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ABSTRACT

Medicinal plants remain an important source of structurally diverse secondary metabolites
and biologically active compounds. Among the medicinally significant bulbous plants of the
family Amaryllidaceae, Amaryllis belladonna L. has attracted considerable scientific interest
because of its characteristic alkaloid profile and reported pharmacological properties. The
bulb, which functions as an underground storage and metabolite-accumulating organ,
contains a diverse range of Amaryllidaceae alkaloids belonging to lycorine-, crinane- and
related structural classes. Phytochemical investigations have reported numerous constituents,
including lycorine, pancracine, vittatine, hippeastrine, amarbellisine, ambelline, buphanamine
and several acetylated alkaloids. In addition to alkaloids, non-alkaloidal constituents such as
phenolic compounds and other secondary metabolites may contribute to the biological
properties of the plant. Oxidative stress, resulting from an imbalance between reactive
oxygen species production and antioxidant defenses, is associated with cellular damage and
several chronic disorders. Consequently, natural plant-derived antioxidants have become
important subjects of pharmaceutical and pharmacological research. A. belladonna has been
reported to possess antioxidant, antimicrobial, anti-inflammatory, anticancer, antiprotozoal
and neuroprotective potential. However, the presence of potent and potentially toxic alkaloids
necessitates careful interpretation of its medicinal applications. This review summarizes the
botanical  characteristics,  phytochemical composition, antioxidant mechanisms,

pharmacological relevance, traditional significance, safety considerations and future research
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prospects of A. belladonna, with particular emphasis on the bulb as a source of bioactive
constituents. The available evidence supports further investigation through activity-guided
fractionation, chromatographic separation, spectroscopic characterization and systematic

toxicological evaluation.

KEYWORDS: Amaryllis belladonna; Amaryllidaceae; bulb; alkaloids; antioxidant activity;
oxidative stress; DPPH; hydrogen peroxide; phytochemistry; pharmacological potential.

1. INTRODUCTION

Medicinal plants have played a central role in traditional healthcare systems and continue to
provide important leads for modern drug discovery. Their therapeutic importance is largely
associated with the production of secondary metabolites, including alkaloids, flavonoids,
phenolic compounds, terpenoids, tannins, glycosides and other chemically diverse
constituents.!"] Natural antioxidants have received particular attention because oxidative
stress is implicated in cellular damage and the development or progression of several chronic
and degenerative conditions. Antioxidants are compounds capable of reducing oxidative
damage by neutralizing reactive oxygen species (ROS), donating electrons or hydrogen
atoms, chelating transition metals, quenching reactive species or supporting endogenous
antioxidant defense systems. The antioxidant capacity of a plant extract may therefore arise

from the combined activity of several constituents rather than from a single compound.*#

Amaryllis belladonna L. is a perennial bulbous member of the family Amaryllidaceae,
commonly known as belladonna lily or naked lady. It is particularly recognized for its
ornamental flowers and chemically important bulb. The plant has attracted pharmaceutical
interest because its bulb contains a complex mixture of Amaryllidaceae alkaloids. The
available literature also associates the plant with antioxidant, antimicrobial, anti-
inflammatory, anticancer, antiprotozoal and neuroprotective activities.The bulb is especially
relevant to phytochemical research because it serves as an underground storage organ and site
of secondary-metabolite accumulation. Investigations of A. belladonna bulbs have identified

multiple alkaloids and demonstrated substantial chemical diversity.[!

The objective of this review is to consolidate information concerning the botanical
characteristics, phytochemistry, antioxidant relevance, pharmacological activities and safety
considerations of A. belladonna, while identifying research opportunities for further

investigation of its bulb extract and isolated constituents.®7]
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2. Botanical and Taxonomical Profile

Amaryllis belladonna belongs to the family Amaryllidaceae and subfamily Amaryllidoideae.
The family consists predominantly of perennial bulbous or geophytic plants and is distributed
widely in tropical, subtropical and warm-temperate regions. Important genera include
Amaryllis, Narcissus, Galanthus, Crinum, Lycoris, Hippeastrum and Leucojum. The species
is native to the Cape region of South Africa and has subsequently been introduced and
naturalized in several warm-temperate regions. It is widely cultivated as an ornamental plant
because of its attractive pink, trumpet-shaped flowers and unusual flowering behavior. The
plant has a subterranean bulb, a leafless flowering stalk and strap-like leaves that appear after
flowering. This hysteranthous flowering pattern is one of its characteristic botanical features.
Bulb development, dormancy, temperature, hydration and seasonal environmental conditions

may influence flowering and growth.>*>]

The botanical classification of Amaryllis belladonna is:
Kingdom: Plantae

Phylum: Tracheophyta!!!

Class: Liliopsidal'!

Order: Asparagales!>!*l

Family: Amaryllidaceae!>

Subfamily: Amaryllidoideae!*->%7}

Genus: Amaryllis!®!3]

Species: Amaryllis belladonna L.

