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Natural products (NPs) from the terrestrial biodiversity play a key role in oncology drug discovery. While
historically identified through bioactivity-guided fractionation, recent advances in high-content
screening (HCS) assays, metabolomics, and in silico modeling have significantly enhanced the potential
and attractiveness of flora-derived NPs for the development of anticancer therapeutics. This includes
immunomodulatory molecules that are able to target the tumor microenvironment to promote
immune-mediated clearance of the tumor, thereby improving patient response. This review highlights
the untapped potential of molecules extracted from the South Pacific's terrestrial flora in the search for
novel antitumor and immunomodulatory compounds. The unique biodiversity of Oceania, including
Australia, New Zealand, and Pacific Island Countries and Territories (PICTs) across Micronesia, Melanesia
and Polynesia, offers a promising yet largely unexplored reservoir for discovering plant-derived
and Herein, we examine the recent

molecules with antitumor immunomodulatory activities.

Received 23rd October 2025 pharmacological advances in this field and highlight the need for sustainable and collaborative research.
Leveraging cutting-edge technologies could help overcome the challenge of NP-based drug discovery
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1. Introduction: cancer in the Pacific
Island Countries and Territories

The latest WHO estimates (2022) put the number of cancer
cases worldwide at almost 20 million, with 9.7 million associ-
ated deaths." It represents the most significant clinical, social,
and economic burden in terms of cause-specific disability-
adjusted life years (DALY) among all human diseases.”> 269
088 cases and 73 776 deaths are attributed to Oceania, including
Australia, New Zealand, and Pacific Island Countries and
Territories (PICTs) in the regions of Micronesia, Melanesia, and
Polynesia.* This encompasses 22 countries and territories,
including American Samoa, Cook Islands, the Federated States
of Micronesia, Fiji, French Polynesia, Guam, Kiribati, Marshall
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Islands, Nauru, New Caledonia, Niue, Northern Mariana
Islands, Palau, Papua New Guinea, Pitcairn Islands, Samoa,
Solomon Islands, Tokelau, Tonga, Tuvalu, Vanuatu, and Wallis-
and-Futuna (Fig. 1). PICT populations face a growing cancer
burden, with a profile that includes both cancers linked to
poverty and infection and cancers associated with aging pop-
ulation, exposure to tobacco, and changing diets.>* Indeed,
increased international trade links and variable weather
patterns caused by climate change® have contributed to greater
availability of and reliance on imported and heavily processed
foods rich in carbohydrate, free sugars, trans fats, and salt
among PICT populations.*® This nutritional shift, coupled with
a decline in physical activity, has significantly elevated obesity
rates, with the number of affected individuals exceeding half of
the adult population in several PICTs and has been associated
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with a rising incidence of obesity-related cancers.>® Globally, for
the referenced PICTs, WHO predicts that cancer incidence will
at least double by 2050,” posing a significant public health
challenge in the coming decades. Moreover, specific features of
PICTs, including small, geographically dispersed, and isolated
populations, with often restricted resources and infrastruc-
tures, complicate patient care.>* Health services are often
overburdened, and cancer surveillance systems are generally
weaker than in high-income countries, with patients presenting
with advanced cancer stages.>* Given these circumstances, it is
absolutely necessary to collaborate and share resources at the
regional level, create or strengthen partnerships between
oncology specialists in high-income countries and health-care
professionals in PICTs, improve cancer registration, and
support capacity building strategies and regional training.*
There is an urgent need for these countries to counteract the so-
called non-communicable disease epidemic by developing
sustainable, locally adapted strategies for the management of
these diseases, which should also include a therapeutic
component.

In this context, the use of plants for medicinal purposes
remains deeply rooted in cultural healthcare practices, while
phytochemistry continues to drive the discovery of new anti-
cancer agents in modern pharmaceutical research. In PICTs,
the transmission of ancestral knowledge about medicinal
plants remains prevalent, and these traditional practices often
form a routine part of healthcare, offering a culturally accepted
and locally accessible resource.®*** Although this review does
not address ethnobotanical knowledge, it is important to
acknowledge its significant and ongoing relevance to contem-
porary drug discovery.'' When regulated and appropriately
supervised, including the determination of the concentrations
of active ingredients or potentially toxic secondary compounds,
the integration of medicinal plants can provide cost-effective
therapeutic options that resonate with local populations. The
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Fig.1 Map of the South Pacific showing Pacific Island countries and territories (PICTs) with their exclusive economic zones (EEZs) in the regions

of Micronesia, Melanesia, and Polynesia. Base map © SPC.

