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1.1 General introduction 

During the process of evolution, man has learned to distinguish the beneficial and health 

hazardous plants. Since ancient time plants are considered as an important source for food, 

shelter and to provide basic needs, being the only abundantly available material. Almost all the 

ancient cultures possess a number of literatures available on the plants and their medicinal uses. 

Ayurveda, Unani, Egyptian and Chinese traditional methods of treatments have provided the 

evidences, wherein the wild plants were used as medicines. Among all, the Indian herbal 

medicinal system is considered to be more reliable as compared to other systems (Subbarayappa, 

2001). In Indian history, ancient medicinal practices were recorded during Vedic era in 1500-600 

BCE (Mazars, 2006). Ayurveda offers a very effective alternative system of medicine from 

ancient India that is still practiced for general and medicinal applications. Mostly general 

treatment in Ayurveda are said to be plant based derived from roots, leaves, fruits, barks, seeds 

etc. (William et al., 1890). Still ethnic communities prefer traditional methods of treatment 

which was in practice from several hundred years. According to WHO (2003) report, around 

65% of the total population of rural India uses traditional or alternative health care system. WHO 

listed around 21,000 plants that possess medicinal properties and around 50,000 plant species 

being used in traditional medicinal practice around the world (Gewali, 2008; Wangchuk 

and Tobgay, 2015). A number of phytochemicals from thousands of plants have been recognized 

to possess potential anticancerous, antimicrobial, anti-inflammatory, antidiabetic activities 

(Gende et al., 2008; Prabuseenivasan et al., 2006; Suhaj, 2006; Halliwell, 2011; Lin et al., 1999; 
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Mascolo et al., 1987; Blevins et al., 2007; Khan et al., 2003; Jeong et al., 2003; Fang et al., 

2004). 

Human beings have relied on natural products as a resource of drugs from thousands of years and 

plant-based drugs have formed the basis of traditional medicine systems. Plants produce a 

diverse range of bioactive molecules, making them a rich source of different types of medicines. 

The plant-derived compounds have always been an important source of medicines for various 

diseases and have received considerable attention in recent years due to their diverse 

pharmacological properties (Gonzales and Valerio, 2006). Phytochemicals are a group of non-

nutrient bioactive compounds naturally found in plant parts such as flowers, leaves, fruits, roots, 

barks, spices and medicinal plants. For humans, numerous phytochemicals have been found to be 

protective and preventive against many degenerative diseases and pathological processes such as 

in ageing, coronary heart disease, Alzheimer’s disease, neurodegenerative disorders, 

atherosclerosis cataracts and inflammation (Sasidharanet al., 2011). Both epidemiological and 

clinical studies provided evidence that most of these phytochemicals exhibit their protective and 

disease preventing functions through their antioxidant activities. Typical phytochemicals 

compounds that possess antioxidant activity include phenols, phenolic acids and their 

derivatives, flavonoids, phytic acid and many sterols. As antioxidants, these species are capable 

of removing free radicals, chelate metal catalysts, activate antioxidant enzymes, reduce α-

tocopherol radicals, and inhibit oxidases (Alabri et al., 2014). There are four major structural 

classifications of plant-derived anticancerous compounds viz., Vinca alkaloids, 

Epipodophyllotoxin lignans, Taxane diterpenoids and Camptothecin quinoline alkaloid 

derivatives (Nirmala et al., 2011).  Almost 50 percent of the antitumor agents approved over the 
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last 50 years have consisted of compounds either derived from natural sources or (hemi-) 

synthetic analogues of these products (Newman and Cragg, 2012). In humans, over- production   

of   free radicals and reactive oxygen species can induce many kinds of diseases. Nevertheless, 

natural antioxidants protect against these oxidative stresses and associated diseases. They have 

played an important role in the health care industry (Lopez et al., 2007). 

Herbal drugs have gained importance in recent years because of their efficacy and cost 

effectiveness. About 80% of individuals from developed countries use traditional medicine, 

derived from medicinal plants (Newman and Cragg, 2012). Medicinal plants have been used as 

an exemplary source for centuries as an alternative remedy for treating human diseases. There is 

an ample genetic diversity of plants with medicinal importance around the globe and this pool of 

genetic variation serves as the base for selection as well as for identification of medicinal 

potential of plant. Thus, for the proper standardization and quality control of herbal medicine, 

characterization of the genetic diversity, phylogeny and phylogeography is needed for the correct 

identification of medicinal plants (Hu et al., 2007). A new technology termed DNA barcoding 

was recently developed for rapid, accurate and convenient species identification (Hebert et al., 

2003). According to CBOL (Consortium for the Barcode of Life) Plant Working Group (2009), 

the DNA barcode is a short fragment of the genomic DNA used for genome or species 

identification. Because of its multiple advantages, it has been generally accepted as an efficient 

tool for species-level identification (Liu et al., 2012a). Recently, this technique was applied to 

the authentication of medicinal herbs of Traditional Chinese Medicine and several candidate 

barcodes were proposed (Chen et al., 2010, Liu et al., 2012b).  
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Plants synthesize a number of secondary metabolites that may or may not essential for 

their growth. But, these chemical compounds acts as defense system against microorganisms, 

fungi and herbivores (Wink, 1988). The plant secondary metabolites can be divided into 

terpenes, phenols and nitrogen containing compounds. These chemical compounds are of utmost 

importance to human body. They can protect the body by scavenging free radicals, by boosting 

immune system and by killing pathogenic germs.   

Plants are gaining great interest of researchers as they provide pool of phytochemical that 

may enhance the pharmaceutical industry. There is huge increasing demand of natural or herbal 

base of pharmaceuticals, food supplements, cosmetics and other products. According to 

Naoghare and Song (2010), herbal phytopharmaceutical business reached $60 to US billion with 

annual growth rates of 5–15 %. In India, there are about 8,000 licensed small manufacturers, 86 

medium scale manufacturers, and 14 well-recognized manufacturers of ayurvedic drugs. 

According to Amritpal (2015), Ayush industry gained a turnover of Rs 8,800 crore till 2015 and 

the herbal drug industry gained annual benefits of Rs.3500 crores. 

Screening of plant sample was started by The National Cancer Institute (NCI) in 1956 on 

small scale but till 1974, 78882 plants were screened by NCI for the search of bioactive 

compounds (Miller, 2011). There were some good leads obtained from the screening of 

medicinal plants which include alkaloids- vinblastine and vincristine obtained from 

Catharenthus roseus (L.) G. Don, paclitaxel (taxol) and docetaxel from bark of Taxus brevifolia 

Nutt, Camptothecin from Camptotheca acuminate Decne (Cragg et al., 1998). Vinblastine and 

vincristine are potential drugs for breast cancer, lung cancer, kaposi’s sarcoma, while taxols are 



Chapter I: Introduction and Review of Literature 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 5 

 

given for the patients suffering from metastatic cancer, breast, ovarian, prostate, and lung cancers 

and also to lymphoid malignancies. These drugs suppress the mitosis by disrupting microtubules 

inhibit cell proliferation and lead to apoptosis. Other potential established drugs are 

podophyllotoxins obtained from Podophyllum sp., Camptothecin from Camptotheca acuminate, 

cucurmine from Curcuma longa. Plants possess great potential for the discovery of new drugs. 

Cancer is the uncontrolled growth of cells in the body leading to the death of an individual. 

Cancer starts with changes in normal cell that include irregulation of cell division and cell death, 

cell proliferation, invasion, angiogenesis and metastasis. It is a worldwide killer disease that 

causes more than 7 million deaths per year. Till date, more than 100 types of cancers have been 

identified which are classified into different groups such as carcinoma, leukemia, lymphoma and 

myeloma, and central nerve system by National Cancer Institute (NCI). Major causes for the 

cancer are the factors, such as dietary habits, smoking, alcohol consumption, infectious viruses, 

radiation etc (Irigaray et al., 2007). The lifestyle factors seem to be associated for Mizoram 

having the highest stomach cancers in India (Phukan et al., 2006).  In the recent years, 

enthusiasm for the use of traditional medicines against many diseases especially for cancer has 

begun. Discovery of vinca alkaloids, vinblastine, vincristine podophylotoxins like anticancer 

agents from plants led to the search of novel chemotypes (Crag and Newman 2005). Plant 

derived chemotypes are moderate cytotoxic and found to be effective on tumor cells in vivo with 

less side effects comparative to conventional treatment methods (Yano et al., 1994; Li et al., 

2000). According to a European Survey by the use of herbal medicines in the cancer treatment 

were escalated to 13.9% after the diagnosis of cancer from 5.3% before the diagnosis of cancer 
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(Molassiotis et al., 2005). In Mizoram around 89 plants species belonging to 56 families and 68 

genera are used as herbal medicines for the cure of various ailments (Lalfakzuala et al., 2006). 

Mizoram has rich flora (90.68% forest cover) due to its geographic location and moderate 

climate with heavy rains during April to September. It lies between 21º 56’ N-23º E latitude and 

92º 16’-93º 26’N longitude. There is an ample of diversity of unidentified plants with medicinal 

importance within the area. Local tribal possess great knowledge of the usage and importance of 

medicinal plants and used them extensively for the treatment of various diseases. Traditional 

therapies include the herbal preparations in the form of decoctions, teas or to chew orally or the 

pastes to apply externally. Thus, for the proper standardization and quality control of herbal 

medicine, characterization of the genetic diversity, phylogeny and phylogeography is needed for 

the correct identification of medicinal plants (Hu et al., 2007).   

Asteraceae is one of the largest flowering plant families with approximately 1,620 genera and 

more than 23,600 species (Anderberg et al., 2007). The plant family includes many economically 

important plants, food and vegetable plant, ornamental plants and obnoxious weeds. Some 

medicinally important plants are also found in this family that the local people use in traditional 

medicine for the treatment of various diseases. Many studies evaluated the bioactive principles of 

Asteraceae plants. Phytochemical studies Asteraceae plants have revealed the presence of 

various chemical compounds like alkaloids, polyphenols, phenols, flavonoids, terpenes, essential 

oils etc. Lactones and sesquiterpenes are the major phytochemicals in the family that are 

supposed to possess anticancer potential (Klochkov et al. 2009). Phenols and flavonoids are 

potential sources of antioxidants and supposed to inhibit the cancer.  



Chapter I: Introduction and Review of Literature 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 7 

 

Table 1 List of few selected plants of family asteraceae along with their common names, traditional medicinal importance and 

description 

Sl. 
No 

Scientific name Common 
names 

Habitat and short 
description 

Medicinal uses with cited 
literature 

Image 

1 Tagetes patula 

 

French 
marigold 
(English), 
Genda (Hindi) 

Plant is native to 
Mexico and 
Guatemala found in 
many other countries. 
Tagetes patula is an 
annual plant, blooms 
in October to 
December and grows 
up to 0.5m tall. 
Leaves are pinnate, 
lance-shaped and 
toothed. The plant 
possesses the pungent 
and aromatic 
properties. 
 

Tagetes is multipurpose plant 
that possesses ornamental, 
medicinal and forage 
applications. Tagetes patula 
is insecticidal, anthelmintic, 
anti-inflammatory and 
cytotoxic (Neher et al., 1968, 
Kasahara et al., 2002, 
Yasukawa and Kasahara, 
2013, Woerdenbag et al 
1995). Whole plant and 
flowers are employed in 
herbal remedies preparations 
against fever, pneumonia, 
stomach, liver and intestinal 
problems (Neher et al. 1968, 
Yonzone and Yonzone, 
1999).  
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2 Ageratum 
houstonianum 
 

Floss flower, 
Blueweed 
 

Native to Central 
America and adjacent 
parts of Mexico, now 
grows as invasive 
weed in different part 
of the world. A. 
houstonianum is an 
annual plant grows as 
weed. Flowers are 
dense corymbs 
slightly blue or white 
in color. Flower 
bracts are surrounded 
by numerous sticky 
hairs. The plant 
grows to 15- 60 cm in 
height 

A. houstonianum reported to 
possess antimicrobial, 
antifungal, antioxidant 
(Tennyson et al., 2012) and 
insecticidal properties. 
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3 Mikania 
micrantha 

 

Bitter vine, 
mile a minute 
weed, 
Japanhlo 
(Mizo) 

The plant is native to 
subtropical zones of 
North, central and 
South America. 
Mikania micrantha is 
perennial wine that 
grows up to 6 meter 
in length. Leaves are 
ovate-deltoid, 
opposite and 
petiolate. Since it can 
cover the trees and 
plants, it affects the 
growth and 
productivity of crops. 

Traditionally the leaves are 
used to stop bleeding from 
cuts and wounds. Plant has 
been reported to possess 
antibacterial (Li et al., 2013), 
antitumor (Dou et al., 2014) 
cytotoxic (Matawali et al., 
2016), analgesic and anti-
inflammatory activities. 
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4 Ageratum 
conizoids 
 

Billy 
goatweed, 
Vailenhlo 
(Mizo) 

Plant is native to 
tropical America. A. 
conizoids is an annual 
herb that grows as 
invasive weed. 
Whole plant is hairy 
and 0.5- 1m height. 
Leaves are ovate and 
flowers are white. 

 

The plant is traditionally 
used to cure various kinds of 
diseases including 
tuberculosis, skin diseases, 
fevers, cuts and wounds. In 
Mizoram this plant is been 
used from many years by the 
local healers for the 
treatment of stomach cancer. 
Plant has been reported to 
possess antibacterial (Okwori 
et al., 2007), wound healing, 
anti-inflammatory, 
antianalgesic, antipyretic 
(Okunade, 2002) and 
cytotoxic properties 
(Adebayo et al., 2010) 
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5 Eupotarium 
odoratum 
 

Christmas 
bush, Siam 
weed, 
Tlangsam 
(mizo). 

Plant is native to 
North  America,  
from  Florida  and  
Texas  to  Mexico  
and  the  West  Indies 
(Howard and 
Arboretum, 1989). E. 
odoratum is a 
perennial herb grows 
upto 2.5m tall. 
Leaves are opposite, 
petiolate and 4-10 cm 
long, and 1-5 cm 
wide 

E. odoratum is used in 
traditional folk medicine for 
the cuts and wounds as 
antiseptic. Plant has been 
reported to possess 
antibacterial (Singh et al., 
2015; Suksamram et al., 
2004), anticancer (Kouame 
et al., 2013; Suksamram et 
al., 2004; Harun  et al., 
2012), antifungal (Ngono et 
al., 2006), anti-inflammatory 
(Owoyele et al., 2005, Hanh 
et al 2011) and anti-malarial 
(Ezenyi et al., 2014, 
Afolayan et al., 2016) 
activities. 
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6 Senecio 
scandens 
 

Sai-ekk-
hlo(mizo) 

Native to South 
Africa and is 
distributed mainly in 
southwest China, 
Bhutan, India, Japan, 
Myanmar, Nepal, 
Philippines, Sri 
Lanka, and Thailand. 
Senecio scandens is 
perennial plant 
reaching height up to 
4m. Leaves are 
alternate, ovate with 
acuminate apex. 

The plant is traditionally 
used for the treatment of 
cold, fever, diarrhea and 
pneumonia etc. Mizo locals 
use the plant leaves for the 
treatment of stomach and 
other cancers (Rosangkima 
and Jagetia, 2015) 
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7 Crassocephalum 
crepidioides 
 

Red flower 
ragleaf, 
thickhead 

This plant is native to 
tropical Africa. C. 
crepidioides is a 
perennial erect herb 
around 40- 100 cm 
long. Flowers are 
reddish brown. 
Leaves are alternate 
and spirally arranged, 
lower leaves are 
petiolate while upper 
ones are sessile. 

Different part of the plant is 
used for the treatment of 
indigestion, stomach 
problems, inflammations, 
fever, hepatitis etc. Research 
shows the plants has 
antimicrobial, 
hepatoprotective, antitumour 
activities. 

 
8 Spilanthus 

acmella 
 

Toothache 
plant, Ankasa 
(Mizo) 

Spilanthus native 
distribution is not 
clear but it is said to 
originated from 
Brazil Spilanthus 
acmella is an annual 
herb that grows up to 
40-60 cm. Leaves are 
arranged opposite, 
petiolate, narrowed at 
base and acute or 
obtuse at apex. 
Flowers are yellow 
and red in color.  

It is a well known toothache 
plant as flower head is 
chewed to relieve toothache. 
Plant is reported as potent 
antimalarial (Spelman et al., 
2011), antibacterial 
antifungal etc. 
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9 Erigeron 
karvinskianus 
 

Mexican 
fleabane, 
Spanish daisy 

Plant is native to 
Central America, 
Colombia, Mexico 
and Venezuela. It is a 
perennial herb that 
grows up to 30 cm 
tall. Leaves are 
alternate grows along 
the stem. Flowers are 
white, daisy like. 

Traditionally leaves are used 
for cuts and wound healing. 

 
10 Dichrocephala 

integrifolia 
 

Vawk-ek-a-
tum-tual 
(Mizo) 

Plant is native to 
tropical Africa and 
southern Asia. 
Dichrocephala 
integrifolia is an 
annual erect plant 
growing 20-60 cm 
tall. Plant flowers 
usually during march 
to june. 

Traditionally used for the 
treatment of mouth and 
stomach ulcers, microbial 
infections and wound 
healing. 
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11 Coreopsis 
grandiflora 
 

Large 
flowered 
tickseed 

C. grandiflora is 
native to South 
eastern America. It is 
a perennial plant with 
height up to 60 cm. 
Flower is rich yellow, 
blooms from May to 
August. 

Plant extract is given to treat 
skin infections. 

 
12 Helichrysum 

luteoalbum 
 

Cotton Weed, 
Jersey 
Cudweed 

Plant is widely 
distributed 
throughout the world 
but considered 
originated in North 
and South America. It 
is an erect annual 
weed grows up to 15-
40 cm. Leaves are 
small and elongated 
rounded at apex. 
Flowers are yellowish 
or creamy white. 

The plant is widely used in 
traditional medicine for the 
treatment of cough, for some 
cancers and for pain relief. 
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13 Gynura conyza 
 

Buar-je (mizo) Plant is endemic to 
Asia. G. conyza is 
annual herb grows 
with height 7- 10 cm. 

Plant is used for the 
treatment of tuberculosis, 
tumors, dysentery and 
stomach ulcer (Rosangkima 
et al., 2010, Sharma et al., 
2001). 
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14 Bidens pilosa 
 

Spanish 
needles, 
beggar ticks, 
vawk-pui-thal 
(Mizo) 

Bidens pilosa is an 
annual weed widely 
distributed 
throughout the 
tropical and sub-
tropical regions of the 
world (Deba et al 
2008). It is an annual, 
erect and branching 
herb growing up to 
1.5 m tall. The leaves 
of the plant are 
opposite, toothed 
with three to seven 
leaflets, branching 
from the base with 
yellow flowers with 
5-15 mm diameter. 

Plant has a long ethno-
medicinal history for treating 
malaria, skin infections, 
stomach and liver disorders. 
Reports are available for 
natural antimicrobials (Khan 
et al., 2001; Silva et al., 
2014), anti-inflammatory 
(Pereira  et al., 1999; Fotso  
et al., 2014), 
hepatoprotective (Yuan et 
al., 2008), and cytotoxic 
activity against various 
cancer cells (Sundararajan  et 
al., 2006; Kumari et al., 
2009). 
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1.2 Plant DNA Barcoding 

There is vast variety of medicinal plants that are morphologically similar. The inappropriate use 

of medicinal plants may get adverse effects. Therefore, accurate identification will help local 

healers and others in the medicinal market for proper identification of authentic plants. DNA 

Barcoding facilitates the effective species level identification to the morphologically similar 

closely related plant species. The species discrimination depends on the certain genomic 

sequences of DNA. These unique genomic sequences use minor differences of nucleotide to 

calculate the interspecific variations. DNA Barcoding proved to be a noble tool for rapid 

identification of physically indistinct species on the basis of difference in DNA. According to 

CBOL (Consortium for the Barcode of Life) Plant Working Group (2009), the DNA barcode is a 

short standardized fragment of the genomic DNA used for genome or species identification. 

Because of its multiple advantages, it has been generally accepted as an efficient tool for species-

level identification (Liu et al., 2012a). Cytochrome c oxidase 1 (CO1) gene from Mitochondrial 

DNA considered better for the phylogenetic studies of animals because of its rapid evolution 

provides species discrimination (Hebert et al., 2003). However, in the plants, mutation rate in 

mitochondrial genes are very low making it unsuitable for DNA barcode use (Fazekas et al., 

2008). Subsequently, different plant barcode such as atpF– atpH, matK, rbcL, ndhj, ycf5, accD, 

rpoB, rpoC1, psbK–psbI, trnH–psbA, trnL-F, and ITS  and the combination of plastid 

mark.ers rpoC1+rpoB+matK or rpoC1+matK+trnH-psbA, rbcL+trnH-sbA, and atpF-H+psbK-

I+matK  were proposed (CBOL, 2009; Hollingsworth et al., 2011). However, rbcL, MatK and 

ITS regions were proposed as possible DNA Barcode (Chase et al., 2007; CBOL, 2009). The 

Plant Working Group of the Consortium for the Barcode of Life (CBOL) proposed rbcL and 
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matK as the core DNA barcodes for plants (CBOL, 2009). Recently, this technique was applied 

to the authentication of medicinal herbs of Traditional Chinese Medicine and several candidate 

barcodes were proposed (Chen et al., 2010, Liu et al., 2012b). In China, a research group made 

Traditional Chinese Medicine Database (TCMD) with 78,847 barcodes belonging to 23,262 

medicinal species listed in the Chinese, Indian, European, Korean, Japanese, and American 

Herbal Pharmacopoeias. (Chen et al., 2014). A previous study by Kress et al. (2005) tested 7 

promising barcodes by using 15 sequences of Asteraceae, representing 14 species distributed 

among only 9 genera. The CBOL Plant Working Group (CBOL, 2009) also evaluated the 

performance of the leading barcoding loci in species identification of Asteraceae by using 75 

samples, consisting of 38 species belonging to 19 genera. Chen et al. (2010) compared the 

practicality of using the suggested barcode sequences against a large number of medicinal plants. 

Further, Gao et al. (2010) has compared the feasibility of using five proposed DNA barcodes 

(rbcL, matK, ITS, ITS2, and psbA-trnH) in the Asteraceae family. 

DNA barcoding depicts intra- specific and inter- specific variation that is described by a distance 

called DNA barcoding gap (Hebert et al., 2003, Meyer and Paulay, 2005). DNA barcoding 

proves to be important for molecular identification of new or already described species. DNA 

barcoding has been found important in its applications in the fields of evolutionary biology, 

ecology, epidemiology, biomedicine, biogeography, conservation biology and in bio-industry.  

 

In the present study, an attempt has been made to determine the accurate identification and 

phylogenetic relationship of plants from Asteraceae family. Three markers were used for the 

study-  
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1.2.1 Internal transcribed spacer (ITS) region 

The Internal transcribed spacers are the non functional part of DNA located between the 

intergenic regions of transcribed rRNA cistron. The eukaryotic rRNA region consists of 18S, 

ITS1, 5.8S, ITS2 and 26S are transcribed by RNA polymerase I into three types of RNA excising 

ITS1 and ITS2 (Baldwin et al 1992). Total length of ITS gene is approximately 750 base pairs 

including 5.8S RNA (Figure 1), but the length varies due to point mutation.          

 

Figure 1 Structural representation of internal transcribed spacers (ITS) gene 

These regions are widely used for species level phylogenetic studies because of their conserved 

sequences and secondary structures (Coleman, 2013). Further, ITS gene provides high PCR 

amplification efficiency,  

1.2.2 Maturase K (MatK) 

The matK gene of chloroplast codes for maturase like protein, which is involved in Group II 

intron splicing and the size, is about 1500 base pairs located within the intron region of trnK. 

During splicing the two exons of the trnK gene that flank the matK will be lost and a result the 

gene will remain intact (Wolfe et al., 1992). Due to high substitution rates among the species it 

has emerged as one of the potential region and it is being used in the studies of molecular 

systematics and evolution (Johnson and Soltis, 1995). A homology search specifies 102 amino 
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acids at the carboxyl terminus that are structurally related to portions of maturase-like 

polypeptide and this might be implicated in splicing of Group II introns  (Mohr et al., 1993). The 

matK gene region has been used to understand the phylogenetic studies among several families 

like Polemoniaceae (Steele and Vilgalys, 1994), Poaceae (Liang et al., 1996) and Myrtaceae 

(Gadek et al., 1996). Among the available chloroplast genes used as an effective markers for 

DNA barcoding, matK as it has got high substitution rates, hence, it is been considered as an 

effective barcode for smaller sub groups (Figure 2).  

 

Figure 2 Structural representation of Maturase K (matK) gene 

1.2.3. Ribulose Bisphosphate Carboxylase (rbcL) 

The rbcL gene in higher plants is present as a single copy per chloroplast genome, but many 

copies of the genome are present in each plastid, hence the actual rbcL copy number per 

chloroplast can be high. It contains only exons, polypeptide with ~ 475 amino acids (Figure 3). 

Several chloroplast genes, including rbcL, the transcriptional (Bradley and Gatenby, 1985; 

Gruissem and Zurawski, 1985; Gatenby et al., 1981 and Gatenby et al., 1989), identified 

sequences that resemble as those found in prokaryotic organisms to the extent that chloroplast 

rbcL genes can be readily expressed in Escherichia coli. Transcriptional initiation rates from the 

rbcL promoter are not only influenced by the promoter sequence but also modified by the nearby 
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atpB promoter. The two promoters are positioned 400 bp apart in opposite orientations, resulting 

in divergent transcription. They do not function independently, because RNA polymerase 

binding at the rbcL promoter interferes with binding and transcription of the atpB promoter, 

presumably by steric hindrance at the two RNA polymerase binding sites. Removal of a 

promoter or increasing the space between them eliminates this mutual interference (Bradley and 

Gatenby, 1985; Hanley-Bowdoin and Chua, 1987), which may be a control mechanism to 

regulate the different levels of expression in chloroplasts. The substitutions between rbcL of the 

parent species are non-synonymous (Iida et al., 2007). Even single amino acid replacement in 

rbcL could result in differences in the CO2 and O2 specificity of ribulose 1, 5-bisphosphate 

carboxylase/oxygenase (RuBisCO) (Galmes et al., 2005).The speculation is that the aminoacid 

difference in rbcL plays an important role in ecological adaptation. It provides all the 

catalytically essential residues of RuBisCO, an important enzyme for both the reductive and 

oxidative photosynthetic carbon cycles. The sequence of rbcL has great phylogenetic importance 

because of its conserved nature (Albert et al., 1994), although substitutions occur in sites of 

known functional importance (Kellogg and Juliano, 1997). This potential candidate stands next 

to the matK in the identification efficiency.  

 

Figure 3 Structural representation of Ribulose Bisphosphate Carboxylase (rbcL) gene 
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For this study, plants were collected from all over Mizoram state- mainly from Dampa tiger 

reserve and Murlen national park, and some other random sites like Reiek forest and Mizoram 

University.  DNA was extracted from all the collected plants for the study of phylogeny and 

plant authentication. For the bioactivity screening, some plants were selected on the basis of their 

local usage in the Mizo traditional medicine mainly for the treatment of different type of cancers 

(Table 1). The anticancer efficacy along with antioxidant and antimicrobial bioactivity of plant 

extracts were evaluated. Phenolic and volatile compounds were also detected and quantified by 

using UPLC-ESI- MS/MS spectrometry and GC-MS chromatography. 

Hence, the present study would be an initiative towards documentation of medicinal plants 

belonging to Asteraceae family from Mizoram and to understand the bioactive potential by 

screening for antioxidant, antimicrobial and anti-cancerous activities of these plants.  

1.3 Objectives of the proposed research 

The following aims are set forth to carry out the proposed work for this study: 

1. Screening of selected ethnomedicinal plants for antioxidant, antimicrobial and cytotoxic 

activities from the Asteraceae family. 

2.  Identification and phylogenetic analysis of selected medicinal plants from Asteraceae 

family by DNA Barcoding. 
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2. Materials and Methods 

2.1 Plant Sample Collection  

The plant samples were collected from protected forest areas like Dampa Tiger Reserve (23o44' 

N 92o 39' E), Murlen National park (23o 36' N, 93o 16'E), Reiek forest, and Botanical Garden of 

Mizoram University (23o 73' N, 92o 65' E). To access the forest areas, permission was obtained 

from chief wildlife conservator, Government of Mizoram, Mizoram. Around 65 plants were 

collected and were identified by Dr. Kalidas Upadhyaya, Department of Forestry, Mizoram 

University and voucher specimen were prepared for each plant sample. 14 plants were selected 

to assess the phytochemical investigation on the basis of local survey of their importance in the 

traditional healing of various diseases and different type of cancers. 

2.2 Preparation of plant extract 

Plants were collected from different locations, washed and plant parts were shade dried at room 

temperature (30 oC ± 2oC). The dried plant material was grinded to powder by using domestic 

mixture grinder. Around 100 g of dried powder was extracted thrice in 1000 ml of methanol for 

48 h with occasional stirring. The extracts were concentrated using rotary evaporator (Buchi, 

India) at 40 oC under reduced pressure and the obtained crude extract was stored at 4 oC for the 

analysis of antioxidant, cytotoxic, antimicrobial and other bioactivities (Singh et al., 2016). 

2.3 Phytochemical analysis 

2.3.1 Total phenolic content (TPC) determination 

TPC was determined spectrophotometrically by using Folin-ciocalteu method (Liu et al., 2002). 

Serial dilution of the plant extracts were done in the range of 10-100 mg/mL and Gallic acid 

standard was prepared in the range 10- 500 mg/mL. An aliquot of 10µl of extract was mixed 
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with 90 µl folin reagent (1:10 v/v in water) and 100µl of 15% Na2CO3 to make the 200µl volume 

in a 96 well microplate. The mixture was incubated for 1 h in dark and absorbance was recorded 

using a UV/VIS microplate spectrophotometer (MultiscanTM GO, Thermo Scientific, MA, USA) 

at 725nm. The result was expressed as Gallic acid equivalent (GAE) per gram of extract based 

on the standard curve of Gallic acid. 

2.3.2 Determination of total flavonoids 

Total flavonoids content of the all the collected plant extract were determined by using modified 

aluminium colorimetric method (Chang et al., 2002). 150 µl of methanol extract is mixed with 

150 µl of 2% ethanolic AlCl3 and allowed to incubated in dark for 1 h and the absorbance was 

recorded at 420 nm. The total flavonoids content was expressed as µg quercetin equivalent (QE) 

per mg of plant extract compared with the standard curve of quercetin. 

2.3.3 Determination of antioxidant potential 

2.3.3.1 By using DPPH (2, 2-Diphenyl-1-picrylhydrazyl) assay 

Free radical scavenging capability of methanolic leaves extract of all the collected plant extracts 

were determined by DPPH assay as described by Brand-Williams et al. (1995). Briefly, 100 µl of 

different plant extracts with different concentrations (10-100 µg/ml) were added in a 200 µl of 

freshly prepared DPPH methanolic solution (0.1 mM). Reaction mixtures were incubated for 30 

minutes in dark and the absorbance were recorded at 517nm. Ascorbic acid was used as standard 

and methanol with DPPH used as blank. Triplicate measurements were taken and the ability to 

scavenge the DPPH radical was noted by using the given formula:  

% decolouration = [1-(OD Sample/OD Control] X 100. 

IC50  is the concentration that reduced the DPPH colour by 50% was determined. 
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2.3.3.2 By ABTS+. Radical Cation Discoloration Assay 

 The ABTS free radical scavenging activity was performed by using the method described by Re 

et al. (1999). ABTS+. inhibition percentage was measured as described earlier (Perez et al., 

1990). The IC50 value was analyzed from the graph plotted as the inhibition percentage against 

the concentration.  

2.3.4 Antimicrobial assays 

Sample preparation for antimicrobial assay 

To determine the antimicrobial activity of plant extracts, 10 mg sample of crude methanolic 

extracts were resuspended in dimethyl sulfoxide (DMSO). The final concentration was made to 

10 mg/ml, which was diluted to obtain different concentrations (1.0, 5.0, 7.5 and 10.0 mg/mL).  

2.3.4.1 Test strains 

 Antimicrobial activity of methanolic plant extracts were checked by the agar well diffusion and 

broth micro dilution methods. Pathogens used for the study were gram positive bacteria 

Staphylococcus aureus (MTCC-96); Bacillus subtilis (MTCC-2097) and Micrococcus luteus 

(MTCC-2070); gram negative bacteria Escherichia coli (MTCC-739); Pseudomonas aeruginosa 

(MTCC-2453) and a yeast pathogen Candida albicans (MTCC-3017) obtained from microbial 

type culture collection (MTCC), Chandigarh, India.   

2.3.4.2 Antimicrobial assay by using agar well diffusion method 

Agar well diffusion assay was used for initial antimicrobial screening (Osato et al., 2000). 

Briefly, the optical densities of the tested organisms were adjusted to match a 0.5 McFarland 

standard with 108 colony forming unit (cfu) /ml and spread on agar plates. 50µL of extract at 

different concentrations was added into the 6 mm wells prepared using the sterilized cork borer. 
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DMSO served as the negative control and readymade impregnated disc of antibiotic tetracycline 

(20µg/disc) as positive control. A clear halo zone around the filled wells showed the antibacterial 

potential (King et al., 2008). The experiments were performed in triplicates. 

2.3.4.3 Antimicrobial assay by using broth micro dilution method 

Minimum Inhibitory Concentration (MIC) of plant extract against the selected pathogens were 

evaluated using broth micro dilution method on 96-well microtiter plate (Singh et al., 2016). The 

bacterial culture suspension was prepared to make the final concentration of 1.0 × 104 CFU/mL 

(OD= 0.403). Plant extract of different concentrations (1-10 mg/ml) was added in 96-well 

microtiter plate with bacterial culture suspension. Different concentrations of plant extract were 

kept as blank, bacterial culture in DMSO was used as negative control, and standard antibiotics 

i.e. ampicillin was used as positive control. The 96 well plates were incubated for 36 h at 37 0C 

and the OD was taken as 630 nm. Results were documented as IC50 values which indicate 50% 

reduction of bacterial growth. The IC50 values were calculated by using calibration curve drawn 

by using linear regression. 

2.3.5 Cytotoxicity potential of plant extract 

2.3.5.1 Cell lines and cell culture 

Three cancer cell lines [Cervical cancer cell (HeLa), Human hepato carcinoma (HepG2) and 

epidermoid carcinoma (KB-3-1)] were obtained by National Centre for Cell Science, Pune and 

screened to check the cytotoxic potential of selected plant extracts. 

2.3.5.2 MTT Assay 

The cytotoxic activity of selected plant extracts were evaluated against the three cancer cell lines 

using MTT assay (Mosmann et al., 1983). All the selected cell lines were grown with cell 

density of 10 × 10−4 cells/well in 100 µl of medium on 96-well plates and incubated for 24 h at 
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37 °C in 5% CO2 incubator chamber. 5% methanolic plant extracts (1–200 µg/mL) were added 

to the plates. Cells incubated with 5% methanol were used as blank while untreated cells 

represented positive control. Experiment was performed in triplicate. After the incubation of 72 

h, the culture medium was replaced with 20 µl of MTT in each well and again incubated for 4 h. 

of incubation. DMSO was added to each well and absorbance was recorded at 570 nm. The 

percentage of cell viability was calculated as previously described (Perez et al., 1990). 

2.3.5.3 DNA fragmentation Assay 

To check the DNA fragmentation activity of plant extract in cancer cell lines, the selected three 

cell lines were plated at a density of 1x106 cells/well in a 96 well plate. Cells were treated with 

the methanolic extract of plants (100µg/ml) and allowed for 48 h incubation. The untreated cells 

were used as the control. The cells were washed three times with 1X PBS and harvested after 

trypsinization, re-suspended in 600μl lysis buffer [25 mM EDTA, 50 mM Tris-HCl, pH 8.0, 

0.9% (w/v) sodium dodecyl sulphate (SDS), 30 mg/ml proteinase K, 1mM DTT, 1mM phenyl 

methyl sulfonyl fluoride (PMSF), 1% Triton-X-100]. The samples were incubated at 55°C for 2 

h followed by digestion with RNase A (0.2 mg/ml) for 1 h at 37°C. Total DNA was extracted 

and washed twice with 70% ethanol (v/v). The DNA precipitate was air-dried and resuspended in 

20 μl sterile water. The total DNA was detected on 0.8% agarose gel. The DNA fragmentation 

was carried out as per Sarathbabu et al. (2016). 

2.3.6 Acridine orange –Propidium Iodide (AO/PI) dual staining 

Two DNA binding dyes Acridine orange (AO) and Propidium Iodide (PI) were used for the 

morphological detection of apoptotic and necrotic cells. Briefly, 5x104 cells per well was seeded 

in 6 well plate and treated with IC50 concentrations of the two most effective plant extracts and 

incubated for 48 h. After incubation, the plates were centrifuged. 10µl of (1 mg/ml) AO and PI 
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mixture was added to each well and kept at room temperature for 5 min. After proper washing, 

the stained cells were observed under a fluorescence microscope (OLYMPUS 1X70, Olympus 

Optical Co. Ltd., Japan) at 100X magnifications via. a particular filter at 510-590 nm and 

photographs were visualized (Aziz et al., 2014). 

2.3.6.1 Caspase-3 Assay 

The activity of caspase-3 was measured using the colorimetric caspases-3 assay kit following the 

protocol provided by the manufacturer (Sigma, Saint Louis, USA).  Briefly, the HeLa, HepG2 

and AGS cells were treated with IC50 concentration of methanolic extracts of Bidens pilosa and 

Helichrysum luteoalbum  for 48 h.  Cell pellets containing 1X105 cells were suspended in 100 μL 

of chilled Cell Lysis Buffer, and the cells were incubated on ice for 15-20 min and centrifuged at 

16,000 to 20,000 x g for 10 to 15 minutes at 4 °C. The supernatants were transferred to new 

tubes. 980 μL of 1X Assay Buffer was added to 10 μL of cell lysate and the reaction was started 

by adding 10 μl of 20 mM caspase-3 substrate (Ac-DEVD-pNA) to each tube and mixed gently. 

The tubes were covered and incubated at 37 °C for 1.5 to 2 hours. If a signal is too weak, the 

incubation was continued overnight and the absorbance was read at 405 nm. The caspase-3 

activity in μmol of pNA released per min per ml of cell lysate was determined by the formula 

(Activity, μmol pNA/min/ml = OD x d/εmM x t x v) comparing with the level of the untreated 

control (Chinnu et al., 2015). 

2.3.6.2 Caspase-8 Assay 

The activity of caspase-8 was measured using the colorimetric caspases-8 assay kit following the 

protocol provided by the manufacturer (Sigma, Saint Louis, USA). Briefly, the HeLa, HepG2 

and AGS cells were treated with Ic50 concentration of methanolic extracts of Bidens pilosa and 

Helichrysum luteoalbum for 48 h. Cell pellets containing 1X105 cells were suspended in 100 μL 
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of chilled Cell Lysis Buffer, and the cells were incubated on ice for 15-20 min and centrifuged at 

16,000 to 20,000 x g for 10 to 15 minutes at 4 °C. The supernatant were transferred to new tubes. 

980 μL of 1X Assay Buffer was added to 10 μL of cell lysate and the reaction was initiated by 

adding 10 μl of 20 mM caspase-3 substrate (Ac-IETD-pNA) to each tube and mixed gently. The 

tubes were covered and incubated at 37 °C for 1.5 to 2 hours. If a signal is too weak, the 

incubation was continued overnight and the absorbance was read at 405 nm. The caspase-8 

activity in μmol of pNA released per min per ml of cell lysate was determined by the formula 

(Activity, μmol pNA/min/ml = OD x d/εmM x t x v) comparing with the level of the untreated 

control (Looi et al., 2013). 

2.3.7 Determination of phenolic compounds by using UHPLC-QqQLIT-MS/MS 

2.3.7.1 Preparation of standard solution 

Standard bioactive compounds (Catechin, Kaempferol, Ferulic acid, Gallic acid etc.) were 

prepared in methanol with a final concentration of 1 mg/mL in acetonitrile. All the standard 

stock solution (1 mg/mL) of reference compounds was prepared in methanol. The working 

standard solutions were prepared by appropriate dilution of the mixed standard solution with 

acetonitrile to a series of concentration ranges from 0.1-1000 ng/mL. The standard stock and 

working solutions were stored at -20°C until use and vortexed for 30 sec prior to injection. 

2.3.7.2 UHPLC-QqQLIT-MS/MS Conditions 

The UHPLC-QqQLIT-MS/MS analysis was carried out as per Passari et al. (2016) with minor 

modifications. The optimized compound dependent Multiple Reaction Monitoring (MRM) 

parameters of each analyte are presented in Table 2. 
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Table 2 Multiple reaction monitoring (MRM) compound dependent parameters for reference 

analytes 

Peak 

No. 

tR 

(min) 
Analytes Q1 (Da) 

Q3 

(Da) 

DP 

*(V) 

EP$ 

(V) 

CE@ 

(eV) 
CXP# (V) Polarity 

1 0.83 Catechin 289.0 203.0 -110 -10 -29 -8 Negative 

2 1.50 Kaempferol 285.0 239.0 -95 -5 -39 -15 Negative 

3 2.82 Ferulic acid 193.0 134.0 -58 -5 -23 -9 Negative 

4 3.15 Gallic acid 169.0 125.0 -59 -8 -21 -10 Negative 

5 4.16 Paclitaxel 852.3 525.1 -57 -9 -17 -16 Negative 

DP*, declustering potential; EP$, entrance potential; CE@, collision energy; CXP#, cell exit 

potential 

2.3.8 Determination of volatile compounds by using gas chromatography mass 

spectroscopy (GC/MS) 

Bioactive volatile compounds present in the B. pilosa  methanolic leaves extract was analyzed 

and identified using GC/MS analysis on Perkin Elmer Turbo mass with single quadrapole fitted 

with PE-5MS column (thickness 0.25 µm, length 30 m, internal diameter 25 mm, composed of 

100% Dimethyl polysiloxane), operating in electron ionization (EI) mode in 220 ºC at 70 eV. 

