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Calotropis gigantea is a perennial herb known for its applications in traditional medicine. It has been efficiently used in
Ayurveda, Unani, and Siddha medicinal systems for years. All the plant parts have been used as medicine owing to its
analgesic, anthelmintic, astringent, anti-inflammatory, wound healing, sedative, anti-asthmatic, antimicrobial, antioxidant,
procoagulant, hepatoprotective, hypoglycemic, and pregnancy interceptive properties. For instance, the leaves, latex,
flowers, stem bark, root of the plant are used as expectorant, depilatory, in leprosy scabies of the scalp, eruptions on the
body, piles, asthma, liver and spleen enlargement, and painful joint swellings. Moreover, the plant is beneficial for the
treatment of various diseases including tumors, ulcers, and piles thereby providing great opportunity to be used in
pharmaceutical industry for modern drug synthesis. Phytochemical constituents of the plant responsible for its
pharmacological activities include alkaloids, triterpenoids, flavonoids, saponins, steroids, alcohol, fatty acids, esters of
calotropeols, glycosides and proteases. Besides, there is a strong correlation between the chemical structures and therapeutic
activity of C. gigantea. Therefore, present review tries to give a brief description of its phytochemical composition,

ethnobotanical characteristics, and pharmacological activity.
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Introduction

Medicinal plants represent the traditional source of
medicines for prevention and control of diseases,
particularly in underdeveloped countries where the
modern treatments and therapies are not accessible'”.
The plants capable of naturally synthesizing and
accumulating secondary metabolites, like glycosides,
alkaloids, tannins, steroids, and rich in vitamins and
minerals are used for their medicinal properties. Every
part of the medicinal plant shows distinct
characteristics which are employed for different
purposes’. Based on the integrative drug development
approach, a large variety of medicinal plants have
successfully been analyzed. Calotropis gigantea, also
called giant milk weed, is one such plant belonging to
the Asclepiadaceae family®. It is a native plant of
continental Asia and south-east Asia found in
Bangladesh, India, China, Indonesia, Philippines,
Malaysia, Myanmar, Pakistan, Thailand, and Sri
Lanka®’. The major significance of C. gigantea lies in
its properties of simple cultivation methods, drought
resistance and salt tolerance to a considerable extent™’.
Although a common weed found in wasteland,
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C. gigantean has numerous applications in traditional
system of medicine. Moreover, it has scientifically
been recognized for its exceptional therapeutic
properties'’. For instance, analgesic, antimicrobial and
cytotoxic properties of flowers''; anti-diarrheal and
antioxidant properties of leaves'’;  antipyretic,
cytotoxic, insecticidal, and wound healing properties of
roots'’; purgative and procoagulant properties of the
latex'*; and hepatoprotective effects of stems”. In fact,
all of the plant parts are considered significant owing to
their medicinal properties and are used for the
treatment of ailments like epilepsy, fever, gout,
hysteria, inflammation, leprosy, muscular spasm,
snakebites, warts, and cancer”. Owing to its
exceptional healing properties, various indigenous
tribes in India use the different plant parts as traditional
medicine, for example, they treat skin infections using
the latex'®. Also, the bark is used as diaphoretic and
expectorant'’; fruit pulp as abortive'; and fresh leaves
for treatment of convulsions and fits in children'. Like
other medicinal plants, the presence of bioactive
compounds such as, alkaloids, flavonoids, and
terpenoids in C. gigantea is responsible for its
medicinal properties. For instance, Madhavan et al.,
evaluated o-Amylase inhibition and antioxidant
activity of Nepalese originated C. gigantea (L.) along
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with its phytochemical analysis®. o-Amylase inhibition
is known for treatment of health disorders related to
carbohydrate uptake, including diabetes, dental caries,
periodontal diseases, and obesity”'.

