnaeus) Skeels were used to treat diabetes whereas six different plant
species were utilized to alleviate gastritis problems. Now-a-days, the indigenous knowledge is
on the way of erosion due to several extrinsic factors. Therefore, the documentation of plant
resources and their sustainable utilization is a necessary step towards the goal of raising
awareness in local people about the importance of these plants and their further conservation.

Key words: Ethnobotany, Medicinal plants, Healthcare, Tribe, Chanchal, Malda, West Bengal.

INTRODUCTION

Man has been dependent on nature for their survival and medicine since time immemorial. This
dependency led the indigenous people living in harmony with nature to evolve a unique system
of medicinal plant practices (Ghosh et al. 2004; Teron & Borthakur 2014). This knowledge and
description of the use of a variety of plant-derived medications has been passed orally generation
to generation. In India, there are about 54 million aboriginal people of different ethnic groups
inhabiting various regions. The aboriginal groups have their own distinctive culture, religious
rites, food habit and a rich knowledge of plant utilization (Parinitha et al. 2005; Boro & Sarma
2013). The indigenous knowledge of medicinal plants and their use in treating several ailments
might reasonably be expected in India due to its rich floristic vegetation (Gupta et al. 2004; Shil
et al. 2014). Virtually, ethnobotanical survey may be regarded as one of the most reliable
approaches to new drug discovery and it is a prerequisite for any developmental planning
concerned with the welfare of tribal and their environment (Lokho & Narasimhan 2013).

However despite being rich in biodiversity and with diversified ethnic communities, Malda
district (Fig. 1) of West Bengal in India is still remained elusive for ethnobotanists (Saha et al.
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2014). The district is characterized by its rich wetland and forest vegetation which consist
chiefly of herbs, shrubs, thorny scrub bushes and large trees. Santals, Rajbanshi, Oraon,
Namasudra, Polia, Mundas, Malpaharias etc. are the main aboriginal communities living
throughout the district. Practices of Traditional Medicines using plant species is a common
phenomenon to them apart from agriculture. Even today, the ethnic people of the district practice
herbal medicine to treat a variety of ailments using wild medicinal plants due to its efficiency,
ease and low cost.

Fig. 1. Location map of study area [C-I= Chanchal block I; C-II= Chanchal block II]

Chanchal block I & II are such areas of the district where medicinal plants are utilized
vigorously for local healthcare management by tribal community and located between the
latitude and longitude of 25°23´ N and 88°0´ E respectively. The practice of such traditional
knowledge is so popular in those provinces that it is deeply rooted in their culture. However,
no such documentation has so far been conducted in Chanchal block I & II. The purpose of
the current study was, therefore, to gather information on the exploitation of local medicinal
plants by ethnic people in Chanchal block I and II of the district to manage diseases.

MATERIALS AND METHODS
Extensive field survey has been conducted in ten villages (Malatipur, Samsi, Ratanpur, Sripur,
Chanchal, Mahanandapur, Jalalpur, Kandaron, Vado and Bhakri) of Chanchal blocks I & II,
Malda, India was conducted in the year June 2011 to August 2012. The information regard-
ing the traditional knowledge, local uses of plants, parts used (e.g. leaf, root, bark, fruit etc.),
purposes, name of diseases, modes of administration, and curative properties were recorded
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through intensive interviews and group discussions with traditional healers and elderly knowl-
edgeable persons using semi-structured questionnaire process. Prior Informed Consent (PIC)
was also obtained from them. Many practitioners were interviewed in the study area and
retained information only from 25 informants. The survey method followed in the present
study was that of guided field-walk method as suggested by Jain (1995). The plants used for
various purposes were identified using different available literatures including Hooker (1875
– 1897); Prain (1903); Kanjilal et al (1934 – 1940); Balakrishnan (1981 & 1983) and further
updated from websites including www.theplantlist.org. For family delimitation APG III sys-
tem (Chase & Reveal 2009). Voucher specimens were processed into mounted herbarium
sheets following Jain & Rao (1977) and stored in the Herbarium of Department of Botany,
Raiganj University College.

RESULT AND DISCUSSION

Present study recorded that a total of 49 species belonging to 29 families had been utilized to
treat local ailments by tribal people of Chanchal block I & II. Of these, six species, namely
Rauvolfia serpentina, Ervatamia coronaria, Carissa carandas, Catharanthus roseus,
Hemidesmus indicus and Holarrhena pubescens belonging to Apocynaceae were
considered to have ethnobotanical uses, followed by Malvaceae with 4 species including
Abroma augusta, Bombax ceiba, Hibiscus rosa-sinensis and Sida rhombifolia. Moraceae
and Fabaceae with 3 species each whereas Acanthaceae, Apiaceae, Combretaceae,
Arecaceae, Rutaceae, Lamiaceae, Vitaceae and Solanaceae contributed 2 species to each
and the rest of 17 families were represented by one species in each (Table 1). The present
study revealed that trees were the most dominant growth forms with 18 species, followed by
herbs with 15 species, shrubs with 13 species and climbers with 3 species.

Root was the most commonly used plant part to prepare herbal formulations accounting
for 31 % of the recorded plants, followed by leaves with 24 %, fruits and stem with 11 %
each etc (Fig. 2). It was noticed that most of the formulations prepared were of fresh plant
materials and processed by crushing, boiling or frying. A single species was involved more
than one occasion to prepare remedies. It had been observed that the mostly used form of
herbal preparations were paste, juice or infusion of either single or mixture of plant parts.
Honey, sugar-candy (michri or tal-michri), salt, ginger, fennel seeds, black pepper, milk etc.
were often used as additives (Table 1). Result also exhibited that most of the preparations
were administrated orally whereas other mode of application was external by directly or
tying the preparation with the affected part of the body.

A total of 25 types of local diseases were reported to be cured in the study area. The
most common diseases were body pain, bone fracture, rheumatism, asthma, bronchitis, diabetes,
gastritis, skin disorders etc. The study revealed that a single species like Vitex negundo,
Mimosa pudica, Phyllanthus emblica, Terminalia chebula etc. have been utilized more
than one occasion to treat several disorders. For instance, Vitex negundo was utilized in
case of pain, paralysis and tumor while Mimosa pudica was used in leucorrhoea and dysentery.

However, Dey & De (2010) and Chakraborty & Bhattacharjee (2006) reported a few
plants (Ampelocissus tomentosa, Glossogyne bidens and Ichnocarpus frutescens) which
were used against bone fracture at Ajodhya hill region of Purulia district, India whereas in
the present study four plants including Cissus quadrangularis (stem), Datura metel (root),
Ampelocissus latifolia (stem), Tamarindus indica (leaf) were used to prepare traditional
remedies and applied on afftected area to alleviate bone fracture. Application of 3 species
namely Alstonia scholaris, Holarrhena antidysenterica and Centella asiatica were found
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Table 1. Name of local diseases and their management practices in Chanchal block of
Malda district

Disease
Plant name [Family]; Vernacilar name;

Voucher no.
Parts
used

Ethnic use/Administration

Bone fracture

Cissus quadrangularis Linnaeus
[Vitaceae]; Harjora; RUC/MLD-312

Stem
All plant parts are crushed along with
leaves of Tamarindus, ginger, salt to
make paste and applied as emollient on
affected area of fractureDatura metel Linnaeus [Solanaceae]; Kalo

dhutura; RUC/MLD-328
Root

Ampelocissus latifolia (Roxburgh)
Planchon [Vitaceae]; Goaliar lota;
RUC/MLD-563

Stem

Tamarindus indica Linnaeus [Fabaceae];
Tnetul; RUC/MLD-322

Leaf

Pain

Glycosmis pentaphylla A.J. Retzius
[Rutaceae]; Aatiswar; RUC/MLD-422

Root
Plant parts are crushed together to make
paste and applied as emollient on affected
area to relieve the pain

Datura metel Linnaeus [Solanaceae]; Kalo
dhutura; RUC/MLD-328

Root

Vitex negundo Linnaeus [Lamiaceae];
Nisinda; RUC/MLD-444

Leaf &
stem

Leaves are crushed along with ginger,
salt, Black pepper and the paste is applied
as an emollient

Litsea glutinosa (Loureiro) C.B. Robinson
[Lauraceae]; Daradmoida; RUC/MLD-259

Stem
Stem bark is crushed to make paste and
applied as emollient on affected area

Paralysis

Aegle marmelous (Linnaeus) J.F. Correa
[Rutaceae]; Bel; RUC/MLD-449

Leaf
Leaves of both the plants are fried red in
mastered oil and the mixture is sieved and
mixed with tarpin oil (4 teaspoon),
pipermint and camphor and massaged on
paralyzed area twice in a day

Vitex negundo Linnaeus [Lamiaceae];
Nisinda; RUC/MLD-444 Leaf

Rheumatism

Justicia gendarussa N.L. Burman
[Acanthaceae]; Jagatmadan; RUC/MLD-
467

Root
Root paste is applied in rheumatism

Coccinia grandis (Linnaeus) J.O. Voigt
[Cucurbitaceae]; Telakucha; RUC/MLD-473 Root &

Fruit
pills

Root decoction mixed with sugar, goat
milk is used to treat rheumatism for 3-4
months (twice a week)

Concurrently, the paste of fruit pills are
applied on affected area

Tumor

Vitex negundo Linnaeus [Lamiaceae];
Nisinda; RUC/MLD-444

Leaf
Leaves and bark of both the plants are
crushed along with turmeric and ginger to
make paste, warmed slightly and applied
on tumorNeolamarkia kadamba (Roxburgh) J.M.

Bosser [Rubiaceae]; Kadam; RUC/MLD-
509

Bark

Body
weakness

Asparagus racemosus Wildenow
[Asparagaceae]; Satomul; RUC/MLD-499

Root

Roots of all plants are crushed together
and dried to make powder and taken with
milk twice a day to reduce body weakness

Hemidesmus indicus R. Brown
[Apocynaceae]; Anantamul; RUC/MLD-512

Rauvolfia serpentina (Linnaeus) Bentham
ex Kurz [Apocynaceae]; Chandramul;
RUC/MLD-145

Aristolochia indica Linnaeus
[Aristolochiaceae]; Iswarmul; RUC/MLD-
177

Body
weakness
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Disease
Parts
used

Ethnic use/Administration

Body
weakness
(contd.)

Root

Rauvolfia serpentina (Linnaeus) Bentham
ex Kurz [Apocynaceae]; Chandramul;
RUC/MLD-145

Aristolochia indica Linnaeus
[Aristolochiaceae]; Iswarmul; RUC/MLD-
177

Bombax ceiba Linnaeus [Malvaceae];
Simul; RUC/MLD-283

Asthma

Ficus glomerata Roxburgh [Moraceae];
Dumur; RUC/MLD-256 Fruit

Fruits boiled in water, mixed with little
amount of pipermint and sieved; the
decoction is taken to treat asthma

Solanum xanthocarpum M.L. Schrad &
J.C. Wendland [Solanaceae]; Kontikari;
RUC/MLD-293

Root

Roots are crushed to powder along with
joan, clove, black pepper, dry ginger and
littje salt and taken two table spoons twice
a day after meals

Bleeding on
the body

Ageratum conyzoides Linnaeus
[Asteraceae]; Chikasunga; RUC/MLD-92 Root

Roots are crushed along with turmeric
and the extract is applied twice a day to
reduce bleeding from nose, ear etc.

Gastritis

Phyllanthus emblica Linnaeus
[Phyllanthaceae]; Amloki; RUC/MLD-270

Fruit

Fruits are dried and powdered with salt
and taken twice a day in empty stomach

Terminalia bellirica (Gaertner) Roxburgh
[Combretaceae]; Boahera; RUC/MLD-126

Terminalia chebula A.J. Retzius
[Combretaceae]; Haritaki; RUC/MLD-341

Trachyspermum copticum T.A. Sprague
[Apiaceae]; Ajoan; RUC/MLD-510

Ficus hispida Lineaus f . [Moraceae];
Khoska; RUC/MLD-452

Hypant
hodium
/Fruit

Extract of its fruits and seeds of Sesamum
indicum Linnaeus is applied on head to
lower the gas from head

Ficus benghalensis Linnaeus [Moraceae];
Bot; RUC/MLD-257

Prop
root

Paste of slender prop roots is taken with
batasa (a product made from sugar) to
treat gastritis

Azoospermia
Curculigo orchioides J. Gaertner
[Hypoxidaceae]; Talmuli; RUC/MLD-335 Root

1-2 pieces of root is chewed in the
morning for 15-20 days to improve sperm
production and density

Kidney stone

Phyllanthus emblica Linnaeus
[Phyllanthaceae]; Amloki; RUC/MLD-270

Fruit

Powder of dried fruits are taken twice a
day to dissolve kidney stone

Terminalia bellirica (Gaertner) Roxburgh
[Combretaceae]; Boahera; RUC/MLD-126

Terminalia chebula A.J. Retzius
[Combretaceae]; Haritaki; RUC/MLD-341

Kalanchoe pinnata (Lamarck) Persoon
[Crassulaceae]; Patharkuchi; RUC/MLD-69 Leaf

Boiled fresh leaves are very much
effective to dissolve stone in kidney

Plant name [Family]; Vernacilar
name; Voucher no.
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Disease
Plant name [Family]; Vernacilar name;

Voucher no.
Parts
used

Ethnic use/Administration

Kidney stone
(contd.)

