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INTRODUCTION




INTRODUCTION

Nature has bestowed us wilh colossal variety of plants which are medicinally
useful, Medicinal plants are naturally gifted with valuable hioactive compounds which furm
the backbone of traditional medicines. Ficus religiosais one of the important traditional
medicine that has been used as a remedy for various diseases since antiquity and s1ill offers =

source of biologically active chemical compounds.

The genus Ficus consists of about 800 species and 2000 varieties which are widely
distributed in India and throughout the world especially in tropical and sub-tropical regions.
Ficus religiosa Linn is commonly known as Peepal belongs to family Moraceae. [n India,
since ancient times it has got great mythological, religious and medical importance. This i3
considered as the oldest tree in Indian art literature. There are many chemical compounds
which have been extracted out from different plants as they as they have very imporiant use in
medicinal field. These compounds play a very important role in as medicinal usages 1s
increasing worldwide very rapidly, it is very important to get alternate sources of drugs with

effective results and with no side effects.

F. religiosa has got mythological, medical and religious importance since ancient
times. According to religious point of view, F. religiosa is very important as it is believed that
Gautam Buddha achieved enlightenment under this tree. Because of this, it is also named as
“Bodhi tree or Bo tree”. In medicinal field, F. religiosa is gaining great attention because 1t
has many compounds which are beneficial in treatment of many diseases like diabetes, skin

diseases, respiratory disorders, central nervous system disorder, gastric problems.

Ficus religiosa and its medicinal values have been well documented in traditional

and folklore medicine, It is a constituent of Ayurvedic formulations namely Nalapamarad



tailum, Nyagrodhadi chuma, Chandanasavam Sari bady asavam, Shankha wvati,
Chandraprabha vati and Kaminividravan rasa. /. religiosa is native to Indian subcontinent
and southeast Asia. It is found in India, Bangladesh, Nepal, Sri Lanka and Pakistan. It is
known by more than 150 names and also has multiple names in the same language. Iis
synonyms include: Sanskrit - Ashwattha, English -Sacred fig , Marathi - Pimpala , Hindi -
Peepal and Tamil - Achuvattam . Ficus religiosa is mostly planted near religious or spiritual
places in Indian cities and villages as it holds great relevance in Indian culture, mythology

and religion. It is considered sacred by followers of Hinduism, Buddhism and Jainism..

In Togo, plants are widely used in traditional medicine, especially in the rural areas.
Among the plants used in Togolese pharmacopoeia, there is Ficus religiosa (Moraceae)
commonly called “Petit sycamore” in French and “Wild fig" in English. This plant is usually
found in tropical and subtropical areas along the rivers. The plant can grow up to 30-35 m of
height while trunk diameter can reach 150 ¢m. The stem and leaves of Ficus are used as food
in the northern Togo. In addition, several medicinal properties have been attributed to various
parts of the plant since its roots, barks, leaves, and fruits are used to treat, relieve and heal
several pathologies. Indeed, the roots are braised and crushed with grilled corn cobs, then the
sieved are used against female infertility, The crushed and macerated fruits in water are used
for the care of women during childbirth and after delivery (promotion of lactation). The
beverage obtained by decoction after mixing roots and leafy twigs is used to treal eczema.
Decocted trunk bark is used against amenorrhea, dysentery, hepatic, and cardiovascular pain.
It is known that oxidative stress is involved in many inflammatory processes related to
chronic diseases such as cardiac dysfunction, neurodegenerative diseases or diabetes. Indeed,
a large number of phenolic compounds such as flavonoids, isoflavones, and phenolic acids

have shown antioxidant activity. Moreover, the benefits of phenolic antioxidant compounds




from plants in prevention of chronic discases have been reported.

Interest in medicinal plants with antibacterial properties has revived due to several
problems associated with the use of antibiotics and development of resistant strains of
nfectious microorganisms. But sull, there are small number of drugs and formulations
available. In order to promote the use of medicinal plants as potential sources of antimicrobial
compounds, it is pertinent to thoroughly investigate their activity and standardize the crude
drug powder/herbal extract to monitor the quality. Literature survey reveals reports about
antimicrobial, antioxidant activities of different parts of F.religiosa The ethno
pharmacological knowledge supported by experimental base can be used as a discovery
system for affordable, safer and newer drug formulations. In view of these facts, the present

investigation is under taken

- To carry out preliminary phytochemical screening to establish the phytoconstituents

present in the leaves of Ficus religiosa.
o« To analyse the functional groups of Ficus religiosa by FT- IR.

- To evaluate quantitatively flavonoids, protein, carbohydrate, vitamin C and vitamin E

content in the leaves of Ficus religiosa.

< To evaluate antioxidant DPPH radical scavenging activity of ethanol, water,
chloroform, acetone, petroleum ether and hexane extracts of the leaves of Ficus

religiosa.

o To evaluate the antibacterial activity of Ficus religiosa.




LITERATURE REVIEW




LITERATURE REVIEW

Herbs have always been the principal form of medicine in India. Medicinal plants
have curative properties due to the presence of various complex chemical substances of
different composition, which are found as secondary plant metabolites in one or more
parts of these plants. Ficus religiosa (L.), commonly known as peepal belonging to the
family Moraceae, is used traditionally as antiulcer, antibacterial, antidiabetic, in the
treatment of gonorrhea and skin diseases. #. religiosa is a Bo tree, which sheltered the
Buddha as he divined the “Truths.” The present review aims to update information on its
phytochemistry and pharmacological activities (Chandrasckar et al,2019).

Medicinal plants play a vital role in improving health of people. Hundreds of
medicinal plants have been used to cure various diseases since ancient times. Frcus
religiosa (Peepal) has an important place among herbal plants. Almost every part of this
tree i.e., leaves, bark, seeds and fruits are used in the preparation of herbal medicines.
Therapeutic properties of this tree in curing a wide range of diseases can be attributed to
its richness in bioactive compounds namely flavonoids, alkaloids, tannins, saponins,
phenols etc. Its antimicrobial, anti-diabetic, anticonvulsant, wound healing, anti-
inflammatory and analgesic properties have made it a popular herbal wee and its parts are
placed as important ingredient in modern pharmacological industry. (Dimple ef al.,2018).

In traditional medicine, medicinal plants have been used for the treatment of
various diseases. Ficus religiosa 1s known to be a sacred plant in India. Since very ancient
time, it has great medicinal and religious significance. In Ayurveda, Unani and
Homeopathy, this plant serves as important source of medicine. The various parts of the
plants like stem bark, fruits, buds, latex are used in treatment of different diseases like

dysentery, mumps, jaundice, heart diseases, constipation, skin diseases, efc. According to




Ayurvedic system ol medicine, F. religiosa (Peepal tree) is well known to be useful in
diabetes. Since last couple of years, it has also been investigated for the presence of
various phytoconstituents (phenolics, sterols, flavonoids cte). F. religiosa showed diverse
range of pharmacological activities like, anticonvulsant, antidiabetic, anti-inflammatory,
antimicrobial, analgesic, wound-healing, antioxidant, acetylcholinesterase, proteolytic,
and anti-amnesic. The present review is 10 compile up-to-date information of this plant
that covers its natural phytochemical, biochemical, ethnobotanical and pharmacological
significance (Bhagyawant, 2014).

Ficus religiosa Linn is a large evergreen tree found I;hmughout India, wild as well
as cultivated. It is popular indigenous system of medicine like Ayurveda, Siddha, Unani
and Homeopathy. In traditional system of medicine, various parts such as stem, leaves,
are used in diabetes, vomiting, burns, gynecological problems, dysentery, diarrhea,
nervous disorders, tonic and astringent. Phytochemical investigation of plant barks,
showed the presence carbohydrates, protein, flavonoids (Sharma, 2013).

Herbal medicine is one of the oldest valuable bestowals that was given to
mankind. Many plants and herbs hold their prestigious position in the field of medicine
among which Ficus religiosa belonging to the family Moraceae is the vital one. It 1s
found all over India, as it is one of the sacred tree worshipped by Hindus. The different
parts of the F. religiosa species tree namely stem, leaves, are used as chief indigenous
medicines to cure various ailments. Recent studies have reported that F. religiosa is used
in the traditional medicine to relieve about 50 types of disorders including diabetes,
diarrhea, epilepsy inflammatory disorders, and gastric problems, sexual and infectious

disorders (Arumugam et af., 2012).




With the concern of ndverse effects of allopathic medicines and development of
resistance by bacteria, search for the new antibiotics is necessary. Fraditional medicines
offer better alternatives but their standardization is difficult. It is popular in the
indigenous systems of medicine like Ayurveda, Siddha and Unani. Ficus religiosa 15 an
important Indian traditional medicine. It is known to be effective for more than 50
diseases such as cancer, inflammation, ulcer, convulsion and diabetes (Pankaj 2019).

Ficus religiosa is known to be a sacred plant in India and since ancient times it 15
widely being used to treat various ailments likes kind diseases, heart diseases, diabetes,
vomiting, bums, nervous disorder, constipation, dysentery, snake bite and important
constituent of various traditional herbal preparations like shankhavati,chandraprab havati
and kaminivin dravanrasa (Satish et al., 2014).

F. religiosa is a traditional religious plant in India and is used in treatment of several
health ailments as a home-based remedy either singly or in combination with other herbs
(Herry, 2016). F. religiosa. is widely branched tree with leathery, heart-shaped, long
tipped leaves. It is one of the most versatile plants having a wide variety of medicinal
activities, therefore, used in the treatment of several types of diseases, e.g, diarrhea,
diabetes, urinary disorders, burns, hemorrhoids, skin diseases, convulsions, tuberculosis,
fever, paralysis, oxidative stress, bacterial infections, etc. (Singh erf al.,2016).

Ficus religiosa has been extensively used in traditional medicine for a wide range
of ailments. Its bark, fruits, leaves, roots, latex and seeds are medicinally used in different
forms, sometimes in combination with other herbs (Aiyegoro and Okoh, 2009). The
therapeutic utilities of F.religiosa have been indicated in traditional systems of medicine
like Ayurveda, Unani, Siddha, etc. (Singh er al., 2011). F. religiosa has been reported to
have medicinal properties like antibacterial, anti-diabetic, anti-amnesic, anti-ulcer and

anti-oxidant properties (Gautam et al., 2014).




he entive parts of the F. religiosa exhibit a wide spectrum of medicinal
importance as an anticancer, antioxidant, antidiabetic, antimicrobial, anticonvulsant,
anthelmintic, antiuleer, antiosthmatic, anti-amnesic etc (Makhija et al., 2010). Stem can
be used in treatment of urinary disorders and problems of digestive system. The dried
powder of fruits has been used in treatment of respiratory problems like asthma

(Panchawat, 2014).

The Bark is cooling and astringent and is useful in inflammation and glandular
swellings of neck. The paste of powdered bark is used in cases of anal fistula and as
absorbent for inflammatory swellings and also used in bums (Warrier et al., 1995). The
bark of Ficus religiosa is reported to possess antiulcer and wound healing activities
(Khan ef al., 2011,). Bark is used in diabetes, diarrhea, leucorrhea, anxiety, for vaginal
and other urinogenital disorders and to improve the complexion (Pandit e al., 2010).
Powder of stem bark of F. religiosa is considered more effective if taken with honey,

before or after meal (Anupama, 2014).

The leaves contain phytochemicals such as flavonoids, terpenoids, tannins etc.,
which are effective in curing ailments like hiccups, vomiting, gonorrhea etc. (Bhalerao
and Sharma, 2014). The leaves alone are used to treat constipation. The leaves used
together with young shoots are act as strong laxative. In Nepal leaf juice with honey is
used for multipurpose such as for diarrhoea, asthma, cough, earache, toothache, and

migraine, in gastric problems and in hematuria (Kunwar and Bussmann, 2006).

The fruit powder enhances fertility rate and is used in the treatment of dysentery, uterine
troubles, ulcers, biliousness, bitter tonic, in blood diseases. The ripe fruit is used as tonic,
alexipharmic, suitable for burning sensation, biliousness and diseases of blood and heart

(De Feudis er al., 2003). The seeds and fruits are digestive, laxative and refrigerant. The




dried fruit, pulverized and taken in water for a fortnight removes asthma. The ripe fruit is
cold in potency and good for burning sensation. It act as cardiac tonic and is useful to
cure the diseases of Vagina. It also cures vomiting, anorexia and edema (Singh et al.,

2008).

Phytochemical :

Medicinal plants play a vital role in improving health of people. Hundreds of
medicinal plants have been used to cure various diseases since ancient times. Ficus
religiosa (Peepal) has an important place among herbal plants. Almost every part of this
tree i.c. leaves, stem are used in the preparation of herbal medicines. Therapeutic
properties of this tree in curing a wide range of discases can be attributed to its richness in
bioactive compounds namely flavonoids, protein, carbohydrates, vitamin E, vitamin C,
etc. Its antimicrobial, analgesic properties have made it & popular herbal tree and ils pans
are placed as important ingredient in modern pharmacological industry (Ashwani Kumar

2018).

The aqueous extract of the bark, leaves, stem and fruits of Ficus religiosa were
screened for their phytochermical and anumicrobial activity and showed the presence of
carbohydrates, protein, flavonoids and vitamin ¢, vitamun E. The disc diffusion method

was used to screen for the antimicrobial activity of the pathogens. (Rathish er a/.,2012).

Phytochemical analysis indicated the presence of glycosides, alkaloids, saponins,
tannins, flavonoids, vitamin ¢ , vitamin E and phenols in the extracts. Chemical analysis
showed that Ficus religiosa contained carbohydrates, protein, ﬁavnnuids. Previous
pharmacological studies revealed that Ficus religiosa. (Ali Esmail er al.,2017). F
religiosa is rich in tannins, saponuns, flavonoids, steroids, terpenoids and cardiac

glycosides, wax etc (Singh er al., 2015).




The barks of Ficus religiosa L., werc investigated for invitro antibactenal
activity and phytochemical analysis. The various solvents extract like aqueous, methanol,
chloroform, petroleum ether and hexane were screened for The preliminary
phytochemical analysis of the methanol extracts of both the plants showed the presence of
carbohydrates, flavonoids, protein, vitamin ¢ and vitamin E (Uma,2009). The bark
contains phytochemicals like tannins, saponins, flavonoids etc. which show beneficial
effects in health conditions such as diarrhea, dysentery, inflammation, bacterial

infections, bleeding and paralysis (Singh and Jaiswal, 2014).

Phytochemicals constituents were abundant in methanolic leaves extracts of F.
religiosa The characterization of functional groups were analyzed using FT-IR
spectroscopy (Gopukumar ef al.,2016). The leaves have been reported to have bioactive
compounds (campestrol, stigmasterol, isofucosterol, tannins, arginine, serine, aspartic
acid, glycine, threonine, alanine, proline, tryptophan, tyrosine, methionine, valine,

isoleucine) which help in preventing gastric problems. (Rutuja et al., 2015).

¥

Rajiv and Sivaraj (2012) studied different parts of the Ficus religiosa mainly bark,
fruit, leaves, stem by making aqueous extracts. The aqueous extracts of selected parts
were used to screen for their phytochemical and antimicrobial activity and showed
presence of many important phytochemicals such as alkaloids, phenols, sugar, terpenoids,

glycosides, flavonoids and tannins.
Antioxidant:

The ethanolic extract of leaves of Ficus religiosa was evaluated for antioxidant
(DPPH) activity. The tested extract of different dilutions in the range 200 pug/ml to 1000
ug/ml shows antioxidant activity in & range of 6.34% to 13.35% (Charde er a/,2010).

Ficus religiosa, plant from Ficus species used traditionully for the treatment of various



ailments. Shaikh, (2018) investigated in vitro antioxidant activity of three plants from

Ficus species and eflect of extracting solvents, total flavonoids and phenolics content on
1S 11 VIt activity.

Zeb, (2016) evaluated different solvent fractions of stem bark of Ficus religiosa L.
for antioxidant potential of the extracts by DPPH radical scavenging assay. The plant
showed significant antifungal activity with highest activity observed for the n-butanol
fraction showing 66 to 77.5% inhibition of fungal growth at the tested concentrations.
Least active was the ethyl acetate fraction with % inhibition ranging from 47.5% to
62.5% at the tested concentrations. The extracts also showed significant antioxidant

activity with highest activity of 91.71% observed for dichloromethane fraction.

Measurement of total phenolic content of the methanolic extract of Ficus religiosa
fruit was achieved using Folin<Ciocalteau reagent containing 0.2%w/w of phenolic
content, which was found significant. The results obtained in this study clearly indicate
that Ficus religiosa fruits have a significant potential to use as a natural antioxidant agent.
The overall results of this study indicates that the various extract conc. from Ficus
religiosa fruits have interesting antioxidative propertics and represent a potential source

of medicine for the treatment of inflammatory diseases (Permender ,2010).

Antioxidant activity were determined by spectrophotometric method while the
alkaloid content was evaluated by titrimetric method. The amount of total phenolic in
extracts and fractions were estimated in comparison to pgallic acid, whereas total
flavonoids, tannins and saponins were estimated corresponding to quercetin, tannic acid
and saponin respectively, 2, 2-diphenylpicryl hydrazyl radical (DPPH)* and
phosphomolybdate methods were used to evaluate the antioxidant aclivities of leaf and

stem bark of F. religiosa. Phytochemical screening revealed the presence of flavonoids,
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saponins, terpenoids/steroids, alkaloids for both extracts of leaf and stem bark of F.
religiosa. The phenolic content of F.religiosa was most abundant in leaf ethanol crude
extract as 3.53 + 0.03 m/g equivalent of gallic acid. Total flavonoids and tannins content
were highest in stem bark aqueous ethanol fraction of F. religiosa estimated as 3.41 =
0.08 mg/g equivalent of quercetin and 1.52 + 0.05 mg/g equivalent of tannic acid
respectively. The hexane leaf fraction of F. religiosa the utmost saponin and alkaloid
content as 5.10 + 0.48 mg/g equivalent of saponins and0.171 + 0.39 g of alkaloids. Leaf
aqueous ethanol fraction of F, religiosa. showed high antioxidant activity (IC50 value of
63.092 pg/mL) and stem ethanol crude extract (227.43 = 0.78 mg/g equivalent of ascorbic
acid) for DPPH and phosphomolybdate method respectively and the least active was
found to be the stem hexane fraction using both methods (313.32 pg/mL; 16.21 = 1.30
mg/g equivalent of ascorbic acid (Taiw, 2020).

Anti bacterial activity:

The aqueous, methanol and chloroform extracts of the leaves of Ficus
religiosa were evaluated for their antibacterial and antitumor activities. These extracts
showed an elevated level of antibacterial activity and reduced antifungal activity. The
most sensitive organisms S. typhi, P. vulgaris, S. typhimurium, and E. coli were inhibited
even at lowest concentrations of the chloroform extracts. Aqueous and methanolic
extracts were found to be less active. The antitumor activity conducted by crown gall
potato disc assay proved that all the three extracts are efficient in reducing the tumors

formed (Khan et al.,2011).

1



Rathish e al (2012) evaluated antimicrobiul activity of Ficus religiosa against
Escherichia coli. Enterobacter aerogenes, Pseudomonas aeruginosa, Aeromonds
hvdrophila, Staphylacoccus aureus, Sireplococcus pyogencs, Aspergillus niger and
Candida albicans at various concentrations. The highest zone of inhibition {10 mm -15

mm in diameter) was observed in 100 mg/ml concentration in all tested microbes.

The extracts Ficus religiosa were subjected for antimicrobial activity against
E.coli using agar well diffusion method. Aqueous and methanolic extract showed a zone
of inhibition of 10 mm and 12 mm respectively (Shivali ez al., 2017). The leaf extracts
were screened for antimicrobial activity against Escherichia coli, Bacillus
subtilis, minimum inhibitory concentration was determined for ethanolic extract against
S. aureus and B. subitilis. In all the extracts, significant antimicrobial activity was
observed against S. aqurens and B. subtilis, MIC of ethanolic extract was found to be 25
mg/mL and 12 mg/mL against S. aureus and B. subtilis respectively. It presents scientific

proof of its antmicrobial activity and different quality control parameters in herbal drug

standardization (Pankaj, 2019).

The antimicrobial activity of ethanolic extracts of F. religiosa (leaves) was
examined using the agar well diffusion method. The test was performed against four
bacteria: Bacillus  subtilis, Staphylococcus — aureus, Escherichia  coli, Pseudomonas
aeruginosa and against two fungi: Candida albicans and Aspergillus niger. The results
showed that 25mg/ml of the extract was active against all bacterial strains and effect
against the two fungi was comparatively much less (Farrukh ef al., 2003).

The antibacterial potential of Ficus religiosa was investigated by Hemaiswarya et
al. (2009). According to this study the chloroform extract of the leaves of Ficus religiosa

inhibited the growth of various Salmonella species, P. vulgaris, E. coli, B. Subtilis and K.
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Preumonia et which revealed the antibacterial potential of the plant. Uma ef al. (2009)
evaluated the extracts (methanol, aqueous, chloroform) o ['the bark of Ficus religiosa and
veported that it has inhibitory effect on the growth of three enteroxigenic E. coli, isolated

from the patients suflering (rom diarrhoen.

Ramakrishnaioh and Hariprasad (2013) investigated the antimicrobial
activity of Ficus religiosa by measuring the zone of inhibition (Zol) produced by two
types of solvent extracts namely methanol and diethyl ether extracts of bark and leaves,
on three bacteria (two Gram negative bacteria (E.coll and Pseudomonas aeruginosa), one
Gram positive bacteria (Staphylococcus aureus) and one fungus (Aspergillus niger).
Swami and Bisht (1996) proved that the furanocoumarins (bergapten and bergaptol)
isolated from the bark of F.religiosa had activity against S.aureus, E.coli, Penicillium
gluacum and even a protozoan namely Paramecium (Swami and Bisht, 1996). The
activity of chloroform extract of fruits was investigated against P.aureus, A.chroacoccum,

K.pneumonia, S.lactic and B.megaterium (Mousa et al., 1994).

Salem et al. (2013) reviewed the different antimicrobial activities and
phytochemical composition of extracts of Ficus spp. To study the antimicrobial activities,
different antimicrobial methods such as dise and well diffusion, minimum inhibitory
concentration (MIC), minimum bacterial concentrations (MBC) were used for the
evaluation of different extracts. This review gives the idea of which solvent works
potentially against different pathogenic microorganisms. Aqueous extracts showed high
antimicrobial activity against B.subtilis and multi drug resistant P.aeroginosa. Ethanolic
leaves extract was successful to inhibit wide range of microorganisms which mainly
includes B subtilis, S.aureus, P.aeroginosa, E.coli but failed to show any action against
C.albicans and A.niger. The fruit extracts have high potential towards antibacterial

activity but no antifungal activity

13



The acetone, methanol and (he ethyl acetate extracts of the bark powder of Ficus
religiosa were checked for antibacterial activily ngainst some medically important
bacteria Pscudomonas aeruginosa, Escherichia coll, Proteus vilgaris, Bactllus subtilis
and Staphylococcus aureus. The antimicrobial assay was performed by agar disc diffusion
assay. It was observed that methanol extracts had activity against B.subtilis, E.coli,
P.vulgaris, S.aureus whereas acetone extracts showed more antibacterial activity only
against B.subtilis, E.coli. The cthyl actetate extracts were found to have no activity

against any of the tested bacteria (Manimozhi et al., 2012).

Tambekar et al. (2013) carried out the studies on antimicrobial potential and
phytochemical analysis of medicinal plants from Lonar Lake. . In case of Ficus religiosa
aqueous and ethanolic leaves extracts showed antibacterial activity against E.coli and
P.vulgaris . Nair and Chanda (2007) conducted studies and found that the aqueous and
ethanol extract of bark had activity against P.mirabilis, S.aureus, A fecalis and S.
typhimurium. A study was carried out by Supriya and Harshita (2013) in which extracts
of dried powdered leaves of Ficus religiosa in petroleum ether, chloroform, methanol and
water was made. These extracts were then subjected for in vivo antimicrobial activity
against E.coli and S.aureus by cup plate diffusion technique in which wells were bore in
the agar plates that were flooded with the bacterial culture and the extract was filled into

these wells.
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MATERIALS AND METHODS

Collection and identifieation of plant materials

The leaves of Ficus religiosa were collected from Thoothukudi. The collected
samples were cut into small fragments and shade dried until the fracture is uniform and
smooth. The dried leaf material was granulated or powdered by using a blender, and
sieved to get uniform particles by using sieve No, 60, The final uniform powder was used
for extraction of active constituents of the plant materials.
Morphological studies:

Morphology parameters like plant height, leaves size and shape, phyllotaxy,

inflorescence, size of flowers, colour were noted.
Qualitative analysis:
Preparation of the plant extracts:

S gram of Ficus religiosa leaf samples are extracted separately with aqueous,
ethanol, petroleum ether, hexane, acetone and chloroform by maceration pubescence ( 24

hrs for each solvent) with constant shaking, the homogenates are filtered through

Whatman No 2 paper and the extract are stored at 4°c the extract thus obtained are used
for various analyses.
Preliminary phytochemical Screening of different extracts ( Harbrone, 1998)

The qualitative phytochemical test for alkaloids, flavonoids, tannins, sterols,
saponins, quinones, phenols, Terpenoids, coumarins, betacyanins, anthraquinone,
carbohydrates, glycosides, proteins are carried out in the concentrated extract using the
standard procedures to identify the constitutes in the leaf extract of Ficus religiosa. The

chemical test for various phytoconstituents in the extract are carried out as described

below.

15




Phytochemical annlysis,
Test for tannins (Clulel 1)

To 1 ml of the extract, 2 ml of 5% a1} was ndded. A dark blue or green -black
indicates the presence of tannins.
Test for saponing (kokate, 1999)

Foam test the erade extract is mixed with 5 ml of distilled water and shaken
vigorously, resulting in the formation of a stable foum which is a positive indication for
saponins.

Test for Flavonoids (Savithramma ef al., ) .

For identification of flavonoids, 2ml of plant extract, Iml of 2N sodium hydroxide
(NaOH) was added. Formation of yellow colour indicates the presence of flavonoids.
Test for Coumarins (Harbrone JB)

For identification of coumarins, lml of plant extract, 1ml of 10% NaOH was
added. Formation of yellow colour indicates the presence of coumarins.

Test for Terpenoids (Harbrone JB)

For identification of terpenoids, 0.5 ml of the plant extract, 2ml of chloroform
along with concentrated Sulphuric acid. Formation of red brown colour at the interface
indicates the presence of Terpenoids.

Test for Quinines (P. D. Egwaikhide and C. E. Gimba)
A small amount of extract was treated with concentrated HCIl and observed for
theformation of yellow colour precipitate.
Test for Alkaloids (E. C. G. Clarke)
Wagner's test
A fraction of extract was treated with Wagner's reagent (1.27 g of iodine and 2 g

of potassium iodide in 100 mL water) and observed for the formation of reddish brown
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colourprecipitate. There was a formation of reddish brown colour confirming the presence

of alkalod

Test for Sterols (P, D, Egwaikhide and C. E. Gimba)

Extract (1 mL) was treated with ¢hloroform, acetic anhydride and drops of H1504
was added and observed for the formation of dark pink or red colour. No dark pink or red
colour precipitate, absence of sterols.

Test for Carbohydrate (Harbrone JB)
Fehling's test

S ml of Fehling's solution was added to 0.5 mg of extract and boiled in a water
bath. The formation of yellow or red precipitate indicates the presence of reducing sugars.
Test for Glycosides (E. C. G, Clarke)

0.5 mg of extract was dissolved in 1 ml of water and then aqueous NaoH solution
was added. Formation of yellow colour indicates the presence of glycosides.

Test for Protein (Harbrone JB)
Ninhydrin test:

0.5 mg of extract was taken and 2 drops of freshly prepared 0.2% ninhydrin reagent
was added and heated. The appearance of pink or purple colour indicates the presence of
proteins, peptides or amino acids. Test for phenol (Harbrone JB) To | ml of the extract, 2
ml of distilled water was added and followed by few drops of 10% aqueous ferric
chloride. Appearance of blue or green colour indicates the presence of phenols.
QUANTITATIVE ESTIMATION
Total Soluble Protein (Lowry etal.,1951)

Requirements
e Alkaline copper reagent

¢ Solution A- 20% Sodium carbonate in 0.1 N sodium hydroxide
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e  Solution B- 1% Sodium potassium tartarate

e Solution C- 0.5% copper sulphate
To prepare 100 ml alkaline copper reagent, 98 ml of solution A, Iml of B and 1 ml of C
were mixed together freshly. Folin-ciacalteau reagent (commercial reagent was diluted in
the ratio of 1:1 with distilled water at the time of use).
Procedure

100 mg of sample was homogenized in 10 ml of distilled water and filtered
through a muslin cloth and centrifuged at 3000 rpm for 10 minutes. To the supernatant
10% trichloro acetic acid (TCA) was added in 1:1 ratio and left in an ice bath for 30
minutes to precipitate protein. Then centrifuged at 3000 rpm for 5 minutes and discarded
the supernatant. The precipitate was dissolved in 0.1N sodium hydroxide and diluted to a
known volume.

To 0.5 ml of protein extract, 5 ml of alkaline copper reagent was added. After
thorough mixing 0.5 ml of folinciocalteau reagent was added and allowed to stand for 30
minutes; the blue colour appeared and absorbance was measured at 650 nm using UV
visible spectrophotometer (Model No: UV 2371). The analysis was performed in
triplicates and the amount of protein was calculated and expressed as mg/g DW. Bovine
serum albumin (BSA) was used as standard.

Estimation of Carbohydrates Phenol - Sulpuric Acid Method (Dubois er al., 1956)
Requirements
e 5% phenol (5 ml phenol + 95 ml distilled water)
e 96% Sulphuric acid (96% sulpuric acid + 4 ml distilled water)
Procedure:
100 mg of sample was grounded with 10 ml distilled water, It was then filtered

and centrifuged. The filtrate was collected. To 0.1 ml of the filtrate, 0.9 ml of distilled
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water, 1 ml of 5% phenol and 5 ml of 96% H2504 were added. After 30 minutes
absorbance was measured at 490 nm using UV visible spectrophotometer (Model No: UV
2371). The analysis was performed in triplicates and the results were expressed as mg/g
sample. Glucose was used as standard.

Total flavonoid ( Zhinshen et al., 1999)

Reagent

e 5% Sodium nitrate

e 10% Aluminum chloride

® 1IN Sodium hydroxide

® Quercetin standard
Procedure

100 mg of sample was homogenized with 10 ml of distilled water and filtered

through muslin cloth. 0.5 ml of extract was added with 2.5 ml distilled water and mixed .
After 6 minutes, 0.15 ml NaNO was added of and again after 6 minutes, 0.3 ml of 10%
AICI3 was added. After 5 minutes | ml of IM NaNH and 0.5% ml of water were added
. Following thorough mixing of the solution, absorbance against blank was determined at
510 nm. Quercetin was used as standard and the results were expressed as mg quercetin
equivalents (QE)/g dry weight

Vitamin-C (Ascorbic acid) — Baker and Frank, (1968)

Reagent
e 5%of TCA J

e Indophenol reagent (20 mg of dichlorophenol indophenol was dissolved in 10 ml

of warm distilled water),
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e 20 mg of dichlorophenol indophenols  ws dissolved in 10ml of warm distilled

waler
® DT reagent (2 g of 2, 4 dinitrophenyl hydrazine and | g of thiourea were dissolved
in 100 ml of 9 N sulphuric acid).
® B5% sulphuric acd
e L —ascorbic acid — standard
100 my of each sample was homogenized with 10 ml of 5% trichloro acetic acid (TCA).
The homogenate was centrifuged at 3000 rpm. To 2 ml of protein free supernatant, 1 drop
of indophenol reagent and 0.5 ml of DT reagent were added and incubated at 10°C for |
hour. Then cooled in ice bath and 2.5 ml of 85% sulphuric acid was added. After
intermittent shaking for 30 minutes (until red colour appeared), 30 absorbance was
measured at 540 nm. L-ascorbic acid was used as standard and the results were expressed
as mg/g DW.
Vitamin E (Tocopherol (Rosenberg, 1992)

The sample (2.5 g) was homogenized in 50 ml of 0.1 N'su]phuﬁc acids and
allowed to stand overnight. The content in the flask was shaken vigorously and filtered
through Whatman No.] filter paper. Aliquots of the filtrate was used for estimation. Into
stoppered centrifuge tubes, 3 ml of extract and 3 ml of water were pipetted out separately.
To both the tubes, 3 ml of ethanol and 3 ml of xylene were added, mixed well and
centrifuged. Xylene (2.0 ml) layer was transferred into another stoppered tube. To each
tube, 2.0 ml of dipyridyl reagent was added and mixed well. The mixture (3 ml) was
pipetted out into a cuvette and the extinction was read at 460 nm. Ferric chloride solution
(0.66 ml) was added to all the tubes and mixed well. The red colour developed was read

exactly after 15 minutes at 520 nm.
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FT-IR analysis

A little powder of plant specimen was mixed with KBr salt, using a mortar and
pestle, and compressed into a thin pellet. Infra -red spectra were recorded as KBr pellets
on a Thermo Scientific NicotiS5ID1 transmission, between 4000-400 cm-1(Kareru e al.,
2008).
ANTIOXIDENT ACTIVITY

Crude samples extracts were prepared by pouring 100ml of distilled water in a
conical flask containing 10g of each samples separately in the ratio of 10:1 (V/W). after
24 hours, the mixture was filtrated through whatman no:1 filter paper and the filtrate was
evaporated to dryness. Crude (aqueous) extracts of all samples (Img/ml) were used for
the determination of free radical scavenging activity.
Free radical scavenging assay (Hatano ef al., 1998).
Free radical scavenging assay was measured by 2-2 Diphenyl, 1-picryl hydrazine (DPPH)
method proposed by with slight modifications. 1ml of aliqut of test sample was added to
ml of 0.004% DPPH solution prepared in methancl. The mixture was vortexed for 1min
and kept at room temperature for 30 minutes in darkness the absorbance was read at 517
nm. Allow absorbance of the reaction mixture indicated a high free radical scavenging
activity. Ascorbic acid was used as standard.
DPPH scavenging activity(%)
A control —A test / A control * 100 Where, A control is the absorbance of the DPPH
solution without test solution. A test is the absorbance of DPPH with the test solution.