Furthermore, the development of functional foods
involves enhancement of bioactive components of
plants to provide vital nutrition along with medicinal
effects against chronic illnesses™®. As another
example, oxidative stress is considered a significant
factor leading to various life-threatening diseases, from
cardiovascular diseases to cancer’. The antioxidant
activities of medicinal plants can be helpful in this
regard to develop substitute drugs or to preserve food
quality” . Since, C. gigantea is known to possess
numerous protective and healing properties, it offers a
number of opportunities to be used for treatment of
serious illnesses. It has also been analyzed for
antiproliferative  activities on cancer cells®™ ™.
However, the main challenges encountered in
developing herbal medicine are the stability and
efficiency of herbal products. Accordingly, it becomes
necessary to carefully evaluate the biochemical
composition of the medicinal plant including
phytochemicals and explore its potential therapeutic
effects. Therefore, the main focus of the review is to
present the utilities of C. gigantea for developing
effective therapeutic compounds based on its
biochemical composition and future aspects for
advanced scientific research. The literature was
reviewed systematically on the basis of PRISMA
(Preferred Reporting Items for Systematic Meta-
Analysis) approach’’. For this review, articles
published from 2010-2021 were analyzed with the help
of scientific search engines, particularly, Google
scholar using the keywords: Calotropis; ethnobotanical
features; geographical distribution; phytochemical
constituents; pharmacology and all the relevant studies
published in peer-reviewed journals were considered.In
total, 110 documents were evaluated, out of which 60
papers were found relevant for the manuscript
(Fig. 1). Finally, the research papers published in
journals which have an impact factor were selected and
their observations are reported in this review.

Ethnobotanical description

C. gigantea is an erect and branched shrub generally
1-5 M in height*>. The plant possesses oval-shaped light
green leaves, and clusters of waxy white or lavender
colored flowers. Leaves are generally concentrated
around the emerging tips®. Further, it has cylindrical
roots about 90 cm long and 2-10 ¢cm in diameter which

are tortuous and often branched”. The root in its
transverse section shows the occurrence of cork in the
outermost layer, systematically arranged with 15-20
rectangular cell layers with no intercellular spaces. The
cells present in the cortex region contain ample of starch
grains. These cells are consisted of parenchymatic cells
and laticiferous tubes™. Root bark is generally short and
curved with quilled pieces, 2-5 mm in thickness and 3-5
cm in breadth, distinctly sticky and bitter in taste.

Leaves of the plant are decussated, sub-sessile, and
exstipulate™. The blades are elliptical or oblong and
have a short pointed to blunt apex with an almost
clasping heart-shaped base. They are about 3-8 inches
in length and 2-5 inches in width®”. The transverse
section of leaves through midrib shows a single-layered
epidermis covered with thick striped cuticle externally,
and some epidermal cells on both the surfaces of leaves
elongated to form a series of 2-3 celled trichomes.
Flowers are actinomorphic, bisexual, bracteate,
hypogynous, pentamerous, and pedunculate; calyx
contains five sepals and a lobe, shortly joined at the
base; corolla composed of united petals®. Each flower
of the plant contains five pointed petals with a small
"crown" holding the stamens arising from its center.
The latex contains cardiac glycosides, calcium oxalate
and volatile fatty acids”. Furthermore, fruits are fleshy,
inflated, and sub-globose to implicitly ovoid in shape.
They contain green spongy follicles, ovoid in shape up
to 15cm long and 10cm wide and release plumed and
papery light brown seeds'’. Seeds are flattened or
compressed with silky white pappus, about 6x5 mm
dimensions.

Phytochemical composition

Earlier investigations on C. gigantea have reported
the presence of wide range of phytochemicals in
different plant parts™>’. Alkaloids, triterpenoids,
flavonoids, saponins, steroids, alcohol, fatty acids,

Research database identification using Google
Scholar (total 110 documents).

!

Relevant research papers published in journals with
impact factor (60 documents).

l

Final inclusion of research papers particularly
related to the manuscript (48 documents).

Fig.— 1 The methodological framework of research analysis
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esters of calotropeols, glycosides and proteases have
been extracted from various plant parts. The leaves
and latex of C. gigantean contain cardiac glycosides,
various among which have been isolated and
studied®®. The Calotropis laticifer fluid is known to
have significant proteolytic activity catalyzed by
aspartic proteinase and cysteine proteinase enzymes.
The latex is abundant in calotropin, calotoxin,
lupeol, and the latex protein uscharidin®. The leaves of
the plant primarily contain glycosides, alkaloids, and
the active constituent mudarine. Further, the flowers
possess a- and [-calotropeol, amyrin, mudarine,
cardenolide glycoside asclepin, akundarin, and
calotropin®. Table 1 the roots are also found to contain

a number of cardiac glycosides which include
calotropogenin, calactin, calotoxin, calotropin,
coroglaucigenn, uscharin, frugoside, and 4f-D-
glucofrugoside in addition tooxypregnane-

oligoglycosides™. Root bark of the plant possesses
B- amyrin, giganteol, isogiganteol, and cardenolides.
Besides, giganticine (a non-protein amino acid) has
also been isolated from a methanolic root bark extract
of C. gigantea®™*. The seed oil contains palmitic acid,
oleic acid, linoleic acid, and linolenic acid, and the
unsaponifiable part contains stigmasterol, phytosterol,
and melissyl alcohol’**".