3. Family Amaryllidaceae and Its Pharmaceutical Importance

Amaryllidaceae is recognized as an important family in natural-product research because of
its characteristic alkaloids. These compounds possess considerable structural diversity and
have attracted interest because of their antimicrobial, antiviral, anticancer, anticholinesterase,
antioxidant and other pharmacological properties. Amaryllidaceae alkaloids are generally
associated with biosynthetic pathways originating from phenylalanine and tyrosine. Oxidative
phenolic coupling reactions generate several characteristic structural skeletons. Major
alkaloid groups include lycorine, crinine, haemanthamine, galanthamine, homolycorine,

tazettine, narciclasine and montanine types.

Several members of the family have demonstrated pharmaceutical importance. Galanthus

species, for example, are recognized sources of galanthamine, an acetylcholinesterase
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inhibitor used in the management of symptoms associated with Alzheimer's disease.
Narcissus, Leucojum, Crinum and other genera have also yielded chemically and
pharmacologically significant alkaloids. The chemical richness of Amaryllidaceae makes the

family important not only for drug discovery but also for chemotaxonomic studies.

4. Phytochemical Profile of Amaryllis belladonna

The most distinctive chemical characteristic of A. belladonna is its rich alkaloid profile.
Detailed investigations of the bulb have identified numerous alkaloids representing different
Amaryllidaceae structural classes. Reported compounds include lycorine, pancracine,
vittatine, 11-hydroxyvittatine, hippeastrine, amarbellisine, 1-O-acetylcaranine, 3-O-
acetylhamayne, buphanamine, undulatine, ambelline and other crinane-type constituents. One
detailed bulb investigation reportedly identified 26 alkaloids, with three compounds isolated

for structural investigation.*¢7]

The presence of amarbellisine and other structurally unusual alkaloids illustrates the chemical
productivity of the species. Bioassay-guided investigations have further demonstrated that
geographical origin, extraction procedure and environmental factors may influence the
phytochemical profile. Although alkaloids represent the most characteristic group,
antioxidant activity cannot necessarily be attributed exclusively to alkaloids. Phenolics,
flavonoids and other constituents may contribute to radical-scavenging and redox-modulating
effects. The interaction between different metabolites may result in additive or synergistic

biological effects.

5. Oxidative Stress and Antioxidant Defense

Oxidative stress occurs when the production of reactive oxygen species exceeds the capacity
of antioxidant defense mechanisms. ROS include superoxide anion, hydroxyl radical, singlet
oxygen and hydrogen peroxide. At controlled concentrations, ROS participate in cellular
signaling, immune responses and physiological regulation. Excessive ROS, however, may
attack lipids, proteins and nucleic acids. Lipid peroxidation can alter membrane structure and
function, protein oxidation may interfere with enzymes and receptors, and oxidative DNA

damage can contribute to genomic instability and cell injury.

The human antioxidant defense system consists of enzymatic and non-enzymatic
components. Important antioxidant enzymes include superoxide dismutase, catalase and

glutathione peroxidase. Non-enzymatic defenses include glutathione, vitamin C, vitamin E,
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carotenoids, uric acid and other molecules. Plant-derived compounds can complement these
endogenous defenses through several mechanisms. They may donate electrons or hydrogen

atoms, chelate metal ions, stabilize free radicals or influence endogenous defense pathways.

6. Natural Antioxidants and Their Importance

Natural antioxidants include phenolic acids, flavonoids, carotenoids, vitamins, tannins and
other plant secondary metabolites. Phenolic compounds are particularly important because
their hydroxyl groups can participate in hydrogen atom transfer and electron transfer
reactions. The antioxidant effect of a plant extract is influenced by its chemical composition,
extraction solvent, concentration, environmental conditions, plant part and method used for
activity evaluation. Therefore, results obtained using different experimental systems should

be interpreted carefully.

DPPH radical-scavenging and hydrogen-peroxide-scavenging assays are commonly
employed as preliminary in vitro approaches. DPPH provides a measure of radical-
scavenging capacity through reduction of the stable DPPH radical, while the H.O. assay
assesses the ability of an extract to reduce the detectable hydrogen peroxide concentration.
However, in vitro antioxidant activity should not automatically be interpreted as proof of
therapeutic efficacy in humans. Bioavailability, metabolism, toxicity, cellular uptake and

pharmacokinetic behaviour must also be considered.[%1415]

7. Antioxidant Potential of Amaryllis belladonna

The reported antioxidant potential of A. belladonna is particularly interesting because the
bulb contains multiple classes of secondary metabolites. Alkaloids are the principal
characteristic constituents, while phenolic and other non-alkaloidal compounds may also
contribute to antioxidant behaviour. The antioxidant effect of a crude bulb extract may
therefore represent the collective activity of several compounds. This provides a rationale for
studying both the crude extract and individual fractions or isolated constituents.!!-?!