Aqueous extract was used as blank,
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HYDROGEN PEROXIDE SCAVENGING ACTIVITY (Chandrika et al., 2007).
Requirements:
® Phosphate buffer
* H,0O,
*  Ascorbic acid
Procedure:
Samples were dissolved in 0.5 ml of 0.1 M phosphate buffer (pH 7.4), mixed with
0.5 ml of 20 mM H,0; solution and measured at 230 nm. Ascorbic acid and phosphate
buffer were used as positive and negative controls respectively. The activity was
calculated according to the following equation:
H,0; scavenging activity (%) = (1 — AIJAD) x 100
Where Al is the absorbance of the test sample and A0 is the absorbance of negative
control.
ANTIBACTERIAL ASSAY
Extraction of plant materials
The plant powder was extracted with methanol, acetone and water. 25 gms of
plant powder was extracted with methanol, acetone and water solution individually in
soxhlet apparatus continuously for about 4-6 hours, which was again concentrated till it
become semisolid. It was evaporated to dryness and stored at 0° C, until the time of the
experiment
Bacterial strains used
The test organisms were obtained from the Department of Microbiology; St.
Mary's College (Autonomous), Thoothukudi. One gram positive bacteria Bacillus subtilis

and one gram negative bacteria Escherichia coli, were used in the present study.
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Broth Medium:

e Nutrient broth Himedia MOOI

® Nutrient broth 1.3 gm

® Distilled water 100 ml
2-3 ml of sterilized broth medium was taken in the sterilized culture tube. The inoculating
loop was flamed and after a few minutes a loopful bacterial colony was transferred to the
broth medium. This microbe culture was incubated at room temperature for 24 hours.
Agar medium:

e  Nutrient agar Himedia MOOI

®  Nutrient agar 2.8 gm

e Distilled water 100 ml
To prepare the agar medium all the above ingredients were dissolved and sterilized.
Disc diffusion method

Anti- bacterial activity was evaluated by agar disc diffusion method (Kirby-Bauer

et al., 1986). Test solutions were prepared with known weight of methanol, acetone and
water extracts dissolved in 5% dimethyl sulphoxide (DMSQ). What man No. 1 filter
paper disc (Smm) were impregnated with 20 of these extracts and allowed to dry at room
temperature. The spread plates were prepared by proper concentration of inoculate. Each
sample loaded discs was placed in the seeded agar plate. 24-48 hours of + 370c
incubation, the diameter of the inhibition zone was for positive control, streptomycin
dises (100 g/ml) was used, whereas for negative control; respective solvents loaded on the

sterile discs.
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RESULT AND DISCUSSION

In the present investigation, leaf of Ficus religiosa are subjected to macroscopic
analysis, preliminary qualitative phytochemical analysis, quantitative analysis, FTIR
analysis, antioxidant activity and antimicrobial activity.

Systematic position:

In Linnaeus system of Classification, the systematic position of Ficus religiosa
is as follows.
Ficus religiosa (Linn.)
Kingdom : Plantae
Class : Dicotyledons
Order : Rosales
Family : Moraceae
Genus : Ficus
Species : religiosa
Macroscopic Characters:
Habit: Tree is semi-evergreen tree that has up to 98 ft tall and a trunk of about 9.8 ft.
(Plate-1).
Leaves: The leaves are cordate in shape with a distinctive extended drip tip; they are 10—
17 centimetres long and 8—12 centimetres broad, with a 6-10 centimetres petiole.
Inflorescence: Hypanthodium, globosely turbinate, androgynous sessile in axillary pairs,
the apex (runcate or subacute, with few brown spots, basal bracts 3, unequal, slightly
imbricate.
Flowers: Flowers unisexual; inflorescence a syconia, sessile, axillary, in pairs, obovoid
or globose, twig wall thick; basal bracts 3, 3-5 mm long, ovate-obtuse, silky-puberulous,

persistent, orifice, closed by 3 apical bracts in a disc 2-3 mm wide; internal bnistles none;
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Plate 1: Ficus religiosa




Fruit: The fruits are small figs 1-1.5 centimetres in diameter, green ripening to purple.
Flowering and Fruiting Time: Flowering occurs in February; onset of fruits start in
summers and ripening is complete before the onsel of rainy season

Vernacular names: Arasamaram

Distribution:
Ficus religiosa is native to most of the Indian subcontinent — Bangladesh, Nepal, Pakistan
and India including the Assam region, Eastern Himalaya and the Nicobar Islands, as well

as part of Indochina — the Andaman Islands, Myanmar and Peninsular Malaysia.
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Preliminary Phytochemicnl Sereening:

The presence of different phytochemical constituents in aqueous acetone, ethanol,
chlorotorm, petroleum ether, hexane extract of leal of Ficus religiosa  are evaluated
qualitatively and present in (Table 1). The phytochemical such as alkaloids,
anthraquinones, betacyanin, saponin, protein, steroids, tannins, carbohydrates, coumanns,
flavonoids, phenols and quinines are present in ethanol leal extract of Ficus religiosa

In the current study ethanol extract of leaves of  Ficus religiosa  contains
Tannins, saponin, phenol, sterol, protein, terpenoids, curbohydrates, protein and
glycoside. Prakash er al. (2017) reported that ethanol extract of Fieus religiosa contains
alkaloids, saponins, phenols, flavonoids, protein, tannins and terpenoids.

The Petroleum ether extract of Ficus religiosa contains of flavonoids, Glycosides,
coumarins, Quinones and betacyanin, Gupta, (2020) revealed the presence of flavonoids,
alkaloids, tannins, coumarins, terpenoids, proteins and amino acids in agqueous, petroleum
ether extracts,

Alkaloids commonly are concentrated in particular organs such as the leaves, bark
or roots. Alkaloids play an important role in the defence systems against pathogens and
animals. The applications of alkaloids are not limited to biological control of herbivores
but also have pharmacological, veterinary and medical importance. Alkaloids belonging
to beta- carboline group possess antibacterial, anti - HIV and anti-parasitic activity (Pater
et al, 2011) . Alkaloids are present in a wide range of plant families and have a variety of
biological effects (Kurel, 2019),

Terpenes also act as diuretics and helps in relieving gastrointestinal spasms.
Terpenes are added to creams and ointments to relieve pain and itching terpenes also
possess antibacterial properties thus, helps to fight microorganisms resistant to antibiotics

such as yeast and other fungi. Terpenes like menthol when consumed as a tea aids to
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Table 1: Phvtochemienl Sereening of different extracts

of Ficus religiosa

Solvents
Phytochemical
Ethanol | Water | Chlorofor Petroleum | Hexane
S.NO n Ether
1 Alkalowds 3 ik + . .
2 Flavonoids - + + ¥ +
3 Tannins + + & 5 -
4 Phenols + + - x ~
5 Terpenoids + + + . é
6 | Sterol + - " 3 i
7 Quinones z + + o "
8 Betacyanin - + a + .
9 Coumarins - - + + +
10 | Saponin + i + - .
11 Anthraquinone - - + - B
12 | Carbohydrates + + + - -
13 | Protein + - - . i
14 | Glycoside - + - A +




Table 2: Amount of flavanoid, carbohydrates , protein present in the

leaves of Ficus religiosa

Sample
Ficus religiosa
Leaf Amount of flavanoid | Amount of proteins | Amount of
(mg (QE )/ g) (mg (QE )/ g) carbohydrate(mg
(QE)/g)
0.691 + 0.15] 5405+ 3.415 0.855 = 0.195
e -

un

B

Amount of Flavanoids,
Protein, Carbohydrate

=

LIl

Flavaniods Protein Carbohydrate

Figurel. Amount of Flavanoid, Carbohydrates, Protein present in the

leaves of Ficus religiosa




Table 3: Amount of vitamin C and vitamin E present in the leaves of

Ficus religiosa

Ficus religiosa
Sample
Amount of vitamin C (mg | Amount of vitamin E (mg
Leaf (QE) /g) (QE) /g )
5952+ 2,749 10.732 £ 0.755

12 -
Lu 10.73
£ 504
£ 10
£
- 8
o
£ 6 5.95
(0]
=
>
5 41
=
=

D -

Vitamin C

Vitamin E

Figure 2: Amount of Vitamin C and Vitamin E present in the leaves of

Ficus religiosa



reduce flatulence and indigestion (Destinney er al, 2019). The coumarins acls
anticoagulants, which block multiple steps in the coagulation cascade. Coumarins can be
used treat the side effects caused by radiotherapy (Esra er al.. 2020).

Betacyanins are a class of red and yellow indolent- derived pigments found in
plants of the caryophyllales, where they replace anthocyanins pigments. Betacyanin are
antioxidant, anti - inflammatory and detoxifying agents that are richer in beets than other
plant foods. The antioxidant properties beneficial in the prevention of cancer and
cardiovascular diseases.

Plate sterols are secondary metabolites occurring in plants in small guantities with
the highest concentration in vegetable oils. They reduce total and LDL cho lesterol levels
the plasma by inhibiting its absorption from thesmall intestine. Hence, they lower the
antherosclerotic risk and offer protection against cardiovascular diseases ( Nigon ef al.,
2001). Phytosterols may attenuate the inflammatory activity of immune cells. including
macrophages and neutrophils ( Lanlan et al., 2019).

Total Flavonoids, Proteins, Carbohydrates, Vitamin C, Vitamin E

The flavonoids, proteins, carbohydrates contens of leaves of Ficus religiosa shows
in (Figure. 2) is flavonoid (69 mg QE / g) protein (3.40 mg QE /g) carbohydrates (0.85
mg QE / g) in Ficus religiosa. The present of flavonoid in the leaf of Ficus religiosa
could accurent for its use as an anti-inflammatory agent (Vishal er al., 2011) and for
reatment of diarrhoea (Lee, 2015) fever reducing, pain relieving and anticancer
activities. The results of quantitative phytochemical screening shows Ficus religiosa has

more protein, carbohydrate, flavanoid, vitamin -E and vitamin-C.
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FT- 1R analysis

FT- IR analysis is proved to be a reliable and sensitive ethanol as it provided a
unique fingerprint for the biomolecules. It has been used as a requisite ethanol to identify
the various function groups responsible for medicinal properties in the herbal drug
(Cheikh er al,2019). Most researchers applied FT- IR spectrum as a tool for
diseriminating closely associated species (Rodriguez et al, 2011). As the chemical
functional group are responsible for the absorption of the radiation at different
frequencies, the frequencies are helpful for the identification of the chemical makeup of

the sample (Priori,1994).

The FT- IR spectroscopic analysis of the present of phytocomponents in leaf
ethanolic extract of Ficus religiosa (Fig 3) confirms the presence of alcohol, urethane,
alkane, ester, carbonyl, guanidine, aromatic , nitro group, acid, acetals, ether, sulphonic
acid, alkyl halide, and halogen compound corresponding to the major peak values at
3747.43, 3443.66, 2919.06, 2849.63, 1806.21, 1743.53, 1644.20, 1514.98, 1418.55,

1317.29, 1243.04, 1163.00, 1032.81, 893.94, 781.12 , 669.25, 595.00, 517.85 cm- 1.

28




Table 4: FT- IR Peak values and functionnl groups of Ficus religiosa

PEAK VALUE BOND FUNCTIONAL GROUP
3747.43 STRONG, ALCOHOL | O-H
GROUP
344300 MEDIUM,URETHANES N-H
2919.06 STRONG, ALKANE C-H
ZEA63 MEDIUM , ESTER C-H
1806.21 STRONG C=0
1743.53 STRONG, CARBONYL c=0
1644.20 MEDIUM, ATOMATIC | N-H

AMINES
1514.98 STRONG , NITROMATIC |N-O
1418.55 MEDIUM, AROMATIC S
1317.29 STRONG, NITRO GROUP | N=0
1243.04 STRONG, ALHYL ETHER | C-O
1163.00 STRONG, ALCOHOL c-0
1032.81 STRONG, ALCOHOL Cc-0
893.94 WEAK, PYRANOSE | C-H
COMPOUNDS
781.12 STRONG, ALIPHATIC | C-O
,CHLOROFORMATE
669.25 STRONG, PRIMARY | N-H
AMINES
595.00 STRONG, HALO BOND C-1
517.85 STRONG, ALKYL HALIDE
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Fig 4: FT- IR Spectrum of leaf of Ficus religiosa



ANTIONIDENT:
DPPH scavenging aetivity :

The results of anti — oxidant DPPH scavenging activity shows low percentage in

Ficus religiosa.
hydrogen peroxide scavenging activity:

The results of anti — oxidant hydrogen peroxide scavenging activity shows more

percentage in Ficus religiosa.
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Table 5: Amount of DPPH scavenging activity and hydrogen peroxide

scavenging activity present in the leaves of Ficus religiosa

DPPH scaveaging activity hydrogen peroxide
: scavenging activity
Ficus religiosa leaves | 0845 + 0845 8887 ¢ 5405
10+
‘ L
i -
] 9
g
j ul & Antowdant
, ]
o
.
0 —

-

Figure 3: Amount of DPPH scavenging activity and hydrogen peroxide

scavenging activity present in the leaves of Ficus religiosa
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Antibocterial nctivity

Antibacteriul propertics of medicine plants are being increasing reported from
different parts of the world. The world health organization estimation that plant extracts
of their active constituents are used s folk medicine in traditional therapies of 80% of the
world's population (Tedros et al,2019), In this study we analysed the antibacterial

activity of ethanol and methanolic extracts of Ficus religiosa on E.coli and B. subtilis.

Life threatening discase and high rate of mortality occur in animal and
human population due to bacterial infection. Many bacteria both Gram positive and Gram
negative contaminate food, water, air, soil, ect, and cause biological / microbial pollution.
B.subtilis is responsible for causing food borne gastroenteritis, £. coli, cause disease like

mastitis, abortion and upper respiratory complication (Hazard and Defense, 2007).

The ethanol, methanol, chloroform, petroleum ether, hexane, acetone and
water extracts of two selected plants are tested against pathogenic microbes £. coli and
B. subtilis. The results of antibacterial activity of different plants extracts are shown in
(Fig.6 & 7). The antibacterial activity of thesis plant extracts ranges from 7 mm to 12 mm

against with the presence of the secondary metabolites through different mechanism,

The methanolic extract of Ficus religiosa showed highest antibacterial
activity against both the tested organism (plate 2). These activities may be due to the
phytochemical such as tannin, saponin and glycosides which could serve as the lead to the
isolation of chemotherapeutic agent. This is an indication that the extracts possess

substances that can inhibit the growth of some microorganism.,

Dereje et al. (2021) reviewed that methanol extraction yielded higher
antimicrobial activity than other extract. The variation of antibacterial activity among

different crude extracts of this investigation might be due to distribution of varned
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Figure 6: Antibacterial activity of Ficus religiosa against E.Coli




antimicrobial similarly, Shisir er al. (2019) reviewed that different extracts of plants show
different antimicrobial activities on an organism. The present study showed that Gram
neganive bacteria were more sensitive to the tested methanolic and Ethanol extracts as

compare 10 the Gram-positive bacteria.

Some of the extracts has a good potential for therapeutic uses against some
pathogens. It appears that extracts with high antimicrobial activity against Gram-negative
bacteria do not necessarily have activity against other Gram-negative bacteria compared
to Gram-bacteria. This may mean that the activity is not related to the differences in cell
wall structure. Because there 1s a such a wide range of MICs for ditferent strains of the

same bactenal specics (Fargya et al, 2018)

3N




SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

The thesis entitled “Phytochemical, Antioxidant activity and Antibacterial
Evaluation of Ficus religiosa” deals with a systematic evaluation of macroscopic

characters, phytochemical and antibacterial activity of leaves of Ficus religiosa belongs

to family Moraceae.

The present work is focused on the following aspects of the medicinal plants,
® macroscopical characters of Ficus religiosa
® preliminary phytochemical screening to establish the phytoconstituents present.
® functional groups of the selected plants by FTIR.
antibactenal potential of Ficus religiosa against Escherichia coli and Bacillus
subrilis.
Plants are becoming potential source for phytoconstituents with vared
pharmacological activities. Identification of such plants of potential use in medicine is of
significance and as a prelude to this, it becomes necessary to examine the vanous
pharmacognostical characters of the plant before further investigation. Macroscopical
study had provided a charactenstc identty of leal of Ficws religiosa.

Basic phytochemical screcnung was performed using suitable reagent lo detect
the presence of secondary metabolites, in the ethanol, petroleum ether, acetone, hexane,
water and chloroform leaf extracts of selected plants. The phytochemical screening
revealed chemical constituents that form the foundation of their pharmacological activity.
Antioxidants arc quantitatively estimated using standard procedure. The antioxidants
were high in the Ficus religiosa. The DPPH in vitro assays indicate that these plant
extracts are @ significant source of natural antioxidant, which might be helpful in

preventing the various diseases associated with oxidauve stresses.
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The resalt of the antimicrabial screening on the methanohie vt of Fieus
seliginen dhowed Tigh wnhibitory sctivity towarde £ eafi Almost ol the setracts showesd
met ot AEAINEL AL least one organiam tested, which indicates thai the test samples contain
mlogreally active ingredients The knowledge of exact mode of inhibition of specific
wompsvarlse whieh mie present in the plant extract, may contribute to the successtul
wnlizabon of such natural compounds for the treatment of infectious hacterial disease

Ihe tindings of the present investigation suggests that the organic wilvent
extraction was suitable to verify the antimicrobial properties of medicinal plants and they
supported by many investigations. The obtained results may provide a support [0 use of
the plant in traditional medicine. It also justifies the claimed uses of leaves in the
traditional system of medicine to treat various infectious discases caused by the microbes.
Further laboratory and clinical studies of this plant was required in order to understand
better antibacterial principles which will allow the scientific community to recommend

their use as an accessible alternative to other synthetic drugs. ’
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INTRODUCTION



I. INTRODUCTION

Plant biodiversity has contributed in many ways to the development of human culture
for the livelihood, nutrition and health. Plants have been used in traditional medicine for
several thousand years. The knowledge of medicinal plants has been accumulated in the
course of many centuries based on different medicinal system such as Ayurveda, Unani and
Siddha. In India, it was reported that traditional healers use 2,500 plant species and 100
species of plants serve as regular source of medicine World Health Organization (WHO)
estimated that about 80% of the population in the developing countries depends directly on
plants for the medicine. 25% of the medical drugs are based on plants and the derivatives.
Out of the 20,000 medicinal plants listed by the WHO globally, India’s contribution is 15-
20%. In India, about 2,000 drugs used are of plant origin. Less than 10% of the medicinal
plants traded in the country are cultivated, about 90% are collected from the wild (Singh et
al., 2011).

Plants are rich source of secondary metabolites with interesting biological activities.
In general, the secondary metabolites are an important source with a variety of structural
arrangements and properties. The increasing recognition of herbal medicine as an alternative
form of health care, the screening of medicinal plants for active compounds has become very
significant. A large number of medicinal plants and the purified constituents have shown
beneficial therapeutic potentials. In order to promote the use of medicinal plants as potential
sources of chemical compounds, it is important to thoroughly investigate the composition and
activity and thus validate the use (Osaka et al., 2006).

Phytochemicals are biologically active, naturally occurring chemical compounds
found in plants which provide health benefits for humans further than those attributed to
macronutrients and micronutrients (Hasler and Blumberg, 1999). They protect plants from

disease, damage and contribute to the plant’s color, aroma and flavor.



In general, the plant chemicals that protect plant cells from environmental hazards
such as pollution, stress, drought, UV exposure and pathogenic attack are called as
phytochemicals (Gibson et al., 1998). Recently, it is clearly known that they have roles in the
protection of human health, when the dietary intake is significant. More than 4,000
phytochemicals have been cataloged and are classified by protective function, physical
characteristics and chemical characteristics and About 150 phytochemicals have been studied
in detail (Meagher and Thomson, 1999). In wide ranging dietary phytochemicals are found in
fruits, vegetables, legumes, whole grains, nuts, seeds, fungi, herbs and spices. Broccoli,
cabbage, carrots, onions, garlic, whole wheat bread, tomatoes, grapes, cherries, strawberries,
raspberries, beans, legumes, and soy foods are common sources (Moorachian, 2000).

Phytochemicals accumulate in different parts of the plants, such as in the roots, stems,
leaves, flowers, fruits or seeds. Many phytochemicals, particularly the pigment molecules are
often concentrated in the outer layers of the various plant tissues. Levels vary from plant to
plant depending upon the variety, processing, cooking and growing conditions (Costa et al.,
1999). Phytochemicals are also available in supplementary forms, but evidence is lacking that
they provide the same health benefits as dietary phytochemicals. These compounds are
known as secondary plant metabolites and have biological properties such as antioxidant
activity, antimicrobial effect, modulation of detoxification enzymes, stimulation of the
immune system, decrease of platelet aggregation and modulation of hormone metabolism and
anticancer property (King and Young, 1999).

Naturally, there are more than thousand known and many unknown phytochemicals.
It is well known that plants produce these chemicals to protect themselves, but recent
researches demonstrate that many phytochemicals can also protect human against diseases.
Phytochemicals are not essential nutrients and are not required by the human body for

sustaining life, but have important properties to prevent or to fight some common diseases.



Many of these benefits suggest a possible role for phytochemicals in the prevention and
treatment of disease, because of this property. Many researchers have been performed to
reveal the beneficial health effects of phytochemicals (Narasinga, 2003).

An assessment of the previous trends and impact of research into the phytochemistry
on medicinal plants of the world is quite desirable before considering recent trends. After
centuries of empirical use of herbal preparation, the first isolation of active principles
alkaloids such as morphine, strychnine, quinine etc. in the early 19" century marked a new
era in the use of medicinal plants and the beginning of modern medicinal plants research.
Emphasis shifted away from plant derived drugs with the tremendous development of
synthetic pharmaceutical chemistry and microbial fermentation after 1945. Plant metabolites
were investigated from a phytochemical and chemotaxonomic view during this period.

Over the last decade, however, interest in drugs of plant and probably animal origin
has grown steadily. Utilization of medicinal plants has almost doubled in Western Europe
during that period. Ecological awareness, the efficacy of a good number of
phytopharmaceutical preparations, such as ginkgo, garlic or valerian and increased interest of
major pharmaceutical companies in higher medicinal plants as sources for new lead structures
has been the main reasons for this renewal of interest. With the development of chemical
science and pharmacognosy physicians began to extract chemical products from medicinal
plants (Hamburger and Hostettmann, 1991).

A few examples of the products extracted from medicinal plants are in 1920, quinine
was isolated from Cinchona by the French pharmacist, Peletier and Caventou. In the mid
nineteenth century, a German chemist, Hoffmann obtained aspirin from the bark of the
willow. With the active principles in medicinal plants identified and isolated, plant based
prescriptions began to be substituted more and more with pure substances, which were more

powerful and easier to prescribe and administer (Harvey, 2000).



Phytomedicine almost went into extinction during the first half of the 21* century due
to the use of the ‘more powerful and potent synthetic drug’. However, because of the
numerous side effects of these drugs, the value of medicinal plants is being rediscovered as
some of them have proved to be as effective as synthetic medicines with fewer or no side
effects and contraindications. It has been proved that although the effects of natural remedies
may seem slower, the results are sometimes better on the long run especially in chronic
diseases.

According to Showkat et al. (2011), free radicals, the partially reduced metabolites of
oxygen and nitrogen, are highly toxic and reactive. The most common reactive oxygen
species are superoxide anion (O2), hydrogen peroxide (H202), peroxyl radical (ROO) and
highly reactive hydroxyl radical (OH). Oxidation process is one of the most vital routes for
producing free radicals in food, drugs and living systems. Antioxidants are the substances
that when present in low concentration significantly delay or reduce the oxidation of the
substrate. Antioxidants protect the body from damaging oxidation reactions by reacting with
free radicals and other reactive oxygen species within the body and hindering the process of
oxidation. Hence, diseases associated with free radicals can be avoided by antioxidant
therapy which gained an immense importance.

Current research is now directed towards finding naturally occurring antioxidants
particularly of plant origin. Currently available synthetic antioxidants like butylated hydroxyl
anisole (BHA), butylated hydroxy toluene (BHT), tertiary butylated hydroquinone and gallic
acid esters have been suspected to cause negative health effects. Hence, strong restrictions
have been placed on their application and there was a trend to substitute them with naturally
occurring antioxidants. Furthermore, these synthetic antioxidants also show low solubility

and moderate antioxidant activity (Pourmorad et al., 2006).



More than 1200 plants has been reported as medicinal agents in various scientific and
popular literatures, as plant drugs are generally considered to be less toxic with lesser or rare
side effects than those of synthetic ones (Pari and Umamaheswari, 2000). There are several
plant genus which are reputedly known for their contribution to traditional as well as modern
medicines.

Vicoa indica (L.) Dc. is a herbal plant belonging to the family Asteraceae. It is used
by tribal population in India (especially northern states), acting as a contraceptive agent and
female anti-fertility drug (Dhall ans Dogra, 1988). The ethnobotanical views show the
infusion of whole plants were used in abortion (Tayade and Patil, 2005), roots are remedy to
cough and jaundice (Oudhia, 2003), anti-inflammatory, analgesic properties (Krishnaveni et
al., 1997), antiviral constituents (Chowdhury et al., 1990) and pre-clinical toxicity studies
(Gandhi et al., 1985). Considering the above views, the present investigation was indented to
carry out the following objectives.

» Preliminary phytochemical anasysis of Vicoa indica (L.) Dc.
» To isolate and analyze the phytochemicals present in Vicoa indica (L.) Dc.
using UV-Visible spectrophotometer, FT-IR and GC-MS.

» To study the anti-oxidant activity of Vicoa indica (L.) Dc.
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II. REVIEW OF LITERATURE

For improved “quality of life” there is significant increase in demand of herbal
medicines for primary health care, because of their effectiveness, safety and minimal or no
side effects. The synthetic drugs although effective against various health related disorders,
produce some severe side effects, which culminate in deterioration of human health (Harvey,
2008). In order to overcome these side effects, scientists have focused their research on
medicinal herbs (Petrovska, 2012). Moreover, the herbal formulations also offer remedy for
age-related disorders like osteoporosis, immune disorders, memory loss, etc., for which very
few modern medicines are available (Kamboj, 2000). The medicinal plants are a major source
of biodynamic compounds of therapeutic value and have been known for their health benefits
in Ayurveda, Unani and traditional system of medicines. Herbal molecules are safe and have
the potential to overcome the resistance produced by the pathogens, as they exist in a pooled
form of more than one molecule in the protoplasm of the cell (Lai and Roy, 2004).
Nowadays, almost all the dreadful diseases including cancer, AIDS, kidney damage,
cardiovascular diseases and many more are curable by the use of medicinal herbs (Kolasani et
al., 2011).

PHYTOCHEMICAL STUDIES

The importance of plants is known to us well. The plant kingdom is a treasure house
of potential drugs and in the recent years there has been an increasing awareness about the
importance of medicinal plants. Drugs from the plants are easily available, less expensive,
safe, efficient and rarely have side effects. The plants which have been selected for medicinal
use over thousands of years constitute the most obvious choice of examining the current
search for therapeutically effective new drugs such as anticancer drugs, antimicrobial drugs
(Phillipson and Wright, 1996), antihepatotoxic compounds. According to World Health

Organization (WHO), medicinal plants would be the best source to obtain variety of drugs.



About 80% of individuals from developed countries use traditional medicines, which has
compounds derived from medicinal plants.

However, such plants should be investigated to better understand their properties,
safety, and efficiency (Arunkumar and Muthuselvam, 2009). Medicinal plants contain some
organic compounds which provide definite physiological action on the human body and these
bioactive substances include tannins, alkaloids, carbohydrates, terpenoids, steroids and
flavonoids (Edoga et al., 2005). These compounds are synthesized by primary or rather
secondary metabolism of living organisms. Secondary metabolites are chemically and
taxonomically extremely diverse compounds with obscure function. They are widely used in
the human therapy, veterinary, agriculture, scientific research and countless other areas (Vasu
et al., 2009). A large number of phytochemicals belonging to several chemical classes have
been shown to have inhibitory effects on all types of microorganisms in vitro (Cowan, 1999).

Plant products have been part of phytomedicines since time immemorial. This can be
derived from barks, leaves, flowers, roots, fruits, seeds (Criagg and David, 2001). Knowledge
of the chemical constituents of plants is desirable because such information will be value for
synthesis of complex chemical substances (Mojab et al., 2003; Parekh and Chanda, 2008).

Seven medicinal plants such as Bryophyllum pinnatum, Ipomea aquatica,
Oldenlandia corymbosa, Ricinus communis, Terminalia bellerica, Tinospora cordifolia and
Xanthium strumarium were investigated the presence of phytochemicals and to determine the
total phenolic and flavonoid contents of the selected medicinal plants. Soxhlet apparatus was
used for the organic solvent extraction. Solvents used were water, methanol, ethanol and
acetone. Total phenolic contents of the aqueous extracts of the plants were determined by the
Folin-Ciocalteus reagent method whereas total flavonoid contents of the aqueous extracts
were determined by the Aluminium chloride method. Proteins, carbohydrates, phenols,

tannins, flavonoids, saponins, were detected in all of the plants tested. Total phenolic contents



obtained were 18.4mg/gm, 18.8mg/gm, 11.6mg/gm, 29.2mg/gm, 29.6mg/gm, 40.8mg/gm,
12.8mg/gm, 71.6mg/gm of the extract and total flavonoid contents obtained were 8.4mg/gm,
37.6mg/gm, 4.4mg/gm, 6mg/gm, 42.8mg/gm, 18mg/gm, 6mg/gm, 28.8mg/gm of the extract
for the plants Bryophyllum pinnatum (Leaves), Ipomea aquatica (Leaves), Oldenlandia
corymbosa (Whole plant), Ricinus communis (Roots), Terminalia bellerica (Leaves),
Tinospora cordifolia (Leaves), Tinospora cordifolia (Stem), and Xanthium strumarium
(Leaves) respectively. The findings provided evidence that crude aqueous and organic solvent
extracts of these tested plants contain medicinally important bioactive compounds and it
justifies their use in the traditional medicines for the treatment of different diseases (Yadav
and Munin, 2011).

Satheesh et al. (2012) investigated the presence of various phytochemicals from the
ethanolic, aqueous and chloroform extracts of Punica granatum peel, whole fruit and seeds.
The three different extracts from peel were found to contain triterpenoids, steroids,
glycosides, flavonoids, tannins, carbohydrates and vitamins. The three different extracts from
whole fruit were found to contain triterpenoids, steroids, glycosides, saponins, alkaloids,
flavonoids, tannins, carbohydrates and vitamins. The three different extracts from seeds were
found to contain triterpenoids, steroids, glycosides, saponins, alkaloids, tannins,
carbohydrates vitamins. The generated data from the three different extracts of Punica
granatum peel, whole fruit and seeds provided the basis for its wide uses in the traditional
and folk medicines.