Structure-Activity Relationship (SAR) of the chemical
compounds

Various studies have demonstrated the dependence
of pharmacological activities of C. gigantea on the
structural characteristics of chemical compounds
isolated. In a study conducted by Parhira et al,
uscharin and its stereoisomer 2’-epi-uscharin were
isolated from latex of C. gigantea. Both the

Table 1 — Biochemical composition of different plant parts
of C. gigantea

Plant part ~ Chemical constituents

Root Cardiacglycosides, calotroposides A-G
(oxypregnane-oligoglycosides), calotropnaphthalene,
calotropisesquiterpenol, calotropisesterterpenol,
calotropbenzofuranone®

Root Bark  B-amyrin, giganteol, isogiganteol, and cardenolides.*’

Flower a- and B-calotropeol, amyrin, glycosides, mudarine,
asclepin, akundarin®®

Leaves Sapogenins, calotropin, uscharin, calotoxin,alkaloids,
and mudarine®®

Latex Calotoxin, calactin, calotropin,uscharin, o- and
B-calotropeol, p-amyrin and calcium oxalate®

Seed Palmitic acid, oleic acid, linoleic acid and linolenic
acid,stigmasterol, phytosterol, melissyl alcohol*!

Stem Bark o- and B- calotropeol, B- amyrin, and giganteol'*

cardenolides showed inhibitory effects on HIF-
Itranscriptional activity, however with different
magnitudes. Uscharin displayed much more inhibitory
effects than digoxin (a positive control) at 100 nM
concentration,  while  2'-epi-uscharin  showed
comparable effects with digoxin at 200 nM
concentration. The bio-active discrepancy observed
between the two compounds indicated that
B-configuration of 2'-hydroxy group is required for
HIF-1 transcriptional activity inhibition. The results
suggested uscharin and 2'-epi-uscharin to be potential
HIF-1 inhibitors which may display their anti-cancer
mechanism and provide a rational design for effective
anticancer drug development*.

Parhiraet al., in another study isolated (+)-pinoresinol
4-O-[6"-O-vanilloyl]-B-D-glucopyranoside, 6'-0O-
vanilloyltachioside and 6’-O-vanilloylisotachioside from
the latex of C. gigantea. These three compounds and
(+)-pinoresinol 4-O-B-D-glucopyranoside were
examined for anti-influenza activity using CPE assay.
The study revealed that (+)-pinoresinol 4-O-[6"-O-
vanilloyl]-B-D-glucopyranoside exhibited significant
anti-influenza activitywhile the other three isolates
showed no such activity against influenza virus strain
A/PR/8/34 (HINT1). The discrepancyin anti-influenza
activities of these compounds revealed the vanilloyl
moiety in (+)-pinoresinol 4-O-[6"'-O-vanilloyl]-B-D-
glucopyranoside responsible for its anti-influenza virus
activity™®.

You et al. evaluated the cardenolides isolated from
root bark of C. gigantea for their anti-proliferative
effects on human A549 and Hela cell lines (with
bufalin as positive control). The active cardenolides
displayed higher cytotoxicity against A549 cell lines
than Hela cell lines. The study revealed that
19-dihydrocalactin, calactin, and calotropin indicated
significantly higher inhibitory activity against A549
and Hela cell lines. The bioassayresults on A549 and
Hela cell lines implied that both of the C-10 formyl
and hydroxymethyl groups helped enhance
cytotoxicity of these compounds. Also, the 4'B-OH or
160-OH group reduced the cytotoxicity to different
extents. Further it was observed that the double linked
six-membered sugar units were essential lor enhanced
antiproliferative effects™.

