Chapter 2
Efficacies of Medicinal Plant Extracts Against
Blood-Sucking Parasites

A. Abdul Rahuman

Abstract Mosquito-borne diseases are endemic in more than over 100 countries,
causing mortality of nearly two million people every year, and at least one million
children die of such diseases each year, leaving as many as 2,100 million people at
risk around the world. Mosquitoes are associated with the transmission of malaria,
dengue, Japanese encephalitis, filariasis and other viral diseases throughout the
globe, apart from being a nuisance insect. Vector control, using agents of chemical
origin, continues to be practiced in the control of vector-borne diseases. However,
due to some drawbacks including lack of selectivity, environmental contamination,
and emergence and spread of vector resistance, development of natural products of
plant origin with insecticidal properties have been encouraged in recent years for
control of a variety of pest insects and vectors. The work herein is based on
activities to determine the efficacies of hexane, chloroform, ethyl acetate, acetone
and methanol extracts of medicinal plants tested against blood-sucking parasites.

2.1 Introduction

Vector mosquitoes are capable of transmitting potential pathogens to human
beings, and they are responsible for several infectious diseases like malaria, filaria-
sis, Japanese encephalitis, yellow fever, dengue, and chikungunya. It is estimated
that every year at least 500 million people in the world suffer from one or other
tropical diseases. One to two million deaths are reported annually due to malaria
worldwide. Malaria is the world’s most important and dreadful tropical disease. It is
prevalent in about 100 countries and around 2,400 million people are at risk (Kager
2002). In South East Asia alone, 100 million malaria cases occur every year and
70% of these are reported from India (WHO 2004). Lymphatic filariasis affects at
least 120 million people in 73 countries in Africa, India, Southeast Asia, and the
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Pacific Islands. In India, various species of Aedes, Anopheles, and Culex mosqui-
toes are important insect vectors of human diseases (Pialoux et al. 2007). These
diseases not only cause high levels of morbidity and mortality but also inflict great
economic loss and social disruption on developing countries such as India,
China, etc.

Anopheles stephensi transmits malaria in the plains of rural and urban areas of
India. Malaria afflicts 36% of the world’s population, i.e., 2,020 million in 107
countries and territories situated in the tropical and subtropical regions. In the South
East Asian Region of WHO (World Health Organization), out of about 1.4 billion
people living in 11 countries, 1.2 billion (85.7%) are exposed to the risk of malaria,
most of whom live in India. Of the 2.5 million reported cases in South East Asia,
India alone contributes about 70% of the total cases (Kondrachine 1992). In India,
malaria is transmitted by nine anopheline vector species of which six are of primary
importance. The primary vectors include Anopheles culicifacies, A. stephensi,
Anopheles fluatilis, Anopheles minimus, Anopheles gyrus, and Anopheles sundicus.
These species are responsible for transmission in specific ecotypes. Of the six
primary vector species, A. culicifacies is squarely responsible for transmission of
about 60—70% of the malaria in rural plains and peri-urban areas (Raghavendra and
Subbarao 2002). The interactive outcome of these disease determinants leads to
various combinations of transmission risk factors at local and focal levels. The two
million reported cases in the 1980s increased during the 1990s both in terms of
morbidity and mortality. In the last 5 years about 40 epidemics including 1,400
malaria deaths have been reported from nine states within our country (Yadav et al.
1999). Although annually India reports about two million cases and 1,000 deaths
attributable to malaria, there is an increasing trend in the proportion of Plasmodium
falciparum as the agent (Dash et al. 2008).

Culex quinquefasciatus, is a vector of lymphatic filariasis which is a widely
distributed tropical disease, and there are nearly 1,100 million people living in areas
endemic for lymphatic filariasis and exposed to the risk of infection; there are 102
million cases of filariasis, either having patent microfilaraeimeia or chronic filarial
disease (Michael et al. 1996). Wuchereria bancrofti accounts for approximately
90% of all filariasis cases in the world, followed by Brugia malayi and Brugia
timori. India contributes about 40% of the total global burden of filariasis and
accounts for about 50% of the people at risk of infection. Recent estimates have
shown that in India, 22 states were found to be endemic for filariasis, and nine states
(Andhra Pradesh, Bihar, Gujarat, Kerala, Maharashtra, Orissa, Tamil Nadu, Utter
Pradesh, and west Bengal) contributed to about 95% of the total burden of filariasis.
A total of 289 districts in India were surveyed for filariasis up to 1995, out of which
257 were found to be endemic. In India a total of 553 million people are at risk of
infection and there are approximately 21 million people with symptomatic filariasis
and 27 million microfilaria carriers. W. bancrofti is the national burden, widely
distributed in 17 states and six union territories (ICMR Bulletin 2002), B. malayi is
restricted in distribution, with decreasing trend. An overview of the traditional
endemic foci shows concentration of infection mainly around river basins, and
eastern and western coastal parts of India (Sabesan et al. 2000).
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The yellow fever mosquito, Aedes aegypti is responsible for dengue fever in
India, where the number of dengue fever cases has increased significantly in recent
years. Dengue infection is endemic in over 100 countries worldwide and causes
nearly 100 million cases of dengue fever, 500,000 cases of dengue hemorrhagic
fever, and 24,000 deaths each year (Gibbons and Vaughn 2002; Guha-Sapir and
Schimmer 2005; Kumaria 2010). Dengue fever is a reemerging disease affecting
people in more than 100 countries. Its incidence has increased fourfold since 1970
and nearly half the world’s population is now at risk. In 1990, almost 30% of the
world population, 1.5 billion people, lived in regions where the estimated risk of
dengue transmission was greater than 50% (Derouich and Boutayeb 2006; Hales
et al. 2002).

Natural products of plant origin with insecticidal properties have been tried
in the recent past for control of a variety of insect pests and vectors. Plants
are considered as a rich source of bioactive chemicals and they may be an alterna-
tive source of mosquito control agents. Natural products are generally preferred
because of their less harmful nature to nontarget organisms and due to their innate
biodegradability. In India, over 200 types of vegetable drugs were in use during the
Vedic period (3700-2000 Bc). Charak Samhita (600 Bc) mentioned 1,270 medicinal
plants, while Sushruta Samhita (450 Bc) and Vagbhatta’s Astangahridaya (342 BC)
mention about 1,100 and 1,150 medicinal plants, respectively (Chadha and Gupta
1995). Many studies on plant extracts against mosquito larvae have been conducted
around the world. This chapter reviews the status of medicinal plant extracts and
examines the scope for improving their relative contribution to the economy of
rural families.

2.2 Background Information of Medicinal Plants

An estimated 14-28% of the 422,000 plants occurring on Earth have been used by
human cultures for medicinal purposes at one time or another (Farnsworth and
Soejarto 1991). Approximately 80% of the people in developing countries rely even
today mainly on traditional medicines for humans (Food and Agricultural Organi-
zation (FAO) 1996) as well as domestic animals, a major portion of which are
extracts of medicinal plants or their active principles. More than 6,500 species of
such medicinal plants have been identified in Asia, 1,900 species in tropical
America, and 1,300 species in north-west Amazon (Farnsworth and Soejarto
1991). Global trade in plant-based drugs was estimated at US$ 100 billion, of
which traditional medicines using medicinal plants accounted for 60 billion
(WHO 2004). In addition, trade in herbal teas, drug adjuncts, dietary foods etc.,
was estimated at US$ 5 billion in 1997. India has approximately 150,000 practi-
tioners of traditional systems of medicine, and 10,000 licensed pharmacies
manufacturing plant-based drugs (WBSICP 1997). The trade in medicinal herbs
in India was estimated at US$ 1 billion (EXIM Bank 2003) and the country exports
medicinal herbs worth US$ 287 million annually (DGCIS 2004).
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2.2.1 Active Principles in Plants

The active principles in medicinal plants are chemical compounds known as
secondary plant products. Some secondary products discourage herbivores, others
inhibit bacterial or fungal pathogens. Two major categories of these compounds are
alkaloids and glycosides.