Cocos nucifera Linnaeus [Arecaceae];
Narkel; RUC/MLD-364 Fruit

The tender fruit water along with seeds of
Trigonella foenum-graecum Linnaeus
juice is taken as a stone dissolver

Leucoderma

Borassus flabellifer Linnaeus [Arecaceae];
Taal; RUC/MLD-374

Leaf

Tender leaves are crushed along with
seeds of Argemone mexicana Linnaeus
shell of Pila and the paste is applied as
emollient on affected region with coconut
oil

Allergy

Argemone mexicana R. Sweet
[Papaveraceae]; Sialkata; RUC/MLD-311

Seed

Seeds are crushed along with tender
leaves of Taal, shell of Pila globasa
(apple-samuk) to make paste and applied
as emollient on affected region with
coconut oil before bath

Inflammation

Sida rhombifolia Linnaeus [Malvaceae];
Peet Berala; RUC/MLD-310

Root
Paste of roots and fennel seeds is applied
to get relief from inflammation in breast

Argemone mexicana R. Sweet
[Papaveraceae]; Sialkata; RUC/MLD-311

Root
Paste of root is applied on affected area to
prevent inflammation

Menstruation

Hibiscus rosa-sinensis Linnaeus
[Malvaceae]; Joba; RUC/MLD-178

Flower
Decoction of crushed flower in water is
feed to women to induce menstruation

Abroma augusta (Linnaeus) Linnaeus f.
[Malvaceae]; Ulatkambal; RUC/MLD-300

Petiole

Petioles are crushed and kept in a bowl of
water for whole night, and next morning
the decoction is taken against irregular
menstruation

Diabetes

Musa x paradisiaca Linnaeus [Musaceae];
Kola; RUC/MLD-439

Stem

Tender stem (3-5 pieces; 10-15 cm long)
is crushed along with Alpinia sp.
(Persoon) B.L. Burtt & R.M. Smith
(elach), whole parts of Ipomoea aquatica
and sugar candy then the extract is taken
orally to treat diabetes

Acacia nilotica (Linnaeus) Delile
[Fabaceae]; Babla; RUC/MLD-433

Leaf

Tender leaves are crushed along with the
stem of Tinospora sinensis (Loureiro)
Merrill in 2:1 ratio and the juice is taken
at early morning for 3-4 months to treat
diabetes

Bombax ceiba Linnaeus [Malvaceae];
Simul; RUC/MLD-283

Root
Crushed tender root (2-3 years old tree) is
used to cure diabetes

Catharanthus roseus (Linnaeus) G. Don
[Apocynaceae]; Nayantara; RUC/MLD-76 Leaf

Extract of its leaves along with leaves of
Andrographis paniculata is taken in
empty stomach at the morning

Syzygium cumini (Linnaeus) Skeels
[Myrtaceae]; Jam; RUC/MLD-337

Seed
Seed powder is mixed with goat milk and
taken at early morning in diabetes

Leucorrhoea

Amaranthus spinosus Linnaeus
[Amaranthaceae]; Katanote; RUC/MLD-251

Root
Root-decoction is mixed with sugar and
milk and taken to treat leucorrhoea

Punica granatum Linnaeus [Lythraceae];
Dalim; RUC/MLD-179 Leaf

Leaf extract is taken orally at the morning
with in empty stomach to reduce
leucorrhoea

Mimosa pudica Linnaeus [Fabaceae];
Lajjabati; RUC/MLD-307

Root
Root decoction is used for leucorrhea

386 Ethnobotany of Chanchal Block of Malda District

Tender stem (3-5 pieces; 10 – 15 cm long)
is crushed along with the root of Alpinia
sp. (elach), whole parts of Ipomoea
aquatica and sugar candy then the extract
is taken orally to treat diabetes



to be effective on dysentery in Narsinghdi District of Bangladesh (Rahmatullah et al 2010)
while the authors ascertained new treatment procedures in the studied area by local tribal
people for the same purposes using the species, Tinospora sinensis (stem) and Mimosa
pudica (leaf). Chakraborty & Bhattacharjee (2006) reported the use of Curculigo orchioides
for treating leucorrhoea and nasal bleeding problem in Purulia district of West Bengal in
India, however, our findings suggested enhancement of sperm production on consumption of
its roots. Five plant species namely, Musa x paradisiaca, Acacia nilotica, Bombax ceiba,
Catharanthus roseus, Syzygium cumini were found to be effective to treat diabetes in the
study area while Biswas et al (2011) reported the use of Acacia nilotica as antidiabetic in
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Disease
Plant name [Family]; Vernacilar name;

Voucher no.
Parts
used

Ethnic use/Administration

Bronchitis
Andrographis paniculata (Burman f.)
Wallich ex Nees [Acanthaceae]; Kalmegh;
RUC/MLD-255

Seed
Paste of its leaves with tulsi, basak and
honey is taken with warm milk twice a
day until it cures

Conjunctivi-tis

Ervatamia coronaria (Jacquin) Stapf
[Apocynaceae]; Tagar; RUC/MLD-533 Flower

Juice from crushed flowers is applied on
eyes to relive from various type of
conjunctivitis

Barringtonia acutangula (Linnaeus)
Gaertner [Lecythidaceae]; Hizal;
RUC/MLD-442

Seed
Seed powder is used as emollient in
conjunctivitis

Hypertension

Aristolochia indica Linnaeus
[Aristolochiaceae]; Iswarmul; RUC/MLD-
177

Root
Its roots along with the roots of Rauvolfia
serpentina are crushed and the juice is
taken in hypertension twice a day

Clerodendrum colebrookianum W.G.
Walpers [Lamiaceae]; RUC/MLD-392

Leaf
Leaf decoction is used in hypertension

Jaundice
Andrographis paniculata (Burman f.)
Wallich ex Nees [Acanthaceae]; Kalmegh;
RUC/MLD-255

Leaf
Leaf decoction is taken orally

Skin disorder

Rauvolfia serpentina (Linnaeus) Bentham
ex Kurtz [Apocynaceae]; Sarpagandha;
RUC/MLD-145

Root
Root paste is applied in several kinds of
skin diseases

Holarrhena antidysenterica (Linnaeus)
Wallich [Apocynaceae]; Kurci; RUC/MLD-
35

Bark

The bark along with roots of Hemidesmus
indicus are crushed to make paste and
applied externally to treat skin disorders
viz. eczema, puses etc.

Anorexia
Carissa carandas J. Loureiro
[Apocynaceae]; Karamcha; RUC/MLD-475

Fruit
The ripe fruit is used to treat anorexia.

Dysentery

Tinospora sinensis (Loureiro) Merill
[Menispermaceae]; Goronch lata;
RUC/MLD-120

Stem
Extract of its stem along with bark of
Alstonia scholaris is taken twice a day

Mimosa pudica Linnaeus [Fabaceae];
Lajjabati; RUC/MLD-307

Root
The root and kalmegh leaves are crushed
to make juice and used in dysentery

Vomiting
Coriandrum sativum Linnaeus [Apiaceae];
Dhane pata; RUC/MLD-365

Whole
plant

The whole plant along with zinger and
black pepper is crushed to make juice and
used against vomitingVomiting

Coriandrum sativum Linnaeus [Apiaceae];
Dhane pata; RUC/MLD-365

Whole
plant

The whole plant along with zinger and
black pepper is crushed to make juice and
used against vomiting

Houttuynia cordata C.P. Thunberg
[Saururaceae]; Ansta gaach; RUC/MLD-451

Leaf
The leaves are crushed to make juice and
taken to induce vomiting



Narail and Jessore Districts of  Bangladesh supporting our result. However, Oyedemi et al
(2009) accounted 15 plant species employed for the management of diabetes at entire Eastern
Cape Province of South Africa. The study revealed that Rauvolfia serpentina and
Holarrhena antidysenterica were exploited for the management of skin disorders whereas
fruits of Ficus glomerata and roots of Solanum xanthocarpum were utilized to expel
asthma (Table 1).

The study exhibited a high degree of ethnobotanical novelty and the use of plant
resources for medicine by the aboriginal communities. In addition, the comparative studies
on medicinal uses of plants among different regions showed similarities and dissimilarities in
uses. In recent, the knowledge of medicinal plants or ethnobotany has gained worldwide
attention due to its effectiveness, therapeutic and eco-friendly nature.

Fig. 2. Used plant parts in the preparation herbal remedies

CONCLUSION

The present documentation is the first systematic study on local healthcare management of
Chanchal block I and II as per authors’ best knowledge. Despite the large scale environmental
degradation and modernization, medicinal plants are still playing a significant role in the
management of various human diseases in Malda District. The study was, therefore, intended
to document the local knowledge of traditional healers treating different ailments in Chanchal
block I and II. The study revealed that a total of 49 species had been utilized to treat 25
different diseases and disorders by local traditional healers. Root was the most frequently
used plant part in the preparation of remedies followed by leaf. The common ailments treated
in the area were bone fracture, diabetes, rheumatism, body pain, kidney stone, menstruation,
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asthma, bronchitis, gastritis, skin disorders etc. A comprehensive phytochemical investigation
of those studied plants would be a handy work for the invention of future eco-friendly drug.
Besides, a serious awareness is needed be raised among the local people on sustainable
utilization and management of the plant resources.
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INTRODUCTION

The knowledge of medicinal plants in India has been 
accumulated in course of many centuries based on several 
ancient medicinal systems, including ayurveda, unani and 
siddha [1]. According to the survey report of World Health 
Organization [2], 80% people of the developing world use 
plant remedies for several therapeutic purposes. India, one 
of the richest floristic regions of the world has diverse socio-
economic, ethnic, linguistic and cultural areas. Therefore, the 
indigenous knowledge of medicinal plants and their use in 
treating several ailments might reasonably be expected in this 
country. Chandel et al. [3] have reported that nearly about 
70% of tribal and rural inhabitants of India are to a large extent 
depended on medicinal plants for their primary healthcare 
management due to either insufficient or inaccessible or less 
availability of modern healthcare system. The information 
regarding the medicinal properties of plants came down 
traditionally generation after generation through traditional 
healers. Apart from the tribal groups, many other forest 

dwellers and rural people also possess unique knowledge 
regarding plant utilization.

Malda district of West Bengal, India [Figure 1] is situated between 
the latitude and longitude of 24°40′20″N to 25°32′08″N and 
88°28′10″E to 87°45′50″E respectively with a total geographical 
area of 3455.66 sq km [4]. The district is characterised by its great 
archaeological relics such as Mourya Empire, Gupta Dynasty 
and Pala Dynasty. The region is covered with plentiful natural 
vegetation, which makes it verdant. River beds, ponds, marshy 
land etc. are good habitats for the wetland undergrowth. Most of 
the remote villages are covered by jungles, which consist chiefly 
of thorny scrub bush and large trees showing wide distribution of 
flora. The soil of the western region of the district is particularly 
suited to the growth of mulberry and mango, for which Malda has 
become famous. Various ethnic communities, including Santala, 
Rajbanshi, Namasudre, Polia, Oraon, Mundas, Malpaharias etc. are 
the inhabitants of this region. Of these Santala, Oraon is different 
from others due to their unique culture and tradition. They are 
quite popular to treat several types of local ailments of human and 
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veterinary purposes [4]. Agriculture is the main source of income in 
the territory. Besides rearing of cattle, sheep, goats, fowls, etc. are the 
common practices among the tribal communities in this district. 
They also earn their livelihoods by selling milk, egg, flesh, etc., 
which plays a significant role in the rural economy of this district.

Preliminary floristic survey and a few numbers of folk 
usages of local plants had been studied for Malda district 
by Sur et al. [5,6], Pal and Das [7] and Chowdhury and Das 
[8], whereas Saha et al. [4] demonstrated a detailed picture 
regarding the ethnoveterinarian uses of plants. However, no 
detailed ethnomedicinal practices by local tribal communities 
had been done so far for this province. Hence, this is the first 
hand information on the ethnomedicinal usage by the ethnic 
people of Malda district as per author’s best knowledge.

Now-a-days the traditional knowledge is in the way of erosion 
due to environmental degradation, deforestation, agricultural 
expansion and population pressure. Traditional knowledge of 
medicinal plants and their use by indigenous cultures are not 
only useful for conservation of cultural traditions and biodiversity 
but also for community healthcare and drug development at 
present and in the future. Therefore, recording of indigenous 
knowledge of medicinal plants is an urgent task. The objective 
of this study was to interact with local traditional healers and to 
document their knowledge on utilization of medicinal plants, 
their usage and the types of diseases treated, etc.

MATERIALS AND METHODS

Ethno Botanical Survey

The practice of medicinal plants is widespread among the 
tribal people of Malda district, and it is deeply rooted in 
their socioeconomic culture. However, the documentation of 
local medicinal practices is distinctly absent for the region. 

Considering the great cultural and ethnolinguistic diversity of 
the tribal people of the province, several field interviews were 
designed to cover as broad an area of the region as possible, in 
order to maximize the diversity of knowledge and the plant 
species employed in traditional remedy. The present survey 
was conducted during July 2012 to August 2013 in the district. 
Different interviewing procedures, including direct interview, 
group discussion, open-ended conversations, semi-structured 
questionnaire etc. were followed to get the information from 
the local traditional healers, known as Kavirajs, Baidyas or Ojhas 
and aged knowledgeable persons regarding the use of different 
medicinal plants curing several ailments. The purpose of this 
survey was explained to them in details, and prior informed 
consent was taken as per ethical guidelines of the International 
Society of Ethnobiology [9]. The villages were visited in 
different seasons to get the plant in its flowering condition. 
Plants were pointed out by the informants and their local names, 
used plant parts, formulation and dosages were also recorded.

Plant Collection and Identification

The plants were properly photographed, and herbarium was 
prepared for each specimen and deposited at Raiganj University 
College, Raiganj, India. The collected specimens were identified 
with the help of Central National Herbarium, Kolkata, India. 
The survey method followed in this study was that of the guided 
field-walk method as described by Jain [10] and the collection 
of voucher specimen, preservation, herbaria technique was 
followed as per Jain and Rao [11].

Total Key Informants

During the survey, we interacted with more than 100 informants 
and retained the information only from 74 informants. Among 
these, 55 were male (74.33%), and 19 were female (25.66%). 
More emphasis was given to the aged knowledgeable healers 
due to their vast experience in treating the local diseases 
and disorders. Kishori Barman (71 years), Uttam Kr. Mandal 
(53 years), Nargis Bibi (48 years), Farshed Ali (58 years), Fatema 
Begum (68 years), Basudeb Rajbanshi (55 years) Md. Subed Ali 
(44 years) etc. were the healers in the study area that we found.

