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Abstract

Gloriosa superba L., commonly known as glory lily or climbing lily, is a high-value medicinal plant belonging to the
family Colchicaceae. It is widely recognized for its therapeutic potential, particularly due to its rich content of the
alkaloid colchicine. Despite its pharmaceutical importance in treating ailments like gout, arthritis, and cancer, G.
superba faces overexploitation and habitat loss, pushing it toward endangerment. This review offers a comprehensive
evaluation of the species, focusing on its botany, traditional and modern medicinal uses, phytochemical constituents,
propagation techniques, and recent biotechnological interventions for its conservation and utilization.

The study begins with the botanical description of the plant and its ecological adaptability, followed by an outline of
its global distribution and cultural significance in traditional medicine. The phytochemistry section emphasizes the
role of colchicine and related alkaloids in pharmacology and their mechanism of action. Propagation techniques,
including traditional methods through seeds and tubers, and advanced micropropagation strategies like tissue culture
and molecular marker-based studies (e.g., RAPD), are explored to ensure genetic conservation and large-scale
production.

The review highlights critical challenges such as poor seed germination, tuber rot, pest infestation, and the lack of
genetic resources. Biotechnological solutions like in vitro multiplication, chemical scarification of seeds, and DNA
marker-assisted identification are suggested to overcome these limitations. Additionally, the commercial potential of
G. superba in the colchicine market and the importance of sustainable harvesting and cultivation are discussed.By
synthesizing current knowledge and identifying future directions, this review underscores the need for integrated
conservation approaches and improved cultivation protocols to protect and harness the full potential of this
endangered medicinal herb.

Keywords: Gloriosa superba, colchicine, propagation, phytochemistry, micropropagation, endangered plant,
medicinal plant, RAPD markers, tissue culture, conservation biology.
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1: Introduction

Gloriosa superba L. is a high-value medicinal
plant belonging to the family Colchicaceae, order
Liliales, and class Liliopsida (monocots). It is a
perennial, tuberous, climbing herb known for its
strikingly beautiful flowers and potent alkaloid
content. Native to tropical Asia and Africa, it has
been widely used in both traditional and modern
medicine systems for centuries due to its rich
pharmacological properties, particularly its
content of colchicine, an alkaloid with anti-
inflammatory and anti-cancer activity (Evans,
1981; Windholz, 1983).

The plant is botanically significant not only for its
therapeutic importance but also for its unique
morphological adaptations, such as tendril-tipped
leaves, V- or L-shaped tubers, and vivid red and
yellow flowers, which make it a valuable species
in horticulture as well.

Commonly known as "glory lily", "climbing lily",
"Kalihari" (Hindi), and "Agnishikha" (Sanskrit),
Gloriosa superba holds an important place in
Ayurvedic, Siddha, and Unani systems of
medicine (Insel, 1996; Koshy et al., 2009).

Despite its multiple uses, G. superba is listed as a
threatened and endangered species in several
regions, including India, due to extensive
overharvesting, = habitat  destruction,  and
unregulated trade of its tubers and seeds. It is
categorized as "critically endangered" in the Red
Data Book of Indian Plants (Nayar and Sastry,
1988), highlighting the urgent need for
conservation and sustainable utilization strategies.
The primary goal of this review is to provide a
comprehensive and updated evaluation of
Gloriosa superba L., a medicinally significant but
critically endangered species belonging to the
family Colchicaceae. Given its vast therapeutic
relevance and growing commercial demand for
colchicine, this review aims to highlight four
main areas: medicinal potential, phytochemical
composition,  propagation  strategies, and
biotechnological advancements.
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First, the review explores the traditional and
modern medicinal uses of G. superba, which is
widely used in Ayurveda, Siddha, and African
ethnomedicine to treat conditions like gout,
rheumatism, ulcers, infertility, and cancer. These
effects are primarily attributed to the presence of
the alkaloid colchicine, known for its anti-
inflammatory, anti-mitotic, and anti-cancer
properties (Evans, 1981; Koshy et al., 2009; Insel,
1996).Second, the paper analyzes the
phytochemical profile of the plant. Colchicine
(C22H2sNOe¢) and related alkaloids are found in
high concentrations in the seeds and tubers, and
their biochemical properties, such as solubility,
stability, and toxicity, are discussed concerning
their pharmacological use (Windholz, 1983).

Third, it examines various propagation
techniques, including traditional methods using
seeds and tubers, which are limited by low
germination rates, disease transmission, and the
need to preserve planting material for future
cultivation (Mrudul et al., 2001). These
limitations necessitate improved propagation
strategies.

