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This study aimed to summarize the available data on the ethnomedicinal and phytopharmacological activities of Heliotropium
indicum L. based on database reports. For this purpose, an up-to-date literature search was carried out in the Google Scholar,
Scopus, Springer Link, Web of Science, ScienceDirect, ResearchGate, PubMed, Chem Spider, Elsevier, BioMed Central, and patent
offices (e.g., USPTO, CIPO, NPI, Google patents, and Espacenet) for the published materials. The findings suggest that the plant
contains many important phytochemicals, including pyrrolizidine alkaloids, indicine, echinitine, supinine, heleurine, heliotrine,
lasiocarpine, acetyl indicine, indicinine, indicine N-oxide, cynoglossine, europine N-oxide, heleurine N-oxide, heliotridine N-
oxide, heliotrine N-oxide, heliotrine, volatile oils, triterpenes, amines, and sterols. Scientific reports revealed that the herb showed
antioxidant, analgesic, antimicrobial, anticancer, antituberculosis, antiplasmodial, anticataract, antifertility, wound healing,
antiinflammatory, antinociceptive, antihyperglycemic, anthelmintic, diuretic, antitussive, antiglaucoma, antiallergic, and larvi-
cidal activity. In conclusion, in vitro studies with animal models seem to show the potential beneficial effects of H. indicum against
a wide variety of disorders and as a source of phytotherapeutic compounds. However, clinical studies are necessary to confirm the
effects observed in animal models, determine the toxicity of the therapeutic dose and isolate the truly bioactive components.
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1. Introduction

One of the barebones for the victory of principal health care
is the accessibility and use of apposite drugs. Traditional
medicine, since the early formation of human civilization,
has been the most sensible and affordable source of treat-
ment in the health care system, which is why people con-
tinue to rely on plants for multiple disorders [1]. The
medicinal uses of each plant derive from the presence of
significant amounts of various natural products, which can
be used as alternative therapeutic or adjuvant tools. Me-
dicinal plants play an energetic role in the discovery of new
therapeutic agents, thus growing interest in the use of
pharmaceutical consumption [2,3]. Medicinal plants contain
many constituents such as alkaloids, flavonoids, tannins,
phenols, saponins, and glycosides, with notable biological
activities such as antimicrobial, analgesic, antipyretic, an-
titumor, wound healing, and cardioprotective, among others
that can be useful against diverse human diseases [4,5].

Heliotropium indicum L. (family: Boraginaceae; Fig-
ure 1), locally known as “Hatisur” is derived from the Greek
words “helios” meaning “sun” and “tropein” meaning “to
turn,” indicating that the flowers and leaves turn toward the
sun and known as the “Indian turnsole” [6]. It is also known
as Eliopia riparia Raf., Eliopia serrata Raf., Heliophytum
indicum (L.) DC., Heliotropium africanum Schumach. &
Thonn., Heliotropium cordifolium Moench, Heliotropium
foetidum Salisb., Heliotropium horminifolium Mill.,, and
Tiaridium indicum (L.) Lehm. H. indicum is distributed
throughout Bangladesh, Nepal, Sri Lanka, Thailand, India,
and other areas of tropical Asia and in some parts of Africa
[7]. H. indicum is a small annual or perennial herb with a
height of about 15-50 cm in length, with the leaves always
opposite, and the stem and root covered by a hairy layer [7].
Flowering time is around the whole year, and flowers are
calyx green; the fruits are dried and consist of 2-4 free or
almost free nutlets in 4-5mm long [8].

Traditionally, this plant is widely used against many
pathological disorders including wound healing, antidote,
bone fracture, febrifuge, cures eye infection, menstrual
disorder, nerve disorder, kidney problem, and antiseptic
purpose [9-14]. H. indicum contains many important
phytochemicals such as tannins, saponins, steroids, oils, and
glycosides [12,15]. Schoental [16] and Hartmann and Ober
[17] isolated pyrrolizidine alkaloids (e.g., indicine N-oxide,
heliotrine, etc.) from this plant. Scientific reports suggest
that H. indicum possesses many important pharmacological
activities, including antiinflammatory [18], wound-healing
[19], anticancer [15], and anticataract activities [20].

This review aims to show the current scenario on the
ethnomedicinal, phytochemical, and pharmacological pro-
files of H. indicum.

2. Plant Taxonomy

The taxonomic hierarchy of H. indicum is the following:

Domain: Eukaryota

Kingdom: Plantae
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Phylum: Spermatophyta
Subphylum: Angiospermae
Class: Dicotyledonae
Order: Boraginales

Family: Boraginaceae
Genus: Heliotropium

Species: Heliotropium indicum L

3. Plant Morphology

H. indicum is an erect, thick fetid, annual or perennial
herb with hirsute ascending branches, reaching between
20 and 60 cm in height [13]. The leaves are opposite or
sub-opposite, alternate or sub-alternate and straight
forward, sheet-shaped from ovate to elliptical, hairy, and
sharp and 5-10 cm long. The margins of the leaves are
undulate; the nerves present on both sides are serrulate
or cordate and clearly visible under the leaves [21]. The
petiole is about 1-7 cm long, while the flowers progress
apically within the cymose; at maturity, nutlets are
present at the base of the inflorescence. Generally,
flowers are white or whitish violet in color, regular,
sessile, axillary, and nearly 5 mm in diameter. Sepals are
diffused with hairs outside, deep green in color, linear to
lanceolate, uneven or unequal, and about 5-3 mm long.
The fruits are dry and 2-4 lobed, with or without united
nutlets, and 3-6 mm long. This species grows in sunny
places preferring heights around 800 m [22]. Botanical
descriptions of H. indicum are given in Table I.

4. Methodology

The literature search was performed using the databases:
Google Scholar, Scopus, SpringerLink, Web of Science,
ScienceDirect, ResearchGate, PubMed, ChemSpider,
Elsevier, BioMed Central, and USPTO, CIPO, INPI,
Google Patents, and Espacenet. The scientific databases
were chosen based on the topic covered (i.e., ethno-
botany, ethnomedicinal wuses, ethnopharmacology,
pharmacology, phytochemistry, and therapeutic value)
and geographical coverage (i.e., Asia and Africa). The
common keyword “Heliotropium indicum” was used to
search published materials, which was then paired with
“traditional uses,” “ethnopharmacology,” “phytochem-
istry,” “pharmacology,” and “toxicity.” Other literature
sources included papers published in international
journals; reports from international, regional, and na-
tional organizations; conference papers; and related
books. Chemical structures were drawn using the soft-
ware ChemSketch (Version 14.01).

5. Traditional and Folk Values

Ethnopharmacology is the study of medicinal plant use in
specific cultural groups or the study of differences in
response to drugs in different cultures [23]. About 90% of
native people depend on the natural products of plant
origin to treat several diseases [24]. With the knowledge
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FiGure 1: Different parts of Heliotropium indicum Linn:(a) whole plant, (b) leaves, (c) flowers, (d) seeds, and (e) roots.

of ethnopharmacology, the whole plant of H. indicum has
been traditionally used in different folklore systems to
cure several diseases in different countries over the world.
In Bangladesh, the juice or decoction of leaves and roots
of H. indicum is traditionally used in chicken pox, allergy,
blood purification, swelling of the knees, joint pain, and
severe itchy legs and also be used as an antidote to
poisoning [12,25-27]. In India, different parts of the herb,
mainly leaves as a paste or beverage, are used on wounds,
skin infections, ophthalmia, snakebite, and scorpion sting
[28,29]. The decoction of both root and leaf is used to
handle whooping cough in children in eastern Nicaragua
[13].