Amin et al. (2013) screened the qualitative and quantitative analysis of the major
bioactive constituents of medicinally important plant Taraxacum officinale in its aqueous and
methanol extract of root, stem and flower. Saponins, flavonoids, alkaloids and phenols were
highly concentrated in the stem, root and flower with the higher concentration of flavonoids

in the flower extracts. Phenols and steroids were also found present in the investigated plant



parts. The percentage value of plant extracts in water and methanol are stem (water extract
21%, methanol 18%), root (water extract 22%, methanol 17.8%), flower (water extract 19%,
methanol 16%). The significance of the plant in traditional medicine and the importance of
the distribution of these chemical constituents are discussed with respect to the role of the
plant in ethnomedicine in Kashmir region of India.

Victor and Chidi (2009) studied tannins, saponins, phlobatannins, flavonoids,
anthraquinones, terpenoids, steroids, alkaloids, carbohydrates and glycosides distribution in
four medicinal plants belonging to different families. The medicinal plants investigated were
Carica papaya, Ocimum gratissimum, Adenia cissampeloides and Cymbopogan citratus. All
the plants were found to contain tannins, flavonoids, terpenoids, steroids and carbohydrates
while anthraquinones were absent in all. Alkaloids were absent in both O. gratissimum and C.
citratus. Glycosides were absent in only C. papaya, saponins were absent in only O.
gratissimum while phlobatannins were absent in only C. citratus. The extraction of oils was
carried out by solvent extraction and steam distillation methods and the percentage yield of
extracts by each method determined. Solvent extraction method gave percentage yield of
7.40, 6.30, 6.75 and 5.63% for C. papaya, O. gratissimum, A. cissampeloides and C. citratus
respectively. For steam distillation, C. papaya, O. gratissimum, A. cissampeloides and C.
citratus gave percentage yield of 5.60, 5.80, 5.44 and 3.82% respectively.

Anubha (2013) dealt with the phytochemical studies of leaves of different medicinal
plants like Alstonia scholaris, Catharanthus roseus, Nerium oleander, Tabernaemontana
divaricata, Thevetia neriifolia, Withania somnifera, Adhatoda vasica, Cannabis sativa,
Solanum nigrum, Plumeria alba and Achranthus asperatc. Methanolic (90%) extracts of leaf
powders have been screened for qualitative determination of different secondary metabolites
like cardiac glycoside. alkaloids, flavonoids, tannins, glycoside, reducing sugar, saponin and

terpenoids. All phytochemicals such as alkaloids, flavonoids, tannins, reducing sugars,



saponins, flavonoid and terpenoides were present in all selected plant species. Tannin were
absent in Adhatoda vasica and Cannabis satvia.

Sudipa et al. (2013) carried out the phytochemical studies of leaves of different
medicinal plants like Andrographis paniculata of the family Acanthaceae, Bauhinia
acuminata of the family Caesalpiniaceae, Clerodendrum indicum and Clerodendrum
siphonanthus of the family Verbenaceae, Nerium odorum of the family Apocynaceae and
Sida humilis, Sida veronicaefolia and Sida cordata of the family Malvaceae. Methanolic
(90%) extracts of leaf powders have been screened for qualitative determination of different
secondary metabolites like alkaloids, flavonoids, tannins, reducing sugars, amino acids and
lignins by specific chemical color reaction tests.

The phytochemical analysis of leaf extracts in aqueous, methanol, acetone, petroleum
ether and chloroform extracts of indigenous medicinally important plants of Holoptelea
integrifolia and Celestrus emarginata were investigated. The phytochemical analysis
revealed the presence of alkaloids, saponins, tannins, flavonoids, terpenoids, coumarins,
quinines, cardiac glycosides, xanthoproteins, glycosides, steroids, phenols, resins, carboxylic
acid group in varying concentrations. This research supported the local use of the leaf extract
of the plant Holoptelea integrifolia for pediculoses and Celestrus emarginata for increasing
male sex vigour. This plant belongs to family Euphorbiaceae and Celestracea respectively
(Suman et al., 2013).

Dhawale (2013) analyzed seven medicinal plants from Yavatmal District. The plants
were Argimone Mexicana, Carea arborea, Caesalpinia pulcherima, Mimosa pudica, Ocimum
canum, Phyllanthus emblica and Zizipus jujube. Qualitative phytochemical analysis of these
plants confirmed the presence of various phytochemicals like alkaloids, flavonoids, steroids
and terpenoid. The presence of these phytochemicals can be correlated with medicinal

potential of these plants.
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Venkata et al. (2013) reported 84 methanolic extracts prepared from the 54 Indian
plants belonging to 33 different families collected from the forest located in Eastern Ghats of
India. A qualitative preliminary phytochemical screening was performed on aforesaid
extracts for the presence of alkaloids, flavonoids, steroids and terpenoids. Each analysis was
carried out in triplicate, which resulted a total of 22, 19, 37 and 30 plant species were found
to give positive results for alkaloids (41%), flavonoids (35%), steroids (69%) and terpenoids
(56%), respectively.

Studies carried out during the past few decades have shown that the phytochemicals
have an important role in preventing chronic diseases like cancer, diabetes and coronary heart
disease. The major classes of phytochemicals with disease preventing functions are dietary
fibre, antioxidants, anticancer, detoxifying agents, immunity potentiating agents and
neuropharmacological agents. Each class of these functional agents consists of a wide range
of chemicals with differing potency. Some of these phytochemicals have more than one
function. There is, however, much scope for further systematic research in screening Indian
medicinal plants for these phytochemicals and assessing their potential in protecting against
different types of diseases (Mamta et al., 2013).

Qualitative analysis of phytochemical constituents such as tannins, phlobatannins,
saponins, flavonoids, steroids, alkaloids, quinones, coumarin, terpenoids and cardiac
glycosides and quantitative analysis of total phenolics, alkaloids, saponins and flavonoids
was performed by the well known tests protocol available in the literature. The
phytochemical screening revealed the extract richness in tannins, phlobatannin, saponins,
flavonoids, steroids and alkaloids. Quantitative analysis of phenolics, alkaloids, saponins and
flavonoids had revealed that Mentha spicata possessed maximum phenolic (18.41%),
Gmelina arborea highest alkaloids (5.66%) and flavonoids (22.80%) and Trigonella foenum-

graecum highest saponin (50.12%) contents (Anjali and Sheetal, 2013).
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An RP-HPLC method with photodiode array detection has been developed for the
determination of major constituent berberine from Berberis aristata and Berberis tinctoria.
Berberine was isolated from the plant extract on semi-preparative HPLC and separated on
HPLC by using an isocratic mode consisting of 0.1% trifloroacetic acid: acetonitrile (60:40
v/v) at a flow rate of ImL/min. Under these conditions, a plot of integrated peak area versus
concentration of berberine was found be linear over the concentration range of 0.2pg/mL to
150pg/mL. The limit of detection was Ing on column and limit of quantification was 2ng on
column for berberine. The berberine content in B. aristata and B. tinctoria was found to be
3.18% and 1.46% respectively (Hemant et al., 2013).

Different extract of Convolvulus pluricaulis (methanol, ethanol and water) were
prepared and tested of scopoletin. The maximum scopoletin content was observed in 50%
ethanolic extract followed by methanol and water extracts. It was 0.1738%, 0.0932% and
0.0435% in ethanol, methanol and water extract respectively. A simple HPLC was developed
for the determination of scopoletin in Convolvulus pluricaulis. Shankhpushpi is an astringent,
hot aphrodisiac and a nervine tonic. It improves strength, digestive power, helpful in
epilepsy, insomnia, heart disease and hemetemesis. Analytic separation and quantification
were achieved by high performance liquid chromatography and UV detection at 366 nm. The
method involves the use of Cis column (Phenomenex, 250 mm x 4.6 mm, Sum) with isocratic
mixture of methanol and water containing 0.1% v/v formic acid in the ration of 30:70.
Linearity was observed in the range of 20-100ppm with correlation coefficient of 0.9961.
Relative standard deviation of linearity of the method was found to be 1.29%. Detection limit
was 5.0ppm and quantification limit was 7.5ppm. The repeatability of the method was found
to be 0.71%. Recovery values from 99.10 to 100.1% indicated best accuracy of the method

(Upadhyay et al., 2013).
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A Rapid and specific reversed phase high pressure liquid chromatography (RP-HPLC)
method for the quantitative analysis of flavonoid quercetin in the extract of Solanum
trilobatum and various dietary sources. The flavonoid was analyzed on a kromasil Rp Cis
column. Using a mobile phase consisted of methanol-acetonitrile-water (60:20:20 v/v/v)
under the following conditions. Detected the wavelength at 262nm and the flow rate was at
1.1ml/min. The sensitivity 0.05 AUFS and the volume of injecting sample is 10ul. The HPLC
system was operated at ambient temperature (28°C). The stop time was set at 6min. The
standard quercetin was diluted using the mobile phase at a known concentration of 0.5mg/ml;
the sample was filtered through sample filter contain 0.45um prous nylon membrane filter
paper. The filtrate was introduced on to a reverse phase analytical column. The content of
quercetin which is present in Solanum trilobatum and in various dietary sources (onion, green
apple, lemon, green tea) was between 2.03 to 2.30min. Recovery of the flavonoid quercetin
was 21.1% to 98.6%. The method was applied to the quantitative analysis of flavonoid in
Solanum trilobatum and various dietary sources and was found to be simple rapid and
efficient. The HPLC method showed an excellent performance in separating the flavonoid
quercetin in dietary sources and in medicinal plants (Phani et al., 2010).

Antony et al. (2013) carried out to characterize the bioactive constituents present in
different leaf extracts of Stylosanthes fruticosa using UV-VIS, FTIR and GC-MS. The crude
extracts were scanned in the wavelength ranging from 200-1100nm by using Perkin Elmer
spectrophotometer and the characteristic peaks were detected. For GC-MS analysis, 10g
sample is extracted with 30ml ethanol, filtered in ash less filter paper with 2g sodium
sulphate and the extract is concentrated to 1ml by bubbling nitrogen into the solution. The
compound detection employed the NIST Ver.2.0 Year 2005 library. The biological activities
were based on Dr. Duke’s phytochemical and ethnobotanical databases by Jim Duke of the

Agricultural Research Service/USDA. The UV-VIS profile showed different peaks ranging
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from 400-700nm with different absorption respectively. The FTIR spectrum confirmed the
presence of secondary alcohols, phenols, alkanes, alkenes, carboxylic acids, aromatics, nitro
compounds and amines in different extracts. The results of the GC-MS analysis provide
different peaks determining the presence of 21 phytochemical compounds with different
therapeutic activities. The major phyto constituents were Trans-5-Hexyl-1,4-dioxane-2-
carboxylic acid (9.26%), dodecadienoic acid, Methy-ester (6.58%) and Nonanoic acid Methyl
ester (6.58%).

The leaves of Achyranthes aspera were screened for the presence of the
phytochemical composition using UV-Visible spectroscopic and Tourier Transform Infrared
spectroscopic analysis. Estimation of total phenolic content was performed by Folin-
Ciocalteau reagent method. Achyranthes aspera leaves showed the presence of
carbohydrates, phenolic compounds, oil and fats, saponins, flavonoids, alkaloids and tannins
as major phytochemical groups. Fourier Transform Infrared spectroscopic analysis of the
leaves powder showed the presence of —OH group for phenolic compounds and UV-Visible
spectroscopic analysis exhibits the presence of flavonol derivatives, carotenoids and b-
cryptoxanthin epoxide as major phenolic compounds (Priya et al., 2012).

The bioactive components of Physalis minima leaves have been evaluated using GC-
MS, HPLC, UV-Visible and FTIR. The chemical compositions of the extract of Physalis
minima leaves were investigated using perkin-elmer gas chromatography-mass spectrometry,
while the mass spectra of the compounds found in the extract was matched by the National
Institute of Standards and Technology (NIST) library. GC-MS analysis of extract of Physalis
minima leaves revealed the existence of heneicosanoic acid (25.22%), hepta-2,4-dien
(27.41%), octadecanoic acid, stearic acid (31.19%) and octadeca-9,12-dienoic acid (32.02%).
HPLC profiles of Physalis minima reported to contain four phenolic compounds, namely

ellagic acid (4.13min), catechol (3.59min), gallic acid (4.12min) and catechin (7.41min). The
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UV-Visible profile showed the peaks at 315.09nm, 408.09nm and 676.50nm with the
absorption 0.247, 0.106 and 0.003 respectively. The results of FTIR analysis confirmed the
presence of phenol, alkanes, aldehyde, secondary alcohol, amino acid, aromatic amines and
halogen compound (Karpagasundari and Kulothungan, 2014).

The extraction of bark powder of Litsea glutinosa and its preliminary phytochemical
screening was studied by Pragna et al. (2012). The bark powder was subjected to methanolic
extraction and further explored for the phytochemical constituents using TLC and GC-MS.
Preliminary phytochemical screening revealed the presence of alkaloids, flavonoides,
glycosides, phenols, tannins and saponins. The extract was further subjected to separation
using TLC and fractions were evaluated using GC-MS. GC-MS analysis of the total
methanolic extract showed the presence of oliec acid, tricosene, erucic acid, tetra decanoic
acid, pyrrolidinone, piperidine, eicosanoic acid like major phytochemicals. Alkaloid fraction
was found to be rich in therapeutically potential compounds like eicosane, pieprizine,
pyridine, thio-coumarin, tetrahydroisoquinoline. Apart from this various androstane,
androsta-trione, pregnene like phytoestrogens were also observed. TLC of various
subfractions of alkaloids revealed that the plant is rich in variety of potential therapeutic
phytochemicals.

Antony et al. (2013) carried out the characterization of the bioactive constituents
present in different leaf extracts of Stylosanthes fruticosa using UV-Visible spectroscopy,
FT-IR and GC-MS. The crude extracts were scanned in the wavelength ranging from 200-
1100nm by using Perkin Elmer spectrophotometer and the characteristic peaks were detected.
For GC-MS analysis, 10g sample was extracted with 30ml methanol, filtered in ash less filter
paper with 2g sodium sulphate and the extract was concentrated to Iml by bubbling nitrogen
into the solution. The compound detection employed the NIST Ver.2.0 year 2005 library. The

UV-Visible profile showed different peaks ranging from 400-700nm with different
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absorption respectively. The FT-IR spectrum confirmed the presence of secondary alcohols,
phenols, alkanes, alkenes, carboxylic acids, aromatics, nitro compounds and amines in
different extracts. The results of the GC-MS analysis provide different peaks determining the
presence of 21 phytochemical compounds with different therapeutic activities. The major
phytoconstituents were trans-5-Hexyl-1,4-dioxane-2-carboxylic acid (9.26%), dodecadienoic
acid, methy-ester (6.58%) and nonanoic acid, methyl ester (6.58%).

Ragavendran et al. (2011) studied FT-IR spectra of various extract (aqueous, ethanol
and aqueous ethanol) of Aerva lanata. The vibrational assignments, intensities and wave
number of dominant peak were obtained from absorption spectra. Probable assignments of
the bands were made with respect to the components present in various extracts. By the
analysis, functional groups such as aminoacids, amides, amines, carboxylic acid, carbonyl
compounds, organic hydrocarbons, halogens were present in all the three extracts. The result
indicated that the aqueous, ethanol and aqueous ethanol extract of the plant having high
therapeutic value.

Neha and Jyoti (2013) characterized the bioactive constituents present in flower
extracts of Bougainvillea glabra using UV-Visible and FT-IR. The extract was examined
under Visible and UV light for the proximate analysis. The crude extracts of Bougainvillea
glabra were scanned in the wavelength ranging from 200-1100 nm by using Perkin Elmer
spectrophotometer system and the characteristic peaks were detected. FT-IR method was
performed on a Perkin Elmer spectrophotometer system which was used to detect the
characteristic peak values and their functional groups. As the result UV-Visible profile
showed the peaks at 324.00nm and 290.00nm for flavonoid and FT-IR spectra showed the
peak at 3364.58cm™! for OH group.

Praveen and Rajesh (2019) estimated the phytochemical components and total

flavanoid content assay of chloroform, methanol and ethanolic solvent extracts from Ocimum
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sanctum (basil) leaf and stem. The basil leaf and stem was extracted by maceration process
using ethanol, chloroform, and methanol. The Chloroform, ethanol and methanol extract were
screened of phytochemical content including identification of flavonoid, alkaloid,
polyphenols, glycosides, tannin, saponin etc. Estimation of total flavonoids content was based
on aluminium chloride method in the sample extract by spectrophotometrically.
Phytochemical screening test showed that the presence of diterpines, saponins, proteins,
flavonoids, amino acids, carbohydrates, alkaloids in leaves and stem parts when extracted
with methanolic and ethanolic solvents. Chloroform extract of basil leaf and stem does not
show the presence of any phytochemicals. Higher flavonoid component were present in
methanolic extract of Ocimum sanctum leaves than ethanolic solvent extract. In the study,
Ocimum sanctum has phytochemicals properties in the leaves and stem which are used in
curing the ailments and higher flavonoid content indicated the natural antioxidant activity
signifying their medicinal importance and potent source in pharma industries.
ANTI-OXIDANT ACTIVITY

Antioxidant based drug formulations are used for the prevention and treatment of
complex diseases like atherosclerosis, stroke, diabetes, Alzheimer’s disease and cancer
(Devasagayam et al., 2004). Compounds responsible for such antioxidant activity can be
isolated and used for prevention and treatment of free radical-related disorders (Middleton et
al., 2000). Extract of Selaginella tamariscina contained a strong antioxidant activity that was
able to reduce blood sugar levels and function as a lipid peroxide serum and increase insulin
serum (Miao et al., 1996). Antioxidant activity of two phloroglucinol derivatives from
Dryopteris crassirhizoma exhibited significant antioxidant activity as assessed by DPPH
radical scavenging assay in vitro (Lee et al., 2003).

Antioxidant activity of aqueous extract and ethyl acetate fraction of Equisetum

telmateia was evaluated by DPPH, TEAC and TBARS assays. Significant antioxidant
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activity was detected in the ethyl acetate fraction. Analysis of aqueous extract and ethyl
acetate fraction by HPLC-PADESI/MS allowed the identification of the major phenolic
compounds as flavan-3- ol, kaempferol and phenolic acid derivatives (Helena et al., 2005).
Free radical scavenging activity of aqueous extract of Pteris multifida was evaluated using
DPPH, hydroxyl radical and reducing power assay (Wang et al., 2006).

Hort et al. (2008) studied the antioxidant and hepatoprotective activity of Cyathea
phalerata hydroalcoholic extract and fractions obtained by treatment with organic solvents of
increasing polarity. Ethyl acetate fraction of the crude extract displayed the best antioxidant
and hepatoprotective activities. The flavonoids present in ethyl acetate fraction of Cyathea
phalerata could be responsible for these activities.

Mimica et al. (2008) evaluated antioxidant activity and phenolic composition of three
different extracts of field horsetail Equisetum arvense by measuring the total reducing power,
inhibition of lipid peroxidation, free radical scavenging capacity viz., DPPH radical and nitric
oxide and total flavonoid content. In addition, they determined the phenolic constituents of
each extract, the antioxidant activity of ethanolic crude extract and fractions of Microgramma
vacciniifolia using DPPH assay. The ethyl acetate fraction of Microgramma vacciniifolia
showed good activity in DPPH assay.

Kunnathupara et al. (2016) studied quantitative phytochemical analysis, in vitro anti-
oxidant potential and gas chromatography-mass spectrometry studies in ethanolic extract of
Azolla microphylla. The quantitative phytochemical and in vitro anti-oxidant analyses were
performed using standard procedures. GC-MS analysis displayed the presence of 21 bioactive
compounds, each belonging to various categories of phytochemicals such as chalcones,
terpenoids, fatty acids, coumarins and steroids. The results indicated Azolla microphylla can
be used as an effective scavenger of free radicals and has the potential to be used as a natural

anti-oxidant which is attributed to the rich presence of secondary metabolites.
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Daonian et al. (2010) studied the antioxidant and hepatoprotective activity of
Arachniodes exilis by different assays viz., reducing power, lipid peroxidation, DPPH,
ABTS, superoxide anion, hydroxyl radicals and hydrogen peroxide. The aqueous extract of
Davallia solida rhizome contains high content of phenolic compound and showed a strong
DPPH scavenging activity (Chen et al., 2008). Li et al. (2010) determined the central
composite design combined with response surface methodology to optimize the parameter of
ultrasonic-assisted extraction of total flavonoids from Selaginella doederleinii. They
observed maximum flavonoids 4.414 mg/g from 70% ethanolic extracts obtained from 50
min at 65°C extraction. The free radical scavenging activity of Selaginella doederleinii was
ranged from 20.22 to 46.64 mg/ml.

Lai and Lim (2011) studied the antioxidant activity of selected ferns found in
Malaysia. Methanolic extracts of fifteen fern species were screened and the results showed
very high total phenolic content, above 2000 mg GAE/100g fresh leaves. The ferns with
strong antioxidant properties were Cyathea latebrosa, Cibotium barometez, Drynaria
quercifolia, Blechnum orientale and Dicranopteris linearis. These ferns exhibited strong
DPPH radical scavenging activity (ascorbic acid equivalents 2866-3111 mg/100g), ferric ion
reducing power (963-1417 mg GAE/100g) and inhibition of lipid peroxidation. Strong
chelating activity was found in Pteris vittata and Pteris venulosa.

Rajurkar and Kunda (2012) studied the antioxidant activity of ethanolic extract of
Adiantum capillus-veneris and compared to the standard ascorbic acid. The results exhibit
low ICso values 0.3986 mg/g for DPPH assay and 0.695 mg/g for ABTS assay. Paulsamy et
al. (2013) reported the antioxidant activities of Actiniopteris radiata and Equisetum
ramosissimum methanolic extracts. The results were found to have potent antioxidant activity
against DPPH with the ICso value of 93.48 and 78.58 respectively. Actiniopteris radiata had

the highest values for ABTS+ radical (2523.11 uTE/g) and reducing power assay (0.853
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absorbance at 700 pug/ml). Equisetum ramosissimum exhibited higher iron chelating activity
(41.18% at 5000 pg/ml).

Jaishee and Chakraborty (2014) determined the antioxidant activity of Pteris biaurita
by DPPH free radical scavenging activity, hydrogen peroxide scavenging assay, nitric oxide
scavenging assay, superoxide scavenging and ferric reducing antioxidant power assay. All the
tested three extracts showed appreciable antioxidant activity in a dose-dependent manner.

Jinu et al. (2014) evaluated the polyphenolic composition and antioxidant properties
of methanolic extract of Drynaria quercifolia thizome. The extract yielded total phenolic
content of 240 = 0.01 mg (GAE)/100g of fresh mass and total flavonoid content of 150 + 0.02
mg (QE)/100g of fresh mass. The extract of Drynaria quercifolia rhizome exhibited
remarkable scavenging capacity towards DPPH, OH, NO, H>O, and ABTS*. The antioxidant
capacities of the extract were comparable and stronger than that of the antioxidant standard,
butyl hydroxy toluene. Ethyl acetate fraction of Cheilanthes albomarginata showed the
strongest DPPH radical scavenging (82.54 + 0.48%), hydrogen peroxide scavenging (3.41 +
0.21 mg/ml) and nitrite scavenging activity (61.39%). The highest phenolic content was
found in the ethyl acetate fraction followed by the butanol fraction (Lamichhane et al., 2014).

Mathad et al. (2015) evaluated the in vitro antioxidant property and phytochemical
constituents of Actiniopteris radiata. The scavenging activity of DPPH, H>O> and reducing
power including phenolics, flavonoids, alkaloids and tannin contents were also determined.
The extracts exhibited scavenging activity towards all radicals tested due to the presence of

relatively high alkaloids and flavonoids content.
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III. MATERIALS AND METHODS

COLLECTION OF PLANT MATERIAL

The plant materials for the present study were collected from Kamanaickenpatti,
located in Thoothukudi district, Tamil Nadu, India, during the month of December, 2020. The
collection of the Vicoa indica (L.) Dc. (Plate-1) belonging to Asteraceae. The collected
materials were washed thoroughly with tap water to remove the epiphytes. The samples were
packed separately in polythene bags in wet conditions and brought to the laboratory, once
again thoroughly washed with distilled water to remove the sediment dust particles on the
surface of the plant materials. They were stored in 5% formalin solution.
PHYTOCHEMICAL ANALYSIS
PRELIMINARY PHYTOCHEMICAL ANALYSIS OF VICOA INDICA (L.) DC.

For the preliminary phytochemical analysis, the different extracts (methanol,
acetone, chloroform, ethyl acetate and benzene) of Vicoa indica (L.) Dc. were tested for the
presence of alkaloids, anthocyanin, anthraquinones, cardiac glycosides, coumarin, diterpenes,
flavonoids, glycosides, phenols, phlobatannins, phytosteroids, quinones, saponins, tannins
and terpenoids. Preliminary phytochemical screening of the extracts was carried out
according to the standard methods (Harborne, 1998).

PREPARATION OF EXTRACTS

For the preparation of different extracts, the plant specimens were washed
thoroughly and placed on blotting paper and spread out at room temperature in the shade
condition for drying. The shade dried samples were grounded to fine powder using a tissue
blender. The powdered samples were then stored in the refrigerator for further use. 30g
powdered samples were packed in Soxhlet apparatus and extracted with methanol, acetone,

chloroform, ethyl acetate and benzene for 8h separately.
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TEST FOR ALKALOIDS

Iml of 1% HCI was added to the 2ml of extract in a test tube and was treated with
few drops of Mayer’s reagent. A creamy white precipitate indicates the presence of alkaloids.
TEST FOR ANTHOCYANIN

2ml of extract was added with 1ml of 2N NaOH and heated for Smin. the formation
of bluish green colour indicated the presence of anthocyanin.
TEST FOR ANTHRAQUINONES

2ml extract was mixed with benzene and Iml 10% ammonia solution was added.
The presence of a pink, red or violet color indicates the anthraquinones.
TEST FOR CARDIAC GLYCOSIDES

Take 2ml extract, 2ml of glacial acetic acid, 1ml of Conc. sulphuric acid and few
drops of 5% ferric chloride. The formation of brown ring indicates the presence of cardiac
glycosides.
TEST FOR COUMARINS

Iml of extract was added with 1ml of 1N NaOH. The test tubes were kept in boiling
water bath for few minutes and shaken well. The appearance of yellow colour indicates the
presence of coumarins.
TEST FOR DITERPENES

Iml of extract was added to 1ml of distilled water and 10 drops of copper acetate
solution. A emerald green color indicates the presence of diterpenes.
TEST FOR FLAVONOIDS

A few drops of 1% NH3 solution was added to 2 ml of extract in a test tube. A

yellow Coloration indicates the presence of flavonoids.
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TEST FOR GLYCOSIDES
2ml of 50% H2SO4 was added to 2ml of extract. 10ml of Fehling’s solution was added and
boiled. A brick red precipitate indicates the presence of glycosides.
TEST FOR PHENOLS
To Iml extract, add 2ml distilled water followed by few drops of 10% Ferric chloride.
The formation of blue or black colour indicates the presence of phenolic groups.
TEST FOR PHLOBATANNINS
Iml extract was added with 1% aqueous HCI and then boiled. Red precipitate
indicates the presence of phlobatannins.
TEST FOR PHYTOSTEROIDS
Iml of extract added to Iml CHCIl; and few drops of Conc. H2SO4. Golden red colour
or Brown colour indicates the presence of phytosteroids.
TEST FOR QUINONES
Iml of plant extract added with 1ml of alcoholic KOH. Red to blue colour indicates
the presence of quinones.
TEST FOR SAPONINS
2ml of extract was shaken vigorously with 5ml distilled water to obtain stable
persistent foam. The formation of emulsion indicates the presence of saponins.
TEST FOR TANNINS
To 2ml extract, 1ml of distilled water and 1-2 drops of ferric chloride solution was
added and observed for brownish green or a blue black coloration indicates the presence of

tannins.
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TEST FOR TERPENOIDS
2ml extract was mixed with 2ml of CHCl; in a test tube. 3ml Conc. H>SO4 was added

carefully along the wall of the test tube to form a layer. An interface with a reddish brown
coloration confirms the presence of terpenoids.
UV-VISIBLE SPECTRAL ANALYSIS

The crude extracts of methanol, acetone, chloroform, ethyl acetate and benzene of
Vicoa indica (L.) Dc. containing the bioactive compound was analyzed spectroscopically for
further confirmation. The various crude extracts of Vicoa indica (L.) Dc. were scanned in a
wavelength ranging from 200-900nm using a Shimazdu spectrophotometer and characteristic
peaks were detected.
FTIR ANALYSIS

FTIR analysis of the methanol, acetone, chloroform, ethyl acetate and benzene
extracts of Vicoa indica (L.) Dc. was performed using Perkin Elmer Spectrophotometer
system, which was used to detect the characteristic peaks and their functional groups. The
peak values of the FTIR were recorded. Each and every analysis was repeated twice and
confirmed the spectrum.
GC-MS SPECTRUM ANALYSIS

The GC-MS analysis of various crude extracts of Vicoa indica (L.) Dc. was carried
out using GC model Clarus 680, Mass Spectrometer Clarus 600 (EI) Perkin Elmer, Gas
Chromatograph equipped and coupled to a mass detector TurboMass 5.4.2 spectrometer with
an Elite-5SMS, (100% Dimethyl ply siloxane), 30.0m X 250um df capillary column. The
instrument was set to an initial temperature of 60°C and maintained at this temperature for
2min. At the end of this period, the oven temperature was raised upto 300°C, at the rate of an
increase of 10°C/min and maintained for 6min. Injection port temperature was ensured as

250°C and Helium flow rate as Iml/min. The ionization voltage was 70eV. The samples were
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injected in split mode as 10:1. Mass Spectral condition solvent delay 2min, transfer
temperature 240°C, source temperature 240°C and scaning range was set at 50-600Da. The
chemical constituents were identified by GC-MS.

Interpretation of mass spectrum of GC-MS was conducted using the database of
National Institute Standard and Technology (NIST) having more than 62,000 patterns. The
spectrum of the known component was compared with the spectrum of the known
components stored in the NIST library. The name, retention time, molecular weight and

molecular formula of the components of the test materials were ascertained.

ANTIOXIDANT ACTIVITY
DPPH FREE RADICAL SCAVENGING ASSAY

Methanolic extract of Vicoa indica (L.) Dc. was analyzed for the antioxidant activity
based on the scavenging activity of the 1,1-diphenyl-2-picryl hydrazyl (DPPH) free radical
using the method of Mensor ef al. (2001). DPPH is a stable free radical and acts as a
scavenger for other radicals. Rate reduction of a chemical reaction using DPPH is a useful
indicator of the radical state of a reaction. Methanolic extract were prepared in triplicates at
different concentrations (100-500pg/ml) and transferred into 1ml of 0.3mM methanolic
DPPH solution (Sigma Aldrich). Samples were left to stand for 30 minutes in the light and
the absorbance was measured at 517nm, zeroing the spectrophotometer with a methanol
blank. The DPPH radical had a dark violet colour solution, and once neutralized, became pale
yellow allowing visual monitoring of the radical reaction. Ascorbic acid was used as a
positive control from Sigma was also used for a comparison. The percentage of inhibition
was calculated using the following equation:

Inhibition Percentage = Absorbance of Blank — Absorbance of Sample X 100

Absorbance of Blank
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CUPRAC Assay

The CUPRAC (Cupric Reducing Antioxidant Capacity) method was also applied for
the determination of anti-oxidant activity of Vicoa indica (L.) Dc. Copper chloride (CuCl,)
solution (0.01M) was prepared by dissolving 0.426g CuCl; in water and diluting the solution
to 250ml. Ammonium acetate (NHsAc) buffer (pH 7, 1.0M) was made by dissolving 19.27¢
of NH4Ac in water, and diluting this solution to 250ml. Neocuproine (Nc) solution (0.075M)
was prepared fresh by dissolving 0.039g Nc in 96% ethanol and diluting to 25ml with
ethanol. The isolated extracts were prepared separately in triplicates at different
concentrations (100-500pg/ml) and added into a solution containing 1ml CuCl, 1ml NHsAc,
Iml neocuproine and 0.1ml water. Test samples were incubated for 10 minutes at room
temperature and the final absorbance was measured at 450nm, zeroing the spectrophotometer

with water blank.
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IV. RESULTS AND DISCUSSION

PHYTOCHEMICAL ANALYSIS
PRELIMINARY PHYTOCHEMICAL ANALYSIS OF VICOA INDICA (L.) DC.