Data Analysis

To analysis the data more clearly, obtaining from the informants, 
we set up our own database using Microsoft Access version 2007 
and the parameters were name of the taxon, family name, 
voucher number, vernacular names, parts used, diseases treated, 
mode of administration or medicinal uses. We also analyzed 
the percentage between the used parts of plant species, growth 
forms of the species by putting them in the graph.

RESULTS

Plants Used

The present study revealed that a total of 53 medicinal plants 
belonging to 37 families were frequently used in the treatment 

Figure 1: Map of study area (Malda district)
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of 44 types of local ailments with 88 phytotherapeutic uses in 
the territory. The number of species most frequently used in 
the treatment of several disorders by each family was mentioned 
as Euphorbiaceae-6 species, Fabaceae-5 species, whereas 
Acanthaceae, Amaranthaceae, Vitaceae, Malvaceae, Solanaceae, 
Mimosaceae, and Zingiberaceae contributed 2 species to each 
family. The rest of 28 families were represented by 1 species in 
each. The scientific names of recorded species, their families, 
vernacular names, voucher number, used parts, mode of 
administration and local ethnic uses were illustrated in Table 1. 
Our study also exhibited that herbs were the most dominant 
growth forms with 17 species (32%), followed by 13 shrubs 
(24%), 12 trees (23%), 9 climbers (17%) and only 2 parasitic 
species (4%) treating different ailments as shown in Figure 2. 
Andrographis paniculata, Amaranthus spinosus, Alstonia 
scholaris, Cuscuta reflexa, Jatropha gossypiifolia, Caesalpinia 
crista, Tamarindus indica, Sida rhombifolia etc. were the most 
important plant used in the treatment of several diseases.

Parts of the Plant Used and Mode of Preparation

Various preparations of roots were used most number of 
occasions with 18 times (25%), followed by leaves with 15 times 
(21%), seeds with 12 times (17%), barks with 8 times (13%), 
whole plants with 6 times (8%), fruits with 4 times (6%), 
latex and gum with 3 times (4%) etc. as shown in Figure 3 in 
the treatment of several human disorders. A total of 88 types 
of formulations was being administrated to heal 44 types of 
ailments including azoospermia, diabetes, bone crack or ankle 
sprain, several types of pain, menstrual disorders, rheumatism, 
dysentery, etc. It had been observed that 20 types of diseases 
were healed by leaves, whereas 26 types of ailments cured by 
roots [Table 1]. A single plant part of same plant species was 
involved in treating different ailments and vice-versa.

The majority of remedies were prepared from fresh plant 
material in the form of a decoction, infusion or a paste. The 
most frequently used mode of remedy administration is oral 
ingestion, followed by external use. Most of the diseases and 
pains were usually treated either with a single plant or a mixture 
of plant parts. In some cases, ointments like mustered oil, ghee 

(a remedy from milk) etc. and other ingredients such as black 
peeper, ginger, curcuma, milk etc. were also used to make ethnic 
formulations along with the parts of plant species.

Diseases Treated and Medical Applications

A total of 44 types of diseases were reported to be cured in the 
present study. Azoospermia with 8 times was mostly healed 
disease in the study area, followed by different types of pains 
with 6 times, ankle sprain and diabetes with five occasions 
each whereas dysentery, inflammation, menstrual disorder, 
rheumatism, skin disorders, leucorrhea with 4 times each. 
Further, it can be concluded from Table 1 that the most of the 
preparations were oral except a few of external use. Various 
methods of preparation like crushing, grinding, direct use and 
homogenizing in water or with other plant extracts were used to 
prepare the traditional remedy. Mustered oil or ghee (a remedy 
from milk) was being utilized as an ointment at the time of 
external use such as itching, eczema, inflammation, pus, etc.

DISCUSSION

The prevalent diseases identified in the study area were 
azoospermia, ankle sprain, pain, diabetes, menstrual disorders, 
rheumatism, dysentery, skin disorders, etc. To expel ankle 
sprain or bone crack of local people, different plant parts 
like whole plant of Cissus quadrangularis, roots of Tragia 
involucrata, bark of Litsea glutinosa, bark of Acacia catechu, 
rhizome of Alocasia macrorrhiza, fruits of Terminalia chebula 
were administrated whereas eight plant species namely roots of 
Bombax ceiba, seeds of C. reflexa, Ocimum kilimandscharicum 
and Abrus precatorius, roots of Curculigo orchioides etc. were 
administrated to treat azoospermia [Table 1]. Diabetes was 
cured by means of leaf of A. paniculata, seeds of Trigonella 
foenum-graecum, seeds of Syzygium cumini, fruit of Alpinia 
zerumbet and whole parts of Oxalis corniculata. To treat 
menstrual disorders several plants had been utilized by the 
local traditional healers as explained in Table 1. There were 
few species used more than one occasion to prepare medicinal 
preparations curing different ailments, viz. C. quadrangularis 
known as harjora was used in bone crack and ankle sprain; 

Figure 2: Growth forms of utilized species Figure 3: Pie chart of used plant parts
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Table 1: List of medicinal plants investigated for local healthcare management with their ethnic use
Name of the plants/
voucher specimen number

Family Local names Parts used Disease/formulation/administration

A. paniculata (Burm. f.) 
Wall. Ex Nees
RUC/MLD-255

Acanthaceae Kalmegh/
Mahatita/
Iswarnath

Leaf Fever/Dysentry: The leaf is crushed and the juice is used to treat fever and 
chronic dysentery at early morning in empty stomach
Diabetes: The leaf is grinded along with leaf of S. chirata to make a paste against 
diabetes. The formulation is taken twice a day for 2 months

H. hirta T. Ander.
RUC/MLD-294

Acanthaceae [Not Known] Root Bleeding piles: The root is crushed along with Mentha leaves and the paste is 
applied on rectum to stop bleeding piles for 2-3 weeks

A. spinosus L.
RUC/MLD-251

Amaranthaceae Kanta Khuria/
Kanta note

Root Menstrual problem: The root is grinded and the decoction is mixed with milk 
and sugar to make a paste and used to treat irregular menstruation. The paste 
is taken twice in a day for 1 month
Rheumatism: The root is grinded with sugar (slight), goat milk and mustered 
oil to make a paste and applied on affected area to treat rheumatism
Cuts and wounds: The grinded root paste is used as an emollient on all types 
of cuts and wounds

A. aspera L.
RUC/MLD-287

Amaranthaceae Apang/Baro 
chirchiri

Root Inflammation: The root is grinded with black pepper and the decoction is taken 
to treat inflammations in abdominal areas
Pain: The roots are chewed with betel and lime to treat liver pain

F. vulgare Mill.
RUC/MLD-286

Apiaceae Mouri Seed Menstrual problem: The seeds with roots of Ageratum conyzoides and ginger 
are crushed and the juice is eaten to stop excessive blood discharge during 
menstruation
Inflammation: The seeds along with the roots of Sida rhombifolia are crushed 
and the paste is applied to relief from inflammation of breast

A. scholaris (L.) R. Br.
RUC/MLD-275

Apocynaceae Chatim Bark, leaf, 
latex

Anorexia: The bark decoction along with ginger is used to treat anorexia
Pregnancy: The leaf decoction is feed to pregnant women to enhance delivery
Pain: Latex is externally used in gum pain

A. macrorrhiza Schott.
RUC/MLD-310

Araceae Mankachu Rhizome Ankle sprain: The rhizomes are crushed along with ginger and mustered oil and 
slightly warmed. Finally, the paste is applied externally on ankle pain

C. rotang L.
RUC/MLD-330

Aracaceae Bet Seed Bronchitis: The seeds are dusted and mixed with cow-milk to treat bronchitis 
or cold and cough
Skin disorders: Leaf paste along with seeds with A. maxicana is used externally 
in skin disorders

A. indica L.
RUC/MLD-288

Aristolochiaceae Iswarmul Root Impotency: The root is washed clearly and burned with the roots of S. ovalifolia. 
The ash is mixed with banana and taken in impotency of female

B. ceiba L.
RUC/MLD-283

Bombacaceae Simul (Beng.) Root, gum Azoospermia: The tender root (2-3-years-old tree) is crushed along with the 
roots of C. orchioides and used to induce sex and sperm production
Laxative: Gum is used as an ingredient of laxative preparation

H. indicum L.
RUC/MLD-277

Boraginaceae Hatisur Leaf Dysentery: Leaf juice is used for curing dysentery and cough. Fresh leaf decoction 
is applied to wounds, boils and pruritus
Conjunctivitis: The leaf juice is applied on eyes to cure eye disorders like 
inflammation, conjunctivitis etc.

T. chebula Retz.
RUC/MLD-341

Combretaceae Haritaki Fruit Bone crack: The Cissus stem (Harjora), Litsea stem (Daradmayda), T. bellirica 
fruit (Bahera) and an egg (white part) is crushed along with the Haritaki fruit, 
then the paste is applied externally on bone crack

C. reflexa Roxb.
RUC/MLD-296

Convolvulaceae Swarnalata/
Aloklata

Whole 
plant, seed

Nervous disorder: The plant is crushed with goat milk and the juice is feed to 
treat nervous disorder
Azoospermia: The seed infusion is used to enhance sperm health and motility. 
The formulation is taken at night before sleep for 1-2 month

D. bulbifera L.
RUC/MLD-411

Dioscoreaceae Kham alu Rhizome Skin disorders: The rhizome is crushed along with leaf of T. indica and golmorich 
and the paste is applied as emollient in herpes, pusses and other skin diseases

D. montana Roxb.
RUC/MLD-399

Ebenaceae Choto gab/Ban 
gab

Bark, leaf Leucoderma: The bark and leaves are together crushed and applied externally 
against leucoderma
Diarrhoea: The decoction of bark is used against diarrhoea

J. gossypiifolia L.
RUC/MLD-265

Euphorbiaceae Varenda/
Jamalkota.

Leaf Toothache: The leaves with salt and golmorich (2-3 pieces of seeds) are crushed 
and the paste used in toothache
Abscesses: Leaf paste and latex are used as emollient on boils and abscesses
Vomiting: Leaves juices are used to induce vomiting

P. reticulatus Poir.
RUC/MLD-263

Euphorbiaceae Panichitki Root Tumor: The root bark along with fruits of Tamarindus and zinger are crushed 
and slightly wormed then the paste is used as emollient on tumor

T. involucrata L.
RUC/MLD-269

Euphorbiaceae Bichatu/Bichuti Root Ankle sprain: The roots are crushed along with stem of harjora, curcuma and 
ginger to make paste and applied externally on broken leg and ankle sprain

E. tirucalli L.
RUC/MLD-318

Euphorbiaceae Shibjota Stem Galatogouge: The stem portion with leaf is crushed and the paste is taken orally 
to enhance milk production of women
Pain: Stem is crushed along with zinger and the paste is applied as emollient 
on affected area to relief from pain

Contd...
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Table 1: Contd.
Name of the plants/
voucher specimen number

Family Local names Parts used Disease/formulation/administration

E. neriifolia L.
RUC/MLD-305

Euphorbiaceae Patsaij Bark Leucorrhea: Bark is crushed along with P. betel (3-5 pieces), lime and khoir (A. 
catechu) then the paste is taken orally to cure from leucorrhea

T. nudiflora L.
RUC/MLD-343

Euphorbiaceae Pithalu Root Enlargement of uterus: The roots are crushed and slightly warmed then it is 
applied externally until it cures

C. sophera L.
RUC/MLD-279

Fabaceae Kalkasunda/
Jhanjhane.

Root Rheumatism: The root with ginger, garlic and black pepper are crushed and the 
paste is eaten to treat rheumatism

A. precatorius L.
RUC/MLD-304

Fabaceae Kunch (Beng.) Seed Pain: Seeds are crushed and paste is applied in stiffness of shoulder joint pain
Azoospermia: Seeds are used to enhance sperm production

C. crista L.
RUC/MLD-319

Fabaceae Nata (Beng.) Leaf, seed Hydrocele: 3-4 pieces of apical leaf part are crushed with black pepper and 
taken to cure from hydrocele for 1 month
Inflammation: Seed oil is applied externally against burning sensation of body

T. indica L.
RUC/MLD-322

Fabaceae Tetul (Beng.) Fruit Abdominal fat: Fresh fruits (1 kg) are boiled in water along with sugar (michri), 
and taken the juice twice to minimize abdominal fat
Dysentery: Young fresh leaves are crushed along with sugar (michri), and the 
decoction is taken to treat dysentery

T. foenum-graecum L.
RUC/MLD-333

Fabaceae Methi Seed Kidney stone: The seeds are kept in a bowl of water then the decoction (1 glass) 
is taken at next morning in case of kidney stone for 15-20 days
Diabetes: The seed powder is mixed with milk and taken at bed-time for 30 days 
against diabetes
Dandruff: The seed paste is applied on head to prevent dandruff

C. orchioides Gaertn.
RUC/MLD-335

Hypoxidaceae Talmuli Root Azoospermia: The root (1-2 pieces) is chewed at every morning for 15-20 days 
to improve sperm production and motility

O. kilimandscharicum 
Guerke
RUC/MLD-347

Lamiaceae Dulal babu Seed Azoospermia: The seeds are taken in a bowl of water and left for whole night; 
then next morning it is crushed along with that water and taken to induce sperm 
production. The formulation is taken for 1 month

L. glutinosa (Lour.) C. 
B. Rob.
RUC/MLD-259

Lauraceae Daradmoyda Bark, leaf Bone crack: The stem bark is crushed along with harjora, curcuma to make a 
paste and applied as emollient on bone crack, ankle pain etc.
Loose motion: Leaves are crushed and the juice is taken in case of loose motion

B. acutangula (L.) 
Gaertn.
RUC/MLD-313

Lecythidaceae Hizal (Beng.) Bark, seed Azoospermia: Bark is taken in a bowl of water and at the next morning the 
infusion is taken to condense watery semen for 30 days
Sinus problem: The seeds are dusted and mixed with warm milk and then eaten 
at every evening for 1 month which effectively cure sinus problem

D. falcata (L.f.) Etting.
RUC/MLD-340

Loranthaceae Dharua Bark Menstrual problem: The bark is crushed along with bark of S. indica, fennel 
seeds and ginger and the juice is taken in case of irregular menstruation

S. rhombifolia L.
RUC/MLD-310

Malvaceae Peet Berala/
Bariala

Root Abscesses: The roots are crushed with black pepper and areca nut and applied 
externally to cure from abscesses
Inflammation: The roots and fennel seeds are crushed and the paste is used to 
relief from inflammation of breast

A. moschatus Medik.
RUC/MLD-280

Malvaceae Latakasturi 
(Beng.)

