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KEYWORDS Abstract Tylophora indica, a threatened medicinal plant of family Asclepiadaceae, grows pro-
Tylophora indica; foundly in Asia, Africa, Australia, Oceanic Islands, Ceylon, Malay island, and Borneo. The plant
Endangered species; is a twinning herb that is excessively used in folk medicine as a substitute of ipecac, an expectorant.
Phytochemistry; Different parts of the plant are accredited for the anti-asthmatic, antibacterial, anti—psoriasis,
Toxicity; antimicrobial, antiulcer, antiallergic, antidiarrhoeal, hypolipidemic, and anxiolytic properties.
Folk medicinal uses; Antidiabetic, hepatoprotective, antiangiogenic, anti-tumor, antioxidant, anticonvulsant, anti-
Pharmacological attributes rheumatic, and diuretic activities are also attributed to the magnificent medicinal plant owing to

the occurrence of various active phytochemicals such as alkaloids, saponins, phytosterols, tannins,
and primary metabolites. The plant has been exploited by the ethnic people due to the immense
medicinal importance, leading to the endangerment of the plant species. The review brings to light
the important pharmacological attributes, folk medicinal uses, and biotechnological approaches
that must be followed to save the plant from extinction.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nature has endowed great diversity to the flora of the biolog-
ical world (Tagliapietra and Sigovini, 2010), which can be

* Cor_r65p0nding aqthor. ) reckoned by almost 250,000 (Ayensu and DeFilipps, 1978) spe-
E-mail address: majaz172@yahoo.com (M.A. Hussain). cies of the flowering plants. More than 50,000 plants have
Peer review under responsibility of King Saud University. already been applied for therapeutic objectives (Schippmann

et al., 2002). However, a small fraction of the plants has been
screened for bioactivity (about 6%) and phytochemical inves-
tigations (15%) (Verpoorte, 2000). During the previous years,
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there has been a revival of heed in utilizing plants as traditional
medicine/complementary and alternative medicines (Hussain
et al., 2012; Muhammad et al., 2015, 2016; Ashraf et al.,
2016). Owing to fewer side effects and more significant phar-
macological potential, plant-based medicines have been used
in all conventional systems of therapies including Greco—Arab
(Unani-Tibb), Ayurveda, and Chinese (Gilani and Atta—ur
Rahman, 2005; Nazar et al., 2020; Anwar et al., 2016;
Saleem et al., 2018).

T. indica (Burm f.) Merill. (Syn: Tylophora asthmatica;
Asclepias asthmatica), a twining perennial woody plant of fam-
ily Asclepidaceae, is widely distributed in Africa, Asia, Aus-
tralia, and Oceanic islands (Nema et al., 2007). The plant
has been extensively used in Ayurveda (Anonymous 1978;
Chopra et al., 1986) and Siddha (Ram et al., 2009) system of
medicines since long and is known in local communities with
a variety of vernacular names (Ignacimuthu and Ayyanar,
2006; Jayaweera, 2006; Reddy et al., 2006; Prajapati et al.,
2003; Ram et al., 2009; Sankaranarayanan et al., 2010;
Gurav et al., 2011; Kumar et al., 2012; Ved et al., 2016) dis-
played in Table I.

Traditionally, the plant is being implied for curing asthma,
cough (Reddy et al., 2000), inflammation, jaundice (Chopra
et al, 1986; Kirtikar and Basu, 1991), snakebite
(Ignacimuthu and Ayyanar, 2006), syphilitic rheumatism and
gout (Nadkarni, 1954; Kirtikar and Basu, 1981), diarrhea,
and dysentery (Walter, 2005). The plant has been traditionally
used as emetic, diaphoretic, expectorant, purgative, and stimu-
lant (Wealth of India, 1969; Varrier et al., 1994; Mohiuddin,
2019).

The plant is admired for the anti—asthmatic
(Umamaheswari et al., 2017; Mohiuddin, 2019), antibacterial
(Balasubramanian et al., 2010), anti—psoriasis (Sarma and
Misra, 1995), antimicrobial (Parekh and Chanda, 2007;
Reddy et al., 2009), antiulcer (Ghodekar et al., 2010), antialler-
gic (Gaitonde, 2001), antidiarrhoeal (Patel et al., 20006), anti-
feedant (Reddy et al., 2009), hypolipidemic (Swathi et al.,
2012), anxiolytic (Manikkoth et al., 2013), and antidiabetic
(Swathi et al., 2012) properties. Hepatoprotective (Gujrati
et al., 2007; Kumar et al., 2012; Manikkoth and Rao, 2013),
antiangiogenic, anti—tumor (Saraswati et al., 2013), antioxi-
dant (Bhatia et al., 2013), anticonvulsant (Hafis et al., 2017),
anti-rheumatic (Reddy et al., 2009), anti-neuroinflammatory
(Gupta et al., 2020), and diuretic activities (Meera et al.,
2009) are also ascribed to different organs of the multipurpose
plant. The major phytochemical fraction consists of alkaloids

Table 1 Vernacular names of the plant.

Language  Name

Sanskrit Lataksiri

Kannda Nipaladaberu

Hindi Antmool, Jamgli pikvam

Gujrati Damvel, Dumvel

Malayalam Verripalla

English Emetic swallow—wort, Country ipeacacuanha,
Vomiting Swallow-wort

Tamil Nangilai, Nacharuppan

Siddha Kurinjan

Telugu Mekameyani aku

Marathi Khadari, Pitthakaadi, Pitthamaari, Pitvel

which rendered the pharmacological activities to the plant.
Out of the alkaloids, tylophorine, tylophorinine, and
tylophorinidine are worth mentioning (Shahzad et al., 2016).
Apart from the pivotal importance in pharmacology, many
side effects such as giddiness (Gupta et al., 1979), loss of taste
for salt, mouth pain, upset stomach, nausea, vomiting, chest
pain, skin rashes, and hives itchy or swollen skin are also asso-
ciated with a high dosage of the plant (Acharya et al., 2010).
The use of any plant part for nutritional purposes is not yet
reported.

Owing to the broad medicinal uses, the plant has been
incorporated as an official drug in the Bengal pharmacopeia
of 1884 (Gopalakrishnan et al., 1979, 1980). Medicinal proper-
ties, phytochemical composition, and pharmaceutical potential
of the endangered multiuse plant have inspired us to write an
encyclopedic review on bioactives, pharmacological attributes,
and folk medicinal uses. The emphasis is also to discuss the
clinical trials, toxicity, and pharmacological characteristics of
the miraculous plant critically. The review will be fruitful for
pharmacists, phytochemists, and pharmacologists working
on phytochemistry and medical applications of the useful
plant.

1.1. Methods

We searched PubMed, ISI Web of Science, Science Direct, acs.
org and SciFinder-CAS for studies on phytochemical potential
and bioactives of Tylophora indica plant published between
January 2012-April 23, 2020. Studies in English language were
included. From the eligible publications according to rele-
vance, the information was extracted regarding: (i) isolation
of secondary metabolites/phytochemicals, (ii) Bioactives, (iii)
folk medicinal wuses, (iv) pharmacological activities, (V)
biotechnological application and (vi) clinical trials, etc. As well
as, some historical references, taxonomy and miscellaneous
applications/aspects have also been gathered from literature
resources and discussed.