Geographical distribution

C. gigantea is native to India, Malaysia, China and
distributed almost all around the world®. In general, it
is found in tropical and sub-tropical areas of the
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world. In India, it is found mainly in Himalayas,
Punjab, Assam, Bengal, and Madras. C. gigantea can
grow up to 900 m and generally prefers the
rough sandy soils receiving annual rainfall of about
300-400 mM*. It is frequently dominant in parts of
uncontrolled cultivation and therefore, assumed an
indicator of abandoned cultivation. Some of the major
features of C. gigantea include cultivation in different
conditions of environment, no requirement of
cultivation practices, and drought tolerance’. These
features make it the forerunner vegetation in desert
soils and xerophytic adaptations due to occurrence of
latex, expansively branched root structure, and wax-
coated thick leaves. It prospers on poor soils
especially where there is no competition from native
grass due to over-grazing.

Pharmacological properties

Antimicrobial effects

The aqueous, methanolic, and ethanolic leaf extracts
of C. giganteaare reported to have anti-Candida property
against clinical isolates of Candida albicans, C. krusei,
C. parapsilosis, and C. tropicalis’. Further, the aqueous
leaf extracts are known to possess anti-bacterial property
against Bacillus cereus, Staphylococcus aureus,
Escherichia coli, Klebsella pneumonia, Pseudomonas
aeruginosa, and Micrococcus Iuteus'. Besides,
C. gigantean shows anti-fungal activity against several
plant-pathogenic fungi like Fusarium mangiferae. The
ethanolic leaf extracts of C. gigantea showed anti-fungal
activity against Aspergillus niger with minimum
inhibitory concentration (MIC) of 7.5 mg/mL. The
inhibitory action of the plant extracts against bacteria
and fungi, the causative agents of numerous diseases
such as dermal infections, diarrhoea and respiratory tract
infections suggests C. gigantea as a capable
antimicrobial agent”’.
Cytotoxic effects

Cardenolide glycosides extracted from the roots of
C. gigantea carry significant cytotoxic activity against
numerous human cell lines. Calotropin, frugoside and
4'-0-B-D-glucopyransylfrugoside are the major active
constituents’. Ethanolic root extracts of C. gigantean
show inhibitory effects to chronic myelogenous
leukemia (K562 cell line) and human gastric cancer
(SGC-7901 cell line)**. Moreover, treatment with
anhydrosophoradiol-3-acetate (A3A) obtained from
the flower extract of C. gigantean reduced the tumor
cells, changed the hematological and biochemical
parameters consequently increasing the life-span of

Ehrlich’s ascites carcinoma affected mice'’.The
ethanolic leaf extracts, dichloromethane and ethyl
acetate fractions of C. gigantea significantly
decreased the cell viability of WiDr cells (human
colon cancer) in a concentration-dependent manner®.
The silver nanoparticles biosynthesized from aqueous
latex extract when tested for their potent cytotoxicity
against HeLa cancer cell lines, induced cytotoxicity in
a dose-dependent manner. Moreover, significant
cytotoxicity was observed in biosynthesized silver
nanoparticles than the crude aqueous latex extract
with respective LCs, values of 91.3 pg and 311 pg™.

Insecticidal and ovicidal activity

The methanolic root bark extracts of C. gigantean
showed significant insecticidal activity against
Tribolium castaneum when evaluated against its
larvae and adult'>”'. Prabhu ef al. evaluated different
plant parts including leaves, flower, stem, and roots at
different concentrations for ovicidal activity against
Helicoverpa armigera’. It was observed that leaf
extract produced 100% inhibition of hatching ability
of egg while flower extract produced 90% inhibition.
Further, it was found that inhibition in egg
hatchability increases with the dosage and the early
stages of eggs (24-48 h) were highly susceptible at all
the tested concentrations. These results indicated the
insecticidal and ovicidal properties of C. gigantea
plant which could be potentially used for control and
management of insects like 7. castaneum and
H. armigera. Further, the aqueous leaf extracts of
C. gigantean when analyzed for their larvicidal,
mosquito repellent and ovicidal activity against Culex
gelidus and Culex tritaeniorhynchus mosquitoes,
displayed dose-dependent larvicidal activity with
LCsy value of 137.90 against C. gelidus and 110.05
against C. tritaeniorhynchus™.