Finally, the  review  discusses  recent
biotechnological advances, such as in vitro
culture, micropropagation, and the wuse of
molecular markers (like RAPD) to ensure genetic
fidelity and large-scale production. These tools
not only aid in conservation but also support the
commercial production of colchicine (Sivakumar
et al., 2004; William et al., 1990; Forest et al.,

2000).Overall, this review synthesizes
multidisciplinary findings to support future
research, conservation, and sustainable

commercial exploitation of G. superba.

2: Botanical Description and
Distribution

Gloriosa superba L. is a strikingly beautiful,
herbaceous, tuberous perennial climber belonging
to the family Colchicaceae. It is easily
recognizable by its unique morphological
characteristics. The plant grows up to 5 meters in
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height and exhibits a slender, glabrous stem with
few branches. The tubers are perennial, fleshy,
and V- or L-shaped, typically cylindrical and
pointed at both ends. Each tuber produces 1 to 4
aerial shoots (Koshy et al., 2009).

The leaves are simple, sessile, and arranged
alternately or in whorls of three to four. They are
oblong to lanceolate, measuring approximately 6—
15 cm in length and 1.5-4 cm in width, with a
tendril-like tip (1-2 cm long) at the apex of upper
leaves, which helps the plant climb surrounding
vegetation (Evans, 1981).

The flowers are large, solitary, axillary, and
pendulous, exhibiting striking red and yellow
coloration, making them highly ornamental. The
perianth consists of six petaloid tepals, which are
oblong or oblanceolate and strongly reflexed as
the flower matures. These vibrant colors serve as

an adaptation for pollination by insects
(Windholz, 1983).
G. superba is known for its ecological

adaptability. It grows well in diverse soil types,
including loamy, sandy, and even nutrient-poor
soils, and thrives in both irrigated and rain-fed
conditions. It can tolerate a wide range of
temperatures and altitudes, growing from sea
level up to 2530 meters, especially along the
borders of dense forests, agricultural lands, and
wastelands (Neuuriger, 1994).

The plant is native to tropical and subtropical
regions of Asia and Africa. In India, it is found
across Tamil Nadu, Kerala, Andhra Pradesh,
Maharashtra, and Karnataka, often in hilly areas
and forest margins. It is also widely distributed in
Africa, including countries like Zimbabwe, South
Africa, Tanzania, and Kenya, where it plays a
vital role in traditional medicine and local culture
(Nayar & Sastry, 1988).Due to its overharvesting
and habitat loss, G. superba has been listed as
critically endangered in some parts of its native
range, especially India, where it appears in the
Red Data Book of Indian Plants (Nayar & Sastry,
1988).
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3: Ethnomedicinal and
Therapeutic Uses

Gloriosa superba L. has been widely utilized in
traditional medicine systems across Asia and
Africa for centuries. Known for its potent alkaloid
content, particularly colchicine, the plant is
extensively used in Ayurvedic, Siddha, Unani,
and various African indigenous healing practices.

Traditionally, different parts of the plantincluding
tubers, seeds, leaves, and flowers—are used to
treat a broad range of ailments. The tubers,
although highly toxic, are frequently employed
for their anti-inflammatory, antispasmodic, and
abortifacient properties. They are administered in
very small, controlled doses to manage arthritis,
gout, and chronic joint pain, owing to their
colchicine  content, which helps reduce
inflammation by  inhibiting = microtubule
polymerization (Insel, 1996; Koshy et al., 2009).

The plant is also traditionally used for
gastrointestinal disorders such as colic, ulcers,
and chronic abdominal pain. In small tribal
communities, tuber decoctions are administered
for inducing abortion and relieving labor pains
(Evans, 1981).

In African ethnomedicine, the root and tuber
extracts are used to treat snakebites, scorpion
stings, and bug bites, due to their acrid,
antivenom, and detoxifying effects. Additionally,
G. superba has been used to address infertility,
impotence, leprosy, nocturnal seminal emissions,
and hemorrhoids.The flowers and leaves are used
in topical applications for ulcers, skin infections,
piles, and wound healing. Their antiseptic, anti-
tumor, and analgesic properties make them
valuable in traditional skin and cancer-related
remedies (Evans et al., 1981).Despite its broad
medicinal potential, the plant's high toxicity
demands careful dosage and preparation.
Traditional healers often rely on age-old
knowledge to mitigate these risks during use.
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Medicinal Parts Used in Gloriosa superba L.