2. Taxonomy and distribution

T. indica is a threatened medicinal plant of family Asclepi-
adaceae (Hindi, Antamul). The plant is a perennial, twining
or climbing laticiferous, and suffruticose herb (Prajapati
et al., 2003; Pandey et al., 1993). Based on the morphology
of roots (Saroya, 2011), the plant is locally known as Indian
Ipecac or Antmool (Bhavan, 1992). The plant is distributed
in planes, hilly slopes, moist, humid forests, and narrow valleys
(Nadkarni, 1996) of Asia, Africa, Australia, Oceanic islands,
Ceylon, Malay island, and Borneo (Nema et al., 2007). The
plant can flourish in areas where annual rainfall is about
1000-1500 mm (Nadkarni, 1996) at an altitude range of
900 m at sea level (Schmelzer, 2012) up to 1260 m in the sub-
Himalayan track (Gupta et al., 2010a) and optimum tempera-
ture, 5-25 °C (Nadkarni, 1996). The morphological character-
istics of different parts of the plant are summarized in Table 2.

3. Phytochemistry

A rich phytochemical profile such as alkaloids, saponins, tan-
nins, terpenoids, etc., is associated with 7. indica. Major phy-
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. .. Seven new alkaloids such as tyloindicine A, tyloindicine-B

Table 2 Morphol 1 characterist f the plant. . . . . L
able Orpholofica’ characteristices of the pian 14-hydroxyisotylocrebrine,  4,6—desdimethylisotylocrebrine,
Plant  Morphological References tyloindicine C, tyloindicine D, and tyloindicine E were isolated
part characteristics from methanolic leaf extract along with four previously

Stem Long hairy stem that Jayaweera, 2006; Gurav
attains a height of 1.5 m et al., 2011;

and climbs with the help of Muthumperumal and
tendrils. Parthasarathy, 2009
Leaves are oblong, ovate to  Shah and Kapoor, 1976;
elliptical with length and Kirtikar and Basu, 2001;
diameter of 6.0-10.5 and Ved et al., 2016

3.8-6.0 cm, respectively.

Leaves are arranged in

opposite decussate fashion

with 12 mm long petioles.

Minute flowers at the end  Gupta, 2003; Jayaweera,
of hairy peduncles of leaf 2006

axils are arranged into

umbellate cymes (1-1.5 cm

across) with haired calyx

and greenish-yellow to the

greenish-purple corolla.

Flowers blossom from

September to January.

Roots are long and fleshy Gupta, 2003; Schmelzer,
bearing knots and light 2012

brown corky bark.

Fruit is a fusiform follicle,
5-8.5 cm long, divaricate,
ovoid lanceolate, tapering
at the apex, and glabrous.
Seeds are oval-shaped (0.6— Jayaweera, 2006; Gupta,
0.8 x 0.3-0.4 cm) with 2003

1.8 cm hairy coma.

Leaves

Flowers

Roots

Fruits Gupta, 2003

Seeds

tochemicals are investigated in the aerial parts of the plant
mainly leaves (Rao et al., 1971; Gupta et al., 2010b; Kumar,
2011; Joshi et al., 2012; Rani et al., 2012). Recent studies
(Khanna et al., 2018) have also reported some important phy-
tochemicals in the roots of 7. indica.

3.1. Alkaloids

The plant is admired for the valuable bioactive phytocon-
stituents, particularly alkaloids. The alkaloids are known to
lend the analgesic, antispasmodic, and bactericidal potential
to the plants (Okwu, 2004). The existence of alkaloids in the
methanolic extract of leaves was authenticated by applying
dragendorff’s reagent in thin layer chromatography (Kumar,
2011). Most of the alkaloids extracted from the plant have
the basic framework of phenanthroindalizidine and furoquino-
line (Karnick, 1975; Etherington et al., 1977). The presence of
a crystalline alkaloid, tylophorine in roots, was first reported
by Hooper (1891) using characteristic colour reactions
(Hooper, 1891). Tylophorine and tylophorinine were isolated
from T. indica, and the chemical structures were confirmed
using X-ray studies (Govindachari et al., 1957, 1960, 1965,
Govindachari, 2002). Three new alkaloidal compounds were
extracted from the leaves of the plant with 0.5% methanolic
acetic acid, along with already reported tylophorine and
tylophorinine. New alkaloids were characterized but could
not be assigned the structural formulae (Rao et al., 1971).
The structural formulas of some pivotal alkaloids are shown
in Fig. 1.

reported alkaloids (tylophorine, 6—desmethyltylophorine,
tylophorinidine, and 5-hydroxy—O-methyltylophorinidine).
All aforesaid alkaloids possessed dibenzo—{f, h] pyrrolo [1 2b]
isoquinoline skeleton except tyloindicine—-B which contained
substituted phenanthrene nucleus and an angular methyl
group on the indolizidine portion. However, nature, number,
and distribution of the oxygen-bearing substituents are differ-
ent in aforesaid alkaloids. The alkaloids also differ in the pres-
ence or absence of C—13a or benzylic hydroxyl groups and an
angular methyl function (Ali and Bhutani, 1989). Rao et al.
(1971) have also reported the existence of desmethyl-ty-
lophorine and desmethyltylophorinine in aqueous methanolic
extract (1:1) of stem and leaves. Tyloindicine phenanthroin-
dolizidine alkaloids (Fig. 2) such as tyloindicine F, tyloindicine
G, tyloindicine H, tyloindicine I, and tyloindicine J were
extracted from the aerial parts of the plant (Rao et al.,
1971). A substituted phenanthrene hydrocarbon tyloindane
was also isolated with tylophorine from the leaves and stem
of the plant (Ali et al., 1991). Apart from the alkaloids, some
minor alkaloids like (+ )—septicine and d-isotylocrebrine have
been isolated from the plant (Govindachari et al., 1975). The
alkaloids have been reported from the phytochemical analysis
of methanolic and aqueous extracts of T. indica roots but the
category of alkaloids has not been classified yet (Khanna
et al., 2018).

3.2. Saponins and terpenoids

Saponins are admired for the ability to fight against the
microbes and boosting the immune system of the body
(Surendra, 2009; Tiwari et al., 2018). Anticancerous, antioxi-
dant, antimicrobial, and anti-inflammatory properties of dif-
ferent plant parts could also be attributed to the saponins
(Aiyelaagbe and Osamudiamen, 2009). The tannins also pos-
sess the ability to check the growth and reproduction of bacte-
ria and viruses, especially HIV (Aiyelaagbe and
Osamudiamen, 2009). Tannins and terpenoids are reported
from aqueous extract, while saponins have been investigated
from the methanolic as well as aqueous extracts (Kumar,
2011). Saponins, terpenoids, and tannins have also been
reported from the aqueous and alcoholic extracts of roots
(Khanna et al., 2018).

3.3. Other metabolites

Apart from alkaloids, saponins, and terpenoids, other major
phytoconstituents isolated from different organs of the plant
are stigmasterol, tetratriacontanol, f—sitosetrol, and octaosa-
nyl octacosanoate. Quercetin, o— and f—amyrins, cetyl-alco-
hol, phytosterol, wax, resin, coutchone, pigments, glucose,
calcium salts, and potassium chloride have also been reported
from various plant parts (Gupta et al., 2010b; Joshi et al.,
2012; Rani et al., 2012). Some minerals such as Zn, Cu, Mn,
and V, were also reported from the plant (Pattar et al.,
2018). Alcoholic root extract was explored to contain small
quantities of p—methoxy salicylaldehyde and oily matter when
subjected to steam distillation (Ratanagiriswaran and
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H,CO

H;CO

H,CO

OCH,

14-Hydroxyisotylocrebrine

Tyloindane

OCH;

Fig. 1

Venkatachalam, 1935; Gopalakrishnan et al., 1979; Ali, 2008;
Vivean et al., 2014). Phytochemical analyses of methanolic and
aqueous extracts of roots have confirmed the existence of car-
bohydrates, flavonoids, steroids, glycosides, and amino acids.
The elemental analysis reported the presence of Ca, K, Si,
Mg, Al Na, Fe, P, ClL, S, and Ti (Khanna et al., 2018). The
phytochemical composition of plant leaves (Kaushik et al.,
2010) is enlisted in Table 3.

