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Abstract

Polianthes tuberosa L, commonly referred to as tuberose is a perennial ornamental plant that is not only aesthetically pleasing

and fragrant in terms of its flowers, but also rich in a wide variety of phytochemicals and pharmacological capabilities. Historically

used as a raw material in the perfumery and decorative floriculture industry, recent research has been able to emphasize the high

bioactive compound content of this material, including steroidal saponins, flavonoids, phenolics, glycosides, and essential oils. The

constituents have a wide range of biological processes like antioxidant, antimicrobial, anti-inflammatory, and anticancer. Hecogenin

and diosgenin derivatives which are steroidal saponins are precursors of synthetic steroids and exhibit apoptosis-capacitating effects

in cancer cells. Additional effects on its therapeutic profile are flavonoids and phenolics, which regulate important cellular signaling

pathways and inhibit oxidative DNA damage. The flower oils have cytotoxicity against tumor cells, which is mainly achieved by induc-

tion of oxidative stress. With its diverse bioactivity and historical importance, P. tuberosa has a lot of potential as a natural source of

pharmaceutical, cosmetic, and nutraceutical products.
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Introduction

Polianthes tuberosa L. or tuberose is a plant of the Asparaga-
ceae family (previously Agavaceae), the bulbous perennial plant.
It is a native of Mexico and it was grown there since pre-Colum-
bian times nowadays it is grown in large size over the territory of
tropical and subtropical areas because of fragrant flowers [1]. It is
a rosette-forming plant with slender and grass like basal foliage
as well as long flowering spikes with waxy and white flowers that

have a strong and sweet scent, particularly in the evening [2]. It has

a floral design of a tubular perianth that has six lobulations and an
inferior ovary, as well as a lot of variation among cultivars (single,
semi-double and double) [3].

Tuberose has found wide usage in the perfumery and the flori-
culture sectors. Its extracted essential oil is a valued ingredient of
luxury fragrances because of its deep and durable fragrance profile
[4]. Besides its application in aroma therapy P. tuberosa has been
used in Indian cultural and ritual traditions, being a common in-
gredient in the offerings of religion, in the garlands and landscape

planting [5].
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Its horticultural value lies in the fact that the plant is adaptable
to various climatic conditions, is easy to propagate using bulbs or
offsets, and has a long period of blooming. It thrives well in well
drained loamy soils and warm climate, and would be suitable in
the open field systems as well as sheltered systems of cultivation
[3]. Recent breeding activities have been directed towards improv-
ing floral performance, scent strength and resistance to disease
which has further broadened its economic and aesthetic applica-
tions [4]. Due to the diverse economic and aesthetic significance,
P, tuberosa remains a significant target of floriculture research and

breeding programs around the world.

Botanical description

Tuberose (Polianthes tuberosa L.) is a perennial, bulbous flower
that is a member of the family Amaryllidaceae, and in relation to
its genus, subfamily, Agavoideae, and is famous as an ornamental
and fragrance resource in floriculture and perfume businesses. Po-
lianthes has approximately 12 species, although only one species,
Polianthes tuberosa is frequently grown in a commercial and deco-
rative setting. Plant Taxonomy: The plant belongs to the kingdom
Plantae, division Magnoliophyta, class Liliopsida, order Asparag-
ales and family Amaryllidaceae (syn. Agavaceae) [1,2,4].

Morphologically, P. tuberosa has a short and stout underground
bulb (tuberous rootstock) as its main organ of propagation. It has
a slender erect stem which may be 45-100 cm high with narrow,
linear leaves which are bright green, and placing the leaves alter-
nately in a rosette towards the base. The inflorescence is a lengthy
spike of very numerous fragrant and waxy-white flowers, each
having a tubular perianth and six lobes. The flowers bloom in a
downward upward order and as a result give off a strong sweet
smell as a result of the essential oils found in the flowers, some
of which include methyl benzoate and benzyl acetate. Plant rarely
produces under cultivation, but reproduction is mainly vegetative
by bulb offsets [1,3,4].