1. Tubers: The tubers of Gloriosa superba are
considered the most therapeutically significant
and extensively utilized part of the plant in
traditional and modern medicine. They are known
to contain high concentrations of bioactive
alkaloids, primarily colchicine and gloriosine,
which are responsible for the plant’s potent
pharmacological effects. These compounds
exhibit strong anti-inflammatory, anticancer, and
anti-gout activities, making the tubers a valuable
source of medicinal compounds. However, due to
the high toxicity associated with these alkaloids,
the use of tubers requires careful processing and
strict dosage regulation to avoid adverse effects.
Traditionally, the tubers have been employed in
the treatment of various ailments such as arthritis,
gout, and gastric ulcers. They are also applied in
indigenous  healing systems to manage
envenomation from snakebites and scorpion
stings. Additionally, tuber-based remedies have
been used for skin infections and abdominal pain,
highlighting their broad therapeutic application in
ethnomedicine.

2. Seeds: The seeds of Gloriosa superba contain
colchicine in lower concentrations compared to
the tubers but still hold medicinal significance in
traditional practices. In ethnomedicine, the seeds

are typically crushed and used in powdered or
paste form, either alone or in combination with
other herbal ingredients. They are primarily
valued for their anthelmintic properties,
effectively used to expel parasitic worms from the
human body. Additionally, the seeds are
employed as a natural anti-inflammatory agent,
helping to reduce swelling and discomfort in
inflammatory conditions. In certain traditional
systems, they are also used to address infertility
and other reproductive issues, indicating their role
in  gynecological and reproductive health
treatments.

3. Roots: The roots of Gloriosa superba, though
morphologically similar to the tubers, are used
less frequently in medicinal preparations.
However, they still hold considerable value in
tribal and indigenous healing systems. These roots
are traditionally employed in the treatment of
snakebites, where their extracts are believed to
neutralize venomous effects and support recovery.
In some cultures, the roots are also used as
aphrodisiacs, believed to enhance libido and
reproductive vitality. Additionally, they are
administered in remedies aimed at treating gastric
disturbances such as indigestion, stomach pain,
and related ailments, reflecting their role in
traditional gastrointestinal therapies.

Table-1 Medicinal Parts and Their Traditional Uses

Plant Part Bioactive Compounds Traditional Uses
Tubers Colchicine, Gloriosine Arthritis, gout, ulcers, snakebite,
scorpion sting, skin disorders
Seeds Colchicine (low conc.) Anthelmintic, infertility treatment,
anti-inflammatory
Roots Similar to tubers Snakebite antidote, aphrodisiac,
gastrointestinal issues
Flowers Pigments, low alkaloid content Ulcers, boils, skin inflammation
Leaves Tannins, flavonoids, alkaloids Wound healing, headache relief,
skin burns, local inflammation
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4. Flowers: The brightly colored flowers of
Gloriosa superba are primarily utilized for
external therapeutic applications in traditional
medicine. Their vibrant petals are often used in
the preparation of topical formulations aimed at
treating various skin conditions. Traditionally,
flower extracts or pastes are applied to skin ulcers
and boils to promote healing and reduce infection.
Additionally, they are used in anti-inflammatory
compresses to relieve swelling and irritation on
the skin, highlighting their local soothing and
curative properties in ethnobotanical practices.

5. Leaves: The leaves of Gloriosa superba are
commonly used in traditional medicine, either
ground into a paste or boiled to prepare extracts.
These preparations are applied topically or, in
carefully processed and very small quantities,
consumed for specific health benefits. The leaves
are valued for their wound-healing properties and
are often applied directly to cuts and injuries to
promote faster recovery. In addition, they are used
to alleviate pain, particularly in cases of
headaches and joint discomfort. Their anti-
inflammatory nature also makes them effective in
the treatment of burns and various forms of skin
inflammation, demonstrating their broad topical
utility in folk remedies. (Table-1)

In wvarious cultures across Africa and Asia,
Gloriosa superba holds significant
ethnomedicinal value, with different communities
utilizing parts of the plant for a wide range of
traditional health practices.

In Sudan, the tubers of Gloriosa superba are used
to treat skin infections, wounds, and snakebites.
Healers apply paste made from crushed tubers
directly onto affected areas for its believed
antiseptic and anti-venom properties.

In Kenya, traditional practitioners use both the
seeds and roots of the plant to manage infertility
and menstrual irregularities in women. The plant
is also used as an anti-inflammatory agent for
joint pain and muscle aches, where boiled leaf
extracts are applied externally.