4. Isolation of phytochemicals

4.1. Isolation of alkaloids

Leaves of the plant were ground to a fine powder after washing
with running tap water and shade dried. Before soaking in

4,5-Desdimethylisotylocrebrine

H,CO

OCHj;
6-Desmethyltylophorine

5-Hydroxy-O-methyl-
tylophorinidine

OCH,4

Structures of the alkaloids isolated from different parts of 7. indica.

ethyl acetate, lipophilic substances were removed with n-
hexane. The pH of the filtrate was adjusted to 3—4 by adding
HCI dropwise. After concentrating the extract with flash evap-
orator at 55-60 °C, it was washed thrice with dichloromethane,
and the pH was raised to the range of 11-13 by NaOH. The
suspension of concentrated extract in chloroform was applied
to pre-coated silica gel plates (10 x 10) for isolation of alka-
loids wusing high-performance thin-layer chromatography
(TLC). Nitrogen was used as a spray agent. The plates were
run in the solvent system (toluene:chloroform:ethanol:ammo
nia) and then sprayed with nitrogen. The chromatograph
was scanned in scanner III at 258 nm using a lamp in absorp-
tion mode with a spectrum scan speed of 100 nm/s. Quantifica-
tion of tylophorine was accomplished using the following
formula (Kaur et al., 2011);
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H,CO

H,CO
H,CO

H,CO

H;CO

H;CO

HO

H;CO

H,CO

H,CO

Tyloindicine B

H,CO

OCOCH,

Fig. 2

Concentration ('u—g) = Area of the of standard in test sample

Concentration of standard
Area of standard peak

In another method of alkaloid isolation, leaves were
extracted with a mixture of 95% ethanol and 2% citric acid.
After concentrating the extract with a rotary vacuum evapora-
tor, it was purified using an acid-base purification technique,

Structures of important tyloindicine phenanthroindolizidine alkaloids.

as discussed in the above study. Tylophorine was obtained
with a high yield using pilot batch extraction (Gupta et al.,
2012). In another study, leaves of the plant were extracted with
methanol at low temperatures. The solvent-free extract was
then re-extracted with aqueous acetic acid and dichloro-
methane to remove the neutral, acidic, and water-soluble mate-
rials. Acetic acid present in the aqueous layer was neutralized,
and the organic layer of dichloromethane containing alkaloids
was separated (Hadi and John, 2001). The extract obtained
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Table 3 Phytochemical composition of plant leaves.

Phyto—constituents ~ Average estimated value (mg/g fresh weight)
Alkaloids 1.46 £ 0.7

Flavonoids 45 + 1.1

Saponins 2.0 £ 0.6

Protein 0.80 £+ 0.036

Lipid 0.212 + 0.00

Carbohydrates 0.620 £ 0.0026

Starch 0.737 £+ 0.003

from finely ground plant material (5.0 g) after soaking for 4 h
in 200 mL of 10% acetic acid in ethanol was concentrated on a
water bath. Alkaloids were precipitated from the extract using
concentrated ammonium hydroxide solution (Mohan et al.,
2014).

4.2. Isolation of flavonoids

Aluminium chloride colorimetric method (Chang et al. 2002)
was used with slight alterations for the determination of flavo-
noids (Mohan et al., 2014). The absorbance of the solution
containing 1.0 mL aqueous root extract, 1.0 mL methanol,
0.5 mL potassium acetate (0.1176%), and 0.5 mL aluminium
chloride (1.2%) was measured at the wavelength of 415 nm
after keeping solution for 30 min at room temperature. Flavo-
noid content is expressed in terms of quercetin equivalent (mg/
g) of the extracted compound).

4.3. Isolation of saponins

The ground plant material (20.0 g) was extracted with 20%
aqueous ethanol for 4 h at 55 °C. The mixture was then fil-
tered, and the residue was subjected to re—extraction with
20% aqueous ethanol. The resultant was combined with the
first filtrate and concentrated to 40 mL by heating on a water
bath at 90 °C. This concentrated solution was shaken with
diethyl ether to separate the aqueous layer. Furthermore, n—
butanol was added to the aqueous layer and washed with
5% saline. The final butanol layer was evaporated and then
dried in the oven until the weight became constant (Obadoni
and Ochuko, 2002).

4.4. Isolation of phytosterols

Ground plant leaves were heated with petroleum ether at (60—
80 °C) to remove lipophilic substances. The residual plant
material was extracted with ethanol before subjecting to TLC
analysis using stigmasterol as a reference compound, hexane—
acetone (8:2) as solvent and silica gel as a stationary phase.
The appearance of grey colour (R;0.91) with 5% concentrated
H»SO,4 on TLC plate is the indication of stigmasterol in the
leaves of the plant. Moreover, HPTLC analysis was applied
to quantify stigmasterol (Chaturvedi and Chowdhary, 2014).

4.5. Isolation of kaempferol

Methanolic extract of six-week old leaf calli was analyzed
qualitatively by TLC and quantitatively by HPTLC. After

placing in toluene—ethyl acetate (14:2) mixture, silica gel
HPTLC plates were sprayed with inert gas. The analysis was
done at a wavelength of 430nm (Chaturvedi and
Chowdhary, 2013).

5. Folk medicinal uses

Plants have been used as a remedy for different ailments since
time immemorial (Marwat et al., 2011; Shah et al., 2013). Pri-
mary healthcare mainly depends on traditional herbal medici-
nes all over the world (WHO, 1998). The indigenous medicinal
systems enlisted various medicinal plants as Ayurveda (7 0 0),
Unani (700), Siddha (6 00), Amchi (6 00), and Allopathy
(30) plant species (Rabe and Staden, 1997). In Pakistan, about
1500 species of medicinal plants have been implied tradition-
ally for the cure of a number of ailments (Chaudhary, 1961).
In the arena of potential therapeutic plants, the plant has
proved the worth as a new medicinal plant. Ethnomedicinal lit-
erature is evident in the plant used for curing a wide range of
ailments since prehistoric times (Yuan et al., 2016). The tradi-
tional medicinal uses of the plant are briefly discussed in
Table 4.

6. Pharmacological activities

The plant has been used for the treatment of various diseases
such as hepatitis, asthma, arthritis, diarrhea, dysentery, and
inflammatory disorders in the traditional system of medicines
(Reddy et al., 2006; Chopra et al., 1986; Kirtikar and Basu,
1991). Inspired from the folk medicinal uses of the plant, many
preclinical and clinical trials using various animal models have
been piloted. Among these, antibacterial, antiulcer, antidiar-
rhoeal, hypolipidemic, anxiolytic, anti-diabetic, hepatoprotec-
tive, and antioxidant are significant (Meera et al., 2009;
Balasubramanian et al., 2010; Gaitonde, 2001; Reddy et al.,
2009; Swathi et al., 2012; Manikkoth et al., 2013; Saraswati
et al., 2013; Hafis et al., 2017). The biological attributes are
ascribed to the bioactives, particularly alkaloids (tylophorine,
tylophorinine, and tylophorinidine) present in various extracts
(Shahzad et al., 2016).