Helium (99.999%) was used as carrier gas at a constant flow of 1 ml/min and 1 µl of the sample 

was injected at 250 ºC (split at the ratio of 1:30; ion-source temperature 280 ºC). The oven 
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temperature was started at 75 ºC held for 5 min and ramped at 10 ºC per min up to 280 ºC, 

ending with a 10 min. Mass spectrometer was run in the electron ionization (EI) mode in 220 ºC 

at 70 eV with a scan range of 10 to 620 m/z. The peaks were analyzed and identified the mass by 

comparing the mass stored in the National Institute of Standards and Technology (NIST, USA) 

library.    

2.3.9 Genomic DNA isolation 

Genomic DNA was isolated from all the collected 65 plant samples using PureLink Genomic 

Plant DNA Purification Kit (Invitrogen-K183001) according to manufacturer’s protocol. The 

DNA was extracted and loaded on to a 2 % agarose gel and the DNA bands were visualized 

using 0.5 X TBE buffer an Alpha imager EC®, USA. The isolated DNA was used as a template 

for PCR.  

2.3.10  PCR Amplification 

The plant DNA samples were subjected to amplification of the ITS-rRNA gene using the ITS 

universal primers (forward ITS1 5’-TCCGTAGGTGAACCTGCGG-3’ and ITS2 reverse primer 

5’-TCCTCCGCTTATTGATATGC-3’) as described by White et al.(1990). PCR reactions were 

carried out in a total volume of 25 µl consisting of 0.5 µl of template DNA (50 ng). PCR reaction 

conditions for each gene was initial denaturation at 94 °C for 4 min, followed by 35 cycles of 

denaturation at 94 °C for 30 sec, annealing at 50 °C for 40 sec and extension at 72 °C for 1 min 

with a final extension step at 72 °C for 8 min.   

Moreover, maturase K (matK) gene was amplified using universal primer (matK Forward 5'-

CGATCTATTCATTCAATATTTC-3‘and matK Reverse 5'-

TCTAGCACACGAAAGTCGAAGT-3') (Cuenoud et al., 2002).  PCR reactions were carried 

out in a total volume of 25 µl consisting of 0.5 µl of template (50 ng) with the composition given 
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in table. PCR reaction conditions for each gene was initial denaturation at 95 °C for 5 min, 

followed by 40 cycles of denaturation at 95 °C for 30 sec, annealing at 49 °C for 35 sec and 

extension at 72 °C for 1 min with a final extension step at 72 °C for 8 min. 

Further, ribulose-bisphosphate carboxylase (rbcL) gene was amplified using universal primer 

(rbcL Forward 5'-ATGTCACCACAAACAGAGACTAAAGC-3‘and rbcL Reverse 5'-

GTAAAATCAAGTCCACCACG-3') (Levin et al., 2003). PCR reactions were carried out in a 

total volume of 25 µl consisting of 0.5 µl of template DNA (50ng). PCR reaction conditions for 

each gene was initial denaturation at 95 °C for 4 min, followed by 35 cycles of denaturation at 95 

°C for 30 sec, annealing at 43 °C for 40 sec and extension at 68 °C for 1 min with a final 

extension step at 68 °C for 8 min.  

All the genes obtained PCR products were analyzed using 1.2% of agarose gel. The gels were 

visualizing under UV light and documented using a Bio-Rad Gel Doc XR+ system (Hercules, 

CA, USA). The obtained PCR products were purified using the In-vitrogen Pure Link kit 

(Catalogue No: K310001), and were sequenced at DBT-State Biotech Hub, Department of 

Biotechnology, Mizoram University, Aizawl, India. 

2.3.11 Phylogenetic analysis  

All the plants were identified by performing nucleotide BLAST using sequences of ITS-rRNA, 

rbcL and matK genes. The obtained sequences were identified using BLASTn analysis 

(https://blast.ncbi.nlm.nih.gov/blast/Blast.cgi) and the sequences were deposited in NCBI 

GenBank. A multiple sequence alignment was performed on all the gene sequences using the 

Clustal W software packaged in MEGA 6.0 (Thompson et al., 1997). The evolutionary models 

were selected based on lowest BIC (“Bayesian Information Criterion”) and highest AIC 
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(“Akaike Information Criterion”) values using MEGA version 6.0. In ITS gene, the transition 

and transversion bias ratio was -1.23 whereas the maximum log likelihood for the substitution 

computation was -1554.597. Moreover, in matK gene, the overall transition/transversion bias is 

R= 0.491 and the value of maximum log likelihood -202.112. Further, the overall 

transition/transversion bias is R= 0.948 and maximum log likelihood for the substitution 

computation was -1012.354 in rbcL gene. Phylogenetic trees were constructed based on the 

maximum likelihood method using the Tamura 3-parameter models with MEGA 6.0 (Tamura et 

al., 2011; Saitou and Nei, 1987). The robustness of the phylogenetic trees was evaluated by 

bootstrap analysis with 1000 resamplings using a p-distance model (Felsenstein, 1985). Trees 

were viewed and edited using the program FigTree 1.3.1 (2012).  

2.3.12 Statistical analysis  

The data (expressed as the mean of three replicates ± standard deviation) were calculated using 

Microsoft Excel XP 2007 to analyze significant difference between antimicrobial activities of 14 

plants against bacterial and yeast pathogens.  
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3. Results 

The present study deals with phytochemical screening of Asteraceae family from 

Mizoram, northeast India. The state of Mizoram is enriched with several types of medicinal 

plants with wide pharmacological activities. Most of the Mizo tribal people utilize the traditional 

plants to treat various health issues. Interestingly, very less literature is available on these plants 

and their medicinal properties. Hence, we have explored the Asteraceae family plant which has 

high medicinal properties as well as bioactive potential. Based on traditional literature and tribal 

healers information, we have selected 14 Asteraceae family plants (Tagetes patula; Ageratum 

conyzoides; Eupatorium odoratum; Senecio scandens; Crassocephalum crepidioides; Spilanthes 

acmella; Erigeron karvinskianus; Dichrocephala integrifolia; Coreopsis grandiflora; 

Helichrysum luteoalbum; Gynura conyza; Bidens pilosa; Ageratum huostoniaum and Mikania 

micrantha) which have maximum ethnomedicinal properties as well as high pharmacological 

potential. 

3.1 Phytochemical analysis of selected plants 

3.1.1 Total phenolic content (TPC) determination:  

Gallic acid was used as a standard compound and the total phenols were expressed as µg 

of GAE/mg as Gallic acid equivalents using the standard curve equation: y=0.00547251x + 

0.211357, R2 = 0.988, where y is absorbance at 765 nm and x is total phenolic content in the 

different methanolic extracts of Asteraceae family plants expressed in mg/100g of extract. Six 

different concentration of Gallic acid was used to plot the standard curve (Figure 4) and the 

value of standard gallic acid was mentioned in Table 3.  
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Figure 4 Standard curve of Gallic acid extrapolated in µg/ml with optical density of 765nm 

 

Table 3 Standard for quantifying Total Phenolic Content prepared using different concentrations 

of Gallic Acid in µg/ml (read at an optical density of 765nm) 

S. No. Concentration of Gallic 

Acid in µg/ml 

OD  at 

765nm 

1 15 0.293 

2 30 0.375 

3 60 0.539 

4 120 0.868 

5 250 1.579 

6 500 2.948 
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Total phenolic content of selected 14 traditional plants was calculated with respect to 

Gallic acid standards. All the methanolic extracts of selected plants showed the presence of 

phenolic content. The maximum amount of total phenolic content was recorded with methanol 

extract of Helichrysum luteoalbum with 681.86 µg/ml of Gallic acid equivalent per mg of dry 

weight followed by Mikania micrantha and Ageratum conyzoides with 615.70 and 599.83 µg of 

GAE/mg, respectively (Figure 5&Table 4). Moreover, other plants like methanolic extracts of 

Dichrocephala integrifolia (503.50 µg/ml), Coreopsis grandiflora (485.46 µg/ml), Ageratum 

huostoniaum (453.80 µg/ml), Erigeron karvinskianus (421.40 µg/ml), Eupatorium odoratum 

(421.23 µg/ml) and Crassocephalum crepidioides (409.23µg/ml) were also found to possess high 

amount of total phenolic content. Further, methanolic extract of Senecio scandens 

(397.63µg/ml), Tagetes patula (345.26 µg/ml) and Spilanthes acmella (309.96 µg/ml) also 

possessed significant total phenolic contents. The minimum amount of total phenolic content was 

found in Gynura conyza and Bidens pilosa with 77.81µg/ml and 72.0 µg/ml, respectively 

(Figure 5 & Table 4).  



Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Figure 5 Total Phenolic content (TPC) and Total Flavonoids content (TFC) of 14 se

Asteraceae plant species. 1-14 represents different plant species.

            Table 4 Total phenolic content (TPC) for selected 14 

Sl No. 

1 

2 

3 

4 

5 

6 

7 
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Total Phenolic content (TPC) and Total Flavonoids content (TFC) of 14 se

14 represents different plant species. 

Total phenolic content (TPC) for selected 14 Asteraceae

Plant name TPC (µg/ml)

Tagetes patula 345.26

Ageratum conyzoides 599.83

Eupatorium odoratum 421.23

Senecio scandens 397.63

Crassocephalum crepidioides 409.23

Spilanthes acmella 309.96

Erigeron karvinskianus 421.4
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Total Phenolic content (TPC) and Total Flavonoids content (TFC) of 14 selected 

Asteraceae family plants 

TPC (µg/ml) 

345.26 

599.83 

421.23 

397.63 

409.23 

309.96 

421.40 
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8 Dichrocephala integrifolia 503.50 

9 Coreopsis grandiflora 485.46 

10 Helichrysum luteoalbum 681.86 

11 Gynura conyza 77.81 

12 Bidens pilosa 72.00 

13 Ageratum huostoniaum 453.80 

14 Mikania micrantha 615.70 

 

3.1.2 Determination of total flavonoids 

Quercetin was used as a standard compound and the total flavonoids were expressed as 

µg of quercetin/mg as quercetin equivalents using the standard curve equation: y=0.0238615x + 

0.0367303, R2 = 0.994, where y is absorbance at 420 nm and x is total flavonoids content in the 

different methanolic extracts of Asteraceae family plants expressed in µg/mg of extract. Five 

different concentration of quercetin was used to plot the standard curve (Figure 6) and the value 

of standard quercetins mentioned in Table 5.    
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Table 5 Standard for quantifying Total Flavanoid Content, prepared using different 

concentrations of Quercetin µg/ml (read at an optical density of 420nm) 

SI No. Concentration of Quercetin in µg/ml OD  at 420nm 

1 10 0.285 

2 30 0.816 

3 50 1.339 

4 80 1.870 

5 100 2.508 

 

Flavonoids are important class of polyphenols and are found in plants as secondary 

metabolites. In the present study, total flavonoids were determined from the methanolic extract 

of all 14 Asteraceae family plants. Result was calculated milligram of quercetin equivalent per 

mg of dry weight. Methanolic extract of Senecio scandens was found to be highest total 

flavonoids content with 140.13 µg/ml quercetin equivalent followed by Helichrysum luteoalbum 

with 137.53 µg/ml quercetin equivalent, Ageratum conyzoides (135.46 µg/ml ) and Erigeron 

karvinskianus (134.56 µg/ml). Moreover, Crassocephalum crepidioides (131.56µg/ml), 

Dichrocephala integrifolia (129.00 µg/ml), Eupatorium odoratum (129.46 µg/ml), Mikania 

micrantha (123.33 µg/ml), Bidens pilosa (123.30 µg/ml), Spilanthes acmella (123.16 µg/ml), 

Coreopsis grandiflora (120.30 µg/ml) and Ageratum huostoniaum (120.66 µg/ml) also showed 

the presence of flavonoids content. The minimum amount of total flavonoids content was found 

in Gynura conyza and Tagetes patula with 28.53µg/ml and 68.10µg/ml, respectively (Figure 

5&Table 6).  
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Table 6 Total flavonoid content (TFC) for selected 14 Asteraceae family plants 

Sl No. Plant name TFC (µg/ml) 

1 Tagetes patula 68.10 

2 Ageratum conyzoides 135.46 

3 Eupatorium odoratum 129.46 

4 Senecio scandens 140.13 

5 Crassocephalum crepidioides 131.56 

6 Spilanthes acmella 123.16 

7 Erigeron karvinskianus 134.56 

8 Dichrocephala integrifolia 129.00 

9 Coreopsis grandiflora 120.30 

10 Helichrysum luteoalbum 137.53 

11 Gynura conyza 28.53 

12 Bidens pilosa 123.3 

13 Ageratum huostoniaum  120.66 

14 Mikania micrantha 123.33 
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Figure 6 Different concentrations of standard quercetin was extrapolated in µg/ml with optical 

density of 420 nm 

3.2 Determination of antioxidant potential

Plants are rich sources of natural antioxidant compounds. Antioxidant compounds are 

said to possess scavenging potential against free radicals producing inside our body. Hence, we 

have targeted to test the antioxidant potential of selected 14 Asteraceae fa

antioxidant ability of the methanol extracts of 14 plants (

Eupatorium odoratum; Senecio scandens

Erigeron karvinskianus; Dichrocephala integrifolia

luteoalbum; Gynura conyza; Bidens pilosa

been determined by using several assays. Namely, antioxidant activities of selected plants were 

performed as free radical scavengin

3.2.1 DPPH (2, 2-Diphenyl-1

 DPPH is a stable free radical which has been widely used to investigate the free radical 

scavenging activities of natural antioxidants. All the 14 plan
Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Different concentrations of standard quercetin was extrapolated in µg/ml with optical 

Determination of antioxidant potential 

Plants are rich sources of natural antioxidant compounds. Antioxidant compounds are 

said to possess scavenging potential against free radicals producing inside our body. Hence, we 

have targeted to test the antioxidant potential of selected 14 Asteraceae fa

antioxidant ability of the methanol extracts of 14 plants (Tagetes patula; 

Senecio scandens; Crassocephalum crepidioides

Dichrocephala integrifolia; Coreopsis grandiflora

Bidens pilosa; Ageratum huostoniaum and Mikania micrantha

been determined by using several assays. Namely, antioxidant activities of selected plants were 

performed as free radical scavenging ability using DPPH & ABTS.  

1-picrylhydrazyl) radical scavenging activities

DPPH is a stable free radical which has been widely used to investigate the free radical 

scavenging activities of natural antioxidants. All the 14 plants showed antioxidant activity.  IC
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Different concentrations of standard quercetin was extrapolated in µg/ml with optical 

Plants are rich sources of natural antioxidant compounds. Antioxidant compounds are 

said to possess scavenging potential against free radicals producing inside our body. Hence, we 

have targeted to test the antioxidant potential of selected 14 Asteraceae family plants. The 

 Ageratum conyzoides; 

Crassocephalum crepidioides; Spilanthes acmella; 

Coreopsis grandiflora; Helichrysum 

Mikania micrantha) has 

been determined by using several assays. Namely, antioxidant activities of selected plants were 

picrylhydrazyl) radical scavenging activities 

DPPH is a stable free radical which has been widely used to investigate the free radical 

ts showed antioxidant activity.  IC50 
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values for DPPH assays ranged from 56.5 to323.7 µg/mL (Table 7&Figure 7). The lower the 

IC50 value of plant extracts reported the better their free radical scavenging activity. Hence, 

Helichrysum luteoalbum was found most active and good antioxidant property against DPPH 

free radicals with IC50 values of 56.5 µg/ml followed with Bidens pilosa (IC50 80.45), Senecio 

scandens (IC50 86.6 µg/ml), Gynura conyza (IC50 87.01 µg/ml), Eupatorium odoratum (IC50 

88.72 µg/ml), Crassocephalum crepidioides (IC50 90.44 µg/ml) and Dichrocephala integrifolia 

(IC50 95.05 µg/ml) respectively. Moreover, few plants like Erigeron karvinskianus (IC50 103.4 

µg/ml), Mikania micrantha (IC50 109.8 µg/ml), Ageratum conyzoides (IC50 111.6 µg/ml) and 

Coreopsis grandiflora (IC50 135.9 µg/ml) were found to possess moderate DPPH radical 

scavenging activities. Further, methanolic extract of Spilanthes acmella also showed less 

antioxidant activity IC50 DPPH value (323.7µg/ml). The IC50values of selected 14 plants 

increased in the following order: Helichrysum luteoalbum<Bidens pilosa <Senecio 

scandens<Gynura conyza<Eupatorium odoratum<Crassocephalum crepidioides<Dichrocephala 

integrifolia<Erigeron karvinskianus < Mikania micrantha <Ageratum conyzoides <Coreopsis 

grandiflora <Ageratum huostoniaum <Tagetes patula<Spilanthes acmella (Table 7&Figure 7). 

DPPH scavenging IC50 values of all the plant extracts are given in Table7.   

Table 7 DPPH radical scavenging activities of selected 14 Asteraceae plants 

Sl No. Plant name DPPH (IC50 µg/ml) 

1 Tagetes patula 278.20 

2 Ageratum conyzoides 111.60 

3 Eupatorium odoratum 88.72 

4 Senecio scandens 86.60 

5 Crassocephalum crepidioides 90.44 
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Figure 7 DPPH radical scavenging 
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Spilanthes acmella 323.7

Erigeron karvinskianus 103.4

Dichrocephala integrifolia 95.05

Coreopsis grandiflora 135.9

Helichrysum luteoalbum 56.5

Gynura conyza 87.01 

Bidens pilosa 80.45

Ageratum huostoniaum  265.1

Mikania micrantha 109.8

DPPH radical scavenging activities of selected Asteraceae plants 
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3.2.2 ABTS radical scavenging activities 

 The ABTS radical scavenging activities assay has been used as a method for studying the 

free radical antioxidant activities. Radical scavenging activity of all 14 plant extracts were also 

determined spectrophotometrically by using [2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic 

acid)] ABTS•+ cation decolorization assay. IC50 values for ABTS assays were ranges from 171.6 

to 408.6µg/mL (Table 8&Figure 8). The lower the IC50 value of plant extracts used the better 

their free radical scavenging activity. Hence, Bidens pilosa was found most active and good 

antioxidant property against ABTS free radicals with IC50 values of 171.6 µg/ml followed 

byHelichrysum luteoalbum (IC50 181.5 µg/ml), Coreopsis grandiflora (IC50192.5 µg/ml), 

Mikania micrantha (IC50194.1 µg/ml), Eupatorium odoratum (IC50208.4 µg/ml), 

Crassocephalum crepidioides (IC50 216.2 µg/ml) and Senecio scandens (IC50 221.5 µg/ml). 

Moreover, few plants like Ageratum huostoniaum (IC50 241.6 µg/ml), Dichrocephala integrifolia 

(IC50 242.0 µg/ml), Gynura conyza (IC50 246.3 µg/ml) and Tagetes patula (IC50 290.3 µg/ml) 

were found to be moderate ABTS radical scavenging activities. Further, methanolic extract of 

Spilanthes acmella showed less antioxidant activity IC50 ABTS value of 408.6µg/ml. These 

plants were similarly found less antioxidant activity in DPPH assay. The IC50values of selected 

14 plants increased in the following order: Bidens pilosa <Helichrysum luteoalbum<Coreopsis 

grandiflora<Mikania micrantha<Eupatorium odoratum<Crassocephalum crepidioides<Senecio 

scandens<Ageratum huostoniaum<Dichrocephala integrifolia<Gynura conyza <Tagetes patula 

<Ageratum conyzoides<Erigeron karvinskianus<Spilanthes acmella (Table 8&Figure 8). DPPH 

scavenging IC50 values of all the plant extracts are given in Table 8.    
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Table 8 ABTS radical scavenging activities of selected 14 Asteraceae plants 

Sl No. Plant name ABTS (IC50 µg/ml)  

1 Tagetes patula 290.30 

2 Ageratum conyzoides 320.50 

3 Eupatorium odoratum 208.40 

4 Senecio scandens 221.50 

5 Crassocephalum crepidioides 216.20 

6 Spilanthes acmella 408.60 

7 Erigeron karvinskianus 332.60 

8 Dichrocephala integrifolia 242.00 

9 Coreopsis grandiflora 192.50 

10 Helichrysum luteoalbum 181.50 

11 Gynura conyza 246.30 

12 Bidens pilosa 171.60 

13 Ageratum huostoniaum  241.60 

14 Mikania micrantha 194.10 

 



Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Figure 8 ABTS radical scavenging activities of selected Asteraceae plants

concentrations 

 

3.3 Antimicrobial Assay 

 

3.3.1 Antimicrobial assay using agar well diffusion method

The methanolic extracts of 14 

activity against three bacterial pathogens (

pathogen, C. albicans. Among 14 plants tested, 64.28 % of plants indicated antibacterial activity, 

while 28.5% exhibited antifungal activity against 

2.0 to 18.5 mm (Table 9). The methanolic extracts of nine plants (

conizoids; Senecio scandens

Dichrocephalum integrifolia; 
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ABTS radical scavenging activities of selected Asteraceae plants

Antimicrobial assay using agar well diffusion method 

The methanolic extracts of 14 Asteraceae family plants were screened for their antimicrobial 

activity against three bacterial pathogens (S. aureus; P. aeruginosa and 

. Among 14 plants tested, 64.28 % of plants indicated antibacterial activity, 

.5% exhibited antifungal activity against C. albicans. The inhibition zone ranges from 
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ABTS radical scavenging activities of selected Asteraceae plants species at different 

family plants were screened for their antimicrobial 

 E. coli) and one yeast 

. Among 14 plants tested, 64.28 % of plants indicated antibacterial activity, 

. The inhibition zone ranges from 

Mikania micrantha; Ageratum 

Crassocephalum crepidiodes; 

 and Gynura conyza) 
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showed broad spectrum antimicrobial activity against at least four pathogens. Out of 14 plants, 

two plants -H. luteoalbum and B. pilosa showed antibacterial activity against all the tested 

pathogens. The methanolic extract of M. micrantha was found to possess maximum zone of 

inhibition (18.5 mm) followed by E. odoratum (15.0 mm); G. conyza (12.5 mm) and H. 

luteoalbum (10.0 mm) against gram negative E. coli pathogen at the concentration of 20 mg/ml 

compared with standard Ampicillin (30 µg/mL). Further, the methanolic extract of H. luteoalbum 

was found to exhibit maximum zone of inhibition (14.5 mm) followed by D. integrifolia(12.0 

mm); B. Pilosa (10.0 mm) and M. micrantha (8.5 mm) against gram positive S. aureus pathogen 

at the concentration of 20 mg/ml compared with standard Ampicillin (30 µg/mL). Interestingly, 

S. scandens showed highest inhibition zone (10.5 mm) against yeast pathogen C. albicans with 

the concentration of 20 mg/ml compared with standard Fluconazole (30 µg/mL). About 64.28 % 

of plants showed activity S. aureus (64.28%) followed by P. aeruginosa (50%); E. coli (50%) 

and C. albicans (35.7%). However, the extract showed very mild activity at higher concentration
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Table 9 Antimicrobial activity of methanolic extract of Bidens pilosa leaves using agar well diffusion method 

Sl No. Plant name S. aureus P. aeruginosa E. coli C. albicans 

Zone of inhibition (in mm) at four different concentrations (5, 10, 15 and 20 mg/mL) 

5 10 15 20  5  10  15  20  5  10  15  20  5  10  15  20  

1 Ageratum huostoniaum  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

2 Mikania micrantha -  -  3.0
± 
0.05 

8.5
± 
0.15 

2.5
± 
0.05 

6.0
± 
0.05 

10.0
±0.
15  

14.0
± 
0.15 

5.0 
± 
0.05 

10.0
± 
0.17 

14.5
± 
0.25 

18.5 
± 
0.02 

-  -  -  -  

3 Ageratum conizoids  -  -  -  3.5
± 
0.02 

-  2.5
± 
0.15  

5.0
± 
0.27  

8.0 
± 
0.05 

-  -  3.5 
± 
0.05  

8.0 
± 
0.05 

-  -  -  -  

4 Senecio scandens  -  -  -  2.0
± 
0.02  

-  -  -  5.0 
± 
0.10 

-  -  -  -  2.0 
± 
0.05 

4.5 
± 
0.02 

7.5 
± 
0.25 

10.5 
± 
0.17 

5 Eupatorium odoratum -  -  2.5
± 
0.05 

5.5
± 
0.15  

3.5
± 
0.02  

6.0
± 
0.10  

8.5
± 
0.05  

12.0
± 
0.05 

-  5.0 
± 
0.05  

10.0
± 
0.15  

15.0
± 
0.17  

-  -  -  -  

6 Crassocephalum crepidiodes -  -  4.0
± 
0.05  

6.5
± 
0.15  

-  4.0
± 
0.17  

7.0
± 
0.25  

10.5
± 
0.15 

-  -  -  -  -  -  -  -  

7 Spilanthes acmella  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

8 Erigeron karvinskianus   -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

9 Dichrocephalum integrifolia -  3.0
± 
0.05  

7.0
± 
0.25 

12.0
± 
0.02  

    -  -  -  5.0 
± 
0.10 

-  -  -  -  
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10 Coreopsis grandiflora  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

11 Helichrysum luteoalbum 2.0 
± 
0.05 

5.5
± 
0.02 

10.0
± 
0.17 

14.5
± 
0.37 

-  3.0
±0.
05  

5.0
± 
0.02  

6.5 
± 
0.10  

-  -  5.0 
± 
0.05  

10.0
± 
0.05  

-  3.0 
± 
0.02  

6.5 
± 
0.15  

8.0 
± 
0.17  

12 Bidens pilosa -  3.5
± 
0.05  

6.00
± 
0.02  

10.0
± 
0.05  

5.0
± 
0.15 

8.5
± 
0.02 

12.5
± 
0.25 

16.5
± 
0.17 

-  -  -  6.5 
± 
0.02 

-  -  2.0 
± 
0.15  

5.0 
± 
0.15  

13 Gynura conyza -  -  -  4.0
±0.
05   

    -  4.5 
± 
0.15  

7.0 
± 
0.27   

12.5
± 
0.15   

-  -  2.5 
± 
0.05 

6.5 
±  
0.25 

14 Tagetus patula  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

 Ampicillin (30 µg/ml) 15.0
± 
0.02   

15.0
± 
0.15  

15.0  15.0
± 
0.17  

12.0
± 
0.02 

12.0
± 
0.05  

12.0
± 
0.15  

12.0
± 
0.25   

16.5
± 
0.35  

16.5
± 
0.02  

16.5
± 
0.05 

16.5
± 
0.27    

-  -  -  -  

 Fluconazole (30 µg/ml) -  -  -  -  -  -  -  -  -  -  -  -  14.5 
± 
0.02 

14.5 
± 
0.15   

14.5 
± 
0.03 

14.5 
± 
0.05   
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3.3.2 Antimicrobial assay using broth micro dilution method 

The values of MICs of methanol crude extracts of 14 plants showed antimicrobial activity 

against three human pathogenic bacteria (S. aureus, P. aeruginosa and E. coli) and yeast C. 

albicans which are responsible for different food borne diseases (Table 10). Two standard 

antibiotics (ampicillin and fluconazole) were used as positive control to compare with 14 

medicinal plant extract. Our result showed that all the plants response against bacterial tested 

was different. We found that out of 14 plants, 9 plants shown positive activity against gram-

positive S. aureus with MIC values ranges from 1.635 to 7.972 mg/ml.  H. luteoalbum and D. 

integrifolia had potent antibacterial activity against S. aureus with MIC value of 7.972 and 

7.634, respectively. Five plants extracts (Spilanthes acmella, Erigeron karvinskianus, Coreopsis 

grandiflora, Tagetes patula and Ageratum huostoniaum) showed no activity against S. aureus, 

while seven plants extract exhibited positive against gram negative bacteria (E. coli and P. 

aeruginosa) with the MIC values ranges from 5.621 to 7.815 mg/ml and 5.607 to 6.854 mg/ml, 

respectively. H. luteoalbum showed highest antibacterial activity against S. aureus and C. 

albicans with MIC values of 7.952 mg/ml and 6.896 mg/ml whereas; B. pilosa had highest 

activity against P. aeruginosa (6.854 mg/ml). Only four methanolic plant extract of G. conyza, S. 

scandens, H. luteoalbum and B. pilosa indicated positive antifungal activity against C. albicans 

with the MIC values ranging from 4.162 to 6.896 (Table 10). However, methanolic extracts of 

H. luteoalbum and B. pilosa showed positive activity against all the pathogen. The MIC of 

methanol extracts showed significant effect against pathogenic bacterial and fungal strains 

showed that the plant extract has a potential to develop antimicrobial agent. The MIC values of 

standard antibiotic, ampicillin was found to possess antibacterial activity against S. aureus 
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(12.542) followed by P. aeruginosa (10.768) and E. coli (9.612), whereas standard antibiotic 

fluconazole possessed antifungal effect against C. albicans (10.672).   

Table 10 Antimicrobial activity of selected 14 plants using micro broth dilution technique 

Sample EC50 (mg/ml) 

S. aureus P. aeruginosa C. albicans E. coli 

Spilanthes acmella - - - - 

Erigeron karvinskianus - - - - 

Dichrocephala integrifolia 7.634  - - 5.621 

Mikania micrantha 5.139  6.728 - 7.815 

Crassocephalum crepidioides 4.939 6.58 - - 

Ageratum conyzoides 2.625 5.855 - 6.111 

Gynura conyza 4.139 - 6.293 6.634 

Coreopsis grandiflora - - - - 

Senecio scandens  1.635 5.607 6.298 - 

Eupatorium odoratum 4.866 6.724 - 6.647 

Tagetes patula - - - - 

Helichrysum luteoalbum  7.972 5.841 6.896  6.494 

Ageratum huostoniaum  - - -  - 

Bidens pilosa 6.12 6.854  4.162 5.826 

Ampicillin 12.542 10.768 9.612 - 

Fluconazole - - - 10.672 
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3.4 Cytotoxicity Assay 

The cytotoxic activity of the extract can be attributed to the different secondary 

metabolites present in its crude extract. In our study, the cytotoxicity of crude methanolic 

extracts of 14 Asteraceae plants were screened against four cancer cell lines (HepG2: human 

hepato carcinoma; MCF7: human breast cancer cell line; AGS: human aderonoma gastric cancer 

cell line; HeLa: human cervical cancer cell) at different concentrations (1, 5, 10, 25, 50, 75, 100, 

125, 150, 200 and 250 μg/mL) using MTT (3-(4, 5-dimethylythiazol-2-yl)-2, 5-diphenyl-2H-

tetrazolium hydrobromide) assay (Figure 9). The cytotoxic activities of the crude extracts were 

preliminarily screened by MTT assay, the percentage viability curves of treated cells were 

plotted against the extract concentrations, and the IC50 as compared to that of untreated cells was 

determined. All the extracts showed cytotoxic effect at various concentrations and few 

methanolic extracts (Helichrysum luteoalbum, Bidens pilosa, Ageratum huostoniaum, Mikania 

micrantha and Erigeron karvinskianus)exhibited cytotoxicity effect at low concentrations with 

minor difference in IC50. The methanolic extract of Helichrysum luteoalbum showed highest 

cytotoxicity effect HeLa cells at low concentration with IC50 values of 15.79 μg/ml followed by 

Ageratum huostoniaum (23.06 μg/ml), Dichrocephala integrifolia (45.03 μg/ml) and Coreopsis 

grandiflora (45.67 μg/ml). Further, the methanolic extract of Mikania micrantha showed highest 

cytotoxicity effect HepG2 cells at low concentration with IC50 values of 22.98 μg/ml followed by 

Ageratum huostoniaum (34.13μg/ml), Tagetes patula (45.71μg/ml) and Ageratum conyzoides 

(49.03 μg/ml) (Table 11). Additionally, the methanolic extract of Bidens pilosa showed 

maximum cytotoxicity effect MCF-7 cells at low concentration with IC50 values of 83.65 μg/ml 

(Table 11) whereas; methanolic extract of Helichrysum luteoalbum showed highest cytotoxicity 

effect AGS cells at low concentration with IC50 values of 15.49 μg/ml. Figures 10-13 shows the 



Chapter IV: Results 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 54 

morphological variations such as shrinkage, nuclear condensation in the cells, which might be a 

probable indicator for apoptosis induced by the plant extract of B. pilosa & H. luteoalbum.  

Table 11 Cytotoxicity activity was performed by MTT assay of selected 14 plants (IC50 values)  

Sr No. Plant name IC50 concentration (µg/ml) 

HepG2 HeLa MCF-7 AGS 

1 Tagetes patula 45.71 55.22 191.4 90.38 

2 Ageratum conyzoides 49.03 211.9 198.5 82.83 

3 Eupatorium odoratum 70.15 67.23 179.1 116.5 

4 Senecio scandens 70.15 30.92 143.9 42.49 

5 Crassocephalum crepidioides 1025 249.3 196.4 85.68 

6 Spilanthes acmella 56.33 1025 171.2 721.8 

7 Erigeron karvinskianus 910 47.1 85.99 71.97 

8 Dichrocephala integrifolia 874.9 45.03 227.8 67.23 

9 Coreopsis grandiflora 335.6 45.67 163.5 91.48 

10 Helichrysum luteoalbum 90.26 15.79 96.57 15.49 

11 Gynura conyza 199.5 110.2 181.3 761 

12 Bidens pilosa 210.8 179.3 83.65 29.85  

13 Ageratum huostoniaum 34.13 23.06 99.56 35.83 

14 Mikania micrantha 22.98 236.3 162.6 144.3 
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Figure 9 Cytotoxicity potential of selected 14 

µg/mL. 
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Figure 10 Cytotoxicity potential

MCF-7 cancer cell line at different concentrations

Figure 11 Microscopic images showing cytotoxicity potential

HepG2, AGS and MCF-7 cancer cell line

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Cytotoxicity potential of B. pilosa methanolic extract against HeLa, 

7 cancer cell line at different concentrations (1-250 µg/mL) 

Microscopic images showing cytotoxicity potential of B. pilosa 

7 cancer cell line 
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against HeLa, HepG2, AGS and 

 

B. pilosa extract against HeLa, 
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Figure 12 Cytotoxicity assay of 

cancer cell line at different concentrations

Figure 13 Microscopic images showing cytotoxicity potential 

HepG2, AGS and MCF-7 cancer cell 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Cytotoxicity assay of H. luteoalbum extract against HeLa, HepG2, AGS and MCF

cancer cell line at different concentrations (1-250 µ/mL) 

Microscopic images showing cytotoxicity potential of H. luteoalbum 

7 cancer cell lines 
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H. luteoalbum against HeLa, 
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3.4.1 DNA Fragmentation Assay 

In order to delineate the mechanism of cell death mediated by the methanolic extract of 

H. luteoalbum and B. pilosa on HeLa, HepG2, and KB-3 cell lines, we performed DNA 

fragmentation assay which is characteristic for apoptosis. The cells were treated at 72 h and 

DNA was isolated and analyzed by agarose gel electrophoresis. Following agarose gel 

electrophoresis of HeLa, HepG2 and KB-3 cells treated with the IC50 concentration of the 

extract, a typical ladder pattern of inter nucleosomal fragmentation was observed in cells after 72 

h of treatment while DNA fragments were absent in the control cells. Low-molecular-weight 

DNA from these cells was resolved in 2.0% agarose gels. These data suggest that the methanolic 

extracts from B. pilosa and H. luteoalbum are a potent inducer of apoptosis in HeLa, HepG2, and 

KB-3 cells (Figures 14 and 15).  These findings were further confirmed by the analysis of 

FACS using PI staining as shown in Figures 14 and 15. The growth of the Cancer cells was 

markedly suppressed by the treatment plants, as compared with the control without treatment. In 

the treatment plants extracts for 72 h, we observed apoptotic changes, which were assessed by 

morphological parameters (nuclear condensation and fragmentation) and DNA ladder formation 

in HeLa, HepG2, and KB-3 cells. Taken together, it was indicated that the marked cytotoxicity 

by methanolic extracts was attributed to apoptotic cell death. 
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Figure 14 The methanolic extract of 

L1- 100 bp DNA Ladder; L2
extract; L4- Untreated HeLa cells DNA
HepG2 cells DNA; L7- DNA HepG
 

Figure 15 The methanolic extract of 
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The methanolic extract of Bidens pilosa extract induced DNA fragmentation. 

100 bp DNA Ladder; L2- Untreated KB-3 cells DNA; L3- DNA KB
Untreated HeLa cells DNA; L5- DNA HeLa cells treated with extract

DNA HepG-2 cells treated with extract. 

The methanolic extract of H. luteoalbum extract induced DNA fragmentation. 
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induced DNA fragmentation.  

DNA KB-3 cells treated with 
DNA HeLa cells treated with extract; L6- Untreated 

 

induced DNA fragmentation.  
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3.5 Acridine orange –Propidium Iodide (AO/PI) dual staining 

The results obtained with acridine orange –propidium iodide staining of control and treated with 

HeLa; HepG2 and AGS cells are presented in the Figures 16 and 17. The untreated control cells 

fluoresced uniformly green and had normal features whereas cells treated with extract of B. 

pilosa and H. luteoalbum fluoresced orange red that indicated the apoptotic features such as cell 

shrinkage, chromatin condensation, nuclear fragmentation and apoptotic body formation. Cells 

showing bright orange fluorescence indicate apoptosis in comparison to control cells showing 

green fluorescence. The red arrows indicated viable cell whereas white arrows indicated 

apoptotic cell.  

 

Figure 16 AO/PI staining of HeLa, HepG2 and AGS cell lines were treated with extract of B. 

pilosa (IC50 concentration).  

A - Untreated HeLa; B –Untreated HepG2; C – Untreated AGS; D - Treated HeLa E –Treated 
HepG2; F – Treated AGS.  *Red arrows indicated viable cell    *White arrows indicated 
apoptotic cell  

A B C 

D E F 
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Figure 17 AO/PI staining of HeLa, HepG2 and AGS cell lines were treated with extract of H. 

luteoalbum (IC50 concentration).  

A - Untreated HeLa; B –Untreated HepG2; C – Untreated AGS; D - Treated HeLa      E –Treated 
HepG2; F – Treated AGS. *Red arrows indicated viable cell and White arrows indicated 
apoptotic cell. 
 
3.6 Caspase-3 and Caspase-8 Assays 

To investigate the cleaved effector caspase in the apoptotic pathway, the activation of caspase-3 

and 8 were measured by the colorimetric assay. As shown in Figures 18 and 19, compared with 

untreated group, methanolic extract of B. pilosa and H.luteoalbum induces the cell death in 

HeLa, HepG2 and AGS cell lines by mitochondrial-mediated intrinsic apoptotic pathway via the 

activation of caspase-3 and -8 can evidently and dose-dependently in HeLa, HepG2 and AGS 

cancer cells.  

A B C 

D E F 
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Figure 18 Activation of Caspase 3 enzyme by methanolic extarct of B. pilosa and H. luteoalbum 

compare with Doxorubacin (Positive control)  

 

Figure 19 Activation of Caspase 8 enzyme by methanolic extarct of B. pilosa and H. luteoalbum 

compare with Doxorubacin (Positive control) 

 

A
ct

iv
it

y,
 μ

m
ol

 p
N

A
/m

in
/m

l =
 

O
D

 x
 d

/ ε
m

M
 x

 t
 x

 v
 

Samples treated for 48h with IC50 Concentration (µg/ml)

HeLa AGS HepG-2

A
ct

iv
it

y,
 μ

m
ol

 p
N

A
/m

in
/m

l =
 O

D
 

x 
d/

 ε
m

M
 x

 t
 x

 v
 

Samples treated for 48h with IC50 Concentration (µg/ml)

HeLa AGS HepG-2



Chapter IV: Results 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 63 

3.7 Detection and quantification of phenolic compounds by UHPLC-QqQLIT-MS/MS 

3.7.1 Analytical method validation 

The proposed UPLC-MRM method for quantitative analysis was validated according to 

guidelines of the International Conference on Harmonization (ICH, Q2R1) by linearity, LOQs 

and LODs, precision, solution stability and recovery. 