2.2.1.1 Alkaloids

More than 3,000 alkaloids have been identified in 4,000 plant species; most occur in
herbaceous dicots and also in fungi. Alkaloids contain nitrogen, they are usually
alkaline (basic), and they have a bitter taste. Their most pronounced actions are on
the nervous system, where they can produce physiological and/or psychological
results. The difference between a medicinal and a toxic effect of many alkaloids
(or any drug) is often a matter of dosage (Levetin and McMahon 2003).

2.2.1.2 Glycosides

Glycosides are so named because a sugar molecule (glyco-) is attached to the active
component. Glycosides are generally categorized by the nature of the nonsugar or
active component.

2.2.1.3 Cyanogenic Glycosides

The seeds, pits, and bark of many members of the rose family contain amygdalin,
the most abundant cyanogenic glycoside. The pits of apricots are a particularly rich
source of amygdalin and are ground up in the preparation of laetrile, a controversial
cancer treatment; supposedly, hydrogen cyanide is released only in the presence of
tumor cells and thus selectively destroys the cells (Levetin and McMahon 2003).

2.2.1.4 Cardioactive Glycosides and Saponins

Both contain a steroid molecule as the active components. Cardioactive glycosides
have an effect on the contraction of heart muscle and, in proper doses, some can be
used to treat various forms of heart failure. On the other hand, some of the deadliest
plants, such as milkweed and oleander, contain toxic levels of cardioactive glyco-
sides. One useful saponin is diosgenin from yams, which can be used as a precursor
for the synthesis of various hormones such as progesterone and cortisone (Levetin
and McMahon 2003).
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2.3 Relative Importance of Selected Medicinal Plants

The use of plant medicines plays an important role in daily healthcare. Local
medicines are even preferred to modern medicines. They are of course less expen-
sive, but they are often regarded as being more effective. India possesses a rich and
diverse variety of plant resources to meet the growing demand. The following
plants have been used in much disease and it is hoped that their study will facilitate
selection for further investigation of plants with relatively high levels of potency
and a wide range of biological activities. The plants were selected based upon their
medicinal and biological activities, which have been reported in the literature. In
regard to our literature survey the biological and parasitic activities of the plant
species are given herein. Abutilon indicum Linn. (Malvaceae), Acacia arabica
(Lamk.) Willd (Leguminoseae), Acalypha indica Linn. (Euphorbiaceae), Achyr-
anthes aspera Linn. (Amarantaceae), Aegle marmelos Linn. (Rutaceae), Androgra-
phis paniculata (Acanthaceae), Calotropis procera Linn. (Asclepiadaceae), Canna
indica L. (Cannaceae), Cassia auriculata Linn. (Cesalpinaceae), Centella asiatica
Linn. (Gentianaceae), Citrullus colocynthis Linn. (cucurbitaceae), Cocculus
hirsutus L. (Menispermaceae), Ficus racemosa L. (Moraceae), Jatropha curcas
L. (Euphorbiaceae), Jatropha gossypifolia Linn. (Euphorbiaceae), Leucas aspera
Willd. (Labiatae), Mangifera indica Linn. (Anacardiaceae), Nicotiana tabacum
Linn. (Solanaceae), Phyllanthus amarus L. (Euphorbiaceae), Ricinus communis
L. (Euphorbiceae), Rhinacanthus nasutus KURZ (Acanthaceae), Solanum torvum
Swartz (Solanaceae), Tagetes erecta L. (Compositae), Vitex negundo Linn.
(Verbenaceae), and Zingiber officinale Roscoe (Zingiberaceae) are discussed.

2.3.1 Abutilon indicum Linn. (Malvaceae)

Is known commonly as “Thuthi,” and is distributed throughout the hotter parts of
India (Chopra et al. 1992). It is reputed in the Siddha system of medicine as a
remedy for jaundice, piles, ulcer, and leprosy (Yoganarasimhan 2000). The plant is
also reported to possess analgesic activity (Ahmed et al. 2000). An approximately
80% ethanol root extract of A. indicum showed a toxic effect against A. aegypti
fourth-instar larvae and guppy fish (Promsiri et al. 2006). The aqueous extract of
A. indicum was tested for hepatoprotective activity against carbon tetrachloride-
and paracetamol-induced hepatotoxicities in rats (Porchezhian and Ansari 2005).

2.3.1.1 Biological Activities
Seven flavonoid compounds were isolated and identified from the flowers of

A. indicum (Mattawska and Sikorska 2002); clomiphene citrate, centchroman,
and embelin were isolated from the methanolic extracts of A. indicum and studied
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on uterotropic and uterine peroxidase activities in ovariectomized rats (Johri et al.
1991); the gossypetin 8 and 7 glucosides, cyanidin-3-rutinoside, B-pipene, cincole,
farnesol, borneol from oil, eudesmol, geramiol, caryophyllene from flower extract,
gallic acid, allantolactone and isoalantolactone were isolated from A. indicum
(Rastogi and Mehrota 1993, 1995). B-sitosterol has been recognized as the active
ingredient of many medicinal plant extracts. B-sitosterol has been isolated from leaf
petroleum ether extract of A. indicum as a potential new mosquito larvicidal
compound against A. aegypti, A. stephensi, and C. quinquefasciatus (Rahuman
et al. 2008a).

2.3.2 Acacia arabica (Lamk.) Willd (Leguminoseae)

Is a leguminous tree found naturally in the Deccan and other parts of India and
tropical Africa. It is an economically valued timber tree and is used for agricultural
implements and fuel wood, while the leaves are used for fodder (Anonymous 1985).
The gum of A. arabica is described as a source of useful medicaments, and it is
believed to be of value for treating gingivitis and for reducing plaque (Gazi 1991).

2.3.2.1 Biological Activities

The flowers of A. raddiana have been used to attract and catch Anopheles sergentii
(Miiller and Schlein 2006); A. arabica was reported as an insecticidal plant which
can be used in insecticide preparations (Singh and Saratchandra 2005); the bioeffi-
cacies were evaluated for their oviposition inhibition, residual toxicity, and direct
toxicity effects on pulse beetle, Callosobruchus maculatus (Rahman and Talukder
2006); the ash was used to control the grain weevil, Sitophilus granarious (Rahman
et al. 2003). Water, hot water, acetone, chloroform, and methanol leaf extracts of
A. arabica were tested against early fourth-instar larvae of C. quinquefasciatus
(Rahuman et al. 2009a).

2.3.3 Acalypha indica Linn. (Euphorbiaceae)

Is a common annual shrub in Indian gardens, house backyards, and waste areas
throughout the plains of India. The leaves possess laxative properties (a substitute
for senega) and are used in the form of a powder or decoction. Acalypha cures
diseases of the teeth and gums, burns, toxins of plant and mixed origin, stomach
pain, diseases due to pitha, bleeding piles, irritations, stabbing pain, wheezing,
sinusitis, and neutralizes predominance of the Kabha factor (Chopra et al. 1956).



2 Efficacies of Medicinal Plant Extracts Against Blood-Sucking Parasites 25
2.3.3.1 Biological Activities

The ethanolic extracts of A. indica were evaluated for their wound healing activity
in rats (Suresh Reddy et al. 2002). The ethyl acetate, hexane, and methanol extracts
of A. indica leaves, stem, and roots were investigated against three strains of human
pathogenic bacteria, Bacillus subtilis, Staphylococcus aureus, and Klebsiella pneu-
moniae (Gangadevi et al. 2008). The insecticidal activity of the extract of A. indica
against Plutella xylostellai was evaluated (Grainge et al. 1984); prolonged larval
and pupal periods of C. quinquefasciatus have been reported by Daniel et al. (1995)
while using plant extracts. The acetone, chloroform, ethyl acetate, hexane, and
methanol leaf extracts of A. indica, were studied against the early fourth-instar
larvae of A. aegypti and C. quinquefasciatus (Bagavan et al. 2008).