Antioxidant effects

The antioxidant activity of leaf extracts of
C. gigantean has been shown through the DPPH
radical scavenging activity, nitric oxide scavenging
activity, and reducing power activity of
hydroalcoholic leaf extract of C. gigantea'. The
extract revealed maximum DPPH radical scavenging
activity of 85% at 400 pg/mL concentration, nitric
oxide scavenging activity of 54% at 100 pug/mL
concentration, and reducing power increased with the
concentration of the extract. Further, the in vitro
antioxidant activity of root extracts of C. gigantea
were investigated by DPPH and fluorescence
recovery after photo-bleaching method™. Both the
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methods demonstrated high antioxidant activity of
extract as compared to the standard ascorbic acid
possibly due to presence of high phytochemical
content. Besides, the investigation of antioxidant
potential of leaf and flower extracts of C. gigantean
revealed that the acetone and chloroform extracts
displayed free radical scavenging activity of only 30%
and 37% respectively, while the methanolic extract
displayed significant free radical scavenging activity
of 64%.

Procoagulant effects

The latex of C. gigantean is known to exhibit
significant procoagulant activity. The crude extract of
latex contains highly basic proteins which exhibit
strong proteolytic activity’®.The latex hydrolyzed
casein, human fibrinogen along with crude fibrin clot
depending upon dosage'*. Proteins found in the
C. gigantea latex due to their proteolytic nature are
responsible for the procoagulant activity. The extract
hydrolyses the fibrinogen subunits, alpha subunit gets
hydrolyzed first then beta and gamma subunits'>. The
gamma subunit being highly resistant gets hydrolyzed
at either higher protein concentrations or takes longer
incubation time®®. The crude extract hydrolyses the
crude fibrin clot relatively more strongly as compared
to papain and trypsin. Further, the crude extract is
found to be hemorrhagic which induces skin
hemorrhage at about >75 microns and promotes blood
coagulation™.

Hepatoprotective effects

The ethanolic stem extracts of C. gigantean
displayed hepatoprotective properties against liver
damage induced by carbon tetrachloride in male
Wistar rats. The protective effects of the extract were
compared with standard drug, silymarin. Biochemical
parameters such as alanine amino transferase (ALT),
aspartate amino transferase (AST), glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT),
lipid peroxide (LPO), and glutathione peroxidase
(GPx) were evaluated. It was observed that the extract
was quite effective in liver protection and reported
significant decrease in AST, ALT and lipid peroxide
levels®®. Besides, the methanolic and chloroform leaf
extracts have also reported hepatoprotective activity
against acetaminophen induced hepatic damage in
experimental animals®’. The liver damage can also be
adjudged by evaluating the serum parameters (like
SGOT, SGPT, ALP and BLN). The serum level of
enzymes increases due to cellular leakage and anti-
hepatotoxic agents tend to decrease the increased

serum level of these enzymes. The serum parameters
were significantly reduced in the animals which were
treated with alcoholic flower extracts of C. gigantean
as compared to the toxicant, showing its
hepatoprotective activity. Further, the flower extracts
were found to be more efficient than the standard
drug, silymarin®®.

Pregnancy interceptive effects

The root extracts of C. gigantean in different
organic solvents were evaluated for their pregnancy-
interceptive effects in rats. The extract showed 100%
pregnancy-interceptive activity at 100 mg/kg dose.
Also, the extract exhibited 100% efficacy when
administered in the days 1-5 and 1-7 postcoitum
schedules at 12.5 mg/kg of dose™.

Anti-asthmatic effects

Furthermore, C. gigantea showed remarkable
activity against ova albumin (OVA)-induced asthma
in rats. The activity on different body cells, various
enzymes, and histopathological changes was
observed. C. gigantean reported significant reduction
in neutrophils, eosinophils, lymphocytes, and total
leukocytes in bronchoalveolar lavage fluid at 200 and
400 mg/kg”. These observations suggested the
potential of plant to be used as a therapeutic drug for
treatment of asthma due to its anti-inflammatory,
antioxidant, and anti-lipoxygenase activities. The
aqueous flower extracts of C. gigantean significantly
affected the cough induced by ammonia and
sulfurdioxide in mice at doses of 250 mg and 500 mg
per kg of body weight for anti-tussive effect when
compared with the control. The aqueous extracts also
affected cough induced by citric acid in guinea pigs
(250 mg/kg and 500 mg/kg body weight), exhibited
considerable anti-tussive effect. Further, the anti-
asthmatic effects in guinea pigs, as compared with the
control, were also significant in aqueous extract at
doses of 250 mg/kg and 500 mg/kg®.