A number of varieties and hybrids of tuberose have been for-
mulated depending on the floral whorls. The major ones are the

Single (e.g., the Single Mexican), with one layer of petals and pre-
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ferred as an essential oil source; and the Double (e.g., the Pearl or
the Pearl), with many layers of petals and used as a cut flower; and
the Semi- double that is characterized by intermediate floral mor-
phology [24]. Such cultivars vary in the number of flowers, the in-

tensity of the fragrance and regional adaptation.

P, tuberosa is thought to have originated in Mexico, where it was
able to spread to India and other tropical and subtropical areas. It is
widely grown nowadays in India, China, Egypt, France, South Africa,
and the Philippines, where India is one of the largest producers. In
India, West Bengal, Karnataka, Tamil Nadu, Andhra Pradesh and
Maharashtra are major areas of cultivation owing to the climatic
and soil conducive conditions that help in its all year mode of grow-
ing [1,2,5]. It grows well under warm and humid climates with well-
drained loamy soil that is highly organic, it needs moderate amount
of rainfall and maximum sunlight to bloom and produce most of
the essential oil [35]. Tuberose is therefore an extremely prized or-
namental and industrial crop which has both aesthetic value and
commercial value in terms of perfumery, cosmetics, and landscape
horticulture [1,5,6].

Polianthes tuberosa is reported to have a wide range of phyto-
chemical compounds especially those that are concentrated in its
flowers and which make it have unique fragrance as well as pos-
sible bioactivities [7]. Major volatile compounds that are present
in the essential oil obtained with the flowers include methyl benzo-
ate, eugenol, benzyl alcohol, farnesol, geraniol, nerol, and linalool,
all those being related to its powerful, sweet floral scent [8]. Other
phytochemicals that have been identified are flavonoids, alkaloids,
glycosides, saponins and tannins, a few of which have been known
to have antioxidant, antimicrobial and anti-inflammatory effect [1].
In addition to being the determinants of the sensory properties of P
tuberosa, these bioactive molecules present an opportunity to use
this natural compound in the traditional medicine and perfumery

business.

Pharmacological activities
Cytotoxicity
Widespread reports have been made of the cytotoxic and anti-

cancer effect of phytochemicals including steroidal saponins (e.g.,
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Figure 1: Polianthes tuberosa L. (Tuberose).

hecogenin, tigogenin, diosgenin derivatives, etc.), flavonoids (quer-
cetin, kaempferol), phenolic compounds, glycosides, and essential
oils (eugenol, methyl salicylate, benzyl benzoate, linalool, etc.).
Steroidal saponins are considered precursors of corticosteroids
and anticancer agents which have a cytotoxic effect on tumor cells,
leading to apoptosis and destabilizing the membrane integrity, ow-
ing to their surfactant properties. Flavonoids exhibit pro-apoptotic
and anti-proliferative effects by regulating important signaling
pathways (PI3K/Akt, MAPK and NF-KB). Likewise, phenolic com-
pounds and glycosides serve as antioxidants, preventing the dam-
aging effect of oxidation of the DNA and some phenols have a direct
antitumor cell proliferation effect. Essential oils are involved in
cytotoxic action because the oils produce reactive oxygen species
(ROS), which cause mitochondrial dysfunction, oxidative stress,
and apoptosis in cancer cells. Their anticancer effect is mainly due
to induction of apoptosis by activation of caspases, cell cycle arrest
(GO/G1 or G2/M arrest), the occurrence of ROS that lead to DNA
fragmentation, inhibition of pro-survival signaling pathways (NF-
KB, PI3K/Akt, MAPK), and destabilization of the cancer cell mem-

brane by saponin-cholesterol interactions [6-8].