2.3.4 Achyranthes aspera Linn. (Amarantaceae)

Is widespread in the world as a weed, in Baluchistan, Ceylon, Tropical Asia, Africa,
Australia, and America. In the northern part of India it is known as a medicinal plant
in different systems of folk medicine.

2.3.4.1 Biological Activities

The saponin isolated from the leaf of A. aspera was assessed for cancer chemopre-
ventive activity (Chakraborty et al. 2002); the saponin isolated from the EtOH stem
bark of Maesa lanceolata exhibited powerful biocidal activity against aquatic adult
insects (Aeschnidae, Coenagrionidae, Hydrobidae), mosquitoes (Anopheles gam-
biae, Anopheles funestus, Culex sp.), snails (Biomphalaria pfeiffeiri and Lymnae
natalensis), furcocercariae of Schistosoma mansoni and fish (Haplochromis sp.,
Oreochromis nilotica, and Oreochromis macrochi) (Bagalwa and Chifundera
2007); the soyasaponins and dehydrosoyasaponin . isolated from Pisum sativum
showed antifeedant activity against Sitophilus oryzae (Taylor et al. 2004a, b). The
saponin isolated from A. aspera has been reported as a potential mosquito larvicidal
compound against A. aegypti and C. quinquefasciatus (Bagavan et al. 2008).

2.3.5 Aegle marmelos Linn. (Rutaceae)

Is commonly known as Bael, an indigenous plant to India and also found in
Myanmar, Pakistan, and Bangladesh. It is one of the most useful medicinal plants
in India. Its stem, bark, root, leaves, and fruits have medicinal value, and it has a
long tradition as a form of herbal medicine. The leaves are widely used to treat
diarrhea, dysentery, heart palpitations, and eye diseases (Kirtikar and Basu 1993).
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2.3.5.1 Biological Activities

Leaves, fruits, stem, and roots of A. marmelos have been used in ethno medicine to
exploit its medicinal properties including astringent, antidiarrheal, antidysenteric,
demulcent, antipyretic and anti-inflammatory activities. Compounds purified from
bael have been proved to be biologically active against several major diseases
including cancer, diabetes, and cardiovascular diseases. Preclinical studies indicate
the therapeutic potential of crude extracts of A. marmelos in the treatment of many
microbial diseases, diabetes, and gastric ulcer (Maity et al. 2009).

The methanol extract of A. marmelos was assayed for its toxicity against the
early fourth-instar larvae of C. quinquefasciatus (Rahuman et al. 2008a); evaluated
for larvicidal activity and smoke-repellent potential at different concentrations
against first- to fourth-instar larvae and pupae of A. aegypti (Vineetha and Murugan
2009); the efficacies of leaf hexane, chloroform, ethyl acetate, acetone, and metha-
nol extracts of A. marmelos were tested against the adult cattle tick Haemaphysalis
bispinosa, the larvae of Rhipicephalus (Boophilus) microplus, and sheep fluke
Paramphistomum cervi (Elango and Rahuman 2010).

2.3.6 Andrographis paniculata Nees (Acanthaceae)

Is a medicinal plant widely cultivated in tropical regions of Asia. Traditionally it is
used for several applications including as an antidote for snakebite in folk medicine
and poisonous stings of some insects and to treat dyspepsia, influenza, dysentry,
malaria, cold, fever, laryngitis, and respiratory infection in many Asian countries.
The extract of the plant is reported to possess immunological, antibacterial, anti-
inflammatory, antithrombotic, hepatoprotective, antihypertensive, and antidiabetic
activities (Mishra et al. 2007).

2.3.6.1 Biological Activities

The extract of the plant is a rich source of flavonoids and labdane diterpenoids (Rao
et al. 2004; Geethangili et al. 2008). Of the diterpenoids, andrographolide (AP1)
and 14-deoxy-11,12-didehydroandrographolide (AP2) were isolated from the 95%
alcoholic extract obtained from the aerial parts of A. paniculata. Herbal extracts of
A. paniculata have been known as hepatoprotective and fever-reducing drugs since
ancient times and they have been used regularly by the people in the south Asian
subcontinent. Methanolic extracts of these plants were tested in vitro on cholor-
oquine sensitive (MRC-pf-20) and resistant (MRC-pf-303) strains of P. falciparum
for their antimalarial activity (Mishra et al. 2009).

Hyperglycemia and hypertension contribute to diabetic nephropathy; effects of
AP1 and AP2 for ameliorating both were reported (Yu et al. 2003; Hsu et al. 2004;
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Reyes et al. 2006). Although the constituents of A. paniculata are reported to
have antidiabetic potency, the precise active compounds responsible for diabetic
nephropathic activity of this plant have not been clearly identified (Lee et al. 2010).
The leaf acetone, chloroform, ethyl acetate, hexane, and methanol extracts of
A. paniculata were evaluated for larvicidal activities against A. subpictus and
C. tritaeniorhynchus (Elango et al. 2009a).

2.3.7 Calotropis procera Linn. (Asclepiadaceae)

Is a spreading shrub or small tree with a height up to 4 m, exuding copious milky
sap when cut or broken; the leaves are gray-green, large up to 15 cm long and 10 cm
broad, with a pointed tip, two rounded basal lobes and no leaf stalk; the flowers are
waxy white with five petals, purple-tipped inside and with a central purplish crown,
carried in stalked clusters at the ends of the branches; fruits are gray-green, inflated,
8—12-cm long, containing numerous seeds with tufts of long silky hairs at one end
(Kleinschmidt and Johnson 1977). The native range covers South West Asia (India,
Pakistan, Afghanistan, Iran, and Saudi Arabia and Jordan) and Africa (Somalia,
Egypt, Libya, south Algeria, Morocco, Mauritania, and Senegal).

2.3.7.1 Biological Activities

Extracts of C. procera have insecticidal activity against different insects such as
Sarcophaga haemorrhoidalis (Moursy 1997), while the latex was used against the
third stage larvae of Musca domestica (Morsy et al. 2001). The crude latex
produced by the green parts of the plant was evaluated for its toxic effects upon
egg hatching and larval development (Ramos et al. 2006). They found the whole
latex was shown to cause 100% mortality of III instars within 5 min and different
aqueous concentrations of this plant affected the gravid female A. aegypti mosqui-
toes and this behavior continued over three gonotrophic cycles (Singhi et al. 2004).
The fresh latex extract of C. procera was tested against C. quinquefasciatus and
A. stephensi (Shahi et al. 2010).

The root barks methanolic extract of C. procera enabled the identification of a
novel cardenolide (2”-oxovoruscharin) and it was tested against 57 human cancer
cell lines in vitro and in vitro inhibitory influence on the Na*/K*-ATPase activity,
and in vivo tolerance test (Van Quaquebeke et al. 2005).

2.3.8 Canna indica L. (Cannaceae)

Indian shot or Keli is a native of tropical America and is a very popular ornamental
and medicinal plant throughout the tropical world. C. indica is an upright perennial



28 A.A. Rahuman

rhizomatous herb. It has round, shiny black seeds. The plant is used in the treatment
of women’s complaints. A decoction of the root with fermented rice is used in
the treatment of gonorrhea and amenorrhea. The plant is also considered to be
demulcent, diaphoretic, and diuretic (Joshi and Pant 2010).

2.3.8.1 Biological Activities

The efficacy of dried, coarsely powdered leaf, flower, thizome, and seed benzene
and methanol extracts of C. indica showed significant central, peripheral analgesic
activity in mice and anthelmintic activity against Pheritima posthuma (Nirmal
et al. 2007). The leaf acetone, chloroform, hot water, methanol, petroleum ether
(60-80°C), and water extracts of C. indica were investigated for larvicidal potential
against second- and fourth-instar larvae of the laboratory-reared mosquito species,
C. quinquefasciatus (Rahuman et al. 2009b).