In the preliminary phytochemical analysis of Vicoa indica (L.) Dc., fifteen different
types of secondary metabolites (alkaloids, anthocyanin, anthraquinones, cardiac glycosides,
coumarin, diterpenes, flavonoids, glycosides, phenols, phlobatannins, phytosteroids,
quinones, saponins, tannins and terpenoids) were tested in five different extracts (methanol,
acetone, chloroform, ethyl acetate and benzene). Thus, out of (1x5x15) 75 tests for the
presence or absence of the compounds, 46 tests gave positive results and the remaining gave
negative results. The 46 positive results showed the presence of alkaloids, flavonoids,
glycosides, phenols, saponins and tannins being found in four extracts, anthocyanin,
diterpenes, phytosteroids and terpenoids in three different extracts, followed by
anthraquinones, cardiac glycosides, coumarins, phlobatannins and quinones found in only
two extracts.

Among the five different extracts, methanol extract showed the presence of the
maximum number (13) of compounds. Next to methanol, acetone and chloroform extracts
showed the presence nine compounds each, ethyl acetate extract with eight compounds,
followed by benzene extract showed the presence of seven compounds (Table-1).
UV-VISIBLE SPECTRUM ANALYSIS OF VICOA INDICA (L.) DC.

The UV-Visible spectrum of the different extracts of Vicoa indica (L.) Dc. was
selected at the wavelength of 200nm to 900nm due to the sharpness of the peaks and proper
baseline. The methanol spectrum of Vicoa indica (L.) Dc. showed the compounds separated
at the nm of 663, 607, 540, 460, 420 and 300 with the absorption of 3.374, 1.589, 1.653,

4.000, 4.000 and 0.361 respectively (Table-2 & Figure-1).
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Acetone spectrum of Vicoa indica (L.) Dc. showed the compounds separated at the
nm of 662, 414 and 376 with the absorption of 0.249, 0.708 and 0.521 respectively (Table-2
& Figure-2). Likewise, chloroform extract of Vicoa indica (L.) Dc. showed the compounds
separated at the nm of 665, 406, 261, 254, 248 and 243 with the absorption of 0.090, 0.799,
1.962, 2.340, 2.201 and 2.161 respectively (Table-2 & Figure-3).

FTIR SPECTRUM ANALYSIS OF VICOA INDICA (L.) DC.

The FTIR spectrum was used to identify the functional group of the active
components based on the peak value in the region of infra red radiation. The various crude
extracts of Vicoa indica (L.) Dc. was passed into the FTIR and the functional groups of the
components were separated based on its peak ratio.

As illustrated in Table-3 & Figure-4, FTIR spectrum of methanol extract of Vicoa
indica (L.) Dc. showed different peaks at 719.40, 956.63, 1274.86, 1377.08, 1463.87,
2850.59 and 2920.03cm™. It was confirmed the presence of functional groups such as phenols
(OH out- of-plane deformation), vinyl (CH2 out-of-plane wag), ethers (C-O-C antisym
stretching), isopropyl (CH3 deformation), aliphatic (CH3 antisym deformation), alkane (C-H
stretching) and aliphatic (CH antisym and sym stretching).

FTIR spectrum of acetone extract of Vicoa indica (L.) Dc. showed different peaks at
640.32, 1037.63, 1076.21, 1228.57, 1384.79, 1735.81, 2850.59 and 2921.96cm™. It was
confirmed the presence of functional groups such as esters (O-C-O bending), cyclic alcohols
(C-O stretching), sulfonic acids (SO3 sym stretching), amines (C-C-N bending), sulfonyl
chlorides (SO; antisym stretching), aldehydes (C=0O S stretching), alkane (C-H stretching)

and aliphatic (CH antisym and sym stretching) respectively (Table-4 & Figure-5).
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The chloroform extract of FTIR spectrum of Vicoa indica (L.) Dc. showed different
peaks at 723.26, 1222.79, 1382.87, 1463.87, 1544.88, 1712.67 and 2923.88cm’. It was
confirmed the presence of functional groups such as alkenes (CH=CH plane deformation),
vinyl ethers (CH2 out-of-plane wag), sulfonyl chlorides (SO. antisym stretching), aliphatic
(CH3 antisym deformation), aromatic nitro (NO; antisym stretching), ketones (C=0
Stretching) and aliphatic (CH antisym and sym stretching) respectively (Table-5 & Figure-6).
GC-MS SPECTRAM ANALYSIS OF VICOA INDICA (L.) DC.

The compounds present in the different extracts of Vicoa indica (L.) Dc. were
identified after the comparison of the mass spectra with NIST library by GC-MS analysis.
The active principles with their retention time (RT), molecular formula, molecular weight and
area percentage in the different extracts of Vicoa indica (L.) Dc. were presented.

GC-MS profile of methanol extract of Vicoa indica (L.) Dc. was found to have 26
major peaks which showed the presence of 26 compounds. The identified compounds in
methanol extract were aromandendrene (0.211%), p-pinene (0.213%), Z,z-6,28-
heptatriactontadien-2-one (2.789%), 2-hexadecanol (0.311%), tetradecanoic acid, 10,13-
dimethyl-, methyl ester (4.702%), hexadecanoic acid, ethyl ester (1.41%), elimicin (0.325%),
1-hexyl-2-nitrocyclohexane (19.00%), methyl 1,3-octadecenoate (2.206%), octadecanoic acid
(0.117%), 1-pentanol,2,2,4 trimethyl- (0.009%), thujone (0.11%), bicyclo[4.1.0] heptan-3-
ol,4,7,7-trimethyl-(1a,3a,4a,6a,)- (0.22%), palmitaldehyde (0.078%), tetradecanoic acid, ethyl
ester (CAS) (0.775%), methyl heneicosanoate (0.264%), trans-5-hexyl-1,4-dioxane-2-
carboxylic acid (1.113%), tetradecanoic acid (0.009%), vitamin E (0.11%), (2-propyl-1,3-
dioxolan-2-yl)acetic acid (0.23%), 1,2-benzenedicarboxylic acid, bis (2-methylprophyl)
(0.161%), [-sitosterol (23.399%) and 3-penten-2-one, 4-(2,2,6-trimethyl-7-
oxabicyclo[4.1.0]hept-1-yl)-, (e)- (4.308%), vitamin E (1.21%), n-hexadecanoic acid (1.28%)

and stigmasterol (3.21%). The spectrum profile of GC-MS confirmed the presence of twenty
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six major components with retention time of 14.49min, 15.45min, 16.40min, 16.85min,
17.34min, 17.83min, 18.02min, 18.30min, 18.98min, 19.63min, 20.11min, 20.81min,
21.40min, 22.62min, 23.03min, 24.04min, 24.58min, 26.14min, 26.46min, 27.06min,
27.96min, 28.58min, 28.88min, 28.67min, 28.75min and 31.00min respectively (Table-6 &
Figure-7).

As illustrated in Table-7 & Figure-8, the acetone extract of Vicoa indica (L.) Dc.
showed 22 major peaks which indicated the presence of 22 compounds by GC-MS spectrum.
The known compounds in methanol extract were aromandendrene (3.421%), heptadecane
(1.25%), 1,2-benzenedicarboxylic acid, butyl octyl ester (0.42%), capric acid methyl ester
ester (12.11%), 2-(2-nitroallyl)-cyclohexanone (10.02%), hexadecanoic acid, ethyl ester
(0.32%), benzeneacetic acid, 2,5-dihydroxy- [synonyms: homogentisic acid] (9.65%),
hexadecanoic acid fatty acid (0.028%), 1,14-tetradecanediol (1.2%), a.-pyrrolidone, 5-[3-
hydroxybutyl]- (8.21%), furfural (0.03%), palmitaldehyde (2.102%), B-bourbonene (0.28%),
trans-anethole (1.21%), 6-undecyn-5-ol (2.156%), methyl 10-thia-octadecanoate (4.21%),
trimethyl[4-(1,1,3,3, tetramethylbutyl) phenox] silane (2.56%), 2-furancarboxaldehyde
(14.553%), PB-sitosterol (1.121%), 9,12-octadecadienoic acid, methyl ester (0.01%),
erythrodiol (0.10%) and methyl-octadecanoate (0.001). The spectrum profile of GC-MS
confirmed the presence of twenty two major components with retention time of 14.44min,
15.42min, 16.42min, 16.86min, 17.36min, 17.83min, 18.21min, 19.59min, 19.94min,
20.81min, 22.01min, 22.65min, 23.97min, 24.64min, 26.13min, 26.52min, 27.13min,

28.04min, 28.69min, 30.21min, 30.80min and 31.39min respectively.
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As presented in Table-8 & Figure-9, there are 21 different major peaks identified by
GC-MS spectrum in chloroform extract of Vicoa indica (L.) Dc. which indicated the presence
of 21 compounds. The existing compounds in methanol extract were asarone (1.205%), 2-
phenoxysulfonyl-acetimidic acid methyl ester (0.314%), 1H-cycloprop[e]azulene (2.789%),
3,7,11,15-tetramethyl-2-hexadecen-1-ol ~ (0.673%), ethyl 15-methyl-hexadecanoate
(28.561%), n-hexadecanoic acid (0.316%), cis-1-chloro-9-octadecene (1.078%), N-propyl
11-octadecenoate (23.660%), thujol (0.625%), bicyclo[4.1.0]heptane, 7-pentyl- (1.455%), 1-
octacosanol (0.101%), 1,2-benzenedicarboxylic acid, mono(2-ethylhexyl) ester (7.375%), 16-
heptadecenal (0.264%), 2H-pyran, 2-(7- heptadecynyloxy) tetrahydro- (0.611%), methyl
tricosanoate (0.016%), 2,4,6-cycloheptatrien-1-one, 3,5-bis-trimethylsilyl- (0.113%), 2-
furancarboxaldehyde (0.431%), tridecanol, 2-ethyl-2- methyl- (0.316%), v.-sitosterol
(10.600%), erythrodiol (0.12%) and 2-pentanethiol (0.34%). The spectrum profile of GC-MS
confirmed the presence of twenty one major components with retention time of 14.52min,
16.15min, 16.46min, 16.90min, 18.03min, 18.29min, 19.19min, 19.63min, 20.52min,
21.36min, 21.96min, 22.68min, 23.85min, 24.68min, 26.20mimn, 26.57min, 27.16min,
28.11min, 28.76mmin, 30.30min and 30.89min respectively.

ANTI-OXIDANT ACTIVITY OF VICOA INDICA (L.) DC.
DPPH Assay

The DPPH free radical scavenging activity has been used by various researchers as
quick and reliable parameters to assess the in vitro antioxidant activity. In the assay, DPPH
radicals reacted with suitable reducing agents and then electrons became paired off and the
solutions lose its colour and became yellow. The ability of a compound to act as donor for
hydrogen atoms or electrons was measured. The percentages of anti-oxidant property of the
methanol extract was compared with the natural anti-oxidant ascorbic acid at the

concentrations ranging from 100-500pg.
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The methanol extract of Vicoa indica (L.) Dc. showed the antioxidant potential in
concentration dependent pattern as shown in Table-9. Ascorbic acid had over 90%
scavenging activity at a concentration of 100pg, whereas the tested methanol extract of Vicoa
indica (L.) Dc. required a concentration of 500ug to reach a similar percentage. The methanol
extract of Vicoa indica (L.) Dc. showed the percentage of DPPH free radical scavenging
activity at 100pg, 200pg, 300pg, 400pg and 500pg were 19.18, 33.61, 51.87, 62.34 and
77.62% respectively.

Among the various concentration tested, 500pug methanol extract had the strongest
scavenging ability while 100pg showed the lowest. Natural anti-oxidants are widely utilized
in the food and medicine industries as they counteract the cellular free radicals. Anti-oxidant
capacity is important marker for assessing medicinal bioactive components. The important
property of an anti-oxidant is its ability to scavenge free radicals. DPPH radical scavenging is
one of the most commonly used method for assessment of antiradical activity of medicinal
plants. DPPH contains an odd electron which gives absorption maximum at 517nm and is
purple in color. When free radical scavenging anti-oxidants donates their hydrogen to free
radical, it becomes paired with hydrogen and formed reduced form of DPPH. After reduction,
the color of DPPH is changed from purple to yellow.

In the current study, the DPPH radical scavenging method was used to evaluate the
antioxidant capacity of the plant extracts, because the use of DPPH radical provides an easy,
rapid and convenient method. Free radical scavenging activity of Vicoa indica (L.) Dc. was
evaluated in the methanol extract. Five different concentrations of extract prepared with
methanol were assessed for DPPH inhibition at different concentrations (100-500ug/ml).
Percentage inhibition of DPPH radical with selected Vicoa indica (L.) Dc. has been presented
in table and figure. The present study explained that when the concentration of methanol

extracts increased, the antioxidant property of Vicoa indica (L.) Dc. also increased.
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CUPRAC Assay

The reducing power of Vicoa indica (L.) Dc. was determined on copper ions using the
CUPRAC assay. All samples exhibited the ability of reducing copper ions from Cu(Il) to
Cu(I) in a concentration dependent manner. 500ug of Vicoa indica (L.) Dc. possessed the
highest percentage of reducing activity when compared to the other concentrations. At the
concentration of 100pg, 200pg, 300pg, 400pug and 500pug of the methanolic extract of Vicoa
indica (L.) Dc. showed the reducing capacity of 11.18, 19.65, 28.41, 31.63 and 38.42%
respectively (Table-10). These results related to those obtained from the DPPH assay in
which 500pg showed the highest total anti-oxidant capacity, followed by 400ng, 300ug,

200pg and 100pg of the selected plant parts.
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Plate-1a: Natural habit of Vicoa indica (L.) Dc.




Table-1: Preliminary phytochemical analysis of Vicoa indica (L.) Dc.

SOLVENTS
Tests
Methanol Acetone Chloroform | Ethyl acetate | Benzene
Alkaloids + + + - +
Anthocyanin + + - + -
Anthraquinone - . + . +
Cardiac Glycosides - + - +
Coumarins + - + -
Diterpenes + ; - + +
Flavonoids + + - + +
Glycosides + + + + -
Phenols + + - + +
Phlobatannins + - + - -
Phyto steroids + + + -
Quinones + - + -
Saponins + + - + +
Tannins + - + . +
Terpenoids + + + -




Table-:2 UV Visible spectrum of various extracts of Vicoa indica (L.) Dc.

SOLVENTS Nm Abs
663 3.374
607 1.589
Methanol 540 1.653
460 4.000
420 4.000
300 0.361
662 0.249
414 0.708

Acetone

376 0.521
665 0.090
406 0.799
Chloroform 261 1.962
254 2.340
248 2.201

243 2.161




Figure 1: UV-Visible spectrum of methanol extract of Vicoa indica (L.) Dc.
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Figure-4: FTIR spectrum of methanol extract of Vicoa indica (L.) Dc.
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Table-3: FTIR spectrum of methanol extract of Vicoa indica (L.) Dc.

Peak values (cm™) Functional groups Assignment
719.40 Phenols OH out- of-plane deformation
956.63 Vinyl CH: out-of-plane wag
1274.86 Ethers C-O-C antisym stretching
1377.08 Isopropyl CHj3 deformation
1463.87 Aliphatic CH3; antisym deformation
2850.59 Alkane C-H stretching
2920.03 Aliphatic CH antisym and sym stretching




Figure-5: FTIR spectrum of acetone extract of Vicoa indica (L.) Dc.
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Table-4: FTIR spectrum of acetone extract of Vicoa indica (L.) Dc.

Peak values (cm™) Functional groups Assignment
640.32 Esters O-C-O bending
1037.63 Cyclic alcohols C-O stretching
1076.21 Sulfonic acids SO3 sym stretching
1228.57 Amines C-C-N bending
1384.79 Sulfonyl chlorides SO; antisym stretching
1735.81 Aldehydes C=0 S stretching
2850.59 Alkane C-H stretching
2921.96 Aliphatic CH antisym and sym stretching




Figure-6: FTIR spectrum of chloroform extract of Vicoa indica (L.) Dc.
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Table-5: FTIR spectrum of chloroform extract of Vicoa indica (L.) Dc.

Peak values (cm™) Functional groups Assignment
723.26 Alkenes CH=CH plane deformation
1222.79 Vinyl ethers CH: out-of-plane wag
1382.87 Sulfonyl chlorides SO; antisym stretching
1463.87 Aliphatic CH3; antisym deformation
1544.88 Aromatic nitro NO:> antisym stretching
1712.67 Ketones C=0 Stretching
2923.88 Aliphatic CH antisym and sym stretching




Figure-7: GC-MS profile of methanol extract of Vicoa indica (L.) Dc.
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Table-6: GC-MS profile of methanol extract of Vicoa indica (L.) Dc.

SN | RT Name of the compounds MF MW | PA (%)
1. 14.49 | Aromandendrene CisHoa 204.35 | 0.211
2. | 15.45 | B-Pinene CioHise 136.25 | 0.213
3. 16.40 | Z,z-6,28-Heptatriactontadien-2-one C37H700 530 2.789
4. 16.85 | 2-Hexadecanol Ci6H340 242 0.311
5. | 17.34 | Tetradecanoic acid, 10,13-dimethyl-, methyl Ci17H3402 270 4.702

ester
6. | 17.83 | Hexadecanoic acid, ethyl ester Ci6H3202 | 256.42 1.41
7. 18.02 | Elimicin Ci2H1603 208 0.325
8. | 18.30 | 1-Hexyl-2-nitrocyclohexane Ci12H23NO> | 213.31 | 19.06
9. 18.98 | Methyl 1,3-octadecenoate Ci19H3602 296 2.206
10. | 19.63 | Octadecanoic acid CisH3602 284 0.117
11. | 20.11 | 1-pentanol,2,2,4 Trimethyl- CsHis0 130.2 0.009
12. | 20.81 | Thujone CioH160 152 0.11
13. | 21.40 | Bicyclo[4.1.0] heptan-3-0l,4,7,7-trimethyl- CioHi50 154 0.22

(1a,3a,4a,6a,)-
14. | 22.62 | Palmitaldehyde Ci6H320 240 0.078
15. | 23.03 | Tetradecanoic acid, ethyl ester (CAS) Ci6H3202 256 0.775
16. | 24.04 | Methyl heneicosanoate C2oH4402 340 0.264
17. | 24.58 | Trans-5-hexyl-1,4-dioxane-2-carboxylic acid | C;1H2004 216 1.113
18. | 26.14 | Tetradecanoic acid C14H2502 228 0.009
19. | 26.46 | Vitamin E C29H5002 430 0.112
20. | 27.06 | (2-propyl-1,3-dioxolan-2-yl)aceticacid CsH1404 174 0.234
21. | 27.96 | 1,2-Benzenedicarboxylic acid, bis (2- Ci6H2204 278 0.161

methylprophyl)
22. | 28.58 | B-sitosterol C29H500 414 23.39
23. | 28.88 | 3-Penten-2-one, 4-(2,2,6-trimethyl-7- Ci14H2202 222.3 4.308

oxabicyclo[4.1.0]hept-1-yI)-, (e)-
24. |1 29.24 | Vitamin E C29H5002 430 1.21
25. 1 30.10 | n-Hexadecanoic acid Ci6H3202 256.2 1.28
26. | 31.00 | Stigmasterol Co9H4s0 412 3.21

SN : Serial Number;
MW: Molecular Weight;

RT: Retention Time;
PA: Peak Area.

MF: Molecular Formula;



Figure-8: GC-MS profile of acetone extract of Vicoa indica (L.) Dc.
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Table-7: GC-MS profile of acetone extract of Vicoa indica (L.) Dc.
SN | RT Name of the compounds MF MW | PA (%)
1. | 14.44 | Aromandendrene CisHas 204 3.421
2. | 15.42 | Heptadecane Ci7H36 240.4 1.25
3. | 16.42 | 1,2-Benzenedicarboxylic acid, butyl octyl ester C20H3004 334 0.42
4. | 16.86 | Capric acid methyl ester Ester C11H2202 186 12.11
5. | 17.36 | 2-(2-Nitroallyl)-cyclohexanone CoH13NO3 183 10.02
6. | 17.83 | Hexadecanoic acid, ethyl ester CisH3202 | 256.4 0.32
7. | 18.21 | Benzeneacetic acid, 2,5-dihydroxy- CsHgO4 168 9.65
[synonyms: Homogentisic acid]
19.59 | Hexadecanoic acid Fatty acid CisH3602 284 0.28
. 19.94 | 1,14-tetradecanediol Ci1sH3002 | 230.3 1.2
10. | 20.81 | a-Pyrrolidone, 5-[3-hydroxybutyl]- CsHisNO> | 157.2 8.21
11. | 22.01 | Furfural CsH402 96.08 0.03
12. | 22.65 | Palmitaldehyde Ci6H320 240 0.078
13. | 23.97 | B-Bourbonene CioH120 148 0.28
14. | 24.64 | Trans-Anethole Ci11H200 168 1.21
15. | 26.13 | 6-Undecyn-5-ol CisH3602S | 316 2.156
16. | 26.52 | Methyl 10-thia-octadecanoate Ci7H300Si | 278 4.21
17. | 27.13 | Trimethyl[4-(1,1,3,3, Tetramethylbutyl) CsHeO2 110 2.56
phenox] Silane
18. | 28.04 | 2-Furancarboxaldehyde C29H500 414 14.553
19. | 28.69 | B-sitosterol CisH3602 284 1.121
20. | 30.21 | 9,12-Octadecadienoic acid, methyl ester C30Hs002 442 0.01
21. | 30.80 | Erythrodiol Ci5Ha4 204 0.1
22. | 31.39 | Methyloctadecanoate Ci9H3302 | 298.5 | 0.001

SN : Serial Number;
MW: Molecular Weight;

RT: Retention Time;
PA: Peak Area

MF: Molecular Formula;




Figure-9: GC-MS profile of chloroform extract of Vicoa indica (L.) Dc.
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Table-8: GC-MS profile of chloroform extract of Vicoa indica (L.) Dc.
SN | RT Name of the compounds MF MW | PA (%)
1. | 14.52 | Asarone Ci2H1603 208 1.205
2. | 16.15 | 2-Phenoxysulfonyl-acetimidic acid methyl ester | CoH11NO4S | 229 0.314
3. | 16.46 | 1H-Cycloprop[e]azulene CisHa4 204.3 | 2.789
4. 16.90 | 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H400 296 0.673
5. | 18.03 | Ethyl 15-methyl-hexadecanoate C19H3502 298 28.561
6. 18.29 | n-Hexadecanoic acid Ci6H3202 256 0.316
1. 19.19 | Cis-1-chloro-9-octadecene CisH35Cl 286 1.078
8. | 19.63 | N-propyl 11-octadecenoate C21H4002 324 23.660
9. [20.52 | Thujol CioHisO | 1542 | 0.625
10. | 21.36 | Bicyclo[4.1.0]heptane, 7-pentyl- Ci2H2 166 1.455
11. | 21.96 | 1-Octacosanol C2sHs50 410 0.101
12. | 22.68 | 1,2-Benzenedicarboxylic acid, mono(2- Ci6H2204 278 7.375
ethylhexyl) ester
13. | 23.85 | 16-Heptadecenal Ci7H320 410 0.264
14. | 24.68 | 2H-Pyran, 2-(7- heptadecynyloxy)tetrahydro- C22H4002 336 0.611
15. | 26.20 | Methyl 10-thia-octadecanoate Ci7H300Si1 | 278 4.21
16. | 26.57 | 2,4,6-Cycloheptatrien-1-one, 3,5-bis- CsHi.S 104.2 0.113
trimethylsilyl-

17. | 27.16 | 2-Furancarboxaldehyde CsHeO2 110.1 | 0.431
18. | 28.11 | Tridecanol, 2-ethyl-2- methyl- CicH34O | 2424 | 0.316
19. | 28.76 | y-sitosterol C29H500 414 10.600
20. | 30.30 | Erythrodiol C30Hs5002 442 0.12
21. | 30.89 | 2-Pentanethiol CsHi2S 104.2 0.34

SN : Serial Number;

RT: Retention Time;

MW: Molecular Weight; PA: Peak Area

MF: Molecular Formula;



Table-9: Anti-oxidant effects on DPPH free radical by various concentrations of

methanol extracts of Vicoa indica (L.) Dc. and Vitamin C

Percentage of anti-oxidant effect on DPPH
Concentration (pg) — .
Vitamin C Methanolic extract
100 90.61+1.64 19.18+1.65
200 92.99+1.17 33.61£1.98
300 95.86+1.21 51.87+2.76
400 99.18+2.13 62.34+1.83
500 99.85+3.62 77.62+2.11

Table-10: CUPRAC assay by various concentrations of methanol extract of
Vicoa indica (L.) Dc. and Vitamin C

Percentage of anti-oxidant effect on CUPRAC
Concentration (pg) R _

Vitamin C Methanolic extract

100 92.21+1.65 11.18+1.09

200 94.67+1.19 19.65+1.01

300 98.49+2.43 28.41+0.54

400 99.54+1.65 31.63£1.12

500 99.79+1.69 38.42+1.87




CHAPTER V
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V. SUMMARY AND CONCLUSION

The present study deals with the screening of phytochemicals and antioxidant using
the selected plant namely Vicoa indica (L.) Dc. Fifteen different types of secondary
metabolites (alkaloids, anthocyanin, anthraquinone, cardiac glycosides, coumarins,
diterpenes, flavonoids, glycosides, phenols, phlobatannins, phytosteroids, quinones, saponins,
tannins and terpenoids) were tested in five extracts namely methanol, acetone, chloroform,
ethyl acetate and benzene. The various solvent extracts of Vicoa indica (L.) Dc. showed the
presence of alkaloids, anthocyanin, anthraquinone, cardiac glycosides, coumarins, diterpenes,
flavonoids, glycosides, phenols, phlobatannins, phytosteroids, quinones, saponins, tannins
and terpenoids.

The UV-Visible spectrum of the different extracts of Vicoa indica (L.) Dc. was
selected at the wavelength of 200nm to 900nm due to the sharpness of the peaks and proper
baseline. The various extracts of Vicoa indica (L.) Dc. (methanol, acetone and chloroform)
showed the compounds separated at the nm of 665, 663, 662, 607, 540, 460, 420, 414, 406,
376, 300, 261, 254, 248 and 243 with the absorption of 3.374, 1.589, 1.653, 4.000, 4.000,
0.361, 0.249, 0.708, 0.521, 0.090, 0.799, 1.962, 2.340, 2.201 and 2.161 respectively.

FTIR spectrum of methanol, acetone and chloroform extracts of Vicoa indica (L.) Dc.
showed the presence of functional groups such as amines, ethers, esters, phenols, alkenes,
alkyl chlorides, 1,2,4 trisubst benzenes, alkyl chlorides, 1,2,4 trisubst benzenes, vinyl, cyclic
alcohols, organophosphorus, sulfonyl acids, siloxanes, vinyl ethers, isopropyl, sulfonyl
chlorides, aliphatic, aromatic nitro, primary alkyl amide, amino acids, ketones, aldehydes,

phosphines, alkane and alcohols and phenols respectively.
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The compounds present in the methanol extract of Vicoa indica (L.) Dc. were
identified after the comparison of the mass spectra with NIST library by GC-MS analysis.
GC-MS spectrum of methanol extract of Vicoa indica (L.) Dc. showed the presence of
aromandendrene, B-pinene, Z,z-6,28-heptatriactontadien-2-one, 2-hexadecanol, tetradecanoic
acid, 10,13-dimethyl-, methyl ester, hexadecanoic acid, ethyl ester, elimicin, 1-hexyl-2-
nitrocyclohexane, methyl 1,3-octadecenoate, octadecanoic acid, 1-pentanol,2,2,4 trimethyl-,
thujone, bicyclo[4.1.0] heptan-3-0l,4,7,7-trimethyl-(1a,3a,4a,6a,)-, palmitaldehyde,
tetradecanoic acid, ethyl ester (CAS), methyl heneicosanoate, trans-5-hexyl-1,4-dioxane-2-
carboxylic acid, tetradecanoic acid, vitamin E, (2-propyl-1,3-dioxolan-2-yl)aceticacid, 1,2-
benzenedicarboxylic acid, bis (2-methylprophyl), p-sitosterol, 3-penten-2-one, 4-(2,2,6-
trimethyl-7-oxabicyclo[4.1.0]hept-1-yl)-,  (e)-, n-hexadecanoic  acid,  stigmasterol,
heptadecane, 1,2-benzenedicarboxylic acid, butyl octyl ester, capric acid methyl ester ester,
2-(2-nitroallyl)-cyclohexanone, hexadecanoic acid, ethyl ester, benzeneacetic acid, 2,5-
dihydroxy-, hexadecanoic acid fatty acid, 1,14-tetradecanediol, o-pyrrolidone, 5-[3-
hydroxybutyl]-, furfural, palmitaldehyde, B-bourbonene, trans-anethole, 6-undecyn-5-ol,
methyl 10-thia-octadecanoate, trimethyl[4-(1,1,3,3, tetramethylbutyl) phenox] silane, 2-
furancarboxaldehyde, 9,12-octadecadienoic acid, methyl ester, erythrodiol,
methyloctadecanoate, asarone, 2-phenoxysulfonyl-acetimidic acid methyl ester, 1H-
cycloprop(e]azulene, 3,7,11,15-tetramethyl-2-hexadecen-1-ol, ethyl 15-methyl-
hexadecanoate, cis-1-chloro-9-octadecene, N-propyl 11-octadecenoate, thujol,
bicyclo[4.1.0]heptane, 7-pentyl-, 1-octacosanol, 1,2-benzenedicarboxylic acid, mono(2-
ethylhexyl) ester, 16-heptadecenal, 2H-pyran, 2-(7- heptadecynyloxy)tetrahydro-, methyl 10-
thia-octadecanoate, 2,4,6-cycloheptatrien-1-one, 3,5-bis-trimethylsilyl-, 2-
furancarboxaldehyde, tridecanol, 2-ethyl-2- methyl-, y-sitosterol, erythrodiol and 2-

pentanethiol.
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Crude methanolic extract of Vicoa indica (L.) Dc. at various concentrations (100-
500ug) were tested for antioxidant activity via the DPPH assay. The percentage of anti-
oxidant property of the methanolic extract at concentrations ranging from 100-500pg, The
percentage of scavenging activity of DPPH by methanolic extract of Vicoa indica (L.) Dc. at
100pg, 200pg, 300pg, 400pg and 500pg were 19.18, 33.61, 51.87, 62.34 and 77.62%
respectively.

Methanolic crude extract of Vicoa indica (L.) Dc. at various concentrations (100-
500pg) were tested for antioxidant activity via the CUPRAC assay. The percentage of
scavenging activity of CUPRAC by methanolic extract of Vicoa indica (L.) Dc. at 100pg,
200pg, 300ug, 400pg and 500pg were 11.18, 19.65, 28.41, 31.63 and 38.42% respectively.