Seed, 
whole plant

Sex stimulant: Seeds are kept in a bowl for whole night. On the very next morning 
seeds are crushed along with roots of C. orchioides to make paste which act as 
sex stimulant and it enhances semen production

C. hirsutus (L.) Diels
RUC/MLD-261

Menispermaceae Jalkasha 
(Beng.)

Leaf Azoospermia/late ejaculation: The leaf is crushed with water in a bowl and 
left for whole night and next morning the decoction is taken to induce semen 
production. It is also effective against late ejaculation

A. catechu Willd.
RUC/MLD-326

Mimosaceae Khoir Bark Ankle sprain: The bark is crushed along with harjora, curcuma, an egg and 
zinger to make a paste and applied externally on bone crack and ankle sprain
Leucorrhea: The bark is crushed along with P. betel, lime and bark of Euphorbia 
neriifolia and then the paste is taken orally to cure from leucorrhea for 
15-30 days

M. pudica L.
RUC/MLD-307

Mimosaceae Lajjabati 
(Beng.)

Root, leaf Leucorrhea: Root decoction is used to treat leucorrhea for 20 days
Breast Cancer: Leaves decoction is effectively used in breast cancer

F. benghalensis L.
RUC/MLD-257

Moraceae Bot Latex, root Nervous or body weakness: The latex mixed with sugar (batasa) are fed to 
induce semen production and in nervous or body weakness
Rheumatism: The crushed apical prop root mixing with goat milk and 
sugar (batasa) are used to treat rheumatism

S. cumini (L.) Skeels
RUC/MLD-337

Myrtaceae Jam Leaf, seed Dysentery: Leaf is crushed along the leaf of Tamarindus sp. (tetul), michri 
(a type of sugar) and the roots of Cephalandra sp. (telakucha) and the paste is 
taken at empty stomach to prevent dysentery
Diabetes: Seed powder is mixed with milk and taken twice a day in diabetes

O. corniculata L.
RUC/MLD-320

Oxalidaceae Amrul Whole 
plant, root

Diabetes: The whole plant is crushed and juice is taken at early morning to 
prevent diabetes for 1-2 months
Acidity/vomiting: The roots (3-4 pieces) are crushed with salt and taken to cure 
from acidity and vomiting

Contd...
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Table 1: Contd.
Name of the plants/
voucher specimen number

Family Local names Parts used Disease/formulation/administration

A. mexicana L.
RUC/MLD-311

Papaveraceae Siyal kata/
Gandhila

Seed, leaf Skin disorders: The seeds are fried and crushed and then this seed-dust are 
mixed with coconut oil and applied on body to prevent skin disorders like 
eczema, pus etc
Conjunctivitis: The leaf juice is applied on eyes to cure eye disorders like 
inflammation, conjunctivitis etc

P. emblica L.
RUC/MLD-270

Phyllanthaceae Amlaki (Beng.) Fruit Late ejaculation: Dried fruits are dusted and eaten at morning and night after 
meal, which is very useful to prevent late ejaculation. The formulation is taken 
for 1-2 months
Stungury: Boiled fresh fruits with slight salt are taken for 20-25 days to treat 
stungury

P. betel L.
RUC/MLD-317

Piperaceae Pan Leaf Leucorrhea: Leaf is crushed along with stem bark of E. nerifolia, lime and 
fruit of A. catechu (khoir), the paste is taken orally to cure from leucorrhea

P. zeylanica L.
RUC/MLD-250

Plumbaginaceae Sadachita/
Agrochita

Root Appetizer/blood enhancer: The root is crushed and the decoction used as an 
appetizer and also acts as blood enhancer

S. munja Roxb.
RUC/MLD-289

Poaceae Siki ghas/
Biyana

Root, oil Allergy/pain: The roots are crushed with curcuma and zinger and the paste is 
applied externally to cure from allergy and body pain
Lumbago: The oil extracted from leaves, are used to treat from lumbago

H. cordata Thunb.
RUC/MLD-335

Saururaceae Anstagach Leaf Vomiting: The leaves are crushed along with zinger and golmorich to induce 
vomiting

S. ovalifolia Roxb. RUC/
MLD-271

Smilaceae Bagnocha/
Kumarilata

Whole 
plant, root

Impotency: The root is washed clearly and burned with the roots of A. indica. 
The ash is mixed with banana and taken in impotency of female
Rheumatism: The whole plants are crushed with the bark of C. religiosa and 
the juice is taken to treat rheumatism for 2 months

S. xanthocarpum Sch. 
and Weldl.
RUC/MLD-293

Solanaceae Kantikari 
(Beng.)

Whole 
plant, root, 
seed

Conjunctivitis: Whole plant is burned along with peyaj and used as emollient 
on eyes to cure from conjunctivitis
Pain: Roots and seeds are crushed along with the stem of E. tirucalli to make 
paste and applied externally to treat chest pain

D. metel L.
RUC/MLD-328

Solanaceae Kalo Dhutura Root, leaf Paralysis: The roots are crushed along with mustered oil, ghee (a remedy from 
milk), black pepper, curcuma and sindur, and then used as an emollient on 
paralyzed area until it cures
Hair growth: The leaves are crushed and applied on head for over night, and 
washed off by tea-liquor to promote new hair growth. It is applied for 10-12 days

A. augusta (L.) L. f
RUC/MLD-300

Sterculiaceae Ulatkambal Petiole, 
bark

Azoospermia: The petiole is crushed and kept in a bowl of water for a whole 
night, then the infusion is taken at early morning at empty stomach as semen 
and sperm enhancer

C. quadrangularis L.
RUC/MLD-312

Vitaceae Harjora (Beng.) Whole 
plant

Bone fracture/ankle sprain: The plant is crushed along with roots of D. metel (kalo 
dhutura), Glycosmis sp. (atiswar) leaves of Tamarindus sp. (tetul), ginger, salt 
and the pest is applied as emollient on bone fracture, ankle sprain (5-12 days)

C. trifolia (L.) Domin
RUC/MLD-315

Vitaceae Choto 
goaliarlata

Leaf Menstrual disorder: The leaves are crushed along with roots of A. aspera (apang) 
and Areca fruit and the juice is taken on empty stomach at early morning to 
prevent irregular menstruation (20-30 days)

Z. cassumunar Roxb.
RUC/MLD-323

Zingiberaceae Ban ada/Bau 
ada

Rhizome Ankle sprain: The rhizome is crushed along with ginger and roots of 
bichuti (Tragia sp.) and a paste is made which is used as emollient on broken 
bone and ankle sprain

A. zerumbet (Pers.) Burtt 
& Smith
RUC/MLD-314

Zingiberaceae Elach Fruit Diabetes: Fruit (10-12 pieces) is crushed along with Musa stem, (3-4 pieces; 10 
cm each) I. aquatica (kalmi sag), leaf of N. indicum and pinch of michri (remedy 
of sugar) and then the extract juice is taken orally to treat diabetes (30-45 days)

A. paniculata: Andrographis paniculata, H. hirta: Hemigraphis hirta, A. spinosus: Amaranthus spinosus, A. aspera: Achyranthes aspera, F. vulgare: 
Foeniculum vulgare, A. scholaris: Alstonia scholaris, A. macrorrhiza: Alocasia macrorrhiza, C. rotang: Calamus rotang, A. indica: Aristolochia indica, 
B. ceiba: Bombax ceiba, H. indicum: Heliotropium indicum, T. chebula: Terminalia chebula, C. reflexa: Cuscuta reflexa, D. bulbifera: Dioscorea bulbifera, 
D. montana: Diospyros montana, J. gossypiifolia: Jatropha gossypiifolia, P. reticulatus: Phyllanthus reticulatus, T. involucrata: Tragia involucrata, E. tirucalli: 
Euphorbia tirucalli, E. neriifolia: Euphorbia neriifolia, T. nudiflora: Trewia nudiflora, C. sophera: Cassia sophera, A. precatorius: Abrus precatorius, C. crista: 
Caesalpinia crista, T. indica: Tamarindus indica, T. foenum-graecum: Trigonella foenum-graecum, C. orchioides: Curculigo orchioides, O. kilimandscharicum: 
Ocimum kilimandscharicum, L. glutinosa: Litsea glutinosa, B. acutangula: Barringtonia acutangula, D. falcata: Dendrophthoe falcata, S. rhombifolia: Sida 
rhombifolia, A. moschatus: Abelmoschus moschatus, C. hirsutus: Cocculus hirsutus, A. catechu: Acacia catechu, M. pudica: Mimosa pudica, F. benghalensis: 
Ficus benghalensis, S. cumini: Syzygium cumini, O. corniculata: Oxalis corniculata, A. mexicana: Argemone mexicana, P. emblica: Phyllanthus emblica, 
P. betel: Piper betel, P. zeylanica: Plumbago zeylanica, S. munja: Saccharum munja, H. cordata: Houttuynia cordata, S. ovalifolia: Smilax ovalifolia, 
S. xanthocarpum: Solanum xanthocarpum, D. metel: Datura metel, A. augusta: Abroma augusta, C. quadrangularis: Cissus quadrangularis, C. trifolia: 
Cayratia trifolia, Z. cassumunar: Zingiber cassumunar, A. zerumbet: Alpinia zerumbet, S. chirata: Swertia chirata, A. conyzoides: Ageratum conyzoides, 
A. maxicana: Argemone maxicana, T. bellirica: Terminalia bellirica, S. indica: Saraca indica, C. religiosa: Crateva religiosa, A. aspera: Achranthus aspera, 
I. aquatica: Ipomoea aquatica, N. indicum: Nerium indicum
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A. spinosus was used to treat menstrual disorders, rheumatism, 
cuts and wounds; T. foenum-graecum was used against kidney 
stone, diabetes and dandruff problems.

As the tribal people remain busy throughout the year with their 
practice of livelihood from the agricultural sector, they rarely visit 
the hospitals in towns. Simultaneously, they cannot afford the 
cost of modern medicines. It has also been observed that some 
of the villages are in such remote areas where transportation 
facilities are inaccessible or sometimes become detached due 
to some natural calamities. Hence, the villagers cannot reach 
the nearby hospital. As a result, the ethnomedicinal practices 
are popular in the study area as it is more accessible, easy to 
prepare, low costs, and eco-friendly. Besides, the practice of 
medicinal plants treating the patients is an alternative source 
of income for the healers.

CONCLUSION

The present study exhibited that how different interviewing 
procedures helped to gather the information regarding the 
name of the diseases treated, plant resources and their usage, 
including their mode of administration. A total of 44 types of 
local ailments was treated with 88 phytotherapeutic uses in 
this district. The making procedure of herbal preparation is 
yet a secret and passed on generation after generation verbally. 
Proper analysis of herbal formulations and phytoconstituents 
of used plants can open new door for the researchers. However, 
ethnobotanical data is the basis of further validation of practices 
and plant uses in the context of a professional approach to 
develop new herbal drug [12].
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INTRODUCTION

Plants have been used as a source of medicine since 
ancient time.[1] The description of the use of a variety 
of plant‑derived medications was written in different 
ancient literature of India (Veda, Purana and Upanishad) 
and China.[2] In ancient  Egypt the dead body was 
preserved as “Mummy” by using some plant extracts, 
which is unknown till date. According to the World 
Health Organization  (WHO), a variety of drugs are 
obtained from different medicinal plants and about 
80% of the world’s developing population depends on 
traditional medicine for their primary health care needs.[3] 
Different plant species are used as a main ingredient 
for the preparation of modern phyto‑medicine, which 
has exploded in the last few years, and are still being 
collected from the nature and play an important role in 
drug development programmes in the pharmaceutical 
industry. Now‑a‑days, in increasing population people 
use herbal remedies which have become more popular in 
the treatment of minor ailments and are also much fruitful 
than others.[4] A significant number of drugs were obtained 
from different plant precursors, digitoxin  (Digitalis 

spp.), vincristine and vinblastine (Catharanthus roseus), 
quinine (Cinchona spp.), atropine (Atropa belladona) and 
morphine and codeine (Papaver somniferum). Now, many 
medicinal plants are disappearing because of rapid urban 
development, agriculture, uncontrolled deforestation 
and indiscriminate collection. Combination of in vitro 
propagation techniques[5] and cryopreservation is a 
reliable method for long term storage of germplasm of 
endangered species and it may help in the conservation 
of biodiversity.