Four anthocyanin pigments have been isolated from the flowers of C. indica;
they are (1) cyanidin-3-O-(600-O-a-rhamnopyranosyl)-B-glucopyranoside, (2)
cyanidin-3-0-(600-O-a-rhamnopyranosyl)-B-galactopyranoside, (3) cyanidin-3-O-
B-glucopyranoside, and (4) cyanidin-O-f-galactopyranoside; the isolated com-
pounds showed good antioxidant activity thus making them suitable for use in
food coloration and as a nutraceutical (Srivastava and Vankar 2010).

2.3.9 Cassia auriculata Linn. (Cesalpinaceae)

Is a Tanner’s Cassia commonly found in Asia, and has been widely used in
traditional medicine as a cure for rheumatism, conjunctivitis, and diabetes (Joshi
2000). In addition, C. auriculata is used by the tribal peoples of the Chittor district
of Andhra Pradesh, India for the treatment of skin diseases, asthma, conjunctivitis,
and in renal disorders. The dried flowers and leaves of the plants are being used for
medical treatment and have been widely used in Ayurvedic medicine as “Avarai
Panchaga Choornam” and the main constituent of Kalpa herbal tea has come under
extensive study in the light of its antidiabetic effects (Vedavathi et al. 1997).
Recently reported was an antiperoxidative effect of C. auriculata flowers in strep-
tozotocin diabetic rats (Latha and Pari 2003).

2.3.9.1 Biological Activities

The flower methanol extracts showed larvicidal activity against A. subpictus and
C. tritaeniorhynchus and the hexane and methanol extracts exhibited antimicrobial
activity (Kamaraj et al. 2009; Duraipandiyan et al. 2006). The acetone, chloroform,
ethyl acetate, hexane, and methanol extracts of dried leaf and flower of C. auriculata
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were tested against larvae of the cattle tick R. (Boophilus) microplus, adult of
H. bispinosa, hematophagous fly Hippobosca maculata, nymph of goat-lice Dama-
linia caprae, and adult sheep parasite P. cervi (Kamaraj et al. 2010). Leaf extracts
of C. auriculata were evaluated for anticancer effects in vitro through cell cycle
arrest and induction of apoptosis in human breast and larynx cancer cell lines
(Prasanna et al. 2008); the flower hydromethanolic extract of C. auriculata was
evaluated for antidiabetic activity in alloxan-induced diabetes in rats (Surana et al.
2008); and the ethanol and methanol extracts of flowers were screened for antioxi-
dant activity (Kumaran and Karunakaran 2006). The alcoholic extract of the aerial
part of C. auriculata displayed potent antioxidant activity and the major antioxidant
constituent kaempferol-3-O-rutinoside together with kaempferol, quercetin, and
luteolin were isolated from the ethyl acetate fraction (Badaturuge et al. 2011).

2.3.10 Centella asiatica Linn. (Gentianaceae)

Is commonly known as “Mandukaparni.” In Sri Lanka and Indonesia, it is given the
name “Thankuni Sak.” In classical Indian Ayurveda literature, it is considered to be
one of the “Rasayana” (rejuvenator) drugs.

2.3.10.1 Biological Activities

In common with most traditional phytotherapeutic agents, C. asiatica is claimed to
possess a wide range of pharmacological effects, being used for human wound
healing, mental disorders, atherosclerosis, fungicidal, antibacterial, antioxidant and
anticancer purposes (Jayashree et al. 2003). C. asiatica has also been reported to be
useful in the treatment of inflammation, diarrhea, asthma, tuberculosis, and various
skin lesions and ailments like leprosy, lupus, psoriasis, and keloid. In addition,
numerous clinical reports verify the ulcer-preventive and antidepressive sedative
effects of C. asiatica preparations, as well as their ability to improve venous
insufficiency and microangiopathy (Zheng and Qin 2007). The n-hexane, carbon
tetrachloride, and chloroform soluble fractions of the methanol extract of
C. asiatica were subjected to antioxidant, antimicrobial and brine shrimp lethality
bioassays (Obayed Ullah et al. 2009).

The adulticidal and larvicidal effects of leaf hexane, chloroform, ethyl acetate,
acetone, and methanol extracts of C. asiatica were investigated against the adult
cattle tick H. bispinosa, sheep fluke P. cervi, fourth-instar larvae of the malaria
vector A. subpictus and Japanese encephalitis vector C. tritaeniorhynchus (Bagavan
et al. 2009). The ethanolic extract of C. asiatica leaves were evaluated for larvicidal
and adult emergence inhibition activity against C. quinquefasciatus (Rajkumar and
Jebanesan 2005). The ethyl acetate extract of C. asiatica showed anthelmintic
properties and antifilarial effects (Chakraborty et al. 1996). The larvicidal activity
of crude acetone, hexane, ethyl acetate, methanol, and petroleum ether extracts of
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the leaf of C. asiatica were assayed for their toxicity against the early fourth-instar
larvae of C. quinquefasciatus (Rahuman et al. 2008b). Triterpenoid acids, volatile
and fatty oils, alkaloids, glycosides, flavonoids, and steroids have been isolated
from different parts of the plant (Jayashree et al. 2003).

2.3.11 Citrullus colocynthis Linn. (Cucurbitaceae)

Is an annual herb found in the wild as well as cultivated throughout India in warm
areas. It is locally known as Makkal in Hindi, bitter apple in English, and Paitum-
matti in Tamil. In traditional medicine, this plant has been utilized to treat consti-
pation, diabetes, edema, fever, jaundice, bacterial infections as well as cancer. The
fruit of this plant is traditionally used as an antidiabetic in the Mediterranean part of
the World.

2.3.11.1 Biological Activities

The colocynithin and hydrated colocynithin isolated from the alcoholic extract
showed toxicity against cockroaches, adult honey bee, housefly, cotton leaf
worm, bed bug, and mosquito (el-Naggar et al. 1989). The petroleum ether and
ethyl acetate seed extracts showed antioviposition, F1 adult emergence, and ovi-
cidal and repellent activity against the pulse beetle Callosobruchus maculatus
(Seenivasan et al. 2004); the crude extracts (70% ethanol) were tested for their
mortality, repellency, and the number of eggs laid against the carmine spider mite
Tetranychus cinnabarinus (Mansour et al. 2004). Colocynth in the form of the solid
extract enters into many of the purgative pills of modern pharmacy. It is useful for
biliousness, fever, intestinal parasites, constipation, hepatic and abdominal, visceral
and cerebral congestions, dropsy, etc. The juice of the fruit mixed with sugar is
a house-hold remedy in dropsy (Anonymous 1970). The ethanolic extracts of
C. colocynthis fruits, leaves, stems, and roots were found to be active against
Gram-positive bacilli, viz., Bacillus pumilus and S. aureus, while fruit and root
extracts in double strength gave positive results against a Gram-positive bacillus
(B. subtilis). The leaf petroleum ether extract of C. colocynthis showed 100%
mortality against A. aegypti and C. quinquefasciatus (Rahuman and Venkatesan
2008). The fatty acids, oleic acid and linoleic acid were isolated and identified in
C. colocynthis petroleum ether extract. As mosquito larvicidal compounds oleic and
linoleic acids were quite potent against fourth-instar larvae of A. aegypti,
A. stephensi, and C. quinquefasciatus (Rahuman et al. 2008b).

The main chemical constituents of C. colocynthis reported in the literature are
docosan-1-ol acetate, 0, 13-dimethyl-pentadec-13-en-1-al, 11, 14-dimethyl hexa-
decane, 14-ol-2-one, 10, 14-dimethyl hexadecane 14, ol, 2-one, linoleic acid, oleic
acid, carbohydrate, amino acid, organic acid, lipid, sterols, and phenols (Ayoub and
Yankov 1981; Basalah et al. 1985; Habs et al. 1984 ; Navot and Zamir 1986).
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2.3.12 Cocculus hirsutus L. (Menispermaceae)

Is commonly known as Jal-jammi. It is a climber found in tropical and subtropical
regions of India. A decoction of the leaves is taken for eczema, dysentery and
urinary problems. Leaves and stem are used for treating eye diseases.