In Zimbabwe, the roots and tubers are used in the
treatment of abdominal pain, ulcers, and sexually
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transmitted infections. It is also considered a
powerful remedy against scorpion stings and is
applied as a poultice.

Despite its medicinal potential, cultural
knowledge across these regions emphasizes
careful dosage and preparation due to the plant's
toxic nature. These cultural applications highlight
the plant’s diverse therapeutic roles in traditional
healthcare systems.

4: Phytochemistry

Gloriosa superba i1s a rich source of
pharmacologically important bioactive
compounds, particularly the alkaloids colchicine
and colchicoside. Colchicine, a well-known
tropolone alkaloid, is primarily concentrated in
the tubers and seeds and exhibits strong anti-
inflammatory,  antimitotic, and  anticancer
properties. It exerts its effects by inhibiting
microtubule polymerization, thereby suppressing
cell division and inflammatory responses. This
mechanism makes it a widely used drug in the
treatment of gout, familial Mediterranean fever,
and certain cancers (Koshy et al., 2009; Trivedi &
Pundarikakshudu, 2006).

Colchicoside, a glycoside derivative of colchicine,
also plays a significant role. It acts as a muscle
relaxant and anti-inflammatory agent, and has the
added advantage of reducing colchicine’s toxicity
while preserving its therapeutic efficacy (Reddy
et al., 2011). This compound has been explored
for use in pharmaceutical formulations for pain
relief and inflammation associated with
musculoskeletal disorders.

Other notable constituents of Gloriosa superba
include gloriosine, superbine, salicylic acid,
tannins, flavonoids, and steroids, which contribute
to its antimicrobial, antioxidant, and wound
healing activities (Muthusamy et al.,, 2003;
Jayaweera, 1981).

These bioactive components vary in concentration
depending on the plant part, age, soil, and climatic
conditions. Despite its rich phytochemical profile,
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the plant is highly toxic at unregulated doses and
demands careful processing and administration
for safe medicinal use.

Chemical Properties of Major Active
Compounds in Gloriosa superba

The primary pharmacologically active
constituents in Gloriosa superba are colchicine
and colchicoside, which have well-documented
chemical properties relevant to their medicinal
application and safety profile.

1. Colchicine

Colchicine is a naturally occurring compound
with the chemical formula C:H2sNOs and a
molecular weight of 399.44 g/mol. It is soluble in
water (approximately 2 mg/mL at room
temperature), alcohol, chloroform, and slightly
soluble in ether. Its melting point ranges from 155
to 157 °C. Colchicine is classified as a tropolone
alkaloid with a tricyclic structure that includes
aromatic and methoxyl groups. It is highly toxic;
even small doses can lead to gastrointestinal
distress, suppression of bone marrow activity, and
potentially fatal organ failure. The estimated
lethal dose (LDso) in humans is about 0.8 mg per
kilogram of body weight. Signs of overdose
include nausea, vomiting, abdominal pain, kidney

Table 2: Chemical Properties of Gloriosa superba

failure, and respiratory depression. Its mechanism
of action involves binding to tubulin and
disrupting microtubule formation, which explains
both its medicinal uses and toxic effects
(Katzung, 2017; NIH ToxNet, 2021).

2. Colchicoside:

Colchicoside is a semi-synthetic derivative of the
natural alkaloid colchicine. Its chemical formula
is C27H33sNOui, and it has a molecular weight of
547.55 g/mol. It is soluble in water, methanol, and
ethanol, and has a melting point around 220-
225°C, though it decomposes upon further
heating. Chemically, colchicoside is a glycosidic
compound that retains the colchicine core
structure but includes sugar moieties, which
improve its solubility and absorption. It is less
toxic than colchicine and is used in medical
treatments, particularly as a centrally acting
muscle relaxant. It is commonly prescribed in
some countries for the treatment of painful
muscular spasms, such as those found in back
pain or stiff neck. Although safer than colchicine,
colchicoside still requires medical supervision
because high doses can cause side effects like
gastrointestinal discomfort and elevated liver
enzymes. Its action is believed to involve the
modulation of nerve signals and anti-
inflammatory effects.