3.7.2 Linearity, limits of detection (LOD) and quantification (LOQ) 

A series of concentrations of standard solution were prepared for establishing calibration 

curves. The peak areas were plotted against the corresponding concentrations to obtain the 

calibration curves. LOD and LOQ were determined using diluted standard solution when the 

signal-to-noise rations (S/N) of analytes were about 3 and 10, respectively. The S/N was 

calculated as the peak height divided by the background noise value. The results are listed in 

Table 12. All calibration curves indicated good linearity, with correlation coefficients (r2) from 

0.9996 to 1.0000 within test ranges. The LOD for each reference analyze varied from 0.01 to 

0.20ng/ml and LOQ from 0.03 to 0.61ng/ml. 
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Table 12 Method validation parameters for five reference analytes 

Parameters 
                                           Analytes 

Catechin Kaempferol Ferulic acid Gallic acid Paclitaxel 

Regression equation 6.01x + 0.33 5.53x + 0.31 40.02x + 0.05 41.44x + 0.02 306x+1.92 

Correlation coefficient (r2) 0.9998 0.9999 0.9995 1.0000 0.9996 

Linearity range (ng/mL) 1-250 1-250 0.5-100 0.1-100 5-500 

LOD (ng/mL) 0.14 0.20 0.03 0.01 0.02 

LOQ (ng/mL) 0.43 0.61 0.09 0.03 0.07 

Precision RSD % (Intra-day, n=6)  0.34 1.02 0.62 0.25 0.61 

Precision RSD % (Inter-day, n=6) 1.01 1.22 1.11 0.94 1.21 

Stability RSD % (n=5) 1.83 2.55 1.88 1.92 1.80 

Recovery (n=3) Mean 105.19 97.50 94.87 95.50 98.86 

RSD % 0.76 1.02 1.13 1.82 0.96 

 

3.7.3 Precision, stability and recovery 

Precision was measured by relative standard deviation (RSD); intra-day and inter-day 

variations were evaluated by determination of analytes in six replicates on a single day and by 

duplicating the experiments over three successive days. The overall intra-day and inter-day 

precision was not more than 1.21%. Stability of sample solutions stored at room temperature was 

evaluated by replicate injections at 0, 2, 4, 8, 12 and 24 h. The stability RSD% value of five 

analytes was 2.55%. The analytical method developed had good accuracy, with overall recovery 

ranging from 94.87% to 105.19% for all analytes (Table 12). 
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3.7.4 Quantitative analysis 

In this study, the UHPLC-QqQLIT-MS/MS method was applied to detect and quantify 

four phenolic compounds (Catechin, Kaempferol, Ferulic acid & Gallic acid) and Paclitaxel, an 

anticancer compound. All five compounds were detected and quantified in the methanolic extract 

of Helichrysum luteoalbum and Bidens pilosa (Table 13). Gallic acid (33.3 mg/g) was present at 

the highest amounts in B. pilosa whereas, Kaempferol was recorded maximum amount in H. 

luteoalbum. A natural phenolic ferulic acid which has direct antitumor activity against breast 

cancer and liver cancer was detected and quantified in B. pilosa (0.58 mg/g) and H.luteoalbum 

(7.8 mg/g). Furthermore, paclitaxel an anticancer compound used to treat various types of cancer 

was detected and quantified at the maximum amount in H. luteoalbum (21.64 mg/g) and lowest 

amount in B. pilosa (15.0 mg/g). The results indicated that there were remarkable differences in 

the quantities of analytes in B. pilosa and H. luteoalbum. The MRM, extracted ion chromatogram 

and MS/MS spectra of five mixed standards are shown in Figures 20–22, respectively.  

Table 13 Content of five phenolic compounds (mg/g) detected and quantified in B. pilosa & H. 

luteoalbum 

Analyte name B. pilosa  H. luteoalbum 

Catechin 16.0 7.8 

Kaempferol 32.87 46.3 

Ferulic acid 0.58 11.42 

Gallic acid 33.3 28.74 

Paclitaxel 15.0 21.64 
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Figure 20 MRM chromatogram of standards bioactive compounds mixture obtained by UPLC-

ESI–MS/MS in negative mode. 
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Figure 21 Extracted ion chromatograms (XICs) of five pair obtained by UPLC-ESI–MS/MS. 
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Figure 22 MS/MS spectra of target phenolic and anticancerous compounds 
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3.8 Analysis of Volatile compounds by Gas Chromatography-Mass Spectroscopy (GC-MS) 

        GC-MS analysis of compounds was performed in methanolic leaf extract of B. pilosa 

(Table 14). The identification of volatile compounds is based on the peak area, retention time 

and percentage of area, molecular weight and molecular formula. The results showed a variety of 

compounds which have been detected in methanolic extract of B. pilosa including 1,3,6,10-

Dodecatetraene, 3,7,11-trimethyl-(Z,E); 1H-3A, 7-Methanozulene, Octahydro-1,4,9,9-

tetramethyl; 9H-Fluorene, 9-Diazo; 1-Octadecyne; N-Hexadecanoic acid and 3,7,11,15-

Tetramethyl-2-Hexadecen-1-ol. The spectrum profile of GC-MS analysis showing six 

components individual fragmentation pattern with retention time 14.05, 16.18, 17.80, 18.90, 

20.16 and 21.62 is demonstrated in Figure 23.The highest peak area (%) of 57.82 was found in  

3,7,11,15-Tetramethyl-2-Hexadecen-1-ol with retention-time 21.62 and the lowest peak area (%) 

of 3.96 was detected in 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E) with retention-time 

14.05 (Table 14). 
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Table 14 Volatile compounds identified in the methanolic leaf extract of Bidens pilosa by GC-

MS 

Sl. 

No. 

Name of the Compound RT Peak Area Area 

(%) 

Height Molecular 

Weight 

Nature of 

compound 

1 1,3,6,10-Dodecatetraene, 

3,7,11-trimethyl-(Z,E)  

14.053 683540.1 3.96 18457168 204.3511   

2 1H-3A, 7-Methanozulene, 

Octahydro-1,4,9,9-

tetramethyl 

16.184 1116642.1 6.46 30036296 206.3669   

3 9H-Fluorene, 9-Diazo 17.8 3135375.3 18.14 82788704 192.22  Alkene 

4 1-Octadecyne  18.9 1195249.8 6.92 33715172 252.486  Alkene  

5 N-Hexadecanoic acid  20.16 1158552.5 6.70 27304302 256.4241   Fatty acid 

6 3,7,11,15-Tetramethyl-2-

Hexadecen-1-ol  

21.626 9990602.0 57.82 230113984 296.539 Fatty acid  
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Figure 23 GC-MS Chromatogram detected six volatile compounds from methanolic extract of 

Bidens pilosa plant compared with NIST library. (A)1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-

(Z,E); (B)1H-3A, 7-Methanozulene, Octahydro-1,4,9,9-tetramethyl; (C) 9H-Fluorene, 9-Diazo; 

(D) 1-Octadecyne; (E) N-Hexadecanoic acid and (F) 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol 
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3.9 DNA Barcoding of Asteraceae Family Plant 

3.9.1 PCR amplification and genetic diversity of DNA barcoding region 

In the tropical forest of Mizoram, total of 65 plant samples were collected and 128 

sequences were accessible for the three gene fragments (Table 15). Among them, internal 

transcribed spacer (ITS) gene had the maximum success rate of PCR amplification (n=56; 

86.15%), followed by rbcL (n=51; 78.46%) and matK (n=42; 64.61%). After PCR amplification, 

DNA sequencing was performed in all three genes. Again, ITS-rDNA and rbcL gene showed the 

highest sequencing success rate (n=45; 69.23% and 69.23%, respectively) followed by matK 

(n=38; 58.46%). The aligned sequence lengths were 750 bp for ITS gene (Figure 24), 600 bp for 

rbcL (Figure 25) and 650 bp for matK gene (Figure 26). The intra-specific distances ranged 

from 0.12to 0.94% in ITS-rDNA, 0.00 to 0.06% in rbcL, and 0.00 to 0.08% in matK. Overall, 

our results showed that the ranges and mean intra-specific distances were both lower than those 

of interspecific distances. Among single regions, ITS-rDNA showed the lowest interspecific 

distance (mean = 0.008) whereas matK found the highest genetic variation between species 

(mean = 0.124). The average inter-specific distance of the rDNA-ITS region was highest in A. 

adenophora followed by H.oligocephala, L. indica and C. crepidioides; the variability of matK 

was highest in A. adenophora followed by T. rotundifolia, D. coccinea and S. urens; and the 

variability of rbcL was maximum in A. adenophora, followed by B. balsamifera, C. odorata, C. 

canadensis and T. erecta. The inter-species distances ranged from 0.04 to 0.8% in rDNA-ITS, 

1.89 to 4.18% in matK and 1.21 to 3.08% in rbcL. A. adenophora had the maximum inter-

specific distance in all three DNA barcode regions (ITS-rDNA, matK and rbcL). C. crepidioides 

had the lowest distance in ITS-rDNA gene whereas; T. rotundifolia was found minimum distance 

in matK gene. Moreover, C. canadensis was recorded lowest distance in rbcL gene. 
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Table 15 The percentage of success rates of PCR amplification and 

barcode fragments obtained from Mizoram

DNA Fragment 

ITS 

rbcL 

MatK 

 

 

Figure 24 Amplification of ITS
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The percentage of success rates of PCR amplification and sequencing of the three 

barcode fragments obtained from Mizoram 

PCR amplification 

success rate (%) 

Sequencing success rate 

(%) 

86.15  69.23% 

78.46  69.23% 

64.61 58.46%  

Amplification of ITS-rDNA gene in Asteraceae family plant species
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sequencing of the three 

Sequencing success rate 

 

Asteraceae family plant species 
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Figure 25 Amplification of rbcL gene in Asteraceae family plant species

 

Figure 26 Amplification of 
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Amplification of rbcL gene in Asteraceae family plant species 

 

K gene in Asteraceae family plant species 
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3.9.2 Amplification of ITS-rDNA gene 

A total of 45 plant species was amplified by ITS-rDNA gene and the sequences were submitted 

to the NCBI (GenBank Accession numbers MF440583-MF440627). All the ITS-rDNA 

sequences were aligned along with the sequences of reference species retrieved from NCBI 

GenBank database. All the sequences showed 98-100% identity by BlastN analysis (Table 16). 

The results indicated that the plant species were divided into 32 genera. They grouped into 

Conyza (8.88%), followed by Bidens, Crassocephalum, Galinsoga, Lactuca, Tagetes, Tithonia, 

Spilanthes, Eclipta, Erigeron and Helichrysum (4.44% each). Maximum Likelihood Estimate of 

Substitution Matrix was obtained where each entry is the probability of substitution (r) from one 

base (row) to another base (column) (Table 17). The maximum log likelihood for this 

computation was -1561.175. Maximum Composite Likelihood Estimate pattern of nucleotide 

substitution was obtained where each entry showed the probability of substitution (r) from one 

base (row) to another base (column) (Table 18). For simplicity, the sum of r values is made 

equal to 100. The nucleotide frequencies are 22.98% (A), 22.96% (T/U), 27.80% (C) and 

26.26% (G). The transition/transversion rate ratios are K1 = 1.709 (purines) and K2 = 2.773 

(pyrimidines). The overall transition/transversion bias is R= 1.106, where R= [A*G*K1 + 

T*C*K2] / [(A+G)*(T+C)]. Rates of different transitional substitutions are shown in bold and 

those of transversionsal substitutions are shown in italics (Tables 17and 18). The maximum 

likelihood estimated Transition/Transversion bias (R) is 1.23. The nucleotide frequencies are 

A=25.00%, T/U=25.00%, C=25.00% and G=25.00%. The maximum log likelihood for this 

computation was -1554.597. The overall disparity index per site is shown for all sequence pairs 

is 0.0316. The overall estimates of base composition bias difference between sequences were 

found 0.0658 where the substitutions patterns are homogeneous among lineages, the 
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compositional distance will correlate with the number of difference between sequences. The 

overall Pairwise mean distance of all sequences was 0.0488. Tajima's Neutrality Test was 

performed for all 45 ITS-rDNA sequences to evaluate the number of segregating sites per site 

with the nucleotide diversity (Tajima, 1989) (Table 19). Codon positions included were 

1st+2nd+3rd+Noncoding where, total of 154 positions in the dataset.  

Table 16 Identification of Asteraceae family plant species based on ITS-rDNA gene sequences 

similarity with closest type strains in BlastN analysis 

Sl.No Species 

code 

Plant name Accession 

number 

Match with Reference species from 

NCBI 

Identity 

1 AST1 Blumea balsamifera MF440583 Blumea balsamifera voucher 

ZY130602 

100% 

2 AST2 Conyza stricta MF440584 Conyza stricta strain voucher 

MO:4031619 

100% 

3 AST3 Ageratum 

conyzoides 

MF440585 Ageratum conyzoides isolate Hainan 

WY02 

99% 

4 AST4 Mikania micrantha MF440586 Mikania micrantha voucher TNM 

S113611 

100% 

5 AST5 Gynura sp. MF440587 Gynura sp. Y3304  100% 

6 AST6 Bidens pilosa MF440588 Bidens pilosa voucher XZ-A1 100% 

7 AST7 Chromolaena 

odorata 

MF440589 Chromolaena odorata voucher 

MZU/BT/001 

100% 

8 AST8 Ageratina MF440590 Ageratina adenophora strain AG6 100% 
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adenophora 

9 AST9 Crassocephalum 

crepidioides 

MF440591 Crassocephalum crepidioides voucher 

Pelser cult. 354 

100% 

10 AST10 Lactuca indica MF440592 Lactuca indica voucher 

L.Pengpl2011042509-9 

100% 

11 AST11 Galinsoga parviflora MF440593 Galinsoga parviflora voucher 

WU19004 

100% 

12 AST12 Conyza floribunda MF440594 Conyza floribunda internal transcribed 

spacer 1 

99% 

13 AST13 Hilliardiella 

oligocephala 

MF440595 Hilliardiella oligocephala isolate 

Hillardiello464 

100% 

14 AST14 Conyza Canadensis MF440596 Conyza canadensis 18S ribosomal 

RNA gene 

100% 

15 AST15 Tagetes sp. MF440597 Tagetes sp. 2 JACM-2013 100% 

16 AST16 Tithonia diversifolia MF440598 Tithonia diversifolia voucher Panero 

& Schilling 620 (TENN) 

100% 

17 AST17 Cosmos sulphureus MF440599 Cosmos sulphureus voucher 

TENN:ITS Schilling 2013-06 

99% 

18 AST18 Spilanthes 

paniculata 

MF440600 Spilanthes paniculata isolate SBB-

1319 

100% 

19 AST19 Tagetes erecta MF440601 Tagetes erecta voucher D.R. Hansen 

126 

100% 

20 AST20 Tridax procumbens MF440602 Tridax procumbens 100% 
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21 AST21 Eclipta prostrata MF440603 Eclipta prostrata isolate UAS-

SEC162 

100% 

22 AST22 Youngia japonica MF440604 Youngia japonica voucher KUS-

F20748 

100% 

23 AST23 Conyza sumatrensis MF440605 Conyza sumatrensis strain AY875698 100% 

24 AST24 Lactuca sativa MF440606 Lactuca sativa voucher PJM s.n.1 100% 

25 AST25 Eclipta prostrata MF440607 Eclipta prostrata voucher Ec-al-02 100% 

26 AST26 Crassocephalum 

crepidioides 

MF440608 Crassocephalum crepidioides voucher 

Pelser cult. 354 

100% 

27 AST27 Helianthus annuus MF440609 Helianthus annuus 4C, LR A21 100% 

28 AST28 Erigeron 

karvinskianus 

MF440610 Erigeron karvinskianus strain 

AF118487 

100% 

29 AST29 Erigeron 

philadelphicus 

MF440611 Erigeron philadelphicus isolate AH06 99% 

30 AST30 Tithonia rotundifolia MF440612 Tithonia rotundifolia voucher Panero 

2395 (TENN) 

100% 

31 AST31 Canadanthus 

modestus 

MF440613 Canadanthus modestus voucher V. 

Karaman 96 

100% 

32 AST32 Coreopsis 

grandiflora 

MF440614 Coreopsis grandiflora voucher 

TENN:Estes and Beck 7618 

100% 

33 AST33 Dahlia coccinea MF440615 Dahlia coccinea  99% 

34 AST34 Dichrocephala 

integrifolia 

MF440616 Dichrocephala integrifolia 

specimen_voucher: FUMH:34389 

100% 
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35 AST35 Helichrysum sp. MF440617 Helichrysum sp. Kolberg & Maggs 

HK236 isolate I090 

100% 

36 AST36 Aster altaicus MF440618 Aster altaicus specimen_voucher: 

FUMH:15545 

100% 

37 AST37 Galinsoga parviflora MF440619 Galinsoga parviflora voucher 

WU19004 

100% 

38 AST38 Bidens frondosa MF440620 Bidens frondosa 100% 

39 AST39 Spilanthes 

paniculata 

MF440621 Spilanthes paniculata isolate SBB-

1319 

100% 

40 AST40 Zinnia haageana MF440622 Zinnia haageana 98% 

41 AST41 Emilia sonchifolia MF440623 Emilia sonchifolia voucher 

PS0709MT02 

98% 

42 AST42 Vernonia sp. MF440624 Vernonia sp. Keeley & Keeley 4443F 100% 

43 AST43 Helichrysum 

glumaceum 

MF440625 Helichrysum glumaceum isolate I070 100% 

44 AST44 Sanvitalia 

procumbens 

MF440626 Sanvitalia procumbens 99% 

45 AST45 Artemisia sp. MF440627 Artemisia sp. haplotype-II (ZK-1016) 100% 

 

 

 

 

 



Chapter IV: Results 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 80 

Table 17 Maximum Likelihood Estimate of Substitution Matrix 

 A T/U C G 

A - 5.12 6.03 14.97 

T/U 5.12 - 14.97 6.03 

C 5.12 12.72 - 6.03 

G 12.72 5.12 6.03 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

Substitution pattern and rates were estimated under the Tamura (1992) model.  

Table 18 Maximum Composite Likelihood Estimate pattern of nucleotide substitution 

 A T C G 

A - 5.43 6.2 11.22 

T 5.43 - 17.2 6.57 

C 5.43 15.04 - 6.57 

G 9.28 5.43 6.2 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

For simplicity, the sum of r values is made equal to 100 

Table 19 Results from Tajima's Neutrality Test 

M S PS Θ π D 

45 41 0.266234 0.060885 0.046491 -0.818079 

Abbreviations: m = number of sequences, S = Number of segregating sites, ps = S/m, Θ = ps/a1, 

π = nucleotide diversity and D is the Tajima test statistic 
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3.9.3 Phylogenetic analysis 

To assess the phylogenetic relationships among all the 45 plants pecies with their reference 

species, phylogenetic trees were constructed using the maximum likelihood method. All the 45 

plant species were divided into 32 genus. The phylogenetic tree showed that all the 45 plant 

species forms homogeneous clades within each species that expressed the intra-specific variation 

in all DNA barcodes (Figure 27). As shown in the results of the phylogenetic tree, T. 

rotundifolia AST30 and T. diversifolia AST16 were closely clustered with their reference species 

T. rotundifolia voucher Panero 2395 TENN and T. diversifolia voucher Panero Schilling 620, 

whereas, these species were closely clustered with H. annuus species AST27 with reference 

species under bootstrap supported value of 90%. Similarly, M. micrantha AST4, C. odorata 

AST7, A. conyzoides AST3 and A. adenophora AST8 was clustered together with their type M. 

micrantha voucher TNM S113611, C. odorata voucher MZU/BT/001, A. conyzoides Hainan 

WY02 and A. adenophora AG6 with bootstrap supported value of 99%. Interestingly, B. pilosa 

AST6, B.frondosa AST38 and C. grandiflora AST32 was closely clustered together with their 

reference B. pilosa voucher XZ-A1, C. sulphureus voucher TENN:ITS Schilling, C. grandiflora 

voucher TENN:Estes and Beck 7618 with bootstrap supported value of 88%. The phylogenetic 

tree showed that the minimum bootstrap values (59%) were found in T. rotundifolia AST30, T. 

diversifolia AST16 with H. annuus AST27. Moreover, the phylogenetic tree indicated that 

Gynura sp. AST5 and Emilia sonchifolia AST41 was clustered separate completely in the tree. 

Consequently, the ITS-rDNA barcode sequence provided more resolution for the identification 

of clusters that constitute homogeneous clades within each species.  
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Figure 27 Maximum likelihood phylogenetic treebased on ITS rDNA gene of family Asteraceae 

plant species. Numbers at branches indicatebootstrap values of neighbor joining analysis (>50%) 

from 1,000 replicates  
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3.9.4 Amplification of matK gene 

A total of 38 plant species was amplified by matK gene and the sequences were submitted to the 

NCBI GenBank (Accession numbers MF770205-MF770237 and MF716589- MF716592). All 

the matK sequences were aligned along with the sequences of reference strain retrieved from 

NCBI GenBank database. All the sequences showed 99-100% identity by BlastN analysis (Table 

20). The results indicated that the plant species were divided into 28 genera. They grouped into 

Spilanthes (7.89%), followed by Gynuras, Bidens, Galinsoga, Tagetes, Tithonia, Eclipta, 

Erigeron and Helichrysum (5.26% each). Maximum Likelihood Estimate of Substitution Matrix 

was obtained where each entry is the probability of substitution (r) from one base (row) to 

another base (column) (Table 21). The maximum log likelihood for this computation was -

197.395. Maximum Composite Likelihood Estimate pattern of nucleotide substitution was 

obtained where each entry showed the probability of substitution (r) from one base (row) to 

another base (column) (Table 22). For simplicity, the sum of r values is made equal to 100. The 

nucleotide frequencies are 20.64% (A), 38.57% (T/U), 20.97% (C) and 19.82% (G). The 

transition/transversion rate ratios are K1 = 1.056 (purines) and K2 = 0.964 (pyrimidines). The 

overall transition/transversion bias is R= 0.491, where R= [A*G*K1 + T*C*K2] / 

[(A+G)*(T+C)]. Rates of different transitional substitutions are shown in bold and those of 

transversionsal substitutions are shown in italics (Tables 21 and 22).The maximum likelihood 

estimated Transition/Transversion bias (R) is 0.41. The nucleotide frequencies are A=25.00%, 

T/U=25.00%, C=25.00% and G=25.00%. The maximum log likelihood for this computation was 

-202.112. The overall disparity index per site is shown for all sequence pairs is 0.0724. The 

overall estimates of base composition bias difference between sequences were found 0.1655 

where the substitutions patterns are homogeneous among lineages, the compositional distance 
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will correlate with the number of difference between sequences. The overall Pairwise mean 

distance of all sequences was 0.1337. Tajima's Neutrality Test was performed for all 38 matK 

sequences to evaluate the number of segregating sites per site with the nucleotide diversity 

(Tajima, 1989) (Table 23). Codon positions included were 1st+2nd+3rd+Noncoding where, total 

of 32 positions in the dataset. 

Table 20 Identification of Asteraceae family plant species based on matK gene sequences 

similarity with closest type strains in BlastN analysis 

Sl.

No 

Species 

code 

Plant name Accession 

number 

Similarity with Reference species 

from NCBI 

Identity 

1 AST1 Ageratum houstonianum MF770205 Ageratum houstonianum voucher 

Schilling 95-2 (TENN) 

99% 

2 AST2 Mikania micrantha, MF770206 Mikania micrantha voucher DB0952 100% 

3 AST3 Bidens pilosa MF770207 Bidens pilosa 100% 

4 AST4 Chromolaena odorata MF770208 Chromolaena odorata voucher Panero 

2059 (TENN) 

100% 

5 AST5 Ageratina adenophora MF716588 Ageratina adenophora 99% 

6 AST6 Sonchus arvensis MF770209 Sonchus arvensis subsp. arvensis 

voucher GLM69067 

100% 

7 AST7 Galinsoga parviflora MF770210 Galinsoga parviflora 100% 

8 AST8 Conyza Canadensis MF770211 Conyza canadensis voucher 

G00199161 

100% 

9 AST9 Cosmos sulphurous MF770212 Cosmos sulphurous 100% 
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10 AST10 Tagetes patula MF770213 Tagetes patula 100% 

11 AST11 Tithonia diversifolia MF770214 Tithonia diversifolia voucher OM3435 100% 

12 AST12 Chrysanthemum sp. MF770215 Chrysanthemum sp. MA-2016 isolate 

MGGM_AGERI_178 

100% 

13 AST13 Spilanthes paniculata MF770216 Spilanthes paniculata voucher 

PS0640MT01 

100% 

14 AST14 Tagetes erecta MF716589 Tagetes erecta 100% 

15 AST15 Tridax procumbens MF770217 Tridax procumbens 100% 

16 AST16 Eclipta prostrate MF770218 Eclipta prostrata voucher 

PS0651MT02 

100% 

17 AST17 Youngia japonica MF770219 Youngia japonica voucher SERC-

1076416064 

100% 

18 AST18 Lactuca sativa MF716590 Lactuca sativa isolate BG207 99% 

19 AST19 Eclipta prostrate MF770220 Eclipta prostrata voucher 

PS0651MT02 

100% 

20 AST20 Helianthus annuus MF770221 Helianthus annuus 100% 

21 AST21 Erigeron karvinskianus MF770222 Erigeron karvinskianus 100% 

22 AST22 Erigeron annuus MF770223 Erigeron annuus voucher SCBI-

SIGEO_13_0481 

100% 

23 AST23 Tithonia rotundifolia MF770224 Tithonia rotundifolia voucher 

BioBot11569 

100% 

24 AST24 Canadanthus modestus MF770225 Canadanthus modestus isolate DA05 100% 

25 AST25 Coreopsis grandiflora MF770226 Coreopsis grandiflora var. 100% 



Chapter IV: Results 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 86 

Grandiflora 

26 AST26 Dahlia coccinea MF770227 Dahlia coccinea 100% 

27 AST27 Dichrocephala 

integrifolia 

MF716591 Dichrocephala integrifolia isolate 

AH22 

99% 

28 AST28 Helichrysum sp. MF770228 Helichrysum sp. TRK-2015 100% 

29 AST29 Aster amellus MF770229 Aster amellus isolate xt_plant105 100% 

30 AST30 Galinsoga parviflora MF770230 Galinsoga parviflora voucher 

WU19004 

99% 

31 AST31 Bidens tripartite MF770231 Bidens tripartita isolate NMW2121 100% 

32 AST32 Spilanthes paniculata MF770232 Spilanthes paniculata voucher 

PS0640MT01 

100% 

33 AST33 Spilanthes urens MF716592 Spilanthes urens 100% 

34 AST34 Vernonia sp. MF770233 Vernonia sp. TRK-2015 100% 

35 AST35 Helichrysum glumaceum MF770234 Helichrysum glumaceum 100% 

36 AST36 Gynura japonica MF770235 Gynura japonica 9070 100% 

37 AST37 Gynura procumbens MF770236 Gynura procumbens voucher 

PS0673MT01 

100% 

38 AST38 Artemisia vulgaris MF770237 Artemisia vulgaris isolate idkk 100% 
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Table 21 Maximum Likelihood Estimate of Substitution Matrix 

 A T/U C G 

A - 10.57 7.28 5.83 

T/U 10.57 - 5.83 7.28 

C 10.57 8.47 - 7.28 

G 8.47 10.57 7.28 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

Substitution pattern and rates were estimated under the Tamura (1992) model. 

Table 22 Maximum Composite Likelihood Estimate pattern of nucleotide substitution 

 A T C G 

A - 12.85 6.6 7.38 

T 6.88 - 6.36 6.99 

C 6.88 12.38 - 6.99 

G 7.26 12.85 6.6 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

For simplicity, the sum of r values is made equal to 100  

 

Table 23 Results from Tajima's Neutrality Test 

M S PS Θ Π D 

38 23 0.718750 0.171066 0.102907 -1.349572 

Abbreviations: m = number of sequences, S = Number of segregating sites, ps = S/m, Θ = ps/a1, 

π = nucleotide diversity and D is the Tajima test statistic 
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3.9.5 Phylogenetic analysis 

To assess the phylogenetic relationships among all the 38 plant species with their type 

strains, phylogenetic trees were constructed using the maximum likelihood method. All the 38 

plant species were divided into 28 genera. The phylogenetic tree showed that all the 38 plant 

species forms homogeneous clades within each species that expressed the intra-specific variation 

in all DNA barcodes (Figure 28). As shown in the results of the phylogenetic tree comprised of 

two groups in maximum likelihood analysis and they are as follows: Group I has two clusters A 

and B with bootstrap supported value of 60%. The cluster A has two clades A1 and A2. The 

clusters A1 have the largest clade that contains about 30 genus of the Asteraceae family. The 

phylogenetic tree of cluster A1 showed that H. glumaceum AST35, G. parvifloraAST30, T. 

rotundifolia AST23, Y. japonicaAST17, G. parviflora AST7, Helichrysum sp. AST28, M. 

micrantha AST2, L. sativa AST18, Vemonia sp. AST34, H. annuus AST20 was closely clustered 

with E. prostrate AST16 and E. prostrata AST19 under bootstrap supported value of 61% 

whereas, C. sulphureus AST9, B. pilosa AST3 was closely clustered with C. odorataAST4, C. 

grandiflora AST25 and B. tripatitaAST31 under bootstrap supported value of 76%. The clusters 

A2 have the smallest clade that contains about five species. In clade A2, A. amellus AST29, C. 

canadensis AST8, E. karvinskianus AST21, C. modestus AST24 and D. integrifolia AST27 was 

clustered together with their type species under bootstrap supported value of 61%. 

Chrysanthemum sp. AST12 comes under the clade B showed similarity with 99% 

Chrysanthemum sp. MA-2016 isolate MGGM AGERI 178 exist as a monoclade. Group II 

shown that A. adenophora AST5 and T. Procumbens AST15 which represent 99% identity with 

their type species obtained from NCBI database.  
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Figure 28 Maximum likelihood phylogenetic treebased on matK gene of family

species. Numbers at branches indicatebootstrap values of neighbor joining analysis (>50%) from 

1,000 replicates  
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Maximum likelihood phylogenetic treebased on matK gene of family Asteraceae plant 

species. Numbers at branches indicatebootstrap values of neighbor joining analysis (>50%) from 
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3.9.6 Amplification of rbcL gene  

A total of 45 plant species was amplified by rbcL gene and the sequences were submitted 

to the NCBI GenBank (Accession numbers MF688942- MF688986). All the rbcL sequences 

were aligned along with the sequences of type strains retrieved from NCBI GenBank database. 

All the sequences showed 99-100% identity by BlastN analysis (Table 24). The results indicated 

that the plant species were divided into 31 genera. They grouped into Spilanthes and Conyza 

(6.66% each), followed by Gynura, Bidens, Crassocephalum, Galinsoga, Tagetes, Tithonia, 

Eclipta, Erigeron and Helichrysum (4.44% each). Maximum Likelihood Estimate of Substitution 

Matrix was obtained where each entry is the probability of substitution (r) from one base (row) to 

another base (column) (Table 25). The maximum log likelihood for this computation was -

1000.030. Maximum Composite Likelihood Estimate pattern of nucleotide substitution was 

obtained where each entry showed the probability of substitution (r) from one base (row) to 

another base (column) (Table 26). For simplicity, the sum of r values is made equal to 100. The 

nucleotide frequencies are 26.42% (A), 31.86% (T/U), 22.34% (C) and 19.37% (G). The 

transition/transversion rate ratios are K1 = 1.865 (purines) and K2 = 2.055 (pyrimidines). The 

overall transition/transversion bias is R= 0.948, where R= [A*G*K1 + T*C*K2] / 

[(A+G)*(T+C)]. Rates of different transitional substitutions are shown in bold and those of 

transversionsal substitutions are shown in italics (Tables 25 and 26). The maximum likelihood 

estimated Transition/Transversion bias (R) is 1.20. The nucleotide frequencies are A=25.00%, 

T/U=25.00%, C=25.00% and G=25.00%. The maximum log likelihood for this computation was 

-1012.354. The overall disparity index per site is shown for all sequence pairs is 0.0049. The 

overall estimates of base composition bias difference between sequences were found 0.0267 

where the substitutions patterns are homogeneous among lineages, the compositional distance 
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will correlate with the number of difference between sequences. The overall Pairwise mean 

distance of all sequences was 0.0355. Tajima's Neutrality Test was performed for all 38 matK 

sequences to evaluate the number of segregating sites per site with the nucleotide diversity 

(Tajima, 1989) (Table 27). Codon positions included were 1st+2nd+3rd+Noncoding where, total 

of 32 positions in the dataset. 

Table 24 Identification of Asteraceae family plant species based on rbcL gene sequences 

similarity with closest type strains in BlastN analysis 

Sl.

No 

Species 

code 

Plant name Accession 

number 

Match with Reference species from 

NCBI 

Identity 

1 AST1 Blumea balsamifera MF688946 Blumea balsamifera isolate M50 100% 

2 AST2 Conyza stricta MF688947 Conyza stricta strain KR737477 100% 

3 AST3 Ageratum conyzoides MF688942 Ageratum conyzoides voucher 

9666198 

99% 

4 AST4 Mikania micrantha MF688943 Mikania micrantha strain KX154571 99% 

5 AST5 Gynura japonica MF688948 Gynura japonica voucher BYC9070 100% 

6 AST6 Bidens pilosa MF688949 Bidens pilosa var. radiata voucher 

PS0593MT01 

99% 

7 AST7 Chromolaena odorata MF688944 Chromolaena odorata strain 

KJ773383 

100% 

8 AST8 Ageratina adenophora MF688950 Ageratina adenophora strain 

HM849743 

100% 

9 AST9 Crassocephalum MF688951 Crassocephalum crepidioides 100% 
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crepidioides voucherDNEP2 A189 

10 AST10 Sonchus arvensis MF688952 Sonchus arvensis strain JX848427 100% 

11 AST11 Galinsoga parviflora MF688953 Galinsoga parviflora voucher Wells 

4512 US 

100% 

12 AST12 Zinnia violacea MF688954 Zinnia violacea voucher 4941 99% 

13 AST13 Hilliardiella 

oligocephala 

MF688955 Hilliardiella oligocephala voucher 

OM587 

100% 

14 AST14 Conyza Canadensis MF688945 Conyza canadensis voucher AP235 100% 

15 AST15 Tagetes patula MF688956 AB530976.1 Tagetes patula 100% 

16 AST16 Tithonia diversifolia MF688957 Tithonia diversifolia voucher 1155 100% 

17 AST17 Chrysanthemum sp MF688958 Chrysanthemum sp. MA-2016 isolate 

MGGM_AGERI_206 

100% 

18 AST18 Spilanthes paniculata MF688959 Spilanthes paniculata voucher 

PS0640MT01 

100% 

19 AST19 Tagetes erecta MF688960 Tagetes erecta strain AY215184 100% 

20 AST20 Tridax procumbens MF688961 Tridax procumbens voucher DNEP2 

B129 

100% 

21 AST21 Eclipta prostrate MF688962 Eclipta prostrata voucher DNEP2 

B65 

99% 

22 AST22 Youngia japonica MF688963 Youngia japonica voucher SERC-

1076416064 

100% 

23 AST23 Conyza sumatrensis MF688964 Conyza sumatrensis 100% 

24 AST24 Lactuca sativa MF688965 Lactuca sativa strain L14073 100% 
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25 AST25 Eclipta prostrate MF688966 Eclipta prostrata isolate UT 100% 

26 AST26 Crassocephalum 

crepidioides 

MF688967 Crassocephalum crepidioides isolate 

354 

100% 

27 AST27 Helianthus annuus MF688968 Helianthus annuus 100% 

28 AST28 Erigeron karvinskianus MF688969 Erigeron karvinskianus voucher 

Lousley, W/2224 

100% 

29 AST29 Erigeron philadelphicus MF688970 Erigeron philadelphicus voucher 

Steele 1323 

100% 

30 AST30 Tithonia rotundifolia MF688971 Tithonia diversifolia isolate M38 100% 

31 AST31 Canadanthus modestus MF688972 Canadanthus modestus voucher 

FF102 

100% 

32 AST32 Coreopsis grandiflora MF688973 Coreopsis grandiflora Hogg 100% 

33 AST33 Dahlia coccinea MF688974 Dahlia coccinea strain  AY215098 100% 

34 AST34 Dichrocephala 

integrifolia 

MF688975 Dichrocephala integrifolia strain 

KP110336 

100% 

35 AST35 Helichrysum sp. MF688976 Helichrysum sp. TRK-2015 100% 

36 AST36 Aster altaicus MF688977 Aster altaicus 100% 

37 AST37 Galinsoga parviflora MF688978 Galinsoga parviflora voucher Wells 

4512 US 

100% 

38 AST38 Bidens frondosa MF688979 Bidens frondosa voucher SCBI-

SIGEO_13_0612 

100% 

39 AST39 Spilanthes paniculata MF688980 Spilanthes paniculata voucher 

PS0640MT01 

100% 
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40 AST 40 Spilanthes urens  MF688981 Spilanthes urens 100% 

41 AST41 Spilanthes iabadicensis

  

MF688982 Spilanthes iabadicensis voucher 

DNEP2 A77 

 100% 

42 AST42 Vernonia sp. MF688983 Vernonia sp. TRK-2015 100% 

43 AST43 Helichrysum glumaceum MF688984 Helichrysum glumaceum 100% 

44 AST44 Gynura bicolor MF688985 Gynura bicolor voucher PS0628MT01 100% 

45 AST45 Artemisia sp. MF688986 Artemisia sp. TRR-2013 100% 

 

 

 

Table 25 Maximum Likelihood Estimate of Substitution Matrix 

 A T/U C G 

A - 6.34 4.54 11.78 

T/U 6.34 - 11.78 4.54 

C 6.34 16.46 - 4.54 

G 16.46 6.34 4.54 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

Substitution pattern and rates were estimated under the Tamura (1992) model.  
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Table 26 Maximum Composite Likelihood Estimate pattern of nucleotide substitution 

 A T C G 

A - 8.04 4.89 10.51 

T 6.67 - 10.05 5.64 

C 6.67 16.53 - 5.64 

G 12.44 8.04 4.89 - 

*Each entry is the probability of substitution (r) from one base (row) to another base (column). 

For simplicity, the sum of r values is made equal to 100  

 

Table 27 Results from Tajima's Neutrality Test 

M S PS Θ Π D 

45 53 0.213710 0.048873 0.034498 -1.033326 

Abbreviations: m = number of sequences, S = Number of segregating sites, ps = S/m, Θ = ps/a1,  

π = nucleotide diversity and D is the Tajima test statistic 

 

3.9.7 Phylogenetic analysis 

To assess the phylogenetic relationships among all the 45 plant species with their type 

species, phylogenetic trees were constructed using the maximum likelihood method. All the 45 

plant species were divided into 31 genera. The phylogenetic tree showed that all the 45 plant 

species forms homogeneous clades within each species that expressed the intra-specific variation 

in all DNA barcodes (Figure 29). As shown in the results of the phylogenetic tree comprised of 

two groups in maximum likelihood analysis and they are as follows: Group I has two clusters A 
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and B with bootstrap supported value of 63%. The cluster A has two sub clades A1 and A2. The 

clusters A1 have the largest clade that contains about 20 genus of the Asteraceae family. Cluster 

A1 has divided into two sub clades A1.1 and A1.2. Sub clade A1.1 has the largest clade and 

contains 18 species. The phylogenetic tree of cluster A1 showed that S. iabadicensis AST41, S. 

paniculata AST39, S. paniculata AST18, S. urensAST40, Z. violacea  AST12, H. annuus 

AST27, T. diversifolia strain AST16, T. rotundifolia strain AST30 was closely clustered with 

their type under bootstrap supported value of 78%. T. patula AST15 and T. erecta AST19 was 

clustered with their reference strains which comes under subclade A1.2 with bootstrap supported 

value of 93%. The clusters A2 have the smallest clade that contains about three species. In sub 

clade A2, B. pilosa strain AST6, C. grandiflora AST32 and B. frondosa strain AST38 was 

clustered together with their type under bootstrap supported value of 58%. C. crepidioides AST9, 

C. crepidioides AST26 and G. bicolor AST44 comes under the clade B showed 98% similarity 

with C. crepidioides voucher DNEP 2A189, C. crepidioides isolate 354 and G. bicolor voucher 

PS0628MT01 exist as a monoclade.  

Group II has three banches A, B & C; each one has small sub branches. Branch A consist of 

four genus in which the taxa L. sativa AST24, Helichrysum sp. strain AST35, D. integrifoli strain 

AST34 and Artemisia sp. AST45 exists as single clade  representing 99% identity with their type 

species obtained from NCBI database. Branch B consist of eight strain that possess the genus H. 

glumaceumAST43, E. philadelphicus AST29, C. canadensis AST14, C. sumatrensis strain 

AST23, C. stricta AST2, E. karvinskianus strain AST28, Chrysanthemum sp. strain AST17, C. 

modestus strain AST31 was closely related with their type strains under bootstrap supported 

value of 94%, 52% and 96% respectively. Branch C has three sub clades C1, C2 & C3. 

Vermonia sp. AST42, H. oligocephalaAST13 and B. balsamifera strain AST1 was closely 
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clustered with type strains Vermonia sp. TRK-2015, H. oligocephala voucher OM587 &B. 

balsamifera isolate M50 which comes under subclade C1 with 72% similarity. G. japonica 

AST5 and A. altaicus AST36 existed as a monoclade under subclade C2. Similarly, S. arvensis 

strain AST10 and Y. japonica AST22 which comes under subclade C3 with bootstrap supported 

value of 52%.    



Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae

Figure 29 Maximum likelihood phylogenetic tree

species. Numbers at branches indicate

1,000 replicates  
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Discussion 

Ethno-pharmaceutical studies and alternative medicine source have increased day by day 

in recent years and medicinal plants are very much important for health care system. Various 

researchers have attempted to search potential plants which have high medicinal property as well 

as that can help to cure several diseases. The medicinal plant conservation programs and their 

sustained supply are part of global health strategy (Sher et al., 2010a). In the present study, we 

have targeted 14 medicinal plants belongs to family Asteraceae (Tagetes patula; Ageratum 

conyzoides; Eupatorium odoratum; Senecio scandens; Crassocephalum crepidioides; Spilanthes 

acmella; Erigeron karvinskianus; Dichrocephala integrifolia; Coreopsis grandiflora; 

Helichrysum luteoalbum; Gynura conyza; Bidens pilosa; Ageratum huostoniaum and Mikania 

micrantha) based onethnomedicinal properties as well as high pharmacological potential. These 

plants were widely available in Mizoram and local villagers used them for the treatment of 

several diseases like various types of cancer, fungal infection, stomach problem, skin diseases 

and ulcer etc.  Hence, we have selected these 14 plants to investigate for their phytochemical 

analysis as well as bioactive compound. 