2.3.12.1 Biological Activities

Roots and leaves of C. hirsutus are given for Sarsaparilla, as a diuretic and in gout
(Nadkarni 1982). Aerial parts of the plant are reported to be used as a diuretic
and laxative (Ganapathy and Dash 2002) and the root extract showed analgesic and
anti-inflammatory effects (Nayak and Singhai 1993). The leaf juice was used in
the treatment of eczema (Maasilamani and Shokat 1981). The leaf hexane, chloro-
form, ethyl acetate, acetone and methanol extracts of C. hirsutus were tested against
the adult cattle tick H. bispinosa, the larvae of R. (Boophilus) microplus, sheep
fluke P. cervi, and for oviposition-deterrent, ovicidal, and repellent activities
against fourth-instar larvae and adults of malaria vector A. subpictus (Elango
et al. 2009b; Elango and Rahuman 2010). The ethanolic extract of the whole
plant showed the presence of isoquinoline alkaloids D-trilobine and pL-coclaurine
(Jagannadha Rao and Ramachadra Raw 1961), cohirsinine (Viquaruddin and Tahir
1991), jamtinine (Viquaruddin and Igbal 1992), and cohirsutine (Viquaruddin and
Igbal 1993).

2.3.13 Ficus racemosa L. (Moraceae)

Indian fig is an evergreen, lactiferous, deciduous tree with moderate to large
spreading, without a prominence of aerial roots, found throughout the greater part
of India in moist localities and is often cultivated in villages for its edible fruit
(Anonymous 1952). Different parts of F. racemosa are traditionally used as fodder,
as edible and for ceremonial uses (Manandhar 1972). All parts of this plant (leaves,
fruits, bark, latex, and sap of the root) are medicinally important in the traditional
system of medicine in India. The leaves powdered and mixed with honey are given
in bilious infections (Kirtikar and Basu 1975). The fruits are a good remedy for
visceral obstruction and also useful in regulating diarrhea and constipation (Vihari
1995). The astringent nature of the bark has been employed as a mouth wash in
spongy gum and also internally in dysentery, menorrhagia, and hemoptysis (Chopra
et al 1958). The bark is antiseptic, antipyretic and vermicidal, and the decoction of
bark is used in the treatment of various skin diseases, ulcers, and diabetes. It is also
used as a poultice in inflammatory swellings/boils and regarded to be effective in
the treatment of piles, dysentry, asthma, gonorrhea, gleet, menorrhagia, leucorrhea,
hemoptysis, and urinary diseases (Nadkarni et al. 1976). Apart from its usage in
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traditional medicine, scientific studies indicate F. racemosa to possess various
biological effects such as hepatoprotective, chemopreventive, antidiabetic, anti-
inflammatory, antipyretic, antitussive, and antidiuretic effects (Mandal et al. 1999;
Khan and Sultana 2005; Rao et al. 2002; Mandal et al. 2000; Rao et al. 2003;
Ratnasooriya et al. 2003).

2.3.13.1 Biological Activities

The tetracyclic triterpene derivative gluanol acetate was isolated from bark acetone
extract of F. racemosa as a new mosquito larvicidal compound, and it was shown
to be a quite potent compound against fourth-instar larvae of A. aegypti,
A. stephensi, and C. quinquefasciatus (Rahuman et al. 2008c). Aqueous extracts
of the bark were evaluated for anthelmintic activity using adult earthworms, which
exhibited a spontaneous motility (paralysis) (Chandrashekhar et al. 2008). Gluanol
acetate, B-sitosterol, leucocyanidin-3-O-f-p-glucopyranoside, leucopelargonidin-
3-O-B-p-glucopyranoside, leucopelargonidin-3-O-a-L-thamnopyranoside, lupeol,
ceryl behenate, lupeol acetate, and a-amyrin acetate were isolated from the stem—bark
of F. racemosa (Husain et al. 1992). The compounds gluanone and gluanol were
isolated from Hoppea dichotoma (Ghosal et al. 1978). The methanol stem—bark
extract showed activity against B. subtilis (Mahato and Chaudhary 2005); it also
showed significant anthelmintic activities (Hansson et al. 1986). The alcoholic and
aqueous fruit extracts caused death of microfilariae (Mishra et al. 2005) and
racemic acid showed potent anti-inflammatory, cytotoxic, and antioxidant activity;
the bark has also been evaluated for cytotoxic effects using 1BR3, Hep G2, HL-60
cell lines and found to be safe and less toxic than aspirin, a commonly consumed
anti-inflammatory drug (Li et al. 2004).

2.3.14 Jatropha curcas L. (Euphorbiaceae)

Is a shrub/small tree that grows up to 15-ft high. It is known as “Jungli erand” in
Hindi and “Katalamanakku” by the local people. It is used in traditional medicine
for fevers, venereal diseases, dysentery (Iwu 1993); the seeds of J. curcas are a
valuable source of biodiesel in Asian countries (Heller 1996).

2.3.14.1 Biological Activities

This plant exhibits bioactive activities for fever, mouth infections, jaundice, guinea
worm sores, and joint rheumatism (Irvine 1961; Oliver-Bever 1986). Fagbenro-
Beyioku et al. (1998) investigated and reported the antiparasitic activity of the sap
and crushed leaves of J. curcas. The water extract of the branches also strongly
inhibited HIV-induced cytopathic effects with low cytotoxicity (Matsuse et al.
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1999). Many Jatropha species possess antimicrobial activity (Aiyela-agbe et al.
2000). The extracts showed nematicidal, fungicidal (Sharma and Trivedi 2002),
antifeedant (Meshram et al. 1996), molluscicidal (Liu et al. 1997), and abortifacient
activities (Goonasekara et al. 1995) against white flies (Bemisia tabaci), fourth-
instar mosquito (Ochlerototatus triseriatus) larvae, and neonates of Helicoverpa
zea and Helicoverpa virescens (Georges et al. 2008), and exhibited insecticidal
activities against moths, butterflies, aphids, bugs, beetles, flies, and cockroaches
(Wink et al. 1997). The in vitro antimicrobial activity of crude ethanolic, metha-
nolic and water extracts of the stem bark of J. curcas were investigated and
phytochemical screening revealed the presence of saponin, steroids, tannin, glyco-
sides, alkaloids, and flavonoids in the extracts (Igbinosa et al. 2009). The ethyl
acetate, butanol, and petroleum ether extracts of J. curcas were tested against early
fourth-instar larvae of A. aegypti and C. quinquefasciatus (Rahuman et al. 2008d);
leaf extracts were tested against molluscicide activities of S. mansoni and
S. haematobium (Rug and Ruppel 2000).

2.3.15 Jatropha gossypifolia Linn. (Euphorbiaceae)

Is a bushy gregarious shrub, which grows wildly almost throughout India. It
possesses significant anticancer and pesticidal activity (Hartwell 1969; Chatterjee
et al. 1980). The roots are employed against leprosy, as an antidote for snakebite
and in urinary complaints. A decoction of the bark is used as an emmenagogue and
the leaves for stomach ache, venereal disease, and as a blood purifier (Kirtikar and
Basu 1996; Banerji and Das 1993). J. gossypifolia leaves contain histamine,
apigenin, vitexin, isovitexin, and tannins. The bark contains the alkaloid “jatro-
phine” and a lignan “jatrodien” is found in its stems (Matsuse et al. 1999;
Omoregbe et al. 1996) The latex of J. gossypifolia yielded two cyclic octapeptides,
i.e., cyclogossine A and B (Das et al. 1996; Horsten et al. 1996).

