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Abstract : Zingiber zerumbet commonly known as shampoo ginger or bitter ginger, is a medicinal
plant belonging to the family Zingiberaceae. It has attracted considerable scientific interest because of
its traditional medicinal uses and diverse phytochemical constituents. The rhizomes contain several
bioactive compounds, particularly zerumbone, a sesquiterpene with promising pharmacological
properties. Other constituents, including essential oils, terpenoids, flavonoids, and phenolic
compounds, may also contribute to its biological activities. This comprehensive review focuses on the
phytochemical composition, pharmacological activities, and clinical potential of Zingiber zerumbet.
Reported studies have investigated its antiinflammatory, antioxidant, antimicrobial, anticancer,
antidiabetic, and analgesic properties. Zerumbone has received particular attention for its potential
effects on inflammatory pathways, oxidative stress, and cancer-related cellular processes. The plant is
also traditionally used for various health conditions, supporting continued research into its medicinal
applications. Despite these promising findings, most evidence comes from laboratory and preclinical
studies, and further research is required to establish its safety, effective dosage, pharmacokinetic
profile, and therapeutic efficacy in humans. Overall, Zingiber zerumbet represents a valuable source
of natural bioactive compounds with potential applications in pharmaceutical and healthcare
research. However, well-designed clinical trials are necessary to confirm its therapeutic benefits and
support its development as a safe and effective medicinal agent.
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L. INTRODUCTION
Medicinal plants have been used in traditional healthcare systems for centuries and continue to serve as important
sources of bioactive compounds for modern drug discovery and development. the therapeutic properties of medicinal
plants are mainly attributed to their diverse phytochemical constituents, which may exhibit various biological and
pharmacological activities. Zingiber zerumbet commonly known as shampoo ginger or bitter ginger, is a perennial
herbaceous plant belonging to the family Zingiberaceae. It is widely distributed in tropical and subtropical regions and
is traditionally used in various systems of medicine for the management of several health conditions . The plant is
characterized by its aromatic rhizomes and distinctive cone-shaped inflorescences, which contribute to its traditional
and medicinal significance. Different parts of Zingiber zerumbet have traditionally been used for conditions associated
with inflammation, pain, digestive disorders, and other ailments. The medicinal potential of this plant is associated with
its diverse phytochemical constituents, including sesquiterpenes, essential oils, flavonoids, phenolic compounds, and
other secondary metabolites. Among these constituents, zerumbone, a naturally occurring sesquiterpene, has attracted
considerable scientific attention because of its promising pharmacological properties. The phytochemical composition
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of Zingiber zerumbet may vary depending on geographical origin, plant part, cultivation conditions, and extraction
methods. Various experimental studies have investigated its pharmacological activities, including antioxidant, anti-
inflammatory, antimicrobial, analgesic, and anticancer effects. these activities have shown promising results in different
experimental models, although the strength of evidence varies among individual pharmacological effects. However,
findings from laboratory and animal studies cannot be directly considered evidence of therapeutic effectiveness in
humans. Further research is required to establish the safety, efficacy, pharmacokinetic properties, and appropriate
dosage of Zingiber zerumbet and its bioactive constituents. The clinical development of this plant also requires
standardized extracts, comprehensive toxicological evaluation, and well-designed human clinical trials. Therefore, the
present review aims to provide a comprehensive overview of the phytochemistry, pharmacological activities, clinical
potential, safety considerations, and future research perspectives of Zingiber zerumbet as a potential source of natural
therapeutic agents.[1]