Phenolic compounds are the most important groups of secondary metabolites in edible 

plants. Rose and Kasum (2002) suggested that phenolic compounds help in the maintenance of 

human health by the protecting against various diseases. Moreover, flavonoids are also a group 

of phenolic compounds which have broad spectrum antioxidant properties. Previous researchers 

reported that the presence of hydroxyl substituents on a flavonoids nucleus increased the 

inhibition on lipid peroxidation, whereas substitution by methoxy groups reduced the antioxidant 

activity (Arora et al., 1998). The total phenol content (TPC) of selected14 plant extracts under 

study was found to range from 72.0 to 681.86 µg of GAE/mg as Gallic acid equivalents. The 
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highest amount of TPC was recorded with methanol extract of Helichrysum luteoalbum (681.86 

µg of GAE/mg) followed by Mikania micrantha and Ageratum conyzoides with 615.7 and 

599.83µg of GAE/mg, respectively. The amount of total phenolic content in the methanolic 

extract of B. pilosa leaves was estimated at 72 µg of GAE/mg of DW which was comparatively 

found less than the previously reported by Lee et al. (2013) from methanolic extract of B. pilosa 

as 538.1 mg of GAE/g of DW. Dev et al. (2015) reported polyphenols content from methanolic 

extract of M. micrantha as 45.9 mg GAE/g which is found to be less as compared with our study. 

Similar findings were recorded in leaf extract of Ageratum conyzoides, in the present study the 

TPC content found to be higher than the previously reported value of 8.52 mg GAE /g of plant 

extract (Neelabh et al., 2017).  

Total flavonoids content (TFC) which was quantified as micro gram of quercetin 

equivalent per milligram of extracts ranged from 28.53 to 140.13 µg of quercetin/mg for the 14 

plant extracts. The highest TFC was found in Senecio scandens (140.13 µg of quercetin/mg). 

This was in accordance with the findings of Yang et al. (2013) who reported the TFC as 6.72 µg 

of quercetin/mg. The total flavonoids content was found to be 123.3 µg Quercetin/mg of DW in 

methanolic extract of B. pilosa. This was in accordance with the findings of Lee et al., (2013) 

who reported the TFC as 235.06 mg Quercetin/g of DW. The higher amount of phenolic and 

flavonoids production showed better antioxidant capacity of the extract (Ghasemzadeh et al., 

2011). Cortés-Rojas et al. (2014) suggested that the leaves and flowers of B. pilosa have highest 

TPC and TFC contents as compared to other parts. The main role of flavonoids in the plants is to 

protect plants from sun radiation and scavenge free radicals. Hence, it is quite expected that the 

high TFC in the plant parts exposed to sunlight (Cortés-Rojas et al., 2014). The TFC of 

Ageratum conyzoides was 135.46 µg of quercetin/mg which was higher than the previously 
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report of 9.575 µg quercetin/g (Neelabh et al., 2017). To the best our knowledge, this is first time 

TPC and TFC have been analyzed for Helichrysum luteoalbum with significant phenolic and 

flavonoids content of 681.86 µg of GAE/mg and 137.53 µg quercetin/mg, respectively.  

Free radicals are renowned to play a vital role in pathological symptom (Dorman et al., 

2003). Antioxidantsplay a vital role by protecting us from free radicals and various diseases and 

are useful either by scavenging the reactive oxygen species or protecting the antioxidant defense 

mechanisms(Umamaheswari and Chatterjee, 2008). Apak et al. (2007) state that antioxidant 

cannot be determined by using a single test. Hence, two parameters were used to examine the 

antioxidant potential in 14 selected plants. Antioxidant potential of 14 plants was determined as 

free radical scavenging ability using DPPH and ABTS. DPPH assay is mainly dependent on the 

hydrogen donating capacity to scavenge DPPH radicals. Free radicals play a major role in 

overcoming numerous chronic pathologies, such as cancer and cardiovascular diseases among 

others (Dorman et al., 2003). Antioxidants react to the DPPH by reducing their number of DPPH 

molecules which intern will be equivalent to the number of their -OH ions prevailing. The 

reduction ability of the DPPH radical as calculated at 515 nm shows the reduction of absorbance 

by antioxidants action, which will be proportional to the number of residual DPPH (Juan et al., 

2005). The free radical scavenging property of DPPH can be noted as a change in color from 

purple to yellow when a DPPH electron binds to a radical scavenger forming decreased DPPH-H 

(Cai et al., 2003). DPPH result was calculated as IC50 (half maximal inhibitory concentration) 

value and the lower the value, the better the antioxidant capacity.The modified color showed the 

scavenging potential of the extract. In our study, we found that IC50 values for DPPH assays 

were ranges from 56.5 to323.7 µg/mL. The lower the IC50 value of plant extracts used, the better 

their free radical scavenging activity. Hence, Helichrysum luteoalbum was found most active and 
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good antioxidant property against DPPH free radicals with IC50 values of 56.5 µg/ml followed 

with Bidens pilosa (IC50 80.45µg/ml), Senecio scandens (IC50 86.6 µg/ml), Gynura conyza (IC50 

87.01 µg/ml), Eupatorium odoratum (IC50 88.72 µg/ml), Crassocephalum crepidioides (IC50 

90.44 µg/ml) and Dichrocephala integrifolia (IC50 95.05 µg/ml). Adedapo et al. (2011) reported 

that DPPH IC50 value of 94.2mg/mL in methanolic extract of B. pilosa which was maximum 

than our reported value. Previously Deba et al. (2008) showed the antioxidant activity of 

essential oils from B. pilosa and indicated that leaves and flowers have a DPPH IC50 value of 47 

µg/ml and 50 µg/ml, respectively which can prove that the leaves has the highest antioxidant 

potential as compared to other parts of the selected plants. Similar findings was reported by Yang 

et al. (2013) who stated that IC50 DPPH values of methanolic extracts of  Senecio 

scandens(138.39 µg /ml) which has much higher than our reported value. The DPPH scavenging 

activity of Eupatorium odoratum is comparable to that of Amatya and Tuladhar (2011), where an 

IC50 DPPH value of 87.93 μg/ml of extract was reported from Eupatorium odoratum methanolic 

root extract. This may be because this plant has more antioxidant compounds than other 

phytochemicals which are neutralizing the DPPH radical.  

ABTS assay depends on the activation of metmyoglobin with hydrogen peroxide to 

produce the radical Cation. This method has been criticized on the basis that the faster reacting 

antioxidants might also supply to the decrease of the ferryl myoglobin radical. A more 

appropriate format for the assay is a decolorization method in which the radical is generated 

directly in a stable form prior to reaction with putative antioxidants (Re et al., 1999).In our study, 

we have found that IC50 values for ABTS assay ranges from 171.6 to 408.6 µg/mL. The lower 

the IC50 value of plant extracts used the better their free radical scavenging activity. Hence, 

Bidens pilosa was found most active and good antioxidant property against ABTS free radicals 
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with IC50 values of 171.6 µg/ml followed with Helichrysum luteoalbum (IC50 181.5 µg/ml), 

Coreopsis grandiflora (IC50 192.5 µg/ml), Mikania micrantha (IC50 194.1 µg/ml), Eupatorium 

odoratum (IC50 208.4 µg/ml), Crassocephalum crepidioides (IC50 216.2 µg/ml) and Senecio 

scandens (IC50 221.5 µg/ml) respectively. Similar findings reported by Adedapo et al. (2011) 

stated that IC50 ABTS value of 0.75 mg/mL of methanolic leaf extract of B. pilosa.Adedayo et 

al., (2015) reported that the IC50 values of ABTS in methanolic extract of Crassocephalum 

crepidioides was found 1.64 mg/mL which has much higher than our reported value. Similarly, 

the ABTS scavenging activity of Eupatorium odoratumis comparable to that of Suriyavathana et 

al. (2012) where an IC50 ABTS value of 200.5 μg/ml of extract was reported from Eupatorium 

odoratummethanolic extract. Dong et al. (2017) showed IC50 ABTS value of methanolic extract 

of Mikania micranthaplant, which was lower than our reported value. To the best of our 

knowledge, this is first reported antioxidant activity of DPPH and ABTS in Helichrysum 

luteoalbum, Coreopsis grandiflora and Erigeron karvinskianus.  

Multidrug bacterial resistances in humans and animals have increased in the recent years 

and are the most serious problem in the world. As a result, various researchers have focused to 

search new antimicrobial drugs from plant origin which has no side effects to utilize as 

antibiotics. In the present study, methanolic extract of 14 selected plants traditionally used have 

been tested against human bacterial pathogens and a yeast pathogen. In our study, methanolic 

extract was tested which has found to be better solvent for antimicrobial activity as compared to 

water and hexane (Ahmad et al., 1998). In our study, we have found that out of 14 plants, nine 

methanolic extract showed antibacterial activity against three bacterial pathogens (S. aureus,P. 

aeruginosa and E. coli) and yeast pathogen,C. albicans. The methanolic extracts of nine plants 

(Mikania micrantha; Ageratum conizoids; Senecio scandens; Eupatorium odoratum; 
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Crassocephalum crepidiodes; Dichrocephalum integrifolia; Helichrysum luteoalbum; Bidens 

pilosa and Gynura conyza) showed a broad spectrum antimicrobial activity against at least four 

pathogens. Similar reports on antibacterial and anticandidal activities of certain Indian plants 

such as Nigella sati6a, Plumbago zeylanica, P. granatum, Citrus sisensis, Allium sativum, 

Azadirachta indica, Lantana camara, Psidium guajava,Camelia sisensis, T. belerica, Zizyphus 

jujuba, Acorus calamus and Ocimum sanctum were also reported by other researchers (Anesini 

and Perez, 1993; Belachew Desta, 1993; Youraj et al., 1995; David, 1997; Saxena, 1997; Ahmad 

et al., 1998; Nimri et al., 1999).  

In the present study, we have found that the methanolic extract of M. micrantha was 

found to possess maximum zone of inhibition (18.5 mm) followed by E. odoratum (15.0 mm); 

G. conyza (12.5 mm) and H. luteoalbum (10.0 mm) against gram negative E. coli pathogen at the 

concentration of 20 mg/ml compared with standard Ampicillin (30 µg/mL). Further, the 

methanolic extract of B. pilosa exhibited significant inhibitory effect against gram-negative 

bacteria (18.1 mm diameter zone of inhibition) than the gram positive bacteria (14.6 mm 

diameter zone of inhibition) which are compared to standard known antibiotics ampicillin 

(50µg/disc). The highest zone of inhibition was found against E. coli (18.2 mm). The findings of 

zone of inhibition was slightly higher than a study reported by Falowo et al. (2016) who stated 

that methanolic extract of B. pilosa showed zone of inhibition against E. coli (16.0 mm). In the 

present study, methanolic extract of B. pilosa leaves exhibited significant antibacterial activity 

against S. aureus (15.6 mm). This result was similarly reported by Ashafa and Afolayan (2009) 

who demonstrated that methanolic extract of B. pilosa have suppressed the growth of Gram 

positive bacteria S. aereus (5.0 mm). According to some previous researchers, methanolic extract 

of B. pilosa was inactive against P. aeruginosa and S. aureus (Adedapo et al., 2011; Falowo et 
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al., 2016). Bacteria having resistant capacity against the extracts could be characterized to their 

cell wall which has been shown to inhibit the penetration of the plant extract (Hayek and 

Ibrahim, 2012; Nisa et al., 2013).  

Our results revealed that the methanolic crude extracts of 14 plants exhibited 

antimicrobial activity. H. luteoalbumandD. integrifolia had potent antibacterial activity against S. 

aureus with MIC value of 7.972 and 7.634, respectively. Moreover, H. luteoalbum showed 

highest antibacterial activity against S. aureus and C. albicans with MIC values of 7.952 and 

6.896 mg/ml when compared to the standard antibiotics (Omidiran et al., 2012). Additionally, 

only four methanolic plant extracts(G. conyza, S. scandens, H. luteoalbum and B. 

pilosa)indicated positive antifungal activity against C. albicans with the MIC values ranging 

from 4.162 to 6.896. Similar results was reported by Motsei et al. (2003) who state that ethanolic 

extract of B. pilosa leaves having anticandidal activity against three species of C. albicans. The 

methanolic extracts of B. pilosa inhibited bacteria and yeast pathogen with MIC ranging from 1.0 

to 10.0 mg/ml. B. pilosa showed highest activity against B. subtilis (1.5 mg/mL) followed by P. 

aeruginosa (2.2 mg/mL) and S. aureus (4.1 mg/mL). Similarfinding was reported by Ashafa and 

Afolayan (2009). According to previous reports, the methanolic extract was more active than the 

other extracts solvent which indicates that the methanol solvent having capacity to extract the 

compounds responsible for the antibacterial activity of the herb (Ashafa and Afolayan, 2009). 

The methanolic extract of B. pilosa showed significant inhibitory activity against bacterial and 

yeast pathogen that can be used to characterize and develop new antimicrobial compounds to 

control human pathogenic bacterial disease (Singh et al., 2016; Borras-Linares et al., 2015). 

Previous researchers have revealed that theseplants might possess some compounds like 

flavonoids, phenylacetylenes, alkaloids, sterols, triterpenoids and tannins (Brandao et al., 1997; 
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Khan et al., 2001) that are responsible for the antimicrobial activity of this species.All the 14 

plants which exhibit positive antimicrobial activity can be used to characterize and produce new 

medicinal compounds or pharmaceutical drug to control human pathogenic bacterial disease 

(Higginbotham et al., 2014; Borras-Linares et al., 2015). 

Further, antimicrobial activity of some Asteraceae family plants namely Senecio 

scandens, Crassocephalum crepidiodes, Dichrocephalum integrifolia and Helichrysum 

luteoalbum is reported for the first time in this study. We have shown sensitivity of tested 

pathogen in decreasing order: P.aeruginosa<E. coli<C. albicans<S. aureus. Grosvenor et al. 

(1995) stated that sensitivity depends on the cell wall composition of gram positive and gram 

negative bacteria, S. aureusbeing less sensitive as compared to other bacteria which have the 

ability to produce endospores. Human cause’s bacterial pathogen and C. albicans were found to 

be sensitive to the tested 14 plant extracts. This study has clearly examined that antibiotic 

resistance does not interfere with the antimicrobial action of plant extracts and these methanolic 

extracts might be having different mode of action (Ahmad et al., 1998; Mehmood et al., 1999). 

Plant extracts contain almost unlimited compounds and have capacity to produce 

cytotoxicity that fascinates researchers in the quest for new and novel therapeutic drugs (Jain and 

Jain, 2011). The persistency search for new compounds in medicinal plant and traditional food is 

a realistic and promising strategy for prevention of diseases (Li et al., 2012). The cytotoxic 

activity of the extract can be attributed to the different secondary metabolites present in its crude 

extract. In our study, we have found that methanolic extract of B. pilosahas strong anticancer 

activity against MCF-7 and AGS cancer cell lines. Kviecinski and Felipe (2008) stated that 

different crude extract like chloroform, ethyl acetate and methanol fractions of B. pilosa has 

potential anti-tumor activity which has been evaluated using brine shrimp, hemolytic, MTT and 
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neutral red uptake (NRU) assays. Moreover, the methanolic extract of B. pilosa inhibited three 

cancer cell lines KB-3-1, HepG2 and HeLa with IC50 values of 99.56 µg/mL, 210.8 µg/mL and 

179.3 µg/mL, respectively. This finding was also reported by Sundararajan et al. (2006) and Wu 

et al. (2013) who said that the methanol extract of B. pilosa exhibited potential anticancer 

activity against HeLa, HepG2 and KB cells with IC50 values of 965.2 μg/mL, 119.55 μg/mL and 

586.2 μg/mL, respectively. According to Steenkamp and Gouws (2006),methanolic extract of B. 

pilosa indicated cytotoxic effect on some tumor cell lines. Additionally, Kumari et al. (2009) 

stated that isolated phenyl-1,3,5-heptatriene compound from methanolic extract of B. 

pilosapossesses anti proliferating activity against human oral, liver, colon, and breast cancer cell 

lines with IC50 values of 8.0, 0.49, 0.7and 10 μg/mL, respectively.  

Further, methanolic extract of Tagetes patula showed cytotoxicity effect at low 

concentration with IC50 values of 55.22 μg/ml against HeLa cell line. Similar findings was 

reported by Kashif et al.(2013) who stated that methanolic extract of Tagetes patula produced 

cytotoxicity effect at low concentration with IC50 values of 37.0 μg/ml against HeLa cell line. In 

addition, methanolic extract of Ageratum huostoniaumexhibited cytotoxicity effect at low 

concentration with IC50 values of 49.03 μg/ml and 82.83 μg/ml against HepG2 and AGS cancer 

cell lines. This findings was consistent with Adebayo et al. (2010) who stated that five different 

types of extract (ethanol, petroleum ether, ethyl acetate, n-butanol  and water extract) has used 

against eight cancer cell lines (A-549; D-145; MDA-MB 231; BEL-7402; SGC-7901; HT-29; P-

388 and U-251). To best of knowledge, this is first time report that methanolic extract of 

Helichrysum luteoalbum exhibited strong cytotoxicity effect at low concentration against four 

(HepG2, HeLa, AGS and Mcf7) cancer cell lines.  
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According to recent studies, there is strong evidence that overproduction of reactive 

oxygen species (ROS) and reactive nitrogen species (RNS), including superoxide anion and 

hydroxyl radicals, hydrogen peroxide, nitric oxide, nitrosonium, nitroxyl anion and peroxynitrite, 

could cause DNA damage resulting in cell malfunction (Awah et al., 2010), which ultimately 

lead to malignancies by accumulation of somatic mutations (Hursting et al., 1999). Moreover, 

cells with genetic damage caused by oxidative stress or carcinogens may be eliminated by 

undergoing apoptosis (Koornstra et al., 2003), which is well characterized by a number of 

defined features including cellular morphological change, chromatin condensation, apoptotic 

body formation and DNA fragment distinguished from necrotic cell death. Increasing evidence 

suggests that failure of apoptosis may be a critical factor in the evolution of cancer including 

CRC poor response to chemotherapy and radiation (Adams and Cory, 2007; Watson, 1995). The 

DNA isolated from HeLa, HepG2, and KB-3 cells when electrophoreses showed an intact band 

of DNA in control untreated samples, whereas degraded DNA (as ladder formation) in the case 

of treated cells. DNA fragmentation is the hallmark of apoptosis. It is due to cleavage of nuclear 

DNA at inner nucleosomal linking sites yielding DNA fragments in multiples of 180 bp, which 

upon electrophoresis yields a DNA ladder pattern. Phenotypically, apoptosis is characterized by 

cell shrinkage, chromatin compaction, plasma membrane blabbing, DNA fragmentation, and the 

collapse of the cell into small intact fragments (apoptotic bodies) of HeLa, HepG2, and KB-3 

cells treated with plant extracts. The results confirmed that plant extract induced DNA ladder 

formation, chromatin condensation, and externalization of a membrane that are characteristic 

features of apoptosis. Hence, this research work has explored the potent anticancer activity of 

leaves of plant extract on HeLa, HepG2, and KB-3 cell lines and rationalized its ethnomedicinal 

use for cancer. Further, DNA fragmentation was observed in HeLa, HepG2, and KB-3 cells 
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treated with Bidens pilosa and Helichrysum luteoalbum plant extracts, thereby indicating the 

onset of apoptotic cell death. Treatment with the methanolic extract of B. pilosa and H. 

luteoalbum showed that degradation of chromosomal DNA into smaller fragments, a 

biochemical hallmark of cells undergoing apoptosis (Elmore, 2007). Once more induction of 

apoptosis and not necrosis, by plant extract was confirmed, because electrophoresis of necrotic 

cells’ DNA results in smear not ladder. Thus, the results obtained in this study suggest that the 

methanolic extract of Bidens pilosa and Helichrysum luteoalbum might having an apoptosis-

inducing property, isolated from the leaves of Bidens and Helichrysum can act as potential 

anticancer agents in cancer chemotherapy.  

Apoptosis is the major programmed cell death mechanism for removing unwanted and 

detrimental cells in a silent manner during embryonic development, tissue homeostasis, and 

immune regulation. In addition, apoptosis results from a collapse of the cellular infrastructure 

through internal proteolytic digestion by some enzymes named caspases, which leads to 

cytoskeletal disintegration, metabolic derangement, and genomic fragmentation (Elmore, 2007; 

Portt et al., 2011; Ouyang et al., 2012). Apoptotic cell death is known to be induced by many 

chemotherapeutic agents routinely used in cancer treatment regimens. Apoptosis is characterized 

by distinct morphological features including chromatin condensation, cell and nuclear shrinkage, 

membrane blebbing and oligonucleosomal DNA fragmentation. Apoptosis is an important 

homeostatic mechanism that balances cell division and cell death and maintains the appropriate 

number of cells in the body. In the present study, apoptosis was determined using PI staining of 

DNA fragmentation (Zhang et al., 1999). Further AO/PI florescence staining also clearly shows 

the identification of apoptotic cell dealth after methanolic extract of B. pilosa and H. luteoalbum 

with Hela, HepG2 and AGS cells. Acridine orange easily penetrated normal and early apoptotic 
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cells containing intact membranes showing green color when bound to DNA. Propidium Iodide 

is able to enter only cells with damaged membranes such as late apoptotic and dead cells, and 

produce an orange red colour indicating apoptotic bodies or concentrated DNA fragments under 

fluorescence (Ribble et al., 2005). Acridine orange –propidium iodide staining of treated with 

HeLa; HepG2 and AGS cells were undergoing apoptosis at very low concentration of methanolic 

extract of B. pilosa and H. luteoalbum. This indicated the apoptotic features such as cell 

shrinkage, chromatin condensation, nuclear fragmentation and apoptotic body formation. 

Caspases can be activated through two so-called extrinsic and intrinsic or mitochondrial 

pathways. The extrinsic pathway involves the activation of caspase-8 through binding of an 

extracellular death ligand, while the intrinsic pathway is mediated by mitochondria in response to 

massive intracellular death stimuli such as oncogene activation and DNA damage (Chinnu et al., 

2015). The result showed that methanolic extract of B. pilosa and H. luteoalbum induces the cell 

death in HeLa, HepG2 and AGS cell lines by mitochondrial-mediated intrinsic apoptotic 

pathway via the activation of Caspase-3 and -8 can evidently and dose-dependently in HeLa, 

HepG2 and AGS cancer cells. Caspase-3 activation is a crucial component in the apoptotic 

signaling cascade. Caspase 8, the major extrinsic pathway protein, is the initiator of death 

receptor-mediated apoptosis (Parsaee et al., 2013). 

A few phenolic compounds like catechin, ferulic acid, Kaempferol and gallic acid 

paclitaxel were detected and quantified from methanolic extract of B. pilosa and H. luteoalbum 

plants which also showed antimicrobial and anticancer activities. Moreover, Catechin phenolic 

compound is useful as anticancer agent (Bais et al., 2003). This result is also reported for the first 

time from methanolic extract of B. pilosaandH. luteoalbum which showed cytotoxicity activity 

against HeLa, HepG2 and KB cancer cell lines. Kaempferol, phenolic compound was also 
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reported first time from B. pilosa which is used for the treatment of various types of cancers 

(Calderon-Montaño et al., 2011; Kim et al., 2013). Ferulic acid was found in methanolic extract 

of B. pilosa and H. luteoalbum with 0.58 mg/g and 11.42 mg/g, respectively This compound was 

similarly reported by Muchuweti et al. (2007) who has detected from 50% aqueous methanol of 

B. pilosa using HPLC system. Paclitaxel, brand name taxol is a chemotherapy medication which 

was reported first time from B. pilosa and H. luteoalbum. This compound was isolated from the 

bark of the Pacific yew, Taxus brevifolia and its given name “taxol” (Goodman and Walsh, 

2001). To best our knowledge, the present study is the first report of three phenolic (catechin, 

Kaempferol and gallic acid) and Paclitaxel (anticancer)compounds detection and quantification 

in methanolic extract of B. pilosa and H. luteoalbum using UPLC-MS/MS method.  

In the present study, the GC-MS analysis of the methanolic extract of B. pilosa showed 

the presence of six compounds i.e. 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E); 1H-3A, 7-

Methanozulene, Octahydro-1,4,9,9-tetramethyl; 9H-Fluorene, 9-Diazo; 1-Octadecyne; N-

Hexadecanoic acid and 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol. The GC-MS analyses mainly 

detect some oxygenated hydrocarbons as well as phenolic hydrocarbons. These compounds are 

responsible for numerous pharmacological actions like antimicrobial activities useful in a 

treatment of variety of diseases and anticancer activities against various cancers (Kale, 2015; 

Selvamangai and Bhaskar, 2012). Recently, Kale (2015) reported that two volatile compounds 

namely N-Hexadecanoic acid and 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol from ethanolic leaf 

extract of Adiantum capillus-veneris which has been reported in our study from methanolic 

extract of B. pilosa plant. This study reports six compounds-  1,3,6,10-Dodecatetraene, 3,7,11-

trimethyl-(Z,E); 1H-3A, 7-Methanozulene, Octahydro-1,4,9,9-tetramethyl; 9H-Fluorene, 9-

Diazo; 1-Octadecyne; N-Hexadecanoic acid and 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol from 
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methanolic extract of B. pilosa. This might be the novel report and further studies are needed to 

analyze the activities of these compounds. 

Various scientific techniques, including analyses of morphology, chemical composition, 

and molecular markers have been used to identify plant species (Semagn et al., 2006; Jiang et al., 

2014; Zhao et al., 2015). Previous researchers stated that due to some limitation in the 

discriminatory power of morphological and chemical analysis, DNA barcoding involving SNP 

marker is more useful, efficient and accurate for the identification of short regions of nuclear or 

organelle DNA (Joshi et al., 2004; Jiang et al., 2014; Ma et al., 2014; Vassou et al., 2015). 

Hence, the main focus of DNA barcoding is to develop universal sequence regions that include 

conserved sequences as well as diversity across species. Previous researchers suggested that 

universal primers can designed based on their complementary to the conserved sequences and 

flanking sites of the variable barcoding regions (Olmstead and Reeves, 1995; Kato et al., 1998; 

White et al., 1990). Moreover, for proper DNA barcoding, one of the most important conditions 

is universality, i.e., high PCR and sequencing success (Kress et al., 2005; Hollingsworth et al., 

2011).  In our study, the entire ITS-rDNA, matK and rbcL gene markers performed well with 

almost 100% PCR and sequencing success rates.   

ITS gene region was suggested as a complementary marker to the core barcodes (CBOL 

Plant Working Group 2009) or a core barcode (China Plant BOL Group 2011). Previous studies 

has stated that high variation in ITS (Kress et al., 2005; Sass et al., 2007). In our study, we have 

found that ITS had high success rate of amplification with ITS1/ITS2 primer set which indicated 

that perfect universal primers for ITS as a plant DNA barcode is very important to choose. On 

the other hand, Baker et al. (2000) showed that multi-copies of ITS in the calamoid palms and 

their ITS sequences has confirmed to from pseudogenic ITS regions (Harpke and Peterson, 
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2008). Moreover in plant DNA barcoding, Razafimandimbisonet al. (2004) suggested that 

divergent putative pseudogenes can be more useful for phylogenetic analysis whereas, cloning 

analysis will take higher time and highly expensive. In our study, we have found that ITS2 

primers showed highest discrimination in 45 Asteraceae family plant species which is compared 

with matK and rbcL genes. Similarly, Jeanson et al. (2001) reported that ITS2 primers revealed 

that highest discrimination in 40 species from the tribe Caryoteae of the plam family compared 

with matK and rbcL genes.  In our study, we have found that the inter- and intra-specific 

distances of ITS-rDNA were higher than those of matK and rbcL gene. Similarly, previous 

findings has also suggested that the inter-specific sequence among DNA barcode regions is 

maximum in ITS region followed by matK and rbcL (Ma et al., 2014; Vassou et al., 2015). 

Based on pattern substitutions, we found marker nucleotides which might be useful for better 

discrimination up to species level. These marker nucleotides were present in ITS-rDNA and rbcL 

genes, but not in matK. Even though, matK is one of the most rapidly evolving protein-coding 

regions in plastids (Tripathi et al., 2013; Ma et al., 2014; Vassou et al., 2015). Although matK 

has no discriminatory power, it could still be utilized as a DNA barcode region.  

For species identification, the discrimination pattern of the DNA regions varied with the 

distance-based method. From the methods tested, maximum likelihood provided high 

performance and gave the best results among the tested different genes ITS-rDNA, matK and 

rbcL. The core barcodes were not recognized among the three best options, and its 

discriminatory power has been questioned in a number of studies (Hollingsworth et al., 2009; 

Pettengill and Neel, 2010; Roy et al., 2010; Wang et al., 2010; Clement and Donoghue, 2012). 

Based on all three distance methods, ITS-rDNA showed best marker for the identification of 
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plant species (Kress and Erickson, 2007; Chen et al., 2010; Gao et al., 2010; Ren et al., 2010; 

Muellner et al., 2011; Pang et al., 2011; Wang et al., 2011; Liu et al., 2012; Yang et al., 2012). 

Vijayan and Tsou (2010) suggested that matK gene of chloroplast is considered as the 

most rapidly evolving gene. Various researchers reported that amplification and sequencing of 

matK gene is very difficult and very problematic to detect the band (Sass et al., 2007; Fazekas et 

al., 2008; Ford et al., 2009; Hollingsworth et al., 2009). PCR and sequence amplification success 

rate are significant principle to develop a DNA barcode (Kress and Erickson, 2007; Ford,et al., 

2009; Hollingsworth et al., 2009). In our present study, PCR and sequencing success rate of 

matK gene is very low 58.46%. Transversions are considered criminal mutations in building 

phylogenies (Lake, 1987; Quicke, 1993). In recently diverged sequences, the observed 

Transition/ transversion ratios were high. Transitions are higher than transversions for highly 

diverged sequences and low for less diverged sequences due to rate of higher transversions than 

transitions (Holmquist, 1983). In our study, we observed that the transition/transversion rate 

ratios are K1 = 1.056 (purines) and K2 = 0.964 (pyrimidines). The overall transition/transversion 

bias is R= 0.491, which indicates comparatively high proportion of transversion in the gene.  In 

that case, transversions are higher than Transitions in ITS-rDNA and rbcL gene. The 

evolutionary rate of matK gene makes phylogenetically resolving intergeneric and interspecific 

relationships of many angiosperms (Johnson and Soltis, 1995; Soltis and Soltis, 1998). 

Savolainen et al. (2000a) stated that the relationships of matK data are more robust than those 

obtained from combining rbcL and ITSsequences. 

In phylogenetic analyses, all the 45 asteraceae family plant species were divided in two 

groups in ITS-rDNA. Interestingly, all the plant species clustered separately with their reference 

species retrieved from NCBI database. Similarly, the phylogeny of matK and rbcL gene also 
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showed perfect separation with their reference species retrieved from NCBI database. In 

sequence analysis using ITS-rDNA and rbcL genes, the phylogenetic tree showed better species 

identification analysis and in contrast, the phylogenetic tree of matK yielded poor species 

resolution. Low identification success rate for both rbcL and matK have also be found by Huang 

et al. (2015) in the tropical rain forest in Xishuangbanna in China, and by Tarnowski et al. 

(2013) in the tropical rain forest in India. Therefore, our results suggest that matK may be not 

suitable for identification of Asteraceae plants at the species level. Therefore, it is mandatory to 

develop more fast and efficient methods for this species, such as melting curve analysis and 

multiplex sequence characterized amplified region markers. 
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Summary 

Medicinal plants in India are extensively used by all sections of people either directly in 

traditional systems of medicine or indirectly in the pharmaceutical preparations to cure human 

ailments.Asteraceae is one of the largest flowering plant familieswith approximately 1,620 

genera and more than 23,600 species. It includes many economically important plants, food and 

vegetable plant, ornamental plants and obnoxious weeds including several medicinally important 

plants that are been used by local people in traditional medicine for the treatment of various 

diseases. Many studies evaluated the bioactive principles of Asteraceae plants. However, there is 

no systematic study done from the medicinal plants belongs to this family from the biodiversity 

hotspot region, Mizoram, Northeast India. The present study was designed to investigate the 

selected important medicinal plants of family Asteraceae collected from protected forest areas of 

Mizoram for their bioactivities. At the same time attempts were also made to select a suitable 

DNA marker for the proper identification of plants belongs to family Asteraceae.  

In the present study, 14 medicinal plants were selected based on their traditional 

knowledge and availability in Mizoram, Northeast India. All the selected plants were screened 

for the presence of total phenolic contents (TPC) and total flavonoids contents (TFC). To best 

our knowledge, this is first time TPC and TFC has been analyzed for Helichrysum luteoalbum 

with significant phenolic and flavonoids content of 681.86 µg of GAE/mg and 137.53 µg 

quercetin/mg, respectively. 

Further, the antioxidant potential of the selected plants was evaluated by using DPPH and 

ABTS assay. In our study, we found that IC50 values for DPPH assays ranged from 56.5 to323.7 
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µg/mL. The lower the IC50 value of plant extracts used, the higher their free radical scavenging 

activity. Hence, Helichrysum luteoalbum was found to possess most active and high antioxidant 

property against DPPH free radicals with IC50 values of 56.5 µg/ml followed with Bidens pilosa 

(IC50- 80.45), Senecio scandens (IC50- 86.6 µg/ml), Gynura conyza (IC50- 87.01 µg/ml), 

Eupatorium odoratum (IC50 - 88.72 µg/ml), Crassocephalum crepidioides (IC50- 90.44 µg/ml) 

and Dichrocephala integrifolia (IC50 - 95.05 µg/ml). The IC50 values for ABTS assays ranged 

from 171.6 to 408.6 µg/mL.Bidens pilosa was found most active and high antioxidant property 

against ABTS free radicals with IC50 values of 171.6 µg/ml followed with Helichrysum 

luteoalbum (IC50- 181.5 µg/ml), Coreopsis grandiflora (IC50- 192.5 µg/ml), Mikania micrantha 

(IC50 - 194.1 µg/ml), Eupatorium odoratum (IC50- 208.4 µg/ml), Crassocephalum crepidioides 

(IC50- 216.2 µg/ml) and Senecio scandens (IC50 - 221.5 µg/ml).  

In recent times, infectious diseases are the among world’s leading cause of premature 

deaths, killing almost 50,000 people every day. In recent years, drug resistance to human 

pathogenic bacteria has been commonly reported from all over the world. Development of drug 

resistance pathogens in developing and developed countries has raised a need to search new 

antimicrobial compounds from natural or unique sources.  In the present study, we have found 

that the methanolic extract of M. micrantha was found to possess the maximum zone of 

inhibition (18.5 mm) followed by E. odoratum (15.0 mm); G. conyza (12.5 mm) and H. 

luteoalbum (10.0 mm) against gram negative E. coli pathogen at the concentration of 20 mg/ml 

compared with standard Ampicillin (30 µg/mL). Further, the methanolic extract of B. pilosa 

exhibited significant inhibitory effect against gram-negative bacteria (18.1 mm diameter zone of 

inhibition) than the gram positive bacteria (14.6 mm diameter zone of inhibition) which are 

compared to standard known antibiotics ampicillin (50µg/disc). The highest zone of inhibition 
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was found against E. coli (18.2 mm). Themethanolic extract of B. pilosa leaves exhibited 

significant antibacterial activity against S. aureus (15.6).  

Our results also revealed that the values of MICs of methanolic crude extracts of 14 

plants exhibited antimicrobial activity. We found thatH. luteoalbumandD. integrifolia had potent 

antibacterial activity against S. aureus with MIC value of 7.972 and 7.634, respectively. 

Moreover, H. luteoalbum showed highest antibacterial activity against S. aureus and C. albicans 

with MIC values of 7.952 mg/ml and 6.896 mg/ml when compared to the standard antibiotics 

(Omidiran et al., 2012). Additionally, only four methanolic plant extract of G. conyza , S. 

scandens, H. luteoalbum and B. pilosaindicated positive antifungal activity against C. albicans 

with the MIC values ranges from 4.162 to 6.896. The methanolic extracts of B. pilosa inhibited 

bacteria and yeast pathogen with MIC ranging from 1.0 to 10.0 mg/ml. B. pilosa showed highest 

activity against B. subtilis (1.5 mg/mL) followed by P. aeruginosa (2.2 mg/mL) and S. aureus 

(4.1 mg/mL). 

Further, antimicrobial activity of some Asteraceae family plants namely,Senecio 

scandens, Crassocephalum crepidiodes,Dichrocephalum integrifolia and Helichrysum 

luteoalbum is reported for the first time. The sensitivity of tested pathogen in decreasing order: 

P.aeruginosa<E. coli<C. albicans<S. aureus. 

The Cytotoxicity screening performed for all selected 14 plants showed that the 

methanolic extract of B. pilosapossessed strong anticancer activity against MCF-7 and AGS 

cancer cell lines. Moreover, the methanolic extract of B. pilosa inhibited three cancer cell lines 

KB-3-1, HepG2 and HeLa with IC50 values of 99.56 µg/mL, 210.8 µg/mL and 179.3 µg/mL, 

respectively.To the best of knowledge, this is first time reported that methanolic extract of 

Helichrysum luteoalbum exhibited strong Cytotoxicity effect at low concentration against all 
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four tested cancer cell lines (HepG2, HeLa, AGS and Mcf7). Further to verify the Cytotoxicity 

potential, DNA fragmentation assay was carried out and was found positive  in HeLa, HepG2, 

and KB-3 cells treated with Bidens pilosa and Helichrysum luteoalbum plant extracts, thereby 

indicating the onset of apoptotic cell death. Treatment with the methanolic extract of B. pilosa 

and H. luteoalbum showed that degradation of chromosomal DNA into smaller fragments. 

The best two plants based on their antioxidant, antimicrobial and Cytotoxicity potential 

were selected for the detection and quantification of phenolic compounds using UPLC-ESI-

MS/MS technique. A few phenolic compounds like catechin, ferulic acid, Kaempferol and gallic 

acid paclitaxel, bioactive compound was detected and quantified from methanolic extract of B. 

pilosa and H. luteoalbum plant which also showed antimicrobial and anticancer activity. The 

detection of phenolic compound, Kaempferol was reported for the first time from methanolic 

extract of B. pilosaandH. Luteoalbum. Ferulic acid was found in methanolic extract of B. pilosa 

and H. luteoalbum with 0.58 mg/g and 11.42 mg/g, respectively. Paclitaxel, brand name taxol is 

a chemotherapy medication, was reported for the first time from B. pilosa and H. luteoalbum. To 

best our knowledge, this is also the first report of three phenolic compounds (catechin, 

Kaempferol and gallic acid) and Paclitaxel (anticancer compound) detection and quantification 

in methanolic extract of B. pilosa and H. luteoalbum using UPLC-MS/MS method.  

In the present study, the GC-MS analysis of the methanolic extract of B. pilosa showed 

the presence of six compounds i.e. 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E); 1H-3A, 7-

Methanozulene, Octahydro-1,4,9,9-tetramethyl; 9H-Fluorene, 9-Diazo; 1-Octadecyne; N-

Hexadecanoic acid and 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol. The GC-MS analyses are used 

to discover oxygenated hydrocarbons as well as phenolic hydrocarbons. These compounds are 
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responsible for numerous pharmacological actions like antimicrobial activities useful in a 

treatment of variety of diseases and anticancer activities against various cancers 

For plant species identification using DNA barcoding approach, the discrimination 

pattern of the DNA marker gene regions were varied with the distance-based method. From the 

methods tested, maximum likelihood provided high performance and gave the best results among 

the three tested different genes ITS-rDNA, matK and rbcL.In our present study, PCR and 

sequencing success rate of matK gene was very low (58.46%). In recently diverged sequences, 

the observed Transition/ transversion ratios were high. In our study, we observed that the 

transition/transversion rate ratios are K1 = 1.056 (purines) and K2 = 0.964 (pyrimidines). The 

overall transition/transversion bias is R= 0.491, which indicates a comparatively high proportion 

of transversion in the matK gene.  Transversionwere higher than Transition in ITS-rDNA and 

rbcL genes.In phylogenetic analyses, all the 45 asteraceae family plant species were divided in to 

two major clades in ITS-rDNA. Interestingly, all the plant species clustered separately with their 

reference sequence. Similarly, the phylogenetic tree using matK and rbcL genes also showed 

perfect separation with their reference plant sequences. The phylogenetic tree showed better 

species identification using ITS-rDNA and rbcL marker gene sequence for the plants belonging 

to Asteraceae family. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

 

 

 

 

 

 

 

 

 

 

References 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 121 

 

References:  

 

Adams JM and Cory S (2007) The Bcl-2 apoptotic switch in cancer development and therapy. 

Oncogene 26:1324–1337  

Adebayo AH, Tan NH, Akindahunsi AA, Zeng GZ and Zhang YM  (2010) Anticancer and 

antiradical scavenging activity of Ageratum conyzoides L. (Asteraceae). Pharmacogn 

Mag. 6(21): 62–66. 

Adedapo A, Jimoh F, & Afolayan A (2011) Comparison of the nutritive value and biological 

activities of the acetone, methanol and water extracts of the leaves of Bidens pilosa and 

Chenopodium album. Acta Poloniae Pharmaceutica Drug Research, 68(1): 83–92. 

Adedayo BC, Oboh G, Oyeleye SI, Tech M, Ejakpovi II, Tech M, Boligon AA and Athayde ML 

(2015) Blanching alters the phenolic constituents and in vitro antioxidant and 

anticholinesterases properties of fireweed (Crassocephalum crepidioides). Journal of 

Taibah University Medical Sciences 10(4):419-426. 

Afolayan FID, Adegbolagun OM, Irungu B, Kangethe L, Orwa J, Anumudu CI (2016) 

Antimalarial actions of Lawsonia inermis, Tithonia diversifolia and Chromolaena odorata 

in combination. J Ethnopharmacol. 191:188-194. 

Ahmad I, Mehmood Z, Mohammad F (1998) Screening of some Indian medicinal plants for their 

antimicrobial properties. Journal of Ethnopharmacology 62: 183–193. 