6.1. Anxiolytic activity

In the ever-changing and challenging world of today, patho-
logical anxiety is one of the most common mental disorders.
It is a kind of emotional reaction associated with decreased
brain inhibitory and elevated excitatory neurotransmissions.
The stress was induced in one group of Wistar albino rats
by administering ethanol (20%) twice a day for 30 days at
a dose of 1.5mL/200 g body weight. The elevated plus maze
and light-dark arena tests were applied to confirm the induc-
tion of anxiety. The rats were then treated with the extract
of plant leaves (100 mg/kg body weight). The brains of rats
were then dissected and subjected to dopamine assay. The
significant anxiolytic effect was observed in the group trea-
ted with ethanolic extract of leaves. The protective action
of the ethanolic extract against anxiety can be attributed
to the modulating role of different neurotransmitters or
due to the antioxidant potential (Manikkoth et al., 2013,
2016).
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Table 4 Traditional medicinal uses of different parts of the plant.

Plant parts Folk medicinal applications

References

Whole plant

Curing allergy, bronchitis, and dermatitis
Antidote to poisons

Acts as cathartic, diaphoretic, emetic, laxative, purgative and stimulant

Muscle relaxant

Treatment of cold, dysentery, hay fever, arthritis diarrhea, and syphilitic

rheumatism

Jaundice

Blood purifier

As an alternative for Ipecacuanha
used as an anti—psoriasis agent

Treatment of asthma
Curing tuberculosis, cough

Leaves

Treatment of asthma using an extract of leaves with black pepper and

garlic
Decoction of leaves is an antidote to snake poisons

Used to kill intestinal worms
Food preservative

Roots Decoction used as an expectorant

Roots paste is applied on the forehead to get rid of headache and neuralgia

Food preservative

Leaves and
roots applied on snake bite.
Treatment of hydrophobia

Treatment of respiratory disorders particularly bronchial asthma

Paste of leaves and roots mixed with paste of Rauvolfia serpentia roots is

Faisal and Anis, 2005; Kumar et al., 2012;
Shivpuri et al., 1969

Shivpuri et al., 1968

Sankaranarayanan et al., 2010

Shah and Kapoor, 1976

Rani et al., 2012

Gore et al., 1980; Walter, 2005

Rani et al., 2012
Nadkarni, 1996
Vivean et al., 2014
Sarma and Misra, 1995

Saroya, 2011; Mohiuddin, 2019
Dahanukar and Thatte, 1989
Reddy et al., 2006

Ignacimuthu et al., 2008; Sankaranarayanan

et al., 2010

Rani et al., 2012

Nadkarni, 1954; Kirtikar and Basu, 1981; Reddy
et al., 2009

Sankaranarayanan et al., 2010

Jayaweera, 2006

Nadkarni, 1954; Kirtikar and Basu, 1981; Reddy
et al., 2009

Ignacimuthu and Ayyanar, 2006;
Sankaranarayanan et al., 2010
Rani et al., 2012

6.2. Anti-asthmatic activity

Asthma is spreading worldwide and affecting the children pri-
marily. The adults of both sexes are equally attacked by the
disease after the age of 40 (Dodge et al., 1986). The global
death toll of asthma raised to 383,000 in 2015, along with
235 million asthmatic patients surviving through to 2016,
according to the reports of WHO published in December
2017 (WHO, 2017). The global burden of disease was esti-
mated to be 339.4 million in 2016, according to the report pub-
lished by The Global Asthma Network (Marks et al., 2018). T.
indica is considered as one of the best folk remedies for asthma
(Butani et al., 2007). The leaves of the plant (150 mg of the leaf
by weight) relieved the patients from asthma in a clinical trial
when chewed and swallowed with an empty stomach in the
morning (Shivpuri et al., 1969). Different cases of the con-
trolled clinical trials favoured the use of the plant as an anti-
asthmatic agent (Shivpuri et al., 1969; Shivpuri et al., 1972;
Mathew and Shivpuri, 1974; Thiruvengadam et al., 1978;
Gupta et al., 1979). The plant has been proved useful in caus-
ing significant relief from the symptoms of bronchial asthma
and allergenic rhinitis even in the dose of 3-6 leaves only.
The leaves of the plants are also beneficial for diminution of
nasal impediment and sneezing with the effect lasting for
approximately 10 days (Gore et al., 1980). Another causal
agent of asthma is the increased concentration of inflamma-

tory mediators released in response to the used allergens
(Church et al., 1997; Barnes et al., 1998). Histamine, an inflam-
matory mediator, caused the deficiency of oxygen in the sys-
tem, leading to the convulsion in Guinea pigs. The
convulsions are characterized by contraction of smooth mus-
cles, hypotension, and dilated capillaries. Histamine also
induced the grave bronchoconstriction leading to asphyxia
and eventually death. The plant lengthened the latent periods
of spasms induced by the use of histamine aerosol at the dose
of 100 mg/kg. The plant extract exhibited 43.15% protection
against the histamine-induced bronchoconstriction in Guinea
pigs supporting the anti-asthmatic properties of the plant
(Paliwal et al., 2011). The alcoholic extract has the potential
to thwart anaphylaxis in guinea pigs induced by egg albumin
and horse serum-induced broncho—contraction in sensitized
rat lungs (Gupta, 1975; Nayampalli and Sheth, 1979).

6.3. Anti—cancerous activity

Cancer has become one of the leading causes of mortality
around the globe over the last few years (Madhusudan and
Middleton, 2005). The skin cancer or melanoma is a multifac-
torial and multi-mechanistic type of cancer that is immensely
affecting the human population (Stratigos et al., 2007). The
leaf extract of the plant has been used as a folk remedy to treat
tumors, but little is known about the mechanism of action
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(Chitnis et al., 1972). Most of the anti-tumor agents work by
virtue of the induction of apoptosis in the target cancerous
cells (Yin et al., 2012). The condensation of the nucleus, the
overturning of membrane phosphatidylserine, activation of
caspase—3, formation of apoptotic bodies, and release of mito-
chondrial cytochrome ¢ confirmed the induction of apoptosis
in K562 cells by the plant (Elmore, 2007). The ethanolic
extract of the plant significantly retarded the escalation of
the SKMEL-28 cells. The activity of the plant extract
increased with concentration. Antiproliferative property of
the plant extract was further established by comet assay. The
extract induced nuclear damage in the head region of the
comet resulting in apoptosis (Smitha et al., 2016). The anti—tu-
mor activity may be attributed to the presence of an array of
alkaloids in the crude fraction of the plant extract
(Hammerova et al., 2011). Ethanolic extract of the plant
reduced the viability of HCT-15 cells (A cell line of human
colon, colorectal adenocarcinoma). The anti—proliferative
potential of plant extract was confirmed by MTT (3—(4,5-dime
thylthiazol-2—yl)-2,5-diphenyltetrazolium bromide) cell via-
bility assay, Neutral Red uptake assay, and Lactate dehydro-
genase assay. The protocols exhibited anti-cancerous
potential of the plant by inducing apoptosis and membrane
damage. The elevated concentration of crude extract aggra-
vates the deterioration of cells (Pratheesh et al., 2014). The
sprouting of new blood vessels from already existing ones is
termed as angiogenesis (Carmeliet and Jain, 2011), one of
the critical features of tumor build-out (Eikesdal et al.,
2008). Blocking the sprouting arrested the growth and devel-
opment of cancer (Ferrara, 2004). Tylophorine, an alkaloid
from the plant (Gellert, 1987), is known to halt the cell cycle
of HepG2, HONE-1, and NUGC-3 carcinoma cells in Gl
phase and downregulates the articulation of cyclin A2 (Wu
et al., 2009). Tylophorine retarded the process of angiogenesis
in human umbilical vascular endothelial cells by virtue of
VEGFR2 (Vascular Endothelial Growth Factor Receptor) sig-
naling pathway, making it an expedient therapy for anti-an-
giogenetic cancer treatment (Saraswati et al., 2013).
Tylophorine can retard the growth of tumor cells by exerting
the CycA2 inhibitory function and countermand the HCV
replication. It is further demonstrated that two tylophorine
intermediates, 5-oxo—1-[(2,3,6,7-tetramethoxy—9—phenanthre
nyl) methyl}-L-proline and 2,3,6,7-tetramethoxy-9—phenan
threnecarboxylic acid displayed anti-HCV activity with an
ECso value of 38.25 uM and 29.11 ~ 35.3 uM, respectively in
various HCV genotypes (Nguyen et al., 2019).