Immunomodulatory effects
The most prominent immunomodulatory activities are gener-
ated by phytochemicals like steroidal saponins (hecogenin, tigo-

genin, diosgenin derivatives), flavonoids (quercetin, kaempferol),
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phenolic compounds and essential oils (eugenol, linalool, methyl
salicylate). The steroidal saponins, commonly referred to as the
forerunners of corticosteroid medications, may either trigger or
suppress the immune system according to their form and the cost.
Flavonoids stimulate immune competence by increasing phagocy-
tosis, lymphocyte growth, and cytokine generation and also bal-
ance signaling pathways including NF- 1B and MAPK. The phenolic
compounds are antioxidants and thus prevent oxidative damage
of immune cells and maintain the balance between the innate and
adaptive immunity. The essential oils participate in their anti-in-
flammatory and immunostimulatory effects. The mechanisms of
action of immunomodulation are activation of innate immunity via
improved macrophage and neutrophil response, regulation of cy-
tokines through induction of IL-2 and IFN- g (Th1 response) and
inhibition of pro-inflammatory cytokines like TNF- a, IL-6 and IL-
1b, protective effects on antioxidants in immune cells, stimulating
T- and B-lymphocyte proliferation and complement system modifi-
cation, some extracts have been shown to possess membrane-sta-

bilizing activity [9-11].

Anti-inflammatory activities

The most common phytochemicals that are reported to have
anti-inflammatory effect are steroidal saponins (hecogenin, tigo-
genin, diosgenin), flavonoids (quercetin, kaempferol), phenolic
compounds and glycosides, and essential oils (methyl benzoate,
eugenol, linalool). The precursors of corticosteroid drugs, which
are called steroidal saponins, have anti-inflammatory and analgesic
effects via the regulation of prostaglandin and leukotrienes pro-
duction [12]. Flavonoids are effective free radical scavengers that
prevent the activity of inflammatory mediators like cyclooxygenase
(COX), lipoxygenase (LOX), and NF-kB pathway, which suppress in-
flammation caused by oxidative stress [13]. Phenolics help to re-
duce oxidative stress and balance cytokine, and Glycosides amplify
the anti-inflammatory effects [14]. Essential oils, especially eugenol
and linalool, have anti-edematous and analgesic properties as they
suppress pro-inflammatory cytokines (TNF- a, IL- 1b, IL- 6) and
boost IL-10 [15,16]. The entire processes include the inhibition of
COX-2/ LOX, inactivation of reactive oxygen species (ROS), suppres-
sion of pro-inflammatory cytokines, promotion of anti-inflammato-
ry cytokines, and stabilization of lysosomal membranes, which all

inhibit tissue destruction and inflammatory processes.
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Antioxidant activities

Phytochemicals which have strong antioxidant activity include
flavonoids (quercetin, kaempferol derivatives, rutin), phenolic
compounds, steroidal saponins (hecogenin, tigogenin, diosgenin
derivatives), and essential oils (eugenol, methyl salicylate, linalool,
and benzyl benzoate). Flavonoids are good free radical scavengers
that prevent lipid peroxidation and prevent the formation of ROS
[17]. The phenolic compounds interact with the free radicals by
donating either the hydrogen atoms or electrons, show high in
vitro DPPH radical scavenging activity, and also the ABTS radical
scavenging activity and exhibit high activity in endogenous anti-
oxidant enzymes; superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx) [18]. Saponins of steroidal na-
ture also have the ROS-quenching potential and play a role in anti-
inflammatory antioxidant reactions [19]. Essential oils, especially
those of eugenol and linalool, prevent the production of ROS and
lipid peroxidation and oxidative damage of cellular membranes
[20]. Their underlying mechanism of action includes direct scav-
enging of free radicals (DPPH, hydroxyl, superoxide), inhibition
of lipid peroxidation, reduction of oxidative stress, and chelation
of transition metals (thus preventing Fenton reactions-mediated

ROS) and the upregulation of cellular antioxidant defense [21].

Aromachological effects (Aromatherapy)