From the present study, it was concluded that Vicoa indica (L.) Dc. has a number of
phytochemical compounds which can be used for medicinal purposes. The plant extracts are

also capable of anti-oxidant activity.
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INTRODUCTION



INTRODUCTION

Due to rapid industrialization and urbanization, our environment is undergoing great
damage and a large amount of hazardous and unwanted chemical, gases or substance are
released, and so now it is our need to learn about the secrets that are present in the Nature and
is products which leads to the growth of advancements in the synthesis processes of
nanoparticles. Nanotechnology applications are highly suitable for biological molecules,
because of their exclusive properties. The biological molecules undergo highly controlled
assembly for making them suitable for the metal nanoparticle synthesis which was found to
be reliable and eco-friendly. The synthesis of metal and semiconductor nanoparticles is a vast
area of research due to its potential applications which was implemented in the development
of novel technologies. The field of nanotechnology is one of the upcoming areas of research
in the modern field of material science. Nanoparticle show completely new or improved
properties, such as size, distribution and morphology of the particles etc. Novel applications
of nanoparticles and nanomaterials are emerging rapidly on various fields. Most of the
chemical methods used for the synthesis of nanoparticles are too expensive and also involve
the use of toxic, hazardous chemicals that are responsible for various biological risks. This
enhances the growing need to develop environmental friendly processes through green
synthesis and other biological approaches. Sometimes the synthesis the using various plants
and their extracts can be advantageous over other biological synthesis processes which
involve the very complex procedure of maintaining microbial cultures. Many such
experiments have already been started such as the synthesis of various metal nanoparticles
using fungi like Fusarium oxysporum (Nelson et al., 2005), penicillium sp. (Hemanth et al.,
2010) and wusing bacteria such as Bacillus subtilis (Natarajan et al., 2010). But,
synthesis of nanoparticles using plant extracts is the most adopted method of green, eco-

1



friendly production of nanoparticles and also has a special advantage that the plants are
widely distributed, easily available, much safer to handle and act as a source of several
metabolites. Their has also been several experiments performed on the synthesis of copper,
cobalt and manganese oxide nanoparticles using medicinal plants such as Oryza sativa,
Helianthus annus, Saccharum officinarum, Sorghum Kobus, Medicago sativa (Alfalfa),
Cinamomum camphora and Geranium sp. In the recent days, copper, cobalt and manganese
oxide nanoparticles have been synthesized from the naturally occurring sources and their
products like green tea (Camellia sinensis), neem (Azadirachta indica), leguminous shrub
(Sesbania drummondii), various leaf broth, nature rubber, starch, Aloe vera plant extract,
lemongrass leaves extracts, etc. (Vijayaragavan et al., 2012). In the present study, use report
synthesis approach of copper, cobalt and manganese oxide nanoparticles using plant extracts

of Acalypha indica, Clitoria ternatea, Leucas aspera and Pedalium murex.
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SCOPE AND OBJECTIVES

In materials science, “green” synthesis has gained extensive attention as a reliable,
sustainable, and eco-friendly protocol for synthesizing a wide range of
materials/nanomaterials including metal/metal oxides nanomaterials, hybrid materials, and
bioinspired materials. As such, green synthesis is regarded as an important tool to reduce the
destructive effects associated with the traditional methods of synthesis for nanoparticles
commonly utilized in laboratory and industry. In this review, we summarized the
fundamental processes and mechanisms of “green” synthesis approaches, especially for metal
and metal oxide [e.g., copper oxide (CuO), Cobalt oxide (CoO) and Manganese oxide
(MnO)] nanoparticles using natural extracts. Importantly, we explored the role of biological
components, essential phytochemicals (e.g., flavonoids, alkaloids, terpenoids, amides, and

aldehydes) as reducing agents and solvent systems.

Objectives

e Biosynthesis of Copper oxide, Cobalt oxide and Manganese oxide nanoparticles
using the different extract of Acalypha indica, Clitoria ternatea, Lucas aspera
and Pedalium murex

e (Characterization of nanoparticles Copper oxide, Cobalt oxide and Manganese
oxide nanoparticles using the different extract of Acalypha indica, Clitoria

ternatea, Lucas aspera and Pedalium murex by UV Spectroscopy
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LITERATURE REVIEW

The world ‘‘nano’’ is used to indicate one billionth of a meter or 10°. nanoparticles
are clusters of atoms in the siege range of 1-100km ‘‘Nano’’ is a Greek word synonymous to
dwarf meaning extremely small nanotechnology is a field that is mushrooming making an
impact in all spheres of human life nanotechnology represent and economic alternative for
chemical and physical method of nanoparticles formation. Nanoparticles (NP) attract greater
attention due to their various application in different fields including ‘‘nanomedicine’’ the
term nanotechnology was coined by professor Norio Taniguchi of Tokyo science university
in the year 1974. Nanoparticles can be broadly grouped into two namely organic
nanoparticles which include carbon nanoparticles (fullerness) while, some of the inorganic
nanoparticles include magnefic nanoparticles node metal nanoparticles (like gold and silver)
and semiconductor nanoparticles (like titanium oxide and zinc oxide) there is growing
interest in inorganic nanoparticles i.e of noble metal nanoparticles as they provide superior
material properties with function versatility metallic nanoparticles are most promising and
remarkable biomedical agents silver, aluminum gold, zinc, carbon, titanium, palladium, iron,

fullerenes and copper have been used for the synthesis of nanoparticles.

Nanoparticles:

In nanotechnology, nanoparticles synthesized either biologically or chemically must
be characterized in order to understand their intrinsic properties such as monodispersity,
aqueous stability, the net charge, absorption to biomolecules, aggregation and flocculation in
various media, Copper oxide, Cobalt oxide, Manganese acetate nanoparticles have a great
bactericidal effect on a serval range of microorganisms, its bactericidal effect depends on the

size and shape of the particle. Recently there are, reports that algae are being used as a



bio factory for synthesis of metallic nanoparticles.

Copper sulphate nanoparticles have wide range of applications in nano-scale devices
and technologies due to its chemical and inertness and resistance to surface oxidation. Copper
sulphate play the vital role in nanobiotechnology as biomedicine because of surface
bioconjugation with biomolecular probes and remarkable plasmon-resonant optical

properties.

Characterization of nanoparticles

In nanotechnology, nanoparticles synthesized either biologically or chemically must
be characterized in order to understand their intrinsic properties such as size, monodispersity,
aqueous stability, the net charge, adsorption to biomolecules, aggregation and flocculation in
various media. This provides vital information in terms of application of these nanoparticles.
For instance, it provides answers to known whether a particular nanoparticle can be used in a
biological application, or else to improve their synthetic processes, and/or chemical
functionalization. A variety of characterization techniques are currently available some which

precede the advent of nanoscience and technology and mostly drawn from material science.

The development of new and integrated methods suited to probe nanomaterials is
however, a continuous process (Pool and Owens, 2003). The common techniques used in the
characterization of nanoparticles are Dps = DNA binding proteins from starved calls. sHsp =
small heat proteins, ultraviolet-visible (UV) spectroscopy, Fourier transform infrared
spectroscopy  (FTIR), inductively coupled atomic/optical emission spectroscopy
(ICP/AES/OES), fluorescence spectroscopy (FS), X-ray photoelectron spectroscopy (XPS),
scanning/transmission electron microscopy (SEM/TEM), dynamic light scattering (DLS),

atomic force microscopy (AFM) and dispersion and analysis of X-rays (EDAX).



Production if nanoparticles from extract

Melda Altikatoglu ef al., (2016) that the synthesis of copper oxide nanoparticles (CuO
NPs) using Lucas aspera plant extract at room temperature. This method is completely a
green method, free from toxic and harmful solvent. The CuO NPs were synthesized by
mixing copper sulphate dehydrate (CuSO4.5H20) and aqueous Lucas aspera leaf extract.
The biosynthesized copper oxide nano-particles were characterized by UV-vis spectroscopy,
Fourier-trans form infrared spectroscopy (FT-IR). The existence of the CuO NPs was
revealed by UV-vis spectroscopy. The FTIR spectra of control (leaf extract) and synthesized

CuO NPs identified the functional groups of the active components.

Mithun Kumar Ghosh et al., (2020) synthesised copper nanoparticles (CulNPs) using a
leaf extract from Clitoria ternatea (CT) has been documented in their research work. After
six months, the Clitoria ternatea -CuNPs were found to be stable without any evidence of
agglomeration. The Clitoria ternates -CuNPs were characterized by FT-IR and UV-vis
spectrophotometry. The average particle and crystal sizes of the Clitoria ternatea -CuNPs
were found to be 10 + 1 and 12 + 1 nm, respectively. The SPR peaks were found at 266 and

337 nm, measured using electronic spectroscopy.

Pooja Rawat et al., (2020) prepared copper and copper sulfide nanoparticles using leaf
extract of Acalypha indica. The effect of heating on the nanoparticles has also been studied.
Nanoparticles have been characterized by using UV-visible absorption. Improvement in
crystallinity of the nanoparticles was observed on heating in the temperature range 180-500
°C. The crystallite size of the copper nanoparticles heated at around 500 °C was found to be
about 28 nm whereas that of copper sulfide nanoparticles heated at around 250 °C was found

to be approximately 6 nm.



Kashif Ahmed et al., (2016) reported in their work total reducing strength or phenolic
compounds in leaf extract of Lucas aspera, Acalipha indica, clitoria ternata and Pedalium
murex were determined and then Cobalt nanoparticles (Co NPs) were synthesized by using
aqueous, ethanal, and chloroform extract of leaves as reducing agent because of its higher
values of total phenolic compounds in comparison. Characterization of the green synthesized
Co NPs was performed by UV-visible absorption techniques. The size of Co NPs was
estimated in the range of 20-60 nm. The usage of plant extract for the preparation of Co NPs

makes the process cost effective, non-toxic and green method.

Hong et al. (2002) studied the highly dispersed copper oxide (CuO) nanoparticles
with an average size of 6 nm have been successfully prepared by a novel quick-precipitation
method. The as-prepared CuO nanoparticles were characterized by UV—Visible absorption
spectroscopy. Results of this study scoured as-prepared CuO nanoparticles have high
dispersion and narrow size distribution. The influence of reaction conditions on morphology
of CuO nanocrystals was discussed. Spherical, ellipsoidal and needle-shaped CuO
nanocrystals can be obtained simply by varying the reaction temperature and controlling the

addition of NaOH.

Wang et al. (2002) synthesised CuO nanoparticles with an average size of 4 nm have
been successfully prepared by microwave irradiation, using copper (II) acetate and sodium
hydroxide as the starting materials and ethanol as the solvent. The CuO nanoparticles are
characterized by using techniques such as UV—Visible absorption spectroscopy. The as-
prepared CuO nanoparticles have regular shape, narrow size distribution and high purity. The
band gap is estimated to be 2.43 eV according to the results of the optical measurements of

the CuO nanoparticles.



Shun et al. (2005) synthesized new type of Cuo nanoparticles in liquid ammonia in
the presence of sodium metal. First, Cu nanoparticles were obtained by reducing copper
nitrate with the alkali metal in liquid ammonia, then, CuO nanoparticles were formed in the
ambient conditions. The morphology and structure of as-prepared CuO nanoparticles were
characterized by UV- Visible absorption spectroscopy, and the reason of aggregation of CuO

nanoparticles was supposed.

Sankar et al. (2018) synthesized copper oxide nanoparticles (CuO Nps) using plant
extract as fuel by solution combustion. The UV—visible absorption spectrum of CuO Nps

indicates the blue shift with increase of concentration of plant extract.

Udayabhanu et al. (2015) studied a facile method for the green synthesis of copper
oxide nanoparticles (CuO Nps) by a solution combustion method using water extract. The
Nps were characterized by UV—visible studies. Photocatalytic activity studies of CuO Nps
reveal that they act as very good catalyst for the effective degradation of methylene blue
(MB) in the presence of UV and Sun light. Also, the degradation of MB was found to be pH
dependent. The Nps found to inhibit the activity of 1,1-Diphenyl-2-picrylhydrazyl (DPPH)
free radicals effectively. CuO Nps exhibit significant bactericidal activity against Klebsiella
aerogenes, Pseudomonas aeruginosa, Escherichia coli and Staphylococcus aureus. The study
reveals a simple, ecofriendly and robust method for the synthesis of multifunctional CuO
nanoparticle employing underutilized medicinal plants.

Muhammad Hafeez et al. (2020) synthesized Cobalt oxide nanoparticles (Co3Os-Nps)
using leaf extract of Populus liliata, they have many applications and now a days the green
methods of synthesis of these NPs are preferred over other methods because of associated

benefits. The synthesized NPs were analysed by different techniques such as Fourier



transform spectroscopy (FTIR), x-ray diffraction (XRD), transmission electron

microscopy(TEM) and scanning electron microscopy (SEM).

Ismat Bibi et al. (2017) fabricated cobalt oxide nanoparticles using Punica
granatum peel extract from cobalt nitrate hexahydrate at low temperature. The synthesized
cobalt-oxide NPs were characterized using X-ray powder diffraction, scanning electron
microscopy, energy-dispersive X-ray, atomic force microscopy, fourier transform infrared
spectroscopy and UV-visible techniques. The cobalt-oxide NPs were in highly uniform shape
and size was in the size of 40—80 nm. Photo-catalytic activity (PCA) of the synthesized NPs
was evaluated by degrading Remazol Brilliant Orange 3R (RBO 3R) dye and a degradation
of 78.45% was achieved (dye conc. 150 mg/L) using 0.5 g cobalt-oxide NPs for 50 min
irradiation time. In view of eco-benign and cost-effective nature, the present investigation
revealed that P. granatum could be used for the synthesis of cobalt-oxide NPs for photo-

catalytic applications.

In the recent years, plant and microbial extract-based nanoparticles (NPs) have
become a sophisticated technology serving as an alternative strategy for the purpose of
developing materials functionalized by structural diversity and enhanced energy efficiencies.
Cobalt oxide nanoparticles (GCoO-NPs) have wide applications in several sectors due to their
high resistance to corrosion as well as oxidation, eco-friendly nature, cost effectiveness and
nontoxic potential. Plant based particles are credible alternatives as they reduce the burden of
complicated and laborious protocols of physiochemical reliance. In this study, GCoO-NPs
were synthesized using the grape Jumbo Muscadine (Vitis rotundifolia) using co-
precipitation. The synthesized GCoO-NPs were characterized by UV—-Vis spectrophotometer,

Fourier transform infrared spectroscopy (FTIR), Powder X-ray diffraction (PXRD) and



Scanning electron microscopy (SEM) (Melvin S.Samuel et al., 2020)

Matinise et al., (2018) research work involved the development of a better,
inexpensive, reliable, easily and accurate way for the fabrication of Cobalt (II, III) oxide
(Co0304) nanoparticles through a green synthetic method using Moringa Oleifera extract. The
electrochemical activity, crystalline structure, morphology, isothermal behaviour and optical
properties of Co304 nanoparticles were studied using various characterization techniques. The
X-ray diffraction (XRD) and Energy Dispersive X-ray Spectroscopy (EDS) analysis
confirmed the formation of Co304 nanoparticles. The pseudo-capacitor behaviour of spinel
Co0304 nanoparticles on Nickel foam electrode was investigated by cyclic voltammetry (CV),
galvanostatic charge—discharge (GCD) and electrochemical impedance spectroscopy (EIS) in
3M KOH solution. The CV curve revealed a pairs of redox peaks, indicating the pseudo-
capacitive characteristics of the Ni/Co304 electrode. EIS results showed a small semicircle
and Warburg impedance, indicating that the electrochemical process on the surface electrode
is kinetically and diffusion controlled. The charge-discharge results indicating that the
specific capacitance Ni/Co30s electrode is approximately 1060 F/g at a discharge current

density of at 2 A/g.

Shakeel Ahmad Khan et al. (2020) synthesized MnO nanoparticles (AI-MnO NAPs)
using biological molecules of Abutilon indicum leaf extract. Further, they were evaluated for
antibacterial and cytotoxicity activity against different pathogenic microbes (Escherichia
coli, Bordetella bronchiseptica, Staphylococcus aureus, and Bacillus subtilis) and Hela
cancerous cells. Synthesized NAPs were also investigated for photocatalytic dye degradation
potential against methylene blue (MB), and adsorption activity against Cr(VI) was also

determined. Results from Scanning electron microscope (SEM), X-ray powder diffraction

10


https://www.sciencedirect.com/science/article/abs/pii/S1011134420304619#!
https://aip.scitation.org/author/Matinise%2C+N

(XRD), Energy-dispersive X-ray (EDX), and Fourier-transform infrared spectroscopy (FTIR)
confirmed the successful synthesis of NAPs with spherical morphology and crystalline
nature. Biological activity results demonstrated that synthesized AI-MnO NAPs exhibited
significant antibacterial and cytotoxicity propensities against pathogenic microbes and
cancerous cells, respectively, compared with plant extract. Moreover, synthesized AI-MnO
NAPs demonstrated the comparable biological activities results to standard drugs. These
excellent biological activities results are attributed to the existence of the plant’s biological
molecules on their surfaces and small particle size (synergetic effect). Synthesized NAPs
displayed better MB-photocatalyzing properties under sunlight than an ultraviolet lamp. The
Cr(VI) adsorption result showed that synthesized NAPs efficiently adsorbed more Cr(VI) at
higher acidic pH than at basic pH. Hence, the current findings suggest that Abutilon
indicum is a valuable source for tailoring the potential of NAPs toward various enhanced
biological, photocatalytic, and adsorption activities. Consequently, the plant’s biological
molecule-mediated synthesized AI-MnO NAPs could be excellent contenders for future

therapeutic applications.

Maryam Usman Ahmed et al. (2020) synthesized manganese oxide nanoparticles
from Cassia tora aqueous leave extract in order to investigate the toxicological effect of the

biologically synthesized manganese oxide nanoparticles (MnO2 NPs).

Changzhong Chen et al. (2013) synthesized manganese oxides nanomaterials,
including MnO and MnO:, have attracted great interest as anode materials in lithium-ion
batteries (LIBs) for their high theoretical capacity, environmental benignity, low cost, and
special properties. Up to now, manganese oxides nanostructures with excellent properties and

various morphologies have been successfully synthesized. Herein, we provide an in-depth
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discussion of recent development of the synthesis of manganese oxides nanomaterials and

their application in the field of LIBs.

Sneha Bhatnagar et al. (2014) synthesized nanoparticles from living plant extracts can
be used for conversion of metal ions into nano form. These nanoparticles are capable in
controlling plant growth. If nanoparticles can enhance the growth of plants, it will be a great
boon to the agricultural domain of developing countries that are particularly facing great
challenges in order to improve the agricultural sector. Manganese is one of nine essential
micronutrients for plant growth. Synthesis of Ag nanoparticles has been reported by aqueous
extract of Lawsonia innermis but not much work has been done on the synthesis of
manganese nanoparticles. For nanoparticle synthesis, 10% aqueous extract of plant is mixed
with 10-3M MnSO4 solution and incubation of this reaction mixture was done at room
temperature for 48 hours. Formation of nanoparticles was confirmed visually by the reaction
mixture colour which turned to brown and the characterization of nanoparticles was done by
UV-Vis Spectroscopy and particle size analysis. Results suggested that biosynthesized
nanoparticle treatment significantly enhance all the growth parameters i.e., fresh weight, dry

weight, root length and shoot length of Cicer arietinum as compared to other treatment.

Jayandran et al. (2015) nanoparticles reported a simple, convenient and low cost
method for the synthesis of manganese nanoparticles by reducing manganese acetate with the
help of easily available natural products viz., lemon extract as reducing agent and turmeric
curcumin as a stabilizing agent. The curcumin was isolated from turmeric by using solvent
extraction method and used for manganese nanoparticle stabilization. The characterization of
curcumin and manganese nanoparticles was done by using UV- Vis and FT-IR spectroscopic

techniques. The morphology of manganese nanoparticles was confirmed by SEM and TEM
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techniques.

Vahid Hoseinpour et al. (2018) explained simple, efficient and eco-friendly procedure
for the green synthesis of manganese dioxide nanoparticles (MnO2 NPs) by Yucca gloriosa
leaf extract is described. The MnO2 NPs were synthesized using Y. gloriosa leaf extract and
curcumin as reducing and stabilizing agents, respectively. Fourier-transform infrared spectra
revealed the involvement of the plant extract in the formation of MnO2 NPs. The ultraviolet—
visible absorption spectra of the synthesized MnO2 NPs exhibited absorption peaks at 410
nm, which were attributed to the band gap of the MnO2 NPs. Crystal phase identification of
the MnO2 NPs was characterized by X-ray diffraction analysis and the formation of
crystalline MnO2 NPs has been confirmed. Also, the X-ray diffraction pattern displayed that
the average size of MnO2 NPs was about 80 nm. Furthermore, field emission scanning
electron microscopy analysis showed that the synthesized MnO2 NPs have a spherical shape.
MnO2 NPs have photocatalytic activities for the dye degradation in the visible light region.
The photocatalytic activities for the dye degradation of MnO2 NPs were evaluated using

Acid Orange as an organic contaminant.

Mahsa Souri et al. (2018) reported a simple, efficient, and eco-friendly procedure for
the green synthesis of manganese dioxide nanoparticles (MnO2 NPs) by Yucca gloriosa leaf
extract is described. The effect of three different factors such as pH of the metallic solution,
time, and extract ratio was studied. Optimizing the factors was done by Response Surface
Methodology (RSM). Considering the results, the ratio of the extract to the metallic solution
and the time was the most important factors for the synthesis of MnO2 NPs. The optimal
condition was claimed to be time = 120 min, pH 6, and extract ratio = 90%. Then, the MnO2

NPs re-synthesized using Y. gloriosa leaf extract and stabilized using turmeric extract.
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Crystal phase identification of the MnO2 NPs was characterized by XRD analysis and the
formation of crystalline MnO2 has been confirmed. In addition, XRD study confirms the
attendance of MnO2 NPs with around size of 32 nm. Furthermore, FESEM and TEM

analyses showed that the synthesized MnO2 NPs have the spherical shape.

Vineet Kumar et al. (2017) synthesized Manganese oxide (MnO) NPs are widely used
in contaminant sensing, drug delivery, data storage, catalysis and biomedical imaging. Green
synthesis of NPs is important due to increased concern of environmental pollution. Green
chemistry based synthesis of NPs is preferred due to its ecofriendly nature. In this study,
MnO NPs 0f different sizes were synthesized in aqueous medium using clove, i.e., Syzygium
aromaticum  extract (CE) as reducing and stabilizing agents. These NPs were used for the
electrochemical sensing of p-nitrophenol (PNP). The synthesis of MnO NPs was over in 30
min. MnO NPs of different sizes were obtained by varying metal ion concentration, metal ion
volume ratio, CE concentration, CE volume ratio, and incubation temperature. Selectively, ~4
nm MnO NPs were used for electrochemical sensing of paranitrophenol. The MnO NPs
modified gold electrodes detected PNP with good sensitivity, 0.16 pA uM™" cm?. The limit of
PNP detection was 15.65 uM. The MnO NPs prepared using CE based green chemistry
approach is useful for PNP sensing. These NPs can also be useful for various in vivo

applications in which the NPs come in human contact.

Mahmoud Nasrollahzadeh et al. (2016) reported Copper oxide (CuQO) nanoparticles
(NPs) were synthesized by biological method using aqueous extract of Thymus vulgaris L.
leaves as a reducing and capping agent. The progress of the reaction was monitored using
UV-visible spectroscopy. The advantages of this procedure are simple operation, use of

cheap, natural, nontoxic and benign precursors, absence of toxic reagents and mild and
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environmentally friendly conditions. The green synthesized CuO NPs was characterized by
transmission electron microscopy (TEM), energy-dispersive X-ray spectroscopy (EDS),
fourier-transform infrared (FT-IR) spectroscopy, X-ray diffraction analysis (XRD),
thermogravimetric analysis (TGA) and differential thermal analysis (DTA). More
importantly, the green synthesized CuO NPs was found to be an excellent heterogeneous
catalyst for ligand-free N-arylation of indoles and amines. The N-arylated products were
obtained in good to excellent yield and the catalyst can be recovered and reused for further

catalytic reactions with almost no loss in activity.

Jitendra Kumar Sharma et al. (2015) synthesized copper oxide (CuO) nanoparticles
(NPs) were employed as electrocatalytic materials for the fabrication of counter electrode in
dye sensitized solar cells (DSSCs). Uniform CuO NPs were synthesized by the leaves extract
of Calotropis gigantea plant in aqueous medium through green synthesis. The synthesized
CuO NPs were extensively characterized in terms of morphology, crystalline nature,
structural, electrochemical and photovoltaic properties using various experimental tools. The
synthesized CuO NPs possessed a well crystalline nature which was perfectly matched to
monoclinic structure of bulk CuO. For DSSC application, a thin film of synthesized CuO NPs
was prepared by the paste of CuO NPs and coated onto FTO glass using glass rod. The
cyclovoltametry measurement revealed that CuO NPs based thin film showed reasonably
good surface for the reduction of triiodide ions in redox electrolyte, suggesting its good
electrocatalytic activity toward the iodide ions. Moderately high solar to electrical energy
conversion efficiency of ~3.4% along with high short circuit current density (Jsc) of
~8.13 mA/cm?, open circuit voltage (Voc) of ~0.676 V and fill factor (FF) of 0.62 was

recorded in the DSSC fabricated with synthesized CuO NPs based counter electrode.
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Fruit peels were discarded as inevitable wastes in the production of fruit juice which
wasted our resources and caused pollution problems. Iron nanoparticles were synthesized
using Citrus maxima peel extracts to reduce Fe(Ill) in aqueous solution. The nanoparticles
were characterized by TEM, EDS, XPS, FTIR, DLS and Zeta potential methods. Based on
the characterization results, irregular iron nanoparticles with diameters of 10-100 nm were
synthesized successfully. Moreover, the nanoparticles were mainly composed of
Fe® nanoparticles which were coated with various biomolecules from the extracts as capping

or stabilizing agents (Yufen Wei ef al., 2016)
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MATERIALS AND METHOD

Classification

Class Dicotyledons

Order Euphorbiales

Family Euphorbiaceae

Botanical Name : Acalypha indica Plate 1

Description

An erect annual herb that can be easily distinguished by the cup-shaped involucre
that surrounds the small flowers in the catkin-like inflorescence. It can grow up to 1.2 m
(3.9 ft) tall in favorable circumstances, but is usually smaller. The leaves are broad ovate,
1.2cm—6.5 cm x 1 cm—4 cm (0.47 in—2.56 in % 0.39 in—1.57 in). The leaf base is rounded to
shortly attenuate. The leaf margin is basally 5-nerved and is crenate-serrate with an acute or
obtuse apex. The petiole is 1.5-5.5 cm (0.59-2.17 in) long. The flower spikes are axillary,
2.5-6 cm (0.98-2.36 in) long, monoecious, with a rachis terminating in a triradiate hood. The
tiny male flowers are white-green, located on the upper part of the flower spikes, and are
ebracteate, minute, and clustered with vermiculiform anthers. The pollens are roughly round

and approximately 10—-12 microns in diameter.

The green female flowers are located lower on the spikes, and are subtended by 3—
7mm (0.12-0.28 in) long suborbicular-cuneiform, many-nerved, toothed bracts that are

foliaceous. The ovary is hispid, 3-lobed. Styles are 3, each 2-fid. Capsules are hispid, 3-
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valved and concealed by a bract. The stem is striate (longitudinally ribbed) and pubescent.

The fruit is 1.5-2 mm (0.059-0.079 in), 3-lobed, tuberculate and pubescent.
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Classification

Class Dicotyledons

Order Fabales

Family Fabaceae

Botanical Name: Clitoria ternatea Plate 2

Description

It is a perennial herbaceous plant, with elliptic, obtuse leaves. It grows as a vine or
creeper, doing well in moist, neutral soil. The most striking feature about this plant is the
color of its flowers, a vivid deep blue; solitary, with light yellow markings. They are about
4 cm (1.6 in) long by 3 cm (1.2 in) wide. Some varieties yield white flowers. The fruits are 5—
7 cm (2.0-2.8 in) long, flat pods with six to ten seeds in each pod. They are edible when
tender. It is grown as an ornamental plant and as a revegetation species (e.g., in coal mines in
Australia), requiring little care when cultivated. As alegume, its roots form a symbiotic
association with soil bacteria known as rhizobia, which transform atmospheric Nz into a
plant-usable form (a process called nitrogen fixing), therefore, this plant is also used to

improve soil quality through the decomposition of nitrogen rich plant material.
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Classification

Class Dicotyledons

Order Lamiales

Family Lamiaceae

Botanical name: Leucas aspera Plate 3

Description

Common Leucas in an erect and diffusely branched annual herb. Flower are borne in
distant spherical whorls, in uppermost leaf axils, 1-4, about 2.5 cm in diameter, about 16-20
flowered. Flowers are 8-10 mm white; upper lip short, densely bearded; lower lip clearly
longer then upper and projecting forward. Sepal-cup is 7-9 mm, scarcely elongating in fruit,
pale green, scarcely curved, with a prominently oblique mouth. Sepal teeth are 8-10, irregular
in size, triangular, 2-3 mm long short spinulose tips. Bracts narrow linear, about 2 length of
calyces, long-fringed with hairs at margins. Stems are15-30 cm with spreading short hairs.
Leaves linear lanceshaped, weakly rounded toothed to subentire at margin, wedge-shaped
above and below; up to 5 x1.5 cm with adpressed hairs on upper surface and a denser
indumentum of short soreading hairs below especially on nerves; leaf-stalk subabsent to
about 5 mm on lower leaves. Common Leucas is found in India, Himalayas, and broadly in

subtropical Asia.
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Classification

Class Dicotyledons

Order Lamiales

Family Pedaliaceae

Botanical name: Pedalium murex Plate 4

Description

A succulent herb, grows upto 38 c¢cm in height, very well branched, foetid smelling
and also has rough slime secreting glands. Leaves: simple, opposite, somewhat fleshy,
broadly ovate-oblong, coarsely crenate-serrate or sublobate, glabrous above and minute
scales on the lower side. Flowers: bright yellow, axillary and solitary. Fruits: blunty 4-angled

with stout, sharp, conical horizontal spines from the angles.

21


https://en.wikipedia.org/wiki/Lamiales
https://en.wikipedia.org/wiki/Pedaliaceae

Collection of plant and powder preparation

The Acalipha indica, Clitoria ternatea and Lucas aspera, Pedalium murex were
collect from Alankaratathu, Thoothukudi, Tamil Nadu. Then the plants were washed and
dryed. Plants (100 mg) were dissolved in 100 ml of distilled water, ethanol, Chloroform and
the extract formed were filtered through a muslin cloth. Then the filtrate were treated with
equal volumes of water, chilled ethanol, chloroform and the resultant precipitate will be used

for further experiments.

Biosynthesis of copper oxide nanoparticles

In a typical reaction mixture, 100 ml of aqueous ImM copper sulphate dehydrate
CuS0O4.5H20 was treated with 10 ml aqueous leaf extract and stirred magnetically at room
temperature for about 4 hrs. The formation of the particles can be seen within 2 hrs. The
solution was aged for 15 hrs. Nanoparticles prepared were centrifuged and washed with

double distilled water twice.

Biosynthesis of cobalt oxide nanoparticles

The cobalt nanoparticles were prepared in a 250 mL conical flask in which 50 mL
centi molar solution of cobalt nitrate was mixed with 10 mL of the plant extract along with

vigorous shaking on a hot plate till the appearance of dark brown color.

Biosynthesis of Manganese oxide nanoparticles

The method according to Paul et al. 5 was adopted in the synthesis of manganese
oxide nanoparticles. 5 mL of plant extracts was added to 50 mL of aqueous solution of 0.2 M

potassium permanganate (KMnO4) while, heating and stirring at 70EC and pH 7 for 60 min.
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The KMnO4 solution changed from colorless to brown with formation of precipitate. The

precipitate was centrifuged at 3000 rpm for 15 min and washed with distilled water 3 times.

Characterization of CuQ NPs, Co NPs, MnO; NPs nanoparticles

UV-visible spectroscopy analysis

The bio reduction of copper oxide ion in solution was monitored using UV —
spectrometer in 350 — 550 nm wave length range. It was observed that upon addition of the
plant extracts into the flask containing the aqueous, ethanol, chloroform extracts of plants and
copper oxide solution, the color of the medium change to brown with in 5 minutes. This

indicated the formation of copper oxide nanoparticles.

The bio reduction of cobalt oxide ion in solution was monitored using UV —
spectrometer in 350 — 550 nm wave length range. It was observed that upon addition of using
of the plant extracts into the flask containing the aqueous cobalt oxide solution, the color of
the medium change to brown with change to brown with in 5 minutes. This indicated the

formation of cobalt oxide nanoparticles.

The bio reduction of manganese oxide ion in solution was monitored using UV —
spectrometer in 350 — 550 nm wave length range. It was observed that upon addition of using
of the plant extracts into the flask containing the aqueous manganese oxide solution, the color
of the medium change to brown with change to brown with in 5 minutes. This indicated the

formation of manganese oxide nanoparticles.
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Result and Discussion



RESULT AND DISCUSSION

UV — visible spectroscopy is a practical technique that characterizes any optical

activity eventuated from noble metal NPs, for instance Cu, Co and Mn.

These NPs reparent LSPR bands in the visible region, related to excitation of the
conduction electrons of metal NPs after their unique interaction with the electromagnetic

field of light (Jain et al., 2008).

The formation of Cu, Co2 and Mn nanoparticles during the reduction process in
UV dicated by change in the color of reaction solution from colorless to dark brown which
can be visually observed (Plate 12) metal nanoparticle have electrons, which yield a surface
plasmon resonance (SPR) absorption band, due to the mutual vibration of electrons of metal
nanoparticles in resonance with light wave. The appearances of the peaks show the

characterization of surface plasmon resonance of metal nanoparticles.