6.4. Anti—convulsant activity

Plant-based antiepileptic drugs have a vital role in the treat-
ment of epilepsy because of the curative potential and cost-
effectiveness (Joy et al., 2012). The ethanolic extract of the
plant leaves were evaluated for the anti—convulsant potential
against Maximal electroshock (MES), and Pentylene tetrazole
(PTZ) induced seizure models in rats. The results of the said
experiments indicated the anticonvulsant potential of ethanolic
extract in MES and PTZ induced seizure models. The hind
limb extension was completely prevented by administration
of ethanol extract (100 mg/kg body weight) in MES model
however in case of PTZ model, oral administration of the
ethanolic extract at a dose of 100 mg/kg body weight com-

pletely eradicated the convulsions (Hafis et al., 2017). The cur-
ing potential of the extract owes to blockade of sodium
channels (MES model) and T type calcium channels in the tha-
lamus (PTZ model) (Manikkoth et al., 2011). The extract may
mimic the activity of GABA and elevate the monoaminergic
activity (Hafis et al., 2017). The activity of monoamino oxidase
enzyme in the brain can be restrained by the isoquinoline alka-
loid isolated from the ethanolic extract of the plant leaves. The
tylophorinidine increased the concentration of monoamines by
prohibiting the action of monoamino oxidase enzyme resulting
in the interception of the MES and PTZ induced seizures
(Manikkoth et al., 2016).

6.5. Anti-diabetic activity

Diabetes mellitus refers to the cellular impotency to uptakeglu-
cose from the bloodstream. The inability may be congenital
(type I insulin-dependent diabetes mellitus) or acquired (type
II non-insulin-dependent diabetes mellitus) (Abesundara
et al., 2004). It is marked by elevated blood glucose levels in
the postprandial and /or fasting state and its severe forms
are characterized by ketosis and protein wasting (Bell, 1991).
The hypoglycemic activity of the plant was investigated by
the application of methanolic plant extract on male diabetic
Balb/c mice. The oral administration of the extract was carried
out at a dose of 50 mg/kg body weight. For the analysis of
blood glucose level, blood was collected from the tail vein at
the time of administration of extract and 24 h after applica-
tion. The blood samples were analyzed by Accu—chek blood
glucose analyzer from Roche (Shukla et al., 2004). The results
confirmed the hypoglycemic activity, which could be attributed
to the presence of gymnemic acid in the stem and leaf extracts
of the plant. Thus, the plant can be a substitution of the drugs
as a natural remedy for diabetes in folk medication as well as
the pharmaceutical industry (Najafi et al., 2010).

6.6. Antidiarrheal activity

One of the principal causes of infant mortality in developing
countries is diarrhea (Jousilahti et al., 1997). The conventional
treatment is the use of indigenous medicinal plants such as
Andrographis paniculata, Asparagus racemosus, Butea mono-
sperma, and Cassia auriculata (Chopra and Chopra, 1956). Lit-
tle scientific evidence is available for the safe use of such plants
as a remedy for diarrhea and dysentery. To check the anti—di-
arrheal potential of the plant, aqueous and alcoholic extracts
of roots were prepared and administrated orally to the rats.
The rats were divided into groups, and diarrhea was induced
by castor oil (1.0 mL/100 g body weight) and prostaglandin—
E2 (100 pg/kg in 2% v/v tween 80 orally). Another group
was treated with 1.0 mL of the charcoal meal (3% deactivated
charcoal in 2% aqueous tween 80). The parameters observed
were first defecation time, frequency of defecation and cumu-
lative wet faecal mass, contents of the intestine from the
pylorus to cecum, and distance moved by the charcoal meal
from the pylorus to the caeccum. The alcoholic and aqueous
extracts of roots caused significant inhibition of gastrointesti-
nal propulsion as well as fluid secretion. The activity of the
plant is exploited for its use as a folk anti-diarrheal agent
(Patel et al., 2006). The bioactive compounds could be accred-
ited for the anti-diarrheal activity of the plant included alka-
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loids, saponins, reducing sugars, tannins, and flavonoids
(Okudo et al., 1989; Evans, 1997). Flavonoids reduced the
motility of intestinal masses and also caused a decrease in
hydro—electrolytic secretion (Carlo et al., 1993; Rao et al.,
1997). Reduction in prostaglandin E2 induced intestinal secre-
tory response is also attributed to the flavonoid content of the
plant extracts (de Medina et al., 1997).

6.7. Antimicrobial activity

It is the call of the day to explore plant-based novel antimicro-
bials as microbes are getting more resistant to the available
germicides because of the excessive use of the drugs (Chan
et al., 2007; Gull et al., 2015). Attention must be paid to the
folk remedies for the development of new drugs (Colombo
and Bosisio, 1996). Different phytoconstituents such as homo-
isolavonoids, isoflavones, and gamma thionin are considered
responsible for the antimicrobial potential of the plant extracts
(Franco et al., 2006; Mhaeswara and Rao, 2006). Sulphur is
also found as an active antibacterial component of plants such
as Satureja pilosa, S. icarica, and Mentha piperita in some stud-
ies (Azaz et al., 2002; Iscan et al., 2002; Kalemba and Kunicka
2003). T. indica was studied for the antifungal potential against
fungal species such as Aspergillus niger, A. fumigatus, and Tri-
choderma viride. The significant antifungal activity was mani-
fested by the crude methanolic plant extracts as well as the
isolated pure compounds except for stem crude extract against
A. niger and root crude extract against A. fumigatus. Tylophor-
ine and O—methyl tylophorinidine restrained the growth of A.
niger and T. viride more efficiently with the inhibition zone of
10-15 mm as compared to septicine and simple aliphatic acid
(5-10 mm). A. fumigatus was found to be most resistant, least
inhibited even by pure compounds (Reddy et al., 2009). The
crude extracts of the plant showed potent activity for checking
the growth of fungal strains, A. niger, and Fusarium species
(Reddy, 2009). The alcoholic leaf extract showed reasonable
fungicidal potential against A. niger, A. flavus, A. fumigatus,
and Penicillium species. The aqueous extract of leaf callus
exhibited conspicuous activity against Candida parapsilosis,
while parent plant extract was investigated inactive. The min-
imal inhibitory concentrations (MICs) of alcoholic leaf extract
against the tested A. spergillus species ranged from 6.25 x 103
to 18.7 x 107 pg/mL, and MICs against Penicillium species
was found to be 9.38 x 10 pg/mL (Shahid et al., 2012). In
another study, the antifungal potential of in vitro raised plant
extract was investigated as compared to parent plant extract.
The alcoholic leaf callus extract excelled the parent plant in
activity against C. albicans and C. krusei, in addition to activ-
ity against A. flavus, A. niger, A. fumigatus, and Penicillium
species. The heightened activity of in vitro raised the plant
could be attributed to the enhanced nutritional and hormonal
concentrations in the culture medium. The MICs of the alco-
holic leaf extracts of the parent plant, in vitro raised plant
extract, and callus extract ranged from 12.0 to 98.0, 1.53—
49.0, and 3.05-24.0 pg/mL, respectively (Khatoon et al.,
2013). The methanolic extracts of wild and tissue cultured 7.
indica plants showed moderate control with the concentration
of 60 pL against two fungal species viz., A. fumigatus and Ver-
ticillum lecanii with the zone of inhibition of 7.0 and 8.0 mm
for wild and 8.0 and 9.0 mm, respectively for tissue-cultured
plants (Vanitha et al. 2019).