The activity of aromatherapy is based on phytochemicals found
in essential oils, especially those that are monoterpenes (linalool,
geraniol, nerol), esters (methyl benzoate, methyl salicylate), phen-
ylpropanoids (eugenol, benzyl benzoate), and indole compounds.
It is claimed that monoterpenes have relaxant, anti-anxiety and
sedative effects whereas esters have mood-promoting, analgesic
and relaxing effects [22]. Phenylpropanoids eugenol and benzyl
benzoate show antimicrobial, anti-inflammatory and stress-reduc-
tion effects, and indole derivatives have been demonstrated to have
aphrodisiac and sedative effects [23]. Aromatherapeutic action is
associated with the mechanisms of olfactory stimulation, where
volatile substances are engaged with olfactory receptors that it
transmits signals to the limbic system (amygdala, hippocampus,
hypothalamus), causing the effect on mood, memory, and emo-

tions [24]. Moreover, constituents of essential oils interact with
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neurochemical pathways that regulate such neurotransmitters as
serotonin, dopamine, and GABA that have a calming effect, promote
anxiety or stimulation based on the compound [25]. Moreover, the
inhaled volatile oils have been demonstrated to have quantifiable
physiological effects, such as slowing of heart rate, cortisol sup-

pression and enhancing sleep quality [26].

Skin diseases

Essential oils (linalool, methyl benzoate, methyl salicylate, eu-
genol, benzyl alcohol), flavonoids (quercetin, kaempferol deriva-
tives), phenolic compounds, and steroidal saponins (hecogenin,
tigegenin) are phytochemicals that are especially important in
the maintenance of the skin. Essential oils are antiseptic, calming,
moisturizing, and rejuvenating in nature and enhance the elasticity
of the skin and prevent the infection of microbes [27]. Flavonoids
are powerful antioxidants and anti-inflammations that protect
against the effect of oxidative stresses caused by UV radiation and
the effects of inflammation in the skin [28]. Phenolic compounds
decrease premature skin aging, pigmentation disorders, oxidative
skin damage by free radical scavenging and regulating melano-
genesis [29]. Saponins which are steroidal aid the healing of the
wound and have anti-inflammatory effects which helps in the re-
pair of tissues [30]. The action mechanisms of these effects are an-
tioxidant protection (prevention of wrinkles, photoaging and sun
damage), antimicrobial (combating acne causing, infection causing
microbes), anti-inflammatory (reduction of redness, itch and rash),
aromatherapeutic (stress reduction to help with such conditions
as psoriasis and eczema) and moisturizing/rejuvenating effects
(maintaining skin plumpness and ensuring skin stays hydrated)
[31].

Gastrointestinal disorders

Phytochemicals include steroidal saponins (hecogenin, tigo-
genin), flavonoids (quercetin, kaempferol glycosides), phenolic
compounds, and essential oils (linalool, methyl benzoate, eugenol),
which play an important role in the gastrointestinal (GI) health.
Saponins with steroids have anti-inflammatory and gastroprotec-

tive effects due to their capacity to decrease gastric irritation and
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promote mucosal healing [32]. The potent antioxidant and gastro-
protective effects of flavonoids with derivatives of quercetin and
kaempferol contribute to gastric ulceration reduction and oxida-
tive stress-induced mucosal damage prevention [33]. Phenolic
compounds also protect the stomach and intestines against oxida-
tive damage and increase the protection of mucosa defense [34].
Essential oils are carminatives and antispasmodics, they relax
smooth muscles to relieve cramps and bloating, exhibit antimicro-
bial effects on enteric pathogens, including E. coli and Salmonella
[35]. The processes that are involved in these effects consist of free
radical scavenging that helps to avoid the destruction of the muco-
sa, anti-inflammatory effects that are useful in gastritis and colitis,
antimicrobial effects that prevent the causes of diarrhea, antispas-
modic effects that reduce the abdominal pain, and digestive effects

that enhance the enzyme secretions and increase the appetite [36].

Respiratory diseases

Tuberose phytochemicals, mainly essential oils (linalool, meth-
yl benzoate, benzyl alcohol, methyl salicylate, eugenol), flavonoids
and phenolic acids, and steroidal saponins (hecogenin, tigogenin)
have a significant role to play in keeping the respiratory system
healthy. Essential oils possess antimicrobial, mucolytic and bron-
chodilatory actions against respiratory pathogens like Staphylo-
coccus aureus, Streptococcus pneumoniae and E. coli and their
calming aroma yields symptomatic benefits [37,38]. Antioxidant
and anti-inflammatory effects are exhibited by flavonoids and
phenolic acids that prevent the oxidative stress and inflammation
of the airways, which are linked with asthma and bronchitis [39].
Saponins of steroid nature assist in expectorant and anti-inflam-
matory effects, which improves the clearance of the mucus and
decreases the swelling of the airways [40]. Mechanistically these
compounds are acting by inhibiting respiratory pathogens, inhibit-
ing pro-inflammatory cytokines, relaxing airway smooth muscles
to bronchodilate, facilitating the break-down and clearance of mu-
cus and offering aromatherapeutic relief, which attenuates exacer-

bation of respiratory symptoms through stress [41].