II. PHYTOCHEMISTRY
Zingiber zerumbet, commonly known as shampoo ginger, pinecone ginger, or wild ginger, is an important medicinal
plant belonging to the family Zingiberaceae. The species has attracted considerable scientific interest because of its rich
phytochemical composition and broad spectrum of biological activities. Phytochemical investigations have revealed the
presence of numerous secondary metabolites, particularly terpenoids, polyphenols, flavonoids, phenolic acids, steroids,
and other specialized compounds that contribute to its pharmacological properties. Recent reviews indicate that
approximately sixty metabolites have been isolated and identified from different parts of the plant, with terpenoids and
polyphenols representing the predominant chemical classes. The rhizome is the most extensively investigated part of
the plant because it serves as the principal repository of bioactive constituents. However, leaves, stems, and
inflorescences also contain valuable phytochemicals that may contribute to the medicinal value of the species.
Variations in phytochemical composition are influenced by geographical location, extraction technique, plant maturity,
environmental conditions, and plant part analyzed [2].
Major Phytochemical Classes
Phytochemical studies have shown that Z. zerumbet contains a diverse range of natural compounds that can be broadly
classified into terpenoids, polyphenols, flavonoids, phenolic acids, steroids, indole derivatives, pyridine derivatives, and
volatile essential oil constituents. The majority of these compounds have been isolated from the rhizomes, which are
recognized as the most pharmacologically active plant part. Among all identified constituents, sesquiterpenes are
considered the most characteristic compounds of Z. zerumbet. These compounds are primarily responsible for the
plant's aroma, biological activity, and therapeutic potential. The medicinal significance of the species is largely
attributed to the abundance of these sesquiterpenes, especially zerumbone [3].
Terpenoids and Essential Oil Constituents
Terpenoids constitute the most important group of phytochemicals found in Z. zerumbet. Essential oil extracted from
the rhizome contains numerous mono- and sesquiterpenes, which contribute substantially to its biological properties.
Research has identified compounds such as zerumbone, a-humulene, and zerumbone epoxide among the principal
sesquiterpenes present in the rhizome essential oil [4].
Zerumbone
Zerumbone is the major bioactive constituent and chemical marker of Z. zerumbet. It is a monocyclic sesquiterpene
characterized by the presence of an a, f-unsaturated carbonyl group. This structural feature contributes significantly to
its wide range of biological activities. Zerumbone occurs in high concentrations in rhizome essential oil and is regarded
as the most extensively investigated compound from this species [5]. Pharmacological studies have demonstrated anti-
inflammatory, antioxidant, antimicrobial, anticancer, analgesic, antipyretic, and gastroprotective properties of
zerumbone. Consequently, many biological effects observed in Z. zerumbet extracts are attributed to this compound

[6].
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Other Sesquiterpenes

Besides zerumbone, a-humulene and zerumbone epoxide are important sesquiterpenes isolated from the rhizomes.
These compounds may contribute synergistically to the biological properties of the plant and reflect the complexity of
its terpenoid biosynthesis. [7]

Polyphenols and Phenolic Compounds

Polyphenols represent another major phytochemical group in Z. zerumbet. These compounds are important natural
antioxidants that help protect biological systems from oxidative stress. The existence of diverse phenolic compounds
may partly explain the antioxidant and protective effects reported for the plant in experimental studies. Polyphenolic
compounds exert their activity by scavenging reactive oxygen species, reducing lipid peroxidation, and modulating
cellular antioxidant defense mechanisms. Their presence contributes significantly to the medicinal value of the plant
[8].

Phenolic Acids

Several phenolic acids have been isolated from Z. zerumbet, including ferulic acid and vanillic acid. These compounds
possess antioxidant properties and are known to protect cells from oxidative damage. Their occurrence further
strengthens the therapeutic potential of the species [9].

Flavonoids

Flavonoids constitute another important class of phytochemicals found in Z. zerumbet. These compounds are widely
recognized for their antioxidant, anti-inflammatory, and cytoprotective effects. Several kaempferol derivatives have
been isolated and characterized from the plant [10]. The major flavonoids reported include kaempferol-3-O-(3",4"-O-
diacetyl) rhamnoside, kaempferol-3-O-(4"-O-acetyl) rhamnoside, and kaempferol-3,4'-O-dimethylether. These
compounds contribute to the antioxidant capacity of the plant and may also participate in inflammatory regulation [11].

Steroids and Phytosterols

Phytochemical investigations have identified steroidal compounds such as p-sitosterol and Bsitosterone in Z. zerumbet.
These naturally occurring phytosterols possess structural similarities to cholesterol and are often associated with
beneficial effects on lipid metabolism and cellular function. Although present in smaller quantities compared with
terpenoids, these compounds contribute to the overall phytochemical diversity of the species and may participate in its
pharmacological actions [12].