2.3.15.1 Biological Activities

This species contains many secondary metabolites like apigenin (Subramanian
etal. 1971), cyclogossine A (Horsten et al. 1996), jatrophatrione, and jatropholone
(Rahman et al. 1990). The extracts from plant species have biological properties
for example antiallergic (Adolf et al. 1984), molluscicidal (Adewunmi et al. 1987),
and insect-repellent activity (Areekul et al. 1987). The insecticidal activity of
the leaf extract of J. gossypifolia was tested against second-instar larvae of
Spodoptera exigua (Khumrungsee et al. 2009). The larvicidal activity of crude
hexane, ethyl acetate, petroleum ether, acetone and methanol extracts of J. gossy-
pifolia were assayed for their toxicity against the early fourth-instar larvae of
C. quinquefasciatus (Rahuman et al. 2008d). The petroleum ether and methanol
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extracts of J. gossypifolia were tested for larvicidal activity against A. aegypti,
C. quinquefasciatus, A. dirus, and Mansonia uniformis (Komalamisra et al. 2005).
Three known flavonoids, vitexin, isovitexin, and apigenin are isolated from leaves
of J. gossypifolia (Subramanian et al. 1971). The bark contains the alkaloid,
jatrophine and a lignin, jatrodien is found in its stems (Matsuse et al. 1999;
Omoregbe et al. 1996).

2.3.16 Leucas aspera Willd. (Labiatae)

Is commonly called thumbai in India and is found in open, dry, sandy soil, is a weed
and locally abundant and used as an indigenous system of medicine (Sadhu et al.
2003). The plant is an erect or diffusely branched, annual herb and leaves are linear,
blunt-tipped and the margins are scalloped. L. aspera possesses anti-inflammatory
activity and is used against cobra venom poisoning and also as an analgesic
(Goudgaon et al. 2003).

2.3.16.1 Biological Activities

The acetone, chloroform, ethyl acetate, hexane, and methanol leaf extracts of
L. aspera were studied against the early fourth-instar larvae of A. aegypti and
C. quinquefasciatus (Bagavan et al. 2008). Murugan and Jeyabalan (1999) reported
that L. aspera had a strong larvicidal, antiemergence, adult repellency and anti-
reproductive activity against A. stephensi. Methanol extracts from leaves showed
significant larvicidal and growth regulatory activities even at very low concentra-
tions on C. quinquefasciatus (Muthukrishnan et al. 1997). Acetone, chloroform,
ethyl acetate, hexane, methanol, and petroleum ether extracts of leaf and flower
of L. aspera extracts were tested against fourth-instar larvae of malaria vector
A. subpictus and Japanese encephalitis vector C. tritaeniorhynchus (Kamaraj
et al. 2009). The leaf extract was tested for prostaglandin inhibitory and antioxidant
activities (Sadhu et al. 2003); water extracts of L. aspera were investigated for
in vitro anthelmintic activity against Haemonchus sp., Trichostrongylus sp., Oesopha-
gostomum sp. and Mecistocirrus sp., Bunostomum sp., Strongyloides sp., Trichuris
sp. and Capillaria sp (Amin et al. 2009).

2.3.17 Mangifera indica Linn (Anacardiaceae)

Vimang (Mango) grows in the tropical and subtropical regions and its parts are used
commonly in folk medicine for a wide variety of conditions. The fruits are known
to be an excellent source of many vitamins such as ascorbic acid, thiamine,
riboflavin, and niacin, and B-carotene. Recently, much attention has been given
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to phytochemicals and the distinctive roles they play in anti-inflammatory and
anticancer properties related to the consumption of fruits and vegetables.

2.3.17.1 Biological Activities

Several authors have reported pharmacological activities of extracts of M. indica,
including antispasmodic, analgesic, anti-inflammatory, antipyretic, and antioxidant
effects (Das et al. 1989a, b; Coe and Anderson 1996; Awe et al. 1988; Sanchez et al.
2000; Martinez et al. 2000; Garrido et al. 2001); the stem bark aqueous extract of
M. indica was evaluated for antiallergic and anthelmintic activities of Trichinella
spiralis (Garcia et al. 2003). The water, hot water, acetone, chloroform, and
methanol leaf extracts of M. indica were tested against filarial vector C. quinque-
fasciatus (Rahuman et al. 2009a). The aqueous leaf extract of M. indica was used to
control Aphis craccivora, Mylabris sp., Maruca vitrata, and Ootheca mutabilis
(Kossou et al. 2001). The major polyphenol component of vimang is mangiferin, a
C-glucosylxanthone (1,3,6,7-tetrahydroxyxanthone-C2-fB-p-glucoside) with anti-
viral, antitumor, antidiabetic, and antioxidant activity (Zheng and Lu 1990; Guha
et al. 1996; Li et al. 1998; Sanchez et al. 2000; Yoosook et al. 2000). The stem bark
components of M. indica also present antimicrobial and antiamoebic activities
(Das et al. 1989a, b; Tona et al. 2000). Barks, leaves, and seeds of M. indica contain
tanins (Kerharo and Adam 1974; Watt and Breyer-Brandwijk 1962; Bouquet and
Debray 1974; Anonyme 1993) and this may also explain its effectivity against
diarrhea (Pousset 1989). According to Pousset (1989), a decoction of 30 g of barks
or leaves in 1 1 of water is effective against diarrhea. Burkill (1985), Oliver-Bever
(1986), Kambu et al. (1989), Das et al. (1989a, b) have reported the anti-inflamma-
tory properties of the plant. The anti-inflammatory properties of M. indica may
explain its use against toothache.

2.3.18 Nicotiana tabacum Linn. (Solanaceae)

Commonly known as tobacco, this is a world-renowned plant used for its narcotic
properties. It was originally native to the Americas but is now popularly
cultivated in the Indian subcontinent where it is locally known as tambaku.
Tobacco has been studied extensively for its effects on biological systems both
in animals and humans while a large number of alkaloids have also been identi-
fied in the plant. Nicotine is known as the main alkaloid of tobacco, isolated in
1828 from the tobacco leaf, accounting for over 90% of the total alkaloidal
content (Bowman and Rand 1980). Apart from nicotine, the other known alka-
loids are nicotyrine, nornicotine, anabasine, myosmine, anatabine, nicotelline, and
isonicoteine (Kuhn 1965).
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2.3.18.1 Biological Activities

Dried leaves, stalks, and the whole herb of tobacco are widely used traditionally in
the subcontinent for their antispasmodic, emetic, purgative, sedative, analgesic, and
insecticidal properties (Nadkarni 1976; Murray 1989). The leaf hot water, acetone,
chloroform, and methanol extracts of N. tabacum were tested against the larvae of
C. quinquefasciatus (Rahuman et al. 2009a). The crude aqueous and methanol
extracts of N. tabacum were investigated in vitro and in vivo for anthelmintic
activity against Haemonchus contortus (Igbal et al. 2006). N. tabacum extracts
were tested for pesticidal activity against Tribolium castaneum, and shown to be
very active against Boophilus microplus (Williams and Mansingh 1993; Mansingh
and Williams 1998).

2.3.19 Phyllanthus amarus L. (Euphorbiaceae)

Is an annual, glabrous herb that grows to between 30 and 60 cm; known as
“Kilanelli” by local people, it is found in tropical areas, in subtropical regions,
and is usually quite scattered in its distribution (Unander et al. 1990). Fresh leaves
are ground and mixed with a cup of cow or goat’s milk and taken internally to cure
jaundice. The aerial parts of the herb have been widely used in folk medicine in
India and other tropical countries for the treatment of various diseases and dis-
orders, such as jaundice, diarrhea, ringworm, ulcers, malaria, genitourinary infec-
tions, hemorrhoids, and gonorrhea (Unander et al. 1991).