Reproductive and urogenital disorders
Phytochemicals include steroidal saponins (hecogenin, tigo-

genin), flavonoids (quercetin derivatives), essential oils (methyl
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benzoate, benzyl acetate), and triterpenic polyphenols which play
an important role in reproductive and urinary health. Antimicrobial
properties of steroidal saponins and flavonoids are of the disrup-
tive effect on microbial cell membranes and thereby inhibiting such
pathogens as Neisseria gonorrhoeae which is involved in repro-
ductive tract infections [42,43]. These are also anti-inflammatory
compounds, where polyphenols and triterpenes inhibit pro-inflam-
matory cytokines such as TNF-A and IL-6, and inflammatory condi-
tions of the urinary tract and reproductive tissues can be reduced
[44]. Also certain constituents exhibit the diuretic action by regu-
lating the renal tubular activity which facilitates the urine excre-
tion and clearance of toxins [45]. The antioxidant and cytoprotec-
tive properties of flavonoids and polyphenols are very strong and
prevent damages on reproductive organs by oxidative stress, which
keeps the tissues healthy and aids fertility [46,47]. The effects are
supplemented by essential oils through aromatherapeutic relax-
ation and indirect hormonal modulation, which decrease stress-

related reproductive dysfunction [48].

Toxicology and safety information

Laboratory tests of Polianthes tuberosa extracts on acute toxicity
of lab animals have shown that the plant has a large safety mar-
gin and no major toxic signs. The results of studies conducted on
methanolic and ethanolic extracts did not show any mortality or
behavioral deviation with doses of up to 2000 mg/kg, which means
that tuberose is not toxic in an OECD-compliant manner. Its acute
safety is supported by the lack of any negative effect on such param-
eters as locomotor activity, feed intake and reflex responses under

experimental conditions [49].

There have also been chronic and sub-chronic toxicity tests to
ascertain the safety in the long-term. Tuberose extract as repeated
within a few weeks failed to cause any histopathological lesions or
hematologic and biochemical index changes. The liver and renal
tests such as ALT, AST, urea, and creatinine were within the normal
physiology range indicating that there was no cumulative/organ
toxicity. These results indicate the safety and biocompatibility of
tuberose phytoconstituents in prepared preparations in therapeu-
tic use [50].
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The preclinical results of the safe dosage range indicate that Po-
lianthes tuberosa extracts are well tolerated to 1000 mg/kg body
weight, and no adverse effects were witnessed. However, since
there is little clinical data in human beings, standardized toxicity
tests and controlled clinical trials are advised to come up with defi-
nite safety margins. In general, available data testify to the fact that
tuberose and its derivatives have a good toxicological profile when
applied in the context of the traditional and experimentally proven

dosage interval [49,50].

Conclusion

Polianthes tuberosa is a diversified plant with great ornamen-
tal, cultural, and medicinal importance. Although, traditionally,
it is valued because of its odorous flowers, its application in the
perfumery and decorative floriculture, recent phytochemical and
pharmacological studies have extended its usefulness in the ex-
traction of bioactive substances, which can have therapeutic signif-
icance. Its wide range of biological properties, such as antioxidant,
anti-inflammatory, antimicrobial, and anticancer, can be attributed
to the presence of steroidal saponins, flavonoids, phenolics, glyco-
sides and essential oils. Such results not only confirm its conven-
tional uses, but also suffice new possibilities to use it in contempo-
rary medicine, especially in the creation of natural health products
and in new therapeutic agents. Additional intensive research such
as clinical assessment and isolation of the compounds is justified
to maximize and access the medicinal capabilities of this under-

used but potentially effective species.
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