The infusion of flowers at low doses is applied to regulate
the menstrual cycle, while large doses for abortion by in-
troducing into the vaginal cavity. In Jamaica, the flower in-
fusion is used by females to treat menorrhagia, while in
Senegal and the Philippines, it is used to treat kidney stone

[9,10]. In the Philippines, the decoction of dried roots is
drunk to encourage menses, while the seeds are used to heal
wounds and treat cholera and malaria [30]. In African
countries, it is reported that this plant is useful in treating
malaria, dermatitis, abdominal pain, renal failure, and urinary
infections [9,31,32]. In Thailand, the dried and powdered
inflorescence (1 gm) mixed with milk or water is used for
three days beginning with the fourth day of menses to yield
permanent sterilization in females [33]. The whole plant is
used to treat ringworm infection and counteract putrefaction
in Malaysia, while the decoction of the whole plant is applied
to treat gonorrhea in Burma [30]. The leaf juice is used to treat
the stings and boils of scorpions and insect bites. On the other
hand, the boiled juice with castor oil is used to treat mad dog
bite infections [34]. Moreover, H. indicum is also used to treat
rheumatism [35], ulcer, venereal disease, fever, sore throat,
and sores in the rectum [36]. Traditional uses of H. indicum in
different countries are summarized in Table 2.
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TaBLE 1: Botanical morphology of Heliotropium indicum L.
Habitat The disturbed areas are garden or lawns, roadsides, anthropogenic habitats, and waste places. It is mostly found at a 1,000 m
altitude.
4-10 cm long and 2-5 cm wide, opposite, or sub-opposite, alternate or sub-alternate, ovate to obovate,
Foliage Leaves and acute, with a wavy or undulate, serrulate, or cordate leaf margin, nerves on either side or veins. The
8 leaf surface is covered with short hairs, which may be quite stiff.
Petiole 1-7 cm long with a sub-truncate base or ovate
4-5 mm wide, regular, sessile, axillary, and slightly purple or white or whitish violet with a small yellow center and having a
narrow tube with lobes formed a plate shape
String or twisted of beads with a prominent curl at the apex. Flowers develop apically within the cymose
Inflorescence .
inflorescence.
Sepals 5 in number, 3 mm long, diffused with hairs outside, deep green in color, linear to lanceolate, and uneven
Flowers P or unequal
Cal)fx' lobes 3mm long
ciliate
Stamens 5 in number and borne in a corolla tube, terminal, and corolla tube 4-6 mm long
Petals Rounded
Ovary 4 lobed
Fruits Fruits, also known as nutlets, are dry, indehiscent 2-4 lobed, 3-6 mm long, with or without united nutlets, ovate, and ribbed
separated into two nutlets. Each nutlet is two-celled and beaked.
Stem and Wide distributed, branched or unbranched, and hirsute with hairs in the stem. The root system is a long taproot and highly
roots branched.
Genetics 2n=22,24

6. Phytochemical Constituents

Based on the history of traditional and folk medicinal uses of
H. indicum, many researchers have been investigating its
phytochemical and pharmacological properties to identify the
compounds responsible for its wide use as herbal medicines.
The plant contains many important phytocomponents, in-
cluding alkaloids (e.g., acetyl indicine, cynoglossine, echini-
tine, heleurine, heliotrine, helindicine, europine N-oxide,
heleurine N-oxide, heliotridine N-oxide, heliotrine N-oxide,
indicine, indicinine, indicine N-oxide, lasiocarpine, lycops-
amine, trachelanthamidine, retronecine, and supinine), tri-
terpenes (e.g., fS-amyrin, lupeol, rapone, and rapanone),
sterols (e.g., B-sitosterol, estradiol, chalinasterol, campesterol,
hexacosane-1-ol, and stigmasterol), amines (e.g., putrescine,
spermidine, and spermine), and volatile oils (e.g., 1-dodec-
anol, S-linalool, and phytol) [30,53,62,65,67-72]. Two new
alkaloids, namely, heliotrine and indicine N-oxide, along with
other alkaloids, including heleurine, supinine, echinitine,
heliotrine, lasiocarpine N-oxide, acetyl indicine, indicinine,
and retronecine, have been isolated from the aerial parts of
H. indicum [68, 71, 73, 74]. Europine N-oxide, cynoglossine,
heliotrine N-oxide, heleurine N-oxide, and heliotridine N-
oxide were isolated from the seeds of this plant. Another new
pyrrolizidine alkaloid, helindicine, has also been isolated from
the roots of H. indicum [75]. The reported compounds are
presented in Table 3, and the main representative compounds
are shown in Figure 2.

7. Pharmacological Activities

Various solvent extracts (e.g., aqueous, chloroform, etha-
nolic, methanolic, and petroleum ether) of the whole plant of
H. indicum as well as its various parts (e.g., root, stem, leaf,
etc.) have been investigated to validate the folk value, and the

results showed diverse biological effects on experimental
animals, which are described in the present section. Phar-
macological activities of different parts of H. indicum have
been shown in Table 4.

7.1. Antioxidant Activity. The methanolic extract of various
parts of the plant, such as leaf, stem, and roots, was used to
measure the total phenolic compounds and flavonoids con-
tents as well as to determine DPPH free radical scavenging
activities. The inflorescence extracts presented a higher con-
centration of total phenolics and flavonoids with a 21.70 mg
gallic acid equivalent per gram (GAE/g) and 4.90 mg quercetin
equivalent per gram (QE/g), followed by leaves, stems, and
roots. The percentage of free radical scavenging activity of the
methanolic extracts of inflorescence, leaves, stems, and roots
followed the same response pattern, with the maximum values
for inflorescence (77.78%) followed by leaves (55.25%), stems
(47.49%), and roots (<20%) with respect to the standard gallic
acid and ascorbic acid [80]. In another study by the same
authors, the potential antioxidant activity of methanolic ex-
tracts of callus of H. indicum cultured for 30days at different
temperatures (20, 25, 30, and 32°C) reported the highest DPPH
scavenging activity (ICso=53.17 + 1.43 yg/mL) at 30°C respect
to the other temperatures [81]. In addition, another study
reported that the ethanolic extract of H. indicum exerted more
antioxidant capacity (ECsy: 28.91 + 4.26 yg/mL) than the water
extract (ECso: >100 ug/mL) [14].