2.3.19.1 Biological Activities

The extracts were found to possess antiviral properties against the hepatitis B virus
(Thyagarajan et al. 1988; Yeh et al. 1993) and antitumor, anticarcinogenic, and
anti-inflammatory properties (Kiemer et al. 2003; Rajeshkumar et al. 2002).
P. amarus has reportedly been used to treat jaundice, diabetes, otitis, diarrhea,
swelling, skin ulcer, gastrointestinal disturbances, weakness of the male organ, and
blocks DNA polymerase in the case of the hepatitis B virus during reproduction
(Oluwafemi and Debiri 2008). Root and leaf of P. amarus were assessed for
antibacterial activity against Escherichia coli (Akinjogunla et al. 2010). The ethyl
acetate, butanol, and petroleum ether extracts of P. amarus, were tested against the
early fourth-instar larvae of A. aegypti and C. quinquefasciatus (Rahuman et al.
2008d); the butanol fraction of the whole plant also exhibited antihepatotoxic
activity against CCl4-induced liver damage in rat (Sane et al. 1995). The major
lignans phyllanthin and hypophyllanthin have been reported to exhibit antihepato-
toxic activity (Sharma et al. 1993).
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2.3.20 Ricinus communis L. (Euphorbiceae)

Is a soft wooden small tree, widespread throughout the tropics and warm tempera-
ture regions of the world (Ivan 1998). In the Indian system of medicine, the leaf,
root, and seed oil of this plant have been used for the treatment of inflammation and
liver disorders (Kirtikar and Basu 1991), hypoglycemia (Dhar et al. 1968), and as a
laxative (Capasso et al. 1994).

2.3.20.1 Biological Activities

R. communis, the castor bean, has been used to control insect pests in several crops.
Aqueous castor-bean leaf extract has been shown to possess insecticidal activity
against Callosobruchus chinensis (Coleoptera: Bruchidae) (Upasani et al. 2003),
Cosmopolites sordidus (Coleoptera: Curculionidae) (Tinzaara et al. 2006), Culex
pipiens, Aedes caspius, Culiseta longiareolata, and Anopheles maculipennis (Dip-
tera: Culicidae) (Aouinty et al. 2006); whereas a methanolic leaf extract had
insecticidal activity against C. chinensis (Upasani et al. 2003). In addition, both
aqueous and acetone leaf extracts had different activity against Acromyrmex lundi
(Himenoptera: Formicidae) (Caffarini et al. 2008). Castor oil showed insecticidal
activity against Zabrotes subfasciatus (Coleoptera: Bruchidae) (Mushobozy et al.
2009). Zahir et al. (2009) reported that the acetone, chloroform, ethyl acetate,
hexane, and methanol dried leaf and seed extracts of R. communis had been tested
against the larvae of the cattle tick R. (Boophilus) microplus, sheep internal parasite
P. cervi, fourth-instar larvae of A. subpictus Grassi and C. tritaeniorhynchus, and
also exhibited acaricidal and insecticidal activities against the adult of H. bispinosa
and H. maculata (Zahir et al. 2010).

2.3.21 Rhinacanthus nasutus KURZ (Acanthaceae)

Is commonly called Nagamalli in Tamil. It is a valuable plant that is widely
distributed and cultivated in South China, Taiwan, India, and Thailand. R. nasutus
is well known as a source of flavonoids, steroids, terpenoids, anthraquinones,
lignans, and especially naphthoquinone analogs. Various parts of this plant have
also been used for the treatment of diseases such as eczema, pulmonary tuberculo-
sis, herpes, hepatitis, diabetes, hypertension, and several skin diseases (Siripong
etal. 2006). R. nasutus is the best known member of the genus as it has been used as
a traditional medicinal plant over thousands of years in the Ayurvedic system of
medicine as is practiced on the Indian subcontinent. Thus, traditional uses of
R. nasutus are well established.
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2.3.21.1 Biological Activities

Antifeedant and larvicidal activity of the acetone, chloroform, ethyl acetate, hex-
ane, and methanol leaf extracts of R. nasutus were studied against fourth-instar
larvae of Spodoptera litura, A. aegypti, and C. quinquefasciatus (Kamaraj et al.
2008); the acetone, chloroform, ethyl acetate, hexane, and methanol dried leaf and
flower extracts of R. nasutus were tested against malaria vector, A. subpictus and
Japanese encephalitis vector, C. tritaeniorhynchus (Kamaraj et al. 2009), the larvae
of cattle tick R. (Boophilus) microplus, adult of H. bispinosa, hematophagous fly
H. maculata, nymph of goat-lice Damalinia caprae, and adult sheep parasite
P. cervi (Kamaraj et al. 2010). The dried root powder methanol extract of
R. nasutus was tested against the larvae of A. aegypti and C. quinquefasciatus
(Rongsriyam et al. 2006); the petroleum ether extract showed larvicidal activity
against A. aegypti, C. quinquefasciatus, A. dirus, and M. uniformis (Komalamisra
et al. 2005); the methanol extracts from Calophyllum inophyllum and R. nasutus
seeds and leaves showed significant larvicidal and growth-regulatory activities even
at very low concentrations on the juveniles of C. quinquefasciatus, A. stephensi, and
A. aegypti (Pushpalatha and Muthukrishnan 1999). The leaves and stems of this
plant are often used for the treatment of hepatitis, diabetes, hypertension, and skin
disease (Wu et al. 1998). The leaf petroleum ether fraction shows significant
mosquitocidal activity (Shaalan et al 2005). It has been reported that rhina-
canthin-C, rhinacanthin-D, and rhinacanthin-N isolated from R. nasutus possessed
antifungal, antibacterial, antiviral, anti-inflammatory, antiallergic, and antihemor-
rhoidal activity, with additionally activity against various types of cancer (Puttarak
et al. 2010; Gotoh et al 2004). R. nasutus root afforded a 1,4-naphthoquinone ester,
rhinacanthin-Q, accompanied by 24 known compounds which were isolated and
showed cytotoxicity and antiplatelet effects (Wu et al. 1998).

2.3.22 Solanum torvum Swartz (Solanaceae)

Is a prickly, tomentose, erect shrub, 1.5-3 m high, with leaves without prickles,
white bell-shaped flowers, and lobed fruits seated on the calyx. It is a common plant
found throughout the Indian subcontinent. It is locally known as tit begoon, gota
begoon, or hat begoon in Bengali and in Tamil commonly known as Sundakai,
turkey berry, susumber, gully-bean Thai eggplant, or devil’s fig. Common people
especially members of the tribes use the fruit of S. forvum as a vegetable in their
daily diet (Ghani 1998a, b).

2.3.22.1 Biological Activities

S. torvum was evaluated for cytotoxic effect in vitro against a panel of human cancer
cell lines (Lu et al. 2009). Pharmacological studies revealed that S. torvum possesses
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antimicrobial (Chah et al. 2000; Wiart et al. 2004), antiviral (Arthan et al. 2002),
antioxidant (Sivapriya and Srinivas 2007), analgesic, anti-inflammatory (Ndebia
etal. 2007) activity, and the methanolic extracts of Solanum species have been tested
for molluscicidal activity against Biomphalaria glabrata (Silva et al. 2005). The
acetone, chloroform, ethyl acetate, hexane, methanol, and petroleum ether extracts
of leaf and seed of S. torvum were tested against fourth-instar larvae of malaria
vector A. subpictus and Japanese encephalitis vector C. tritaeniorhynchus (Kamaraj
et al. 2009) and for parasitic activity against larvae of cattle tick R. (Boophilus)
microplus, adult of H. bispinosa, hematophagous fly H. maculata, nymph of goat-
lice D. caprae, and adult sheep parasite P. cervi (Kamaraj et al. 2010). Chloroform
and methanol extract of leaves, stem, and roots of S. forvum were evaluated for
antibacterial and antifungal affects against human pathogenic bacteria and fungi
(Bari et al. 2010). Leaves have been reported to contain the steroidal gluco-alkaloid,
solasonine. In addition, they contain steroidal sapogenins, neochlorogenin, neoso-
laspigein, and solaspigenine. They have also been found to contain triacontanol,
tetratriacontanic acid, z-tritriacontanone, sitosterol, stigmasterol, and campesterol.
Fruits also contain the gluco-alkaloid, solasonine, sterolin (sitesterol-p-glucoside),
protein, fat, and minerals (Yuanyuan et al. 2009).