The plant extracts are esteemed for the bactericidal activity
against different bacterial strains (Garg and Jain, 1998;
Ogbulie et al., 2007). The bacterial cultures of B. subtilis, S.
aureus, M. luteus, E. coli, and P. aerginosa were incubated in
petri dishes with test compounds for 24 h to detect the antibac-
terial capacity of the plant. The methanolic plant extract and
isolated pure compounds were studied. Tylophorine and O—
methy tylophorinidine manifested the highest antibacterial
activity with an inhibition zone of 10-20 mm. The plant
restrained the growth of all bacterial cultures except E. coli.
The pure compounds displayed better bactericidal potential
than crude extract (Reddy et al., 2009). Similar results were
obtained against bacterial strains such as S. aureus, P. vulgaris,
P. aergenosa, and E. coli (Reddy, 2009).

Another study was conducted to investigate the activity of
alkaloid extract of the plant against E. coli, P. aeruginosa
(gram-negative), and S. aureus (gram-positive). The alkaloid
extract (1.0 mg of crude extract in 1.0 mL of 7.0% methanol)
was applied at the concentrations of 5, 10, 15, and 20 pL/
mL. The phytochemical extract of the plant was found to be
effective in all applied concentrations; the activity is increased
by increasing concentration. S. aureus and E. coli were found
to be more susceptible to the plant extracts as compared to
P. aeruginosa (Sathyabama and Kingsley, 2013).

Another study reported the use of a different solvent (ben-
zene, isopropyl alcohol, and ethyl acetate) extracts as bacteri-
cidal agents against S. typhi, E.coli, and S. aureus. The
maximum inhibition was exhibited by the ethyl acetate extract
with the inhibition zone of 25-28 mm against S. aureus
(Ponnanikajamideen et al., 2013). Another study reported
the activity of different solvent extracts of root and leaves
against P. aeruginosa, K. pneumoniae, E. coli, S. aureus, and
S. typhi. Ethyl acetate extract of the root successfully inhibited
the growth of all the bacterial strains. The methanolic leaf
extract proved to have significant antifungal activity against
all the stains except S. typhi. In contrast, methanolic root
extract showed concentration-dependent activity against all
the tested bacterial types. The growth of P. aerginosa, K. pneu-
monia, and S. typhi was restrained by the methanolic extract of
leaves (Balasubramanian et al., 2010).

The methanolic and ethanolic extracts of wild and tissue
cultured plants in different concentrations (20, 40, and
60 nL) were subjected to test for the antibacterial activity
against E. coli, B. subtilis, S. paratyphi, and Klebsiella pneumo-
nia. The best results were obtained by the application of
ethanolic extracts with a concentration of 60 pL against B. sub-
tilis and E. coli with a zone of inhibition of 13 mm and 12 mm,
respectively (Vanitha et al., 2019). The leaves of the native and
in vitro plant were extracted using different solvents for the
evaluation of antimicrobial potential against bacterial (S. aur-
eus and E. coli) and fungal strains (4. niger and P. chryso-
genum). The results of the agar well diffusion method
revealed that methanolic extract inhibited the growth of strains
mentioned above significantly at all concentrations (25, 50,
and 100 ug/mL). Among all the extracts, the acetonic extract
showed the least antimicrobial activity (Anand et al., 2020).

6.8. Antioxidant activity

The antioxidants possessed the ability to detain the oxidation
of living substrates by reactive oxygen species and free radicals
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(Kasote et al., 2015). The plants have been assumed to hold
antioxidant potential for long. Two-third of the world flora
has been bestowed with medicinal properties, including excel-
lent antioxidant capacity (Krishnaiah et al., 2011). Gupta
et al.,, 2011 investigated the antioxidant potential of the
methanolic extract by quantification of the phenolic content
of leaves. The phenolic content was estimated by the Folin—
Ciocalteu assay method. The antioxidant capacity of a com-
pound is measured in terms of DPPH (2, 2-diphenyl-I1-picryl
hydrazyl) radical scavenging activity (Pisoschi and Negulescu,
2011). The methanolic extract of the plant exhibited maximum
(30.74%) activity at the concentration of 100 pL as compared
to standard ascorbic acid (45.43%). The increase in the con-
centration of extract enhanced % DPPH scavenging activity.
The ICs, value required for 50% inhibition was found higher
for the plant (199.58 pg/mL) than ascorbic acid (194.58 ng/
mL). The intense DPPH radical scavenging activity recom-
mended its use as an antioxidant (Gupta et al., 2011). The gen-
eration of lipid peroxides is a despotic indication of build-out
of oxidative stress (Sreepriya et al., 1998). In another study, the
antioxidant potential of native as well as micropropagated
plants was investigated using lipid peroxidation, superoxide
dismutase, and catalase activity methods. ICsy was found to
be 10 pg/mL by lipid peroxidation inhibition and 6 pg/mL by
superoxide dismutase and catalase methods (Bhatia et al.,
2013). The antioxidative capability of the plant was also ascer-
tained by similar experiments carried out by Malathi et al.
(2012).

The plant was also found useful against paracetamol-
induced lipid peroxidation in the liver of male Wistar rats.
The paracetamol (acetaminophen) was inoculated intraperi-
toneally at a dose of 1.0 g/kg body weight. The resultant liver
damage was cured by treatment with methanolic extract of
dried leaves. The lowered levels of lipid peroxides in the treated
animal group led to the confirmation of the antioxidative
potential of the plant (Malathi et al., 2011). The methanolic
root extract of in vitro plants showed significant antioxidant
potential and captured more than 75% free radicals at a con-
centration of 1000 pg/mL (Manju et al., 2020).

6.9. Anti-ulcer activity

One of the significant calamities associated with the consump-
tion of non-steroidal anti-inflammatory drugs and alcohol is
the formation of ulcerative lesions in the mucosal membranes
of the body, particularly in the gastrointestinal tract. Among
medicinal plants, 7. indica has also been employed for the
treatment of different types of ulcers, including peptic ulcer
(Kannappan et al., 2008). The plant has been found beneficial
in the treatment of histamine and naproxen induced ulcers in
rats. The ulcer was caused by separately using 300 mg/kg his-
tamine hydrochloride and 80 mg/kg naproxen intraperi-
toneally. The methanolic extract of the plant leaves was
investigated useful for the inhibition of ulcers in different
doses. In histamine induced ulcers, methanolic extract of the
leaves showed 6.57, 8.95, and 18.68% inhibition with the injec-
tion of 50, 100, and 200 mg/kg of the plant extract, respec-
tively. The percentage inhibition of the plant extract was
noted to be 9.66, 16.09, and 47.53% for similar doses of
naproxen (Ghodekar et al., 2010). The mechanism of action
of the plant in both treatments is different depending upon

the ulcer-inducing drug. The plant protects naproxen induced
ulceration by aggravating the action of enzymatic antioxidants
such as glutathione peroxidase and catalase (Parks, 1989). The
histamine stimulated H,—receptor, an increase in gastric acid
secretion, and vasodilation led to ulcer development. The pos-
sible route of action is the blockage of H,—receptors leading to
the inhibition of ulcer development (Amagase and Okabe,
2003).