THE FAMILY VERBENACEAE

The family Verbenaceae, also known as the teak family 
comprises 35 genera and 1,200 species, which are found 
mainly in the tropical and subtropical regions of the 
world.[6] This family is represented by herbs, shrubs 
and small trees known for heads, spikes or clusters of 
small flowers, of which many have aromatic odour.[7] 
The family is closely related to the Lamiaceae.[8] The 
main difference between the two families is the ovary. 
Lamiaceae hav e a deeply  four ‑lob ed ovary  wit h 
gynobasic style while the Verbenaceae have an unlobed 
ovary and a terminal style.[9]

Many species of this family have been used in folk 
medicine; Verbena hastata as bitters, species of Lippia for the 
treatment of typhoid and rheumatism.[10] Lantana camara 
is used as a remedy for malaria and as an antiseptic.[11] 
Several compounds such as anthraquinones, terpenes, 
steroidal saponins, alkaloids and flavonoids are mainly 
found in members of the Verbenaceae family.[12]
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studied by few researchers. The major chemical components reported from the genus are phenolics, steroids, flavonoids, terpenes, 
volatile oils, etc., This paper presents a comprehensive review on the various aspects of Clerodendrum species with respect to their 
traditional usage or use as alternative medicine for the treatment of various diseases.
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The Genus Clerodendrum
Clerodendrum is a genus of flowering plants belongs to the 
family Verbenaceae. It is widely distributed in the tropical 
and warm temperate regions of the world, with most 
of the species occurring in tropical and northern Africa, 
Asia, Egypt and Madagascar. The genus represents herbs, 
shrubs and small trees and is well‑known for its ornamental 
uses. In 1753, Linnaeus first described the genus, with the 
identification of C. infortunatum. After a decade later, in 
1763, Adanson changed the Latin name “Clerodendrum” to 
its Greek form “ Clerodendron”; in Greek ‘Klero’ means chance 
and ‘dendron’ means tree.[13] After a big gap of about two 
centuries, in 1942, Moldenke readopted the Latinised name 
‘Clerodendrum’, which is currently used for the classification 
and description of the genus and species.[14‑17]

Clerodendrum is a very large and diverse genus with  
about 580 identified species is distributed throughout the 
world.[13] It is the largest genus of the tribe Teucrieae.[17] In 
India 23 species were recorded by Rajendran and Daniel,[18] 
of which 16 were recorded from Arunachal Pradesh by 
Srivastava and Choudhary.[19]

ETHNOMEDICINAL USES

A number of species from this genus have been used in 
traditional systems of medicine by various tribes in many 
countries like China, India, Japan, Korea and Thailand. [13] 
Different plant parts such as leaf and root extracts of C. indicum, 
C. phlomidis, C. serratum, C. trichotomum, C. chinense and C. 
petasites have been used for the treatment of rheumatism, 
asthma, febrifuge, incephalagia, ophthalmia and other 
inflammatory diseases. [3,20‑24] Plant species such as C. indicum 
and C. inerme are used for the treatment of coughs, venereal 
infections, skin diseases, elephantiasis, rheumatism, tropical 
burns, vermifuge, febrifuge, malaria etc. [25‑28] C. phlomidis, 
C. colebrookianum, C. calamitosum and C. trichotomum have 
been used for anti‑diabetic, anti‑hypertensive  and sedative 
properties.[21,23,29‑34]

CHEMICAL CONSTITUENTS

Clerodendrum, an ethnomedicinally important genus is used 
for the treatment of various diseases. A  number of researches 
have been performed to identify and isolate biologically 
active compounds from different species of Clerodendrum. 
Research report revealed that steroids , terpenoids  and 
flavonoids are major among them. [35] Some of the important 
chemical compounds encountered in Clerodendrum are 
depicted in Figure 1.

Flavonoids
Flavonoids are another class of compounds that have 
been isolated from different species of Clerodendrum. 

Scutellarein has been isolated from the aerial parts 
of C. indicum.[36] Apigenin has been obtained from 
the leav es and stem of C. inerme.[37] Hispidulin has 
been recorded from the flowers of C. phlomoides[38] 
and the aerial parts of C. indicum is known to contain 
hispidulin 7‑0‑gluc uronid e.[36] Luteolin, another major 
flav onoid  was  found to be present in the flow ers of 
C. phlomoides.[38]

Other Group of Compounds
Several other chem ical compound s hav e been found 
in different species of Clerodendrum. Benzoic acid,  
cabsurin, and quercetin have been noted in the aerial  
parts and roots of C. infortunatum.[39] Ceryl alcohol and 
pectolinarigenin have been isolated from C. phlomidis.[38] 
3, 4‑dihyd roxyphenyl ethano l, cupafo lin, laric irec inol 
9‑0‑β‑D‑glucoside have been recorded for the first time 
from C. indicum.[36] Friedelin, betulinic acid, syringic  
acid, ρ‑methoxy benzoin acid have been obtained from 
C. inerme. [40] M a r ti n o s i d e ,  m o n o a c e tyl  m a r ti n o s i d e 
hav e been found in C. japonicum and C. bungei.[41,42] 
Glyceryl‑1‑docosoicate, acetoside, maslinic acid have been 
isolated from C. colebrookianum.[34] C. fragrans is known to 
contain Racemic rengyolone, racemic dihydro rengyolone, 
rengyoxide, rengyoside B, cornoside, dihydro cornoside.[24] 
Betulinic acid and octadecanoic acids were reported from 
C. bungei.[42]

Figure 1: Some important chemical compounds found in Clerodendrum L.
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Steroids
Steroids are a group of secondary metabolites.[43] Steroids 
are present in considerable amount in Clerodenrum in 
various forms. Researchers have reported that β‑sitosterol 
is present in the roots of C. infortunatum, roots also contain 
clerosterol, clerodolone, clerodone, which is identified as 5, 
25‑sigmastadien‑3β‑ol, lup_20 (30)‑en‑3β‑diol‑12‑one and 
3β‑hydroxylupan‑12‑one.[39] β‑sitosterol is also found in 
the roots of C. phlomides,[38] C. serratum,[44] C. paniculatum,[45] 
C. fragrans[46] and stem of C. indicum.[47] C. indicum also 
contain clerodendrol.[36] γ‑ sitosterol and clerosterol is 
present in the roots of C. phlomides.[38] Clerodenoside‑A 
is present in C. japonicum, and it is identified as [β‑3′‑
hydroxyl‑4′‑methoxyphenyl)‑ethyl]‑2′,3′‑di‑o‑acetyl‑3
‑o‑α‑L‑rha mnopyr anosyl) ‑(4‑o ‑ferolo yl) ‑β‑D‑glu copy
ranoside.[41] Clerosterol is also present in entire plant 
of C. bungei[42] and  leav es and stem  of C. inerme.[48] 
Colebroside‑A, colebrin A, and B have also been isolated 
from the aerial parts of C. colebrookianum.[34] Stigmasterol, 
cholesterol, poriferasterol, and 22‑dehydroclerosterol have 
been isolated from the aerial parts, leaves and stem of 
C. fragrans.[49] Bungein‑A, cleroindicin‑A, cleroindicin‑C, 
cleroindicin‑E, and cleroindicin‑F have been isolated from 
C. bungei.[42]

Terpenoids
Terpenes are another class of secondary metabolites,  
which include monoterpenes, diterpenes, triterpenes,  
iridoids and sesquiterpenes. α‑amyrin is isolated from 
the roots and stem of C. fragans[46] and C. inerme.[50] 
β‑amyrin is isolated from the roots of C. colebrookianum,[45] 
the leav es and st em of C. inerme[51] and the roots of 
C. paniculatum. [45] Luperol has been obtained from  
C. viscosum.[39] Clerodendrin A is a dit erpene, which 
have been reported from the roots of C. phlomoides.[38] 
Clerodendrin B, C, and friedelin have been recorded  
from the leav es of C. inerme. [52] Clerodin, which is 
also a diterpene have been found to be present in the 
flowers of C. infortunatum, C. phlomides, and the leaves 
of C. brachyanthum.[38,39,53] Lupeol another triterpene has 
been isolated from the stem bark of C. infortunatum.[39] 
The diterpenes clerodinin A, B, and C have been obtained 
from the leav es of C. brachyanthum. [53] Melit toside,  
monomelit toside, and harpag ide from C. fragans,[46] 
ajugoside from the leaves of C. thomsonae.[54] Oleanolic acid 
is obtained from the leaves and stem of C. colebrookianum,[34] 
clerodinin A and oleanolic acid from C. infortunatum.[55]

PHARMACEUTICAL POTENTIAL

Clerodendrum is an ethnomedicinally important genus, which 
is used in various traditional healthcare systems for the 
treatment of wide spectrum of disorders globally. A number 
of in vitro and in vivo assays have been performed to validate 
these traditional claims. These studies showed that the 

different species of the genus possess potent antimicrobial, 
anti‑inflammatory, anti‑malarial, anti‑diabetic, anti‑cancer, 
analgesic and anti‑oxidant activities[13] [Figure 2]. Some 
major activities are described below.

Anti‑oxidant Activity
Reactive Oxygen Species  (ROS) and many of the free radicals 
are natural by‑products, which are constantly generated 
in vivo, both by “accidents of chemistry” and for specific 
metabolic purposes.[56] ROS has a high reactive potential and 
is responsible for many of the human diseases like diabetes, 
cancer , viral infections, cardiov ascular diseases, and 
inflammations, and also damages the biological molecules 
like DNA, lipids, and proteins.[57] The antioxidants present 
in the medicinal plants minimise the formation of ROS.[58] 
The ethanolic extract of aerial parts of Clerodendrum serratum 
showed good antioxidant properties against 1,1‑diphenyl, 
2‑picryl hydrazyl (DPPH) and nitric oxide radical whereas 
Clerodendrum serratum roots extract showed considerable 
antioxidant properties against DPPH.[59] The ethanolic 
extract of the leaves of Clerodendrum infortunatum Linn 
showed significant antioxidant activity against DPPH‑free 
radical scavenging activity, reducing power assay and 
scavenging of hydrogen peroxide. [60] The methanolic extract 
of leaves of Clerodendrum inerme showed higher free radical 
and antioxidant activity.[28] The ethanolic extract of roots of 
Clerodendrum viscosum showed notable scavenging of the 
radical cation, nitric oxide radical, ferric‑ion radical and 
DPPH. However, the aqueous extract showed moderate 
antioxidant activity.[61] The ethanolic extract of roots of 
Clerodendrum phlomidis showed best free radical scavenging 
activity compared to other three extracts viz. petroleum 
ether, chloroform, and ethyl acetate.[62]

Anti‑microbial Activity
Many species from the genus Clerodendrum were 
documented in ancient literature and hav e show ed 
po te nt anti ‑microbi al  acti vi ty.  Eth anolic  extr acts  of 
leav es  of Clerodendrum infortunatum showed potent 
anti‑m ic ro bial ac tivity agains t some Gram  po sitiv e,  
Gram negative bacteria (Escherichia coli, Bacillus subtilis, 
Staphylococcus aureus) and fungal strains (Aspergillus niger, 

Figure 2: Pharmaceutical potential of Clerodendrum L.
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A. flavus Candida albicans).[63] Ethanol, hexane, chloroform 
and aqueous extracts of root, leaf and stem of Clerodendrum 
viscosum showed potent antibac terial activity agains t 
some Gram positive, Gram negative bacterial and fungal 
strains viz., Staphylococcus aureus, Sercinia lutea, B. subtilis, 
B. megaterium, B. cereus and Streptococcus‑β–haemolyticus, 
Salmonellae typhi, Shigella dysenteriae, E. coli, S. shiga, S. boydii, 
S. sonnei, Proteus sp., Klebsiella pneumonia, Pseudomonus 
aeruginosa, Agrobacterium tumefaciens, Erwinia chrysanthemi, 
and Xanthomonas phaseoli.[64,65] Petrol, benzene, ethanol,  
methanol, ethly acetate and aqueous extracts of leaves 
and roots of Clerodendrum inerme exhibited anti‑microbial 
act ivit y against  some human pathogenic bacteria.[66,67] 
Ethyl acetate and hexane extracts of leaves and stems of 
Clerodendrum inerme and Clerodendrum phlomidis exhibited 
anti‑fungal activity against some fungal pathogen.[68] The 
ethanol extract of roots of Clerodendrum serratum showed 
potent anti‑microbial activity against some Gram‑positive 
and Gram‑negative bacteria.[3] Various extracts of leaves 
of Clerodendrum paniculatum showed potent anti‑microbial 
activity against some Gram‑negative bacteria.[69] Ethanolic 
extracts of leaves of C. philippinum exhibited anti‑microbial 
activity against E. coli, S. aureus, Bacillus and Klebsiella.[70] 
Chloroform extracts of the flowers of Clerodendrum chinense 
and Clerodendrum splendens were active against Plasmodium 
falciparum with an IC50 value of <10 µgmL‑1. Chloroform 
extracts of the stem and flowers of C. chinense were active 
against Trypanosoma cruzi with an IC50 = 1.21 and 1.12 µgmL‑1 
respectively. Chloroform extracts of the leaves of C. chinense 
and C. splendens showed promising activities against T. cruzi 
with an IC50 = 3.39 and 1.98 µgmL‑1, respectively.[71]

Anti‑inflammatory Activity
Inflammation is the complex biological disorder caused 
by phys ic al pain, poisonous  chem ical or d ifferent  
microbial agents.[72,73] Many species of the genus  have 
sho wed po te nt anti ‑ in f lammato ry acti vi ty.  In 1988, 
Surendrakumar[74] showed that C. phlomoidis significantly 
reduced paw oedema induced by carrageenan in rats at a 
dose of 1 g/kg. The anti‑inflammatory activity of methanol 
extract of Clerodendrum inerme exhibited sub‑chronic (cotton 
pellet‑induced granuloma) models significantly .[72] The 
ethanolic root extract of C. serratum showed significant  
anti‑inflammatory activity in carrageenan‑induced oedema 
in rats, and also in the cotton pellet model in experimental 
mice, rats, and rabbits.[3] C. petasites was reported to show 
moderate anti‑inflammatory activity in the acute phase of 
inflammation in rats. The ED50 values of the experiment 
were reported to be 2.34 mg/ear and 420.41 mg/kg in rats.[22] 
The methanolic extracts of leaves of C. trichotomum showed 
significant anti‑inflammatory activity in experimental rat, 
mice, and Raw 264.7 macrophage cells.[23] The methanol 
extract of leaves of C. infortunatum showed significant  
anti‑inflammatory activity against the carrageenan,  
histamine and dextran induced rat paw oedema.[73] The 

aqueous extract of root bark of C. phlomidis showed 
anti‑inflammatory activity against carrageenan induced rat 
paw oedema and acetic acid induced peritonitis in mice.[75]