A useful experimental strategy is to first determine the antioxidant activity of the crude
extract and then fractionate the extract chromatographically. Fractions demonstrating stronger
activity can subsequently be subjected to spectroscopic characterization. Such an activity-
guided approach may help establish a relationship between chemical constituents and

biological activity.
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8. Pharmacological Significancel!>%!4

8.1 Antiprotozoal Activity

Experimental studies have reported activity of crude methanolic extracts and isolated
constituents of A. belladonna against protozoal organisms including Trypanosoma cruzi, T.
brucei rhodesiense, Leishmania donovani and Plasmodium falciparum. These findings

demonstrate the biological potential of its alkaloid-rich extracts.

8.2 Anticancer Potential
Several constituents from the bulb have been investigated for antineoplastic activity.
Compounds such as acetylcaranine, ambelline and anhydrolycorinium chloride have been

associated with cytotoxic or antineoplastic effects in experimental investigations.

8.3 Antimicrobial Activity!'!?!
The presence of biologically active Amaryllidaceae alkaloids has encouraged investigation of
the plant against microbial organisms. Antimicrobial activity has been reported within the

broader pharmacological profile of the species.

8.4 Anti-inflammatory Activity
The phytochemical constituents of Amaryllidaceae plants have been investigated for anti-
inflammatory effects. Such activity may be relevant because oxidative stress and

inflammation are closely interconnected biological processes.?-!

8.5 Neuroprotective Potential>->%"]

Amaryllidaceae alkaloids are particularly important in neuropharmacological research
because of the well-established acetylcholinesterase-inhibitory activity of galanthamine from
related genera. The chemical diversity of A. belladonna therefore warrants further

investigation for neuroactive constituents.

9. Toxicological Considerations!”)

The medicinal potential of A. belladonna must be considered alongside its toxicity.
Amaryllidaceae alkaloids can exhibit potent biological activity, and some may produce
harmful effects at inappropriate concentrations. The coexistence of pharmacological activity
and toxicity is particularly important in crude extracts because several active compounds may
be present simultaneously. Therefore, antioxidant or antimicrobial activity alone should not

be interpreted as evidence of safety.[>*]
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Future pharmacological development should include cytotoxicity studies, acute and chronic
toxicity investigations, dose-response characterization, isolation of individual compounds and
determination of therapeutic indices. The supplied literature specifically recommends
purification, toxicological evaluation and dosage control before therapeutic application is

considered.

10. Extraction and Analytical Investigation

Extraction conditions strongly influence the phytochemical composition of plant extracts.
The supplied experimental methodology uses methanol for maceration of powdered A.
belladonna bulb. Approximately 500 g of powdered material is subjected to maceration for 72
h with intermittent shaking, followed by filtration, solvent evaporation and storage of the
dried extract at 4°C. Preliminary phytochemical screening can provide an initial indication of
major constituent classes such as alkaloids, flavonoids, steroids, terpenoids, anthraquinones,

phenols, saponins, tannins, proteins, carbohydrates and oils/resins.

Chromatographic techniques provide a useful bridge between preliminary screening and
structural characterization. Thin-layer chromatography allows separation of extract
constituents according to their affinity for the stationary and mobile phases. In the proposed
methodology, silica gel G plates and an ethyl acetate (9:1) mobile phase are used. Fractions
showing individual spots can subsequently be subjected to spectroscopic techniques such as

infrared spectroscopy and nuclear magnetic resonance spectroscopy.

11. Research Gaps and Future Prospects

Despite the substantial phytochemical information available for A. belladonna, several
research gaps remain. First, the relationship between individual alkaloids and antioxidant
activity requires systematic investigation. Second, geographical and environmental variability
may alter the chemical composition of the bulb. Third, standardization of extraction

procedures is essential before meaningful comparisons can be made among studies.

Fourth, antioxidant assays should ideally be complemented with additional models, including
ABTS, FRAP, nitric oxide scavenging, lipid-peroxidation assays and cellular oxidative-stress
models. Fifth, chemical profiling using HPLC, LC-MS/MS and NMR could help identify
compounds responsible for observed biological activity. Activity-guided fractionation
represents a particularly promising approach. Fractions can first be screened for antioxidant

activity, followed by isolation of active compounds and structural elucidation. The isolated

WWW.Wjppr.com Vol. 03, Issue 09, 2026

929

r—t—
et


http://www.wjppr.com/

Verma et al. World Journal Of Pharmacy and Pharmaceutical Research

compounds can then be tested individually and compared with the crude
extract. Toxicological evaluation should proceed in parallel with pharmacological

investigation because bioactive Amaryllidaceae alkaloids may also exhibit cytotoxic

effects.[6!?]

12. CONCLUSION

Amaryllis belladonna L. is an important medicinal and ornamental member of the
Amaryllidaceae family with considerable potential for natural-product research. Its bulb
represents a chemically productive plant organ containing a diverse range of Amaryllidaceae
alkaloids and potentially other antioxidant secondary metabolites. Available evidence
indicates antioxidant, antimicrobial, anti-inflammatory, anticancer, antiprotozoal and
neuroprotective potential. Nevertheless, the biological activity of the plant must be
interpreted in conjunction with its toxicological profile. The presence of potent alkaloids
emphasizes the importance of isolation, standardization, dose optimization and safety

evaluation.
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