Indole and Pyridine Derivatives

Several nitrogen-containing metabolites have also been isolated from Z. zerumbet. These include methyl indole-3-
carboxylate, indole-3-carbaldehyde, and indole-3-carboxylic acid. Such compounds are of pharmacological interest
because many indole-containing natural products exhibit biological activities. In addition, pyridine derivatives such as
picolinic acid, 3methylpicolinic acid, and 4-(1'-hydroxy-2'-methylpropyl) pyridine-2-carboxylic acid have been
reported from the rhizomes. Identification of these compounds further demonstrates the chemical complexity of the
species [13].

Distribution of Phytochemicals in Different Plant Parts

Phytochemical composition varies considerably among leaves, stems, and rhizomes. The rhizome remains the richest
source of terpenoids and essential oil constituents, especially zerumbone. Leaves and stems contain substantial levels of
flavonoids and phenolic compounds. Secondary metabolite production also changes during plant growth and
development, influencing the concentration of bioactive constituents. Environmental conditions, harvesting stage,
geographical origin, and extraction method can significantly influence phytochemical content. Therefore,
standardization of plant material is essential for ensuring consistency in biological studies and future therapeutic
applications. Zingiber zerumbet is a phytochemically rich medicinal plant containing a wide variety of bioactive
compounds. Approximately sixty metabolites have been identified, predominantly belonging to the terpenoid and
polyphenol classes. Zerumbone remains the principal phytochemical and serves as the characteristic marker compound
of the species. Other important constituents include flavonoids, phenolic acids, phytosterols, indole derivatives, and
pyridine derivatives. Collectively, these compounds form the chemical basis for the numerous biological activities
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reported for Z. zerumbet. Continued phytochemical investigations are expected to reveal additional bioactive
compounds and further clarify their therapeutic 51gn1ﬁcance [14].
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Flg.l.Banical illustration of zingiber zerumbet A

III. PHARMACOLOGICAL ACTIVITIES:
3.1Antibacterial activity:
The rhizome extract of Zingiber zerumbet possesses broad-spectrum antibacterial activity against both Gram-positive
and Gram-negative bacteria. In the study conducted by Golam Kader and co-workers,the ethanolic thizome extract,
along with its petroleum ether and chloroform fractions, exhibited antibacterial effects against several pathogenic
bacteria including Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Salmonella typhi,
Shigella dysenteriae, Pseudomonas aeruginosa, and Vibrio parahemolyticus. The crude ethanolic extract showed
stronger antibacterial activity than the solvent fractions. Notably, Vibrio parahaemolyticus was the most susceptible
organism, demonstrating the highest zone of inhibition and the lowest minimum inhibitory concentration (MIC) value
of 128 ng/mL. The antibacterial activity of Z. zerumbet has been attributed to the presence of bioactive phytochemicals
such as zerumbone, zederone, flavonoids, phenolic compounds, sesquiterpenoids, saponins, and terpenoids. The authors
concluded that the ethanolic rhizome extract contains potent antibacterial constituents and may serve as a promising
natural source for the development of antimicrobial agents.[15]
3.2 Broad spectrum antimicrobial activity:
Its rhizome extract, including crude ethanolic extract, petroleum ether fraction, and chloroform fraction, showed
activity against 13 bacterial strains, comprising five Gram-positive and eight Gram-negative bacteria, and three fungal
species. At a concentration of 400 pg/disc, the extracts produced inhibition zones ranging from 6 to 10 mm, indicating
mild to moderate antimicrobial activity. The crude ethanolic extract exhibited the highest antibacterial activity against
Vibrio parahaemolyticus, with an inhibition zone of 10 mm. Antifungal activity was observed against Candida albicans,
Aspergillus niger, and Saccharomyces cerevisiae. The minimum inhibitory concentration ranged from 128 to 256
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png/mL against the six bacterial strains selected for testing, with the lowest value of 128 pug/mL observed against V.
parahaemolyticus for all three preparations. This antimicrobial activity may be associated with phytochemicals such as
zerumbone, zerumbone epoxide, zederone, sesquiterpenoids, flavonoids, and phenolic compounds [16].