The UV visible absorption spectrum of copper oxide nanoparticles synthesis by
treating 1lmm aqueous copper sulphate solution with long of Acalypha indica, Clitoria
ternate, leucas aspera and Pedalium murex stem extracts are shown in Fig 5-8. The copper
nanoparticles prepared by Acalypha indica stem extracts (Distilled water, chloroform,
ethanol) have displayed sharp peak at 400nm which is assigned to the absorption of CuONPs.

This spectrum confirms the formation of CuO nanoparticles.

UV - visible spectroscopy is a very useful technique for analysing nanoparticle
formation and the stability of metal nanoparticle in aqueous solution (Muniyappan. L.

Nagaragan N.S., 2014). The UV — visible absorption spectrum of cobalt oxide nanoparticles
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synthesized by Acalypha indica, Clitoria ternate, Leucas aspera and pedalium murex leaf and
stem extract are shown in the Fig 9 — 16. The sharp peak is observed in 380nm in Clitoria
ternate leaf ethanol extract, 430nm in Acalypha indica leaf distilled extract, 470nm in Leucas
aspera leaf ethanol extract, 420nm in Pedalium murex leaf ethanol extract these spectrum

confirms the formation of cobalt oxide nanoparticles.

The formation of the reduced Manganese nanoparticles colloidal solution were
monited by using UV — visible spectrophotometer. The absorption spectra of the supernatants
were taken between 350 to 550 nm. UV- visible spectrum of the biosynthesis of manganese
nanoparticles using distilled water, ethanol and chloroform Acalypha indica, Clitoria ternate,
leucas aspera and Pedalium murex leaf and stem extracts are shown in Fig. 17. UV — visible
spectrum of the biosynthesis of manganese nanoparticles using the different extract of plant
showed a peak 410nm, 490nm, 390nm, 450nm, 510nm, 540nm, 430nm, 390nm, 490nm,
corresponding to the plasmon absorbance of manganese nanoparticles for the tested Acalypha
indica leaf ethanal, distilled water, Clitoria ternate leaf ethanol, chloroform, Leucas aspera
leaf chloroform, ethanal Pedalium murex leaf ethanol and chloroform extracts respectincly.
Thesis is a relation between the particle size and the plasmon peak, as the particles become
larger when the plasmon peak, shifts to longer wavelengths values for synthesized
nanoparticles size and plasmon maxima that were reported with Solomon et al. (2007)
indicated that UV spectra were in lower wavelengths (384-414), with 10 to 4nm particle size.
Rosemary and Pradeep (2003) revealed that UV spectra at 438nm wavelength gave particles
size of 60-80nm, obtained results indicated that lower wavelength of UV. Spectra at 383nm
recoded particle size at 1-25nm. The UV-visible absorbance spectrum is highly dependent on

nanoparticle geometry. Our result show a broad absorption peak of between 350-550 nm
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which is due to the surface plasmon resonance (SPR) of electrons present at the surface of
metal nanoparticles. Hence this result signifies the formation Cu, Co and Mn nanoparticles
which are supported by the result presented by Eman ef al. and Suresh et al. the maximum
absorption peak of metal nanoparticles appeared at 530nm (Fig 13). Jt clearly renealed that

formation of nanoparticles. (Suresh ef al., 2014 and Suranurar et al., 2016).
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Plate 5: Copper oxide nanoparticles synthesized by treating 1m of aqueous

copper sulphate solution with 10 mg of Acalypha indica leaf extract (Water ethanol,

chloroform)

Plate 6: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper

sulphate solution with 10 mg of Lucas aspera leaf extract (Water ethanol, chloroform)




Plate 7: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper

sulphate solution with 10 mg of Clitoria ternatea leaf extract (Water ethanol,

chloroform)

Plate 8: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper
sulphate solution with 10 mg of Pedalium murex leaf extract (Water ethanol,

chloroform)
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Figure 1: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1 m aqueous copper sulphate solution with 10 mg of Acalypha indica leaf

extract (Distilled water, Chloroform, ethanol)
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Figure 2: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1m aqueous copper sulphate solution with 10 mg of Clitoria ternatea leaf extract

(Distilled water, Chloroform, ethanol)
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Figure 3: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1 m aqueous copper sulphate solution with 10 mg of Leucas aspera leaf extract

(Distilled water, Chloroform, ethanol)
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Figure 4: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1 m aqueous copper sulphate solution with 10 mg of Pedalium murex leaf

extract (Distilled water, Chloroform, ethanol)



Plate 9: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper

sulphate solution with 10 mg of Acalypha indica stem extract (Water ethanol,

chloroform)

Plate 10: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper
sulphate solution with 10 mg of Clitoria ternatea stem extract (Water ethanol,

chloroform)




Plate 11: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper

sulphate solution with 10 mg of Lucas aspera stem extract (Water ethanol, chloroform)

Plate 12: Copper oxide nanoparticles synthesis by treating 1m of aqueous copper
sulphate solution with 10 mg of Pedalium murex stem extract (Water ethanol,

chloroform).
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Figure 5: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1m aqueous copper sulphate solution with 10 mg of Acalypha indica stem

extract (Distilled water, Chloroform, ethanol)

1.8
1.6 e

1.4
1.2
0.8

0.6
0.4

0.2

Absorbance

350 370 390 410 430 450 470 490 510 530 550

e Fthanal e Chloroform Disstiled water

Figure 6: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1m aqueous copper sulphate solution with 10 mg of Clitoria ternate stem extract

(Distilled water, Chloroform, ethanol)
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Figure 7: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1m aqueous copper sulphate solution with 10 mg of Leucas aspera stem extract

(Distilled water, Chloroform, ethanol)
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Figure 8: UV-visible spectral analysis of copper oxide nanoparticles synthesis by
treating 1m aqueous copper sulphate solution with 10 mg of Pedalium murex stem

extract (Distilled water, Chloroform, ethanol)



Plate 13: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Acalypha indica leaf extract (Water ethanol, chloroform)

Plate 14: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Clitoria ternatea leaf extract (Water ethanol, chloroform)




Plate 15: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Leucas aspera leaf extract (Water ethanol, chloroform)

Plate 16: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Pedalium murex leaf extract (Water ethanol, chloroform)
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Figure 9: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by treating
1 m aqueous cobalt nitrate solution with 10 mg of Acalypha indica leaf extract (Distilled

water, Chloroform, ethanal)
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Figure 10: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Clitoria ternatea leaf extract

(Distilled water, Chloroform, ethanol)
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Figure 11: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Leucas aspera leaf extract

(Distilled water, Chloroform, ethanol)
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Figure 12: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Pedalium murex leaf extract

(Distilled water, Chloroform, ethanol)



Plate 17: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Acalypha indica stem extract (Water ethanol, chloroform)

Plate 18: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Clitoria ternatea stem extract (Water ethanol, chloroform)




Plate 19: Cobalt oxide nanoparticles synthesis by treating 1 m of aqueous cobalt nitrate

solution with 10 mg of Leucas aspera stem extract (Water ethanol, chloroform)

Plate 20: Cobalt oxide nanoparticles synthesis by treating 1m of aqueous cobalt nitrate

solution with 10 mg of Pedalium murex stem extract (Water ethanol, chloroform).
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Figure 13: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Acalypha indica stem extract

(Distilled water, chloroform, ethanol).
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Figure 14: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Clitoria ternatea stem extrac

(Distilled water, chloroform, ethanol)
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Figure 15: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Leucas aspera stem extract

(Distilled water, Chloroform, ethanol)

2.5
2

15 At/f
1

0.5 \/

—

Absorbance

350 370 390 410 430 450 470 490 510 530 550

e fFthanal === Chloroform Disstilled water

Figure 16: UV-visible spectral analysis of cobalt oxide nanoparticles synthesis by
treating 1m aqueous cobalt nitrate solution with 10 mg of Clitoria ternatea stem extract

(Distilled water, Chloroform, ethanol).



Plate 21: Manganese oxide nanoparticles synthesis by treating (0.2 m of aqueous

potassium permanganate solution with 10 mg of Acalypha indica leaf extract (Water,

ethanol, chloroform)

Plate 22: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Clitoria ternatea leaf extract (Water

ethanol, chloroform).




Plate 23: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous

potassium permanganate solution with 10 mg of Leucas aspera leaf extract (Water

ethanol, chloroform).

Plate 24: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Pedalium murex leaf extract (Water

ethanol, chloroform).
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Figure 17: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Acalypha indica leaf extract (Water

ethanol, chloroform).
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Figure 18: manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Clitoria ternatea leaf extract (Water

ethanol, chloroform)
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Figure 19: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Leucas aspera leaf extract (Water

ethanol, chloroform)
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Figure 20: Manganese oxide nanoparticles synthesis by treating 0.2 m of aqueous
potassium permanganate solution with 10 mg of Pedalium murex leaf extract (Water

ethanol, chloroform)



Summary and Conclusion



SUMMARY AND CONCLUSION

Metal nanoparticles (MNPs) have been widely used in a range of recent scientific and
technological applications. They can be produced by conventional chemical synthesis or
green synthesis methods. Green synthesis consists of a myriad of promising approaches for
the production of MNPs with desired properties. Plants represent the most explored group of
living organisms for the green synthesis of MNPs, and to date, hundreds of species have been
used. However, several factors that should be taken into account when performing green
synthesis of MNPs remain underestimated or unexplored. The present work depict
biosynthesis of Copper oxide, Cobalt oxide and Manganese oxide nanoparticles using the
different extract (distilled water, ethanol and chloroform) of Acalypha indica, Clitoria
ternatea, Lucas aspera and Pedalium murex. Plants provide a better platform for nanoparticle
synthesis as they are free from toxic chemicals and provide natural capping agents. The
reduction of Cu, Co and Mn using the plant leaf and stem extracts were viewed by the colour
change in the reaction solutions. Characterization of nanoparticles was done by using
Ultraviolet—Visible Spectroscopy. The UV—visible absorption spectra of the Cu, Co and Mn
nanoparticles with different extracts of Acalypha indica, Clitoria ternatea, Lucas aspera and
Pedalium murex were recorded. Manganese metal nanoparticles have free electrons, which
yield a surface plasmon resonance (SPR) absorption band, due to the mutual vibration of
electrons of metal nanoparticles in resonance with light wave. The appearances of the peaks
show the characteristics of surface plasmon resonance of Cu, Co and Mn nanoparticles. The
UV—Vis spectral studies confirmed the surface plasmon resonance of green-synthesized metal

nanoparticles.
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INTRODUCTION



INTRODUCTION

Various ethnic teams of India have preserved and guarded many forest
patches and even individual trees or animals thanks to their ancient belief and
respect for nature (Tripathi, 2001). In Tamil Nadu state, India this customary
apply follows with religious faiths and culture. One such religious worship is
understood as Sthalavriksha in temples. Sthalaviruksam is a practice of growing
and maintaining trees in Hindu temples of Tamil Nadu, India. Sthalavriksha refers
to the plant of which ‘Sthala’ means Place and ‘Vriksha’ means tree. From
ancient periods, trees were thought-about as sacred and loved in Indian mythology
and by folklore (Prabakaran and Sabari Lakshmi, 2017). The tree is treated as holy
and prayers are performed frequently. Devotees create needs by tying a thread or
writing their needs in an exceedingly piece of paper and fastening on the tree.

Sacred groves with all sorts of vegetation assure conservation of floras

(Manimozhi, 2019).

The Sthalavrikshas have played a vital role in the well-being of humanity.
Sthalavriksha or temple tree is a single plant worshipped as equal as the prime
deity in the temples. In both Hinduism and Buddhism, temple tree worship holds a
bigger significance. The Sthalavrikshas are symbolic of a single genetic resource
and play an important role in the conservation of biodiversity. The process of
conserving economically, ecologically and medicinally important plants by
declaring them as sacred also protected the genetic value of several plant species

(Kaliyamoorthy, 2019). Thus the preservation of Sthalavrikshas may also help in



the conservation of local floral wealth. It is the natural tree found in temple site
before construction of the temple. After the construction of temples, these plants
are treated as Sthalavriksha or temple trees (sacred plants). Due to traditional
beliefs, both the devotees and temple authorities serve as protectors of the
Sthalavriksha in temples (Gunasekaran and Balasubramanian, 2012).

The worshipper who comes to the temple attains a healthy spiritual
enlightment. Sthalavriksha is a single plant mostly in the form of a tree or in some
places occurring as a herb, shrub, grass or climber. In Hinduism, especially in
Shaivam, there are three important aspects of the temple grounds, Moorthy (a
Deity), Sthalam, (a Shrine and Sthalavriksha) and a Theertham, (Sacred tank or
water body). These are the three prime elements to learn about the antiquity of a
temple. The worship of these three elements will yield wisdom even without a
guru or teacher (Thambiran, 1963). In Tamil Nadu there are 25,000 ancient
temples and these heritage sites play a vital role in conserving traditional arts,
temple architectures, Tamil culture and also Sthalavrikshas. Sthalavrikshas are an

integral part of temple worship (Gunasekaran and Balasubramanian, 2012).

References from Indian literary works, data from history, folk tradition,
traditional knowledge, evidences from epigraphical records and copper plates are
the standing proof for the above practice. Hindu Religious and Charitable
Endowments is one of the state department that controls about 36425 temples in
Tamil Nadu. Lord Shiva temples are around 1008 and among these, Pancha
Bootha Sthalangal are five, Pancha Sabai Sthalangal are five, Navagraha
Sthalangal are 9 and Paadal Petra Sthalangal are approximately 275. A survey by

international union for conservation of nature and natural Resources (IUCN) has



estimated that out of 18,000 to 20,000 species of flowering plants in India, about
1000 species falls under conservation category (Manimozhi, 2019). According to
Jain (1987) out of about 15,000 species of Indian flowering plants, nearly 2500
species are under various degrees of threat. However, religion and religious values
of Hindu have a major role in persuading constant efforts in protecting and
managing the plants in temples and their vanity for more than 3000 years. The
main idea behind the establishment of Sthalavriksam, Nandavanas and dedication
of sacred groves are ensured in planting, maintaining, protecting and conserving
plant species for posterity. All these became evidence for the people’s knowledge
on the holistic importance of plants in purifying the temple’s atmosphere and

devotees’ health (Prabakaran and Sabari Lakshmi, 2017).

The plant, primarily worshipped are Peepal (Ficus religiosa), Neem
(Azardirachta indica), Bael (Aegle marmelos), etc. There are some temples which
have more than one Sthalavriksham simultaneously, like Ficus religiosa L. and
Azardirachta indica Adr. Juss. etc. Some of the important temple festivals are
associated with the sthalavriksham of the temples. Sthalavriksha mostly occurs in
tree habit, in main or big temples of Tamilnadu. In some temples, it occurs in
herb, shrub, grass or climber forms. Sacred trees are therefore handled as any
other sacred space, and it is thus not surprising that many of the customs and
ceremonies mentioned in sacred places, in general, are also observed at the sites of
sacred trees. This habit shows characteristically the importance of medicinal
plants in Indian System of Medicine. Medicinal parts of the Sacred Trees

(Sthalavrikshas) are practiced in different forms. It is presented in the form of



paste, juice, dried powder and made into tablets and juices mixed with sugar and

honey to cure various diseases (Amirthalingam, 1998).

Traditionally Sthalavriksham plant has been used for the treatment of
various diseases. These medicinal plants are also used as food, flavonoid,
medicine or perfume and also in certain spiritual activities. Medicinal plants are
essential natural resource which constitutes one of the potential sources of new

products and bioactive compounds for drug development (Jayakumar, 2017).

Plants have the ability to synthesize a wide variety of chemical compounds
that are used to perform important biological functions, and to defend against
attack from predators such as insects, fungi and herbivorous mammals. The use
of plants as medicines predates written human history. Ethnobotany is recognized
as an effective way to discover future medicines. (Fabricant and Farnsworth
March 2001). All plants produce chemical compounds as part of their normal
metabolic activities. These phytochemicals are divided into primary metabolites
such as sugars and fats, which are found in all plants; and secondary metabolites
compounds which are found in a smaller range of plants, serving a more specific
function, (Meskin and Mark 2002). In 2001, researchers identified 122
compounds used in modern medicine which were derived from "ethnomedical"
plant sources; 80% of these have had an ethnomedical use identical or related to
the current use of the active ingredients of the plant. Many of the medicines
currently available to physicians have a long history of use as herbal remedies,
including aspirin, digitalis, quinine, and opium, (Jayakumar, 2013a; Jayakumar,

2016a & b).



The wood of the sacred trees like vilvam, banyan, vanni, purasu and pipal
is never employed as fuel, as it is believed to invite the anger of gods. But it is

employed in other ways, in sacrificial rites and ceremonies (Sudhakar 2016).

'Sthalavriksham' to be preserved through cloning:

The Hindu Religious and Charitable Endowments Department has asked
the executive officers of temples and departmental inspectors to adopt cloning to

preserve Sthalavriksham or tree unique to each temple.

Describing every Sthalavriksham as a unique germplasm, a recent
communication of the department urges the officials to take the help of experts
from the Agriculture Department or the Tamil Nadu Agricultural University
(TNAU) for the task. The communication, issued by Additional Chief Secretary,
also asks the executive officers to ensure that enough clones are kept in carefully
quarantined, separate places in nandavanam or flower garden. Even in private
temples, the HR&CE inspectors should take steps to preserve Sthalavriksham.
(http://www.thehindu.com/The Hindu /Home> News> National> Tamil Nadu/ by

T Ramakrishnan / Chennai — December 03rd, 2014)
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SCOPE AND OBJECTIVES

The plant kingdom in a locality is the basic evidence of that location even
the place surpasses several eras. Among them, some trees are very special to
spirituality. A tree in a temple is called Sthalaviruksha that is a useful one
religiously, medically and also helpful to devotees to give its shade. The Sthala
vriksha gives leaves and flowers. Each temple will have different virukshas
(trees) according to the temple puranas and every viruksha is having a
story. Traditionally, the Indian population has been worshipping rivers, lakes,
mountains, trees and other natural resources. People of India have been living

very closely with the Nature and thriving well on the natural resources.

In a Hindu temple, there will be three important factors namely Sthala,
Theertham and Murthy. Sthala refers to the Temple, Theertham, to the Temple
tank and Murthy, the deity worshipped. The reason for this is, the place, the
water resource, and the trees will have to be venerated along with the deities as
all are important for peaceful living of all beings. A temple may also be

associated with trees - sthala vriksham.

In Hinduism, It is belief that Gods residing in trees. For example, the
peepal tree represent the three supreme gods- Vishnu, Brahma, Shiva. The roots
represent Brahma, the trunk represent Vishnu and the leaves of the tree represent
Shiva. Peepal tree has its uses in Ayurvedic medicines as well and is known to

treat many ailments.



Sthalaviruksha's main motivation is to use the flowers, leaf for temple
poojas. Bilva leaf for Shiva pooja and similarly every tree in the sthala will be
used for pooja along with flowers. The significance of growing Sthalaviruksha is
useful for immediate medical purposes. Ladies who fear pimples, its paste is a
good medicine. Even the sting of scorpion is cured when its ashes are applied on
the place of bite. As it is an anti-microbial agent, it purifies the environment. In
particular, medicinal uses of sthalavirishas were referred to, based on secondary

sources only.

Traditionally known as “Pearl City” on account of the prevailing Pearl fish
in the past in the area, Thoothukudi has a fascinating History. There are many
famous temples in and around Thoothukudi. So, it is an important place for
Hindu pilgrims. conducted in field was scanty. The study and survey of
sthalavriksha of Thoothukudi was not carried out before and the present work is
the first of its kind. Hence the present survey on ‘Sthalavirikshas of various
temples in Thoothukudi, Tamil Nadu was designated to gather data. The survey

has been undertaken with the following objectives:

» To document different Sthalavriksha species and their associated deities in
the temples.

» To study the biological description of sthalavriksham

» To study the medicinal value of sthalavriksham

> To know the conservation status of sthalavriksham
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AREA OF STUDY

Thoothukudi, is a port city, a municipal corporation and an industrial city
of Tamil Nadu. Traditionally known as “Pearl City” on account of the prevailing
pearl fish in the past in the area, Thoothukudi has a fascinating History. Forming
part of the Pandian kingdom between 7th and 9th Century A.D. The city lies in
the Coromandel Coast of Bay of Bengal. Thoothukudi is the capital and
headquarters of Thoothukudi district. Thoothukudi and Rameswaram shores in
the Gulf of Mannar are noted as the first Marine Biosphere Reserve of India, and
have around 36,000 species of flora and fauna. This protected area is called Gulf

of Mannar Marine National Park.
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Figure 1: Study Area- Thoothukudi District (Google Map)
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Sthalavrikshams in temples indicate the importance given for plants and
trees in those days. Every temple has one plant or tree as Sthalavriksham. While
these are protected in some temples, they are not seen in some (Jayakumar, 2019).
Most of these temples have their own Sthalavrikshas (temple trees) and
Nanthavanam (flower garden). Sacred plants provide food, shelter and nesting
substratum for several species of birds and squirrels. All souls of certain species
are completely protected (Kumar and Aruna, 2018).

Today, such groves occur in many parts of India, both in tribal tracts and
outside of it. Due to traditional beliefs, both the devotees and temple authorities
serve as protectors of the Sthalavriksha in temples and if a tree dies because of old
age, it is usually replaced by a sapling from the same species. Hence, the tree
occurs constantly in a temple for several centuries (Gunasekaran and
Balasubramanian, 2012). Sacred groves are a group of trees or a patch of
vegetation protected by the local people through religious and cultural practices
evolved to minimize destruction. The sacred trees are very good ex- situ
conservation where a single plant is conserved and worshipped Such sacred trees
are rather medicinal plants, or a representative element of respective ecological
region or a source of edible parts of a plant (Israel et al., 1997).

Occurrence of sacred groves at several spaces in India, clearly defines the

community’s attachment to nature. Sacred plants play a really significant role in
ecology. Due to their ecological value and effective properties, sacred plants

continue to be employed in the religious and social festivals of the Hindus



(Vinoth kumar and Aruna 2018). In contrast to ‘sthala viruskshas’ certain patches
of forest, ponds, and stretches of river are protected by the local community by
giving them a sacred status. Sacred groves are usually dedicated to a deity, very

often a local deity (Israel et al. 1997).

Sthalavrikshas are valued for their botanical, medicinal, environmental,
religious and mythical importance. The Sthalavrikshas of Tamil Nadu constitute
a part of genetic resources for the conservation of species diversity and forms an

important biological heritage of our nation (Sasikala, 2014).

Study of Sthalaviruksham:

Mohantry et al. (1997) surveyed the role of temples and holy places in
nurturing the surrounding flora and its habitat. They recorded eightysix kinds of
plants in temple yards and gardens of Orissa, where they are cultivated and

preserved for different temple rituals.

Narasimhan et al. (1997) conducted a survey of sacred groves in Tamil
Nadu. They surveyed 383 temple sthalas in Tamil Nadu of which 275 represent
‘Siva sthalas’ and 109 the ‘Vaishnava sthalas’ endangered and endemic species

were recorded.

Ethnomedicinal uses of Sthalavriskshas survey was conducted by
Gunasekaran and Balasubramanian (2012) in the temple of Tamilnadu at 1165
ancient temples of the state and revealed the occurance of 112 plant species. At

the time of study, several ethnomedicinal uses of 101 Sthalavriksha species were

10



recorded by both direct observations and referred to by devotees, priests and

Nattuvaidyas in the temples.

Twenty temples of Tiruchirappalli were visited during the period of June
2008 to May 2009 and sixteen Sacred Trees were recorded along with the name of
the place, temple, deity, binomial and common name. The botanical features,
ecological, economic and medicinal potentials were enumerated based on the
literature surveyed (Umavathi and Parvathi, 2012).

Nandkishor (2013) recorded plants from sacred groves and their medicinal

uses from Amravati District (Maharashtra).

Tholkappiyavathi et al. (2013) surveyed the Sthalavrikshas of
Nagapattinam. According to their records, 16 temples have Sthalavrikshas while
20 such element exists in remaining temples. 9 species of Sthalavrikshas have

been recorded in these 16 temples.

Taxonomy and ethnobotany of Sthalavrikshas survey was conducted by
Greeshma et al. (2014). They surveyed 120 temples and out of 120 temples 68
temples only have the sthalavrikshas. They recorded 16 plant species. Among the
16 species 15 have reported medicinal values.

Nair et al. (2014) described the taxonomy and ethnobotany of
Sthalavrikshas in Palakkad, the largest district of Kerala. He surveyed 68 out of
120 temples within the study region reported presence of Sthalavrikshas and pre-
designed questionnaire w to collect data on individual Sthalavrikshas. Information
pertaining to beliefs, rituals, and culture associated with sthalavriksha worship

were prepared by interviewing temple priests, temple staff and local public.
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Historic details of respective temples were compiled from temple manuscripts.
Ethnobotanical importance sthalavrikshas were captured by consulting local
traditional healers and practicing doctors of Indian System of Medicine

(Ayurveda) and available elders.Sivali

Gautam and Rajan (2014) highlighted the importance of traditional
knowledge, culture and tradition practices in achieving sustainable development.
They reviewed the description of eco-centric approach of different religions,
community, ethnic groups and sects of India. They described sacred groves,
environmental laws and some of the most significant environmental movements of

India.

Sivalingam et al. (2016) have undertaken a survey at six big temples in
Cuddalore district, Tamil Nadu, India. They recorded six plant species and their
conservation status of, their religious value, social and economic values. They
were used to treat 30 diseases and 12 major ailment categories. Leaves were the
most frequently used plant part. Based on IUCN red data, the identified sacred
plants include one least concerned species, one vulnerable species and two

endangered and threatened species.

Prabakaran and Lakshmi (2017) surveyed the Sthalavrikshas of 106
temples in Salem, Namakkal and Karur districts of Tamil Nadu, India. In this
study 81 temples of Sthalavrikshas were found and a total of 18 plant species were
recorded. They also recorded temple gardens of 27 temples and there were 41
species were recorded. Few Sthalavrikshas were found as fossilized forms and this

was unique to the study.
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The survey of Sthalavriksha of temples was conducted in Erode district of
Tamil Nadu, India from the month November 2017 to March 2018 (Periyasamy
and Saranya, 2018). A total number of 52 temples surveyed which includes 28
Shiva temples, 8 Perumal temples, 7 Amman temples, 7 Murugan temples and
two other deity temples. Out of 52 temples surveyed, Sthalavrikshas found in 47
temples. A total of 25 plant species of Sthalavriksha belonging to 14 families,
belong to 25 genera were recorded. All the recorded 25 Sthalavrikshas species
belong to angiosperms and are dicotyledons. Among 14 families, Caesalpiniaceae
is the most dominant family represented by 3 species followed by Rutaceae and
Moraceae represented 2 species each. Among the 25 species, Aegle marmelos was
the most frequently recorded in temples followed by Prosopis spicigera, Ficus
religiosa and Azadirachta indica. The medicinal uses of the Sthalavriksha have
gathered from the available literature, priests and temple authorities. All 18 plant
species of Sthalavrikshas have medicinal values. Different parts of the
Sthalavriksha are used for medicinal purpose. The entire plant (2 species), bark (9
species), fruits (4 species), leaves (8 species), flower (3 species), gum and seed (2

species) and root (1 species) are used for medicinal purpose.

A study of Sthalavrikshas was conducted by Kumar and Aruna (2018) in
the temples of Madurai district. The study revealed the presence of Sthalavrikshas
in 65 temples out of 100 temples studied. Totally 31 species of Sthalavrikshas
recorded in these 65 temples. The recorded plant species belong to 20 families.
Among that family of Moraceae and Fabaceae dominated together with 4 species
followed by Rutaceae, Rubiaceae, Anacardiaceae and Mimosaceae family

consequently represented with 2 plant species.
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Periyasamy el al. (2018) conducted a survey of Sthalavriksha of temples in
Erode district of Tamil Nadu, India from the month November 2017 to March
2018. They surveyed 52 temples surveyed which includes 28 Shiva temples, 8
Perumal temples, 7 Amman temples, 7 Murugan temples and two other deity
temples. Out of 52 temples surveyed, Sthalavrikshas found in 47 temples. Total of
25 plant species of Sthalavriksha belonging to 14 families, belong to 25 genera
were recorded. All the recorded 25 Sthalavrikshas species belong to angiosperms
and are dicotyledons. They recorded medicinal uses of the Sthalavriksha have
gathered from the available literature, priests and temple authorities.

Jeyakumar (2019) documented the sthalavrikshas of 5 Shiva temples in
and around Mayiladuthurai, Southern India, 5 plant species were recorded. Plant
species were arranged by binomial name, vernacular name, family name with age
of trees, ICBN norms and medicinal uses. The phenology of Sthalavrikshas was

documented by interview and direct observation of plants.

Manimozhi (2019) conducted a survey on sthalavirutcham and
conservation of medicinal plants in the temples of Tamil Nadu, Southern India.
The survey was conducted in about 19 temples of Lord Shiva located in Tamil
Nadu, Southern India including Pancha Bootha Sthalangal, Pancha Sabai
Sthalangal, Navagraha Sthalangal and documented to ensure awareness on the

traditionally important plants.
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MATERIALS AND METHODS

The survey of Sthalavirukshas was conducted in the temples of
Thoothukudi District. Temples were frequently visited and surveyed for the
Sthalavrikshas from the month of December 2020 to March 2021. Sthalavrikshas
were photographed (Plate 1-19) and characters were noted for the identification
purpose. Taxonomic identification was done using Gamble’s Flora of presidency
of Madras (1997). Binomials of the plants with family, their local names, parts
used and medicinal uses were recorded from the available literature (Joshi, 2008).
The conservation status of the Sthalavrikshas was recorded based on IUCN red

data list (IUCN redlist.org.2014).
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TAXONOMIC DESCRIPTION

Botanical Name: Aegle marmelos Corr.
Vernacular Name: Vilvam

Family: Rutaceae

Description:

Aromatic tree, grows up to 18 meters tall and bears long thorns, leaves usually
3-foliolate, sometimes 5S-foliolate; leaflets ovate-lanceolate, lateral sessile,
terminal long-petioled, Flowers: borne in few-flowered, axillary panicles,
greenish-white, sweet-scented. Fruits: large, 8-15 celled, pulp orange, sweet, seeds
numerous in aromatic pulp, oblong, compressed and mucilaginous.

Botanical Name: Azadirachta indica A. Juss.
Vernacular Name: Vembu

Family: Meliaceae

Description:

Trees, Leaves alternate, imparipinnate, leaflets sub opposite, serrate, very
unequal at base, flowers hermaphrodite, in auxillary panicles. Calyx 5-lobed.
Petals 5, imbricate, free. Disk O.Staminal tube a little shorter than the petals,
cylindric, widening above, 9-10 lobed at the apex, the lobed at the apex, the lobes
truncate, again slightly toothed, Ovary 3-celled; ovules 2 in each cell, Fruit a 1-

seeded drupe.

Botanical Name: Borassus flabellifer Linn
Vernacular Name: Panai

Family: Arecaceae
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Description:

Tree and can reach a height of 30 metres, trunk is grey, robust and ringed
with leaf scars, leaves are fan-shaped and 3 m long, Petals 3, obovate-spathulate,
to 2 mm. Stamens 6; anthers to 1 mm; pistillodes small, bristly. Female flowers
large, globose. Perianth fleshy, accrescent. Sepals reniform, imbricate. Petals
smaller, convolute. Ovary globose, entire, 4-celled; ovules basal; stigmas 3,
sessile, recurved; staminodes 6-9. Drupes to 13 cm across, globose, yellow when
ripe, with 1-3 compressed pyrenes. male flowers are less than 1 cm long and form
semi-circular clusters, which are hidden beneath scale-like bracts within the
catkin-like inflorescences, the female flowers are golfball-sized and solitary,
sitting upon the surface of the inflorescence axis, fleshy fruits, each containing 1-3
seeds, fruits are black to brown with sweet, fibrous pulp and each seed is

enclosed within a woody endocarp.