7.2. Analgesic Activity. The analgesic effect of the ethanolic
and aqueous extracts of the aerial parts of H. indicum
(30-300 mg/kg) in a mouse model of formalin-induced pain
was compared with the standard drugs, diclofenac sodium
(1-10 mg/kg), and morphine (1-10 mg/kg). The neurogenic
and inflammatory phases of the formalin-induced
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TaBLE 2: Traditional uses of H. indicum L.
Country Local names Trad1t1§):ie1§e as or Part(s) used Mode of administration Reference(s)
Antidote to Leaves and  Decoction of leaves and stems is (2]
poisoning stem administered orally.
Swelling of knees, Decoction or maceration of the
joint pain, and Root root is used through vocal order [25]
Bangladesh Hatisur severe itching in leg (VO).
Chicken pox Leaves Juice of roots is taken orally. [26]
Allergy Leaves Juice of the leaf is taken orally.
Blood .purlﬁ.catmn Root Juice of roots is u.sed both orally [27]
and infections and topically.
Brazil Aguaré-ciunhd-ac u and jacud- Skin ulcers and Leaves Unknown [19,37]
acanga burns
Benin Koklosouden Dystocia Leaves Trituration W;;he;vier and drops [38]
Leaf extract is filtered then applied
Femal Leaves through VO.
The diluted juice is administered
Leucorrhoea Whole plant through VO.
Splenomegalia Leaves Unknown
Psychosis Leaves and Unknown
root
. Internal infection Stem and  Decoction of stems with leaves is
Koclossoudinkpatcha (Fon) and hypertension leaves applied through VO. (39]
Stomach. fever. and Decoction of fresh leaves with
Congo Not registered A Leaves water that is taken 1 glass/day for [40]
eye lotion
1 week.
Colombia Rabo de alacrdn and verbena Internal parasites Leaves Decoction of fresh leaves [41]
Guinea Nasinko and hogghonhwan D?e rgﬁ;zge;nd Whole plant ~ Decoction of the whole plant [42]
— The decoction of leaves is allowed
Antiseptic Leaves to administer through vocal order. [43]
Ghana Komfemtikoro Palu_dlsm .and eye Leaves Decoction of leaves is used for [44]
infections 7 days.
Conakry Not registered Fever Whole plant ~ Decoction of the whole plant [9]
Gabon (mo-)nyaka (w-)a mbumba (Eviya Gingivitis Leaves Ground leaves of H z.ndzcum for [45]
language) local application
India Nakkipoo Snake.blte a.nd Leaves The leaf juice is used by mixing [29]
scorpion sting with hot water.
Indian heliotrope and hatisundha WOL.mdS afnd skin Whole plant Paste of the whqle plant is applied [28]
infections topically.
Ophthalmia Root Juice of the root is taken orally. [46]
Klaouri (Gouro), kotokorokombo
(Baoule), nansifo, nosiko L
Ivory Coast (Malinke), tapentiti, and taperodia Colds and sinusitis Leaves Powder of dry leaves [47]
(Shien)
Indonesia Bandotanlombok, djingirajam, Herpes and Leaves Decoction of leaf is used in thrush [9]
gadjahan, tlale, and tusokkonde rheumatism and poultices.
Jamaica Turnsoles Menorrhagia Flower Infusion of the flower is taken [48]
orally.
Fever, ulcers, . .
venereal diseases, Whole plant Decoction of the whole plant is
taken orally.
and sore throat
Induced abortion =~ Whole plant Decogtlon of the wbole P lapt '
applied to the vaginal cavity.
Rectal sores Whole plant Decoctlor} Qf the whole plant is
administered rectally.
Cleansing and
dressing of wounds Whole plant Paste of fresh plant
and ulcers
Mauritius Herbepapillon (Creole) and Renal colic Leaves Infusion of 4 or 5 green leaves [32,49]

taylkoudougou (Tamoul)
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TaBLE 2: Continued.
Country Local names Tradltl?:iel;ie as or Part(s) used Mode of administration Reference(s)
Ophthalmia,
diuretic, anthrax .
. Leaves Diluted leaf of 1 or 2 cups
(poultice), and
ulcers
Mali Nonsikou (Bambara) Nause.a_and Whole plant Boiled de.coctlon of plant bundle (50]
vomiting is taken orally.
. Leaves decoction through VO and
Baby thinness Leaves bath 4x/day for 10 days [9]
Ocular infection Leaves Leaves decoctl::)}r,le sls used to wash
Decoction of roots is applied
Amenorrhea Root through VO and bath for 3 days.
High blood pressure Leaves Leaves decoction (VO)
Mexico Not registered Asthma Root Decoction of ;(;(;ts or any plant [9]
Paludism. and sap is The decoction with water and
Nigeria Agogo-igun, ogbe, and akuko D P Leaves allowed to administer through [38]
applied to gumboils.
vocal order
The decoction with water and
Hepatitis and fever Leaves allowed to administer through
vocal order
Gonorrhea Leaves The leaf juice mixed w1‘th castor oil [51]
is locally applied.
Otukeyin, ekaesinono, and . Decoction of crushed leaves is
edisimon (Ibibio) Boils and sore throat Leaves applied through VO. (521
Nicaragua Not registered Skin infections Leaves Leaf paste 'S ap phec‘1 topically for [53,54]
skin infections.
Whooping cough Leaves and  Decoction of a combination of leaf
ping coug root and root is taken orally.
Philippines Buntot-leon, pengnga-pengnga,  Diuretic and kidney Whole plant Decoction of the whole plant is [55]
and puntaelepante stone taken orally.
Rodrigues . Decoction of the plant is applied
Island Herbepapillon Calculus Whole plant through VO. [56]
Herbepapillon (Rodrigues Creole) Bloating and loss of Leaves Decoction of the leaves (VO). 1 (57]
and Indian heliotrope (English) appetite cup when needed.
Siby Nonsikou Vomiting Leaves Unknown [9]
The decoction with water and
Seychelles Not registered Chirurgical pain Leaves allowed to administer through [58]
vocal order
Child, eczema, The leaf powder is prepared by
Senegal Manding-bambaranagiku impetigo, and Leaves drying in the shadow and in the [59]
dermatitis open-air that is applied in local.
Diuretic and kidney Whole plant Decoction of the whole plant is [55,60]
stone taken orally.
The crushed leaves with palm oil
Sao Tome Folhagalo Ulcers Leaves are applied on the affected area. [61]
Sierra Not registered Washing th.e Leaves Decoction of leaves [9]
Leone newborn babies
South . Insect bites and Leaves and  Paste of leaf and root together is
. Not registered . . . [62]
America scorpion stings root applied externally.
Togo Koklotadoe and agamassiké (Ewé) Dermatosis Leaves Local application of leaves juice [38]
Liver diseases Whole plant ~ Decoction of the whole plant [63]
. . Decoction or maceration of the
Tanzania Humbangara (Ngoni) Yaws Root root through VO [64]
Taiwan Gou-wei-chung-tsan Hepatitis Leaves and  Paste of leat" and root together is [65]
root applied externally.
One gram of the dried and
powdered inflorescence mixed
Produce permanent . . .
. T with milk or water is used for
Thailand Yah nguang-chang sterilization in Inflorescence o . [33]
3 days beginning with the fourth
females ;
day of menses to achieve the
desired result.
West Indies Head lice Whole plant Paste of fresh whole plant [66]
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TaBLE 3: Chemical compounds isolated from H. indicum L.