3.3 Antimalarial activity:

Zingiber zerumbet exhibits promising antimalarial potential due to the presence of zerumbone, a sesquiterpene isolated
from its rhizomes. The antimalarial activity of zerumbone and its chemically modified derivatives was evaluated
against Plasmodium falciparum, including the multidrug-resistant K1 strain. The activity was assessed using an in-vitro
microdilution radioisotope assay based on the uptake of radiolabelled hypoxanthine by the parasite [17]. Zerumbone
demonstrated antimalarial activity with an ICs, value of 11.8 uM. However, it also exhibited considerable cytotoxicity
against normal Vero cells, with an ICs, value of 19.9 uM, limiting its suitability for further therapeutic development.
To improve its biological activity and reduce toxicity, several zerumbone derivatives were synthesized and
evaluated. Among the tested derivatives, the alcohol derivatives zerumbol (compound 9), zerumbol acetate (compound
10), and an epoxidized derivative (compound 11) demonstrated promising antimalarial activity, with ICso values of
32.8 uM, 13.7 uM, and 9.8 puM, respectively. These derivatives showed comparatively low cytotoxicity against normal
Vero cells, suggesting an improved safety profile in the experimental system. The findings indicated that chemical
modification of zerumbone, particularly the conversion of its carbonyl group into alcoholrelated derivatives, may help
improve its potential as an antimalarial lead compound.[18]

3.4 Anti-inflammatory activity:

Inflammation is one of the most frequently investigated pharmacological properties of Z. zerumbet. Experimental work
has examined methanolic rhizome extract, essential oil and isolated zerumbone. In animal models, methanolic extract
reduced inflammatory responses in selected acute-inflammation assays, while zerumbone has been investigated in
carrageenan-induced paw oedema and cotton-pellet granuloma models. These models represent acute swelling and
more persistent proliferative inflammation, respectively. The evidence suggests that activity may involve modulation of
inflammatory mediators and pathways rather than a single mechanism.[19]

Mechanistically, the literature discusses effects on cyclooxygenase-related mediator production, prostaglandin E2
(PGE2), nitric oxide (NO), and signalling pathways associated with inflammatory gene expression. In macrophage
experiments, zerumbone and some flavonoid constituents such as methylated kaempferol derivatives were reported to
reduce production of selected inflammatory mediators. Such findings provide a plausible pharmacological basis for
traditional use in inflammatory and pain-associated conditions, but differences in extract composition, dose, route and
assay design limit direct comparison.

For a review, distinguish the whole extract from purified zerumbone. The effects of isolated zerumbone cannot
automatically be attributed to every preparation of the plant. Standardisation of plant material, extraction method and
chemical markers is needed before results can be compared or translated into a formulation.[20]

3.5 Analgesic and antinociceptive activity:

Analgesic and antinociceptive effects have been examined using rhizome extracts, essential oil and zerumbone. The
term antinociceptive refers to reduced responses to experimentally induced noxious stimuli and should not be treated as
identical to proven pain relief in people. A study of aqueous and ethanolic rhizome extracts used acetic-acid-induced
writhing in mice, while other investigations used chemical and thermal nociception models such as hot-plate and
formalin-induced paw licking. The ethanolic extract reduced writhing movements in mice, and the essential oil showed
activity in selected experimental pain models. Methanolic extract has also been studied across inflammatory and
nociceptive models. Proposed explanations include reduction of inflammatory mediators and interaction with pain-
related signalling; however, the exact contribution of individual constituents and the relevance of doses to human
exposure remain uncertain [21].
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3.6 Antipyretic activity:

Antipyretic activity has been studied in yeast-induced fever in rats. In the study by Somchit and colleagues , aqueous
and ethanolic rhizome extracts were evaluated at several doses, and both preparations significantly reduced fever
during the observation period. Fever reduction in an induced animal model is an initial pharmacological signal; it does
not establish that the plant is a safe or effective antipyretic for human illness.Potential antipyretic effects may overlap
with anti-inflammatory actions because prostaglandin-mediated pathways contribute to fever regulation. Nevertheless,
the cited study did not establish a complete molecular mechanism, and crude extracts contain multiple
constituents.[22,23]