Anti‑malarial Activity
Malaria is one of the most important parasitic infections of 
humans and every year 863,000 deaths occur throughout the 
world.[76,77] Many species of Clerodendrum have been reported 
for its anti‑malarial activities because of the presence of 
a bitter principle. The methanol extract of the leaves of 
C. myricoides significantly (P < 0.05) inhibited parasitaemia 
of Plasmodium berghei.[77] The ethanolic extract of leaves 
of C. violaceum showed anti‑m alarial activ ity agains t 
Plasmodium berghei.[76] The alcoholic extract of C. phlomidis 
showed anti‑malarial activity against Plasmodium falciparum 
with an IC50 value of 48 µg/ml.[78] The petroleum ether and 
ether extract of C. inerme also inhibited the growth of larvae 
of Ades aegypti, Culex quinquefasciatus, and Culex pipien.[79,80]

Anti‑diabetic Activity
Diabetes Mellitus (Type 2) is a metabolic disorder characterized 
by hyperglycaemia, due to dysfunction of insulin producing 
β‑cell.[81] According to the WHO, 200 million cases of diabetes 
were reported worldwide in the year 2000 and the number 
is estimated to rise to 300 million by 2030.[82] In India, it is 
becoming a killer disease next to coronary heart disease. 
So far, study on C. phlomidis has been investigated for its 
anti‑diabetic properties. A  decoction of the entire C. phlomidis 
plant has been reported to have anti‑diabetic activity. A  dose 
of 1g/kg showed anti‑diabetic effect in alloxan induced 
hyperglycemia in rats. It further showed anti‑hyperglycaemic 
activity in human adults at a dose of 15‑30 g/day.[30] The 
methanolic extract of leaves of Clerodendrum inerme showed 
anti‑diabetic activity. A  dose of 200 mg/kg showed a very 
significant and progressive reduction in glucose level induced 
by streptozotocin in rats.[81]

Anti‑cancer Activity 
Cancer is the second leading cause of death in many of 
the developed countries and every year it is increase 
exponentially. The aqueous extract of leaves of Clerodendrum 
inerme showed anti‑cancer activity. A  dose of 500 mg/kg body 
weight significantly prevented the tumour formation (oral 
carcinogenesis) induced by 7, 12‑dimethylbenz  (a)  
ant hracene  (DMBA) in rat s.[83] The leaf extracts of 
Clerodendrum serratum showed anti‑cancer activity against 
skin carcinogenesis induced by 7, 12‑dimethylbenz  (a) 
anthracene (DMBA) in mice. [84] The ethanolic extract of roots 
of Clerodendrum paniculatum showed anti‑cancer activity but 
to a lesser extent.[85]

Analgesic Activity
Analgesic is a very common term, which includes pain, 
inflammation, fever etc. and creates many complications  
in day‑to‑d ay life of hum an beings . Many spec ies  of 
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Clerodendrum have been reported for analgesic activity. 
Petroleum ether, ethyl acetate, and methanolic extract of 
aerial parts of Clerodendrum phlomidis showed analgesic 
activity in mice.[86] The methanolic extract of Clerodendrum 
inerme show ed significant analgesic activity in acetic  
acid induced writhing in rats.[72] The ethanolic extract of 
leaves of Clerodendrum viscosum showed analgesic activity 
induced by pethidine in rats.[87] The ethanolic extract of 
the leaves of Clerodendrum viscosum at a dose of 200 mg/kg 
(P < 0.01) exhibited significant peripheral analgesic activity 
in mice.[88]

CONCLUSION AND FUTURE PERSPECTIVES

Clerodendrum forms an important part of traditional 
medicine in many countries like China, India, Japan, 
Korea, and Thailand. A few works conducted on the 
anti‑oxidant potential of Clerodendrum by various researchers 
reflects its huge potential as ethnomedicine, although  
deep inv estigation through scientific validation and  
experimentation is still scarce. Clerodendrum spp. possesses 
multiple pharmacological and therapeutical activities  
such as anti‑microbial, anti‑inflammatory, anti‑malarial,  
anti‑diabetic, anti‑cancer, analgesic. However, there are 
limited numbers of studies describing the bioactivities of 
Clerodendrum and this opens up new horizon for researchers 
working in this filed to explore this raw material as potent 
nutraceutical and pharmaceutical product.
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Hippophae salicifolia, Elaeagnus pyriformis, Myrica esculenta and M. nagi are actinorhizal plants growing in the
sacred forests of Northeast India with multipurpose uses. The present investigation was undertaken to determine the
phenol, flavonoid and flavonol contents of the fresh fruit juice of these plant species including the antioxidant
potential by means of DPPH, H2O2 and NO scavenging activity and FRP. The total phenolic, flavonoid and flavonol
contents of fruit juice ranged from 321.68±0.06 to 76.67±0.01 mg/g GAE, 272.92±0.07 to 20.12±0.02 mg/g QE and
258.92±0.08 to 18.72±0.02 mg/g QE, respectively. At 2.0 mg/mL concentration, DPPH scavenging activity was
found to be the highest in M. esculenta (89.62%) and the lowest in E. pyriformis (17.58%). The reducing power
activity was found significantly higher in H. salicifolia juice, which increased with increase in concentration. The
H2O2 scavenging activity of H. salicifolia juice was found to be as high as 98.78%, while Elaeagnus juice was found
to be less effective with just 48.90%. Juice of H. salicifolia showed the greatest NO scavenging effect of 75.24% as
compared to juice of E. pyriformis, where only 37.54% scavenging was observed at the same concentration. Taking
into account all the experimental data, it can be said that the fruits of H. salicifolia and both M. nagi and M. esculenta
have good antioxidant activity compared to fruits of E. pyriformis.

[Goyal AK, Mishra T, Bhattacharya M, Kar P and Sen A 2013 Evaluation of phytochemical constituents and antioxidant activity of selected
actinorhizal fruits growing in the forests of Northeast India. J. Biosci. 38 797–803] DOI 10.1007/s12038-013-9363-2

1. Introduction

Actinobacteria belonging to the genus Frankia form symbi-
otic associations with woody dicotyledonous plants (popu-
larly known as actinorhizal plants). Hippophae salicifolia D.
Don, Myrica esculenta Buch.-Ham. Ex D. Don, M. nagi
Thunb. and Elaeagnus pyriformis Hook. f. are few such
plants found in the Himalayan region of India. Hippophae
(sea-buckthorn) is a thorny, dioecious, deciduous, perennial,
actinorhizal plant belonging to the family Elaeagnaceae. In
India, Hippophae grows naturally in high-altitude areas of
Jammu and Kashmir, Himachal Pradesh, Uttar Pradesh and
Sikkim (Singh 1998). H. rhamnoides is the most commonly
found species here, followed by H. salicifolia. H. salicifolia
has a shrubby to tree-like habit, restricted to the Himalayan
region, whereas H. rhamnoides is shrubby to bushy, growing

at higher altitude and is widely distributed in Eurasia (Goyal
et al. 2011a). On the other hand, Elaeagnus (silverberry or
oleaster) is a deciduous, actinorhizal shrub belonging to the
Elaeagnaceae family. In India only four species of Elaeagnus
are recorded (Sharma and Kumar 2006). E. pyriformis is mainly
encountered in the eastern Himalayas and Northeastern India
(Asati and Yadav 2004).Myrica (Bayberry or boxmyrtle) varies
between shrubs to trees and is mostly evergreen, dioecious
belonging to Myricaceae. In India, it is distributed in the sub-
tropical Himalaya from Ravi eastwards to Assam and in Khasi,
Jaintia, Naga and Lushai Hills at an elevation of about 900–1200
m above mean sea level (Osmaston 1978). In Meghalaya, three
differentmorphotypes ofMyrica are encountered classified asM.
esculenta, M. nagi and third intermediate between the two
(Yanthan and Misra 2013). Besides being actinorhizal, these
plants are also important medicinally and economically.
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Traditionally the fruits ofH. salicifolia are used as appetizer
(Kunwar and Adhikari 2005), E. pyriformis for constipation
(Kala 2005) and that of M. esculenta and M. nagi are used to
prepare refreshing drinks; in addition they also possesses
healing properties in case of ulcers, retention of placenta and
bone fracture (Jeeva et al. 2011; Panthari et al. 2012). The
seeds and flowers of E. umbellata Thunb. are said to be used as
a stimulant in coughs and pulmonary infections (Parmar and
Kaushal 1982a). We have previously reported antioxidant
profiling of H. salicifolia growing in the sacred forests of
Sikkim (Goyal et al. 2011a).

Antioxidants have the ability of protecting organisms
from damage caused by free radical-induced oxidative
stress (Goyal et al. 2010). Polyphenols, naturally occurring
in many fruits, account for the majority of antioxidant
activity (Li et al. 2012). However, polyphenols can under-
go various reactions in the course of food processing and
storage, which affect their stability (Cheynier 2005). At
present, the probable toxicity of synthetic antioxidants has
been condemned and thus there is a shift towards the use of
natural antioxidants (Chtourou et al. 2011). It is strongly
believed that regular consumption of plant-derived phyto-
chemicals may drift the balance towards an adequate anti-
oxidant status in the body (Mahomoodally et al. 2012).
Thus, in recent years, interest on natural antioxidants, es-
pecially of plant origin, has increased manifolds. Literature
showed that although some work has been done on differ-
ent plant parts of the above-mentioned plant species (Seal
2011; Goyal et al. 2011a; Saikia and Handique 2013a,b),
till date no comparative studies have been done on the fresh
fruit juice of these symbiotic actinorhizal plants. Thus,
keeping this in mind, this study aims to determine the total
polyphenol contents (phenol, flavonoid and flavonol) and
antioxidant activity with respect to DPPH (2,2-diphenyl-1-
picryl-hydrazyl), H2O2 (hydrogen peroxide) and NO (nitric
oxide) scavenging activity and FRP (ferric reducing power)
assay of the fruits of Hippophae, Elaeagnus and Myrica
plants growing in Northeast India.

2. Materials and methods

2.1 Chemicals and reagents

DPPH (2,2-diphenyl-1-picryl-hydrazyl), quercetin, sodium nitrite
(NaNO2), trichloroacetic acid (TCA), ascorbic acid, ferric chlo-
ride (FeCl3), gallic acid sulphanilamide and naphthylethylene
diamine dihydrochloride were obtained from Himedia Laborato-
ries Pvt. Ltd, Mumbai, India. Potassium di-hydrogen phosphate
(KH2PO4), di-potassium hydrogen phosphate (K2HPO4), potas-
sium hydroxide (KOH), sodium hydroxide (NaOH), potassium
ferricyanide (K2Fe(CN)6), sodium carbonate (Na2CO3), hydro-
gen peroxide (H2O2), sodium acetate (CH3COONa), methanol,

sodium nitroprusside and glacial acetic acid were procured from
Merck, Mumbai, India, and Folin-Ciocalteu reagent from Sisco
research laboratory, Mumbai, India. Aluminium chloride (AlCl3)
and orthophosphoric acidwere obtained fromSDFine Chemicals
Limited, Mumbai, India. All chemicals and solvents were of
analytical grade.

2.2 Plant materials and extraction

The fruits of Myrica nagi, M. esculenta and Elaeagnus
pyriformis were collected from the local market of Shillong,
Meghalaya, during April 2012 and that of Hippophae
salicifolia was procured from north Sikkim during the same
period. The plant materials were authenticated by Prof AP
Das, Department of Botany, University of North Bengal. A
voucher specimen has been preserved in the Botany Depart-
ment, University of North Bengal, with voucher specimen
numbers as 9657, 9658, 9659 and 9660 for H. salicifolia, M.
esculenta, M. nagi and E. pyriformis respectively. The fruits
were mechanically squeezed to separate the seed and the
juice. The juice was stored at 4°C until required. The juice
was diluted using double-distilled water (DDW) in desired
concentrations just prior to use (Goyal et al. 2013).

2.3 Determination of biochemical constituents

Total soluble phenols were determined by the Singleton and
Rossi (1965) method with slight modifications. Briefly, the
fruit juice in desired concentration (0.5 mL) was mixed with
0.5 mL of Folin Ciocalteu reagent (previously diluted 1:1
with distilled water) and incubated for 5 min at room tem-
perature (RT), and then 1 mL of 2% Na2CO3 solution was
added. After incubation at RT for 10 min, the absorbance
was measured at 730 nm with a UV-Vis spectrophotometer
(Thermo Scientific make). The total flavonoid content was
determined according to Zhishen et al. (1999) with minor
modifications (Goyal et al. 2010) using quercetin as a stan-
dard. Briefly, the juice (0.25 mL) was added to 1.25 mL
double-distilled water (DDW) followed by 75 μL of 5%
NaNO2. After 5 min of incubation at room temperature,
AlCl3 (0.15 mL, 10%) was added. After a further incubation
for 6 min at room temperature (RT), the reaction mixture was
treated with 0.5 mL of 1 mM NaOH. Finally, the reaction
mixture was diluted with 275 μL of DDW. The absorbance
was measured at 510 nm after incubating for 20 minutes at
RT. The method developed by Kumaran and Karunakaran
(2007) was used to estimate the total flavonols using quer-
cetin as a standard. To 2 mL of fruit juice, 2 mL AlCl3 (2%)
along with CH3COONa was added and incubate at RT for
2.5 h and optical density (OD) was taken at 440 nm.
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2.4 In vitro antioxidant properties of the extracts

Four different in vitro test systems viz. DPPH scavenging
activity, ferric reducing power assay, hydrogen peroxide
scavenging activity and nitric oxide scavenging activity were
used to access the antioxidant potential of the different fruit
juice.