Phytochemicals Part(s) Reference(s)
Alkaloids

Cynoglossine Seed [67]
Echinatine Aerial [53]
Heleurine Aerial [62]
Heliotrine Aerial [62]
Heliotridine Aerial [62]
Helindicine Root [75]
Europine N-oxide Seed [67]
Heleurine N-oxide Seed [67]
Heliotridine N-oxide Seed [67]
Heliotrine N-oxide Seed [67]
Indicine Aerial [53]
Indicine N-oxide Aerial [71]
Lasiocarpine Aerial [65]
Lycopsamine Root [75]
Trachelanthamidine Leaves [76]
Retronecine Leaves and aerial [73,76]
Supinine Aerial [53]
Triterpenes

B-Amyrin Whole plant [77]
Lupeol Aerial and whole plant [71,77]
Rapanone Whole plant [77]
Sterols

B-Sitosterol Whole plant [77]
Estradiol Root [78]
Chalinasterol Whole plant [77]
Campesterol Whole plant [77]
Hexacosane-1-ol Whole plant [77]
Stigmasterol Whole plant [77]
Amines

Putrescine Leaves [76]
Spermidine Leaves [76]
Spermine Leaves [76]
Volatile oils

1-Dodecanol Whole plant [79]
B-Linalool Whole plant [79]
Phytol Whole plant [79]

nociception were inhibited dose-dependently by both the
aqueous and ethanolic extracts, suggesting a potential an-
algesic application [82,101]. However, toxicity studies re-
ported that 14-day oral administration of 1-2g/kg of
H. indicum aqueous extracts induced pathologic effects on
the heart, kidney, liver, and lungs; therefore, prolonged and
continuous use is not recommended.

7.3. Antinociceptive Activity. The methanol root extract of
H. indicum exhibited 34.76 and 64.67% writhing inhibi-
tion in Swiss albino mice at 250 and 500 mg/kg of body
weight (po), respectively, whereas the standard drug
diclofenac sodium showed 66.67% writhing inhibition at
the clinically established dose of 25 mg/kg for mice [7].
Another study suggested that the chloroform extract of
leaves of H. indicum showed maximum antinociception
effect (82.79%) at 150 mg/kg of body weight in the hot-
plate test in male Swiss albino mice that was compared
with the standard drug, pentazocine [83].

7.4. Antilnflammatory Activity. The antiinflammatory ac-
tivity of methanolic root extracts of H. indicum (100 mg/kg)
was assayed against carrageenin-induced acute paw edema
and cotton pellet granuloma sub-acute inflammation
models, and the standard drugs acetylsalicylic acid for the
acute assay and phenylbutazone for the sub-acute assay were
used as positive controls [18]. The extract evidenced a sig-
nificant antiinflammatory activity with a 49.05% reduction
in paw edema and 55.09% reduction in granuloma forma-
tion. These results were similar to those obtained by positive
controls using the same concentration of 100 mg/kg. In
another study, the ethanolic and petroleum ether extracts of
H. indicum (25 mg/kg) were investigated in an egg-white-
induced acute paw edema rat model [84]. Both extracts
evidenced notable antiinflammatory effects, reporting sim-
ilar values to the standard reference ketorolac trimethamine
(10 mg/kg). The chloroform leaf extract of H. indicum extract
(150 mg/kg of body weight) also showed a significant
antiinflammatory effect (80.0%) on carrageenan-induced
paw edema in albino Wistar rats [83]. An aqueous whole
plant extract of H. indicum (30-300 mg/kg, p.o.) showed an
antiinflammatory effect on the lipopolysaccharide-induced
uveitic rabbits. The extract and prednisolone (positive
control) expressively reduced both the clinical scores of
inflammation and inflammatory cell infiltration compared
with the negative control group [85]. A pharmaceutical oral
product obtained from H. indicum is used against acute and
chronic inflammation, particularly against inflammatory
diseases of the intestines [102].

7.5. Antimicrobial Activity. The alcoholic extract with a
percentage yield of 7.2% w/w of the whole plant showed a
concentration-dependent (1-100 mg/mL) antibacterial ac-
tivity against Bacillus subtilis, Bacillus pumilus, Staphylo-
coccus aureus, Micrococcus glutamicus, Pseudomonas
aeruginosa, Proteus vulgaris, Serratia marcescens, and
Escherichia coli. The alcoholic extract also showed antifungal
activity against Aspergillus niger, Aspergillus wentii, Rhizopus
oryzae, Saccharomyces cerevisiae, and Candida albicans
[8,86]. However, as high extract concentrations are required
to observe inhibitory effects, activity-directed assays are
necessary to isolate and characterize the active metabolite
responsible for the observed activity. The petroleum ether,
chloroform, aqueous, and methanolic extracts of H. indicum
leaves showed antimicrobial activity against both Gram-
positive and Gram-negative bacteria, such as B. subtilis,
S. aureus, P. aeruginosa, and E. coli [6,37]. In a wound
infection model with S. aureus and P. aeruginosa, the
methanolic and aqueous extracts of leaves mixed with a
simple ointment (10% w/w) presented the most promising
activity favoring the healing similarly to the reference
standard nitrofurazone [37]. In another study, the antimi-
crobial screening of petroleum and methanolic extracts of
the aerial parts of the plant evidenced significant zones of
inhibition against the three previously mentioned micro-
organisms [6].

The aqueous ethanol and chloroform extract of the
whole plant of H. indicum showed antibacterial and
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TaBLE 4: Pharmacological activities of different parts of H. indicum L.
Activity Extract Method Results References
L . Methanolic extract of leaf, ~ DPPH free radical scavenging Le?f extract ylf.:lds greater free
Antioxidant activity radical scavenging activity than [80]
stem, and root assay
the stem and roots.
Show high free radical scavenging
Aqueous leaf extract activity compar e'd with (;entella [81]
asiatica, Coccinia grandis, and
Euphorbia hirta.
Ethanol and water extracts Ethanolic extract showed high [14]
of the whole plant antioxidant activity.
. . Aqueous and ethanol In vivo: Formalin-induced Both extracts have analgesic
Analgesic activity T . [82]
extracts of the whole plant nociception in mice activity.
Antinociceptive Methanolic extract of the  Acetic-acid-induced writhing in Extract produced writhing 7]
activity roots mice inhibition in the test animals.
Chloroform extract of Hot-plate model in male Swiss Extract showed writhing (83]
leaves albino mice inhibition in mice.
Egg-albumin- and carrageenin- Extract of roots produced a
Antiinflammatory Methanol extracts of leaf, induced acute paw edema models  significant antiinflammatory [18,84]
activity stem, and root and cotton pellet granuloma sub-  effect in acetic-acid-induced ’
acute inflammation model writhing in mice.
Chloroform extract of Carrageenan-induced raw paw T}}e extract showed maximum
inhibition on carrageenan- [83]
leaves edema .
induced rat paw edema.
The extract reduced both the
Aqueous whole plant Lipopolysaccharide (LPS) induced clinical scores of inflammation [85]
extract uveitis rabbits and inflammatory cells
infiltration.
The alcoholic extract was found to
Antimicrobial activity Aleoholic extract of the Agar cup plate diffusion method Possess siose-dePendenF [8,86]
whole plant antimicrobial activity against
bacteria, fungi, and yeasts,
Petroleum ether, All extracts show effective
chloroform, aqueous, and antimicrobial activity against both
; - [6,37]
methanolic extracts of Gram-positive and Gram-
leaves negative bacteria
Aqueous, ethanol, and Had significant zones of
chloroform extracts of the inhibition against bacteria and [87]
whole plant fungi.
Methanol whole plant Exhibited both antibacterial and [88]
extracts antifungal activity.
Methanol leaves extract Had an antibacterial activity. (8]
Antituberculosis Volatile oil of H. indicumn Alamar blue assay system with an Ha.d 'profot{nd ant1tutb)ercu1951s
activit from aerial parts MIC activity against Mycobacterium [79]
Y tuberculosis H37Ra.
. Showed a conspicuous reduction
Antihyperglycemic Whole plant methanol Tested on the fasting bl.o Oq glucose in blood glucose levels and
activit extracts levels of streptozotocin-induced normalization of blood glucose (89]
Y (STZ-induced) diabetic rats &
levels.
Anticataract activity Ethanolic leaf extract Galactose-induced cataract in rats Significantly 1ncr.eased the lens [20]
glutathione.
Aqueous extract of the Selenite-induced cataracts in Expressively 1nh1b.1 teq the
development of selenite-induced [90]
whole plant Sprague-Dawley rats
cataracts.
Dichloromethane, Tested on chloroquine-sensitive
Antiplasmodial methanol, and total Loroq . Revealed no direct antiplasmodial
. (3D7) and resistant (W2) strains of .. [91]
properties aqueous extracts of the Plasmodium falciparum activity.
whole plant P
Antifertility activity Petroleum ether extract of In vivo test on rats Exhibited profound activity. [77]