3.7 Anticancer activity:

Anticancer research is one of the most developed areas of zerumbone pharmacology. Studies have evaluated
zerumbone or extracts in cancer cell lines and selected animal models, including reports involving P-388D cells ,
cervical cancer , ovarian cancer breast cancer, liver cancer and leukaemia, Reported outcomes include reduced cell
proliferation, apoptosis and cell-cycle arrest.[24,25]These results are promising for discovery research but do not
demonstrate that the plant or zerumbone can prevent or treat cancer in people. Zerumbone has been associated
experimentally with modulation of NF-kB-related inflammatory signalling,oxidative stress, death-receptor pathways
and mitochondria mediated apoptosis.[26,27] Cancer is biologically diverse, and activity in one cell line cannot be
generalised to all tumour types. Concentrations used in cell culture may not be achievable in human tissues, and
selectivity against cancer cells versus normal cells must be established.[28]

3.8 Antioxidant activity:

Antioxidant potential has been evaluated using chemical radical-scavenging assays and cellbased approaches. An
ethanolic rhizome extract was reported to scavenge DPPH and hydroxyl radicals and to contain polyphenols and
flavonoids, with kaempferol detected by HPLC analysis [29]. Other studies have explored antioxidant-related effects in
experimental models. These assays provide evidence of chemical reducing or radical-scavenging capacity but do not
automatically predict antioxidant benefit in the human body.

The apparent activity of an extract depends on its phenolic profile, solvent, storage, concentration and assay system.
DPPH and hydroxyl-radical assays are useful screening tools but are not equivalent to measuring prevention of
oxidative damage in living tissues.[30]

3.9 Antidiabetic activity:

The antihyperglycaemic potential of Z. zerumbet has been discussed in pharmacological reviews and investigated in
experimental settings . The relevant question is whether a defined preparation changes blood glucose or glucose
handling in a validated model, and whether this effect is reproducible at a tolerated dose. Different extracts may contain
different proportions of terpenes and phenolic compounds, so findings from one preparation should not be generalised
to all plant products.[31,32]

Potential mechanisms proposed for medicinal plants in this area include changes in carbohydrate digestion or
absorption, insulin secretion or sensitivity, oxidative stress and inflammatory signalling. For Z. zerumbet, these
mechanisms require cautious interpretation unless directly measured in the primary study. Changes in glucose in
animals do not establish efficacy or safety in people with diabetes.[33]

3.10 Antihyperlipidaemic activity:

Hyperlipidaemia, characterized by elevated levels of serum cholesterol, triglycerides, and lowdensity lipoproteins
(LDL), is a major risk factor for cardiovascular and metabolic diseases. Interest in plant-derived therapies has increased
because many medicinal plants possess bioactive compounds capable of modulating lipid metabolism. Among these
plants, Zingiber zerumbet commonly known as shampoo ginger or wild ginger, has attracted scientific attention due to
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its diverse pharmacological properties, including antihyperlipidaemic activity. The rhizome contains several
biologically active constituents, particularly zerumbone, a sesquiterpene that has been extensively investigated for its
therapeutic potential [34].Comprehensive reviews of Z. zerumbet have highlighted that the plant exhibits multiple
pharmacological activities, including anti-inflammatory, antioxidant, antidiabetic, and antihyperlipidaemic effects.
Available evidence indicates that numerous preclinical studies have demonstrated beneficial metabolic effects;
however, most investigations have been performed using crude extracts or isolated compounds in laboratory animals,
and clinical evidence in humans remains unavailable.[35] Therefore, current findings should be interpreted cautiously
until validated through human studies. A recent scoping review identified antihyperlipidaemic activity as one of the
major pharmacological properties investigated in experimental animal models. Importantly, the review found that all
available evidence originated from preclinical studies, and no published human clinical trials were available. Thus,
current knowledge supports only a potential lipidlowering effect in experimental settings rather than confirmed
therapeutic efficacy in humans. [36]