high cost and limited availability of anticancer therapies,
particularly in smaller countries and territories with fragile
economies, such as the PICTs, underscore the need for inno-
vative and accessible healthcare solutions. Consequently, the
dual perspective of utilizing plant-based therapies both as
a cornerstone of local pharmacopeia and as a catalyst for
economic development through the isolation of active mole-
cules (notably antitumor and immunomodulatory compounds)
holds promise for advancing healthcare outcomes, enhancing
patient care, and strengthening regional resilience.”'>**

This review will first summarize recent advances in the
contribution of terrestrial flora to oncology drug discovery, as
well as the opportunities that emerging technologies present for
shaping the field in the coming years. It will then focus on the
exceptional biodiversity of the South Pacific and highlight
studies covering up to 2025 that describe the antitumor activi-
ties of molecules that are either unique to, or were initially
discovered in, endemic species from Micronesia, Melanesia,
and Polynesia regions, as well as Australia, emphasizing their
structural diversity and singularity. Plant genera and species, as
well as their geographical distributions, were obtained by
consulting Plants of the World Online (POWO, https://
powo.science.kew.org), an online taxonomic database
published by the Royal Botanic Gardens, along with the
Global Biodiversity Information Facility database (GBIF,

This journal is © The Royal Society of Chemistry 2026

https://www.gbif.org). In this review, we will also outline the
value of investigating compounds with immunomodulatory
properties for the development of new anticancer
immunotherapies, a therapeutic avenue that has emerged as
groundbreaking over the past decade for developing more
effective and specific treatments. Through these topics, we
aim to illustrate how the rich terrestrial flora of the South
Pacific can make a significant impact on global efforts in
oncology drug discovery while demonstrating how its
potential can be unlocked through new technologies and
analytical methods.

2. Unlocking the potential of
terrestrial natural products in drug
discovery: where are we headed?

2.1. The enduring relevance of terrestrial natural products in
drug development

Natural products (NPs) continue to play a central role in the
global drug discovery process. Several inherent difficulties
associated with NP-based drug development exist, including
securing sufficient biological material in a sustainable manner,
isolating and characterizing bioactive compounds, developing
efficient synthetic routes, implementing robust dereplication
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strategies to avoid the rediscovery of known molecules, and
elucidating molecular mechanisms and targets. However,
recent scientific and technological advances are helping to
overcome these obstacles.’® As a result, terrestrial NPs are
becoming increasingly attractive candidates.

The Dictionary of Natural Products® (DNP), one of the most
comprehensive NP databases with 300 000 NPs, reports that
two-thirds (67%) of referenced NPs with documented organism
classification originate from plants, predominantly comprising
alkaloids, terpenoids, and flavonoids.'” Marine NPs are gaining
increasing attention due to their unique structural features and
drug-like scaffolds. However, they remain largely under-
exploited considering their abundance and diversity."®>°
Terrestrial NPs tend to have smaller molecular sizes, greater
hydrophilicity, and a higher proportion of compounds meeting
Lipinski's Rule of Five.*® This rule, used as a first, albeit insuf-
ficient,** proxy for evaluating drug-likeness through the quali-
tative estimation of a molecule's absorption and permeability,
supports the relevance of terrestrial NPs as promising candi-
dates for small-molecule development.

When looking specifically at antitumor molecules approved
worldwide between 1981 and 2019, 70% of the 247 drugs are
considered of natural origin, a significantly higher rate than
that for all other types of treatment (56%). This includes bio-
logical molecules produced by an organism or a cell line (21%),
NPs or semi-synthetic derivatives (25%), and synthetic
compounds based on a NP pharmacophore (23%).?* Since the
discovery of paclitaxel,”® camptothecin,® vinblastine and
vincristine,>?® to name but the best-known, still frequently
cited to highlight the success of plants as a source of anticancer
drugs, research into the discovery of antitumor agents from
terrestrial flora has evolved considerably and benefited from
major technological advances, giving new life to the field.*®