Alabri THA, Al Musalami AHS, Hossain MA, Weli MA, Al-Riyami Q (2014) Comparative 

study of phytochemical screening, antioxidant and antimicrobial capacities of fresh and 

dry leaves crude plant extracts of Datura metel L. Journal of King Saud University - 

ScienceVolume 26(3): 237-243 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 122 

 

 

Albert VA, Backlund A, Bremer K, Chase MW, James RM et al. (1994). Functional Constraints 

and rbcL Evidence for Land Plant Phylogeny. Annals of the Missouri Botanical Garden 

81( 3): 534-567 

Amatya S and Tuladhar SM (2011) In vitro antioxidant activity of extracts from Eupatorium 

odoratum L. Research Journal of Medicinal Plant 5(1): 79-84  

Amritpal S (2015)  Phytochemical industry - potential and limitation. Pharmabiz.com.  

Anderberg AA, Baldwin BG, Bayer RG, Breitwieser J et al (2007) Compositae In: Kadereit 

J.W., Jeffrey C. (eds) Flowering Plants · Eudicots. The Families and Genera of Vascular 

Plants, vol 8. Springer, Berlin, Heidelberg.  

Anesini C and Perez C (1993) Screening of plant use in Argentine folk medicine for 

antimicrobial activity. Journal of Ethnopharmacology 39: 119–128. 

Annette W and Coleman (2013) Analysis of Mammalian rDNA Internal Transcribed Spacers. 

PLoS One 8(11): e79122. 

Apak R, Güc lü K, Demirata B, Ozyürek M, Celik SE, Bektas oglu B, Berker KI, Ozyurt D, 

(2007) Comparative evaluation of various total antioxidant capacity assays applied to 

phenolic compounds with the CUPRAC assay. Molecules 12: 1496–1547. 

Arora A, Nair MG, Strasburg GM (1998) Structure activity relationships for antioxidant 

activities of series of flavonoids in a liposomal system. Free Radical Biology and 

Medicine 24: 1355-1363 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 123 

 

Ashafa AOT  and Afolayan AJ (2009) Screening the root extracts from Biden pilosa L. var. 

radiata (Asteraceae) for antimicrobial potentials. Journal of Medicinal Plants Research 

Vol. 3(8): 568-572 

Awah FM, Uzoegwu PN, Oyugi JO, Rutherford J, Ifeonu P, Yao XJ, Fowke KR, Eze MO (2010) 

Free radical scavenging activity and immunomodulatory effect of Stachytarpheta 

angustifolia leaf extract. Food Chem 119:1409–1416 20.  

Aziz MYA, Omar AR, Subramani TS, Yeap SK, Ho WY, et al. (2014) Damnacanthal is a potent 

inducer of apoptosis with anticancer activity by stimulating p53 and p21 genes in MCF-

7 breast cancer cells. Oncol Lett. 7(5): 1479–1484 

Bais HP, Vepachedu R, Gilroy S, Callaway RM, Vivanco JM (2003) Allelopathy and exotic 

plant invasion: from molecules and genes to species interactions. Science. 301 (5638): 

1377–80. 

Baker WJ, Hedderson TA & Dransfield J (2000a) Molecular phylogenetics of subfamily 

Calamoideae (Palmae) based on nrDNAITS and cpDNA rps16 intron sequence data. 

Molecular Phylogenetics and Evolution 14:195-217. 

Baldwin BG (1992) Phylogenetic utility of the internal transcribed spacers of nuclear ribosomal 

DNA in plants:An example from the compositae. Molecular phylogenetics and evolution. 

1(1): 3-16 

Belachew Desta KH (1993) Antimicrobial activity of Plumbago zeylanica. Journal of 

Ethnopharmacology 39: 129–139. 

Blevins SM, Leyva MJ, Brown J, Wright J, Scofield RH, Aston CE (2007) Effect of cinnamon 

on glucose and lipid levels in non-insulin-dependent type 2 diabetes. Diabetes 

Care. 30(9):2236–2237. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 124 

 

Borrás-Linares I, Fernández-Arroyo S, Arráez-Roman D, Palmeros-Suárez PA,Val-Díaz RD, 

Andrade-Gonzáles I, etal. (2015) Characterization of phenolic compounds, 

anthocyanidin, antioxidant and antimicrobial activity of 25 varieties of Mexican Roselle 

(Hibiscus sabdariffa). Indus. Crop Prod. 69: 385–394. 

doi:10.1016/j.indcrop.2015.02.053 

Bradley D and Gatenby AA (1985) Mutational analysis of the maize chloroplast ATPase-ß 

subunit gene promoter: the isolation of promoter mutants in E. coli and their 

characterization in a chloroplast in vitro transcription system. EMBO J 4: 3641–3648 

Brandao MGL, Krettli AU, Soares LSR, Nery CGC, Marinuzzi HC (1997). Antimalaria activity 

of extracts and fractions from Bidens pilosa and other Bidens species (Asteraceae) 

correlated with the presence of acetylene and flavonoids compounds. J. Ethnopharmacol 

57: 131-138. 

Brand-Williams W, Cuvelier ME, Berset C (1995) Use of a free radical method to evaluate 

antioxidant activity. Food Sci Technol 28:25–30. 

Cai Y, Sun M, and Corke H (2003) Antioxidant activity of betalains from plants of the 

Amaranthaceae.  J. Agric. Food Chem. 51: 2288–2294.doi: 10.1021/jf030045u 

Calderon-Montaño JM, Burgos-Moron E, Perez-Guerrero C, Lopez-Lazaro M (2011) A review 

on the dietary flavonoid kaempferol. Mini Rev Med Chem. 11 (4): 298–

344. doi:10.2174/138955711795305335 

CBOL Plant Working Group (2009) A DNA barcode for land plants. Proceedings of the 

National Academy of Sciences of the United States of America 106: 12794-12797. 

Chang C, Yang M, Wen H, Chern J (2002) Estimation of total flavonoid content in propolis by 

two complementary colorimetric methods. J Food Drug Analysis 10:178–82. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 125 

 

Chase MW, Cowan RS, Hollingsworth PM, van den Berg C, Madriñán S, Petersen G (2007) A 

proposal for a standardised protocol to barcode all land plants. Taxon. 56(2): 295–299 

Chen S, Pang X, Song J, Shi L, Yao H, Han  J, Leon C (2014) A renaissance in herbal medicine 

identification: from morphology to DNA. Biotechnol. Adv. 32: 1237–1244. 

Chen SL, Yao H, Han JP, Liu C, et al. ( 2010) Validation of the ITS2 region as a novel DNA 

barcode for identifying medicinal plant species. PLoS One 5, e8613. 

China Plant BOL Group (2011) Comparative analysis of a large dataset indicates that internal 

transcribed spacer (ITS) should be incorporated into the core barcode for seed plants. 

Proceedings of the National Academy of Sciences of the United States of America 108: 

19641-19646. 

Chinnu K, Mukund S, Muthukumaran M, and Sivasubramanian V (2015) Anticancer activity of 

isolated beta-glucan from Chrocccoccus turgidus (Kützing) Nägeli. J. Algal Biomass 

Utln. 6 (1): 43-55. 

Clement WL, Donoghue MJ (2012) Barcoding success as a function of phylogenetic relatedness 

in Viburnum, a clade of woody angiosperms. BMC Evolutionary Biology 12: 73. 

Cortes-Roja DF, De Souza CRF, Pereira OW (2014) Clove (Syzygium aromaticum): a precious 

spice. Asian Pac J Trop Biomed 4:90–96. 

Cragg GM (1998) Paclitaxel (Taxol®): A success story with valuable lessons for natural product 

drug discovery and development. Medicinal research review 18(5): 315- 331 

Cragg GM and Newman DJ (2005). Plants as a source of anti-cancer agents. Journal of 

Ethnopharmacology 100:72-79. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 126 

 

Cuenoud P, Savolainen V, Chatrou LW, Powell M, Grayer RJ, Chase MW (2002) Molecular 

phylogenetics of Caryophyllales based on nuclear 18S rDNA and plastid rbcL, atpB, 

and matK DNA sequences. American Journal of Botany 89: 132–144. 

Deba F, Xuan TD, Yasuda M, Tawata S (2008) Chemical composition and antioxidant, 

antibacterial and antifungal activities of the essential oils from Bidens pilosa Linn. var. 

Radiata. Food Control. 19: 346–352. 

Dev UK, Hossain MT and Islam MZ (2015) Phytochemical Investigation, Antioxidant Activity 

And Antihelmintic Activity Of Mikania Micrantha Leaves. World Journal of 

Pharmaceutical Research.  4(05): 121-135. 

Dong LM, Jia XC, Luo QW, Zhang Q, Luo B, Liu WB, Zhang X, Xu XL and Tan JW (2017) 

Phenolics from Mikania micrantha and Their Antioxidant Activity. Molecules 22(1140); 

doi:10.3390/molecules22071140 

Dorman HJD, Peltoketo A, Hiltunen R, and Tikkanen MJ (2003) Characterization of the 

antioxidant properties of de-odourised aqueous extracts from selected Lamiaceae herbs. 

Food Chem. 83: 255–262. doi:10.1016/S0308- 8146(03)00088-8 

Dou X, Zhang Y, Sun N, Wu Y, Li (2014) The anti-tumor activity of Mikania micrantha aqueous 

extract in vitro and in vivo. Cytotechnology 6(1):107-17. doi: 10.1007/s10616-013-

9543-9.  

Elmore S (2007) Apoptosis: a review of programmed cell death. Toxicol Pathol 35(4):495–516. 

Ezenyi IC, Salawu OA, Kulkarni R, Emeje M (2014) Antiplasmodial activity-aided isolation and 

identification of quercetin-4’-methyl ether in Chromolaena odorata leaf fraction with 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 127 

 

high activity against chloroquine-resistant Plasmodium falciparum. Parasitol Res 113: 

4415-4422. 

Falowo AB,  Muchenje V, Hugo CJ & Charimba G (2016) In vitro antimicrobial activities of 

Bidens pilosa and Moringa oleifera leaf extracts and their effects on ground beef quality 

during cold storage. CYTA – JOURNAL OF FOOD, 14(4): 541–546 

Fang SH, Rao YK, Tzeng Y-M (2004) Cytotoxic effect of trans-cinnamaldehyde from 

cinnamomum osmophloeum leaves on Human cancer cell lines. International Journal 

of Applied Science and Engineering 2(2):136–147. 

Fazekas AJ, Burgess KS, Kesanakurti PR, Graham SW, Newmaster SG (2008) Multiple 

multilocus DNA barcodes from the plastid genome discriminate plant species equally 

well. PLoS ONE 3: e2802. 

Felsenstein J (1985) Confidence limits of phylogenies: An approach using the bootstrap. Evol. 

39(4):783-791. 

Ford CS, Ayres  KL, Toomey N, Haider N, Stahl J. van A et al. (2009) Selection of candidate 

coding DNA barcodingregions for use on land plants.Botanical Journal of the Linnean 

Society, 159: 1–11. 

Fotso AF, Longo F, Djomeni PD, Kouam SF, Spiteller M, Dongmo AB (2014) Analgesic 

and anti-inflammatory activities of the ethyl acetate fraction of Bidens 

pilosa (Asteraceae). Inflammopharmacology 22: 105-114. 

Gadek PA, Wilson PG and Quinn CJ (1996) Phylogenetic reconstruction in Myrtaceae using 

matK, with particular reference to the position of Psiloxylon and Heteropyxis. 

Australian Systematic Botany 9(3): 283 – 290 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 128 

 

Galms J,Flexas J, Keys AJ, Cifre J, Mitchell RAC, Madgwick PJ,  et al. (2005) Rubisco 

specificity factor tends to be larger in plant species from drier habitats and in species 

with persistent leaves. Plant Cell Environ 28: 571-579 

Gao T, Yao H, Song JY, Liu C, Zhu YJ, Ma X, Pang X, Xu H, Chen S (2010) Identification of 

medicinal plants in the family Fabaceae using a potential DNA barcode ITS2. Journal of 

Ethnopharmacology 130: 116–121. doi: 10.1016/j.jep.2010.04.026 

Gatenby AA, Castleton JA and Saul MW (1981) Expression in E. coli of maize and wheat 

chloroplast genes for large subunit of ribulose bisphosphate carboxylase. Nature 291: 

117–121 

Gatenby AA, van der Vies SM and Rothstein S J (1987) Co-expression of both the maize large 

and wheat small subunit genes of ribulose-bisphosphate carboxylase in Escherichia coli. 

Eur J Biochem 168: 227–231 

Gende LB, Floris I, Fritz R, Eguaras MJ (2008) Antimicrobial activity of cinnamon 

(Cinnamomum zeylanicum) essential oil and its main components against paenibacillus 

larvae from argentine. Bulletin of Insectology.  61(1):1–4 

Gewali MB (2008) Aspects of traditional medicine in Nepal. Institute of Natural 

Medicine, Toyama (2008) 

Ghasemzadeh A, Jaafar HZE, Rahmat A (2011) Effects of solvent type on phenolics and 

flavonoids content and antioxidant activities in two varieties of young ginger (Zingiber 

officinale Roscoe) extracts. J. Med. Plants Res.  5: 1147–1154 

Gonzales GF and Valerio LG (2006) Medicinal plants from Peru: a review of plants as potential 

agents against cancer. Antican Agents Med Chem, 6: 429-444 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 129 

 

Goodman J, Walsh V (2001) The Story of Taxol: Nature and Politics in the Pursuit of an Anti-

Cancer Drug Cambridge University Press, Cambridge, UK. 2001. ISBN 978-0-521-

56123-5 

Grosvenor PW, Supriono A, Gray DO (1995) Medicinal plants from Riau Province, Sumatra, 

Indonesia. Part 2, Antibacterial and antifungal activity. Journal of Ethnopharmacology 

45, 97–111. 

Halliwell B (2011) Free radicals and antioxidants—quo vadis? Trends in Pharmacological 

Sciences 32(3): 125–130 

 Hanh TT, Hang DT, Van Minh C, Dat NT (2011) Anti-inflammatory effects of fatty acids 

isolated from Chromolaena odorata. Asian Pac J Trop Med 4: 760-763. 

Hanley-Bowdoin L and Chua NH (1987) Chloroplast promoters. TIBS 12:67-70. 

Harpke D and Peterson A (2008) 5.8S motifs for the identification of pseudogenic ITS regions. 

Botany 86:300-305. 

 Harun FB, Sahil SSM, Yin KB, Othman Z, Tilwari A et al. (2012) Autophagic cell death is 

induced by acetone and ethyl acetate extracts from Eupatorium odoratum in vitro: 

effects on MCF-7 and vero cell lines. Scientific World Journal 2012:439479. 

Hayek SA, & Ibrahim SA (2012) Antimicrobial activity of Xoconostle pears (Opuntiamatudae) 

against Escherichia coli O157: H7in laboratorymedium. International Journal of 

Microbiology, 2012, 1–6. doi:10.1155/2012/368472 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 130 

 

Hebert PDN, Cywinska A, Ball SL, deWaard JR (2003) Biological identifications through DNA 

barcodes. Proceedings Biological sciences/The Royal Society, 270: 313–321 

Heydar P, Javad A,  Seyed HM, Hojjat S, Seyed AE, and Zahra TN (2013) Apoptosis Induction 

of Salvia chorassanica Root Extract on Human Cervical Cancer Cell Line. Iran J Pharm 

Res. 12(1): 75–83. 

Higginbotham KL, Burris KP, Zivanovic S, Davidson PM, Stewart CN (2014) Aqueous extracts 

of Hibiscus sabdariffa calyces as an antimicrobial rinse on hot dogs against Listeria 

monocytogenes and methicillin-resistant Staphylococcus aureus. Food Control 40: 274 

–277. 

Hollingsworth ML, Clark A, Forrest LL et al. (2009) Selecting barcod-ing loci for 

plants:evaluation of seven candidate loci with species level sampling in three divergent 

groupsof land plants. Molecular Ecology Resources, 9: 439–457.  

Holmquist R (1983) Transitions and transversion in evolutionary descent: an approach to 

understanding. Journal of Molecular Evolution 19:134–144. 

Hu Y, Zhang Q, Xin H, Qin LP, Lu BR, Rahman K (2007). Association between chemical and 

genetic variation of Vitex rotundifolia populations from different locations in China: its 

implication for quality control of medicinal plants. Biomed. Chromatogr. 21: 967–75. 

Huang X, Ci X, John G, Li J (2015) Application of DNA Barcodes in Asian Tropical Trees – A 

Case Study from Xishuangbanna Nature Reserve, Southwest China. PLoS ONE 10, 

e0129295 

Hursting SD, Slaga TJ, Fischer SM, DiGiovanni J, Phang JM (1999) Mechanism-based cancer 

prevention approaches: targets, examples, and the use of transgenic mice. J Natl Cancer 

Inst 91:215–225  



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 131 

 

Iida S, Yamada A, Amano M, Ishii J, Kadono Y, et al. (2007) Inherited maternal effects on the 

drought tolerance of a natural hybrid aquatic plant, Potamogeton anguillanus. J Pl Res 

120: 473–481.S. IidaA. YamadaM. AmanoJ. IshiiY. Kadono2007Inherited maternal 

effects on the drought tolerance of a natural hybrid aquatic plant, Potamogeton 

anguillanus.J Pl Res120473481DOI 10.1007/s10265-007-0087-y. DOI 10.1007/s10265-

007-0087-y 

Irigaray P, Newby J A, Clapp R, Hardell L, Howard V, et al. (2007). Lifestyle-related factors and 

environmental agents causing cancer: an overview. Biomedicine and Pharmacotherapy. 

61: 640–658. 

Jain R and Jain SK (2011) Screening of in vitro cytotoxic activity of some medicinal plants used 

traditionally to treat cancer in Chhattisgarh state, India. Asian Pac. J. Trop. Biomed. 1: 

147–150. 

Jeanson ML, Labat JN Little DP (2011) DNA barcoding: a new tool for palm taxonomists? 

Annals of Botany 108: 1445-1451. 

Jeong HW, Han DC, Son K-H, et al. Antitumor effect of the cinnamaldehyde derivative CB403 

through the arrest of cell cycle progression in the G2/M phase. Biochemical 

Pharmacology. 2003;65(8):1343–1350. 

Jiang C, Cao L, Yuan Y, Chen M, et al. (2014). Barcoding melting curve analysis for rapid, 

sensitive, and discriminating authentication of saffron (Crocus sativus L.) from its 

adulterants. BioMed Res. Int. 2014: 809037 

Johnson LS and Soltis DE (1995) Phylogenetic inference in Saxifragaceaesensustricto and Gilia 

(Polemoniaceae) using matK sequences. Annals of the Missouri Botanical Garden 

82:149–175. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 132 

 

Joshi K, Chavan P, Warude D and Patwardhan B (2004). Molecular markers in herbal drug 

technology. Curr. Sci. 87: 159-165. 

Juan X, Shubing C, and Qiuhui H (2005) Antioxidant activity of brown pigment and extracts 

from black sesame seed (Sesamum indicum L.). Food Chem. 91:79–83. 

doi:10.1016/j.foodchem.2004.05.051 

Kale MV (2015) GC-MS analysis of phytocomponents on whole plant extract Adiantum 

capillus-veneris L. - A potential folklore medicinal plant. Research Journal of Life 

Sciences, Bioinformatics and Pharmaceutical and Chemical Sciences 2(1) Page No.117 

Kasahara Y, Yasukawa K, Kitanaka S, Khan MT, and Evans FJ. (2002) Effect of methanol 

extract from flower petals of Tagetes patula L. on acute and chronic inflammation 

model,” Phytotherapy Research, 16(3): 217–222 

Kashif M., Bano S., Naqvi S., Lubna S.F., Mesaik M.A., Azeemi K.S. & Farooq A.D. 

(2015).Cytotoxic and antioxidant properties of phenolic compounds from Tagetes 

patula flower. Pharmaceutical Biology, 53(5):672-681. 

Kato H, Oginuma K, Gu Z, Hammel B, et al. (1998). Phylogenetic relationships of Betulaceae 

based on matK sequences with particular reference on the positions of Ostryopsis. Acta 

Phytotax. Geobot 49: 89-97. 

Kellogg EA and Juliano ND (1997) The structure and function of RuBisCO and their 

Implications for Systematic Studies. Am. J. Bot. 84: 413–428. doi:10.2307/2446015 

Khan A, Safdar M, Khan MMA, Khattak KN, Anderson RA (2003) Cinnamon improves glucose 

and lipids of people with type 2 diabetes. Diabetes Care 26(12):3215–3218. 

Khan MR, Kihara M, Omoloso AD (2001) Anti-microbial activity of Bidens pilosa, Bischofia 

javanica, Elmerillia papuana and Sigesbekia orientalis. Fitoterapia 72: 662-665. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 133 

 

Kim SH and Choi KC (2013) Anti-cancer Effect and Underlying Mechanism(s) of Kaempferol, a 

Phytoestrogen, on the Regulation of Apoptosis in Diverse Cancer Cell Models,  Toxicol 

Res. 29 (4): 229–234. doi:10.5487/TR.2013.29.4.229 

King T, Dykes G, Kristianti R (2008) Comparative evaluation of methods commonly used to 

determine antimicrobial susceptibility to plant extracts and Phenolic compounds. J 

AOAC Int. 91:1423–9. 

Klochkov SG, Afanas’eva SV, Pushin AN, Gerasimova GK, Vlasenkova NK (2009) Synthesis 

and cytotoxic activity of α-santonin amino-derivatives. Chem Nat Compd (2009) 45: 

817. https://doi.org/10.1007/s10600-010-9499-3 

Koornstra JJ, Jong SD, Hollema H, Vries ED, Kleibeuker JH (2003) Changes in apoptosis during 

the development of colorectal cancer: a systematic review of the literature. Crit Rev 

Oncol Hematol 45:37–53  

Kouame PB, Jacques C, Bedi G, Silvestre V, Loquet D, et al. (2013) Phytochemicals isolated 

from leaves of Chromolaena odorata: impact on viability and clonogenicity of cancer 

cell lines. Phytother Res 27: 835-840. 

Kress WJ and Erickson DL (2007) A two-locus global DNA barcode for land plants: The coding 

rbcL gene complements the non-coding trnH-psbA spacer region. PLoS ONE 2: e508. 

doi: 10.1371/journal.pone.0000508 

Kress WJ, Wurdack KJ, Zimmer EA, Weight LA, Janzen DH (2005) Use of DNA barcodes to 

identify flowering plants. Proceedings of the National Academy of Sciences of the United 

States of America 105:2923-2928. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 134 

 

Kumari P, Misra K, Sisodia BS, Faridi U, Srivastava S, et al. (2009) A promising anticancer and 

anti-malarial component from the leaves of Bidens pilosa. Planta Med. 75(1): 59-61. 

Kviecinski MR, Felipe KB, Schoenfelder T (2008) Study of the antitumor potential of Bidens 

pilosa (Asteraceae) used in Brazilian folk medicine. J. Ethnopharmacol. 117(1): 69–75. 

Lake JA (1987) A rate-independent technique for analysis of nucleic acid sequences: 

evolutionary parsimony. Molecular Biology and Evolution 4:167–191. 

Lalfakzuala R, Lalramnghinglova H, Kayang H (2006). Ethnobotanical usages of plants in 

western Mizoram. Indian Journal of Traditional Knowledge 6: 486-493. 

Lee WC, Peng CC, Chang CH, Huang SH and Chyau CC (2013). Extraction of Antioxidant 

Components from Bidens pilosa Flowers and Their Uptake by Human Intestinal Caco-2 

Cells.  Molecules, 18: 1582-1601. 

Levin RA, Wagner WL, Hoch PC, et al. (2003) Family-Level Relationships of Onagraceae 

Based on Chloroplast rbcL and ndhF Data. American Journal of Botany, 90:107-115 

(modified from Soltis P et al. (1992) Proceedings of National Academy of Sciences 

USA, 89: 449-451. 

Li CJ, Tsang SF, Tsai CH, Tsai HY, Chyuan JH, Hsu HY (2012) Momordica charantia Extract 

Induces Apoptosis in Human Cancer Cells through Caspase- and Mitochondria-

Dependent Pathways. Evid. Based Complement. Alternat. Med. 261971: 11-23. 

Li X, Tong W, Bornmann W, Schwartz GK (2000). Huanglian Chinese Herbal Extract, Inhibits 

Cell Growth by Suppressing the Expression of Cyclin B1 Inhibiting CDC2 Kinase 

Activity in Human Cancer Cells. Molecular Pharmacology 58: 1287–1293 

Li Y, Shen BB, Li J, Li Y, Wang XX, et al. (2013) Antimicrobial potential and chemical 

constituent of Mikania micrantha H. B. K. Afr J Microbiol Res. 7: 2409–2415 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 135 

 

Liang H, and Hilu KW (1996)  Application of the matK gene sequences to grass systematics.  

Canadian Journal of Botany  74: 125-134. 

Lin J, Opoku AR, Geheeb-Keller M, et al. (1999) Preliminary screening of some traditional zulu 

medicinal plants for anti-inflammatory and anti-microbial activities. Journal of 

Ethnopharmacology. 68(1–3): 267–274.  

Liu M, Li WQ, Weber C, Lee CY, Brown J, Liu RH (2002) Antioxidant and antiproliferative 

activities of raspberries. J Agric Food Chem 50:2926–30. 

Liu ZH, Zeng X, Yang D, Chu GY, Yuan ZR, and Chen SL (2012a). Applying DNA barcodes 

for identification of plant species in the family Araliaceae. Gene 499: 76-80. 

Liu ZH, Zeng X, Yang D, Ren GM, Chu GY, et al. (2012b) Identification of medicinal vines by 

ITS2 using complementary discrimination methods. J. Ethnopharmacol. 141:242-249. 

Looi CY, Arya A, Cheah FK, Muharram B, Leong KH, Mohamad, et al. (2013) Induction of 

Apoptosis in Human Breast Cancer Cells via Caspase Pathway by Vernodalin Isolated 

from Centratherum anthelminticum (L.) Seeds. PLoS One. 8(2):e56643. 

Lopez V, Akerreta S, Casanova E, García-Mina JM, Cavero RY, Calvo MI (2007). In vitro 

antioxidant and anti-rhizopus activities of Lamiaceae herbal extracts. Plant Foods, 

Human Nutri. 62: 151-155. 

Ma H, Zhu Z, Zhang X, Miao Y, et al. (2014). Species identification of the medicinal plant 

Tulipa edulis (Liliaceae) by DNA barcode marker. Biochem. Syst. Ecol. 55: 362-368. 

Manivannan J, Silambarasan T, Shanthakumar J, Suganya N, Kanchana S (2016) Role of 

Antioxidants in Human Health. Omega-3 Fatty Acids In: Hegde M., Zanwar A., Adekar 

S. (eds): 501-512 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 136 

 

Mascolo N, Capasso F, Menghini A, Fasulo MP (1987) Biological screening of Italian medicinal 

plants for anti-inflammatory activity. Phytotherapy Research. 1(1):28–31 

Matawali A, Chin LP, Eng HS, Boon LH, Gansau JA (2016) In-vitro evaluation of anti-kinase, 

anti-phosphatase and cytotoxic activities of Mikania micrantha H.B.K. (asteraceae) 

from Malaysia. Journal of Chemical and Pharmaceutical Sciences 9(2): 696-701 

Mazars G (2006) Indian medicine across the centuries. A Concise Introduction to Indian 

Medicine (La médecine indienne). Gopalan TK, translator. Ch. 1. In: Wujastyk D, Zysk 

KG, editors. Delhi: Motilal Banarsidass Publishers Private Limited; 2006. pp. 1–24. 

Indian Medical Tradition; Vol. VIII 

Mehmood Z, Ahmad I, Mohammad F, Ahmad S (1999) Indian medicinal plants: A potential 

source of anticandidal drugs. Pharmaceutical Biology 37: 237–242. 

Meyer CP, Paulay G (2005) DNA Barcoding: Error Rates Based on Comprehensive Sampling. 

PLoS Biol 3(12): e422. 

Miller JS (2011) The Discovery of Medicines from Plants: A Current Biological Perspective1. 

Economic Botany, 65(4): 396–407. 

Mohr G, Perlman PS, Lambowitz AM (1993) Evolutionary relationships among group II intron- 

encoded proteins and identification of a conserved domain that may be related to 

maturase function. Nucleic acid Research 21:4991- 4997 

Molassiotis A, Fernadez O P, Pud D, Ozden G, Scott JA (2004). Use of complementary and 

alternative medicine i.n cancer patients: a European survey. Annals of Oncology 16: 655-

663. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 137 

 

Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: application to 

proliferation and cytotoxicity assays. J Immunol Methods. 65:55–63. 

Motsei ML, Lindsey KL, van Staden J, Jäger AK (2003). Screening of traditionally used South 

African plants for antifungal activity against Candida albicans. J. Ethnopharmacol. 86: 

235-241. 

Muchuweti M, Mupure C, Ndhlala A, Murenje T and Benhura MAN (2007). Screening of 

antioxidant and radical scavenging activity of Vigna ungiculata, Bidens pilosa and 

cleome gynandra. American journal of food technology 2:161-168 

Muellner AN, Schaefer H, Lahaye R (2011) Evaluation of candidate DNA barcoding loci for 

economically important timber species of the mahogany family (Meliaceae). Molecular 

Ecology Resources 11: 450–60. doi: 10.1111/j.1755-0998.2011.02984.x 

Naoghare PK and Song JM (2010) Chip-based high throughput screening of herbal medicines. 

Comb Chem High Throughout Screen 13:923–931 

Neelabh C, Nahid A, and Kumar N (2017). Study on methanolic extract of Ageratum conyzoides 

for its ability to act as an antioxidant and to suppress the microbial growth. The Pharma 

Innovation Journal  6(11): 170-173.  

Neher RT (1968) “The ethnobotany of Tagetes,” Economic Botany 22(4): 317–325 

Newman DJ andCragg GM (2012) Natural Products As Sources of New Drugs over the 30 Years 

from 1981 to 2010. J. Nat. Prod. 75 (3): 311–335 

Ngono Ngane A, Ebelle Etame R, Ndifor F, Biyiti L, Amvam Zollo PH, et al. (2006) Antifungal 

Activity of Chromolaena odorata (L.) King & Robinson(Asteraceae) of Cameroon. 

Chemotherapy 52: 103-106.  



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 138 

 

Nimri LF, Meqdam MM, Alkofahi A (1999) Antibacterial activity of Jordanian medicinal plants. 

Pharmaceutical Biology 37 (3): 196–201. 

Nirmala S and Karthiyayini T (2011) Wound healing activity on the leaves of Achillea 

millefolium L. by excision, incision and deaf space model on adult wistar albino rats. 

IRJP 2 (3): 240- 245 

Nisa H, Kamili AN, Bandh SA, Amin S, Lone BA, Parray JA (2013). Phytochemical screening, 

antimicrobial and antioxidant efficacy of different extracts of Rumex dentatus L. – A 

locally used medicinal herb of Kashmir Himalaya. Asian Pacific Journal of Tropical 

Disease, 3(6): 434–440. doi:10.1016/S2222-1808(13)60097-3 

Okunade AL (2002) Ageratum conyzoides L. (Asteraceae). Fitoterapia 73: 1-16. 

Okwori AE, Dina CO, Junaid S, Okeke IO, Adetunji JA, et al. (2007) Antibacterial activities of 

Ageratum conyzoides extracts on selected bacterial pathogens. International Journal of 

Microbiology 4:1937–1949. 

Olmstead RG and Reeves PA (1995) Evidence for the polyphyly of the Scrophulariaceae based 

on choloroplast rbcL and ndhF sequences. Ann. Mo. Bot. Gard. 82: 176-193. 

Olsson M and Zhivotovsky B (2011) Caspases and cancer. Cell Death Differ. 18(9): 1441–1449. 

Omidiran MO, Baiyewu RA, Ademola IT, Fakorede OC, Toyinbo EO, Adewumi OJ, Adekunle 

EA (2012) Phytochemical analysis, nutritional composition and antimicrobial activities 

of white mulberry (Morus alba). Pakistan Journal of Nutrition 11:456-460. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 139 

 

Osato MS (2000) Antimicrobial susceptibility testing for helicobacter pylori: sensitivity test 

results and their clinical relevance. Curr Pharm Design. 6:1545–55. 

Ouyang L, Shi Z, Zhao S, et al. (2012) Programmed cell death pathways in cancer: a review of 

apoptosis, autophagy and programmed necrosis. Cell Proliferation. 45(6):487–498. 

 Owoyele VB, Adediji JO, Soladoye AO (2005) Anti-inflammatory activity of aqueous leaf 

extract of Chromolaena odorata. Inflammopharmacology 13: 479-484. 

Pang X, Song J, Zhu Y, Xu H, Huang LF, Chen SL (2011) Applying plant DNA barcodes for 

Rosaceae species identification. Cladistics 27: 165–170. doi: 10.1111/j.1096-

0031.2010.00328.x 

Parameswari G and Suriyavathana M (2012). In vitro antioxidant activity of Chromolaena 

odorata (L.) king & robinson. International Research Journal of Pharmacy 3(11): 187-

192  

Parsaee H, Asili J, Mousavi SH, Soofi H, Emami SA and Tayarani-Najaran Z (2013) Apoptosis 

Induction of Salvia chorassanica Root Extract on Human Cervical Cancer Cell Line. Iran 

J Pharm Res. 12(1): 75–83.  

Pereira LC, Ibrahim T, Lucchetti L, Da Silva ADR, De Moraes VKG (1999) Immunosuppressive 

and anti-inflammatory effects of methanolic extract and the polyacetylene isolated from 

Bidens pilosa L. Immunopharmacology 43: 31-37.  

Perez C, Paul M, Bazerque P (1990) An antibiotic assay by the agar well diffusion method. Acta 

Bio Med Exp. 15:113–5. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 140 

 

Pettengill JB and Neel MC (2010) An evaluation of candidate plant DNA barcodes and 

assignment methods in diagnosing 29 species in the genus Agalinis (Orobanchaceae). 

American Journal of Botany 97: 1381–1406. doi: 10.3732/ajb.0900176 

Phukan RK, Narain K, Zomawia E, Hazarika NC, Mahanta J (2006). Dietary habits and stomach 

cancer in Mizoram, India. Journal of Gastroenterology 41:  418-424. 

Portt L, Norman G, Clapp C, Greenwood M, Greenwood MT (2011) Anti-apoptosis and cell 

survival: a review. Biochimica et Biophysica Acta (BBA)—Molecular Cell Research. 

1813(1): 238–259.  

Prabuseenivasan S, Jayakumar M, Ignacimuthu S (2006) In vitroantibacterial activity of some 

plant essential oils. BMC Complementary and Alternative Medicine. 6,:39 

Quicke DLJ (1993) Principle and techniques of contemporary taxonomy. Chapman & Hall, 

Glasgow.  

Razafimandimbison SG, Kellogg EA, Bremer B (2004) Recent origin and phylogenetic utility of 

divergent ITS putative pseudogenes: a case study from Naucleeae (Rubiaceae). 

Systematic Biology 53:177-192. 

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999). Antioxidant 

activity applying an improved ABTS radical cation decolorization assay. Free Radic. 

Biol. Med. 26: 1231–1237. 

Ren BQ, Xiang XG, Chen ZD (2010) Species identification of Alnus (Betulaceae) using nrDNA 

and cpDNA genetic markers. Molecular Ecolology Resources 10: 594–605. 

doi:10.1111/j.1755-0998.2009.02815.x 

Ribble D, Goldstein NB, Norris DA, Shellman YG (2005). A simple technique for quantifying 

apoptosis in 96-well plates. BMC Biotechnol 5:1-12 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 141 

 

Rosangkima G and Jagetia GC (2015) In Vitro Anticancer Screening Of Medicinal Plants Of 

Mizoram State, India, Against Dalton’s Lymphoma, Mcf-7 And Hela Cells. 

International Journal of Recent Scientific Research Vol. 6 (8): 5648-5653 

Rosangkima G, Thengtom R, Prasad SB(2010) Ethno-medicinal value of some anticancer 

medicinal plants from north-east India: an in vivo screening in murine tumor model. Sci 

Vis. 10 (4), 123-132 

Rose JA and Kasum CM (2002) Dietary flavonoids: bioavalibility, metabolic effects and safety. 

Annual Review of Nutrition 22: 19-34 

Roy S, Tyagi A, Shulka V, Kumar A, Singh UM, et al. (2010) Universal plant DNA barcode loci 

may not work in complex groups: a case study with Indian Berberis species. PLoS ONE 

5: e13674. doi:10.1371/journal.pone.0013674 

Saitou N and Nei M (1987). The neighbor-joining method: a new method for reconstructing 

phylogenetic trees. Mol. Biol. Evol. 4: 406-25. 

Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha LY (2011) Extraction, isolation and 

characterization of bioactive compounds from plants’ extracts. African Journal of 

Traditional, Complementary and Alternative Medicines 8 (1): 1-10 

Sass C, Little DP, Stevenson DWet al., (2007) DNA barcoding in the cycadales, testing 

thepotential of proposed barcoding markers for species identification of Cycads.PLoS 

ONE,2, e1154  

Savolainen V, Chase MW, Hoot SB, Morton CM, Soltis DE et al. (2000a) Phylogenetics of 

flowering plants based upon a combined analysis of plastid atpB and rbcL gene 

sequences. Systematic Biology 49: 306-362.  



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 142 

 

Saxena K. (1997) Antimicrobial Screening of Selected Medicinal Plants from India. Journal of 

Ethnopharmacology. 58 (2): 75–83. 

Selvamangai C and Bhaskar A (2012).GC-MS Analysis of Phytocomponents in the Methanolic 

Extract of Eupatorium triplinerve. Int. J. Drug Dev. & Res.,4(4): 148-153 

Semagn K, Bjornstad A and Ndjiondjop MN (2006). An overview of molecular marker methods 

for plants. Afr. J. Biotechnol. 5: 2540-2568. 

Sharma HK, Chhangte L, Dolui AK (2001) Traditional medicinal plants in Mizoram, India. 

Fitoterapia. 2001:72:146–61. 

Sher H, Al-Yemeni MN, Sher H (2010a) Forest Resource utilization assessment for economic 

development of rural community, Northern parts of Pakistan. J. Med. Plants Res. 4 (12): 

1197–1208. 

Silva JJ, Cerdeira CD, Chavasco JM, Cintra AB, Silva CB, Mendonça AN, et al. (2014) In vitro 

screening antibacterial activity of Bidens pilosa linné and Annona crassiflora mart 

against oxacillin resistant Staphylococcus aureus (orsa) from the aerial environment at 

the dental clinic. Rev Inst Med Trop Sao Paulo. 56: 333–340. 

Singh BR, Agrawal R, Sinha DK, Vinodh O.R, Vadhana P, et al. (2015) Antimicrobial Activity 

in Aqueous and Methanolic Leaf Extract of Eupatorium odoratum against Bacteria of 

Clinical and Nonclinical Origin. Journal of Advanced Clinical Pharmacology 2: 50-59. 

37.  

Singh G, Passari AK, Leo VV, Mishra VK, Subbarayan S, Kumar B, Singh BP, Kumar S, 

Lalhlenmawia H, Gupta VK and Senthil NK (2016). Evaluation of phenolic content 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 143 

 

variability, antioxidant, antimicrobial and cytotoxic potential of selected traditional 

medicinal plants from India. Frontiers in Plant Science 7:407.  

Soltis DE and Soltis PS (1998) Choosing an approach and an appropriate gene for phylogenetic 

analysis. In: Soltis DE, Soltis PS, Doyle JJ (eds) Molecular systematics of plants II: DNA 

sequencing. Kluwer, Dordrecht pp 21–24.  

Spelman K, Depoix D, McCray M, Mouray E, Grellier P (2011) The traditional medicine 

Spilanthes acmella, and the alkylamides spilanthol and undeca-2E-ene-8,10-diynoic 

acid isobutylamide, demonstrate in vitro and in vivo antimalarial activity. Phytother 

Res. 25(7):1098-101. 

Steele KP and Vilgalys R (1994) Phylogenetic Analyses of Polemoniaceae Using Nucleotide 

Sequences of the Plastid Gene matK. Systematic Botany 19(1): 126-142  

Steenkamp V and Gouws MC (2006) Cytotoxicity of six South African medicinal plant extracts 

used in the treatment of cancer. South African Journal of Botany 72:  630–633. 

Subbarayan S, Marimuthu SK, Nachimuthu SK, Zhang W, Subramanian S. Characterization and 

cytotoxic activity of apoptosis-inducing pierisin-5 protein from white cabbage butterfly. 

Int J Biol Macromolec. 2016;87:16–27. 

Subbarayappa BV (2001) A perspective. Medicine and Life Sciences in India. In: Subbarayappa 

BV, editor. New Delhi: Centre for Studies in Civilizations 1–38. Chattopadhyay DP, 

general editor. History of Science, Philosophy and Culture in Indian Civilization; Part 2. 

Vol. IV) 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 144 

 

Suhaj M (2006) Spice antioxidants isolation and their antiradical activity: a review. Journal of 

Food Composition and Analysis 19(6-7): 531–537. 

Suksamram A, Chotipong A, Suavansri T, Boongird S, Timsuksai P, et al. (2004) 

Antimycobacterial activity and cytotoxicity of flavonoids from the flowers of 

Chromolaena odorata. Arch Pharm Res 27: 507-511.  

Sundararajan P, Dey A, Smith A, Doss AG, Rajappan M, Natarajan S (2006) Studies of 

anticancer and antipyretic activity of Bidens pilosa whole plant. African Health 

Sciences 6(1): 27-30. 