Animal studies explored whether preparations of Z. zerumbet could improve lipid abnormalities induced by
experimental metabolic disorders. These investigations generally assessed conventional lipid parameters such as total
cholesterol, triglycerides, LDL-related measures, and HDL-related measures. The collective findings suggested that
treatment with Z. zerumbet preparations may improve lipid profiles in experimental animals, thereby indicating
possible antihyperlipidaemic potential. However, these findings should always be interpreted in relation to the specific
animal model, dose, treatment duration, and extract formulation used in each study. The antihyperlipidaemic effects of
Z. zerumbet are believed to be associated with its rich phytochemical composition. Zerumbone, the major bioactive
constituent, possesses antioxidant and anti-inflammatory properties. Oxidative stress and chronic inflammation are
known contributors to dyslipidaemia and metabolic dysfunction. By reducing oxidative damage and inflammatory
responses, zerumbone may contribute indirectly to improved lipid regulation and metabolic balance. In addition, other
polyphenolic and terpenoid compounds present in the rhizome may work synergistically to influence lipid metabolism.
The metabolic activity of Z. zerumbet extends beyond lipid lowering alone. According to the recent scoping review,
metabolic outcomes may also be influenced by body weight regulation, food intake, glucose homeostasis,
inflammation, and oxidative status. Consequently, isolated improvements in a single lipid parameter should not be
overinterpreted. Changes in cholesterol or triglyceride levels may reflect broader metabolic effects occurring
simultaneously within the organism. Therefore, evaluation of antihyperlipidaemic activity should include multiple
metabolic endpoints rather than relying on a single biochemical marker. The review further emphasized that strong
experimental design is essential when assessing antihyperlipidaemic potential. Reliable studies should include baseline
measurements, appropriate disease controls, reference medicines, adequate sample size, blinding procedures, and
transparent reporting of extract composition. Such methodological considerations are necessary to ensure
reproducibility and to provide confidence in the reported findings. The quality of evidence is particularly important
because differences in extraction methods, phytochemical composition, and experimental protocols can influence
observed outcomes. Another important limitation is the lack of clinical validation. Although animal studies provide
valuable preliminary evidence, results obtained in laboratory models cannot be directly translated into human
therapeutic recommendations. The antihyperlipidaemic activity observed in experimental systems should not be
interpreted as proof that Z. zerumbet prevents cardiovascular disease or serves as an established treatment for
hyperlipidaemia in humans. Additional toxicological assessments, standardization of herbal preparations, and carefully
designed clinical trials are required before clinical application can be considered. Overall, current evidence suggests
that Zingiber zerumbet possesses promising antihyperlipidaemic potential in preclinical research. The plant appears
capable of improving lipid profiles while also exerting beneficial metabolic effects related to oxidative stress,
inflammation, glucose regulation, and body weight control. Nevertheless, all currently available evidence is derived
from animal studies. Therefore, antihyperlipidaemic activity should presently be regarded as a promising area of
preclinical investigation rather than clinically established evidence. Future research employing standardized

Copyright to IJARSCT E. - E DOI: 10.48175/IJARSCT-40572
www.ijarsct.co.in ey

618

| 2581-0429 |3

&\ IJARSCT /¥
R <




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology \

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 1, November 2026 Impact Factor: 8.2

formulations, rigorous experimental methodologies, and well-designed human clinical trials will be necessary to clarify
the therapeutic role of Z. zerumbet in the management of hyperlipidaemia and metabolic disorders.[37]

3.11 Gastroprotective activity:

Gastroprotective effects have been reported for zerumbone in experimental models. Such studies commonly assess
gastric lesion formation, mucosal injury or associated biochemical changes after exposure to ulcerogenic conditions. A
protective effect in an animal model may reflect modulation of inflammation, oxidative injury or mucosal defence, but
the exact mechanism depends on the protocol and measured endpoints.Gastroprotection should be distinguished from
treatment of established peptic ulcer disease. Animal results cannot confirm prevention of ulcers in humans, and a
compound may have different effects depending on dose, route and concurrent medicines. Safety in the gastrointestinal
tract also needs assessment because a preparation can have multiple biological actions.[38]

3.12 Hepatoprotective effect:

Organ-protective effects have been explored using experimental toxicant-induced injury. An ethyl acetate rhizome
extract was reported to have nephroprotective effects against paracetamol-induced kidney injury and oxidative stress in
rats [39]. The reported endpoints in this research area may include serum biochemical markers, oxidative stress
indicators and histopathological changes. These results indicate a hypothesis for further study, not a clinical antidote or
proven kidney-protective therapy.Hepatoprotective activity has also been discussed in reviews of Z. zerumbet and
zerumbone . Liver-protection experiments require attention to the type of injury, timing of administration, biochemical
markers, histology and possible effects on drug-metabolising enzymes.[40]