2.2. New frontiers in natural product sourcing

Anticancer NP lead discoveries often begin with the identification
of a novel or unique source of cytotoxic compounds from a huge
number of plants. Taxonomic identification of unknown or less-
studied specimens provides an excellent opportunity to find
novel natural sources, traditionally achieved manually by
professional taxonomists by assigning identification keys. The
incredible growth in computer processing power and the emer-
gence of sophisticated artificial intelligence (AI) models have
given way to automatic plant identification techniques for
bridging the botanical taxonomic gap, from deep learning
models to user-friendly applications, such as Flora Incognita,
Pl@ntNet and LeafNet.”’*' Moreover, computer-aided chemo-
taxonomy has emerged as a valuable tool for the discovery of
antitumor analogs, which involves leveraging biological classifi-
cation data to identify relevant chemical markers®” (Fig. 2). This
approach has notably enabled the characterization of metabolic
differences between the Fagaceae and Asteraceae families, which
correlate with distinct antioxidant and tyrosinase inhibitory
activities.* It has also facilitated the identification of diterpene
distribution  patterns across Lamiaceae subfamilies,*
compounds known for their cytotoxic activity and, therefore, of
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particular interest in the development of anticancer agents.** In
addition, genome sequence-based mining is an effective strategy
for identifying novel bioactive metabolites through the detection
of biosynthetic gene clusters (BGCs).** Recent omics studies have
revealed that BGCs are not only a hallmark of microbes and fungi
but also can, albeit infrequently, be found in plants.**>*° In silico
prediction tools have emerged to find BGCs, also called meta-
bolic gene clusters (MGCs), in plant genomes.*® Although plant
BGC discovery is still in its early stages, it has already led to the
identification of several BGCs in rice, which code for the
biosynthesis of diterpenoid 5,10-diketo-casbene,” hydrox-
ycinnamoylputrescine,”” and momilactones.”® The latter
compounds exhibit in vitro cytotoxic activity, particularly against
human leukemia, lymphoma and colon tumor cells.***® Simi-
larly, biosynthetic genes for noscapine, an alkaloid from Papaver
somniferum, are organized in a complex gene cluster.”” While
noscapine is an alkaloid approved as a cough suppressant, this
compound and its derivatives, referred to as noscapinoids, have
attracted interest for their anticancer properties*** and their
ability to act as P-tubulin inhibitors.*>** This recent approach
opens access to a vast reservoir of genetic sequences encoding
potential anticancer compounds. In the coming years, the study
of plant BGCs could become a valuable complement to botanical
and chemotaxonomic strategies both for the reevaluation of
known plant genomes and as a prospective tool for the discovery
of new NPs from terrestrial flora®*® (Fig. 2).

2.3. Unlocking natural product chemistry: profiling,
dereplication, and fractionation

The next step involves in-depth metabolite profiling and der-
eplication to chemically characterize the NP composition.
Advances in analytical instrumentation and separation science,
combined with computational tools, have significantly trans-
formed the field, enabling metabolomics to play a central role in
the discovery of novel bioactive compounds from plant
secondary metabolites.®*” To avoid the rediscovery of known
molecules, the process of dereplication integrates chromato-
graphic and spectroscopic approaches with database search-
ing.” State-of-the-art ultra-high-performance liquid
chromatography coupled with high-resolution mass spectrom-
etry (UHPLC-HRMS) offers high-throughput acquisition of MS
and MS/MS spectra with great sensitivity and accuracy,”**
allowing the direct comparison of acquired data with reference
mass spectral libraries, such as MS"Lib, FragHub, MassBank,
METLIN, and other preprocessed or aggregated databases
available through the Global Natural Products Social Molecular
Networking (GNPS) platform.***° Used in conjunction with gas
chromatography (GC)-MS techniques and nuclear magnetic
resonance (NMR), the latter providing quantitative information
and detailed structural insights, this approach enables
comprehensive elucidation of the chemical composition of
complex NP extracts, such as those from plants®**** (Fig. 2).
Moreover, Al is increasingly being integrated into existing
workflows to enable de novo identification of novel compounds
from MS data.*”** This includes advanced molecular database
matching using deep neural networks,** prediction of molecular

This journal is © The Royal Society of Chemistry 2026
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characterization to the elucidation of biological activity and mechanism of action. Several elements were created with https://

www.biorender.com/.

formulae directly from MS spectra,®® and integration of theo-
retical spectra.®*® In parallel, spatial representation through
molecular networking (MN) further enhances the identification
of metabolite families and the global characterization of
complex extracts, and it is now incorporated into modern data
analysis pipelines.®® This multi-scale pairwise alignment allows
the visualization of structural relationships among molecules
and helps highlight original and taxonomically specific bioac-
tive plant metabolites across large extract libraries.*»”® Various
MN-based strategies have been developed, reviewed by other
colleagues,”*””® and, for some, implemented into the GNPS
platform.”*7® Notably, through examining 20 genera of the
Euphorbiaceae family, this approach facilitates the identifica-
tion of the genus Austrobuxus and specifically A. carunculatus,
which is endemic to New Caledonia, as a source of previously
unreported picrotoxane-type norditerpene dilactones,”® as
detailed in Section 4.2.