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011) MEGA5: molecular 

evolutionary genetics analysis using maximum likelihood, evolutionary distance, and 

maximum parsimony methods. Mol. Biol. Evol. 28(10): 2731-2739. doi: 

10.1093/molbev/msr121 

Tarnowski A (2013) The internal transcribed spacer (ITS) region and trnH-psbA are suitable 

candidate loci for DNA barcoding of tropical tree species of India. PLoS. ONE 8, e57934  

Tennyson S, Balaraju K, Kyungseok Park, K John Ravindran, Alex Eapen, S. John William 

(2012) In vitro antioxidant activity of Ageratum houstonianum Mill. (Asteraceae). 

Asian Pacific Journal of Tropical Disease S712-S714 

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997) The Clustal X 

windows interface: flexible strategies for multiple sequence alignment aided by quality 

analysis tools. Nucleic Acids Res. 24: 4876-82. doi: 10.1093/nar/25.24.4876 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 145 

 

Tripathi AM, Tyagi A, Kumar A, Singh A, et al. (2013). The internal transcribed spacer (ITS) 

region and trnH-psbA [corrected] are suitable candidate loci for DNA barcoding of 

tropical tree species of India. PLoS One 8: e57934 

Umamaheswari, M., Chatterjee, TK (2008). In vitro antioxidant activities of the fractions of 

Coccinia grandis L. leaf extracts. Afr. J. Trad. Camp. Alter. Med, 5:61-73 

Vassou SL, Kusuma G and Parani M (2015). DNA barcoding for species identification from 

dried and powdered plant parts: a case study with authentication of the raw drug market 

samples of Sida cordifolia. Gene 559: 86-93. 

Vijayan K, Tsou CH (2010) DNA barcoding in plants: taxonomy in a new perspective. 

CurrentScience 99(11): 1530–1541.  

Wang Q, Yu QS, Liu JQ (2011) Are nuclear loci ideal for barcoding plants? A case study of 

genetic delimitation of two sister species using multiple loci and multiple intraspecific 

individuals. Journal of Systematics and Evolution 49: 182–188. doi: 10.1111/j.1759-

6831.2011.00135.x 

Wang W, Wu Y, Yan Y, Ermakova M, Kerstetter R, Messing J (2010) DNA barcoding of the 

Lemnaceae, a family of aquatic monocots. BMC Plant Biology 10: 205. doi: 

10.1186/1471- 2229-10-205 

Wangchuk P And Tobgay T (2015) Contributions of medicinal plants to the Gross National 

Happiness and Biodiscovery in Bhutan. J Ethnobiol Ethnomed, 11: 48 

Watson AJ (1995) Review article: manipulation of cell death— the development of novel 

strategies for the treatment of gastrointestinal disease. Aliment Pharmacol Ther 9:215–

226. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 146 

 

White TJ, Bruns T, Lee S and Taylor J (1990). Amplification and direct sequencing of fungal 

ribosomal RNA genes for phylogenetics. In: PCR Protocols: A guide to methods and 

applications. (Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds.). Academic Press, New 

YorK, pp. 315-322. 

William Dymock, David Hooper, C. J. H. Warden (1890) Pharmacographia indica :A history of 

the principal drugs of vegetable origin, met with in British India. Volume 1. 1890, 

London. 

Wink M (1988) Plant breeding: importance of plant secondary metabolites for protection against 

pathogens and herbivores. Theoretical and Applied Genetics. January 1988, Volume 

75 (2): 225–233 

Woerdenbag HJ, Merfort I, Schmidt TJ et al (1995) Decreased helenalin-induced cytotoxicity by 

flavonoids from Arnica as studied in a human lung carcinoma cell line.  Phytomedicine, 

vol. 2( 2): 127–132 

Wolfe KH, Morden CW, Palmer JD (1992) Function and evolution of a minimal plastid genome 

from a nonphotosynthetic parasitic plant. Proc. Natl. Acad. Sci. USA 89: 10648-10652 

Wu J, Wan Z, Yi J, Wu Y, Peng W, Wu J (2013). Investigation of the extracts from Bidens 

pilosa Linn. var. radiata Sch. Bip. for antioxidant activities and cytotoxicity against 

human tumor cells. J. Nat. Med. 67(1):17-26. 

Yang CH, Chang HW, Lin HY, Chuang LY (2013) Evaluation of Antioxidant and Antimicrobial 

Activities from 28 Chinese Herbal Medicines. Journal of Pharmacognosy and 

Phytochemistry 2(1): 294-305. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 147 

 

Yang JB, Wang YP, Möller M, Gao LM, Wu D (2012) Applying plant DNA barcodes to identify 

species of Parnassia (Parnassiaceae). Molecular Ecology Resources 2: 267–75. 

doi:10.1111/j.1755-0998.2011.03095.x 

Yano H, Mizoguchi A, Fukuda K, Haramaki M, Ogasawara S, et al.(1994). The Herbal Medicine 

Sho-saiko-to Inhibits Proliferation of Cancer Cell Lines by Inducing Apoptosis and 

Arrest at the G0/G1 Phase. Cancer Research 54: 448–454. 

Yasukawa K and Kasahara Y (2013) Effects of flavonoids from French Marigold (Florets 

of Tagetes patula L.) on acute inflammation model.  International Journal of 

Inflammation, vol. 2013, Article ID 309493, 5 :2013. 

Yonzone GS and Yonzone DKN (1999) Ethnobotany of Darjeeling Himalaya, India,” in ISHS 

Acta Horticulturae 500: II WOCMAP Congress Medicinal and Aromatic Plants, Part 1: 

Biological Resources, Sustainable Use, Conservation and Ethnobotany, 500: 209–213, 

1999 

Youraj RS, Padmaja-Kaimal AV, Ranjan MB, (1995) Prophylactic therapy Salmonella 

septicemia in mice with traditionally prescribed drug formulation. Journal of 

Ethnopharmacology 45: 141–147. 

Yuan LP, Chen FH, Ling L, Dou PF, Bo H, Zhong MM, et al.(2008)  Protective effects of total 

flavonoids of Bidens pilosa L. (TFB) on animal liver injury and liver fibrosis. J 

Ethnopharmacol. 116: 539-546. 

Zhang XD, Franco A, Myers K, Gray C, Nguyen T and Hersey P (1999) Relation of TNF-related 

apoptosis-inducing ligand. (TRAIL) receptor and FLICE-inhibitory protein expression 

to TRAIL-induced apoptosis of melanoma. Cancer Res. 59: 2747-53. 



References 
 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 
 

Page 148 

 

Zhao Y, Li Y, Liu Y and Yang YF (2015). DNA barcoding for efficient identification of 

Ixiolirion species (Ixioliriaceae). Genet. Mol. Res. 14: 1903-1910 

 



List of Publications 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 149 

 

List of Publications 

1. Garima Singh, Ajit Kumar Passari, Vincent Vineeth Leo, Vineet Kumar Mishra, S. Subbarayan, 

Brijesh Kumar, Bhim Pratap Singh, Sunil Kumar , H. Lalhlenmawia, Vijai Kumar Gupta and 

Senthil Nachimuthu (2016). Evaluation of phenolic content variability, antioxidant, antimicrobial 

and cytotoxic potential of selected traditional medicinal plants from India. Front. Plant 

Sci. 7:407, pp 1-12. (IF: 4.49) 

2. Garima Singh, Ajit Kumar Passari, Bhim Pratap Singh and N. Senthil Kumar (2017). 

Traditionally Used Medicinal Plants Belongs to  Family Asteraceae for the Treatment of Cancer 

in Mizoram, Northeast India. In book: Medicinal plants and its therapeutic uses, Chapter: 2, 

Publisher: OMICS Group eBooks, Editors: Birla Kshetrimayum, pp.8-20. 

3. Garima Singh, Ajit Kumar Passsari, Pratibha Singh, Vincent Vineeth Leo, 

Sarathbabu Subbarayan, Brijesh Kumar, Bhim Pratap Singh, Hauzel lalhlenmawia and 

Nachimuthu Senthil Kumar (2017).  Pharmacological potential of Bidens pilosa L. and 

determination of bioactive compounds using UHPLC-QqQLIT-MS/MS and GC/MS. BMC 

Complementary and Alternative Medicine, December 2017, 17:492 (IF:2.11). 

4. Ajit Kumar Passari, Vineet Kumar Mishra, Garima Singh, Pratibha Singh, Brijesh Kumar, Vijai 

Kumar Gupta, Rupak Kumar Sharma, Ratul Saikia, Anthonia O’. Donovan & Bhim Pratap 

Singh (2017). Insights into the functionality of endophytic actinobacteria with a focus on their 

biosynthetic potential and secondary metabolites production. Scientific Reports, 7: 11809, 

DOI:10.1038/s41598-017-12235-4 (IF: 4.25). 

5. Vineet Kumar Mishra, Garima Singh, Ajit Kumar Passari, Mukesh Kumar Yadav, Vijai Kumar 

Gupta and Bhim Pratap Singh (2016). Distribution and antimicrobial potential of endophytic 

fungi associated with ethnomedicinal plant Melastoma malabathricum L. J Environ Biol. 37(2): 

229-237. (IF: 0.52) 

    



Conference/Seminars/Workshops Attended 

 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 150 

 

Conference/Seminars/Workshops Attended 

Seminar/Conference 

 Garima Singh, Ajit Kumar Passari, Vincent Vineeth Leo, Sarathbabu Subbarayan, Bhim 

Pratap Singh and Nachimuthu Senthil Kumar (2016). Presented the paper entitled 

“Phytochemical profile along with antioxidant, antimicrobial and cytotoxic potential 

of Bidens Pilosa L. leaves extract” in International Conference on “International 

Symposium on Sustainable Horticulture 2016” during 14- 16 March, 2016 organized by 

Department of Horticulture and aromatic and medicinal plants, Mizoram University. 

 Garima Singh, Ajit Kumar Passari, Bhim Pratap Singh and N. Senthil Kumar (2017). 

Presented  poster entitled “In Vitro antifungal activity of methanolic plant extract 

with potential to inhibited plant fungal pathogens for sustainable agriculture” 

during 5th Asian PGPR Conference for sustainable agriculture from July 16-19, 2017 

organized by LIPI research center for Biology Bogor Indonesia in collaboration with 

Asian PGPR Society. 

 Attended 2nd international conference on “Innovative approaches in applied sciences 

and technology during June 19- 23, 2017 at Nanyang executive centre, Nanyang 

Technological University, Singapore organized by scientific educational research society 

Meerut and LKC Medicine, Nanyang Technological University (NTU), Singapore. 

 

 



Conference/Seminars/Workshops Attended 

 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 151 

 

Workshops attended   

 Attended workshop on “Capacity Building in Effective Management of Intellectual 

Property Rights (IPRs) in Biotechnology by Universities and Research Institutes in 

Mizoram” (27th -28th August, 2014) organized by Biotech Consortium India Limited 

(BCIL), Government of India, New Delhi. 

 Attended workshop on “Molecular docking and virtual screening” (02-04 October 

2014) organized by Department of Biotechnology, Mizoram University, Aizawl and 

Schrodinger Bangalore. 

 Attended workshop on “Gene ontology and cytoscope” (13-14 July 2015) organized by 

Department of Biotechnology, Mizoram University, Aizawl, Mizoram. 

 Participated in Northeast Autumn School on “Human genetics: techniques and 

statistical analyses” (September 8-11, 2015) organized by Indian Statistical Institute 

(ISI) Kolkata and Mizoram University, Aizawl, Mizoram. 

 Attended workshop on “Cancer epidemiology” (29-30 December 2016) organized by 

Department of Biotechnology, Mizoram University, Aizawl, Mizoram. 

 Attended workshop on “Sustainable management of indigenous knowledge- A 

northeast perspective” from 1- 3 March, 2016 at Mizoram University organized by 

TERI- the energy and resources institute, New Delhi. 

 Attended a short term Course on “Research Methodology” (20th -26th June, 2016) 

organized by University Grants Commission (UGC), Human Resource Development 

Centre, Mizoram University. 



Conference/Seminars/Workshops Attended 

 

Evaluation of Bioactive Potential and Phylogenetic Analysis……..Family Asteraceae 

Page 152 

 

 Attended workshop on “HPLC, HPTLC and GC/GC-MS” (28th -30th July, 2016) 

organized by Sophisticated Instrumentation Centre for Applied Research and Testing 

(SICART), Vallabh Vidyanagar sponsored by Department of Science & Technology 

(DST), Government of India, New Delhi.  

Training attended 

 Attended training programme on “production and primary processing of economically 

viable medicinal and aromatic plants” (10-11 July, 2015) organized by CSIR- central 

institute of medicinal and aromatic plants, Lucknow and Department of biotechnology, 

Mizoram University, Aizawl, Mizoram. 

  

 

 



RESEARCH ARTICLE Open Access

Pharmacological potential of Bidens pilosa
L. and determination of bioactive
compounds using UHPLC-QqQLIT-MS/MS
and GC/MS
Garima Singh1, Ajit Kumar Passsari1, Pratibha Singh2, Vincent Vineeth Leo1, Sarathbabu Subbarayan1,
Brijesh Kumar2, Bhim Pratap Singh1, Hauzel lalhlenmawia3 and Nachimuthu Senthil Kumar1*

Abstract

Background: Research of natural products from traditionally used medicinal plants to fight against the human
ailments is fetching attention of researchers worldwide. Bidens pilosa Linn. var. Radiata (Asteraceae) is well known
for its folkloric medicinal use against various diseases from many decades. Mizoram, North East India, has high plant
diversity and the use of this plant as herbal medicine is deep rooted in the local tribes. The present study was
executed to understand the pharmacological potential of B. pilosa leaves extract.

Methods: The antimicrobial potential was determined using agar well diffusion and broth microdilution method
against bacterial and yeast pathogens. Cytotoxicity was evaluated using MTT and apoptotic DNA fragmentation
assays. Further, the antioxidant ability of the extract was analysed using DPPH and ABTS free radical scavenging
assay. Mosquitocidal activity was evaluated against third in-star larvae of C. quinquefasciatus using dose response
and time response larvicidal bioassay. Additionally, the major phenolic and volatile compounds were determined
using UHPLC-QqQLIT-MS/MS and GC/MS respectively.

Results: We found that the extract showed highest antimicrobial activity against E. coli (MIC 80 μg/mL and IC50
110.04 μg/mL) and showed significant cytotoxicity against human epidermoid carcinoma (KB-3-1) cells with IC50
values of 99.56 μg/mL among the tested cancer cell lines.
The IC50 values for scavenging DPPH and ABTS was 80.45 μg/mL and 171.6 μg/mL respectively. The extract also
showed the high phenolics (72 μg GAE/mg extract) and flavonoids (123.3 μg Quercetin /mg extract). Lastly, five
bioactive and six volatile compounds were detected using UHPLC-QqQLIT-MS/MS and GC-MS respectively which
may be responsible for the plant’s bioactivities. An anticancerous compound, Paclitaxel was detected and
quantified for the first time from B. pilosa leaves extract, which further showed the anticancerous potential of the
tested extract.

Conclusion: On the basis of the present investigation, we propose that the leaf extract of B. pilosa might be a
good candidate for the search of efficient environment friendly natural bioactive agent and pharmaceutically
important compounds.
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Background
Bidens pilosa Linn. var. Radiata (Spanish needles or
beggar ticks) from the family Asteraceae is an annual
weed widely distributed throughout the tropical and
sub-tropical regions of the world [1]. In some part of the
world the plant is eaten as food whereas in other coun-
tries B. pilosa is used in traditional medicines [2]. In
Mizoram, it is called as vawkpuithal and is reported to
treat various diseases and infections, commonly rheuma-
tism, diarrhoea, ear, eyes and tooth ache problems [3].
Plant has a long ethno-medicinal history for treating mal-
aria, skin infections, stomach and liver disorders. This
plant is very well documented as a source of natural anti-
microbials [4, 5], anti-inflammatory [6, 7], hepatoprotec-
tive [8], and cytotoxic against various cancer cells [9, 10].
Phytochemical screening studies of B. pilosa showed the
presence of phenylpropanoids, polyacetylenes, polyphe-
nols, triterpenes, saponins and alkaloids [11]. The
pharmaceutical property of the plant seems to be associ-
ated with the bioactive phytochemical compounds, espe-
cially sesquiterpene lactones and polyacetylenes, which
inhibit the growth of pathogenic microorganisms and the
flavonoids, which are considered as effective anti-
inflammatory agents [6, 11, 12]. Phytochemicals and es-
sential oil of B. pilosa reported to possess exploitable
amount phenolic compounds with free readical scaven-
ging potential [11].
Osmotic stress and autoxidation are the natural

phenomenon of human physiology resulted in the over-
production of reactive oxygen species that plays an im-
portant pathophysiological role in the development of
several human diseases including cancer [13]. Natural
antioxidants are stable molecules capable to donate an
electron to neutralize these free radicals, but sometimes
overwhelmed by excessive stress. Intake of antioxidants
counteracts the oxidative damage in the human body,
protects DNA, and improves biological antioxidant
mechanism by trapping the free radicals [14].
On the other hand, development of drug resistance is

becoming serious issue to fight against the diseases [15].
For instance, few bacteria have developed resistance
against available antimicrobial agents which has resulted
in significant public health problems [16, 17]. Herbal
medicine has emerges as a health aid during the last 56
decades and showed the bio prospecting for new plant
derived drugs [18, 19]. Previous studies has proved the
efficacy of several isolated compounds from B. pilosa
and suggested the plant as a potential anticancer medi-
cinal plant [10, 20]. The specific polyphenols and flavo-
noids present in B. pilosa were not fully elucidated,
although caffeoylquinic acid, luteolin, quercetin and
others have been reported so far [21, 22].
Keeping these findings in mind, the present work was

designed to assess the in vitro antioxidant, antimicrobial,

antitumor and mosquitocidal activities of the B. pilosa
leave extract. Furthermore, the phenolic, anticancerous
and volatile compounds were detected and quantified
using UHPLC-QqQLIT-MS/MS and GC MS respectively,
which further proves the potentiality of the selected
plant to be used in health care system.

Methods
Plant collection and extract preparation
Fresh leaves of B. pilosa were collected from the Botanical
Garden, Mizoram University, Mizoram, India during
September 2015 based on traditional uses and identified
by Dr. Kalidas Upadhyay, Department of Forestry, Mizoram
University. Moreover, the collected plant is also identified
by the amplification of internal transcribed spaces (ITS)
rRNA gene and the sequence has been submitted in NCBI
genebank with the accession number MF440588. A vou-
cher specimen was prepared and kept at the collection of
Department of Biotechnology, Mizoram University (MZU/
BT/26). The healthy leaves were shade dried at room
temperature (30 °C ± 2 °C) for 3 days and grounded to
make powder by using a blender. Fifty grams of powder
was extracted thrice in 750 ml of methanol for 48 h with
occasional stirring. The extract was prepared using rotary
evaporator (Buchi, India) at 40 °C under reduced pressure
and the obtained crude extract was stored at 4 °C.

Reagents
2,2- Azinobis-3-ethylbenzothiazoline-6-sulphonic acid
disodium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), Dimethyl Sulphoxide, Sodium acetate trihydrate
ACS, Ferric chloride hexahydrate A.R., Ferrous sulphate
heptahydrate A.R., Folin ciocalteu’s reagent L.R., Gallic
acid monohydrate, L-Ascorbic acid A.R., Acetic acid gla-
cial A.R., Sodium carbonate ACS, Potassium persulphate
A.R., were purchased from Hi-media, Mumbai, India. 6-
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
(trolox), Aluminium chloride AR, and Quercetin ≥95%
(HPLC) solid were purchased from Sigma-Aldrich, USA.
Acetonitrile, methanol (LC-MS grade) and formic acid (ana-
lytical grade) were purchased from Fluka, Sigma-Aldrich (St.
Louis, MO, USA). Ultra pure water was obtained from a
Direct-Q 8 UV water purification system (EMD Millipore
Corporation, Billerica, MA, USA). All other reagents includ-
ing solvents were of analytical grade and were procured
from Hi-Media, Mumbai, India.

Phytochemical analysis
Total phenolic content (TPC) determination
TPC was determined spectrophotometrically by using
Folin-ciocalteu method [23]. Serial dilution of the extract
was done in the range of 10–100 mg/mL and gallic acid
standard was prepared in the range 10–500 mg/mL. An
aliquot of 10 μl of extract was mixed with 90 μl folin
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reagent (1:10 v/v in water) and 100 μl of 15% Na2CO3 to
make the 200 μl volume in a 96 well microplate. The
mixture was incubated for 1 h in dark and absorbance
was recorded using a UV/Vis microplate spectropho-
tometer (Multiscan™ GO, Thermo Scientific, MA, USA)
at 725 nm. The result was expressed as gallic acid
equivalent (GAE) per gram of extract based on the
standard curve of gallic acid.

Determination of total flavonoids
Total flavonoids content of the plant extract was deter-
mined by using modified aluminium colorimetric
method [24]. 150 μl of methanol extract is mixed with
150 μl of 2% ethanolic AlCl3 and allowed to incubated
in dark for 1 h and the absorbance was recorded at
420 nm. The total flavonoids content was expressed as
μg quercetin equivalent (QE) per mg of plant extract
compared with the standard curve of quercetin.

Determination of antioxidant potential
By using DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay
Free radical scavenging capability of methanolic leaves
extract of B. pilosa was determined by DPPH assay as
described by Brand-Williams et al. [25]. Briefly, plant
extract (100 μl) was added at different concentration
(10–100 μg/ml) in a 200 μl of freshly prepared DPPH
methanolic solution (0.1 mM). Reaction mixture was in-
cubated for 30 min in dark and the absorbance was re-
corded at 517 nm. Ascorbic acid was used as standard
and methanol with DPPH used as blank. Triplicate mea-
surements were taken and the ability to scavenge the
DPPH radical was noted by using the given formula: %
decolouration = [1-(OD Sample/OD Control] X 100. The
concentration that reduced the DPPH colour by 50%
was determined as IC50.

By ABTS+. Radical Cation discoloration assay
The ABTS free radical scavenging activity was performed
by using the method described by Re et al. [26]. ABTS+

Inhibition percentage was measured as described earlier
(27). The IC50 value was analyzed from the graph plotted
as the inhibition percentage against the concentration.

Antimicrobial assays
Sample preparation for antimicrobial assay
10 mg sample of crude methanolic extract of B. pilosa
leaves was resuspended in dimethyl sulfoxide (DMSO).
The final concentration was made to 10 mg/ml, which
was Diluted to obtain different concentrations (1.0, 5.0,
7.5 and 10.0 mg/mL) to evaluate the antimicrobial po-
tential against all selected test organisms.

Test strains
Antimicrobial activity of methanolic leaves extract of B.
pilosa was checked by the agar well diffusion and broth
micro dilution methods. Pathogens used for the study
were gram positive bacteria Staphylococcus aureus
(MTCC-96); Bacillus subtilis (MTCC-2097) and Micro-
coccus luteus (MTCC-2070); gram negative bacteria
Escherichia coli (MTCC-739); Pseudomonas aeruginosa
(MTCC-2453) and a yeast pathogen Candida albicans
(MTCC-3017), obtained from microbial type culture col-
lection (MTCC), Chandigarh, India.

Antimicrobial assay by using agar well diffusion method
Agar well diffusion assay was used for initial antimicro-
bial screening [27]. Briefly, the optical densities of the
tested organisms were adjusted to match a 0.5 McFar-
land standard with 108 colony forming unit (cfu) /ml
and spreaded on agar plates. A 50 μL of extract at differ-
ent concentrations was added into the 6 mm wells pre-
pared using the sterilized cork borer. DMSO was served
as the negative control and readymade impregnated disc
of antibiotic tetracycline (20 μg/disc) as positive control.
A clear halo zone around the filled wells showed the
antibacterial potential [28]. The experiments were per-
formed in triplicates.

Antimicrobial assay by using broth micro dilution method
Minimum Inhibitory Concentration (MIC) of was evalu-
ated using broth micro dilution method on 96-well mi-
crotiter plate against all selected test organisms [29].
The bacterial culture suspension was prepared to make
the final concentration of 1.0 × 104 CFU/mL (OD =
0.403). Plant extract of different concentrations (1–
10 mg/ml) was added in 96-well microtiter plate with
bacterial culture suspension. Different concentrations of
plant extract were kept as blank, bacterial culture in
DMSO was used as negative control, and standard anti-
biotics i.e. ampicillin was used as positive control. The
96 well plates were incubated for 36 h at 37 °C and the
OD was taken as 630 nm. Results were documented as
IC50 values which indicate 50% reduction of bacterial
growth. The IC50 values were calculated by using cali-
bration curve drawn by using linear regression.

Cytotoxicity potential of plant extract
Cell lines and cell culture
Three cancer cell lines [Cervical cancer cell (HeLa),
Human hepato carcinoma (HepG2) and epidermoid car-
cinoma (KB-3-1)] were selected and screened against the
obtained extract as described earlier [30].

MTT assay
The cytotoxicity of plant extract was tested against three
cancer cell lines using MTT assay [31]. All the selected
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cell lines were grown with cell density of 10 × 10−4 cells/
well in 100 μl of medium on 96-well plates and incu-
bated for 24 h at 37 °C in 5% CO2 incubator chamber.
5% methanolic plant extracts (1–200 μg/mL) were added
to the plates. Cells incubated with 5% methanol were
used as blank while untreated cells represented positive
control. Experiment was performed in triplicate. After
the incubation of 72 h, the culture medium was replaced
with 20 μl of MTT in each well and again incubated for
4 h. of incubation. DMSO was added to each well and
absorbance was recorded at 570 nm. The percentage of
cell viability was calculated as previously described [30].

DNA fragmentation assay
The selected three cell lines were plated at a density of
1x106cells/well, in a 96 well plate. Cells were treated
with the methanolic extract (100 μg/ml) and allowed for
48 h incubation. The DNA fragmentation was carried
out as per Sarathbabu et al. [32].

Determination of phenolic compounds by using UHPLC-
QqQLIT-MS/MS
Preparation of standard solution
Standard bioactive compounds were prepared in metha-
nol with a final concentration of 1 mg/mL in acetonitrile
as mentioned earlier by Singh et al. [30]. Briefly, a mixed
standard stock solution (1 mg/mL) of five reference
compounds was prepared in methanol. The working
standard solutions were prepared by appropriate dilution
of the mixed standard solution with acetonitrile to a
series of concentration ranges from 0.1–1000 ng/mL.
The standard stock and working solutions were stored at
−20 °C until use and vortexed for 30 s prior to injection.

UHPLC-QqQLIT-MS/MS conditions
The UHPLC-QqQLIT-MS/MS analysis was performed
by following the protocol of Pandey et al. [33] with
minor modifications. The optimized compound dependent
Multiple Reaction Monitoring (MRM) parameters of each
analyte are presented in Table 1.

Determination of volatile compounds by using gas
chromatography mass spectroscopy (GC/MS)
Bioactive volatile compounds present in the B. pilosa meth-
anolic leaves extract was analysed and identified using GC/
MS as described by Sen et al. [34] and Rufatto et al. [35]
with some minor modifications. Analysis was performed on
Perkin Elmer Turbo mass with single quadrapole fitted with
PE-5MS column (thickness 0.25 μm, length 30 m, internal
diameter 25 mm, composed of 100% Dimethyl polysilox-
ane), operating in electron ionization (EI) mode in 220 °C
at 70 eV. Helium (99.999%) was used as carrier gas at a
constant flow of 1 ml/min and 1 μl of the sample was
injected at 250 °C (split at the ratio of 1:30; ion-source
temperature 280 °C). The oven temperature was started at
75 °C held for 5 min and ramped at 10 °C per min up to
280 °C, ending with a 10 min. Mass spectrometer was run
in the electron ionization (EI) mode in 220 °C at 70 eV with
a scan range of 10 to 620 m/z. The peaks were analysed
and identified the mass by comparing the mass stored in
the National Institute of Standards and Technology (NIST,
USA) library.

Mosquitocidal potential
Mosquito culture and maintenance
C. quinquefasciatus larvae were collected from Mizoram
University campus during the month of March–April,
2016. The larvae were grown and maintained as per
Lalrotluanga et al. [36].

Larvicidal bioassay
The larvicidal bioassay was carried out according to
WHO standard protocols [37] with slight minor modifi-
cations. Five different concentrations (concentrations of
50, 100, 200, 400 and 500 ppm) of methanolic plant ex-
tract were prepared with sterilized distilled water. For
experimental treatment, 1.0 ml of different concentra-
tions of plant extracts individually dissolved in 249 ml of
water with around 25 third instar larvae of C. quinque-
fasciatus. No foods were supplied during the treatment.
1 ml of 5% methanol mixed with 249 ml of dH2O was
used as control. Mortality and dead larvae was docu-
mented after 24 h of post-exposure period. The experi-
ments were performed in triplicates at 27 ± 2 °C with

Table 1 Multiple reaction monitoring (MRM) compound dependent parameters for reference analytes

Peak No. tR (min) Analytes Q1 (Da) Q3 (Da) DP a(V) EPb (V) CEc (eV) CXPd (V) Polarity

1 0.83 Catechin 289.0 203.0 −110 −10 −29 −8 Negative

2 1.50 Kaempferol 285.0 239.0 −95 −5 −39 −15 Negative

3 2.82 Ferulic acid 193.0 134.0 −58 −5 −23 −9 Negative

4 3.15 Gallic acid 169.0 125.0 −59 −8 −21 −10 Negative

5 4.16 Paclitaxel 852.3 525.1 −57 −9 −17 −16 Negative

DPa declustering potential, EPb entrance potential, CEc collision energy, CXPd cell exit potential
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75–85% relative humidity. Larval susceptibility (LC50) in
ppm and LT50 were calculated by probit analysis as per
Lallawmawma et al. [38].

Statistical analysis
The data obtained as the mean of three replicates was
analyzed using Microsoft Excel XP 2007. One way
ANOVA was used to determine the significant differ-
ences (P ≤ 0.05) by using SPSS software version 16.0
(IBM SPSS, USA).

Results
Total phenolics and flavonoids contents
Total phenolic content (TPC) of B. pilosa leaves extract
was detected by Folin-Ciocalteu method and result was
expressed as mg/GAE equivalent. The extract showed a
significant amount of phenolic content of 72 μg of GAE
per mg of DW. Total flavonoids content was expressed
as milligram of quercetin equivalent and was found to
be 123.3 μg Quercetin per mg of DW (Fig 1).

Antioxidant potential
DPPH and ABTS based antioxidant potential of the
studied plant extract was estimated by using the IC50

values, which is the concentration of the plant extract
required for 50% scavenging of DPPH and ABTS radicals
in a specific time. The IC50 values with respect to DPPH
and ABTS scavenging assay were found as 80.45 μg/ml
and 171.6 μg/ml respectively, which is a significant anti-
oxidant amount in leaves of B. pilosa (Fig 2). Smaller
IC50 value means higher antioxidant of the plant extract.

Antimicrobial assay
Antimicrobial assay using agar well diffusion method
The results representing the antimicrobial potential of
crude methanolic leaves extract of B. pilosa is docu-
mented in Table 2. The extract showed significant anti-
bacterial activity ranges from 9.1–18.2 mm. B. pilosa
showed maximum antibacterial activity against E. coli
with 18.2 mm (10 mg/mL) inhibition zone as compared
to standard Ampicillin (30 μg/mL). The extract showed
significant antimicrobial inhibition of S. aureus, M.
luteus and P. aeruginosa with 15.66, 14.66 and 14 mm at
the concentration of 10 mg/mL and was less active
against C. albicans with 9.1 mm inhibition at the same
concentration. However, the extract showed moderate
activity at higher concentrations.

Antimicrobial assay using broth micro dilution method
The minimum inhibitory concentrations (MICs) against
selected pathogens are represented in Table 3. The ex-
tract of B. pilosa showed significant activity against se-
lected bacterial pathogens with MIC ranging from 80 to
870 μg/ml. The extract showed maximum activity
against E. coli (80 μg/mL) followed by S. aureus (110 μg/
mL) and P. aeruginosa (220 μg/mL) [Table 3]. The MIC
of extract showed significant effect against pathogenic
bacterial strains that means the plant extract has a po-
tential to develop antimicrobial agent.

Cytotoxicity assay
MTT [3-(4, 5-dimethylythiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium hydrobromide] assay was employed to evalu-
ate the cytotoxicity activity against three cancer cell
lines: human epithelial carcinoma (HeLa), human hepato
carcinoma (HepG2) and human epidermoid carcinoma

Fig. 1 Total phenolic contents and total flavanoids content determined in the leaves extract of B. pilosa. Bar represents the means ± SD of
triplicate experiments
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(KB-3-1). The IC50 value was determined as compared
to that of untreated cells and percentage viability curve
was plotted against the extract concentration. Micro-
scopic and colorimetric measurements were done after
24 h of treatment with the tested extract. The extract
showed significant inhibitory effect against tumour cell
growth with varying efficiency. Among the screened cell

lines, plant extract showed highest activity against KB-3-
1cell lines with IC50 values of 99.56 μg/mL (Fig. 3). The
IC50 values for the inhibition of HepG2 and HeLa cells
were found to be 210.8 μg/mL and 179.3 μg/mL respect-
ively. Figure 3 explained that decrease in cell viability
which indicated apoptosis induced by methanolic extract
of B. pilosa. The results indicated that the leaves of B.
pilosa might contain some anticancerous compounds.

DNA fragmentation assay
DNA fragmentation assay was carried out to understand
the possible mechanism of cell death on selected cancer
cell lines by the methanolic extract of B. pilosa. All the
cells were grown and were treated by the IC50 concen-
tration of the extract for 72 h. Further, DNA was ex-
tracted from the treated cells using 2.0% agarose gel
electrophoresis. A typical ladder like pattern was ob-
served which shows the internucleosomal fragmentation.
The findings suggested that the methanolic leaf extract
of B. pilosa is a potent inducer of apoptosis in HeLa,
HepG2, and KB-3 cells (Fig. 4).

Fig. 2 Antioxidant potential of leaves extract of B. pilosa. a ABTS assay (b) DPPH assay

Table 2 Antimicrobial activity of methanolic extract of Bidens
pilosa leaves using agar well diffusion method

Test
Organisms

Diameter of zone of inhibition (in mm) ANOVA

Methanolic extract
(Zone of inhibition ± SE)

Ampicillin (30 μg/mL)
(Zone of inhibition ± SE)

P.
aeruginosa

14.00 ± 0.57 15 ± 0.33 P < 0.05

C. albicans 9.1 ± 0.33 30 ± 0.25 P < 0.05

E. coli 18.2 ± 0.35a 15 ± 0.10 P < 0.05

S. aureus 15.66 ± 0.25 15 ± 0.00 P < 0.05

B. subtilis 3.2 ± 0.25 10 ± 0.33 P < 0.05

M. luteus 14.66 ± 0.17 15 ± 0.00 P < 0.05
aValues indicate significant activity against the pathogen
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Detection and quantification of phenolic compounds by
UHPLC-QqQLIT-MS/MS
Analytical method validation
Determination and quantitative analysis of bioactive
compounds was performed using UHPLC-MRM method
as described earlier Chandra et al. [39].

Linearity, limits of detection (LOD) and quantification (LOQ)
Calibration curves of standard compounds were established
using different concentrations of reference analytes. LOD
and LOQ were determined using diluted standard com-
pounds when the signal-to-noise rations of reference ana-
lytes were about 3 and 10, respectively. The obtained results
are listed in Table 4. The calculations for calibrations curves
and correlation coefficients (r2) were from 0.9996 to 1.0000
within test ranges. LOD and LOQ of reference analytes was
0.01 to 0.20 ng/ml and 0.03 to 0.61 ng/ml respectively.

Precision, stability and recovery
Relative standard deviation (RSD) was used to meas-
ure precision and intra-day and inter-day variations

were evaluated by using six replicates and repeating
the experiments for 3 days. The intra-day and inter-
day precision was found to be less than 1.21%. Stabil-
ity was also measured by replicating the injections at
0, 2, 4, 8, 12 and 24 h. The percentage of RSD of five
standard analytes was found to be 2.55. The method
developed for evaluation of bioactive compounds
from B. pilosa leaves extract has good accuracy, with
recovery ranges from 94.87% to 105.19% for all ana-
lytes (Table 4).

Quantitative analysis
In this study, the UHPLC-QqQLIT-MS/MS method was
applied to five quantitative reference compounds.
Quantitative results are listed in Table 5. Gallic acid
(33.3 mg/g) was present at the highest amounts, while
ferulic acid (0.58 mg/g) was lowest in B. pilosa. The
findings of the study prove the existence of variations
among the tested reference analytes in B. pilosa. The
MRM, extracted ion chromatogram and MS/MS spectra
of five mixed standards are shown in Figs. 5, 6 and 7.

Table 3 Minimum Inhibitory Concentration (MIC) of methanolic extract of Bidens pilosa leaves

Test Organisms MIC values (in μg/mL) ANOVA

Methanolic extract (MIC ± SE) IC50 value Ampicillin (MIC ± SE)

P. Aeruginosa 220 ± 0.17 250.52 110 ± 0.05 P < 0.05

C. Albicans 870 ± 0.25 640.04 210 ± 0.30 P < 0.05

E. Coli 80 ± 0.05a 110.67a 60 ± 0.05 P < 0.05

S. Aureus 110 ± 0.17 150.71 82 ± 0.25 P < 0.05

B. Subtilis 380 ± 0.27 520.83 230 ± 0.15 P < 0.05

M. Luteus 250 ± 0.15 290.11 320 ± 0.05 P < 0.05
aValues indicate significant activity against the pathogen

Fig. 3 Effect of methanol leaves extract of B. pilosa on tested cancer cell lines. Bar represents the means ± SD of triplicate experiments
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Analysis of volatile compounds by gas chromatography-mass
spectroscopy (GC-MS)
GC-MS analysis of compounds was performed in methano-
lic leaf extract of B. pilosa, shown in Table 6. The identifica-
tion of volatile compounds is based on the peak area,
retention time, percentage of area, molecular weight and
molecular formula. Several compounds were detected in
the methanolic leaves extract of B. pilosa including

1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E); 1H-3A, 7-
Methanozulene, Octahydro-1,4,9,9-tetramethyl; 9H–Fluor-
ene, 9-Diazo; 1-Octadecyne; N-Hexadecanoic acid and
3,7,11,15-Tetramethyl-2-Hexadecen-1-ol. The spectrum
profile of GC-MS analysis showing six components individ-
ual fragmentation pattern with retention time 14.05, 16.18,
17.80, 18.90, 20.16 and 21.62 is demonstrated in Fig. 8. The
highest peak area (%) of 57.82 was found in 3,7,11,15-Tetra-
methyl-2-Hexadecen-1-ol with retention-time 21.62 and
the lowest peak area (%) of 3.96 was detected in 1,3,6,10-
Dodecatetraene, 3,7,11-trimethyl-(Z,E) with retention-time
14.05 (Table 6).

Mosquitocidal bioassay
Mortality
Mortality rate (MR) of the third instar larva of C. quinque-
fasciatus treated with methanolic extracts of B. pilosa is il-
lustrated in Table 7. The MR of B. pilosa was highest at
1000 ppm concentration at different time intervals (P < 0.05)
at 24 and 48 h of exposure (Table 8). We have found that
the highest larvicidal activity (100%) was detected in metha-
nolic extract of B. pilosa after 12 h. At higher concentra-
tions, the larvae moved for some time and then died.

Dose-response (LC50) and time-response (LT50) larvicidal
bioassay
Table 8 described the lethal concentration (LC50) values
of the larvicidal assay after 24 and 48 h of B. pilosa. The

Fig. 4 The methanolic extract of B. pilosa induced DNA
fragmentation. L1–100 bp DNA Ladder; L2- Untreated KB-3 cells
DNA; L3- DNA KB-3 cells treated with extract; L4- Untreated HeLa
cells DNA; L5- DNA HeLa cells treated with extract; L6- Untreated
HepG2 cells DNA; L7- DNA HepG-2 cells treated with extract

Table 4 Method validation parameters for five reference analytes

Parameters Analytes

Catechin Kaempferol Ferulic acid Gallic acid Paclitaxel

Regression equation 6.01× + 0.33 5.53× + 0.31 40.02× + 0.05 41.44× + 0.02 306× + 1.92

Correlation coefficient (r2) 0.9998 0.9999 0.9995 1.0000 0.9996

Linearity range (ng/mL) 1–250 1–250 0.5–100 0.1–100 5–500

LOD (ng/mL) 0.14 0.20 0.03 0.01 0.02

LOQ (ng/mL) 0.43 0.61 0.09 0.03 0.07

Precision RSD % (Intra-day, n = 6) 0.34 1.02 0.62 0.25 0.61

Precision RSD % (Inter-day, n = 6) 1.01 1.22 1.11 0.94 1.21

Stability RSD % (n = 5) 1.83 2.55 1.88 1.92 1.80

Recovery (n = 3) Mean 105.19 97.50 94.87 95.50 98.86

RSD % 0.76 1.02 1.13 1.82 0.96

Table 5 Content (mg/g) of five bioactive compounds detected
in B. pilosa

Analyte name Analytes concentration (mg/G)

Catechin 16.0

Kaempferol 32.87

Ferulic acid 0.58

Gallic acid 33.3

Paclitaxel 15.0
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Fig. 5 MRM extracted chromatogram of standards bioactive compounds mixture obtained by UPLC-ESI–MS/MS in negative mode

Fig. 6 Extracted ion chromatograms (XICs) of five pairs of standard bioactive compounds obtained by UPLC-ESI–MS/MS
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highest larvicidal activity was found in methanolic ex-
tract of B. pilosa (LC50= 148.7) after 24 h and (LC50=

101.7) after 48 h. Chi-square value was highly significant
at P < 0.045 to 0.0004 levels in B. pilosa plant extract.
The result of one way ANOVA of methanolic extract of
B. pilosa at different concentrations (50–1000 ppm) and
at different time intervals (24 and 48 h) also exhibited
significant difference in larval mortality (P < 0.0004).
Higher slope value (0.168 ± 0.015 at 24 h; 0.063 ± 0.022
at 48 h) and lower and upper limits at 95% confident
level of LC50 (89.3–247.7 ppm at 24 h; 94.4–109.5 ppm
at 48 h) were observed for methanolic extract of B.

pilosa. The regression analysis showed a positive correl-
ation among the mortality rate (Y) and the concentra-
tion of exposure (X) having a regression coefficient (R2)
of 0.96 and 0.99 respectively. Time response larvicidal
bioassay was carried out in methanolic extract of B.
pilosa at different concentrations (50–1000 ppm) for
48 h against C. quinquefaciatus. Methanolic extract of B.
pilosa has taken minimum lethal time (LT50 = 6 h) to kill
50% of C. quinquefasciatus at 500 ppm (Table 9). Stasti-
cal analysis showed a positive correlation between the
LT50 values and mortality rate was found. Significant
Chi-square value (at P < 0.008 to 0.0001 level), higher

Fig. 7 MS/MS spectra of target phenolic and anticancerous compounds

Table 6 Volatile compounds identified in the methanolic leaf extract of Bidens pilosa by GC-MS

Sl. No. Name of the Compound RT Peak Area Area (%) Height Molecular Weight Nature of compound

1 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E) 14.053 683,540.1 3.96 18,457,168 204.3511

2 1H-3A, 7-Methanozulene, Octahydro-1,4,9,9-tetramethyl 16.184 1,116,642.1 6.46 30,036,296 206.3669

3 9H–Fluorene, 9-Diazo 17.8 3,135,375.3 18.14 82,788,704 192.22 Alkene

4 1-Octadecyne 18.9 1,195,249.8 6.92 33,715,172 252.486 Alkene

5 N-Hexadecanoic acid 20.16 1,158,552.5 6.70 27,304,302 256.4241 Fatty acid

6 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol 21.626 9,990,602.0 57.82 230,113,984 296.539 Fatty acid
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slope value (2.212 ± 0.101 at 300 ppm) and lower and
upper limits at 95% confident level of LT50 (4.28 at
500 ppm & 29.98 at 50 ppm) were also observed in
methanolic extract of B. pilosa.