3.13 Antiviral activity:

Antiviral screening of Z. zerumbet has included work involving Epstein—Barr virus (EBV) early-antigen activation .
The supplied table lists a chloroform rhizome extract in this context. EBV early-antigen assays are commonly used as
experimental systems for examining virus-associated signalling or tumour-promotion-related processes; they should not
be confused with demonstrating that an extract cures an EBV infection.The antiviral category must be reported
precisely because effects on viral replication, viral antigen expression and virus-associated cellular pathways are
different endpoints. A result in one assay does not show broad-spectrum antiviral activity. The identity and
concentration of the extract, cytotoxicity controls and assay design are essential for interpretation.[41]

3.14 Immunomodulatory activity:

Studies of Zingiberaceae plants have investigated antiallergic and immunomodulatory actions, and Z. zerumbet has
been included in this research area. Water extracts and selected constituents have been evaluated in experimental
immune-response systems. These studies are relevant because allergic inflammation involves mediators released by
immune cells, while immunomodulation may involve changes in cytokine production or other immune functions.The
phrase “immunomodulatory” is broad and should be tied to a measured endpoint. Suppression of one inflammatory
mediator does not necessarily mean general immune suppression, and antiallergic effects in a laboratory assay do not
establish benefit for asthma, eczema or food allergy. Extract composition and concentration are especially important
because immune responses can be dose-dependent.[42]

3.15Antiplatelet, larvicidal and other reported activity:

Additional activities reported in the literature include inhibition of platelet aggregation, larvicidal activity and changes
in locomotor activity. Selected compounds from Zingiberaceae plants have been studied for platelet-activating-factor
receptor binding [43] or human platelet aggregation while Z. zerumbet rhizome extracts have been assessed in
mosquito-larval assays. These are distinct pharmacological or bioactivity categories and should not be grouped under a
single therapeutic claim.Antiplatelet activity may be relevant to thrombosis research, but it also raises a safety question:
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substances that reduce platelet function could increase bleeding risk or interact with anticoagulants and antiplatelet
medicines. Larvicidal activity is primarily relevant to vector-control research and does not imply safety for human use.
Locomotor-reducing effects observed in animals may reflect central nervous system effects, sedation or nonspecific
toxicity and require careful follow-up. [44,45]