Hypoglycemic effects

The leaf and flower extracts of C. gigantean in
chloroform were evaluated for hypoglycemic activity
in  streptozotocin  induced diabetes in rats,
glibenclamide was used as standard drug. The leaf and
flower extract were found to be effective in reducing
serum glucose level or blood sugar level in normal
rats’’. In addition, oral glucose tolerance was also
improved after treatment with the test drug. Besides,
the chloroform and ethyl acetate extracts of C. gigantea
white flowers produced significant hypoglycemic
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and flowers)
QO  Anticonvulsant and CNS
effects (roots)

Fig. 2 — Pharmacological properties of different parts of
C. gigantea plant

activity in alloxan-induced diabetes in rats and had
beneficial effects on blood sugar levels®. The
C. gigantean leaf extracts presented hypoglycemic
effects in normal as well as alloxan induced diabetic
rats after both oral as well as intra-peritoneal
administration which were comparable to that of
metformin and glibenclamide taken at 11.3 mg/kg and
0.13 mg/kg concentrations, respectively. Regarding the
mechanism of its action, it could be speculated that the
hypoglycemic activity has resulted from the enhanced
peripheral glucose metabolism. Also increased release
of insulin cannot be excluded®.

Anticonvulsant and central nervous system (CNS) effects

The alcoholic root extracts of C. gigantea were
evaluated for CNS activity orally in albino rats. It
revealed prominent analgesic activity in Eddy's hot plate
method and acetic acid-induced writhings'®. Further,
significant anticonvulsant activity was observed due to
delayed onset of pentylenetetrazole-induced convulsions
and decreased severity'>'*. A decrease in locomotor
activity along with decrease in fall-off time (motor
coordination) was also observed. Moreover, a
potentiation in pentobarbitone induced sleep owing to
sedative effect of the extracts was reported™. Further, the
anticonvulsant and sedative activity of the ethanolic
extracts of C. gigantea were evaluated with strychnine
and electroshock induced convulsions (Fig. 2). The
animals treated with extract showed significant anti-
convulsant activity against highest electroshock induced
convulsions, but produced no marked effect against
strychnine convulsion model. Also, the extracts showed
significant muscle relaxant activity and decreased motor
coordination®. These results indicated the analgesic,
anticonvulsant, and sedative effects of the C. gigantea
extracts.

Conclusion

The plant C. gigantea growing in almost all types of
soil and environment conditions and demanding no
cultivation practices, comes with many curative
properties and economic values. Pharmacological
screening of C. gigantea through various studies have
indicated its therapeutic potential and rendered it an
important medicinal plant. The medicinal potential of
C. gigantean may be exploited for controlling various
diseases owing to its antimicrobial, cytotoxic,
antioxidant, anticonvulsant, antiasthma, hypoglycemic,
hepatoprotective, and  procoagulant  activities.
Accordingly, different plant parts viz. roots, root bark,
flower, leaves, seeds, and stem are used as remedy for
various human ailments. However, it is required that its
medicinal values be scrutinized at molecular level
using biotechnological tools and techniques. Advanced
research needs to be conducted for elucidation of
interactive mechanism of the drugs derived from this
plant with humans at molecular level.

Ethnomedicinal studies, in recent years, have
received considerable attention for the development
of new drugs from natural sources especially plants
owing to their medicinal properties. Since
C. gigantean is known to possess great potential to
cure various human ailments, it can be used
effectively as a remedy in the form of drugs.
Pharmaceutical property of this plant lies in the
secondary metabolites which act as prototypes for the
synthesis of new drugs. Further, the therapeutic
activity of different bioactive compounds isolated
from this plant greatly depends upon their structural
features. The variations in therapeutic activities owing
to different configurations may provide the rational
design for drug synthesis. Therefore, the present
review attempts to describe the morphological
characteristics,  therapeutic  value, and the
pharmacological importance of C. gigantea along
with its phytochemical composition in order to
explore its applications in pharmaceutical industry.
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