2.3.23 Tagetes erecta L. (Compositae)

Is a stout, branching herb, native of Mexico and other warmer parts of America and
naturalized elsewhere in the tropics and subtropics including Bangladesh and India.
Different parts of this plant including flower are used in folk medicine to cure
various diseases. Leaves are used as an antiseptic and in kidney troubles, muscular
pain, piles, and applied to boils and carbuncles. The flower is useful in fevers,
epileptic fits (Ayurveda), astringent, carminative, stomachic, scabies and liver
complaints and is also employed in diseases of the eyes. They are said to purify
blood and flower juice is given as a remedy for bleeding piles and is also used in
rheumatism, colds, and bronchitis.

2.3.23.1 Biological Activities

The plant T. erecta has been shown to contain quercetagetin, a glucoside of
quercetagetin, phenolics, syringic acid, methyl-3,5-dihydroxy-4-methoxy benzo-
ate, quercetin, thienyl and ethyl gallat (Kirtikar and Basu 1987; Ghani 1998a, b).
Phytochemical studies of its different parts have resulted in the isolation of various
chemical constituents such as thiophenes, flavonoids, carotenoids, and triterpeniods
(Faizi and Naz 2004). It is very popular as a garden plant and yields a strongly
aromatic essential oil (tagetes oil), which is mainly used for the compounding of
high-grade perfumes (Manjunath 1969). The flowers of T. erecta have antibacterial,
antifungal, cytotoxic (against brine shrimp nauplii), and insecticidal activity
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(against Tribolium castaneum and C. quinquefasciatus); the potency of the chloro-
form fraction was higher than that of the ethanol extract or petroleum ether fraction
of the flower of T. erecta (Nikkon et al. 2002).

Tagetes species, popularly known as marigold, are grown as ornamental plants
and thrive in varied agroclimates. T. erecta known as Chendu hoovu is used
traditionally as leaf paste applied externally to infected feet, wounds and for
worms in cattle (Rajakumar and Shivanna 2009). T. erecta extract was tested
against fourth-instar larvae of malaria vector A. subpictus and Japanese encephalitis
vector C. tritaeniorhynchus (Kuppusamy and Murugan 2006), and as an insect
repellent (Prakash and Rao 1997). T. erecta methanol and dichloromethane extracts
showed a significant pesticidal activity against S. oryzae (Broussalis et al. 1999).
The acetone and methanol extracts were evaluated for in vitro anthelmintic activity
against the fourth larval stage of Haemonchus contortus (Aguilar et al. 2008).

2.3.24 Vitex negundo Linn. (Verbenaceae)

Is a small aromatic plant that flourishes abundantly in waste lands and is widely
distributed in tropical to temperate regions, being a native of South Asia, China,
Indonesia, and the Philippines (Dharmasiri et al. 2003). V. negundo is a woody,
aromatic shrub growing to a small tree. It commonly bears tri- or penta-foliate
leaves on quadrangular branches, which give rise to bluish-purple colored flowers
in branched tomentose cymes. It thrives in humid places or along water courses in
wastelands and mixed open forests and has been reported to occur in Afghanistan,
India, Pakistan, Sri Lanka, Thailand, Malaysia, eastern Africa, and Madagascar.
It is grown commercially as a crop in parts of Asia, Europe, North America, and the
West Indies (de Padua et al. 1999). Traditional medicine mainly comprises uses in
Indian Ayurveda, Arabic Unani medicine, and traditional Chinese medicine. In
Asia and Latin America, populations continue to use traditional medicine as a result
of historical circumstances and cultural beliefs. Traditional medicine accounts for
around 40% of all healthcare delivered in China. Up to 80% of the population in
Africa uses traditional medicine to help meet their healthcare needs (WHO 2002).
Plants are known to produce a variety of compounds which have evolved as defense
compounds against microbes and herbivores (Wink 2004).

2.3.24.1 Biological Activities

Petroleum ether (60—80°C) extracts of the leaves of V. negundo acted as a
promising repellent against C. tritaeniorhynchus (Karunamoorthi et al. 2008); the
methanol leaf extracts of V. negundo were tested against the early fourth-instar
larvae of C. quinquefasciatus (Kannathasan et al. 2007). The leaf hexane extract of
V. negundo was tested against the larvae of A. subpictus and C. tritaeniorhynchus
(Kamaraj et al. 2009). The petroleum ether and ethyl acetate 3:1 fraction of
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V. negundo, inflicted considerable larval mortality and interfered with pupal—adult
metamorphosis against different instars of C. quinquefasciatus and A. stephensi
(Pushpalatha and Muthukrishnan 1995). In spite of several advancements in the
field of synthetic drug chemistry and antibiotics, plants continue to be one of the
major raw materials for drugs treating various ailments of humans. Clinical and
pharmaceutical investigations have in fact elevated the status of medicinal plants by
identifying the role of active principles present in them and elaborating on their
mode of action in human and animal systems (Dutta 1973).

2.3.25 Zingiber officinale Roscoe (Zingiberaceae)

Is one of the most widely used species of the ginger family (Zingiberaceae) and is a
common condiment for various foods and beverages. Ginger has a long history of
medicinal use dating back 2,500 years in China and India for conditions such as
headaches, nausea, rheumatism, and colds (Grant and Lutz 2000). Z. officinale is a
well-known and widely used herb, especially in Asia, where it has been widely used
as a spice and condiment in different societies. Besides its food-additive functions,
ginger has a long history of medicinal use for the treatment of a variety of human
ailments including common colds, fever, rheumatic disorders, gastrointestinal
complications, motion sickness, diabetes, cancer, etc. Ginger contains several
nonvolatile pungent principles viz. gingerols, shogaols, paradols, and zingerone,
which account for many of its health beneficial effects (Kundu et al. 2009).

2.3.25.1 Biological Activities

The larvicidal activity of a petroleum ether extract of Z. officinale was evaluated
against A. aegypti and C. quinquefasciatus; bioassay-guided fractionation led to the
isolation of (a) 4-gingerol, (b) (6)-dehydrogingerdione, and (c) (6)-dihydrogingerdione
which were tested against mosquitoes (Rahuman et al. 2008e). There are several
reports of the insect activity of Z. officinale extracts (Sahayaraj 1998; Shelly et al.
2003; Shelly and McInnis 2001). This was observed earlier for other isolated com-
pounds from Z. officinale, for example [6]-gingerol and [6]-dehydroshogaol exhibited
maximum insect growth regulatory (IGR) and antifeedant activity against Spilosoma
oblique (Agarwal et al. 2001). Prajapati et al. (2005) reported that the essential oils of
Z. officinale and Rosmarinus officinalis were found to be ovicidal and repellent against
A. stephensi, A. aegypti, and C. quinquefasciatus. Ginger contains a number of pungent
constituents and active ingredients. Steam distillation of powdered ginger produces
ginger oil, which contains a high proportion of sesquiterpene hydrocarbons, predomi-
nantly zingiberene (Govindarajan 1982a). The major pungent compounds in ginger,
from studies of the lipophilic rhizome extracts, have yielded potentially active ginger-
ols, which can be converted to shogaols, zingerone, and paradol (Govindarajan
1982b).



42 A.A. Rahuman

2.4 Conclusions

In the study medicinal plants were observed to be important elements in the
maintenance of a diversity of useful resources, although the use of these plants
appears to be little influenced by cultural traditions. One important aspect that must
be considered in future comparisons of surveys is the concept of medicinal plants
for depending on the context, these categories may be interpreted in significantly
different manners. Among the different listed above mentioned plant parts used for
the preparation of medicine, the leaves were found to be the most frequently used
plant parts in the preparation of remedies and the majority of the remedies.
Accurate knowledge of the plants and their medicinal properties is held by only a
few individuals in this community. Some of them have a strong tendency towards
keeping their knowledge secret. The wealth of Kadar, Muduvar, Malai Malasar and
Pulayar tribal knowledge of medicinal plants points to a great potential for research
and the discovery of new drugs to fight diseases, obtaining new foods, and other
new uses. So, further scientific assessment of these medicines in phytochemical,
biological, and clinical studies is greatly needed.
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