IV. CLINICAL SIGNIFICANCE:
Potential in the Management of Inflammatory Disorders
Inflammation is an important biological response associated with tissue injury, infection and several chronic diseases.
The anti-inflammatory properties of Zingiber zerumbet have attracted attention because its bioactive constituents may
influence molecular pathways involved in inflammatory reactions. Zerumbone has demonstrated the ability to regulate
inflammatory mediators and cellular signalling mechanisms in experimental systems. These effects indicate possible
applications in developing therapeutic agents for inflammation-associated conditions.The plant has also demonstrated
antinociceptive properties, suggesting its potential relevance in pain management. Experimental findings involving
extracts, essential oils and isolated constituents indicate reductions in inflammatory responses and pain-related
behaviours in animal models. The combined anti-inflammatory and analgesic properties provide a scientific basis for
further investigation of the plant as a source of compounds for managing inflammatory pain. Nevertheless, controlled
human studies are required to establish effective dosage, clinical safety and therapeutic benefits [46,47].
Potential in Cancer Research and Supportive Care
Cancer represents an important area of investigation for the medicinal constituents of Zingiber zerumbet. Zerumbone
has received particular attention because of its reported antiproliferative and antineoplastic effects in experimental
research. Studies reviewed in the literature indicate that the compound can influence cellular processes involved in
abnormal cell growth, programmed cell death and cancer-related signalling pathways. These properties suggest that
zerumbone may provide a useful chemical starting point for the development of future anticancer agents [48].The
potential value of the plant in oncology is not limited to its effects on tumour-related mechanisms. Research has also
explored whether preparations derived from bitter ginger may contribute to supportive care by improving symptoms
experienced by patients with advanced cancer. Such investigations provide an additional direction for clinical research,
particularly regarding quality of life and symptom management. However, experimental anticancer activity does not
establish effectiveness against human tumours, and the plant should not be considered a substitute for established
cancer treatment [49].
Potential in Diabetes and Metabolic Disorders
Metabolic disorders, particularly diabetes mellitus and abnormal lipid metabolism, are important targets for the
investigation of plant-derived bioactive substances. Experimental studies involving Zingiber zerumbet and zerumbone
have reported antidiabetic and antihyperlipidemic activities, suggesting possible effects on metabolic regulation.These
observations indicate that the plant may contain constituents capable of influencing biochemical processes associated
with glucose and lipid metabolism. Its potential relevance to metabolic health has therefore become an area of interest
in natural-product research. Further investigations are necessary to determine the mechanisms responsible for these
effects, identify suitable formulations and evaluate whether the experimental findings can be reproduced in humans.
Although the available evidence is encouraging, clinical effectiveness in diabetes or dyslipidaemia has not been
established. [50]
Potential in Gastrointestinal and Organ Protection
Traditional medicinal applications of Zingiber zerumbet include its use for digestive complaints and other conditions
affecting general health. Scientific investigations have subsequently explored its gastroprotective, hepatoprotective and
nephroprotective properties in experimental models. These activities suggest that certain constituents may influence
processes involved in tissue injury, inflammatory damage and cellular protection.The reported gastroprotective effects
provide a basis for investigating the plant in relation to gastrointestinal tissue protection. Similarly, experimental
findings concerning the liver and kidneys suggest possible research applications in conditions involving organ injury.
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However, the number of studies examining these effects is comparatively limited, and their findings cannot yet be
translated into established clinical indications. Additional investigations involving standardized preparations,
appropriate toxicity assessments and controlled clinical trials are essential before such applications can be
recommended.

Antioxidant and Immunomodulatory Potential

Oxidative stress is associated with cellular damage and contributes to the development of several pathological
conditions. Zingiber zerumbet contains phytochemical constituents that have demonstrated antioxidant-related activities
in experimental investigations. These effects may contribute to the biological actions of the plant by influencing
oxidative processes and cellular defence mechanisms [51].

Immunomodulatory properties have also been reported, indicating that certain constituents may affect immune-related
responses. The combination of antioxidant, anti-inflammatory and immunomodulatory activities makes the plant an
interesting subject for further investigation in conditions involving oxidative injury and immune dysregulation.
Nevertheless, antioxidant activity measured in experimental systems does not necessarily indicate clinical benefit, and
further research is required to establish the relevance of these findings to human disease [52].

Clinical Safety and Future Therapeutic Development

The clinical development of Zingiber zerumbet depends not only on its pharmacological activity but also on the
establishment of an acceptable safety profile. Preclinical toxicity investigations have suggested that certain preparations
may be tolerated under specific experimental conditions. For example, some animal studies reported no major safety
concerns following short-term administration of ethanolic extracts. However, the safety findings differ according to the
preparation, dose and duration of exposure, and isolated zerumbone has produced adverse effects in some experimental
settings.Several important challenges remain, including variations in phytochemical composition, limited
pharmacokinetic information, uncertain human dosage requirements and insufficient long-term toxicity data.
Standardization of extracts and accurate identification of active constituents are necessary to ensure consistency
between experimental preparations. Further studies should investigate absorption, distribution, metabolism, elimination
and potential interactions with conventional medicines.

V. CONCLUSION

Zingiber zerumbet is a phytochemically rich medicinal plant containing bioactive compounds such as zerumbone,
flavonoids, phenolic acids, and essential oils. These constituents are associated with various pharmacological activities,
including anti-inflammatory, antimicrobial, antioxidant, analgesic, anticancer, antidiabetic, and antihyperlipidaemic
effects. Among them, zerumbone is recognized as the principal bioactive compound responsible for many therapeutic
properties. Current studies indicate significant potential for the development of natural therapeutic agents from this
plant. However, most findings are based on laboratory and animal studies. Further research is required to establish
safety, efficacy, dosage, and pharmacokinetic profiles in humans. Well-designed clinical trials and standardized herbal
preparations are essential to support its future use in evidence-based medicine.
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