2.4.1 Free radical scavenging activity (DPPH method): The
antioxidant activity of the extracts along with the standard
was assessed on the basis of the radical scavenging effect of
the stable DPPH free radical as per the modified protocol by
Goyal et al. (2010). DPPH solution (0.006% w/v) was
prepared in 95% methanol. Fruit juices (200 μL) in
different concentration (0.2–2.0 mg/mL) were mixed with
DPPH solution, so that the final volume was 2 mL and
discoloration was measured at 517 nm (with Themo UV1
spectrophotometer) after incubation for 30 min in dark. In
case of control, methanol was taken instead of the plant
sample. Ascorbic acid was used as a reference standard.
Percentage scavenging of the DPPH free radical was
measured using the following equation:

%ð ÞScavenging activity ¼ Ao−A1ð Þ
Ao

� 100ð Þ ð1Þ

where Ao is the absorbance of the control and A1 the
absorbance in the presence of the sample.

2.4.2 Ferric reducing power assay: The reducing power of
the extracts was determined according to the method of
Oyaizu (1986). Different concentrations of juice (0.2–2.0
mg/mL) in 1 mL of DDW was mixed with phosphate
buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide
[K3Fe(CN)6] (2.5 mL, 1%). The mixture was incubated at
50°C for 20 min. A portion (2.5 mL) of TCA (10%) was
added to the mixture, which was then centrifuged at 3,000
rpm for 10 min. The upper layer of the solution (2.5 mL) was
mixed with DDW (2.5 mL) and FeCl3 (0.5 mL, 0.1%) and
the absorbance was measured at 700 nm. Ascorbic acid was
used as a reference standard. Phosphate buffer (pH 6.6) was
used as blank solution.

2.4.3 Hydrogen peroxide scavenging activity: The ability of
the extracts to scavenge hydrogen peroxide was determined
according to the method of Ruch et al. (1989) with minor
modification (Goyal et al. 2010). An aliquot of H2O2 (2
mM) and sample at various concentrations (0.2–2.0 mg/mL)
were mixed (1:0.6 v/v) and incubated for 10 min at room
temperature. After incubation, absorbance was read at 230
nm was determined against a blank solution containing
phosphate buffer without hydrogen peroxide. The percentage
scavenging activity of hydrogen peroxide was calculated using
the equation 1.

2.4.4 Nitric oxide scavenging activity: Nitric oxide scavenging
activity was measured as per Mishra et al. (2012). Sodium
nitroprusside solution (1 mL, 10mM) was added to the fruit
juice (1 mL) in PO4 buffer (pH - 7.4) followed by incubation at
25°C for 2.5 h. After incubation, to the solution (2.5 mL) Griess
reagent (1 mL) was added and incubated at 25°C for 30 min. OD
was noted at 540 nm. Percentage scavenging was measured as
per equation 1.

2.5 Statistical analysis

All samples were tested and analysed in triplicates. Results
were calculated as the mean ± SD (standard deviation) for
each sample. Statistical analysis was done with one-way
analysis of variance using Graph pad Prism, Version 4.0
(Graph Pad Software, San Diego, CA, USA).

3. Results

The total phenolic, flavonoid and flavonol contents of fruit juice
ranged from 321.68±0.06 to 76.67±0.01 mg/g GAE, 272.92
±0.07 to 20.12±0.02 mg/g QE and 258.92±0.08 to 18.72±0.02
mg/g QE respectively (table 1). Among the various fruits under
study the highest phenolic content was recorded in Myrica
esculenta, whereas Hippophae salicifolia showed higher flavo-
noid and flavonol contents compared to others.

The DPPH scavenging activity of different fruit juice
compared to the standard ascorbic acid is shown in figure 1.
Fruit juice from different plants showed comparable level of
scavenging activity asmeasured byDPPH, across concentration

Table 1. Polyphenol contents of the different fresh fruit juices (n=6, X±SEM)

Plant Phenol (mg/g GAE) Flavonoid (mg/g QE) Flavonol (mg/g QE)

Hippophae salicifolia 150.2±0.03 272.92±0.07 258.92±0.08

Elaeagnus pyriformis 76.67±0.01 20.12±0.02 18.72±0.02

Myrica nagi 260.17±0.03 119.2±0.05 111.2±0.01

Myrica esculenta 321.68±0.06 187.2±0.04 155.2±0.02
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ranging in between 0.2 to 2.0 mg/mL. At the highest concen-
tration of 2.0 mg/mL M. esculenta had the highest scavenging
activity of 89.62% followed byH. salicifolia (86.15%), whereas
Elaeagnus pyriformis with 17.58% recorded the lowest and at
the same concentration the standard ascorbic acid exhibited
64.76% scavenging activity.

Figure 2 represents the reductive capability of the fruit juice
compared to ascorbic acid. The reducing power of the juice
was found to be notable, which increased gradually with a rise
in concentration as compared to standard. As illustrated in
figure 2, Fe3+ was reduced to Fe2+ in the presence of extract
and ascorbic acid, which is a measure of reductive capability.
From the figure it is evident that H. salicifolia, even at a low
dose of the extract, had maximum reducing power, when
compared with other fruits under study.

The H2O2 scavenging activity of different fruit juices
is depicted in figure 3. High H2O2 scavenging activity
was found irrespective of the fruit types, across the con-
centration gradient ranging from 0.2 to 2.0 mg/mL. How-
ever, H. salicifolia had the highest activity irrespective of
the fruit juice concentration used and was considerably
uniform ranging between 95.38% and 98.79%. In the case
of other fruit juices, activity increased with the increase
of juice concentration.

A dose-dependent increase in nitric oxide scavenging ac-
tivity of various fruit juice is illustrated in figure 4. Both H.
salicifolia and the standard ascorbic acid showed comparable
NO scavenging activity of 75.24% and 75.11% at the concen-
tration of 2.0 mg/mL. Between the fruits of twoMyrica sp.,M.
esculenta showed higher activity with 60.75% compared toM.

Figure 1. DPPH scavenging activity of different fruit juices compared to standard ascorbic acid.

Figure 2. Reducing power assay of different fruit juices compared to standard ascorbic acid at 700 nm.
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nagi with 51.71%. E. pyriformis, however, had much reduced
nitric oxide scavenging activity of only 37.54%.

4. Discussion

The present study showed that nutrition values are different
with respect to the plant type. The various methods
employed to estimate the poylphenolic contents and antiox-
idant potential of different fruits of actinorhizal plants clearly
demonstrated differences in the chemical constitutes.

The difference in the polyphenolic contents as evident in the
current study among the various fruits of actinorhizal plants
may be due to the genetic, physiological and ecological status.
The presence of phenolics in plants has been well established
as the major components responsible for their antioxidant
potential due to their redox properties. They have the capacity
to adsorb and neutralize the free radicals generated during

oxidative stress (Florence et al. 2011). Apart from this the
flavonoids and flavonols are also widespread in plants, natu-
rally contributing in the free radical scavenging activity togeth-
er with phenolics (Pourmorad et al. 2006). In the present study
the results indicate that the flavonoids and flavonols contents
contributed significantly in enhancing the antioxidant property
in comparison with the phenolic content. Other studies also
supported this fact (Seal 2011; Goyal et al. 2011b).

The results of DPPH scavenging activity reveals that the
fruit of Myrica esculenta contains powerful inhibitor com-
pounds compared to Hippophae, M. nagi and Elaeagnus,
which acts as potential antioxidants and thus scavenges the
DPPH radicals to form stable reduced DPPH molecules.

In case of reducing power assay, the transformation of Fe3+

to Fe2+ in the presence of either the extract or the standard
(ascorbic acid) is a measure of reducing capability (Singh et al.
2012). It is evident from the result that H. salicifolia showed
higher reducing capability compared to other fruit types which

Figure 3. H2O2 scavenging activity of different fruit juices compared to standard ascorbic acid.

Figure 4. Nitric oxide scavenging activity of different fruit juices compared to standard ascorbic acid.
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might be probably due to the presence of these polyphenols in
the plants that are responsible for their antioxidant activity
along with some of their pharmacological effects (Nakbi et
al. 2010; Khabade et al. 2012). The higher inhibitory action is
directly proportional to the potential to break the free radical
chain by donating hydrogen atom, which elicits the antioxidant
activity (Ajith 2010; Kilicgun and Dehen 2009).

Hydrogen peroxide although being a weak oxidizing agent
has the potential to inactivate a few enzymes directly (Hazra et al.
2010). In the presence of redox active transition metals Fe2+ and
Cu2+, H2O2 is transformed into hydroxyl radical which might be
the key to its toxic effect (Lapidot et al. 2002). Thus, the amount
of H2O2 that accumulate in the cells should be monitored. H.
salicifolia fruits scavenged H2O2 at a considerable rate in com-
parison to Elaeagnus and Myrica. This may be attributed to the
higher content of flavonoids and flavonols in Hippophae.

Nitric oxide (NO) is a powerful intermediary of several
physiological processes like smooth muscle relaxation, neuro-
nal signalling, inhibition of platelet aggregation and regulation
of cell mediated toxicity. NO, a diffusible free radical, has
diverse functions as an effector molecule in several biological
systems including neuronal messenger, vasodilation and anti-
microbial and antitumor activities (Acharya et al. 2010). From
figure 4, it is evident that at lower concentration,M. esculenta
shows higher NO scavenging activity than others, while with
increase in concentration H. salicfolia fruits replaces M.
esculenta in terms of NO scavenging activity. M. nagi was
found to have moderate antioxidant activity.

The difference in the phytochemical content between the
two species of the same genus Myrica viz. M. nagi and M.
esculenta, previously thought to be synonymous (Parmar
and Kaushal 1982a, b; Balakrishnan 1983), are different in
phytochemical activity in our study. This strongly supports
the molecular studies onMyrica carried out by Yanthan et al.
(2011) and Yanthan and Misra (2013) to establish the two
morphotyes as two different species.

5. Conclusion

Actinorhizal plants are major partners in biological nitrogen
fixing symbiosis with an actinobacteria, Frankia. Because of
symbiosis, these globally distributed actinorhizal plants are able
to colonize harsh environmental terrains under diverse ecolog-
ical niches and are some of the early successional species to
inhabit ecologically threatened areas (Benson and Silvester
1993). However, besides being eco-friendly, some of these
plants have food and medicinal values. The present investiga-
tion established that all the fruits of studied actinorhizal plants
are a good source of natural antioxidants. Among the four fruits,
Elaeagnus pyriformis was found to have lower polyphenolic
contents and thus had lower antioxidant activity. Hippophae
salicifolia, with low phenolics but high flavonoids and flavo-
nols content, possessed higher antioxidant activity. Moreover,

this study may be an additional justification to the molecular
study for considering Myrica nagi and M. esculenta as two
different species (Yanthan et al. 2011; Yanthan and Misra
2013). However, further in-depth taxonomical study is required
to solve the taxonomic dispute of Myrica.
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Abstract 

Extensive loss of the valuable plant species in the past centuries has triggered the conservation of 

plant resources. However successful conservation depends upon the appropriate identification and 

characterisation of the plant materials. Bamboo with about 1575 species harbouring both woody and 

herbaceous bamboo included in the sub family Bambusoideae of Poaceae is of more concern in this 

regard because of its ever increasing demand. Traditionally the taxonomy of bamboo has been 

dependant on morphological characters like other plants, but because of infrequent flowering 

behaviour and extensive polyplodization of the genome, the taxonomy of bamboo is in a state of flux. 

To overcome these difficulties molecular techniques has been employed since these techniques 

answer many new evolutionary and taxonomic questions which were not possible with the traditional 

method based on phenotypic characters. This paper presents an overview of different molecular 

techniques like Restriction fragment length polymorphisms (RFLP), Random Amplified Polymorphic 

DNA (RAPD), Amplified fragment length polymorphism (AFLP), Sequence-Characterized 

Amplified Regions (SCARs), Inter-simple sequence repeat (ISSR), Expressed Sequence Tag - Simple 

Sequence Repeat (EST-SSR), used to access the genetic diversity of the bamboo species and also the 

precise identification of the bamboo genotypes.  
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Introduction 

Bamboo with altogether 1575 species including both woody and herbaceous bamboos 

belongs to the subfamily Bambusoideae of the true grass family Poaceae. Bamboo is 

popularly known as “Green Gold of the forest” because of its varied applications. Bamboo 

is naturally distributed round the globe. Major species of bamboo is found in Asia Pacific 

and South America but much less in Africa1. Asia remains the richest continent having two-

third of the acerage. Bamboos are mainly classified into three major categories: the 

pleotrophic woody bamboo; the neotrophic woody bamboos and north temperate wood 

bamboos. The great diversity of species makes bamboo adaptable to many environments 

and they are highly palatable to man, domestic animals, and wildlife. India is well endowed 

with bamboo resources, and is the second largest in the world after China2. In India bamboo 

is encountered in the moist and deciduous forests of all the states except Jammu & 

Kashmir3. Bamboo occupies nearly 11. 4 million hectares of land which represents 16.7 

percent of total forest cover in India. But despite this huge acerage under bamboo plantation 

(both natural and planted), India contributes only 4% to the global market.  

Bamboo has emerged as a potential crop having over 1500 diversified uses around the globe 

ranging from medicine to nutrition and from toys to aircrafts. Bamboo is known as world‟s 

best engineering material due to its high tensile strength compared to teak wood and mild 

steel4. They can be grown for processing into beautiful flooring, high quality paper and soft 

bamboo clothing. They are also strong contenders for large-scale biomass crop cultivation, 

for the production of renewable carbon-neutral energy and biofuels. Its biological 

characteristics make it a perfect tool for reducing carbon dioxide levels in atmosphere. It 

generates more O2 than equivalent strands of trees, protects against UV rays and is an 

atmospheric and soil purifier3. On the other hand, bamboo identification is usually far from 

easy. It is often unkind even to the expert, and the literature usually looks indigestible and 

frightening. The growing requirements of different species vary enormously. The intrinsic 

characteristics of different species that give them their individual aesthetic appeal, or make 

them suitable for any of the thousands of uses to which they can be put will obviously also 

vary. Therefore it is important to have a reliable and consistent system of names, so that the 

best species can be selected for growing in the right environment for a purpose to which it is 

well suited. Bamboo finds its importance in therapeutic world (chawanprash) because of 

high antioxidant properties and nutrient values (high flavin and phenolic compounds), low 

in fat, high in edible fibres and rich in mineral. Despite of its multiple uses the research 

efforts spent on bamboo seems to be negligible compared to other agricultural crops. The 

very basic problem faced in this field is the proper identification of bamboo i.e. bamboo 
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taxonomy at the species level. 