the whole plant
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TasLE 4: Continued.
Activity Extract Method Results References
Extract of the n-hexane and Antiimplantation and Had substantial antifertility
benzene fractions of whole e . . .. [92]
plant abortifacient models in rats activity.
Anthelmintic activity =~ Methanolic extract ofleaves  In vitro anthelmintic bioassay The extract showed significant [93]
anthelmintic efficacy.
Both extracts exhibited
Antitumor activity Methanolic extract of both MTT assay on HeLa cell lines antiproliferative activity where. the [94]
stem and leaf stem extract showed interesting
results.
Ethanolic extract of the MTT assay on SKBR3 human Showed momentous [91]
whole plant breast adenocarcinoma cell line antiproliferative activity.
Antitussive property  Ethanolic extract of leaves The citric agd sa.turated chamber Extract syrup recorded the lowest [95]
in animals number of coughs.
Aqueous whole plant Significantly reduced intraocular
Antiglaucoma activity 1 P Glaucoma of rabbits in vivo pressure in acute and chronic [90]

extract

Wound-healing Dried parts of ethanolic

Excision and restored incision

glaucoma.

Showed wound-healing capacity. [19]

activity extracts wound model
n-Butanol fractions aerial The isolated compound contains
The scratch assay . .. [96]
part (stem and leaves) profound wound-healing activity.
The petroleum ether, Excision (normal and infected), =~ Methanol and aqueous extracts
chloroform, methanol, and incision, and dead space wound attributed intense wound-healing [37]
aqueous extracts of leaves. models in rats activity.
Histo-gastroprotective Aqueous extract of the Indomethacin-induced gastric Had effective histo- [10]
activity dried leaves ulcerated mucosa in rats gastroprotective activity.
. Biuret, derivati db
N . Methanolic extract of the o cp o troa CCHVAIVEASSAYEC BY - he extract revealed a marked
Diuretic activity . the electrolyte loss ratio (Na'/K . . (7]
dried roots . SN diuretic effect.
excretion ratio) in mice
Relaxant/receptor Ethanol extract of the roots Guinea pig ileurr'l an'd rabbit Possess weak smoF)Fh muscle (97]
property duodenum in vitro relaxant activity.
. i ig ileum, rabbit jej ,
Dark-brown solid extract of Guinea pig ileum, rabbit jejunum Showed profound receptor
. rat uterus, and rat anococcygeus [98]
aerial parts . o property
preparations in vivo
. Ethanolic, petroleum ether,
Clot lysis and . o . .
o carbon tetrachloride, and Membrane-stabilizing and Had potential clot lysis and
membrane-stabilizing [99]

chloroform extracts of

activities
leaves

In vitro thrombolytic model and
membrane-stabilizing activity
assay on human RBC subjected to

Methanol extract of the
whole plant

thrombolytic activities in vitro

membrane-stabilizing activities.

Protected the hemolysis of RBCs
induced by hypotonic solution (88]
and heat stress.

heat and hypotonic stress

. . . A hole pl
Antiallergic activity queou:xj[/:a:te plant

Larvicidal activity Ethanolic leaf extract

Ethanol extract of aerial

Pesticidal activity parts

Ovalbumin-induced allergic
conjunctivitis on Dunkin-Hartley ~possibly by immunomodulation [90]
guinea pigs
Larvicidal bioassay on mosquito
larvae of Aedes aegypti

Brine shrimp lethality bioassay

Exhibited antiallergic effect

or immunosuppression.

The extract showed effective
mosquito larvicidal activity.
Possess potent activity against the
brine shrimp nauplii.

[100]

(7]

antifungal activities, where it produced significant zones of
inhibition against 70% of the tested organisms, using
amikacin (5g/disc) as a positive control [87]. Among the
different extracts, chloroform is the one that showed the best
results, although the zone of inhibition was always lower
than for amikacin (e.g., for S. aureus, the inhibition diameter
was 19 mm for the control and 12 mm for chloroform ex-
tract). The methanol extract of the whole plant also showed
activity against five Gram-positive and eight Gram-negative
bacteria and three fungi, using the standard antibiotic,

ciprofloxacin, as a positive control [88]. In addition, the
carbon tetrachloride soluble materials obtained by the
fractionation of the methanolic extract using a rotary
evaporator revealed notable activity against a number of
microbes with zones of inhibition ranging from 7 to 20 mm,
showing the highest inhibitory capacity for Bacillus cereus
(20.0 mm) [88]. The methanol extract of H. indicum leaves
(6.25, 12.5, 25, 50, 100, and 200 mg/mL) showed activity
against S. aureus, P. aeruginosa, Proteus mirabilis, and E. coli,
where the diameters of the zones of inhibition were 6 mm
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[8]. However, the high concentration required to obtain
inhibition, compared with the positive control (gentamycin,
10 mg/ml), suggests a low antimicrobial capacity of the
extract. The volatile oil isolated from the aerial parts of
H. indicum with phytol (49.1%), 1-dodecanol (6.4%), and
B-linalool (3.0%) as main compounds showed antituber-
culosis activity against Mycobacterium tuberculosis H37Ra
with an MIC value of 20.8 ug/mL, using the drugs, isoniazid,
and kanamycin, as positive controls [79].

7.6. Antihyperglycemic Effect. Administration of the whole
plant methanol extract among the different solvent extracts
of H. indicum (250, 500, 750, or 1,000 mg/kg) on the fasting
blood glucose levels of streptozotocin-induced (STZ-in-
duced) diabetic rats showed a significant reduction (31.5%)
but less antihyperglycemic activity in comparison with the
aqueous extract (47%) and methanol active fraction
(750 mg/kg of body weight) of the plant (60%) [89].

7.7. Anticataract Effect. The ethanolic leaf extract of
H. indicum (200 mg/kg of body weight) showed a significant
anticataract activity in rats. The results showed that there
was a significant increase in the lens glutathione, soluble
protein, and water content in the groups of H. indicum and
vitamin-E-treated animals than the galactose-containing
control group [20]. Another study showed that the aqueous
extracts of the whole plant (including aerial and root parts)
significantly inhibited the development of selenite-induced
cataracts in Sprague-Dawley rats [90].

7.8. Antiplasmodial Properties. In order to find out its sci-
entific relevance to the traditional use in malaria, the extracts
of H. indicum were undergone for the evaluation of anti-
plasmodial activity. However, H. indicum methanolic ex-
tracts had not shown clear antiplasmodial effects assayed in
vitro against chloroquine-resistant (K1) and sensitive
(FCR3) strains, and antiTrypanosoma effects were assayed in
Trypanosoma brucei brucei GUT at 3.1 strain [91]. Its use in
traditional medicine can be explained by its activity in re-
ducing hyperthermia and colic, which are two symptoms of
malaria [103].