Discussion
Phenolics are one of the vital groups of secondary me-
tabolites present in plants. Rose and Kasum, [40] sug-
gested that the phenolic compounds helps in the
maintenance of human health by protecting against vari-
ous diseases. Moreover, flavonoids are a group of pheno-
lics which have broad spectrum antioxidant properties.

In the present study, the TPC was estimated to be 72 μg
of GAE/mg of DW significantly high than the reported
by Lee et al. [41] from B. pilosa (38.1 mg of GAE/g of
DW). The total flavonoids content was found to be
123.3 μg Quercetin/mg of DW. The findings were in
support of Lee et al. [38] who demonstrated the TFC as
235.06 mg Quercetin/g of DW. The higher amount of
phenolic and flavonoids production showed better anti-
oxidant capacity of the tested extract [42]. Cortés-Rojas
et al. [43] suggested that the leaves and flowers of B.
pilosa have highest TPC and TFC contents as compared
to other parts. The main role of flavonoids in the plants

Fig. 8 GC-MS Chromatogram detected six volatile compounds from methanolic extract of Bidens pilosa plant compared with NIST library.
a 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E); (b) 1H-3A, 7-Methanozulene, Octahydro-1,4,9,9-tetramethyl; (c) 9H–Fluorene, 9-Diazo;
(d) 1-Octadecyne; (e) N-Hexadecanoic acid and (f) 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol
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is to protect plants from sun radiation and scavenge free
radicals. Hence, it is quite expected that the plant parts
exposed to sunlight are high in the TFC [44].
Free radicals are well known to play quiet effective role

in pathological symptoms [44]. Antioxidant helps us
from various diseases by protecting against free radicals
either by scavenging the reactive oxygen species or pro-
tecting the cells by antioxidant defence mechanisms
[45]. B. pilosa methanolic extract was tested for free rad-
ical scavenging ability using DPPH and ABTS method.
In our study, we found that DPPH IC50 value of
80.45 μg/ml in methanolic extract of B. pilosa. Adedapo
et al. [46] reported that DPPH IC50 value of 94.2 mg/mL
which was higher than our reported value. Deba et al.
[1] reported that antioxidant activity of essential oils
from B. pilosa and showed that leaves and flowers essen-
tial oil having DDPH IC50 value of 47 and 50 μg/ml re-
spectively which further proved that leaves has the
highest antioxidant potential as compared to other parts
of the selected plants. ABTS, A more appropriate
decolorization technique assay in which the radicals are
generated directly in a stable form prior to reaction with
putative antioxidants [26]. In our study, ABTS IC50 value
of 171.6 μg/ml which is higher than the previously re-
ported by Adedapo et al. [47] who showed IC50 value of
ABTS as 0.75 mg/mL.

The antimicrobial activity showed that B. pilosa have
significant antimicrobial potential against four human bac-
terial pathogen (S. aureus, P. aeruginosa, M. luteus and E.
coli) and yeast C. albicans which are the most common
cause of different food borne diseases. In this study, meth-
anolic extract of B. pilosa exhibited significant inhibitory
effect against gram-negative bacteria (18.1 mm diameter
zone of inhibition) than the gram positive bacteria
(14.6 mm diameter zone of inhibition) which is compared
to standard known antibiotics ampicillin (50 μg/disc). The
highest zone of inhibition was found against E. coli
(18.2 mm). The findings of zone of inhibition was slightly
higher than a study reported by Falowo et al. [47] who
stated that methanolic extract of B. pilosa showed zone of
inhibition against E. coli (16.0 mm).
We found that B. pilosa leaves extract exhibited signifi-

cant antibacterial activity against S. aureus (15.6 mm). This
result was similarly reported by Ashafa and Afolayan, [48]
who demonstrated that methanolic extract of B. pilosa have
suppressed the growth of Gram positive bacteria S. aereus
(5.0 mm). According to some previous researchers, metha-
nolic extract of B. pilosa was inactive against P. aeruginosa
and S. aureus [46, 47]. As these bacteria are having resistant
capacity against the extracts could be characterized to their
cell wall which has been mentioned to inhibit the penetra-
tion of the plant extract [49, 50].

Table 7 Time dependent mortality check of larvicidal activity of crude methanolic extract of B. pilosa till 48 h at different
concentrations

Plant extract Concentration
in PPM

% Mortality ± SE (Time in h)

1 3 6 12 18 24 30 36 42 48

Methanolic leaf
extract of B. pilosa

50 0 0 0 4.1 ± 0.25 11.6 ± 0.12 21.5 ±
0.25

37.2 ± 0.17 46.3 ±
0.10

54.7 ± 0.20 67.1 ±
0.20

100 0 0 6.3 ± 0.10 11.6 ±
0.25

22.4 ± 0.10 38.2 ±
0.10

47.6 ± 0.17 59.2 ±
0.10

67.4 ± 0.25 83.4 ±
0.27

200 0 0 14.7 ±
0.17

29.4 ±
0.12

42.3 ± 0.27 54.6 ±
0.25

67.0 ± 0.10 76.2 ±
0.05

85.4 ± 0.15 97.1 ±
0.10

300 0 11.2 ±
0.10

19.8 ±
0.05

27.8 ±
0.15

39.4 ± 0.25 59.4 ±
0.15

74.4 ± 0.17 86.5 ±
0.25

100.0 ±
0.00

–

400 16.2 ±
0.17

27.8 ±
0.25

41.6 ±
0.05

58.3 ±
0.15

74.8 ± 0.10 89.7 ±
0.15

100.0 ±
0.00

– – –

500 24.2 ±
0.10

47.1 ±
0.05

69.8 ±
0.15

90.8 ±
0.17

100.0 ±
0.00

– – – – –

1000 24.1 ±
0.27

42.8 ±
0.10

67.6 ±
0.25

100 ±
0.00

– – – – – –

Control 0 0 0 0 0 0 0 0 0 0

Table 8 Log probit and regression analysis of third larval instars of C. quinquefasciatus in different concentrations of methanolic
extract of B. pilosa for 24 h and 48 h

Plant extract Time Chi
Square

LC50
(ppm)

95% confidence limits df R2 Value Slope ± SE Intercept ±
SE

F value P value

Lower limit Upper limit

Methanolic leaf
extract of B. pilosa

24 h 0.00 148.7 89.3 247.7 4 0.96 0.168 ± 0.015 17.02 ± 4.69 118.7 0.0004

48 h 0.667 101.7 94.4 109.5 4 0.99 0.063 ± 0.022 74.87 ± 6.69 8.27 0.045
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The minimum inhibitory concentration (MICs) of
methanolic extracts of B. pilosa against selected bacterial
pathogens is represented in Table 3. The methanolic
extracts of B. pilosa inhibited bacterial and yeast patho-
gen with MIC ranging from 80 to 380 μg/mL. B. pilosa
showed highest activity against E. coli (80 μg/mL)
followed by S. aureus (110 μg/mL) and P. aeruginosa
(220 μg/mL). Previous reports also showed that the
methanolic leaves extract was more active which indi-
cates that the methanolic leaves extract has the potential
antimicrobials [48]. The B. pilosa extract showed signifi-
cant inhibitory activity against bacterial and yeast patho-
gen which suggest as an exploitable source for the
discovery of antimicrobial agents [30, 51].
Previous reports have stated that isolated new com-

pounds from B. pilosa have anticancer activities against
various types of cancer. According to Kviecinski and
Felipe, [20], different crude extract like chloroform, ethyl
acetate and methanol fractions of B. pilosa possess anti-
tumor activity which has assessed using brine shrimp,
hemolytic, MTT, and neutral red uptake (NRU) assays.
In present study, the methanolic extract of B. pilosa
inhibited the growth of three cancer cell lines KB-3-1,
HepG2 and HeLa with IC50 values of 99.56 μg/mL,
210.8 μg/mL and 179.3 μg/mL respectively. Percentage
of inhibition was found significantly high than the previ-
ous studies reported by Sundararajan et al. [9] and Wu
et al. [52] who stated that the methanol extract of B.
pilosa showed anticancer activity against HeLa, HepG2
and KB cells with IC50 values of 965.2 μg/mL, 119.55 μg/
mL and 586.2 μg/mL respectively. Steenkamp and
Gouws, [53] reported that several members of Astera-
ceae family such as B. pilosa showed cytotoxic activity
on some tumor cell lines. Furthermore, Kumari et al.
[10] reported that the isolated compound phenyl-1, 3, 5-
heptatriene from B. pilosa has antiproliferating effect
against human oral, liver, colon, and breast cancer cell
lines with IC50 values of 8.0 ± 0.01, 0.49 ± 0.45, 0.7 ±
0.01and 10 ± 0.01 μg/mL respectively. Further, DNA
fragmentation was observed in HeLa, HepG2, and KB-3
cells treated with B. pilosa extract, thereby indicating the

onset of apoptotic cell death. Thus, the results obtained
in this study suggest that the methanolic extract of B.
pilosa might have an apoptosis-inducing property, iso-
lated from the leaves of B. pilosa can act as potential an-
ticancer agents in cancer chemotherapy.
A few phenolic compounds like gallic acid, Kaempferol,

Catechin, Paclitaxel and Ferulic acid was detected for the
first time from methanolic extract of B. pilosa plant.
Kaempferol, phenolic compound was also reported first
time from B. pilosa which is used for the treatment of
various types of cancers [54, 55]. Ferulic acid was detected
in less quantity (0.58 mg/G). This compound was similarly
reported by Muchuweti et al. [56] who has detected from
50% aqueous methanol of B. pilosa using HPLC system.
Paclitaxel, brand name taxol is a chemotherapy medica-
tion which was reported first time from B. pilosa. This
compound was isolated first time from the bark of the Pa-
cific yew,Taxus brevifolia and its given name “taxol” [57].
GC-MS analysis of the methanolic extract of B. pilosa

showed the presence of six volatile compounds i.e.
1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-(Z,E); 1H-3A,
7-Methanozulene, Octahydro-1,4,9,9-tetramethyl; 9H–
Fluorene, 9-Diazo; 1-Octadecyne; N-Hexadecanoic acid
and 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol. These com-
pounds are responsible for numerous pharmacological ac-
tions like antimicrobial activities useful in a treatment of
variety of diseases and anticancer activities against various
cancers [58, 59]. Recently, Kale, [59] reported that two
volatile compound namely N-Hexadecanoic acid and
3,7,11,15-Tetramethyl-2-Hexadecen-1-ol from ethanolic
leaf extract of Adiantum capillus-veneris L which has
similarly reported in our study from methanolic extract of
B. pilosa plant. To best our knowledge, this is first time re-
ported six compound 1,3,6,10-Dodecatetraene, 3,7,11-tri-
methyl-(Z,E); 1H-3A, 7-Methanozulene, Octahydro-
1,4,9,9-tetramethyl; 9H–Fluorene, 9-Diazo; 1-Octadecyne;
N-Hexadecanoic acid and 3,7,11,15-Tetramethyl-2-Hexa-
decen-1-ol from methanolic extract of B. pilosa.
Larvae are mainly killing by using different synthetic che-

micals like – organochlorine (DDT), organophosphates
(malathion, temephos and fenthion), synthetic pyrethroids

Table 9 Log probit and regression analysis of time dependent larvicidal efficacy of methanolic extract of B. pilosa at different
concentrations against third instar larvae of C. quinquefasciatus

Plant name Concentration Chi
Square

LT50
(h)

95% confidence limits df R2 Value Slope ± SE Intercept ± SE F value P value

Lower limit Upper limit

Methanolic extract
of Bidens pilosa

50 2.8 28.32 26.74 29.98 8 0.96 1.488 ± 0.097 −8.47 ± 2.64 232.9 0.0001

100 0.8 25.36 23.09 27.86 8 0.99 1.788 ± 0.057 −5.734 ± 1.566 959.1 0.0001

200 0.8 19.17 16.74 21.95 8 0.98 2.087 ± 0.083 0.76 ± 2.25 628.8 0.0001

300 0.8 18.85 15.67 22.67 8 0.98 2.212 ± 0.101 3.196 ± 2.76 471.3 0.0001

400 5.4 10.17 8.34 12.4 4 0.86 1.815 ± 0.258 30.91 ± 7.0 49.45 0.0001

500 10.0 4.692 4.28 5.14 7 0.99 1.262 ± 0.367 55.43 ± 9.95 11.8 0.008
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(deltamethrin), insect growth regulators (diflubenzuron and
methoprene) etc. A high amount of DDT and Malathion re-
sistance was used in C. quinquefasciatus last several years in
Northeast India. The use of DDT is stopped in several
places of India due to development of resistance in vector
populations. Though, this chemicals are still used for control
of Kala-azar vector and malaria vectors of different parts of
North-eastern India especially Mizoram [60]. Since insecti-
cide resistance threatens to contribute towards the reintro-
duction of vector borne diseases in many parts of the world,
efforts have been focused on finding an alternative form of
mosquito control. Therefore, several compounds of plant
have been reported as insecticides-larvicides which are very
essential to improve their formulations with enhanced activ-
ity. So, this improved product may be useful to control
insecticides and mosquito. Previous researchers reported
that different plant families – Asteraceae, Solanaceae,
Euphorbiaceae, Leguminoceae, Cladophoraceae, Labiatae,
Meliaceae, Solanaceae, Umbelliferae, Compositae, Myrtaceae,
Lauraceae, Lamiaceae, Apiaceae, Cupressaceae, Poaceae,
Zingiberaceae, Piperaceae, Aristolochiaceae, Caesalpinaceae,
Chenopodiaceae, Oocystaceae, Fabaceae and Rutaceae
showed larvicidal and insecticidal activity against different
species of mosquitoes [61–64]. The crude methanolic extract
of B. pilosa showed larvicidal effect against third instar larva
of C. quinquefasciatus. The methanolic extract of B. pilosa
exhibited 100% mortality rate after 12 h of incubation at the
concentration of 1000 ppm. Similarly, Macêdo et al. [65]
checked that ethanolic extract of Bidens pilosa showed larvi-
cidal effect against fourth instar larva of Aedes fluviatilis who
stated that 12.2% of mortality at 100 mg/L concentration. To
best our knowledge, this is first time reported that methano-
lic extract of B. pilosa exhibited larvicidal activity against
third instar larva of C. quinquefasciatus.

Conclusions
The overall findings of our study provide evidence for
the bioactive potential of methanolic leaves extract of B.
pilosa and the ecological significance of human well be-
ing. The results obtained bring up supporting data for
future investigation of the studied plant which could
lead to their use in cancer, oxidative stress and anti-
microbial therapy.
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Abstract 
The traditional knowledge and use of medicinal plant species from the plant family Asteraceae was 

reviewed for the treatment of several types of cancers in Aizawl District, Mizoram, Northeast India. 

Traditional healers and patients suffering from various cancers in the study area were interviewed with the 

help of local translators to congregate the information for the use of medicinal plants against several 

prevalent cancers in this part of India. In the present review, we reported 22 plant species which were 

commonly used for the treatment of various cancers and ulcer. The most common used plant for the 

treatment of various cancers is Mikania micrantha followed by Ageratum conizoids. Leaves are the most 

common part used. The present review outlined the traditional information along with the major 

phytochemical compounds obtained from the listed plants which may be responsible for their traditional 

values in the selected study area. We hypothesized that the information could improve the traditional anti-

cancer recipes and might contribute to a better national or international health system in future. 

Keywords: Anticancer; Asteraceae; Mizoram; Phytochemicals; Traditional Medicinal Plants  

Introduction 
Plants have always been the important source for the nutrition and therapeutic usage against a notable 

number of human ailments. Recent phytochemical studies of medicinal plants supported the effectiveness 

of folkloric medicines. From the ancient time, the plants have been used for curing various diseases and 

infections. Cancer is the stage of uncontrolled growth of several cells, which can colonize and spread to 

distant sites of the body. It has many health consequences and can lead to death. In males the most 

common prevalent types of cancers are lung, prostate, colorectal, stomach, and liver cancers whereas, 

breast, colorectal, lung, uterine cervix, and stomach cancer are most prevalent in women’s. On an average 

30% deaths occur due to cancer can be prevented by avoiding key risk factors like tobacco or smoked foods. 

There is a serious need of the natural cancer control plans to prevent or inhibit the spread of cancer 

especially in low and middle income countries like India. Recently, World Health Organisation (WHO) has 

initiated and promoted Cancer Control Programme (CCP) all around the world with a main focus to promote 

national cancer control policies and ongoing programmes. One important parameter of this programme is 

to set norms and standards, spread awareness, more importantly encourage evidence based prevention by 

using traditional information’s mainly in remote areas where the medical facilities are limited.  

For the treatment of different types of cancers many traditional plants were used by the local practioners. 

If we look into the phytochemistry of few plants then the discovery of compounds like paclitaxel, vinblastine, 

vincristine, the camptothecin derivatives are the plant derived agent that made history for the treatment of 

various cancers. Still many active phytochemical compounds from traditionally used plants are under 

clinical trial for the promising cancer cure. 
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Among the plants, family Asteraceae is the largest flowering plant family comprising around 1,600 genera 

and 30,000 species [1]. The plants are well known to produce foodstuffs, cooking oils, ornamental plants 

and medicinal plants. Phytochemical studies of number of Asteraceae plants have revealed the presence of 

various chemical compounds like alkaloids, polyphenols, phenols, flavonoids, terpenes, essential oils etc. 

Sesquiterpene lactones are the major phytochemicals in the family that have various biological activities. 

They are supposed to possess antibacterial, antiviral and anticancer potential [2-4]. 

Mizoram is a small and hilly state possesses rich biodiversity of medicinal plant, with 90.68% forest 

cover [5]. It lies between 21º 56’ N-23º E latitude and 92º 16’-93º 26’N longitude, [6]. Mizo, the local 

population possesses unique cultures and indigenous practices endemic to this region. Local tribes 

traditionally use many plants for the treatment of cancer, tuberculosis, diabetes, arthritis skin diseases, 

allergies etc. There exist traditional practitioners which prescribes herbal preparations in the form of 

decoctions, teas or to chew orally or the pastes to apply externally.  

Cancer in Mizoram: An Overview 
Cancer is the uncontrolled growth of cells in the body leading to the death of an individual. Cancer starts 

with changes in normal cell that include irregulation of cell division and cell death, cell proliferation, 

invasion, angiogenesis and metastasis. Deformed mass of cells could locate inside the tissue without 

metastasize or it could invade the other tissues or other part of body. It is a worldwide killer disease that 

causes more than 7 million deaths per year worldwide. Till date, more than 100 types of cancers have been 

identified which are classified into different groups such as carcinoma, leukemia, lymphoma and myeloma, 

and central nerve system by National Cancer Institute (NCI). Major causes for the cancer are the factors, 

such as dietary habits, smoking, alcohol consumption, infectious viruses, radiation etc [7]. The lifestyle 

factors seem to be associated for Mizoram having the highest stomach cancers in India [8].  

In the recent years, enthusiasm for the use of traditional medicines against many diseases especially for 

cancer has begun. Discovery of vinca alkaloids, vinblastine, vincristine podophylotoxins like anticancer 

agents from plants led to the search of novel chemotypes [9]. Plant derived chemotypes are moderate 

cytotoxic and found to be effective on tumor cells in vivo with less side effects comparative to conventional 

treatment methods [10,11]. According to a European Survey by the use of herbal medicines in the cancer 

treatment were escalated to 13.9% after the diagnosis of cancer from 5.3% before the diagnosis of cancer 

[12]. In Mizoram around 89 plants species belonging to 56 families and 68 genera are used as herbal 

medicines for the cure of various ailments [13]. There are also several reported and few unreported plants 

which were traditionally used for the treatment of various types of cancers. The present study documented 

twenty three most commonly used traditional medicinal plants used by the local tribes for the treatment of 

several kinds of cancers in Mizoram, India. We also listed out the method of preparation and the 

pharmacological importance of these plants as reported elsewhere. From Mizoram which falls under 

IndoBurma biodiversity hotspot, this is the first report about the traditional plants belongs to the family 

Astreaceae having anticancerous potential. The present review will open up the field for the pharmaceutical 

peoples to understand the chemical composition of the selected plants in future. 

Material and Methods 
There are many Ethnomedicinal plants used by the local people of Mizoram for the treatment of cancer-

suspected diseases and other health problems. Information of the plants used in the treatments of cancer 

was collected personal with local herbal practitioners and the patients suffering from villages in Aizawl, 

Mizoram, India (Figure 1). Though they were not very much open about how to prepare the herbal mixture, 

but gave some glimpses of the name of the plants and for what diseases the plants may be useful. For some 

traditional medicinal plants like Anaphalis adnata and Leucomeris decora there is no literature available 

but still are important traditional medicinal plant. The output plants list consists of local name (mizo) and 

the common name of the plant. Other information viz. flowering season of the plant, major phytochemicals 

isolated and the bioactivities were assayed through the literature search. Following are the plants noted 

from the family Asteraceae used in the herbal preparations for the cancer and other diseases by the Mizo 

tribal peoples as well. 
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Acmella oleracea/Spilanthus acmella 

Local name: An-sa-pui/ An-ka-sa-kir (mizo)  

It is also known as toothache plant. The flowering season is during October- December of every year. 

Major phytochemicals reported from the plant are Spilanthol (N-isobutyl amides), [14] saturated and 

unsaturated alkyl ketones, alkamides, hydrocarbons, acetylenes, lactones, alkaloids, terpenoids, 

flavonoids, and coumarins. All the plant parts, flowers, leaves, roots, stems and aerial parts are used in 

herbal medicines. Leaves and stem boiled with water was used for the treatment of stomach trouble and 

flower head is chewed to have a relief in toothache. 

The whole plant paste is used for snake bite. The particular plant is been reported to possess analgesic, 

antioxidant, anti-inflammatory [15,16], antifungal [17] and anticancer activities [18].  

Adenostemma lavenia 

Local name: Vai-len-hlo-suak (mizo)  

It is also known as sticky daisy and the flowering season in between March-January. Major 

phytochemicals reported from this plant are Adenostemmoside, Adenostemmoic acid [19]. Traditionally the 

leaf paste is applied on cuts and wound, insect and caterpillar bites [20], found the Adenostemma lavenia 

plant extract is effective against MK-1 and B16F10 cell lines as well which further proves the potential of 

existence of anticancerous compounds. 

Ageratum conizoids 

Local name: Vailenhlo (mizo)  

It is also known as goat weed and the flowering season are in February-March or August-September 

every year. Among the reported phytochemicals from A. conizoids are mono and sesquiterpenes, triterpene 

and sterols, chromene, chromone, benzofuran and coumarin, flavonoids, alkaloids etc. [21]. The plant is 

traditionally reported to be used for curing various kinds of diseases including tuberculosis, skin diseases, 

fevers, cuts and wounds. In Mizoram this plant is been used from many years by the local healers for the 

treatment of stomach cancer. The method of preparation is that the plant roots are cleaned and boiled with 

the rhizome of Curcuma longa and leaves of Mikania micrantha in water and the decoction is given orally 

[22].The plant is also reported by several researchers all around the world to possess antibacterial [23], 

wound healing, anti-inflammatory, antianalgesic, antipyretic [21] and cytotoxic properties [24].  

Anaphalis adnata  

Local name: Khaw-te-mei-bu (mizo)  

It is commonly known as pearly everlasting and the flowering season for this plant is during May-

October. Traditionally the boiled juice of the leaves is applied on cuts and wound to get relieve from 

infections. 

Figure 1:  Map showing the sample collection sites from different districts of Mizoram, Northeast India. 
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Artemisia vulgaris 

Local name: Sai (mizo) 

It is also known as Mugwort. The flowering occurs in the plant during January. Few of the reported 

phytochemicals from A. vulgaris are flavones (luteolin, luteolin-7- glucoside), flavonols (kaempferol, 

quercetin, rutin), coumarins (coumarin, 6,7-dimethoxy-coumarin) [25]. The plant is traditionally used to 

cure a wide range of ailments including malaria, bacterial infections, inflammation, menopausal and 

menstrual disorders. Traditionally decoction of the roots or leaves is given orally in fever, stomach-ache, 

asthma etc. The plant has showed significant cytotoxicity against HL-60 leukemic [26], HEPG2 [27], Human 

prostate cancer PC-3, Human breast carcinoma T47D and colon cancer RKO [28] cancer cell lines cells. 

Bidens pilosa 

 Local name: Vawk-pui-thal (Mizo)  

It is also known as Black-jack and the flowering season in during February to April every year. The plant 

is very well studied and many major phytochemicals are reported like terpenoids, phenylpropanoids, 

aromatics, porphyrins, flavonoids, [29]. B. pilosa is been reported for the treatment of various diseases such 

as inflammation, immunological disorders, digestive disorders, infectious diseases, cancers, metabolic 

syndrome, wounds, and many others [30]. Generally whole plant is been used in herbal medicinal. Among 

the specific parts, aerial parts like leaves, shoot and stem are also been used as an ingredient in teas or 

herbal medicines in several countries. Its shoots and leaves (dried or fresh) are utilized in sauces and teas. 

Sundarajan et al., 2006 and kumari et al., 2009 determined the anticancer activity of B. pilosa extract 

against HeLa, KB, HepG2, CaCO2 and MCF7 cancer cell lines [31,32]. 

Blumea lanceolaria 

Local name: Buar-ze (mizo)  

It is commonly known as lanceleaf blumea ans gives flowers during February-April. The plant is well 

studied for its phytochemical constituents and few major compounds reported are methyl thymol, p-

Cymene, and l-hexadecanol [33]. The local tribes of Mizoram used juice of Blumea leaves to treat stomach 

ulcer, asthama, tuberculosis, skin diseases, sores, scabies etc. Rosangkima and Prasad 2004 determined 

the antitumor activity of B. lanceolara leaves against murine ascites Dalton’s lymphoma in mice [34]. 

Chromolaena odorata/Eupatorium odoratum 

Local name: Tlang-sam (mizo)  

It is also known with the name of Christmas bush and give flowers during December- January. Some of 

the important phytochemicals reported from this palnts are 5-hydroxy-7,40– dimethoxyflavanone, 20-

hydroxy-4,40,50,60–tetramethoxychalcone, and 1,6-dimethyl-4(1-methylethyl)naphthalene (cadalene) [35]. 

Traditionally, the leaf juice is applied on fresh cuts and wound to fight against infections and it is been 

reported to have several activities like antibacterial [36,37], anticancer [35,37,38], antifungal [39], anti-

inflammatory [40,41] and anti-malarial [42,43]. The plant could be an interesting candidate for the discovery 

of the novel bioactive therapeutically active agents. 

Chrysanthemum indicum 

Local name: October-par (mizo) 

It is also known as chrysanthemum, the plant flowers during October till March. The plant is not well 

studied for the presence of phytochemicals, only few reported compounds are from sesquiterpenes. 

Traditionally the flowers are used to make tea for digestive purpose. In several other countries the C. indicum 

is used for the treatment of colitis, stomatitis, cancer, fever, sores, vertigo, inflammation and hypertension. 

Plant is also been reported to possess anti-inflammatory [44], hepatoprotective [45], antimicrobial [46-48] 

and anticancer properties [49].  

Cirsium shansiense 

Local name: Len- hling (mizo)  

It is also known as Canadian thistle which mainly flowered during October every year. Few of the reported 

phytochemicals from this plant are ciryneol C, scopoletin, pectolinarigenin7-O-glucopyranoside, acacetin 

and 6,7-dimethoxycoumarin [50]. Traditionally the plant is been used for the treatment of different ulcers 
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and also used as diuretic, haemostatic and anti-inflammatory. The plant also has antimicrobial [50,51] and 

anticancer [52] potential. 

Crassocephalum crepidioides 

Local name: buar-thau (mizo)  

It is also known as Thickhead and the flowering season for this plant are in May to December. Few of 

the broad phytochemicals reported from this plant are tannins, flavonoids, steroids, coumarins [53]. 

Traditional medicinal uses of the plants are that the leaf juice is taken for indigestion and stomachache. 

Leaf paste is applied to heal cut and wounds to fight against microbial infections. Different plant parts are 

also been used in the herbal preparations for the treatment of fever, hepatitis and inflammations. The plant 

is reported to possess hepatoprotective [54], antitumor [55,56], and antibacterial [57] activities. 

Cyanthillium cinereum 

Local name: Buar (mizo)  

It is also known as purple fleabane and gives flowers mainly during February. Traditionally plant 

decoction is used to treat urinary tract infections and fevers. Cyanthillium cinereum has therapeutic 

potentials against dysentery, diarrhea, cough, cholera, impotency colic pain night-blindness [58] asthma 

[59] and cancer [60].  

Dichrocephalum integrifolia 

Local name: Vawk-ek-a-tum-tual (mizo)  

The plant flowers during May-June. Some of the reported phytochemicals from this plant are stearic 

acid, stigmasta-7, 22-dien-3-ol, alpha-amyrin, epifriedelanol, methyl stearate and tritetracontane [61], 

eudesmane [62]. Traditionally the plant is been reported having antimicrobial [63,64] as well as anticancer 

[64] potential. Plant is traditionally used for wound healing, to treat mouth and stomach ulcers and 

microbial infections. 

Galinsoga parviflora 

Local name: sazu(pui)chaw (Mizo)  

It is also known as quick weed and the flowering season is during June to September every year. Some 

of the reported phytochemicals obtained from G. parviflora are galinsosides A and B [65]. Traditionally the 

leaves and stem of the plant are been used in the herbal preparation for fever, diarrhea, cuts and wound. 

G. parviflora is also reported to have hepatoprotective, hypoglycemic, antioxidant, cytotoxic, and 

antimicrobial activities [66]. 

Helianthus annuus 

Local name: Ni-hawi (mizo)  

It is commonly known as sunflower and the flowering season is in August to September. Major 

phytochemicals reported are Heliespirone [67], Heliannuol E [68], Helikauranoside A [69]. Medicinally the 

plant is used as food and medicine all around the world and most importantly the seeds are been used for 

the production of cooking and essential oil. Leaves, stem, flower and seed oil all possess active principle 

and plant has potent antioxidant and also possess antimicrobial [70,71], anti-inflammatory [72] and 

anticancer potential [73,74]. Traditionally the leaf paste is applied to wounds, swellings, and insect bites. 

Flowers are taken as tea for the treatment of malaria and lung diseases. 

Inula cappa 

Local name: Hmei-thai-sa-tul (mizo)  

It is also known as sheep’s ear and flowers during September and October. Sesquiterpens lactones 

[75,76], and phenolic glycosides [77] are reported as major phytochemicals from this plant. Traditionally 

the leaf juice of Inula cappa is been used locally for the treatment of jaundice. Decoction of the root is also 

been used to treat peptic ulcer, indigestion and fever. 

Leucomeris decora 

 Local name: Tlangham (mizo) 
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The plant flowers during February to March every year. It is an Asteraceae shrub and been used 

traditionally for curing many ailments especially the leaves and stem. The plant becomes locally rare due 

to rapid habitat destruction and fragmentation, together with unrestricted collection for medicinal use. 

Thus it has been listed in the IUCN red list of threatened species [78]. 

Mikania micrantha 

Local name: Japan-hlo(mizo)  

It is also known as bitter vine and flowers during December till January each year. Mikanolide: a 

sequiterpene dilactone [79], is the major phytochemical reported from this plant. It is a perennial vine of 

which leaves are used to treat fever, diarrhea, dysentery, insect bites, scorpion sting and cuts by traditional 

peoples. Several reports are available for its anticancer and antitumor activities [80-82]. 

Senecio scandens 

 Local name: Sai-ekk-hlo(mizo)  

The plant flowers in February and March. Several phytochemicals like pyrrolizidine alkaloids and 

sesquiterpenes [83], jacaranone [84,85], phenolic acids [86] were reported from S. scandens. In Mizoram 

local practitioners are using this plant for the treatment of stomach cancer and other different type of 

cancers. Juices of the leaves are applied to chronic ulcers. Pyrrolizidine alkaloids recovered from this plant 

are proven to be hepatotoxins and carcinogens [87]. Plant has shown potent antimicrobial [88,89], anti-

inflammatory [90], antitumor [91] and anticancer activity [92] as well. 

Siegesbeckia orientalis 

Local name: Ansa-pui-suak(mizo) 

It is commonly known as st. paul’s wort, flowers during October-November every year. Several 

phytochemicals like sesquiterpene lactone: orientin [93], diterpenoids: Kirenol and ent-16β,17-Dihydroxy-

Kauran-19-Oic Acid (DHKA) [94]. S. orientalis is been reported for anti-inlammatory [95,96], anti-

proliferative [97] and anticancer activity [98]. Leaves paste is applied against snakebites and insect bites. 

Decoction of the aerial part is given to treat allergies, skin diseases, rheumatic arthritis and inflammatory 

diseases. 

Sonchus arvensis 

Local name: Khuang-lawi (mizo)  

It is also known as corn sow thistle which give flowers during September till December. Few of the 

phytochemicals reported from this plant are sesquiterpene lactones [99], flavonoids [100] and terpenes 

[101]. The plant has been used in folk medicine for the treatment of jaundice, cough, bronchitis, chronic 

fevers and inflammation. It has been reported to possess anti-inflammatory and antipyretic effect in rats 

[102] along with antioxidant and cytotoxic [103] activities. 

Tithonia diversifolia 

Local name: Bawng-pu-pang- par (mizo)  

It is also known as Mexican sunflower and the flowering season is during NovemberDecember. 

Tagitinins, tirotundin, flavones [105] were reported as major phytochemicals from T. diversifolia. The plant 

is generally grown for ornamental purpose but possess medicinal properties as well. Traditionally the plant 

is been used for the treatment of diabetes mellitus, stomach pains, indigestion, sore throat and liver pains 

[103]. Flower head is used by local healers for the treatment of wounds and bruises. Plant seems to have 

an anti-inflammatory [104] anti-diarrhoeal [105], anti-amoebic and spasmolytic activities [106,107]. 

Conclusion 
We documented twenty two traditionally used medicinal plants used by the local tribes  

of Mizoram, Northeast, and India for the treatment of several types of cancers and other human ailments. 

The paper also describes the important information like their local name, flowering season and major 

phytochemical compounds investigated from these plants elsewhere. As due to over utilization and 

population explosion, these plants which were used in local health traditions are gradually becoming 

extinct. The present review will alert the environmentalists and researchers to take steps to preserve or 

conduct modern scientific studies of these traditionally important plants. These types of studies not only 
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can lead to probable discoveries of new bioactive pharmacologically useful compounds, but also such 

discoveries can be an encouragement for the preservation of the forest region. We conclude that 

domestication of these traditionally important wild medicinal plants should be of utmost importance for the 

sustainable development.  
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Sarathbabu Subbarayan 1, Bhim P. Singh 1*, Brijesh Kumar 2, Sunil Kumar 2,
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Plants have been used since ancient times as an important source of biologically

active substances. The aim of the present study was to investigate the phytochemical

constituents (flavonoids and phenolics), antioxidant potential, cytotoxicity against HepG2

(human hepato carcinoma) cancer cell lines, and the antimicrobial activity of the

methanol extract of selected traditional medicinal plants collected from Mizoram, India.

A number of phenolic compounds were detected using HPLC-DAD-ESI-TOF-MS,

mainly Luteolin, Kaempferol, Myricetin, Gallic Acid, Quercetin and Rutin, some of which

have been described for the first time in the selected plants. The total phenolic and

flavonoid contents showed high variation ranging from 4.44 to 181.91 µg of Gallic Acid

equivalent per milligram DW (GAE/mg DW) and 3.17 to 102.2 µg of Quercetin/mg,

respectively. The antioxidant capacity was determined by DPPH (IC50 values ranges

from 34.22 to 131.4 µg/mL), ABTS (IC50 values ranges from 24.08 to 513.4 µg/mL),

and reducing power assays. Antimicrobial activity was assayed against gram positive

(Staphylococcus aureus), gram negative (Escherichia coli, Pseudomonas aeruginosa),

and yeast (Candida albicans) demonstrating that the methanol extracts of some plants

were efficacious antimicrobial agents. Additionally, cytotoxicity was assessed on human

hepato carcinoma (HepG2) cancer cell lines and found that the extracts of Albizia

lebbeck, Dillenia indica, and Bombax ceiba significantly decreased the cell viability at low

concentrations with IC50 values of 24.03, 25.09, and 29.66 µg/mL, respectively. This is

the first report of detection of phenolic compounds along with antimicrobial, antioxidant

and cytotoxic potential of selected medicinal plants from India, which indicates that these

plants might be valuable source for human and animal health.

Keywords: antioxidants, antimicrobial, HPLC-DAD-ESI-TOF-MS, phenolic compounds, medicinal plants,

cytotoxicity
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INTRODUCTION

Use of synthetic food additives imposed the need for the search
of a natural alternative to synthesize antioxidants. For this,
medicinal plants are well known to be used as natural antioxidant
agents, as they possess low toxicity and are rich sources
of pharmaceutical compounds (Carocho and Ferreira, 2013).
Epidemiological studies have shown that the plants abundant in
active secondary metabolites with antioxidant and antimicrobial
properties can be exploited for bioactive compounds. Natural
antioxidants such as polyphenols, tocopherols, carotenoids,
ascorbic acid etc. could prevent oxidation reactions which may
help in restoring the quality of food products (Wojcik et al.,
2010). The antioxidant activity of medicinal plants is generally
studied with respect to total phenolic compounds and their free
radical scavenging assays as they may be responsible for various
bioactivities (Farhat et al., 2013; Navas-Lopez et al., 2014; Iqbal
et al., 2015).

Emerging resistance against bacterial and fungal species
results in a serious decrease in effective antimicrobials. Hence,
industries are tending to reduce the use of chemical preservatives
and to adopt natural preservatives (Nychas, 1995). Medicinal
plants and their metabolites are the natural sources to be used
as antimicrobials. Several researchers have reported the use of
plant compounds against different types of bacterial pathogens,
including food borne pathogens as well (Kukić et al., 2008).
There is also a need of new, efficient anticancer drugs with
reduced side effects and traditional medicinal plants have been
proved a promising source for such entities (DeSantis et al.,
2014). Among the potential molecules recovered from plants,
over 60% of anti-cancer drugs directly or indirectly are originated
from plants including paclitaxel (Taxol), paclitaxel, curcumin,
and cannabinoids (Gordaliza, 2007). Plant-derived substances
endowed with anticancer and chemoprevention activity is being
recently reviewed by Fridlender et al. (2015).

Medicinal plants with ethnomedicinal history collected from
North East India are being used as biomarkers in folklore
medicine for the treatment of various diseases like diabetes,
diarrhea, hypertension, cancer, etc. (Sharma et al., 2001; Mishra
et al., 2013). From the collected plants, 12 best known plants
(Abroma augusta, Albizia chinensis, Albizia lebbeck, Bombax
ceiba, Callicarpa arborea, Chonemorpha fragrans, Clerodendrum
Colebrookianum, Costus speciosus, Dillenia indica, Gynura
conyza, Hibiscus sabdariffa, Momordica charantia) based on their
ethnomedicinal knowledge, wide usage, and local availability
were selected for their antioxidant, antimicrobial activities,
cytotoxicity screening, and phenolic compounds determination
(Table 1). Among the selected plants, D. indica leaf extract has
shown to possess effective antidiabetic and antihyperlipidemic
activities (Kumar et al., 2011a,b), antimicrobial and brime shrimp
lethality (Apu et al., 2010). The Albizia species leaf extract
was proven to be bioactive due to the presence of saponins,
tannins, sterols, phenolics, and polysaccharides (Yanishlieva
et al., 2006; Liu et al., 2009). The leaf extract of A. augusta
has been shown to attenuate diabetes induced nephropathy
as well as cardiomyopathy by inhibition of oxidative stress
and inflammatory response (Khanra et al., 2015). The extracts

exhibited significant antimicrobial activity against both gram
positive and gram negative bacterial and fungal pathogens as well
as cytotoxicity against brine shrimp nauplii (Saikot et al., 2012).
Chemical constituents obtained from leaves of M. charantia
showed hypoglycemic effect and can promote the release of
insulin (Ng et al., 1986; Hui et al., 2009).