Botanical Name: Tamarindus indica Linn
Vernacular Name: Puli

Family: Fabaceae

Description:

Tree. Leaves abruptly pinnate; leaflets many, small, opposite;
stiplesO.Flowers in racemes at the ends of branches; calyx-tube turbinate, lobes 4
lanceolate, membranous, imbricate. Petals 3, stamens 3, ovary stipitate,
stylefiliform; stigma capitates. Pod linear-oblong, incurved, thick, seeds obovate-
orbicular, compressed, testa hard, albumen 0. Usually oblong; ovules 1-2, basal

and erect fruit a ring of one - seeded berries.
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Botanical Name: Ocimum tenuiflorum Linn
Vernacular Name: Tulsi

Family: Lamiaceae

Description:

Herbs, strongly aromatic from oil glands. Leaves opposite, toothed,
petioled; floral leaves small, bract like, usually caduceus. Flowers small, in whorls
of 6-10 on the axis of elongate spikes, which are some times panicled; pedicled;
pedicles with recurved tips; bracts small, caduceus. Calyx ovoid, deflexed in fruit
and then usually enlarged and hardened, 2 liped; upper broad, flat decurrent, lower
lip with 4 mucronate teeth, the 2 middle ones usually the longest. Corolla 2-liped;
tube short, upper lip subequally 4-lobed. Stamens 4 didynamous, declinate,
exserted; filaments out. Disk entire or 3-4 lobed. Ovary 4-partite; style slender,

bitfid at apex. Fruit of 4 dry, smooth, nutlets, often mucilaginous when wetted.

Botanical Name: Ficus benghalensis Linn
Vernacular Name: Aala

Family: Moraceae

Description:

Trees. Leaves alternate, stipules sheathing the bud, caduceus and leaving
annular scars, flowers minute inserted on the inner walls of a fleshy receptacle,
stamens usually 1, erect in bud. Style excentric; ovulesolitary, pendulous neuter
perianth usually 3-fid. Fruit an fleshy; Albumen scanty; embryo curved,

cotyledons equal.
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Botanical Name: Ficus religiosa Linn
Vernacular Name: Arasu

Family: Moraceae

Description:

Deciduous tree, 20 m tall, irregularly-shaped, with wide-spreading branches,
bark is grey with brownish specks, leaves alternate, spirally arranged and broadly
ovate, glossy, coriaceous (leathery), stipulate, base-cordate. Petioles is slender,
Galls on leaves, margin entire, undulate, glabrous, flowers axillary sessile,
unisexual, male flowers ostiolar, sessile, in one ring, tepals 2, ovate-lanceolate,
free, reddish; stamen 1, anther oblong, parallel; female flowers sessile; tepals 3-4,
linear-lanceolate, free stigma rounded inflorescence a syconia, sessile ovary

superior, ovoid-oblong.

Botanical Name: Calophyllum inophyllum Linn
Vernacular Name: Punnai

Family: Calophyllaceae

Description:

Large tree, usually grows 12-20 m in height, tall, often leaning, with
broad, spreading crowns, opposite leaves are elliptical, dark green, shiny, rounded,
leaf veins run parallel to each other and perpendicular to the midrib, bears clusters
of fragrant white flowers, 4-8 oblong petals, fruit ball-shaped, which turns yellow
and then brown and wrinkled when the fruit is ripe, covers the thin pulp, the shell,

a corky inner layer, and a single seed kernel, large brown.
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Botanical Name: Ipomaea pes-capraen Sweet
Vernacular Name: Kadambam

Family: Convolvulaceae

Description:

Prostrate perennial slender, creeping vine, with a succulent stem, leaves
are thick, notched at the apex, creating two equal lobes, fleshy leathery leaves,
ovate, obovate, elliptic, orbicular or transversely elliptic to kidney-shaped, stem is
flexible, branches freely and roots at the nodes, flowers are very showy, pink to
lavender purple funnels about 2 in long, stamens and style are surrounded entirely
by the petals, filaments are hairy at the base and the ovary is smooth, fruit is a

spherical, 4-locular capsule, single dark brown seed.
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Sthalavrikshas of Various Temples in Thoothukudi

Plate 1

Maragatha Vinayagar Arulmigu Sri Ulaganda Eeswari Amman
Ficus religiosa Linn Kovil
Azadirachta indica A. Juss Azadirachta indica A. Juss

Karpaga Vinayagar Arulmigu Sri Muniyasamy Thirukkovil
Ficus religiosa Linn Ficus religiosa Linn



Plate 2

Arulmigu Sri Santhanamariamman Kovil Sri Sakthi Vinayagar Alayam
Azadirachta indica A Juss Ficus religiosa Linn

Sri Mariamman Kovil Sri Pathrakaliamman Kovil
Azadirachta indica A Juss Ficus religiosa Linn



Arulmigu Sri Bharatha Sithi Vinayagar Sri Varatha Sithi Vinayagar Alayam
Alayam
Ficus religiosa Linn Ficus religiosa Linn

BRRSSS:
..

-

Sri Mela Kali Amman Kovil Sri Anantha Leengeshwarar kovil
Azadirachta indica A Juss Azadirachta indica A Juss
Ficus religiosa Linn



Plate 4

Sri Gnana Ganapathy Thirukkovil Sri Esakkiamman Kovil
Ficus religiosa Linn Azadirachta indica A Juss

Sri Sundara Vinayagar Vinayagar Alayam
Ficus religiosa Linn Ficus religiosa Linn



Plate 5

Sri Vinai Theerkum Vinayagar Alayam Sri Sakthi Vinayagar Thirukovil
Ficus religiosa Linn Ficus religiosa Linn

Sri Kailasanathar temple Kankanda Theivam Sri
Aegle marmelos Corr Pathirakaliamman
Ficus benghalensis Linn



Plate 6

LY
Arulmigu Sri Selva Vinayagar Alayam Sri Sithi Vinayagar Thirukovil
Ficus religiosa Linn Ficus religiosa Linn

¥
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Sri Santhivinayagar Thirukovil Arulmigu Sivanaintha perumal Thirukovil
Ficus religiosa Linn Ficus religiosa Linn



Sri Durga Alayam Sri Selva Vinayagar Alayam
Azadirachta indica A Juss Ficus religiosa Linn

Arulmigu Sri Mangalajala Kanapathi
Alayam
Ficus religiosa Linn
Azadirachta indica A Juss

Sri Selva Vinayagar Kovil
Ficus religiosa Linn



Plate 8

Arulmigu Sri Kaliamman Thirukovil Sri Sri Radhakarishnaperumal Alayam

Ocimum tenuiflorum Linn
T A § T"f '-. o I ¥

Arulmigu Sri Muktheeshwarar Arulmigu Sri Petchi Ambaal Thirukkovil
Thirukkovil Ficus religiosa Linn
Ficus religiosa Linn



Plate 9

Sri Bala Vinayagar Sri Chithi Vinayagar
Ficus religiosa Linn Ficus religiosa Linn

Arulmigu Sri Pathirakaliamman Arultharum Annai Sri Santhana
Thirukkovil Mariamman Kovil
Azadirachta indica A Juss Azadirachta indica A Juss



Plate 10
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Sri Karpaga Vinayagar Alayam Om Sakthi Amman Kovil
Ficus religiosa Linn Azadirachta indica A Juss

Arlmigu Sri pathirakaliamman Kovil Sri Sithi Vinyar Alayam
Ficus benghalensis Linn Ficus religiosa Linn
Azadirachta indica A Juss



Plate 11

Arulmigu Sri Pathirakali Amman Arulmigu Sri Pathirakali Amman Kovil
Thirukovil Azadirachta indica A Juss
Azadirachta indica A Juss Ficus religiosa Linn

Sri Santhana Mariamman Kovil  Arulmigu Sri Karpaga Vinayagar Alayam
Azadirachta indica A Juss Aegle marmelos Corr



Plate 12

Sri Sundara Pandiya Vinayagar Arulmigu Sri Perumal Kovil
Ficus religiosa L Ocimum tenuiflorum Linn

Arulmigu Sri Kaliamman Thirukovil Sri Utchi Vinayagar Kovil
Azadirachta indica A Juss Ficus religiosa Linn



Plate 13

Arulmigu Sri Peraathu Selvi Ambaal Sri Athisakthi Vinayagar Thirukkovil
Thirukkovil Ficus religiosa Linn
Ficus religiosa Linn

Sri Santhana Mariamman Thirukkovil Sri Kanni Vinayagar Kovil
Tamarindus indica Linn Ficus religiosa Linn



Plate 14

P i

Sri Amirtha Vinayagar alayam Sri Pon Vinayagar
Ficus religiosa Linn Ficus religiosa Linn

Sri Vinayagar Alayam Sri Bala Vinayagar Alayam
Ficus religiosa Linn Ficus religiosa Linn
Azadirachta indica A Juss



Plate 15

Sri Selva vinayagar Thirukovil Vaikundapathi Perumal Kovil
Ficus religiosa Linn Ocimum tenuiflorum Linn

Arulmigu Sri Nagakanni Amman Punnai Sri Srinivasa Perumal Kovil
Thirukkovil Borassus flabellifer Linn
Calophyllum inophyllum Linn



Plate 16

Arulmigu Suyambulinga Swamy Sri Vinayagar Thirukkovil
Thirukkovil Ficus religiosa Linn
Ipomaea pes-caprae Sweet Azadirachta indica A Juss

Arulmigu Sivakkozhuntheeswarar Thiruchendur Arulmigu Subramaniya
Thirukkovil Swamy Temple
Aegle marmelos Corr Ficus religiosa Linn



Plate 17

Sri Varasithi Vinayagar Thirukkovil Sri Sundara Pandiya Vinayagar Kovil
Azadirachta indica A Juss Ficus religiosa Linn
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Shankara Ramesl}warar pdan“"ai Arultharum Mutharamman Thirukkovil
Pagampriya Kovil Ficus religuosa Linn
Aegle marmelos Corr



Plate 18

Arulmigu Vembadi Esakkiamman Arulmigu Sri Sakthi Sundara Vinayagar
Thirukkovil Thirukkovil
Azadirachta indica A Juss Ficus religiosa Linn

Sri Ganapathy Alayam Sri samayapuram Kaliamman Alayam
Ficus religiosa Linn Azadirachta indica A Juss



Plate 19

Arulmigu Sri Pathirakaliamman Thirukovil
Azadirachta indica A Juss
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RESULT AND DISCUSSIONS

Sthalavriksha worship in temples is a famous religious practice in India.
Sthalavrikshas worshipped in plants are a means of conservation of plants. Plants
in the temple gardens are cultivated and maintained and this is also a means of
conservation of plants. This investigation is the first attempt to survey the

Sthalavrikshas of 92 temples in Thoothukudi District, Tamilnadu, India.

Table 1 explains that, out of the surveyed 92 temples, there were only 73
temples in which Sthalavriksha were present (Plate 1-19). The temples found
among them 36 were Vinayagar temples, 24 were Amman temples, 7 were Lord
Siva temples, 4 were Perumal temples, 1 were Lord Murugan temple and 1 were
Muniyasamy temple. Binomial name of Sthalaviriksham, their local name and
family were also noted in Table 1. Total of 9 plant species belongs to 8 genera and
8 families were recorded (Table 2). Figure 2 indicates the percentage of
distribution of Sthalavirukshas. Most of these plants belong to Dicotyledons of
angiosperms and one species belongs to Monocotyledons (Borassus flabellifer, L).
The frequently occurring species was Ficus religiosa recorded in 42 temples

followed by Azadirachta indica in 20 temples.

The Sthalavrikshas also well noted for their biocultural aspects. From the
survey, it was noted that the devotees tie bangles, cradles, paper slips containing
their demand and mantras and even clothes on these Sthalavrikshas for good
health, to possess child, for getting married and to achieve desired boon. In some

temple the Sthalavrikshas are worshipped as God by devotees by offering flowers,
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Table 1: Sthalavriksham of various Temples in Thoothukudi District

Local
S.No Temple name Sthalaviriksham Family
name
Arulmigu Sri Sakthi Sundara )
1 . . _ Ficus religiosa Linn | Arasu Moraceae
Vinayagar Thirukkovil
Arulmigu Vembadi Esakkiamman | Azadirachta indica A
2 Vembu Meliaceae
Thirukkovil Juss
3 | Arultharum Mutharamman Ficus  religiosa
Arasu Moraceae
Thirukkovil Linn
Shankara Rameshwarar Udanurai
4 Aegle marmelos Corr | Vilvam Rutaceae
Pagampriya Kovil
Sri Sundara Pandiya Vinayagar )
5 Ficus religiosa Linn Arasu Moraceae
Kovil
Sri samayapuram Kaliamman Azadirachta indica A
6 Vembu Meliaceae
Alayam Juss
Sri Varasithi Vinayagar ]
7 Ficus religiosa Linn Arasu Moraceae
Thirukkovil
8 Thiruchendur Arulmigu Ficus religiosa Linn
Subramaniya Swamy Temple Arasu Moraceae
Arulmigu Sivakkozhuntheeswarar
9 Aegle marmelos Corr | Vilvam Rutaceae
Thirukkovil
o ) ) Ficus religiosa Linn
Sri Vinayagar Thirukkovil, Arasu Moraceae
10 Azadirachta indica A
Uvari Vembu Meliaceae
Juss
. Arulmigu Suyambulinga Swamy | Ipomaea pes-caprae Kadamba | Convolvulace
Thirukkovil Sweet m ae
Punnai Sri Srinivasa Perumal Borassus flabellifer
12 Palm Arecaceae
Kovil Linn
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Arulmigu Sri Nagakanni Amman | Calophyllum ) Calophyllacea
13 ) Punnai
Thirukkovil inophyllum Linn e
) ) ) Ocimum tenuiflorum . Lamiaceae
14 | Vaikundapathi Perumal Kovil ) Tulsi
Linn
Arulmigu Sri selva vinayagar
15 Ficus religiosa Linn Arasu Moraceae
thirukkovil
Ficus religiosa Linn Arasu Moraceae
16 | Sri Bala Vinayagar Alayam Azadirachta indica A
Juss Vembu Meliaceae
Ficus religiosa Linn Arasu Moraceae
17 | Sri Vinayagar Alayam
18 | Sri Pon Vinayagar Ficus religiosa Linn Arasu Moraceae
19 | Sri Amirtha Vinayagar alayam Ficus religiosa Linn Arasu Moraceae
20 | Sri Kanni Vinayagar Kovil Ficus religiosa Linn Arasu Moraceae
Sri Santhana Mariamman Tamarindus indica
21 Puli Fabaceae
Thirukkovil Linn
Sri Athisakthi Vinayagar
22 Ficus religiosa Linn Arasu Moraceae
Thirukkovil
Arulmigu Sri Peraathu Selvi _
23 Ficus religiosa Linn Arasu Moraceae
Ambaal Thirukkovil
Ficus religiosa Linn
) o ) Arasu Moraceae
24 | Sri Utchi Vinayagar Kovil Azadirachta indica A
Vembu Meliaceae
Juss
Arulmigu Sri Kaliamman Azadirachta indica A
25 Vembu Meliaceae
Thirukkovil Juss
Ocimum tenuiflorum Lamiaceae
26 | Arulmigu Sri Perumal Kovil Tulsi
Linn
] ) ) ) Arasu Moraceae
27 | Sri Sundara Pandiya Vinayagar Ficus religiosa Linn
Arulmigu Sri Karpaga Vinayagar
28 Aegle marmelos Corr | Vilvam Rutaceae

Alayam



https://en.wikipedia.org/wiki/Meliaceae

Azadirachta indica A

29 | Sri Santhana Mariamman Kovil ] Vembu Meliaceae
uss
Arulmigu Sri Pathirakali Amman | Azadirachta indica A
30 Vembu Meliaceae
Thirukovil Juss
Arulmigu Sri Pathirakali Amman | Azadirachta indica A
31 Vembu Meliaceae
Thirukovil Juss
o ] Arasu Moraceae
32 | Sri Sithi Vinayar Alayam Ficus religiosa Linn
Arulmigu Sri pathirakaliamman Ficus benghalensis
33 Aala Moraceae
Kovil Linn
Azadirachta indica A
34 | Om Sakthi Amman Kovil Vembu Meliaceae
Juss
35 Arasu Moraceae
Sri Karpaga Vinayagar Alayam Ficus religiosa Linn
Arultharum Annai Sri Azadirachta indica A
36 Vembu Meliaceae
Santhanamariamman Kovil Juss
Arulmigu Sri Pathirakaliamman Azadirachta indica A
37 Vembu Meliaceae
Thirukovil Juss
o ) Arasu Moraceae
38 | Sri Sithi Vinayagar Ficus religiosa Linn
Arasu Moraceae
39 | Sri Bala Vinayagar Ficus religiosa Linn
Arulmigu Sri Petchi Ambaal ) Arasu Moraceae
40 Ficus religiosa Linn
Thirukovil
Arulmigu Sri Muktheeswarar Arasu Moraceae
41 Ficus religiosa Linn
Thirukovil
Sri Sri Rathakrishna Perumal Ocimum tenuiflorum Lamiaceae
42 Tulsi
Alayam Linn
Arulmigu Sri Kaliamman Azadirachta indica A
43 Vembu Meliaceae
Thirukovil Juss
44 | Arulmigu Sri Mangalajala Ficus religiosa Linn Arasu Moraceae




Ganapathy Alayam Azadirachta indica A | Vembu Meliaceae
Juss
) ) ) ) Arasu Moraceae
45 | Sri Selva Vinayagar Kovil Ficus religiosa Linn
) ) ) Arasu Moraceae
46 | Sri Selva Vinayagar Alayam Ficus religiosa Linn
‘ Azadirachta indica A )
47 | Sri Durga Alayam Vembu Meliaceae
Juss
Arulmigu Sivanaintha perumal Arasu Moraceae
48 Ficus religiosa Linn
Thirukovil
] o ) ) ] Arasu Moraceae
49 | Sri Santhivinayagar Thirukovil Ficus religiosa Linn
Arasu Moraceae
50 | Sri Sithi Vinayagar Thirukovil Ficus religiosa Linn
Arulmigu Sri Selva Vinayagar Arasu Moraceae
51 Ficus religiosa Linn
Alayam
Kankanda Theivam Sri Pathirakali | Ficus benghalensis
52 Aala Moraceae
Amman Linn
Arulmigu sri Kailasanathar ) Arasu Moraceae
53 Ficus religiosa Linn
Thirukovil
Arasu Moraceae
54 | Sri Sakthi Vinayagar Thirukovil Ficus religiosa Linn
Sri Vinai Theerkum Vinayagar ) Arasu Moraceae
55 Ficus religiosa Linn
Alayam
) ] Arasu Moraceae
56 | Vinayagar Alayam Ficus religiosa Linn
) ) ) Arasu Moraceae
57 | Sri Sundara Vinayagar Ficus religiosa Linn
Azadirachta indica A
58 | Sri Esakkiamman Kovil Vembu Meliaceae
Juss
59 Arasu Moraceae

Sri Gnana Ganapathy Thirukkovil

Ficus religiosa Linn




Azadirachta indica A

Vembu Meliaceae
60 | Sri Anantha Leengeshwarar kovil | Juss
Arasu Moraceae
Ficus religiosa Linn
Azadirachta indica A
61 | Sri Mela Kali Amman Kovil ] Vembu Meliaceae
uss
Sri Varatha Sithi Vinayagar _ Arasu Moraceae
62 Ficus religiosa Linn
Alayam
Arulmigu Sri Bharatha Sithi ] Arasu Moraceae
63 Ficus religiosa Linn
Vinayagar Alayam
Azadirachta indica A
64 | Sri Pathrakaliamman Kovil Vembu Meliaceae
Juss
Azadirachta indica A
65 | Sri Mariamman Kovil Vembu Meliaceae
Juss
) o ] Arasu Moraceae
66 | Sri Sakthi Vinayagar Alayam Ficus religiosa Linn
Arulmigu Sri Azadirachta indica A
67 Vembu Meliaceae
Santhanamariamman Kovil Juss
Arulmigu Sri Muniyasamy Arasu Moraceae
68 Ficus religiosa Linn
Thirukkovil
‘ ) Arasu Moraceae
69 | Karpaga Vinayagar Ficus religiosa Linn
Arulmigu Sri Pathirakaliamman Azadirachta indica A
70 Vembu Meliaceae
Thirukovil Juss
Arulmigu Sri Ulaganda Eeswari Azadirachta indica A )
71 Vembu Meliaceae
Amman Kovil Juss
Ficus religiosa Linn
Arasu Moraceae
72 | Maragatha Vinayagar Azadirachta indica A
Vembu Meliaceae
Juss
Arasu Moraceae
73 | Sri Ganapathy Alayam Ficus religiosa Linn




Table 2:

Distribution of Sthalavrikshas in different classes of Angiosperms

Families Genera Species

S.No Class No %0 No %0 No %0
1 Dicotyledons 8 88.89 7 87.5 8 88.89
2 Monocotyledons 1 11.11 1 12.5 1 11.11
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Figure 2: Percentage of Distribution of Sthalavrikshas in different classes of

Angiosperms




lighting of camphors and place turmeric and kumkum over the trunk. Similarly,
women often collect the withered plant materials of Sthalavriksha based on local
beliefs, for instance to tie the plant parts at their doorsteps to ward off evil spirits
(Gunasekaran et al. 2012). Those days our ancestors advised married women who
wished to have a child to go around the peepal tree and carry out their prayers.
Scientific researchers have revealed that peepal is the only tree that produces
oxygen in abundant quantity day and night. Those days’ peepal trees were planted
along with neem tree. The magnetic field created by both the trees along with pure
oxygen influenced the body organs and stimulated FSH/LH hormones which
enhance the reproductive process (Prabakaran and Lakshmi, 2014). All these
became evidence for the people’s knowledge on importance of plants in purifying

the temple’s atmosphere (Prabakaran et al. 2017).

Conservation Status of the Plants

The plant species Borassus flabellifer comes under endangered category
whereas Aegle marmelos comes under the near threatened category, all other

species except Ocimum tenuiflorum are of least concerned status (Table 3)

Generic Diversity:

Table 4 shows generic diversity of 8 families studied. Dicot families such
as Moraceae Lamiaceae, Rutaceae, Meliaceae, Convolvulaceae, Calophyllaceae,
Fabaceae represents one genus. Among the 8 families only one belongs to

monocotyledon (Arecaceae) that has one genus.
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Table 3: IUCN category of Sthalavrikshas

S.No Sthalavriksham IUCN Category
1 Aegle marmelos Near threatened
2 Azadirachta indica Least concern
3 Borassus flabellifer Endangered
4 Calophyllum inophyllum Least Concern
5 Ficus benghalensis Least concern
6 Ficus religiosa Common
7 Ipomaea pes-caprae Least concern
8 Ocimum tenuiflorum Not Assessed

Tamarindus indica

Least concern




Table 4: Generic diversity in different families of dicotyledons and

monocotyledons

Dicotyledons Monocotyledons No. of genera
Moraceae 1
Lamiaceae 1
Rutaceae 1
Meliaceae 1
Convolvulaceae 1
Calophyllaceae 1
Fabaceae 1
Arecaceae 1




Species Diversity:

Species diversity of this study is recorded in Table 5. 9 species belonging
to 8 families have been identified and studied. Moraceae has two species, other
families of dicot such as Lamiaceae, Rutaceae, Meliaceae, Convolvulaceae,
Calophyllaceae, Fabaceae represents one species. Among the 8 families only one

belongs to monocotyledon (Arecaceae) has only one species.

Diversity of Habitat Form:

Table 6 depicts different habit of species in different families. Most of the
habit is represented by tree. Among 9 species, tree contribute (77.78%), Herb
(11.11%), Climber (11.11%). There are no shrubs in both monocotyledons and

dicotyledons. (Figure-3)

Medicinal Taxa:

Medicinal taxa among Sthalavrikshas, their useful parts, medicinal
properties and their medicinal uses are given in the Table 7. All the surveyed
plants have the medicinal values. Aegle marmelos is the most utilized
Sthalavriksha followed by Azadirachta indica, Ocimum tenuiflorum. The sacred
plants cure various diseases, taken from various forms, such as juice, decoction,
powder, paste, used to cure for various diseases and ailments like Diarrhea, fever,

cough, cold, etc.

The devotees and local traditional medical practitioners use several
Sthalavriksha plants for treating various ailments. Normally, the priests or the

Vaidyas prescribe medicines with devotion and devotees consume the medicines
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Table 5: Species diversity in different families of dicotyledons and

monocotyledons

Dicotyledons Monocotyledons No. of species
Moraceae 2
Lamiaceae 1
Rutaceae 1
Meliaceae 1
Convolvulaceae 1
Calophyllaceae 1
Fabaceae 1
Arecaceae 1




Table 6: Habit forms of Sthalavrikshas

S.No Botanical Name Family Habit
1 Aegle marmelos Rutaceae Tree
2 Azadirachta indica Meliaceae Tree
3 Borassus flabellifer Arecaceae Tree
4 Calophyllum inophyllum Calophyllaceae Tree
5 Ficus benghalensis Moraceae Tree
6 Ficus religiosa Linn Moraceae Tree

7 Ipomaea pes-caprae Convolvulaceae Climber
8 Ocimum tenuiflorum Lamiaceae Herb
9 Tamarindus indica Fabaceae Tree
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Figure 3: Distribution of taxa in different habit forms




Table 7: Sthalavrikshas of temples and their medicinal significance

Botanical name

Useful parts

Medicinal properties

Medicinal uses

Aegle marmelos

Fruit, root, bark, seeds,
leaves, flowers

Antibilious, antiparasitical,
antipyretic, aphrodisiac, aromatic,
alternative, astringent, digestive
stimulant, febrifuge, hemostatic,
laxative, nutritive, stomachic,
stimulant, tonic. Fruits: cooling and
laxative.

Diabetes, dyspepsia, chronic
diarrhea, heart diseases, dysentery,
against peptic ulcers and respiratory
disorders, arrest secretion or
blooding, cure diahorrea and
dysentery, ear problems.

Azadirachta indica

Leaves, Flower, Seed Oil,
Bark

Anthelmintic, antiseptic, antifungal,
antidiabetic, antibacterial, antiviral,
contraceptive, sedative, mosquito
repellent, anti-desertification
properties and good carbon dioxide
sink.

Skin diseases, eczema, fever,
wound, ulcer, burning sensation,
tumor, worms, cough, diabetes,
inflammation and rheumatoid
arthritis. Leaf juice used as blood
purifier. Used in cosmetics and bio-
pesticide.

Tamarindus indica

Fruit, leaves, seed-kernel,
stem-bark.

Laxative, Anthelminthic,
antimicrobial, antiseptic, antiviral,
astringent.

Seed-kernel: used as milk purgative
and stimulant, used as liver tonic,
gastropathy, alcoholic intoxication,
dipsia, stoamachic, constipating,
leaves juice useful in bleeding piles
and dysuria, swellings, fever,
scalding of urine, gastropathy,
helminthiasis, wounds.

Ocimum tenuiflorum

leaves, stem, flower, root,
seeds

Oleanolic acid, ursolic acid,
rosmarinic acid, eugenol, carvacrol,

treatment of bronchitis, asthma,
malaria, diarrhea, dysentery, skin




linalool, and B-caryophyllene

diseases, arthritis, painful eye
diseases, chronic fever, insect bite
etc.

Piles, Diarrhea, Cut Wounds, Ulcer,

: .. Bark,Leaf,Fruit,root . . Cg . ) .
Ficus religiosa ark.Leal, FTuitroo Antibacterial, antidiabetic, antiulcer | dysentery, impotency and various
blood-related problems
Bark. Leaf, Fruit.root Piles, Diarrhea, Cut Wounds, Ulcer,

Ficus religiosa

Antibacterial, antidiabetic, antiulcer

dysentery, impotency and various
blood-related problems

Borassus flabellifer

Leaves, fruits

Antihelminthic and diuretic.

Antipyretic effects, anti-
inflammatory activity

Ipomaea pes-caprae

Leaves, roots, seeds,

alkaloids, flavonoids and sterols,
pentasaccharide resin glycosides,
betulinic acid, a-amyrin acetate, -
amyrin acetate

treat skin affections, ulcers, boils,
swellings, stings and wounds,
stomach pain, fever.

Calophyllum
inophyllum

Bark, leaves, flower,
seeds, roots

anticancer, anti-HIV, antiviral,
antitumor, anti-inflammatory,
antimicrobial, antineoplastic,
antiplatelet, antipsychotics,
antioxidant, antiaging

The bark is used to treat orchitis, The
resin is used to treat wounds and
insect bites, flowers are used as a
heart tonic, leaf infusion is used to
treat sore eyes, dysentery, root
decoction is used to treat ulcers,
boils and ophthalmia

Ficus benghalensis

Bark, root-fibers, leaves,
seeds, milky juice (i.e.
latex).

Astringent, aphrodisiac,
antiinflammatory

ulcers, erysipelas, vomiting, vaginal
complains, fever, inflammations,
leprosy, treatment of biliousness,
dysentery, inflammation of liver




with great belief. Most of the plants are said to contain medicinal properties
(Anon, 1988-89). Plants in the temple gardens are cultivated and maintained and
this is also a means of conservation of plants. The role of people in the
conservation of plant has been an age-old practice since historic period

(Prabakaran et al., 2017).

Edible Taxa:

Table 8 shows edible taxa among Sthalavrikshas and their edible parts.
Among 9 taxa, 7 species are edible. Of the seven species, fruits of six species
namely Aegle marmelos, Borassus flabellifer, Calophyllum inophyllum, Ficus
benghalensis, Ficus religiosa and Tamarindus indica are edible and they are has
high nutrition values. In 2 species include Ipomaea pes-caprae and Tamarindus

indica leaves are edible.

Thus, the above results and discussion proved the relation of the human
and the nature towards plant conservation. The traditional worshipping has
protected many plants which have tremendous medicinal value and made them as
sacred, so that with the fear of deity nobody eradicates it. So, we have to protect
these sacred plants for us and our next generation for better survival. On the basis
of this study, we have to follow our ancestor’s belief in humanity and nature

sustainability.
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Table 8: Edible taxa among surveyed Sthalavrikshas

S.No Botanical Name Family Edible parts
1 Aegle marmelos, Corr. Rutaceae Fruit
2 Borassus flabellifer. L Arecaceae Fruit
3 Calophyllum inophyllum, Linn Calophyllaceae Fruit
4 Ficus benghalensis, L Moraceae Fruit
5 Ficus religiosa, Linn Moraceae Fruit
6 Ipomaea pes-caprae, Sweet Convolvulaceae Leaves
7 Tamarindus indica, L. Fabaceae Fruit, leaves




SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

Thoothukudi District, unitary of the ancient districts of Tamil Nadu
famous for its religious culture, was investigated for the Sthalavrikshas in temples
by taking frequent visits for four months. This study is the first survey of
Sthalavrikshas of various temple and their medicinal uses in Thoothukudi District,
Tamil Nadu. We recorded 73 temples of Sthalavrikshas out of 92 temples. We
recorded 9 plant species belonging to 8 families. All the plants have the medicinal
values. Medicines are obtained from the Sthalavrikshas and are used in different
forms. Sthalavrikshas are valued for their botanical, medicinal, environmental,
religious and mythical importance. According to IUCN red data list (2014), the
plant species Borassus flabellifer comes under endangered category while Aegle
marmelos comes under the near threatened category. So necessary measures have

to be taken to preserve these plants.

Propagation of sthalavrikshas in temples contributes to the conservation of
our floral diversity. Some trees are significant for their economic use of
shipbuilding or in the timber industry, some for providing homes for various
animals, birds, and others for their medicinal value. In the present study, it is
concluded that the religious activities are having a close relationship with plants
boost up the mental health of local people of Thoothukudi District and many of
the sacred plants found in the household and temples were used for various
religious cultural activities as well as for health care. These sacred plants are
worshiped by the local people for getting the blessing of health and wealth by

positive powers of nature. Hence the religious ceremonies, rites act as a protective
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factor or device for the conservation of sacred plants. So, it is the duty of the
present generation to preserve and promote these aesthetic treasures to conserve
biodiversity and nature, which will surely play a part in the progression of human
beings. These sacred trees preserved through millennia by our ancestors as
potential bio resources should be respected and conserved for the future

generation.
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Introduction



INTRODUCTION

The environmental stress is a major area of scientific concern because it
constraints plant as well as crop productivity. This situation has been further worsened
by anthropogenic activities. Therefore, there is a much scientific saddle on researchers
to enhance crop productivity under environmental stress in order to cope with the
increasing food demands. The abiotic stresses such as salinity, drought, cold, and heat
negatively influence the survival, biomass production and yield of staple food crops.
According to an estimate of FAO, over 6% of the world's land is affected by salinity.
Thus, salinity stress appears to be a major constraint to plant and crop productivity.
Here, we review our understanding of salinity impact on various aspects of plant

metabolism and its tolerance strategies in plants (Parihar et al., 2014).

The extent of agricultural land that is affected by high salinity is increasing
worldwide, due to both natural phenomena and agricultural practices such as irrigation
systems (Munns and Tester 2008). Salinity poses two major threats to plant growth:

osmotic stress and ionic stress (Flower and Colmer 2008).