7.9. Antifertility Activity. Antifertility and abortifacient ac-
tivity of petroleum ether extract of H. indicum were sig-
nificant in rats, which validated the ethnomedicinal use of
this plant as an antifertility agent [77]. The n-hexane and
benzene fractions of the ethanol extract of the whole plant
also showed antifertility activity using antiimplantation and
abortifacient models in rats [92].

7.10. Anthelmintic Effect. The anthelmintic effects of
methanolic and aqueous leaf extracts of H. indicum (25, 50,
and 100 mg/mL) were tested against the Indian adult
earthworm, Pheretima posthuma. Mebendazole was used as
a reference standard using the same concentrations as the
extract. The time to paralysis and death progressively
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decreased in parallel with the increase in the concentrations
of the methanolic extract, showing results similar to those of
the standard drug mebendazole [93]. On the contrary, the
effects of the aqueous extract were much smaller and not
very effective against P. posthuma.

7.11. Anticancer Effect. The methanolic extract of H. indicum
roots (10, 20, 40, 80, and 160 ug/mL) showed a potent cy-
totoxic effect on the brine shrimp nauplii [7]. The LCs,
values were ranged from 2.57 to 31.44 yg/mL. The crude
methanol extract also showed cytotoxic effects on brine
shrimp nauplii with the LCs, value of 2.57 +0.22 ug/mL as
compared with 0.45ug/mL for positive control vincristine
sulphate [88]. In another study, the anticancer effects of the
methanolic extracts of stem and leaves were investigated
against HeLa cell line [94]. Both methanolic extracts
exhibited antiproliferative activity after 48h of treatment,
evidencing a relative death percentage of 64.5% for the
methanolic extract of stem at 200 yg/mL and 49.7% for the
leaf extract at the same concentration with respect to control
cell supplemented only with the vehicle [94]. The ethanolic
extract of the whole plant was also found to exert a sig-
nificant antiproliferative effect on SKBR3 human breast
adenocarcinoma cell line [91]. Indicine N-oxide, which is the
principal pyrrolizidine alkaloid isolated from this plant has
reached phase 1 clinical trial in advanced cancer patients
with the risk of hepatotoxicity [104].

7.12. Antitussive Effect. The ethanolic leaf extract of
H. indicum showed an antitussive effect on experimental
animals. While statistically comparable with dextro-
methorphan, the results of the investigation showed that
50% and 100% ethanolic extract syrup reduced the coughing
score by 4.67 and 2.0, respectively [95].

7.13. Antiglaucoma Activity. The aqueous whole plant ex-
tract of H. indicum (30-300 mg/kg of body weight) signif-
icantly reduced the intraocular pressure in acute and chronic
glaucoma, preserved glutathione levels, and glutamate
concentration in rabbits [90].

7.14. Wound Healing Capacity. The alcoholic extract of
H. indicum showed wound-healing activity in animal
models. In a rat model, topical application of 10% w/v
H. indicum showed a complete wound-healing capacity on
the 14™ day [19]. Two alkaloids, pestalamide B and glyci-
namide, N-(1-oxooctadecyl) glycyl-lalanylglycyl-L-histidyl,
isolated from the n-butanol crude extract of H. indicum
showed excellent wound-healing activity on H292 human
lung cells [96]. The n-butanol extract of H. indicum also
showed a significant wound-healing activity on H292 human
lung cells in vitro [96]. Another experiment proved that the
methanol and aqueous extracts of H. indicum revealed
significant wound-healing activities than the other extracts
(e.g., petroleum ether and chloroform) in rats [37].
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7.15. Gastroprotective Effect. The aqueous extract of the
dried leaves of H. indicum showed a dose-dependent gas-
troprotective effect in indomethacin-induced (80 mg/kg of
body weight) gastric ulcer mucosa in rats [10]. Histological
observations of the different components of the mucosa
layer of the stomach evidenced normal morphological ap-
pearance in the H. indicum groups, whereas in the control
group, significant erosions in the mucosa were observed. It
was also supposed that this effect may be due to the presence
of tannins, alkaloids, and saponins in the leaves of the plant
that may induce the release of prostaglandins in gastric
mucosa maintaining gastric microcirculation through mu-
cus and bicarbonate production.

7.16. Diuretic Effect. The methanolic root extract of
H. indicum at 200 and 400 mg/kg revealed a marked diuretic
effect of the electrolyte loss ratio (Na*/K" excretion ratio was
1.38 and 1.45, respectively) as compared with the standard
diuretic furosemide (1.37) in mice [7,105].

7.17. Relaxant/Receptor Property. The ethanol (95%) extract
of the roots showed weak smooth muscle-relaxant activity
on guinea pig ileum and rabbit duodenum [97]. Another
study performed on isolated guinea pig ileum, rabbit jeju-
num, rat uterus, and rat anococcygeus preparations with
several agonists, antagonists, and the aqueous plant extract
showed a dose-dependent activity of the acetylcholine,
methylcholine, carbamylcholine, nicotine, histamine, oxy-
tocin, and plasma cholinesterase [98].

7.18. Antithrombotic Effects. Different extracts of H. indicum
exhibited a potential lysis of clots and stabilizing activities of
the membrane, which is why traditionally the leaves of
H. indicum have been used as a remedy for thrombosis. The
ethanol, petroleum ether, carbon tetrachloride, and chlo-
roform extracts of H. indicum leaves showed 23.78, 35.40,
32.48, and 18.95% clot lysis activity, respectively, in the
blood of healthy male subjects [99]. In this study, strepto-
kinase, used as a positive control, showed a 65.15% clot lysis
activity. In another study, the methanolic extract of the
whole plant showed mild-to-moderate thrombolytic activity
at a concentration of 1.0 mg/mL protecting red blood cells
against hypotonic and heat-induced hemolysis [88]. In
addition, the carbon tetrachloride soluble fraction obtained
from this extract showed a 41.47 + 1.12 and 37.97 + 0.14% of
red blood cell lysis induced by hypotonic solution and heat,
respectively, while acetylsalicylic acid used as positive
control showed 71.92 and 42.12% of lysis [88].

7.19. Larvicidal Activity. H. indicum is a potential plant for
the control of Aedes aegypti, which is a potential vector of the
dengue virus. Veerakumar et al. [106] suggested that
H. indicum can be an ideal eco-friendly plant for the control
of Anopheles stephensi and A. aegypti. The alcoholic extracts
of H. indicum at different concentrations (0.30, 0.25, 0.20,
0.15, 0.10, 0.075, 0.050, and 0.025 mg/mL) were found to act
against the mosquito larvae of A. aegypti [100]. In this study,
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an inability to come to the surface, restlessness, loss of
equilibrium, and finally the death of the larvae were observed
with the treatment of H. indicum extracts. The results
showed a mortality of 10% already in the lowest concen-
tration of 0.025 mg/mL, reaching 100% in the concentration
of 0.25 mg/mL. However, no positive control was used in the
study, making it difficult to compare the real efficacy of the
extract.