Although, most of the plants included in our study have been
investigated elsewhere for their chemical constituents and/or for
their antioxidant capability, to the best of our knowledge this is
the first study focusing on the correlation thereof. In addition,
our hypothesis to screen the antimicrobial and cytotoxicity is
that it is appropriate to analyze samples from Mizoram, North
East India which falls under Indo-Burma biodiversity hot spot
region (Myers et al., 2000), as the environmental conditions can
be effective on chemical composition of the plants with respect to
antioxidant contents (Simirgiotis, 2013).

The aim of the present work is to detect the major phenolic
compounds by HPLC-DAD- ESI-TOF-MS of the methanolic leaf
extracts of selected 12 medicinal plants and to determine the total
phenolics and flavanoids contents, antioxidant potential, ability
to inhibit human hepato carcinoma (HepG2) cancer cell lines as
well as their antimicrobial activity against selected bacterial and
yeast pathogens.

MATERIALS AND METHODS

Reagents and Chemicals
All chemicals used in the present study were of analytical HPLC
grade and were purchased from Hi-media, India and Sigma-
Aldrich, USA. ABTS (2,2- Azinobis-3-ethylbenzothiazoline-6-
sulfonic acid), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Dimethyl
Sulfoxide, Sodium acetate trihydrate ACS, Ferric chloride
hexahydrate A.R., Ferrous sulfate heptahydrate A.R., Folin
ciocalteu’s reagent L.R., Gallic acid monohydrate, L-Ascorbic
acid A.R., Acetic acid glacial A.R., Sodium carbonate ACS,
Potassium persulphate A.R. were purchased from Hi-media
(India). 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (trolox), Aluminum chloride AR, and Quercetin ≥ 95%
(HPLC) solid were purchased from Sigma-Aldrich (USA).
All chemicals and reagents were used without any further
purification.

Plant Material and Extraction
Fresh and healthy leaves of selected plants were collected from the
Dampa Tiger Reserve forest [Dampa TRF] (23◦25′N; 92◦20′E),
Mizoram, Northeast India during November 2014. Permission
for the collection of medicinal plants from Dampa TRF was
obtained from The Chief wildlife warden, Environment and
forest department, Government of Mizoram, India. The selection
of plant species was based on their ethanobotanical history and
abundance (Table 1). Plants were identified at Department of
Forestry, Mizoram University and voucher specimens were kept
under the reference numbers (Table 1). Collected leaves were
dried at room temperature in a well ventilated room and ground
to fine powder in a domestic mixer grinder. The powder obtained
was weighed and extracted in methanol for 48 h. The extract was
filtered through a Whatmann no. 1 filter paper thrice and filtrate
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TABLE 1 | General characteristics and pharmacological activities of the selected medicinal plants.

Voucher

Number

Plant name Common name Family Traditional medicinal uses Pharmacological activities reported

MZU/BT/14 Abroma augusta (Linn.) Devil’s cotton Malvaceae Menstrual disorders, sterility, nervous

disorders, diabetes, and gonorrhea

Antidiabetic (Islam et al., 2012; Khanra

et al., 2015)

MZU/BT/15 Albizia chinensis (Osbeck) Silk tree Fabaceae Skin diseases, cut, and inflammations Cytotoxic (Liu et al., 2009)

MZU/BT/16 Albizia lebbeck (L.) Benth. Lebbeck (Flea tree Fabaceae Ulcer treatment, cold, cough, and

respiratory disorders

Anti-arthritis (Pathak et al., 2009);

antiallergic (Venkatesh et al., 2010);

antimicrobial (Rahul et al., 2010)

MZU/BT/17 Bombax ceiba (Linn.) Cotton tree Malvaceae Leaf juice is used to treat diarrhea Anticancer and Antioxidants (Tundis

et al., 2014); Diuretic (Jalalpure and

Gadge, 2011)

MZU/BT/18 Callicarpa arborea Roxb. Beautyberry Tree Verbenaceae Bark juice is used on cuts and wounds,

abdominal colic

–

MZU/BT/19 Chonemorpha fragrans

(Moon) Alst.

Frangipani vine Apocynaceae Stomach disorders, fever Antidiabetic (Shende et al., 2009)

MZU/BT/20 Clerodendrum

colebrookianum Walp.

Glory Bower Lamiaceae Hypertension, diabetes, and abdominal

disorders

Anti-inflammatory (Deb et al., 2013);

antidiabetic (Devi and Sharma, 2004).

MZU/BT/21 Costus speciosus Koen

ex. Retz

Crepe ginger Costaceae Diabetes, diarrhea, fever, jaundice, and

inflammations

Anticancer (Nair et al., 2014; Selim and

Al-Jaouni, 2015).

MZU/BT/22 Dillenia indica (L.) Elephant apple Dillaniaceae Diarrhea, cancer Antidiabetic (Kumar et al., 2011a,b)

MZU/BT/23 Gynura conyza Cass. Asteraceae Leaf juice is used for wounds, ulcers,

dysentery, Jaundice

–

MZU/BT/24 Hibiscus sabdariffa (Linn.) Roselle Malvaceae Hypertension, liver diseases, urinary

disorders, and fever

Antioxidant, Anticancer

(Worawattananutai et al., 2014; Chiu

et al., 2015)

MZU/BT/25 Momordica charantia Bitter gourd Cucurbitaceae Digestive disorders, cholera, jaundice,

diabetes, hypertension

Antidiabetic (Manik et al., 2013; Wang

et al., 2014; Xu et al., 2015);

Hypoglycemic (Nkambo et al., 2013);

Antimicrobial (Yaldiz et al., 2015);

Anticancer (Weng et al., 2013)

was evaporated to dryness at 40◦C under reduced pressure by
using a rotary evaporator (BUCHI, Switzerland) to obtain the
crude extract. The extracts were kept at 4◦C until further use.

Phytochemical Analysis
Determination of Total Phenolic Content (TPC)
The content of total phenolic compounds of crude methanol
extracts was determined spectrophotometrically by using Folin-
ciocalteu assay (Attard, 2013). An aliquot of 30 µl extracts
with varying concentration (10–100 mg/mL) was mixed with
150 µl of freshly prepared Folin reagent (1:10 v/v in water)
and allowed to stand at 25◦C for 5 min, and thereafter 120
µl sodium bicarbonate (75 gm/L) solution was added to the
mixture. The mixture was allowed to incubate at 25◦C for 90
min and absorbance was measured at 725 nm using a microplate
spectrophotometer UV-vis (MultiscanTM GO, Thermo Scientific,
MA, USA). Gallic acid (0–500 mg/L) was used to prepare the
standard curve, which showed the linear regression of r2 > 0.99,
and the level of phenolics was expressed in term of Gallic Acid
equivalent per gram of plant extract. The measurements were
done in triplicate.

Determination of Total Flavonoids Content
The total flavonoids content was determined by using a
colorimetric method (Chang et al., 2002).The standard
curve of Quercetin solution in methanol was prepared with

concentrations ranging from 0 to 500 µg/mL and absorbance
was recorded at 420 nm with a microplate spectrophotometer
UV-vis (MultiscanTM GO, Thermo Scientific, MA, USA).
The flavonoid concentrations were expressed in µg quercetin
equivalent per mg of extract.

Determination of Antioxidant Activity
ABTS+ Radical Cation Decoloration Assay
ABTS+ radical scavenging capacity of the extract was measured
with 96-well micotiter plate method (Re et al., 1999). Ascorbic
acid was used as positive control, methanol as negative control
and extract without ABTS as blank. The percentage of ABTS+

was calculated by using the formula:

Scavenging capacity (%) = 100− [(A− AO)× 100/(B− BO)];
(1)

Whereas, A = sample, AO = sample blank, B = control, BO =

control blank.
IC50 values were calculated with the help of graph plotted as

inhibition percentage against the concentration.

DPPH+ Free Radical Scavenging Assay
The ability of crude methanol extract to scavenge the
DPPH free radical was determined by using the stable 2,
2-diphenyl-1-picrylhydrazyl radical (DPPH) (Re et al., 1999).
An aliquot of 50 µl (of varying concentrations) was placed in

Frontiers in Plant Science | www.frontiersin.org 3 March 2016 | Volume 7 | Article 407

http://www.frontiersin.org/Plant_Science
http://www.frontiersin.org
http://www.frontiersin.org/Plant_Science/archive


Singh et al. Pharmacological Potential of Medicinal Plants from India

96-well microplate, and 200 µl of 0.1 mM DPPH dissolved in
methanol was added and allowed to react at room temperature in
the dark. The reduction of DPPH concentration was recorded by
a decrease in absorbance at 515 nm till the absorbance stabilized
(30 min). Ascorbic acid was used as positive control, methanol as
negative control and extract without DPPH as blank. IC50 which
represents the amount of antioxidant necessary to produce a
50% reduction of the DPPH was calculated with the calibration
curve by linear regression. Results were expressed as a percentage
reduction of DPPH absorption compared to control.

Reducing Antioxidant Power Assay
Reducing power of the methanolic extracts was evaluated
(Oyaizu, 1986). Extracts and ascorbic acid as standard of different
concentration (10–1000 µg/mL) in 0.25 mL methanol were
mixed with phosphate buffer (500 µl, 0.2 M, pH 6.6) and
potassium ferricyanide [K3Fe (CN)6] (500 µl, 10 mg/mL). The
mixture was mixed and incubated at 50◦C for 20 min. After
incubation, 500µl of 10% trichloroacetic acid solution was added
to each tube and the mixture was centrifuged at 8000 rpm
for 10 min. Clear supernatant (100 µl) was mixed with equal
amount of distilled water, 20 µl of ferric chloride (0.1% w/v)
solution was added and absorbance was recorded at 700 nm.
Reducing capacity of the extracts was linearly proportional to the
concentration of a sample. Phosphate buffer was used as control.

Antimicrobial Assay
Test Organisms
All plant extracts were screened against gram positive
(Staphylococcus aureus: MTCC- 96), gram negative (Escherichia
coli: MTCC- 739, Pseudomonas aeruginosa: MTCC-2453),
and yeast (Candida albicans: MTCC-3017) by using agar
well diffusion method (Rios et al., 1988). Test organisms
were obtained from the Microbial Type Culture Collection
(MTCC), Chandigarh, India and maintained on agar slants
as per instructions. The bacterial inoculum was prepared to
concentration of 1.0 × 104 CFU/mL adjusted with sterile saline.
The suspension was prepared fresh daily and stored at 4◦C
until use. The suspensions were spreaded on solid medium
to verify the absence of contamination and to cross check the
viability of inoculum. Three antibiotics ampicillin (10 mg/mL),
streptomycin (10 mg/mL), and tetracycline (20 mg/mL) were
used as positive control and solvents DMSO was used as negative
control. Agar plates were incubated at 37◦C for 24 h and the clear
zone of inhibition in mm was taken as a degree of antimicrobial
sensitivity. All experiments were done in triplicate and repeated
thrice.

Determination of Minimum Inhibitory Concentration

(MIC) of Plant Extract
To determine the minimum inhibitory activity of extracts, the
brothmicro dilution technique using 96-well microtiter plate was
used (Eloff, 1998). The bacterial suspension was adjusted to a
final concentration of 1.0 × 10−4 CFU/mL (OD = 0.402). The
plant extract was added at different concentrations (1–20mg/mL)
in 96-well microtiter plate containing a bacterial culture as test.
Different concentration (1–20 mg/mL) of plant extract was used

individually as specific controls. Four antibiotics along with
bacterial culture were used as positive control. Solvent DMSO
was used as negative control containing a bacterial culture. The
plates were incubated at 37◦C for 48 h and the absorbance
was taken at 630 nm in spectrophotometer UV-vis (MultiscanTM

GO, Thermo Scientific, MA, USA). IC50 was expressed as the
concentration (mg/ml) of plant extract necessary to produce a
50% reduction of bacterial culture growth. It was calculated with
the calibration curve by linear regression.

Cytotoxicity Activity
Cell Lines and Culture Medium
Human hepato carcinoma (HepG2) cancer cell line was procured
from National Centre for Cell Sciences (NCCS), Pune, India.
Stock cells were cultured in DMEM supplemented with 10%
inactivated Fetal Bovine Serum (FBS), penicillin (100 µg/mL),
streptomycin (100 µg/mL), and amphotericin B (5 µg/mL) in a
humidified atmosphere of 5% CO2 at 37

◦C until confluent. The
cells were dissociated with a trypsin solution (0.2% trypsin, 0.02%
EDTA, 0.05% glucose in PBS). The stock cultures were grown in
25 cm2 culture flasks and all experiments were carried out in 96
microtiter plates (Tarsons India Pvt. Ltd., Kolkata, India).

MTT Assay
The cytotoxicity of the extracts was tested against human
hepato carcinoma (HepG2) cell lines by the MTT reduction
assay (Mosmann, 1983). HepG2 cell monolayer was trypsinized
and seeded on 96-well microtiter plates with a cell density of
approximately 10 × 10−4 cells per 100 µl of media in each
well. The plates were incubated at 37◦C for 24 h in 5% CO2

atmosphere. After incubation, the cells were treated with eight
different concentrations (1, 10, 25, 50, 75, 100, 125, and 150
µg/mL) of crude methanol (0.5%) leaf extracts of A. augusta,
A. chinensis A. lebbeck, B. ceiba, C. arborea, C. colebrookianum,
D. indica, G. conyza, C. speciosus, C. Fragrans, H. sabdariffa, and
M. charantia. Cells were incubated with 0.5% of methanol used
as blank and untreated cells as a control was included for each
sample. Each sample was performed in triplicate and cells were
incubated for 72 h. After incubation, the culture medium was
removed from each well by aspiration and 20µl of MTT (3- [4, 5-
dimethylthiazol-2-yl]-2, 5-diphenil-tetrazolium bromide, Sigma
Chemical Co., USA, 5 mg/mL in PBS) was added to each well.
After 4 h of incubation, DMSO (Himedia) was added to dissolve
the purple formazan of MTT. The absorbance was measured by
a microplate reader at a wavelength of 570 nm. The cell viability
(%) was calculated using the formula-

Cell viability (%) = (OD sample − OD blank)/

(OD control − OD blank)× 100%,

Where OD sample is the absorbance of the samples, OD blank
is the absorbance of the blank (with the respective concentration
solutions), and OD control is the absorbance of the control wells.

Instrumentation
Analyses were carried out using an Agilent 1200 HPLC
system interfaced with Agilent 6520 hybrid quadrupole time
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of flight mass spectrometer (Agilent Technologies, USA). 1200
HPLC system was equipped with quaternary pump (G1311A),
online vacuum degasser (G1322A), Autosampler (G1329A),
thermostatted column compartment (G1316C), and diode-array
detector (G1315D).

Chromatographic Conditions
Chromatographic separations were performed using a Thermo
Betasil C18 column (250 × 4.5 mm, 5 µ) operated at 25◦C
employing a gradient elution using 0.3% formic acid in HPLC
water (A) and acetonitrile (B) as mobile phase at a flow rate of
0.6 mL/min. The elusion consisted of a linear gradient from 20 to
50%; 0–10min, 50–90%; 10–30min, 90%; 30–35 then returned to
the initial conditions over in 5 min. The sample injection volume
was 10 µl.

Mass Spectrometric Condition
The mass spectrometer was operated in a positive electro spray
ionization mode and spectra were recorded by scanning the
mass range from m/z 50–1500 in both MS and MS/MS modes.
Nitrogen was used as drying, nebulizing, and collision gas.
The drying gas flow rate was 12 L/min. The heated capillary
temperature was set to 350◦C and nebulizer pressure at 45 psi.
The source parameters capillary voltage (VCap), fragmentor,
skimmer and octapole voltages were set to 3500, 175, 65, and
750 V, respectively. The accurate mass data of the molecular ions
were processed through theMass HunterWorkstation (version B
04.00) software.

Statistical Analysis
The relative viability of the treated cells compared to that of the
control cells is expressed as percentage of cell viability. Statistical
analysis was performed using Graph Pad (version 6.04; Graph
Pad Software, Inc., La Jolla, CA, USA). The results were expressed
in mean ± SD of the values obtained in triplicates from three
independent experiments and analyzed by one way analysis of
variance (ANOVA) followed by Duncan’s multiple range tests
for comparison of statistical significance (P < 0.05). Pearson
correlation coefficients were calculated in order to measure the
linear correlation between variables. All statistical calculations
were performed by using SPSS software version 16.0. Regression
analysis was used to determine inhibition concentration needed
to inhibit 50% cell viability (IC50) by using thermo scientific
Multiscan GO software.

RESULTS

Determination of Total Phenolics (TPC),
Flavonoids (TFC), and Antioxidant Activity
by DPPH, ABTS, and Reducing Power
Assays
The total phenol content (TPC) of all 12 plant extracts under
study was found in ranging from 4.44 to 181.91 µg of GAE/mg
as Gallic Acid equivalents. The maximum amount of TPC was
recorded with the methanol extract of B. ceiba (181.91 µg of
GAE/mg) followed by D. indica and C. colebrookianum with
180.15 and 158.37 µg of GAE/mg, respectively. Total flavonoids
content (TFC) which was quantified as micro-gram of Quercetin

equivalent per milligram of extracts ranges from 3.17 to 102.2
µg of Quercetin/mg. The highest TFC was found in A. lebbeck
(102.2 µg of Quercetin/mg). The TFC of D. indica was 98.25
µg of Quercetin/mg and C. fragrans had the lowest TFC (3.17
µg of Quercetin/mg) among the 12 extracts estimated. This was
followed by C. speciosus and A. augusta with TFC values of 6.61
and 9.22 µg of Quercetin/mg respectively.

The antioxidant ability of the methanol extracts has been
determined by using several assays (Table 2). IC50 values for
DPPH and ABTS assays ranged from 34.22 to131.4 µg/mL and
24.08 to 513.4 µg/mL, respectively (Figure 1). The lower the
IC50 value of plant extracts used, the higher was their free
radical scavenging activity. Hence D. indica with an IC50 of
29.96 µg/mL in DPPH assay and 24.08 µg/mL of extract by
ABTS assay indicates a significant antioxidant property in leaves
of D. indica. Similarly, A. lebbeck also exhibited lower IC50

DPPH value of 34.22 µg/mL of extract; while a slightly higher
value was observed for its ABTS IC50 which is 108.7 µg/mL of
extract. This capability of A. lebbeck to be a natural antioxidant
was substantiated by a reasonable ABTS and reducing power
assay values. B. ceiba antioxidant potential of the methanol leaf
extracts was also substantial with an IC50 DPPH value of 46.36
µg/mL of extract and ABTS IC50 value 89.19 µg/mL of extract.
To the best of our knowledge, this is first reported antioxidant
activity of ABTS in A. augusta (497.2 µg/mL), C. fragrans (465.2
µg/mL), C. arborea (314.4 µg/mL), A. lebbeck (108.7 µg/mL),
C. colebrookianum (134.3 µg/mL), B. ceiba (89.19 µg/mL), D.
indica (24.08 µg/mL), and G. conyza (246.3 µg/mL). Reducing
power assay indicates the capacity of the compounds present in
extracts antioxidant potentials. In the present study, the reducing
power of all 12 extracts was verified for the concentration
range (10–1000 µg/mL). At the highest concentration (1 mg/mL)
tested, the increasing order of absorbance are as follows: 1.988
(D. indica) > 1.405 (G. conyza) > 1.369 (A. lebbeck) > 1.296
(B. ceiba) > 1.233 (C. arborea) > 0.9637 (C. colebrookianum)
> 0.7244 (H. sabdariffa) (Figure 1). The rest of the remaining
extracts under study showed negligible reducing power activity.

From our result, significant correlation between the TPC and
the free radical scavenging assays were obtained, which was
proven by their correlation data with respect to TPC of R2 =

0.766, R2 = 0.935, and R2 = 0.594 with DPPH (IC50) values,
ABTS (IC50) and reducing power (OD) values, respectively
(Table 2). This indicates the influence of the electron donor’s rich
total phenols contents of the extracts under study, has impacted
on their antioxidant capabilities. Since phenolic compounds

TABLE 2 | Correlation coefficient r2 between antioxidant assays (DPPH,

ABTS, and reducing power) and total phenolic content (TPC) and Total

flavonoid content of selected medicinal plants.

Antioxidant assays Corelation r2

TPC TFC

DPPH 0.766 0.808

ABTS 0.935 0.948

Reducing power 0.594 0.541

Bold values means significant correlations observed.
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FIGURE 1 | Correlation of (A) TPC and DPPH free radical scavenging activity IC50 DPPH (µg, DPPH/mL), (B) TPC and ABTS (µg, ABTS/mL), (C) TPC

and reducing power activity, (D) TFC and DPPH free radical scavenging activity IC50 DPPH (µg, DPPH/mL), (E) TFC and ABTS (µg, ABTS/mL), (F) TFC

and reducing power activity.

present in the extracts are a good source of electron donors,
they show reducing power. TPC and TFC produced a positive
correlation as indicated by a R2 = 0.904; that clearly suggest
that the flavonoids within the methanol extracts of the plants
under study might be the major constituent in the total phenols
obtained. In case of TFC also, significant correlation was found
with ABTS (IC50) values of an R2 = 0.948; while a similar
correlation was found with DPPH (IC50) values of R

2 = 0.808
also (Table 2).

Detection of Phenolic Compounds by
HPLC-DAD-ESI-TOF-MS
The analysis of methanol extracts by using HPLC-DAD-ESI-
TOF-MS showed the presence of a wide variety of polyphenols.
Ions detected were tentatively identified by the molecular
formula generated by the use of standard, if available, and after
a thorough literature search. Table 3 listed the detected phenolic
compounds with retention time, observed m/z, generated
molecular formula and proposed compound detected in the
methanol extracts of selected plants. The number of compounds
detected as compared with the standard was in the range from
2 to 5 compounds in different plants under study along with the
unidentified compounds detected (Table 3).

The compounds Quercetin, Rutin, Kaempferol, Myricetin,
Gallic Acid, and Luteolin were identified in the methanolic
extract of the selected plants compared with retention time of
authentic standards. Quercitrin was the dominant compounds

in almost all methanolic extract, except in C. fragrans,
C. colebrookianum, D. indica, and G. conyza with retention time
8.12 min (Table 3). Rutin was identified in eight plants out of
12 plants extract with retention time 5.90 min. Furthermore,
Kaempferol was detected only in A. chinensis extract at retention
time 8.3 min. On the other hand, other phenolic compounds
have been detected in some plants- such as Myricetin found in A.
chinensis andA. lebbeck plant at 1.7 min, Gallic acid detected only
in A. lebbeck plant with 8.12 min and finally Luteolin was found
in A. lebbeck, C. fragrans and C. colebrookianum with a retention
time of 6.5min (Table 3). Quercetin and rutin was detected in
A. augusta and H. Sabdariffa plant.

Moreover, some compounds were unidentified due to lack
of standards to determine the structure. Table 3 mentioned
phenolic compounds with retention time, mass error (PPM),
generated molecular formula using HPLC-DAD-ESI-TOF-MS
were detected in the methanol extracts of the selected plants.
One unidentified compounds C21H20O11 was detected in all
plants extract except C. colebrookianum. In further studies,
these unknown compounds identifications might prove to be
important with the help of the reported unknown standards in
this study.

Antimicrobial Activity of Methanol Extracts
of Selected Medicinal Plants
The results of antimicrobial assays exhibited that methanol crude
extracts of 12 plants have greater antimicrobial activity against
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TABLE 3 | Detection of phenolic compounds by HPLC-DAD-ESI-TOF-MS in selected 12 plant extracts.

S. No. RT

(min)

Cal. [M+H]+ Obs. [M+H]+ Molecular

formula

Error

(ppm)

Compound name Plant extract code

1 2 3 4 5 6 7 8 9 10 11 12

1 1.7 319.0453 319.0451 C15H10O8 0.90 Myricetina − + + − − − − − − − − −

2 1.9 449.1083 449.1081 C21H20O11 0.57 Luteolin-7-glucoside + + + + + + + + + + + +

3 2.7 447.0927 447.0917 C21H18O11 1.60 Baicalin − − − − − + + + + + − −

4 3.0 431.1342 431.1342 C22H22O9 0.39 Ononin + − − − − − − − − − − −

5 5.9 611.1612 611.1611 C27H30O16 1.60 Rutina + + + − − − + − + + − +

6 6.5 287.0555 287.0556 C15H10O6 1.21 Luteolina − − + − − + + − − − − −

7 8.1 449.1083 449.1085 C21H20O11 1.23 Quercitrina + + + + + − − + − − + −

8 8.12 171.0288 171.0288 C15H10O5 1.75 Gallic acida − − + − − − − − − − − −

9 8.3 287.0555 287.0559 C15H10O6 1.50 Kaempferola − + − − − − − − − − − −

10 7.5 301.0712 301.0713 C16H12O6 −1.78 Chrysoeriol + + + − − − − − − + − −

11 12.0 285.0763 285.0761 C16H12O5 −1.15 Ferulic acid − − + + − − − − − −

12 14.9 271.0606 271.0605 C15H10O5 0.10 Baicalein, − − − + − − − − − + − −

RT, Retention Time; Cal. [M+H]+, calculated molecular weight of protonated molecule; Obs. [M+H]+, observed molecular weight of protonated molecule; aMatched with standards; (+),

Detected; (−), Not detected; Cal., Calculated; Obs, Observed; 1–15 are the plant extracts (1), A. augusta; (2), A. chinensis; (3), A. lebbeck; (4), B. ceiba; (5), C. arborea; (6), C. fragrans;

(7), C. colebrookianum; (8), C. speciosus; (9), D. indica; (10), G. conyza; (11), H. sabdariffa; (12), M. charantia.

three human pathogenic bacteria (S. aureus, P. aeruginosa, and
E. coli) and yeast (C. albicans) which are responsible for different
food borne diseases. Three known antibiotics (ampicillin,
streptomycin, and tetracycline) were used as positive control to
compare with 12 medicinal plant extract. Our results showed that
the plant extracts response were different against the bacteria
tested. The methanol extract of dry leaves of 12 plants revealed
the antibacterial activity against gram-positive (S. aureus) and
gram-negative (E. coli and P. aeruginosa) bacteria at four different
concentrations (1, 5, 7.5, and 10 mg/mL with DMSO). We
found that out of 12 plants, seven plants showed positive activity
against gram-positive bacteria with MIC values ranging from
1.635 to 7.972 mg/mL (Table 4). A. lebbeck and M. charantia
had potent antibacterial activity against S. aureus with a MIC
value of 7.972 and 7.634 mg/mL, respectively (Table 4). Five
plants extracts (A. augusta, A. chinensis, C. fragrans, C. speciosus,
and H. sabdariffa) showed no activity against S. aureus, while
six plant extracts exhibited effect against gram negative bacteria
(E. coli and P. aeruginosa) with the MIC values ranging from
5.621 to 7.815 mg/mL and 5.607 to 6.764 mg/mL respectively.
G. conyza had highest activity against P. aeruginosa (6.764
mg/mL). Only three plant leaf extracts (C. colebrookianum, D.
indica, and M. charantia) revealed positive antibacterial activity
against C. albicans with the MIC values ranging from 6.293 to
6.896 (Table 4). However, M. charantia extract showed positive
activity against all the pathogens tested.

Cytotoxicity Screening by MTT Assay
against Cell Line
The cytotoxic activity of the extract can be attributed to the
different secondary metabolites present in its crude extract.
In the present study, we have evaluated the cytotoxicity
of crude methanolic leaf extracts of 12 medicinal plants at
different concentrations (1, 10, 25, 50, 75, 100, 125, and
150 µg/mL) on HepG2 (human hepato carcinoma) cells

using MTT [3-(4, 5-dimethylythiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium hydrobromide] assay. The cytotoxic activities of
the crude extracts were preliminarily screened by MTT assay,
the percentage viability curves of treated cells were plotted
against the extract concentrations, and the IC50 as compared
to that of untreated cells was determined (Figure 2). All the
extracts exhibited cytotoxic activity at various concentrations
and some of the extracts (A. lebbeck, D. indica, and B. ceiba)
had cytotoxicity at low concentrations with minor differences
in IC50. Figure 2 shows the morphological variations such as
shrinkage, nuclear condensation in the cells, which might be a
probable indicator for apoptosis induced by the plant extract.
Table 1 showed the cytotoxic activity (IC50) of the 12 plant’s
crude methanolic leaf extracts that are commonly used in the
treatment of disease in Mizo traditional medicine. The ability of
the extract to inhibit the proliferation of HepG2 cells at a low
concentrationmakes it a possible potent chemotherapeutic agent.
Among the plant extracts used for cytotoxic studies, the extracts
of A. lebbeck, D. indica, and B. ceiba were found active on HepG2
cells (IC50 values 24.03, 25.09, and 29.66 µg/mL, respectively)
and a significant decrease in cell viability was observed at low
concentrations. M. charantia, C. colebrokianum, and C. arborea
were found moderately active on HepG2 cells (IC50 values 56.77,
63.04, and 67.32 µg/mL, respectively) and G. conyza was at least
active (IC50 values 86.55 µg/mL).

DISCUSSION

Determination of Total Phenolics (TPC),
Flavonoids (TFC), and Antioxidant Activity
by DPPH, ABTS, and Reducing Power
Assays
The maximum amount of TPC was recorded with the methanol
extract of B. ceiba (181.91 µg of GAE/mg) followed by D. indica
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TABLE 4 | Well diffusion assay of antimicrobial activity of the selected medicinal plant extracts.

Sample Staphylococcus aureus Pseudomonas aeruginosa Candida albicans Escherichia coli

Zone of inhibition

(mm) using

10mg/ml extract

IC50

(mg/mL)

Zone of inhibition

(mm) using

10mg/ml extract

IC50

(mg/mL)

Zone of inhibition

(mm) using

10mg/ml extract

IC50

(mg/mL)

Zone of inhibition

(mm) using

10mg/ml extract

IC50

(mg/ml)

A. augusta – – – – – – – –

A. chinensis – – – – – – – –

A. lebbeck 6.00 ± 0.50a 7.972 – – – – 7.5 ± 0.10a 5.621

B. ceiba 5.50 ± 0.25bc 1.635 5.0 ± 0.50a 6.728 – – 8.5 ± 0.28bc 7.815

C. arborea 6.50 ± 0.28bde 4.939 8.00 ± 0.20bc 6.58 – – – –

C. fragrans – – 8.00 ± 0.20bc 5.855 – – 6.5 ± 0.20bde 6.111

C. colebrookianum 5.50 ± 0.25bc 4.139 – – 7.00 ± 0.50a 6.293 9.0 ± 0.15bdf 6.634

C. speciosus – – – – – – – –

D. indica 6.00 ± 0.50a 5.139 4.0 ± 0.15bde 5.607 6.50 ± 0.28bc 6.896 – –

G. conyza 5.00 ± 0.20bdfg 4.866 5.0 ± 0.50a 6.764 – – 4.0 ± 0.28bdfg 6.647

H. sabdariffa – – – – – – – –

M. charantia 8.00 ± 0.20bdfhi 7.634 9.0 ± 0.28bdfg 6.759 9.00 ± 0.15bde 6.298 7.5 ± 0.10a 6.494

Ampicillin 10.50 ± 0.28bdfhjk 12.542 7.0 ± 0.20bdfhi 10.768 3.5 ± 0.10bdfg 9.612 14.50 ± 0.10bdfhi 14.821

Streptomycin 8.00 ± 0.50bdfhi 10.736 11.50 ± 0.28bdfhjk 14.321 2.0 ± 0.28bdfhi 8.704 11.50 ± 0.28bdfhjk 12.672

Tetracycline 10.00 ± 0.50bdfhjk 12.637 10.00 ± 0.15bdfhjl 12.735 2.5 ± 0.15bdfhj 8.431 12.00 ± 0.15bdfhjl 10.685

Fluconazole – – – – 6.5 ± 0.15bc 7.461 – –

Mean (±SD) followed by the same letter(s) in each column [Zone of inhibition (mm)] are not significantly different at P < 0.05 using Duncan’s new multiple range test. – no activity shown.

FIGURE 2 | Cell proliferation percent inhibition of methanolic leaf

extracts from Mizoram on human hepatocarcinoma cell line (HepG2).

Values are presented as mean ± SEM and are significant at p < 0.05.

and C. colebrookianum with 180.15 and 158.37 µg of GAE/mg
respectively. Jain et al. (2011) reported polyphenol content from
aqueous extracts of B. ceiba as 30.95 µg GAE/mg. In this study,
a significant TPC level has been obtained from a methanolic
leaf extract of B. ceiba which is much higher than the reported

earlier. Similar findings were recorded in the leaf extract of D.
indica wherein the TPC content was found to be higher than the
previously reported value of 25.25 mg GAE /g of plant extract
(Saha et al., 2009). In the case of C. colebrookianum, a similar
TPC value (104.4 mg GAE/100 mg) has been reported by Mandal
et al. (2013). The highest TFC was found in A. lebbeck (102.2
µg of quercetin/mg). This was in accordance with the findings
of Zia-Ul-Haq et al. (2013) who reported the TFC as 371.27
mg CAE/g and Malla et al. (2014) who found TFC as 22.48 mg
quercetin/g. The TFC of D. indica was 98.25 µg of quercetin/mg
which was again higher than the previously report by Islam et al.
(2013) from the methanolic bark extract of D. indica (30.34 mg
quercetin/g). To best our knowledge, this is first report of TFC
from B. ceiba with significant flavonoid content of 88.84 µg
quercetin/mg.

Apak et al. (2007) suggested that antioxidant activity cannot
be estimated by using a single test. Hence, three parameters
were used to strengthen our investigation. Namely, antioxidant
activities of plants were examined as the free radical scavenging
ability using DPPH, ABTS+, and reducing power. DPPH assay
mainly depends on the hydrogen donating capacity to scavenge
DPPH radicals. Free radicals play a major role in overcoming
numerous chronic pathologies, such as cancer and cardiovascular
diseases among others (Dorman et al., 2003). Antioxidants
respond to the DPPH by reducing their number of DPPH
molecules which in turn will be equivalent to the number
of their OH− ions prevailing. The reduced capacity of the
DPPH radical as estimated at 515 nm indicates the decrease of
absorbance by antioxidants action which will be proportional
to the number of residual DPPH (Juan et al., 2005). The free
radical scavenging property of DPPH can be noted as a change
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in color from purple to yellow when a DPPH electron binds to
a radical scavenger forming reduced DPPH-H (Cai et al., 2003).
DPPH result was expressed as IC50 (half maximal inhibitory
concentration) value and the lower the value the better the
antioxidant capacity.

In our study, we found that DPPH IC50 value of 29.96 µg/mL
and ABTS IC50 value of 24.08 µg/mL in D. indica plant. These
findings were comparable to the previously reported IC50 DPPH
values of methanolic extracts of D. indica bark (12.32 µg /mL)
by Alam et al. (2012). Similarly, A. lebbeck also showed lower
IC50 DPPH value of 34.22 µg/mL and also observed ABTS IC50

value of 108.7µg/mL. The IC50 DPPH value reported here in this
study for A. lebbeck is extremely low compared to the previously
reported values of 240 µg/mL of methanolic leaf extract (Malla
et al., 2014). We found that IC50 DPPH value of 46.36 µg/mL
and ABTS IC50 value of 89.19 µg/mL in B. ceiba. Similar reports
by Jain et al. (2011) wherein an IC50 DPPH value of 15.07
µg/mL of extract was found from B. ceiba methanolic root
extract. Nehete et al. (2010) showed IC50 DPPH value of 14.26
µg/mL for C. speciosus plant which was lower than our reported
value.

Similarly, IC50 DPPH values forA. augusta (101.4µg/mL) and
C. fragrans (50 µg/mL) were reported by Hossain et al. (2015)
and Shyma et al. (2013). This may be because this plant has
more antioxidant compounds than other phytochemicals which
is neutralizing the DPPH radical. As mentioned above, the best
ABTS scavenging activity was shown in D. indica followed by B.
ceiba and A. lebbek. The highest IC50 ABTS value was found in
C. speciosus (513.4 µg/mL of extract) which was in deviation to
that of previous reports by Vijayalakshmi and Sarada (2008), who
mentioned that IC50 ABTS value of 85.51 µg/mL of methanolic
leaf extract of C. speciosus plant. Thus, by all three assays used
five plants (D. indica, A. lebbeck, B. ceiba, C. arborea, and C.
colebrookianum) have shown significant antioxidant capacity.
Correlation of TFC with respect to reducing power (OD) values
indicated an R2 of 0.541; which is in accordance to the correlation
value of TPC to RPA (reducing power assay). Thus, these positive
correlations between the TPC content which inturn is dominated
by TFC to that of the reducing and antioxidant assays indicates
that the flavonoids and polyphenols may be responsible for the
antioxidant properties (Zhao et al., 2006).

Detection of Phenolic Compounds by
HPLC-DAD-ESI-TOF-MS
To the best of our knowledge, this is the first report about
phenolic compounds detected by HPLC analysis for plant
species like A. chinensis, A. lebbeck, B. ceiba, C. arborea,
C. fragrans, C. colebrookianum, C. speciosus, Gynura conyza,
and M. charantia. Previous findings reported the presence of
phenolic compounds in A. augusta and H. sabdariffa leaves
(Borrás-Linares et al., 2015; Khanra et al., 2015; Zhen et al., 2016).
Quercetin and Rutin was detected in A. augusta andH. sabdariffa
which was similarly reported in Borrás-Linares et al. (2015) and
Khanra et al. (2015). However, Luteolin, a phenolic compound,
was identified for the first time in C. colebrokianum plant. On
the other hand, H. sabdariffa plant was found to possess only

Quercetin and Rutin compounds which were reported earlier by
Borrás-Linares et al. (2015).

Antimicrobial Activity of Methanol Extracts
of Selected Medicinal Plants
Antimicrobial assays of methanolic extract of 12 plants
showed strong activity against three human pathogenic bacteria
(S. aureus, P. aeruginosa, and E. coli) and yeast C. albicans which
are responsible for different food borne diseases. Six plant extract
indicated positive activity against E. coli and P. aeruginosa with
MIC values ranging from 5.621 to 7.815 mg/mL and 5.607 to
6.764 mg/mL, respectively. This finding is similarly reported by
Malla et al. (2014); Mahomoodally et al. (2010); Mandal et al.
(2015). B. ceiba showed highest antibacterial activity against E.
coli (7.815 mg/mL). Similar results were reported by Digge et al.
(2015). From our results, different ranges of MIC values were
found in all plants tested as reported by Yaldiz et al. (2015), but
to the best of our knowledge, this is the first time report of three
plants viz. C. colebrookianum and G. conyza with antimicrobial
activity against S. aureus, E. coli, P. aeruginosa, and C. albicans.
All the plants which showed positive antimicrobial activity can
be used to characterize and develop new medicinal compounds
or pharmaceutical drug to control human pathogenic bacterial
disease (Higginbotham et al., 2014; Borrás-Linares et al., 2015).

Plant polyphenols are considered to have antimicrobial
activity, generally by the disturbance of the function of bacterial
cell membranes which retards bacterial growth or multiplication.
Nevertheless, other compounds such as Quercetin, could act
essentially by enzyme inhibition of DNA gyrase (Cushnie and
Lamb, 2005). However, according to the antimicrobial activity
of plant extracts, a higher total content in phenolic compounds
including flavonoid, cyanidin, and delphinidin are not always
correlated to high antibacterial activity. In fact, the most potent
plant extracts against the studied microorganisms did not exhibit
the highest content in these compounds, such as A. lebbeck, B.
ceiba, G. conyza, and M. charantia. Therefore, the antibacterial
activity exhibited by these extracts could be attributed to the
presence of specific phenolic compounds in their composition
and to the possible existence of synergistic effects with other non
phenolic compounds present in the extracts.

Cytotoxicity Screening by MTT Assay
against Cancer Cell Line
Plant extracts contain almost unlimited compounds and have
the capacity to produce cytotoxicity that fascinates researchers
in the quest for new and novel therapeutic drugs (Jain and Jain,
2011). The persistency search for new compounds in medicinal
plant and traditional food is a realistic and promising strategy
for prevention of diseases (Li et al., 2012). We found that the
cytotoxicity test of 12 methanolic plant extracts at different
concentrations (1, 10, 25, 50, 75, 100, 125, and 150 µg/mL)
on HepG2 (human hepato carcinoma) cells using MTT assay.
According to the United States National Cancer Institute plant
screening program, a crude extract is generally considered to
have in vitro cytotoxic activity if the IC50 is <30–40 µg/mL
(Oskoueian et al., 2011). Three plant extracts (A. lebbeck,
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D. indica, and B. ceiba) showed cytotoxicity activity at very
low concentrations. Similarly, the potent cytotoxicity of crude
methanolic leaf extract of A. lebbeck against breast cancer cell line
(MCF-7) and a slight inhibition of HT-29 cell line were reported
(Aditya et al., 2014).

CONCLUSIONS

The results of the study showed that the leaves of the selected
traditional medicinal plants have antioxidant and antimicrobial
activities. The results highlighted the potential of the leaves
of the selected plants as source of natural antioxidant and
antimicrobials. Furthermore, this work is the first report
available for the cytotoxicity assay against HepG2 (human hepato
carcinoma) cells and phenolic compounds from the selected
plants. This report can lead to explore the potential of medicinal
plants from Northeast India as a valuable source for drug
discovery.
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