Salt in plants includes any factors that could lead to the death of the plants. Salt
stress as an over powering pressure of some adverse forces that prevent or decrease the
normal system of functioning. It is an unstable phenomenon and may occur in any
developmental stages of plant life. One of the cornerstones of civilization is sustainable
agriculture to provide food for the population. Although, we achieved this centuries
ago, there are still problems that need to be resolved. One problem is that as we use
irrigation to water our crops we deposit salts in the soil that are carried by irrigation

water but not absorbed by the plant in higher concentration (Abdul Qados, 2011).



Salt stress is a condition where excessive salts in soil solution cause inhibition
of plant growth or plant death. On the world scale, no toxic substance restricts plant
growth more than saline stress. Salt stress presents an increasing threat to plant
agriculture (Ahmad and Jhon, 2005). Salt stress has been a serious threat for crop
production in irrigated land, as expected salt stressed irrigated land is more than 20%
(Pitman and Lauchli, 2002), and estimated stressed area will expand to 50% of
irrigated land by 2050 (Wang et al., 2011). Plant physiological physiognomies are
extensively susceptible to the highly saline rhizosphere. High salt level affects seed
germination, plant life, and cropproductivity. Among the monocot crops, rice is salt
sensitive, and its productivity is severely affected by the accumulation of soluble salts

in soils (Ashraf, 2009).

. The physiological responses of a plant to salinity are often complex and multi-
faceted, which makes experiments difficult to design and interpret. Current plant
physiology has advanced, given the development of so-called ‘omics-driven’ research.
Physiological measurements have been revolutionized by new technologies, such as
high-throughput phenotyping, bioinformatics and novel analytical methods that have
enabled fields such as metabolomics to emerge. At a basic level, the response of plants
to salinity can be described in two main phases: the shoot ion- independent response
occurs first, within minutes to days, and is thought to be related to NaCl sensing and

signalling (Gilroy et al., 2014).

Plant responses to salinity have been divided into two main phases. An ion-
independent growth reduction, which takes place within minutes to days, causes
stomatal closure and inhibition of cell expansion mainly in the shoot (Rajendran et al.,

2009). A second phase takes place over days or even weeks and



pertains to the build-up of cytotoxic ion levels, which slows down metabolic processes,

causes premature senescence, and ultimately cell death (Roy et al., 2014).

Soil salinity has increased due to poor irrigation practices, the improper
application of fertilizers, and industrial pollution (Ouhibi et al., 2014). High salinity is
commonly due to high concentrations of Na and CI in the soil solution, resulting in
hyperosmotic and hyperionic conditions, which impede plant absorption of water and
nutrients from the soil (Ismail et al., 2014). Most crops are glycophytes, in which
growth and productivity are affected by salt stress (Slama et al., 2015). Due to their
sessile nature, plants have had to develop suitable mechanisms to adapt to highsalinity
environments during their long evolutionary history. Salt stress induces ionic stress,
osmotic stress, and secondary stresses, especially oxidative stress, in plants (Yang
and Guo, 2018). Under salt stress, plants have to adjust their physiological and
biochemical processes, involved in regulating ion and osmotic homeostasis, as well as
stress damage control and repair (detoxification) (Zhu, 2002). Adaptive responses to
salt stress can be grouped into three processes: osmotic stress, ionic stress, and

detoxification responses.

During germination under saline conditions, high osmotic pressure of saline
water is created due to capillary rise leading to more salts density at seed depth than at
lower soil profile, which reduces time and rate of germination (Mudgal et al., 2010).
In mungbean seedlings, high salt concentration causes increased H>O> content in both
roots and leaves, hence salts should be removed to ensure proper growth and
development (Saha et al., 2010). Both root and shoot lengths were reduced with
increased NaCl concentration, but roots were more damaged, with an increase in
number of lateral roots and increase in its thickness, compared to shoots (Misra et

al., 1996). Photosynthetic activity of mungbean is reduced due to reduced
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function of electron transport and instability of pigment protein complex (Promila
and Kumar, 2000). High salinity results in a decrease in total leaf area and stomatal
opening. Proline and glycinebetaine levels in roots and shoots increased in mungbean
(tolerant) cultivar ‘T 44’ subjected to NaCl stress at seedling stage. Increase was seen
with a supply of 5 mM CaCl; to 200 mM NaCl. Calcium ions play a key role in
osmoprotection and effects of Na* and Ca* are thus harmonizing the accretion of

osmolytes (Hu and Schmidhalter, 2005).

Increased proline levels occurred when proline oxidase activity was low and
high production of P-5-CR and y-glutamyl kinase in both roots and shoots. Thus,
calcium facilitated osmolytes synthesis in NaCl-stressed mungbean seedlings. When
three species of Vigna (V. radiata, V. mungo, and V. unguiculata) subjected to varied
doses of NaCl (50, 75, 100, 125, and 150 mM), reduction in chlorophyll content, sugar,
starchand peroxidase enzyme activity were observed in shoots and roots
(Arulbalachandran et al.,, 2009). Germination %, seedling growth rate, RWC and
photosynthesis decreased with increasing NaCl levels in all species. The growth
decrease was higher in mungbean than in black gram and cowpea. However, increase
of compatible solutes was higher in cowpea than in black gram and mungbean,

suggesting cowpea is more salt-tolerant than other two.

The effect of pre-soaking seed in 50, 100, and 1000 pM SA on growth
parameters of two mungbean genotypes (NM 19-19 and NM 20-21) under salinity stress
(50 and 100 mM NaCl) was studied (Shakeel and Mansoor, 2012) and found a reduced
seedling length and fresh/dry weight of both genotypes. Pre-soaking treatments (100
uM) with SA reduced salinity-induced decline. However, pre- treatment with a high
concentration (1000 uM) prior to salt treatment caused a significant reduction in mean

seedling length. NM 19-19 respond better under salt

10


https://www.frontiersin.org/articles/10.3389/fpls.2016.00957/full#B163
https://www.frontiersin.org/articles/10.3389/fpls.2016.00957/full#B163
https://www.frontiersin.org/articles/10.3389/fpls.2016.00957/full#B75
https://www.frontiersin.org/articles/10.3389/fpls.2016.00957/full#B12
https://www.frontiersin.org/articles/10.3389/fpls.2016.00957/full#B194

stress than NM 20-21. In a pot experiment (from Bangladesh), effect of salinity levels
(e.g., 0, 0.1, 0.2, 0.3, and 0.4% of NaCl) on germination, growth and nodulation of
mungbean varieties (BARI Mung 4, BARI Mung 5 and BARI Mung 6) was observed.
Salinity affected germination and root elongation. Root growth was significantly
reduced with higher salt and BARI Mung 4 showed better performance than other
varieties. All showed similar performance in yield traits at higher NaCl levels. No effect
on nodulation at a higher (0.4% NaCl) dose was seen in BARI Mung 5. However
(Naher and Alam, 2010), reported nodules per plant decreased but not nodule size with

increase in salinity.

The genus Vigna includes many wild and cultivated species with pantropical
distribution. Among the pulse crops (i.e. annual leguminous food crops) Vigna is far
the most important. For mankind Vigna species are important sources of high quality
proteins and amino acids and like many other leguminous plants; they play a key role
in crop rotation due to their ability to fix nitrogen. To support the awareness on this
matter; the United Nations declared 2016 the International year of pulses. In India,
horse gram has a wide geographic distribution extending over a range of environmental
conditions. However, as other crops in India, horse gram is also subjected to
environmental stresses, particularly salinity. Although much information is available
on the agronomics aspects of horse gram, very little isknown about the effects of salinity

on physiological and biochemical aspects of horse gram.
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SCOPE AND OBJECTIVES

Salinity stress is one of the main factors limiting legume productivity in many
parts of the world. In this study, an attempt was made to examine the effect of
salinization on three species of Macrotyloma uniflorum (Lam.) Verdc, Vigna radiata
L) Wilczek, and Vigna unguiculata (L) Walp. through glasshouse experiment. The
main aim of this study was to compare salt (NaCl) stress tolerance potential of

selected spp.
The objectives are

1. To grow the selected seeds in saline environment
2. To measure the growth parameters

3. To identify the anatomical changes through microscopic studies.
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REVIEW OF LITERATURE

Many species of higher plants, including most crops, are subjected to growth
inhibition under high-sodium chloride conditions. The salt-induced inhibition of plant
growth, so-called salt stress, is caused not only by osmotic effects on water uptake but
also by variable effects on plant cell metabolism under salt stress. While the first
component can bring about water deficit, the excess of a specific ion can cause toxicity
and or induce nutritional disorders. Natural boundaries imposed by soil salinity also
limit the caloric and the nutritional potential of agricultural production. These
constraints are most acute in areas of the world where food distribution is problematic
because of insufficient infrastructure or political instability (Yokoi et al., 2002).
Water and soil management practices have facilitated agricultural production on soils
marginalized by salinity but additional gain by these approaches seems problematic. On
the horizon, are crop improvement strategies that are based on the use of molecular
marker techniques and biotechnology can be used in conjunction with traditional

breeding efforts (Hussain et al., 2010).

Nearly one billion hectare of land is affected by salinity or sodicity out of 13
billion hectares of land on the earth. India, for instance has about 7 million hectare of
cultivable land affected by salinity. In Tamil Nadu, area affected by salinity is one lakh
hectares. The districts where the problem soils are most prevalent are Chengalpattu,
Salem, Tanjavur, Trichy, North Arcot, Thirunelveli, Dharmapuri and Ramanathapuram

(Vadivel et al., 2001).

The morphological and physiological response of three different seeds
Macrotyloma uniflorum, Vigna radiate, and Vigna unguiculata was studied. The
effect of different salinity concentration (50, 100, 150 mM) on carbohydrate
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content, plant growth, leaf area, and number of leaves. Salinitys tress significantly
reduce the plant growth, leaf water potential and relative water content in all seeds.

Whereas, the content of carbohydrates, water uptake capacity was increased (Divya

and Viswanatha, 2017).

The effect of salt stress on four varieties of seeds Macrotyloma
uniflorum, ,Vigna radiata, and Vigna unguiculata was investigated. Plants were
cultured in hydroponic condition with Nacl treatments. The Nacl content in all varieties

significantly increased in shoot (Marjan and Nasser, 2014).

To determinethe effect of salt stress on seedling growth of Macrotyloma
uniflorum, Vigna radiata, and Vigna unguiculata. The salt stress was induced by putting
the seeds of this crop in different solution of NaCl 50, 100, 150 mM and demonized
sterile water was used like control. The salinity stress seedlings growth at salt

concentration above 150 mM showed greater variation ( Emlynmena ef al., 2016 ).

The effect of salinity on growth, modulation, acetylene reduction activity
(ARA), nodule leghemoglobin content from varieties of seeds were studied. The
depressed effect of saline stress (50,100,150 mM NaCl) on dry weight ARA of nodules
was directly related to the salt induced decline in dry weight and N content in shoots.
Salt treatment of plants decreased respiratory capacity only in pea plant. Under serve
stress the reduction in leghemoglobin content may be involved in Salt induced inhibition

of nitrogen fixation (Delgado et al., 2002 ).

To determine the physiological response to salt (NaCl) stress in selected seeds,
the seed were germinated and grown for 15 days prior to salt treatment (daily

50,100,150 mM NaCl) for 21 days compared with the control, the NaCl treatment
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significantly reduced plant height, leaf area, fresh weight, viability of plants and dry
weight. Increase in leaf N, Z and Mn concentration were also observed in the NaCl treat
plants. Reduction in plant height is a simple, easy, sensitive, non destruction

measurements to evaluate salt tolerance in plants ( Sarah et al., 2010 )

The effect of NaCl concentration (50, 100, 150 mM) on growth, carbohydrate
content, leghemoglobin content of seedlings was investigated. NaCl caused an increase
in plant height with low and medium concentrations and a decrease with the highest
concentration, in both measurement periods. No significant effect was observed in the
number of leaves or leaf area with low concentration while a decrease was noticed for
each, with two higher concentrations and in both measurement periods. Salinity

increased both fresh and dry weights of the shoot in the two measurement periods

(Amira and Abdul, 2011).

The effect of salt stress on growth and nitrogen fixation by Macrotyloma
uniflorum, vingna radiataand Vigna unguiculata N> fixation activity and nodule
respiration are inhibited sharply on exposure of plants to saline conditions. The decrease
in nitrogen fixation has been describedto direct effect on nitrogenase activity or an
indirect effect through decrease in leghemoglobin content, respiratory rate, malate
concentration in nodules and photosynthate availability. Salinity increase oxygen
diffusion resistance in the nodules and alter their ultrastructure. Decrease in nitrogen
fixation in nodules under salinity is also accompaloopnied by parallel decrease
in the activity of H>O: scavenging enzyme like catalase, ascorbate peroxidase and
the level of antioxidants like ascorbic acid (

Swaraj and Bishnoi , 1999).

18



The effect of 50 mM to 150mM NaCl does on growth and nitrogen fixation
parameters, as well as carbohydrates content and carbon metabolism of Macrotyloma
uniflorum, Vigna radiate and Vigna unguiculata nodules. The leghemoglobin content
and nitrogen fixation rate were approximately land 2 times higher respectively in
nodules of Macrotyloma uniflorum when compared with other plants. Plant growth
parameters and nitrogenase activities decreased with NaCl treatments in all plants

(Miguel et al., 2008).

The impact of salt stress under different salinity levels (50,100,150 mM NaCl)
on four varieties of plants Macrotyloma uniflorum, Vigna radiata,Vigna unguiculata
were conducted. The different level of salinity significantly affected the growth
attributes by reducing root and shoot length for salinity below 100mM. Fresh weight
and dry weight of root and shoot were reduced significantly with subsequent treatment.
Regarding germination maximum germination were found in variety Vigna radiata in
all the treatments and maximum inhibition were found to be in case of Macrotyloma

uniflorum variety at 150 mM salinity level (Datta et al.,2009).

The effect of applied NaCl on growth and nitrogen fixation of Macrotyloma
uniflorum, Vigna radiata, Vigna unguiculataplant were investigated. The experimental
soil were salinized with NaCl at the rates of S0mM 100mM and 150mM Nacl. Growth
of the plants were inhibited by salinity. Applied NaCl significantly decreased dry of

plants. NaCl caused to increase Na and CI concentrations of plants (Turan et al., 2009).

The effect of salinity stress were evaluated in the leaves and roots of three
plants (Macrotyloma uniflorum, Vigna radiata, Vigna unguiculata). In overall, salinity

negatively affected the growth of four plants with more pronounced effect on
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Vigna radiata. The plant cultivars, salinity increased proline content. In all plants, Na

content increased in plant organs with increasing Na in the media (Zahra et

al., 2017).

Plants were exposed to salinity levels of 50Mm 100mM and 150mM for the
duration of 3, 9 and 12 days with the objective to test their tolerance on the basis of
plant water status, N2 fixation and mineral distribution. The water potential of leaves
root and nodules became more with increasing salt stress. Relative water content of
leaves, root and nodules decreased significantly, while a sharp rise in proline content

was observed (Nandwal et al., 1999).

Macrotyloma uniflorum, Vigna radiate and Vigna unguiculata are important
legumes forage crops. However, it's genetic improment for salt tolerance is
challenging as Macrotyloma uniflorum, Vigna radiata, Vigna unguiculata and alfalfa
response to salt is genetically and physiologicaly complex. The knowledge of
morphological physiological and nitrogen fixation of all plants to salt stress, and to
discuss the potential of applying morden plant technologies to enhance
Macrotyloma uniflorum resistant breeding including genomic selection and N2 content

(Bhattarai et al., 2020).

An Experiment was conducted in order to evaluation the salinity stress effect on
growth parameters and stem anatomical changes of varieties of grown under controlled
conditions. Salinity stress were induced by adding NaCl concentration of 50, 100 and
150mM. Fifteen days after sowing plants were harvested and growth parameters and
anatomical changes were evaluated. The salinity stress significantly decreased shoot
and root weight either fresh weight or dry weight, in addition, total plant weight, plant

height and leaf number were decreased due to salinity stress.
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Salinity stress significantly increased cut in mass and trichome density on epidermal
cells. On the other hand, cortex thickness was decreased because of salinity stress while
xylem thickness had upward increase when soybean plants were grown under salinity

stress especially high level of salinity (Dolatabadian et al., 2011).

The effect of salinity on some physio and morphological parameters in plants
of five different legumes and experiment were performed under controlled saline
conditions. Inresponse to salt stress, the physiological responses were measured.
Salinity affected all of the parameters under study. The high salt concentrations caused
a great reduction in growth parameters such as fresh and dry weights of shoots and roots

(Balal et al., 2011).

The effects of salinity stress on stomatal aperture and density, xylem vessels,
the activities of antioxidant enzymes, such as superoxide dismutase (SOD)
and peroxidase and xylem embolism (PLC values) in Macrotyloma uniflorum ,
Vigna radiata, Vigna unguiculata and alfalfa the. The experiment were conducted at
different concentrations of salt (50, 100, 150, and 200 mM NaCl) contained in the
irrigation water used for 15 days. The POD activity increased with the increase in the
severity of NaCl stress. Salinity stress affected water transport, which reduced native

PLC value, whereas xylem vessel area was also decreased (Rajput et al., 2015).

The effect of salt stress on some plant varieties were studied. The experiment
was carried out at three salinity stress levels (50 mM,100 mM and 150mM NaCl). Salt
stress, high temperature and salinity induced osmotic stress severely limited the plant
growth, morphology, physiology and yield characteristics during summer. Measured
parameters were less affected in Vigna unguiculata. The growth parameters of plant

height, plant length, leaf area, and shoot length ( Nirmalasehrawat et al., 2015).
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Growth parameters and photosynthetic pigments changes in horse gram were
investigated under salinity of different concentrations (50,100,150mM). Growth
parameters such as plant height, lea area, fresh and dry weight of the whole plants

decreased in under salinity stressed condition (Kanagaraj and Sathish, 2017).

The effect of salt stress on some plant varieties were studied. The leaf and stem
anatomical feature change of plants from adaptation to salinity stress. A reduction in
the anatomical traits of stem and leaf diameter, wall thickness, diameter of the hollow
pith cavity, total number of vascular bundles, number of large and small vascular
bundles, bundle length and width, thickness of phloem tissue, and diameter of the

metaxylem vessel of plants were found (Rania et al., 2020).

The effect of salinity stress (0, 50, 100 and 150 mM NaCl) on Macrotyloma
uniflorum, Vigna unguiculataand Vigna radiate by measuring physiological and
morphometric traits related to growth. The measuring physiological traits showed
significant differences compared to the control at 50 and 100 mM (relative water
content, net assimilation rate, specific leaf weight, and specific leaf area), even at

150mM most parameter variations were significantly different (Amador ef al., 2015).

The morphological, physiological and biochemical responses, besides
investigating the possible tolerance mechanism utilized by the Vigna unguiculata. The
seeds during germination under conditions of the severe and moderate salt stress
(50,100 and 150 mM NaCl, respectively).Salinity stress were significantly decreased
shoot and root weight either fresh weight or dry weight, in addition, total plant weight,

plant height leaf number were decreased due to salinity stress (Lobato et al., 2009).
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Macrotyloma uniflorum, Vigna unguiculata, and Vigna radiata were tested for
their salt tolerance at different degrees of salinity; 0, 50, 100 and 150 mM of NaCl, in
the laboratory. . In the laboratory, Na*, K*, K/Na ratio, plant height, roots dry weights,
stems and leaves were investigated. Na* was significantly increased with increasing

NaCl concentrations in all plant organs (Taffouo et al., 2009).

The effect of saline stress on growth and anatomy of Macrotyloma uniflorum,
Vigna unguiculata and Vigna radiata plant were investigated. The effect of different
salinity concentration, (50,100,150mM) on carbohydrate content, plant height,
number of leaves in all plants. Salt stress significantly enhanced leaf and root Na* and

root Ca%* contents in plants. (Kanwal et al. 2013).

The effects of seedlings of a salt-sensitive plant, mung bean (Vigna radiata (L.)
Macrotyloma uniflorum and Vigna radiata , grown on 50 mM ,100 mM and 100 mM
NaCl concentrations. The growth parameters were plant height, number of leaves, leaf
area, leaf and stem fresh and dry weights in which all parameters significantly decreased
in salt levels. Growth of the plants were inhibited by salinity. Applied NaCl significantly
decreased dry of plants. NaCl caused to increase Na and CI concentration of plants

(Ozlem et al., 2017).

To determined the effect of salt stress on seedling growth of Macrotyloma
uniflorum, Vignaradiata, Vigna mungo and Vigna unguiculata. Exposure to sodium
chloride stress decreased the morphological traits. Seed priming improved the dry
weight and length of plumule and radicle in plants under stress. Seed priming improved
the dry weight and length of plumule and radicle in plants under stress. Chlorophyll a
and b decreased by increasing of sodium chloride concentrations (Farahmandfar et

al., 2013).
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The effect of salt stress on morphological characteristics and Na*, K*and Ca*
ion contents inMacrotyloma uniflorum ,Vigna unguiculata and Vigna radiata. The
experiment was carried out at three salinity stress levels (50 mM, 100m M and 150mM
NaCl). The plant height, root length, shoot dry weight, root dry weight, and number of
leaves per plant was reduced with the increase of salinity level. Increasing salinity level
led to an increase in the amount of Na'in shoot dry matter, while the amount of

Ca*? and K* and Ca**/Na* and K*/Na*ratios were decreased (Archangi ef al., 2012).

A study was conducted to determine the effect of salt stress (NaCl 50, 100, and
150mM) on growth of three plants namely Macrotyloma uniflorum, Vigna
unguiculata and Vigna radiata). NaCl treatment induced drastic reduction in growth
characteristics ofplants through decreasing the shoot and root lengths, number of lateral
roots and number of leaves, total area of leaves as well as fresh and dry weights of shoot
and root of plants. Salt stress increased sodium and chlorine contents and decreased
potassium, calcium and magnesium levels in root and shoot of all plants (Abdel and

Mohammed 2007).

Salinity affects many aspects of the metabolism of plants and to induce
changes in their anatomy and morphology. These changes are often considered to be
adaptations which increase the chances of the plant to endure the stress imposed by
salinity; alternatively, they may be considered to be signs of damage and disruption

of the normal equilibrium of life processes (Poljakoff-Mayber, 1975).

The effect of increasing NaCl concentrations (50,100 and 150mM) was studied
of three different Varieties (Macrotyloma uniflorum Vigna radiata and Vigna

unguiculata). The response of the plants to salinity stress was analyses by
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estimating the levels of Photosynthetic enzymes activity. Photosynthetic rate, activities
of RuBP carboxylase and sucrose phosphate synthase (SPS) decreased with increasing
salinity. The growth parameters were plant height, number of leaves, leaf area, leaf and
stem fresh and dry weights in which all parameters significantly decreased in salt levels

(Desingh and Kanagaraj 2020).

The effects of soil salinity on growth and mineral nutrients in plants under saline
conditions. The plants were treated with different concentrations of NaCl, 50, 100 and
150mM on 6 days after sowing. Salinity affected all the morphological parameters and
decreased the growth performance. The mineral contents (nitrogen, phosphorus,
calcium, magnesium, potassium, iron, manganese and zinc) were analysed from treated
as well as the control plants. All the treatments altered the mineral contents when
compared to the untreated control plants but a significant change was found in 50 mM
NaCl concentration, in which the levels of some minerals increased. Tissue sodium
uptake was determined for all the treated plants and was found to have increased to a

significant level when compared to the untreated plants (Jaleel et al., 2008).

An experiment was conducted in order to evaluation the salinity stress effect on
growth parameters and stem anatomical changes of varieties of grown under controlled
conditions. The experimental treatments were including different concentrations of
salinity (50, 100 and 150 mM). The seedling dry weight, seed vigor index, radicle
length, radicle fresh and dry weight, shoot length, shoot fresh and dry weight with

increasing salinity stress (Kabiri and MEHDI Naghizadeh).

The salinity stresses were studied on the anatomical alteration, changes of

enzymatic antioxidant system and lipid peroxidation in Macrotyloma uniflorum,
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Vigna unguiculata and Vigna radiata. Salt stress significantly decreased growth,
relative water content (RWC), protein level, catalase (CAT) and polyphenol oxidase
(PPO) activities, and increased proline content, MDA content, H>O; level. Anatomical
observations of stem showed that the epidermal cells diameter and thickness of cortex
decreased by salinity whereas thickness of hypodermal layer, diameter of hypodermal

cell, pith area and pith cell diameter increased by high salinity (Haddadi et al., 2016).

The effect of salt stress on some plant varieties were studied. The experiment
was carried out at three salinity stress levels (50 mM,100mM and 150mM NaCl).
Various concentrations of salt had a highly significant effect upon the survival% age,
plant height, number of branches, shoot fresh and dry weight, root fresh and dry weight
and root moisture contents. Number of leaves also varied significantly. However, leaf
length and shoot moisture contents exhibited non-significant differences. Differences
among the test species for all the parameters under consideration were also highly

significant (Muhammad and Hussain, 2010).

The experimental were studied in Morpho-anatomical appraisal of some pulse
crops under salinity stress. There were a significant variation in relative values (%) of
plant height, root length (%) root dry matter (%) and shoot dry matter (%) of seven
selected pulse crop varieties due to the salinity stress. The highest percentage of relative
plant height (92), relative root length (98), relative root dry weight (89) and relative
shoot dry weight (72.8) were observed in cowpea followed by grass pea and the lowest
percentage of relative plant height (51), relative root length (56), relative root dry
weight (54) and relative shoot dry weight (48) were observed in lentil. The stem
anatomical features were found similar changes in xylem and phloem area. Among the

pulse crop varieties, cowpea and grass pea were performed better whereas
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lentil and black gram were found more susceptible species than the others according to

their morphological and anatomical attributes (Mahkhan et al., 2019).

The effect of salinity stress on growth Macrotyloma uniflorum, Vigna
unguiculata and vigna radiata. The germination, seedling growth, biomass
accumulation, seedling survivability, salinity scores, root and shoot anatomy, sodium
ion (Na*), chloride ion (CI) and potassium ion (K*) concentrations, proline and
antioxidant activities were measured to evaluate the performance of all the genotypes.
The genotypic variation for salinity tolerance was observed among the genotypes
screened under hydroponic and saline conditions. Plant concentrations of Na* and CI"
at 150mM NaCl were found significantly correlated with germination, root and shoot
length, fresh and dry weight of roots and shoots, seedling survivability, salinity scores
and K* under controlled conditions. Root and shoot anatomy of tolerant line and wild
accession plant showed restricted uptake of Na™ and CI" due to thick layer of their
epidermis and endodermis as compared to sensitive cultigen (Dharmendrasingh et al.,

2017).

Salinity effect was evaluated on the basis of biomass yield reduction,
physiological attributes, and stem-root anatomical changes. The salinity stress caused
significant in all measured parameters and the highest salinity showed more detrimental
effect compared to control as well as lower salinity levels. The fresh and dry matter
production was found to increase in salinity. Salt stress decreased the stem diameter,
epidermis cell size, cortex zone thickness, vascular bundle width, cambium thickness,
xylem width, trachea diameter and phloem width in the seedlings non- pretreated with
the growth regulators, in comparison with the control seedlings grown in distilled water

medium (Amirul et al., 2015).
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Effect of salt stress tolerance in Macrotyloma uniflorum, Vigna unguiculata,
and Vigna radiate were studied. Salt stress reduces the ability of plants to take up water
and this quickly causes reductions in growth rate. The initial reduction in shoot growth
is probably due to salt effects. If excessive amounts of salt enter into the plant, salt will
eventually rise to toxic levels and reduce the photosynthetic leaf area of the plant that
cannot sustain growth. In order to understand the processes that give rise to tolerance
of salt and to identify the salt stress proteins in the salt stress effect of on plant growth

was studied NaCl different concentrations like 50mM, 100mM, 150mM (Rani, 2011).

The effects of salt stress on physiological parameters associated to salinity
tolerance in (Macrotyloma uniflorum, Vigna unguiculata, and Vigna radiata) plants.
The depressed effect of saline stress (50, 100, 150 Mm NaCl) on dry weight plant root
was directly related to the salt induced decline in dry weight and N content in shoots.
The leaves ofhigher water content, higher accumulation of proline, and lower
accumulation of malondialdehyde (MDA) as well as less reduction of chlorophyll in

salinity stress (Akter et al., 2020).

To determine the response of plants Macrotyloma uniflorum, Vigna
unguiculata, Vinga radiata to saline conditions. The investigated elements were the
effects on gas exchange parameters, water use efficiency (WUE) as well as leaf area
and the contents of total chlorophylls and measure the plant parts. At the stage of three
plants salt stress were applied for 6 days, and. treatments were tested. The growth
experimental soil were salinized with NaCl at the rate of 50mM, 100mM and 150mM.
The saline stress the adaptations are mainly morphological (by reducing leaf area),

physiological (reduction in net CO; assimilation rate, stomatal
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conductance and transpiration, and improvement of WUE) and biochemical responses

(decrease of chlorophyll content) (Bacha et al., 2017).

The effect of salt stress on physiological response of hydroponically grown
Macrotyloma uniflorum, Vigna unguiculata, Vinga radiate were investigated. Salt
stress was applied by using Na salt treatment and it plays an important role on all
parameters studied in this experiment. Plants growth rate, predawn water potential,
osmotic potential and cuticle permeability were significantly lower in treated plants
than in control plants. The reduction of growth rate coincided with the reduction of
water potential in plant tissue due to salt stress. The water potential of leaves and
osmotic potential of leaves and root became more with increasing salinity stress

(Hossain and Nonami, 2012).

The effect of salinity on growth, protein content and antioxidant enzymes were
studied in three plants (Macrotyloma uniflorum, Vigna unguiculata, Vinga radiata).
Seedlings were NaCl stress (50, 100, 150 mM) for 6 days and caused a reduction in
germination percentage, relative germination rate (RGR), relative salt injury rate (RSIR)
and relative water content (RWC). All the plants under NaCl stress exhibited reduction
in total protein content (Prasanthikumari and Vishnuvardhan, 2015).The effect of salt

stress on the morphological physiological activity and anatomy of Cow pea plant were
different salt stress levels (50mM ,100mM,150mM NaCl) at germination and early seedling
growth stage of plant development. Data were analyzed for growth parameters such as plant
height, fresh and dry weight, leaf water content (LWC), and length of radicle and plumule
during germination period, and biochemical parameters such as proline content, membrane
stability index (MSI), malondealdehyde (MDA) content, chlorophyll content, and antioxidant

enzyme
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activity Catalase (CAT) and Peroxidase (POD). The effect of salt stress reduced plant
height, fresh and dry weight, LWC, radical and plumule length (Lekshmi and

Jayadev 2017).

Physiological characteristic of salt tolerance in some plants (Macrotyloma
uniflorum, Vigna unguiculataand Vigna radiata). Physiological traits such as
germination percentage, percent mortality, fresh and dry weights, water status and
mineral contents (Na, K and Ca) were measured. The growth experimental soil were
salinized with NaCl at the rate of 50mM, 100mM and 150mM. Salinity caused a
reduction in growth parameters such as relative growth rate (RGR), fresh and dry
weights of leaves and stems. Whereas, roots growth was not affected by salinity. These
changes were associated with a decrease in water content, K+ and Ca ** concentrations
and a highly increased in Na+ contents in all organs. Thus, the K+/Na+ and Ca**/Na*
ratios decreased with the applied of NaCl 150mM. Relationship between leaf water
content and its Na* content, suggest that fenugreek developed a sodium inclusion
mechanism to maintain its growth and consequently its survival under high salinity

conditions (150mM NaCl) (Hashini et al., 2009).

NaCl induces the stress that results in plant reduced growth due to changes in
internal mechanism of the plant.The effect of different salinity levels (50,100,150) on
plant height, weight,number of leaves and viability of plants. Microscopic studies for
root and stem anatomical attributes showed that salinity plays an important role in
growth inhibition of plants. Xylem and phloem areas of root and stem were observed
in decreasing trend under salt stress condition and the cortex also. While minimum
cortex and epidermis area was observed in plants treated with 00 mgl' (Younis

et al., 2014).
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To determine the effect of some plants growth regulators on stem anatomy of
green gram seedlings grown saline (NaCl) conditions. Salt stress decreased the stem
diameter, epidermis cell size, cortex zone thickness, vascular bundle width, cambium
thickness, xylem width, trachea diameter and phloem width in the seedlings non-
pretreated with the growth regulators, in comparison with the control seedlings grown
in distilled water medium. In addition, i