7.20. Miscellaneous Effects. The aqueous and ethanol extracts
of the H. indicum roots exhibited a strong uterine stimulant
effect in rats [107]. Bero et al. [103] reported that the aqueous
extract of H. indicum possesses antileukemic and ganglion-
blocking activities. The leaf extract of H. indicum is also
evident to be used in ophthalmic disorders, erysipelas, and
pharyngodynia [108]. An aqueous whole plant extract of
H. indicum (30-300 mg/kg of body weight) exhibited an
antiallergic effect on Dunkin-Hartley guinea pigs possibly
by immunomodulation pathway [90].

7.21. Toxicological Profile. The aqueous and ethanolic ex-
tracts of the whole plant exhibited cumulative toxic effects
on the kidney, liver, and lungs on prolonged use [82,101].
Heliotrine is evident to cause liver damage in experimental
animals [109], while lasiocarpine developed malignant tu-
mors in rats [110]. Retrorsine exerted a toxic effect on
human embryo liver cells [111].

In a five-month toxicity study, an oral administration of
the ethanol extract of H. indicum caused dose-dependent
mortality (LDsq: 9.78 g/kg of body weight) in Swiss albino
mice [112].

Pyrrolizidine alkaloids are evident to produce highly
reactive adducts, such as 2,3-dihydro-1H-pyrrolizine pro-
tein, through the hepatic cytochrome P450 system. These
adducts bind to proteins and genetic materials (e.g., DNA
and RNA) and induce veno-occlusive disease in the liver
[113]. The acute intoxication of pyrrolizidine alkaloids is
characterized by hemorrhagic necrosis, hepatomegaly, and
ascites, while chronic exposure is characterized by necrosis,
fibrosis, cirrhosis, liver failure, and even death [114]. Due to
photosensitization in animals upon their consumption and
metabolism, pyrrolizidine alkaloids may initiate skin cancer
[115]. Moreover, these substances can cause neurotoxicity
and encephalitis, which is characterized by vertigo, head-
aches, delirium, and loss of consciousness [116].

8. Discussion

H. indicum has long been used in traditional medicine
systems to treat various ailments; therefore, this review
summarized the botany, traditional uses, phytochemistry,
and pharmacology of this plant and its components. A
number of phytochemical classes have been isolated from
this medicinal plant. Available pharmacological studies on
the ingredients and crude extracts indicated broad biological
effects of H. indicum, providing basic evidence for tradi-
tional claims. However, as viewed from the current findings,
some areas still require scientific evaluation and exploration.
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First, the leaves of H. indicum are the main medicinal part
used in Bangladesh, while in other countries (e.g., India and
Thailand), different parts are used for different purposes.
Therefore, it is convenient to investigate the differences
between plant parts regarding phytochemistry and phar-
macology. Second, alkaloids are considered as the main
bioactive constituents, particularly heliotrine and heleurine
N-oxide. Numerous bioactivities of other bioactive con-
stituents have been reported to be of prominent pharma-
cological activities and are worth to be given more attention.
In addition, more research on the identification and isola-
tion can be done on extracts, with reported bioactivities to
discover new active phytochemicals and elucidate their
structure-activity relationships and possible synergistic ef-
fects. Third, the reliability of the herb to treat coronary heart
disease, kidney diseases, hemorrhagic diseases, and vitiligo
has been justified by the long history, but current findings
are not enough to ascertain these traditional claims from the
perspective of modern pharmacology. Moreover, the eval-
uation of representative and appropriate cell or animal
models is equally important to assess these traditional uses
precisely. Fourth, the anticancer activity of H. indicum in-
dicated that the plant could be a natural source to find
promising and cost-effective lead compounds with little side
effects for cancer treatment. The cytotoxic effects are mainly
due to the action of the pyrrolizidine alkaloid, indicine N-
oxide, which alters the assembly of tubulin into microtu-
bules, inducing DNA damage [117]. However, the appear-
ance of liver toxicity and even bone marrow aplasia has led to
the withdrawal of this compound from the development of
clinical trials [118,119]. Thus, it will be necessary to find new
compounds in H. indicum with anticancer potential. Finally,
acute and chronic toxicity should be comprehensively
studied in order to establish safety and toxicological limits
and provide guidance for clinical applications.
Phytochemical research has led to the isolation and
identification of 32 compounds in H. indicum [13, 22].
Different classes of compounds have been detected, in-
cluding alkaloids, triterpenes, sterols, amines, and vol-
atile oils (Table 3 and Figure 2). H. indicum contains a
large class of alkaloids with antiinflammatory, analgesic,
antibacterial, antitumor, and other activities. Among
them, acetyl indicine, echinitine, heleurine, heliotrine,
indicine, indicinine, indicine N-oxide, lasiocarpine,
retronecine, supinine, and trachelanthamidine were
isolated from the aerial parts of the plant, while cyn-
oglossine, europine N-oxide, heleurine N-oxide, and
heliotridine N-oxide were separated from the seed, and
heliotrine and lycopsamine were separated from the root
[30,53,62,67,69,71,73,75,76]. The chemical structures
of alkaloids are shown in Figure 2. Indicine N-oxide,
which is the principal pyrrolizidine alkaloid isolated
from H. indicum, has the potential risk of hepatotoxicity
[104], and because of the presence of a high amount of
pyrrolizidine alkaloids, this plant exerts potent anti-
cancer activity [94]. The plasma cholinesterase receptor
activity of H. indicum validates some of its traditional
folk values such as relieving abdominal pain, hyper-
tension, and impotence and sexual weakness [98].
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Triterpenes are the second class of molecules that have
been well-studied in H. indicum evidencing a wide variety of
biological functions. Among them, -amyrin, lupeol, and
rapanone have been evidenced to possess biological func-
tions, including defense against herbivores, microbial attack,
or other sources of injury [71, 77]. f-Amyrin also showed
potential antihyperglycemic and hypolipidemic effects,
suggesting that it could be a lead compound for drug de-
velopment for diabetes and atherosclerosis [120]. Lupeol is a
novel antiinflammatory and anticancer dietary triterpene,
which has strong antioxidant, antimutagenic, antiin-
flammatory, and antiarthritic characteristics with potential
pharmaceutical applications [121]. Rapanone has been re-
ported to exert significant antioxidant, antiinflammatory,
and cytotoxic activities against a panel of human tumor cells
[122]. Toxicity studies have observed some alterations in rats
such as tremor, ataxia, increased respiratory rate, and de-
creased activity at concentrations of f-amyrin above 30 mg/
kg for 4 weeks, while no toxicity has been observed for lupeol
at doses up to 200 mg/kg [121, 123]. Although no significant
effects of rapanone have been shown in non-cancer cells, at
doses of 60 and 120 mg/kg, it induced anovulatory effects in
female mice [124, 125].

Six main sterol compounds have been isolated from
H. indicum: B-sitosterol, chalinasterol, campesterol, stig-
masterol, hexacosane-1-ol, and estradiol [77, 78]. Sterols
have a wide variety of functions in plant physiology, in-
cluding the regulation of Na*/K*-ATPase, cell differentia-
tion, and proliferation or membrane fluidity and
permeability [126-128]. In addition, plant-derived sterols
have been reported to exert antiinflammatory effects useful
in the treatment of non-alcoholic fatty liver, inflammatory
bowel diseases, and allergic asthma [129]. However, no
studies have specifically evaluated the effects of sterols
isolated from H. indicum against these diseases.