6.10. Diuretic activity

The osmotic balance of the body is regulated by diuretic drugs.
The drugs are responsible for checking the rate of urine flow
and excretion of sodium from the body. The drawback associ-
ated with synthetic diuretics is the rapid loss of potassium from
the body. Hence, a natural diuretic is required that allows the
inhibition of Na™ reabsorption and retains the K concentra-
tion of the body (Meera et al., 2009). The alcoholic and aque-
ous extracts of leaves were investigated for the diuretic activity
of the plant. The ethanolic extract was the most effective diure-
tic at active dose of 100 mg/kg body weight. Ethanol enhanced
the activity of leaf extract by increasing the urinary electrolyte
concentration (Kumar et al., 2010). Thus the plant shows good
diuretic activity, increasing the volume of urine, cation, and
anion excretion, particularly that of sodium, potassium, and
chloride. The active dose of the extract was examined to be
100 mg/kg body weight. Ethanol extract proved to be the most
effective, followed by chloroform and aqueous extracts (Meera
et al., 2009). The diuretic activity of the plant can be attributed
to the bioactive components found in the plant, such as flavo-
noids, saponins, and terpenoids (Rizvi et al., 1980; Sood et al.,
1985; Chodera et al., 1991). The control of acid-base balance in
the kidney is closely related to the maintenance of the sodium
to potassium balance. The excessive loss of potassium ion due
to the use of diuretics can cause hypokalemia as a side effect.
Therefore, such diuretics are preferred, which spare the loss of
potassium (Sturat, 2002). The level of potassium in urine was
considerably high, leading to a risk of hypokalemia. The
aspect of plant diuretic is still to be investigated (Meera
et al., 2009).

6.11. Hepatoprotective activity

The liver is considered as the warehouse of metabolism of ani-
mal bodies, playing a vital role in physiological processes. The
autoimmune diseases, excessive consumption of alcohol, and
toxic chemicals may lead to hepatotoxicity. The hepatotoxicity
is mainly caused by the induction of lipid peroxidation in liver
cells. A number of plants have been implemented for the pro-
tection of the liver (Kumar et al., 2011). The hepatoprotective
potential of the plant was subjected to a test against the liver
damage caused by carbon tetrachloride in Wistar albino rats.
The hepatoprotective capability of methanolic extract of leaves
was estimated in terms of biochemical parameters such as
serum glutamate oxaloacetate transaminase, serum glutamate
pyruvate transaminase, total protein and level of serum biliru-
bin. The methanolic extract of leaves showed a remarkable
diminution in the level of serum hepatic enzymes at a dose
of 200 mg/kg and 300 mg/kg body weight (Koratala and
Kazory, 2017). The plant has also proven useful against arte-
sunate induced liver injury. The hepatic injury was caused by



6358

S. Nazar et al.

the oral administration of artesunate at the rate of 110 mg/kg
body weight of Wistar albino rats. The damage was amelio-
rated by treatment with 90% aqueous ethanolic extracts of
leaves. The efficiency of plant extract was assessed on the basis
of various biochemical parameters like alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phosphatase, v-
glutamyltransferase, bilirubin, and albumin in the serum, and
the levels of antioxidant enzymes like superoxide dismutase
and catalase in liver tissues (Jahas et al., 2014). The methanolic
extract of the leaves was found useful against CCly induced
hepatotoxicity by studying serum glutamate oxaloacetate
transaminase, serum glutamate pyruvate transaminase, serum
alkaline phosphatase and bilirubin content (Mujeeb et al.,
2009). The hepatoprotective activity of the plant is accredited
to an active phytoconstituent, tylophorine, which provides
the membrane-stabilizing and antioxidant property to the ther-
apeutic gem (Gujrati et al., 2007; Manikkoth and Rao, 2013).

6.12. Nitric oxide scavenging activity

Nitric oxide (NO) is one of the important bioregulatory mole-
cules essentially required for many physiological processes
such as immune response, the transmission of nerve impulse,
vasodilation, and control of blood pressure (Pacher et al.,
2007; Hosking, 2009). However, prolonged exposure of the
body to NO may lead to various ailments, including cancer
(Chen et al., 2014). The aqueous ethanolic extract (50%) of
the leaves was found useful in scavenging NO. The highest
NO scavenging activity (79.28%) was manifested by the
extract concentration of 1000 pg/mL. Even the lowest concen-
tration of the tested extract (32.25 ng/mL) was an efficient NO
scavenger (Jagetia and Baliga, 2004). Another study reported
potent NO radicals scavenging activity of the plant at different
concentrations (125, 250, and 500 pg) (Pratheesh et al., 2014).

7. Biotechnological applications

7.1. Antifeedant activity

The pests and microorganisms caused massive damage to the
productivity of crops. The pesticides used against the pests
made the situation even worse by deteriorating the environ-
ment. Hence there is a dire need for drugs that possessed anti-
feedant and insecticidal properties (Reddy et al., 2009). The
crude methanolic extract of different parts of the plant and iso-
lated pure compounds were investigated for the antifeedant
activity against Spodoptera litura, a polyphagous pest
damaging crops. The extract showed antifeedant activity in
dose-dependent fashion. The crude leaf extract manifested
maximum activity (71.85%) as compared to crude extracts of
the stem (62.90%) and root (56.04%) at the concentration of
500 ppm with an interval of 24 h. With the elevation of concen-
tration from 500 ppm to 1000 ppm, the activity of crude
extracts of leaf, stem, and root increased to 95.85, 90.82, and
81.75%, respectively. Tested pure compounds included
tylophorine, O—-methyl tylophorinidine, septicine, and simple
aliphatic extracts. Among the compounds, tylophorine and
O-methyl tylophorinidine exhibited maximum (100%) activity
at the concentration of 500 ppm, followed by the activity of
septicine (90.35%) and simple aliphatic acids (72.68%) within
24 h (Reddy et al., 2009). Tylophorine has also been useful as

an antifeedant against Spilosoma oblique walker as reported by
Verma et al. (1986) and Thripathi et al. (1990).

7.2. Larvicidal and insect-repellent activities

Vector-borne diseases are becoming epidemic nowadays (Wei
et al., 2007; Lemon et al., 2008). Recent research has revealed
the fact that different parts of the plants can be used as mos-
quito repellents or pesticides without bearing any side—effect
to the non-target organisms and ecosystem because of the
presence of certain insecticidal phytochemicals. The phytocon-
stituents are reported from the fruit pulp, kernel, root, bark,
and leaves of different plants (Ansari et al., 2005; Ezeonu
et al., 2001; Sen-Sung et al., 2003; Chapagain et al., 2007;
Rawani et al., 2013). Methanol, n-hexane, and ethyl acetate
extracts of the plant leaves were tested against Culex quinque-

fasciatus and Aedes aegypti for the larvicidal and insect-

repellent activities. Among the extracts, n-hexane extract was
found to be most effective for the larval mortality with the
lethal concentration (LCsy) of 324 and 619 ppm against C.
quinquefasciatus and A. Aegypti, respectively. Appreciable
screening time of 187 min against C. quinquefasciatus and
122 min against A. aegypti was exhibited by the n-hexane
extract of the leaves at the concentration of 5.0 mg/cm?®. The
larvicidal and insect-repellent activities of methanol and ethyl
acetate extracts were negligible. This property of T. indica
can be exploited for the commercial production of insect repel-
lents and insecticides (Gandhi et al., 2014). The summary of all
the biological and biotechnology attributes is given in Table 5.