This paper aims at presenting an overview of the recently developed molecular markers in 

proper identification of the bamboo and systematic grouping. 

A. Traditional system of bamboo taxonomy 

Traditionally, like all other plant species bamboo also involves morphological features like 

rhizomes, bud, leaf, branching patterns, inflorescence, flowers and fruits for any 

documentation or taxonomic treatment. Bamboos are also gifted with some exceptional 

morphological features like the culm sheath and well developed branching complements 

that are generally absent in the grasses and thus can play a role in proper identification of 

the bamboo and systematic grouping. But it is not true since many of these characters are 

not uniformly applicable to all the species and thus there is absolute necessity to have 

detailed descriptors which can be followed to identify the species5 that can be utilized by 

different group of people dealing with bamboo. Apart from this there is an urgent 

requirement to refine and better understand the taxonomic techniques and classify the 

taxonomic diversity in bamboos. As per conventional method the morphological characters 

were used for taxonomic identification, especially the flowers. This has been problematic in 

case of bamboo since the number of characters is limited and there is the scarcity of 

flowering material because of the intriguing flowering behaviour of the bamboos. Flowering 

in bamboo remains one of the great mysteries in botany as flower of bamboo is unusual and 

the period may vary between 15-120 years6. Incongruity stemmed out among taxonomists 

due to different interpretations of morphological features and the terminology used for 

different parts of the plant materials. Thus it the very first step required is to refine the 

characters that are used currently and also try to find some unique new characters that can 

prove to be helpful in the long run. Identification and classification of bamboo using the 

anatomical features didn‟t prove to be successful as at first hoped. The credit for revealing 

the importance of branch and buds characteristics in bamboo taxonomy goes to Usui7. 

Following this McClure8,9 studied the morphology of the rhizome, branching patterns, culm 

sheath and the inflorescence. Apart from this Soderstrom and Ellis10 also considered the 

anatomical characters of leaf for bamboo classification at the subfamilies and tribes level 

however they failed to apply so at the generic level11-13 revealed that branching pattern of 

inflorescence can also be applied in bamboo taxonomy. Two new characters (prophyll keel 

and branch replication) were detected by Stapleton14 while studying the Himalayan bamboo 

and he inferred that these characters can aid in identification of bamboo at the generic level. 

Considering these morphological features bamboo has been classified variously by different 

authors. 
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B. Bamboo taxonomy using molecular markers 

The taxonomy of bamboo is in a state of flux and molecular studies are required to help 

resolve systematic issues. With the advent of molecular biology, the taxonomy of different 

plants has been revolutionized including bamboo. The use of molecular markers has been 

increasing at an exponential state in all the fields of biology. The application of molecular 

marker in classifying bamboo where the basic biology is so little understood can prove to be 

a landmark. Though the use of molecular markers is innumerable, in bamboo these can be 

employed for dual function, firstly for precise identification of bamboo genotypes and 

secondly assessment of genetic variation within species irrespective of the geographic 

location or other factors responsible to phenotypic variability. Extensive progress has been 

achieved in bamboo by the implementation of molecular markers. The present study aimed 

at reviewing the different molecular tools that have been applied to date. 

1) DNA fingerprinting method 

In recent years, a number of assays have been proposed to detect DNA polymorphism, 

which has become increasingly precise. The methods employ the use of restriction enzymes 

or polymerase chain reaction (PCR) or combination of both. 

i) Restriction fragment length polymorphisms (RFLP) 

Nuclear restriction fragment length polymorphisms (RFLP) is based on the differences in 

the restriction enzymes recognition site between genome sequences. Friar and Kochert15,16 

were the first to use restriction fragment length polymorphisms for bamboo identification of 

61 accessions and 20 species of Phyllostachys. The study supported the earlier observations 

of the presence of two distinct sections (Phyllostachys and Heteroclada) in Phyllostachys 

species pool. However, they disagreed to place Phyllostachys nigra under the section 

Heteroclada and thus contradicted a previous study17. The regular use of RFLP in plant 

genotyping as well as bamboo has been limited mainly due to the requirements of large 

amount of DNA along with the use of radioactive isotopes.  

ii) Random Amplified Polymorphic DNA (RAPD) 

The big boom of molecular markers came with PCR-technology i.e. Random Amplified 

Polymorphic DNA (RAPD) developed by Williams and his co-workers18, where a single 

and short arbitrary primer is used. Since its discovery this technique has been successfully 

employed in the evaluation of genetic relationships in bamboos and other plant species. In 

bamboo, RAPD analysis has been successfully employed to study the population genetic 

structure of Yushnia niitakayamensis19 and also to study the genetic relationships within 

Phyllostachys20-22. Nayak and his co-workers23 had used this technique to study the genetic 
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variations among 12 species of tropical bamboo. Using the RAPD based neighbour-joining 

tree, Sun and his co-workers24 segregated a thorny core Bambusa cluster from a cluster of 

Dendrocalamus species with more capitate inflorescences. Bhattacharya and his co-

workers25 developed a RAPD fingerprint profile for a single bamboo species, Bambusa 

tulda. Das and his team26 used two independent parameters viz. 32 key morphological 

descriptors and 120 polymorphic loci in the genomic DNA to assess the phylogenetic 

relationships between 15 tropical bamboo species. Genetic diversity and relationship among 

nine species of bamboo belonging to four genera was studied by Ramanayake and his co-

workers27 using RAPD analysis. To access the genetic similarity among the 20 different 

accessions of Melocanna baccifera, Lalhruaitluanga and Prasad28 used 40 arbitrary RAPD 

primers. Zhang and his co-researchers29
 performed the RAPD of the chloroplast DNA of 22 

bamboo species to assess the polymorphism, similarities and relationships among them. 

iii) Amplified fragment length polymorphism (AFLP) 

Developed by Vos and his co-workers30, Amplified fragment length polymorphism (AFLP) 

is a method described as a combination of restriction digestion and PCR amplification. The 

use of AFLP for identification as well as determining genetic and relationships among 

bamboo species was first attempted by Loh and his co-workers31. They conducted AFLP 

analysis on 15 species belonging to four genera using eight primer combinations. Unique 

banding pattern were observed in 13 out of the 15 species experimented. AFLP markers 

were also used to study the phylogenetic relationships among Phyllostachys32 and clonal 

structure in Sasa senanensis32. Marulanda and his co-workers34 reported distinct genetic 

differentiations among the American wood bamboos employing this technique. Recently in 

2011, Ghosh and his co-workers35, conducted AFLP analysis on 12 bamboo species 

belonging to five different genera using six pairs of primer combinations to study the 

genetic various among them. From the phylogenetic tree it was revealed that all the five 

species under the genera Bambusa were included in one cluster, while the four species under 

the genera Dendrocalamus formed a discrete cluster. However both these clusters had the 

same origin, while the genus Melocanna, Chimonobambusa, Schizostachyum segregated out 

as independent clusters.  

vi) Sequence-Characterized Amplified Regions (SCARs) 

Paran and Michelmore36 developed the Sequence-Characterized Amplified Regions 

(SCARs) markers which is nothing but the conversion of RAPD markers to overcome the 

reproducibility problems encountered in the RAPD technique. Das and his co-workers37 are 

the sole authority till date to develop the SCARs for bamboo species. They were successful 

in developing two species-specific SCAR markers, „Balco836‟ for Bambusa balcooa and 
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„Tuldo609‟ for B. tulda.  

v) Inter-simple sequence repeat (ISSR) 

Inter-simple sequence repeat (ISSR) is a molecular marker which has been used for 

identification of genetic diversity of many plants including the bamboos. The use of ISSR 

markers is however limited in case of bamboos. Lin and his co-workers38 used the ISSR 

markers to study the genetic diversity of different cultivars of Phyllostachys pubescens. 

Using ISSR markers Lin and his co-workers39 succeeded in identifying the bamboo hybrids 

(formed by crossbreeding) from the parents. Twenty five ISSR markers were used by 

Mukherjee and his co-workers40 to investigate the genetic diversity among 22 taxa of 

bamboos of which 12 resulted in reproducible and scorable bands. Lin and his co-workers41 

also used the ISSR markers to study the genetic diversity of different cultivars of 

Phyllostachys violascens. 

vi) Expressed Sequence Tag - Simple Sequence Repeat (EST-SSR)  

With the advent of time ESTs have become valuable and first-hand source of in silico 

mining of simple sequence repeats (SSR) markers providing insight into the organisms 

genetic diversity. Twenty-five EST-SSR markers derived from maize, wheat, sorghum, and 

rice were used by Barkley and his co-workers42 to assess the genetic diversity 92 bamboo 

accessions classified under 11 genera and 44 species. Polymorphic EST–SSR markers 

obtained from major cereal crops have also been experimented by Sharma and his 

colleagues43 to assess phylogenetic and genetic diversity of twenty five different species of 

Bambusoideae. Twelve EST-SSR markers were used by Mukherjee and his co-workers40 to 

investigate the genetic diversity among 22 taxa of bamboos of which 4 resulted in 

reproducible and scorable bands. Dong and his co-workers44 report the use of Bambusa 

expressed sequence tags (ESTs) to develop and validate additional microsatellite markers, 

determine their cross-species transferability and use them to identify bamboo interspecies 

hybrids. Markers BOM01 and BOM02 transferred successfully to most of the caespitose 

bamboo species showed rich polymorphism, and are therefore potentially valuable as 

species-specific alleles for the identification of caespitose bamboo interspecies hybrids.  

vii) Transposons 

Transposable elements are mobile genetic elements broadly classified into two classes 

(Retrotransposons or Class I and DNA Transposons or Class II) based on their mechanism 

of transpositions45. Transoposons occupy considerable proportions of many eukaryotic ge

nomes46. In 1995, Huttley and his co-workers reported the presence of Ac-like transposable 

element in Bambusa multiplex while Gielis47 also found the presence of Ac-like transposable 
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element in Bambusa vulgaris, Sasa veitchii and Phyllostachys edulis. Applying PCR based 

Keukeleire and his co-workers48 detected hAT group-related sequences in Bambusa vulgaris 

(hATbrna1). Zhou and his co-researchers49,50 performed molecular phylogenetic analysis of 

82 mariner-like elements (MLE) transposase gene fragments in 44 bamboo species and PIF-

like (P instability factor) elements in the Bambusoideae family. Zhong and his co-workers51 

initiated the comprehensive characterization and analysis of Pong-like superfamily of 

transposases in 6 subtribes including 44 species in 38 genera under Bambusoideae 

subfamily. Two transposable elements Ty1-copia and Ty3-gypsy are reported in 

Phyllostachys pubescens52. 

2) DNA Sequence based method 

Several studies have shown the use of DNA sequence based methods for phylogenetic study 

of grasses and bamboos. The chloroplast genome has been used to assess the phylogenetics 

of the grasses since the birth of plant molecular systematic. In 1994 Nadot and his co-

workers53 used the chloroplast gene rps4 to study the phylogentics of 28 poaceae species 

including bamboo. They succeeded in resolving the position of Bambusoids in relationships 

with other groups and also how closely the rice and bamboo are associated. On the basis of 

the rbcL gene, Barker and his team54 revealed relationships between monophyletic bamboos 

and Pooideae. Clark and his group55 sequenced the chloroplast gene ndhF to address the 

phylogenetic relationships among the 47 grass sequences including two outgroup sequences. 

Their study resolved the Streptochaeteae and Anomochloeae (tribes of the neotropical 

herbaceous bamboos) as the most basal clade within the family. The trnL-F has been 

attempted by several researchers56,57. In 2005, Qiang and his co-workers58 performed the 

preliminary analysis of the genera Arundinaria in comparison with other closely related 

genera like Pleoblastus, Pseudosasa, Bashania, Clavinodum and Oligostachyum to screen 

the phylogenetic relationships among them using trnL-F region of the cpDNA. The trnL-F 

based sequencing method has also been attempted by Yang and his co-workers59 to establish 

a phylogenetic of major gropus of Paleotrophical Woody Bamboos; matK (e.g. Liang and 

Hilu60; Hilu et al.61). The atpB-rbcL and rps16 regions have not previously been used to 

study bamboo phylogenetics. However, rps16 has proven useful for plant molecular 

systematics both for dicots (Caryophyllaceae62) and for monocots (Palmae63 and 

Marantaceae64). Combined analyses of plastid DNA regions are often useful for improving 

phylogenetic resolution and support65,66. Sungkaew and his coworkers67 performed the 

combined analysis of five different plastid DNA regions viz. trnL intron, trnL-F intergenic 

spacer, atpB-rbcL intergenic spacer, rsp16 intron and matK to access the phylogentic 

relationships among 60 taxa including all the subtribes of Bambuseae and related non-
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bambusoid grasses. Their study resolved the non-monophyly of the woody Bamboos. They 

further emphasized that the classification of Bambuseae needs to be revised to have a clear 

picture of the different genera of bamboos. 

Conclusion 

In contrast to the vast majority of studies done to date on bamboo taxonomy and 

systematics, investigations on genetic diversity at the population level are in its infancy. 

This paper presents precisely how the molecular marker helps in sorting out the problems 

related to genotype identification in general and bamboo taxonomy in particular. This 

review provides a clear picture of the application of various molecular techniques in the 

population studies especially in bamboo. Though the progress in this field is encouraging, 

yet these methods should not be considered appropriate for phylogenetic studies above the 

species level. These markers are undoubtedly useful tools to address the population genetics 

but for phylogeny reconstruction and taxonomy these might be problematic and misleading, 

so they must be used with caution. Molecular genetics is a fast-moving field and new 

techniques are likely to be developed in the near future which will have their own strengths 

and limitations. Thus it is necessary that these concerns motivate bamboo researchers to a 

wise and well considered implementation of molecular markers as tools for complementing 

other techniques.  
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