Compound | Molecular | Solubility | Melting Point Notable Toxicity Level
Formula (°O) Features
Colchicine | C2H>sNOs | Water, 155-157 Antimitotic, Highly toxic
alcohol, tricyclic
ether alkaloid
Colchicoside | C»yHssNOwi | Water, 220-225 Glycoside of Moderate
methanol (decomp.) colchicine,
muscle
relaxant

5: Biotechnological Advancements

Biotechnological tools have greatly contributed to
the conservation and propagation of Gloriosa
superba, an endangered medicinal plant valued

for its bioactive alkaloids like colchicine. In vitro
techniques such as tissue culture, callus culture,
and micropropagation have been widely applied
to overcome issues related to seed dormancy,
slow natural propagation, and overharvesting
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from the wild. Tissue culture involves aseptic
cultivation of plant parts (explants) like tubers,
leaves, and nodes on nutrient-rich media,
typically Murashige and Skoog (MS) medium,
often supplemented with plant growth regulators.
Callus culture, which induces unorganized cell
masses, is achieved using auxins like 2.4-
dichlorophenoxyacetic ~ acid  (2,4-D)  and
cytokinins such as benzylaminopurine (BAP),
enabling secondary metabolite production under
controlled conditions. Micropropagation ensures
rapid multiplication through sequential stages of
shoot induction, elongation, rooting, and
acclimatization, supporting large-scale production
of genetically identical and pathogen-free plants.
These methods also offer an alternative source for
the production of valuable phytochemicals like
colchicine, reducing pressure on wild populations
and aiding in biodiversity conservation (Patil &
Borse, 2011; Hiregoudar et al., 2006; Debnath et
al., 2012).

Molecular markers, particularly RAPD (Random
Amplified Polymorphic DNA), are highly
valuable in the study of genetic diversity in
Gloriosa superba, a medicinally important and
endangered plant species. These markers help
detect genetic variation among both wild and
cultivated populations. Such information is

crucial for selecting high-yielding or colchicine-
rich genotypes, maintaining genetic purity in
micropropagated  plants, and  supporting
conservation and breeding programs.

RAPD markers are commonly used due to their
simplicity and effectiveness. They require only a
small amount of DNA and do not need any prior
knowledge of the plant’s genome. Additionally,
RAPD techniques are cost-effective, quick, and
offer reproducible results, making them suitable
for large-scale genetic studies.

When combined with biotechnological methods
such as tissue culture and micropropagation,
molecular markers enhance the production of
healthy and genetically uniform plants. Tissue
culture helps eliminate pathogens, resulting in
disease-free planting material. This method also
allows for plant production throughout the year
under controlled laboratory conditions. Moreover,
a single explant can be used to generate thousands
of plantlets in a short time, leading to rapid
multiplication.

These integrated approaches are essential for
conserving Gloriosa superba, as they reduce
dependency on wild populations and enable
sustainable commercial cultivation. (Table-3).

Table-3: Role of Molecular Markers and Biotechnological Approaches in the Conservation and

Propagation of Gloriosa superba

Aspect Description
Molecular Marker Used RAPD (Random Amplified Polymorphic DNA)
Purpose Assess genetic diversity, select elite genotypes,
and support conservation
Advantages of RAPD Quick, low-cost, no prior DNA sequence needed,

highly polymorphic

Biotechnological Methods

Tissue culture, callus culture, micropropagation

Benefits of Biotechnology

Disease-free planting material, continuous
propagation, high multiplication

Application in G. superba

Sustainable production, reduced wild collection,

high colchicine selection
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Conclusion

Gloriosa superba, a valuable medicinal plant
known for its potent alkaloids like colchicine and
colchicoside, holds immense therapeutic
importance across traditional and modern
medicine systems. Various parts of the plant—
including roots, tubers, leaves, flowers, and
seeds—are used in diverse cultural contexts for
treating ailments such as snakebite, ulcers, joint
pain, and skin conditions. The plant is widely
utilized in traditional medicine systems in regions
such as Sudan, Kenya, and Zimbabwe.

The phytochemical compounds, particularly
colchicine, exhibit significant biological activities
but also possess high toxicity, necessitating
cautious use. Colchicine and its derivative
colchicoside are  well-studied for their
pharmacological effects, and their chemical
properties, including solubility and melting
points, are critical for medicinal formulation and
handling.

Due to the overexploitation of wild populations
and the plant's endangered status, modern
biotechnological approaches like tissue culture,
micropropagation, and callus culture have become
essential. These methods enable the rapid
multiplication of disease-free plantlets, supporting
year-round cultivation and reducing dependency
on natural populations.

Furthermore, molecular marker techniques such
as RAPD play a key role in assessing genetic
diversity and maintaining genetic fidelity in
propagated stocks. This combined application of
biotechnology and molecular biology is vital for
conservation, sustainable use, and commercial
cultivation of G. superba. It ensures the continued

availability of this important plant while
protecting its genetic resources for future
generations.
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