Amines are an important class of molecules in
H. indicum that display pesticidal, fungicidal, herbicidal,
analgesic, and antioxidant activities. Putrescine, spermidine,
and spermine were separated from the leaves of H. indicum
[76]. Putrescine scavenges reactive oxygen species and
regulates DNA and protein synthesis, cell proliferation, and
differentiation of tissues, thereby supporting placental de-
velopment and embryogenesis in mammals [130]. Spermi-
dine is a polyamine compound that counteracts aging and
promotes cellular longevity [131]. The compound induces
autophagy in a mammalian target of rapamycin (mTOR)
independent manner by inhibiting the acetyltransferase
EP300, resulting in hypoacetylation of several core auto-
phagy proteins, including ATG5, ATG7, ATG12, and LC3
[132]. Spermine is a natural polyamine known to be essential
regulators of various cellular processes, including DNA
stability, cellular growth, differentiation, and apoptosis, and
also used to treat cancer, other pathologies, inflammation,
immunity, infection, and aging [133].

Three volatile oils were separated from the whole plant of
H. indicum [79]. Among them, linalool (acyclic monoter-
pene alcohol) exerted its antiproliferative activity against
various cancer cells through the mevalonate pathway [134].
Linalool has nutraceutical anticancer, antioxidant,
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antimicrobial,  antidiabetic, antinociceptive, antiin-
flammatory, and hypolipidemic effects [135]. Phytol,
diterpene alcohol, inhibits the inflammatory response by
reducing cytokine production and oxidative stress and also
provides antinociceptive activities [136, 137], and it has
many biomedical applications [138, 139], including antimi-
crobial, cytotoxic, anticancer, non-mutagenic, antiteratogenic,
antibioticchemotherapeutic, antidiabetic, lipid-lowering, anti-
spasmodic, anticonvulsant, antinociceptive, antioxidant, anti-
inflammatory, anxiolytic, antidepressant, immune-adjuvant,
hair growth facilitator, hair fall defense, and antidandruft ac-
tivities [140]. Moreover, it has antipyretic [141] and clot lysis
activities [142].

Diabetes mellitus is a chronic metabolic disease caused
by an absolute or relative lack of insulin and/or reduced
physiological insulin activity, resulted in hyperglycemia and
abnormalities in carbohydrate, protein, and fat metabolism
[143]. The methanol extract of H. indicum showed a dose-
dependent antidiabetic effect on STZ-induced diabetic rats
[89]. Different compounds present in this herb, for example,
lupeol [144], phytol [140], and stigmasterol [145], have been
found to show antidiabetic effects in experimental animals.

Rapanone has cytotoxic effects on MCF-7 cells, where it
induced apoptosis through mitochondrial membrane po-
tential loss [146]. Although effective therapeutic interven-
tions are yet to be found out, it has been seen that estradiol
positively impacts some aspects of cognitive function in
humans and other animals [147]. Stigmasterol also possesses
many biological activities, including immune-modulatory
[148], anticancer [149], neuroprotective [150], hypolipi-
demic [151], and other effects. Putrescine has antiaging
property [152] and can reduce antibiotic-induced oxidative
stress in Burkholderia cenocepacia [153]. Spermidine alle-
viated autoimmune encephalomyelitis by inducing inhibi-
tory macrophages [154]. It has several important biological
activities, including antioxidant [155], cardioprotective,
[156], neuroprotective [157], and other effects.

Spermine is a polyamine, initially discovered as crystals
in human semen by Antonie van Leeuwenhoek in 1678
[158], and evokes olfactory responses in teleost fish [159] and
possibly humans [160]. In a study, it has been found to act as
a specific semen-derived sex pheromone in sea lamprey and
promotes mating behaviors [161]. It is also evident to show
antiinflammatory [162], mitochondrial protein synthesis
[163], cardioprotective [164], and other effects. Lycopsamine
exerted protective effects in spinal cord injury in rats by
improving functional recovery and suppressing apoptosis
[165]. Lupeol, a triterpene, found in this plant has several
bioactivities, including antidiabetic, antiinflammatory, an-
tioxidant [166, 167], skin protective [168], anticancer [149],
and so on.

9. Conclusion and Future Directions

Medicinal plants and traditional medicine comprise about
90% of newly discovered pharmaceuticals, thus ensuring the
safety, quality, and effectiveness of medicinal plants and
herbal drugs that have gained much attention nowadays
[169, 170]. Numerous results of experiments developed by
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researchers around the world support the biological activ-
ities associated with the traditional uses of H. indicum. In
this sense, it can be concluded that H. indicum is a potential
source of chemical compounds with promising biological
activities. However, nowadays, clinical trials are scarce,
which makes it difficult to translate them into routine
clinical practice, making it necessary to carry out additional
studies. In addition, several pyrrolizidine alkaloids isolated
from the plant have been evident to show hepatotoxic effects
on experimental animals; hence, further studies are required
to ensure the safety of internal use of this plant. We hope that
the information provided here could be helpful for the safe
traditional uses and beneficial for further research.

The use of plant extracts in experimentation involves
many drawbacks, including changes in their constituents
depending on the climate or form of cultivation, presence of
compounds with adverse or antagonistic effects, or changes
in bioactivity during their handling, storage, or preparation
of materials. Thus, working with pure compounds with
known bioactivity makes it possible to obtain a targeted
therapeutic effect and determine effective doses, toxic doses,
and selectivity indexes to control the quality of the thera-
peutic formulation [171]. In addition, working with isolated
compounds will reduce the risk of infections in the plant that
could end up affecting patients and the presence of con-
taminants such as heavy metals [172].

Loss of medicinal plant species over time is another
challenge for us. Among 80,000 flowering plant species that
are used for pharmaceutical purposes, about 15,000 species
are exposed to a risk of extinction due to high harvesting and
destruction of habitats [173], and 20% of their wildlife re-
sources are decreasing due to growing human populations
and excessive consumption of plants [174]. Thus, the en-
vironmental code of ethics should be strictly followed to
preserve the biodiversity of medicinal plants [175]. The good
agricultural practice may be helpful for the production and
quality assurance of medicinal plants [176]. For example,
China has promoted the growth of conventional medicinal
plants [177].

Nowadays, many people believe that using herbal
medicines is good for health, but there are still many
concerns about its safety and efficacy. The ethnobotanical
record of H. indicum indicates that this plant is used in many
countries around the world for various diseases. Upon going
through the scientific reports on this plant, it should be
claimed that H. indicum contains many important phyto-
chemicals and possesses diverse biological activities, sug-
gesting it as an important medicinal plant. More studies are
necessary on its phytochemical analysis. Furthermore, the
biological activities evaluated on its phytoconstituents are
not sufficient. Although H. indicum can potentially con-
tribute to the advancement of health care, to date, only a few
studies have been conducted on its isolated constituents,
limiting its translation to clinical practice. Another factor
that hinders its clinical use is the presence of some com-
ponents, such as heliotrine, lasiocarpine, and retrorsine, with
evidence of toxic effects on experimental animals or human-
derived cells. In addition, to build credibility for the use of
this medicinal plant in conventional medicine, the empirical
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arguments should be converted into evidence-based argu-
ments. Finally, several issues about safety, effective dosing,
treatment duration, side or adverse effects, acute and chronic
toxicities, as well as the standardization of H. indicum herbal
preparations and phytoconstituent products should be re-
solved properly by conducting adequate research on this
hopeful medicinal plant. If these issues are properly resolved,
this medicinal plant can be used as a safe, effective, and
affordable form of health care.
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