8. Propagation of the plant

Traditionally 7. indica has been propagated through seeds.
The optimum conditions for the propagation included organic
matter—-rich loamy soil, shady environment with an ambient
supply of heat, and light. Added organic manure also pro-
moted the growth of the plant. The germination of seeds starts
within 10 days and could be transplanted into the fields after
90 days. The transplantation brings about the best results
when done in the rainy season (Rani et al., 2012).

The magnificent activity of the plant against asthma has
brought it to the limelight in the folk medicinal systems. The
plant has been used extensively, leading to overexploitation
(Thomas, 2009). Owing to the unsystematic collection and mis-
management of the cultivation, the plant is facing the threat of
extinction in the Southeast Asian subcontinent. It is the call of
the day to devise such methods that can overcome the present
critical situation of the plant and meeting the increasing
demand (Faisal and Anis, 2003). One of the ways is micro-
propagation, which includes the development of a large num-
ber of plants from the explant. Micropropagation takes a very
short period as compared to the time take conventional culti-
vation practices (Rani et al., 2012). Many studies authenti-
cated the uses of modern biotechnological approaches for
the mass cultivation of the plant. The propagation through
somatic embryogenesis has been carried out from mature
leaves (Jayanthi and Mandal, 2001; Choudhury et al., 2004;
Chandrasekhar et al., 2006; Archana, 2018). In another study,
plants were rapidly multiplied by means of enhanced axillary
bud proliferation from the nodal explants collected from
young shoots (Faisal et al., 2007). Faisal and Anis (2005) used
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Table 5 Summary of biological and biotechnology attributes of the plant.

Activity Nature of plant extract In vitro/in vivo References
study
Anxiolytic Ethanolic plant extract Wistar albino rats ~ Manikkoth et al., 2013, 2016
Anti-asthmatic Alcoholic plant extract Guinea pigs Paliwal et al., 2011
Anticancerous Ethanolic leaf extract SKMEL-28 cells, Pratheesh et al., 2014; Smitha et al., 2016

Anti-convulsant
Anti-diabetic
Antidiarrhoeal
Antifeedant

Antimicrobial

Antioxidant

Anti-ulcer
Diuretic
Hepatoprotective
Larvicidal and
insect repellent

Nitric oxide
scavenging

Ethanolic leaf extract

Methanolic plant extract

Aqueous and alcoholic root extracts
Crude methanolic leaf extract

Methanolic plant extract; aqueous leaf callus extract;
alcoholic leaf callus extract; ethyl acetate root
extract; methanolic leaf extract, ethanolic plant
extract

Methanolic leaf extract
Plant

Methanolic leaf extract
Alcoholic leaf extract
Methanolic leaf extract
Hexane leaf extract

Ethanolic plant extract

HCT-15 cells

Rats Hafis et al., 2017
Mice Shukla et al., 2004
Rats Patel et al., 2006

Verma et al., 1986; Thripathi et al., 1990;
Reddy et al., 2009

Spodoptera litura
and Spilosoma
oblique walker

pests

In vitro Reddy et al., 2009; Reddy, 2009;
Balasubramanian et al., 2010;Shahid et al.,
2012; Khatoon et al., 2013; Sathyabama and
Kingsley, 2013; Ponnanikajamideen et al.,
2013; Vanitha et al., 2019

In vitro Gupta et al., 2011; Bhatia et al., 2013

Wistar rats Malathi et al., 2011; Malathi et al., 2012;

Rats Ghodekar et al., 2010

Meera et al., 2009
Koratala and Kazory 2017; Jahas et al., 2014;

Wistar rats
Wistar rats

Culex Gandhi et al., 2014

quinquefasciatus

and Aedes aegypti

larvae

In vitro Jagetia and Baliga, 2004; Pratheesh et al.,

2014

petiole cells for the development of callus and regeneration of
plants. The plant has been regenerated through mesophyll pro-
toplast (Thomas, 2009) and callus regeneration (Faisal and
Anis, 2005). The transformations in plant were brought using
the bacterial strain of Agrobacterium rhizogenes on excised leaf
explants (Gupta et al., 2010b) and Agrobacterium tumefaciens
on stem apices (Alagumanian et al., 2014).

9. Toxicity

Besides its enormous pharmacological benefits, 7. indica is
found to be very toxic at higher concentrations. The allergic
reactions of the plant have been previously reported in some
cases. Tylophorine, phenanthroindolizidine alkaloid is consid-
ered as an allergen, but further confirmation is required.
Among the aqueous, methanolic, and ethanolic extracts of
the leaves and stem of the plant, the ethanolic extract was
found to be the most toxic against the baby hamster kidney
fibroblast cells (BHK-21) (Kannan et al., 2013). The plant
extract is found to be toxic in concentrations as low as
20 ug/mL (Yang et al., 2005). A study claimed that the alka-
loids, tylophorine, and tylophorinine from the plant might
cause dermatitis as a side effect, but no skin testing report is
evident from the literature. A single dose (12-100 mg/kg) of
pure alkaloids suspended in peanut oil causes indolence, sali-
vation, respiratory obstruction, and diarrhea in male rats.
The LDs, value of the alkaloid was investigated to be
35.32 mg/kg (Dikshith et al., 1990). Another study claims plant
juice to cause vomiting, unconsciousness, and eventually death
(Basher and Islam, 2015; Mohiuddin, 2019).

10. Conclusion and prospects

Owing to the diverse range of phytoconstituents occurring in
the plant, 7. indica has found extensive uses in the traditional
as well as the modern system of medicines. A wide arena of
pharmacological attributes is accredited on the part of the
plant such as antiasthmatic, bronchodilator, antioxidant,
anti-cancerous, hepatoprotective, anti—diabetic, diuretic, and
many others. The plant is rich in alkaloids, major of them
being tylophorine and tylophorinine. Other phytochemicals
include flavonoids, saponins, tannins, terpenoids, phytosterols,
and a fair concentration of primary metabolites.

In vitro raised plants showed improved qualities as com-
pared the conventionally raised plants. The methanolic extract
of callus checks the growth of C. albicans and C. krusei, which
was unable to be done with the parent plant extract. The activ-
ity could be exploited to reduce the risk of diseases caused by
infectious organisms. The plant extract could be used as a raw
material for the development of fungicides. The chemical for-
mulations of the plant are already available in the market.
The extracts could be used on the commercial industrial stage
for the development of new novel drugs. The variety of bioac-
tivities shown by the plant invites the intrigued explorers of
nature to further uncover the veil of the plant. Further studies
are required to check the toxicity of the plant and the methods
that could minimize the side effect of the plant. As every boon
carries a bane with it, the pharmacologically active nature of
the plant has brought it to the advent of extinction due to
the indiscriminate barbarian collection of the plant from the
natural habitat. The present situation necessitates such steps
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that restore the population of the plant as well as meet the
increasing demand of the plant. The biotechnological tools
should be used for the rapid mass cultivation of the plant, par-
ticularly in the areas where the plant is unable to grow due to a
lack of favorable environmental conditions.
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