Although classical NP-based drug discovery began with
limited biological screening of crude extracts to identify bioac-
tive hits, this in-depth metabolite profiling now allows for the
selection of the most promising candidates from larger
compound libraries for subsequent in vitro screening steps.
Bioactivity-guided isolation, the fractionation process used to
isolate active NPs, presents several limitations that have been
alleviated by recent technological innovations.'® Crude extracts
may first be subjected to prefractionation, generating sub-

This journal is © The Royal Society of Chemistry 2026

fractions through chromatographic separation techniques.””
This prefractionation step enhances screening performance by
sequestering common nuisance compounds, such as cytotoxins
or assay-interfering products, and by concentrating potent
active metabolites. The development of prefractionated NP
libraries thereby streamlines downstream workflows for
isolating bioactive components from both marine” and terres-
trial”® NPs, and the libraries are well suited for integration into
automated liquid handling systems for drug discovery.” In
addition, prefractionation methods can be tailored to yield sub-
fractions enriched in compounds with drug-like properties,
including optimal hydrophilicity, thereby narrowing the pool of
candidates less likely to advance to preclinical testing.””

2.4. From bench to scale: high-throughput experiments for
natural product bioactivity testing

To scale up the in vitro testing of crude extracts or their sub-
fractions in biological assays, high-throughput screening (HTS)
and high-content screening (HCS) have represented a quantum
leap in drug discovery. Both rely on microplate-based assays
combined with automated operating systems and sensitive,
rapid detection instruments (Fig. 2). Compared to HTS, HCS
offers the added advantage of high-resolution cellular imaging
to capture phenotypic changes at the cellular or subcellular
levels. A notable example of HCS application in the discovery of
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antitumor and immunomodulatory compounds from plants is
ingenol mebutate (ingenol-3-angelate), a hydrophobic di-
terpene ester isolated from Euphorbia peplus (Euphorbiaceae).
Initially characterized as a topical chemotherapeutic agent used
for the treatment of skin cancer in preclinical settings,* it was
approved by the FDA in 2012 for the treatment of actinic kera-
tosis, a sun-related preneoplastic lesion that can progress to
squamous cell carcinoma.®® More recently, HCS has brought
this compound back into focus, revealing its capacity to reverse
T cell exhaustion and enhance B7-H3 CAR T cell cytolysis
activity against osteosarcoma cells, making it a promising lead
for the development of next-generation immunotherapies.®***
HCS has also revitalized interest in homoharringtonine (HHT),
also named omacetaxine mepesuccinate, an alkaloid originally
discovered in Cephalotaxus harringtonia (Cephalotaxaceae) with
antitumor activity against leukemia and lymphoma cells.**¢
Approved by the FDA in 2012 for the treatment of resistant
chronic myelogenous leukemia (CML), it is also included or
currently explored in several clinical trials for combination
regimens in acute myeloid leukemia (AML).*”*® Its subsequent
inclusion in large anticancer compound libraries has enabled
HCS to reveal selective activity against FMS-like tyrosine kinase-
3-internal tandem duplication (FLT3-ITD)-positive AML cells,
particularly in synergy with FLT3 inhibitors.** Furthermore,
additional HCS-driven studies have revealed that HHT is also
active against solid tumors, including von Hippel-Lindau (VHL)-
deficient clear cell renal cell carcinoma (ccRCC) compared to
VHL-intact cells in vitro and in vivo.°* Among 291 compounds
tested, HHT emerged as the most active compound in
fluorouracil-resistant rectal cancer cell lines by impeding
mitochondrial function in vivo.”

Beyond repurposing known compounds, high-throughput
experiments also facilitate the re-evaluation of crude plant
extract libraries to uncover new sources of known active mole-
cules. For instance, HTS of over 2000 extract fractions using the
NCI-60 human tumor cell line panel from the National Cancer
Institute (NCI, USA) identified phyllanthusmin D (lactone) and
dichapetalin (triterpenoid) as the major cytotoxic molecules of
Flueggea virosa extract (Phyllanthaceae, also known as Securinega
virosa).”” These compounds are under investigation for derivative
synthesis and preclinical evaluation and are of great interest in
antitumor and immunomodulatory drug development.®**

Interestingly, HTS/HCS have also been expanded into
approaches aimed at deciphering the functional roles of metab-
olites at the scale of the metabolome, referred to as “functional
metabolomics”. These strategies focus on linking metabolomic
data to biological or biophysical properties. Large untargeted
metabolomics datasets from complex NP fractions have been
integrated with bioactivity assays or compared with profiles of
metabolites and synthetic small molecules of known bioactivity
to construct correlation/similarity networks that help infer
mechanisms of action or identify active metabolites in complex
mixtures (Fig. 2).* These approaches have, for example, unveiled
12-deoxyphorbols from Bocquillonia nervosa as highly potent
inhibitors of the WNT pathway,®” a key signaling cascade in both
cancer and immune cells,’®* as well as (re-) identified several
metabolites underpinning anti-hepatocarcinoma activity.'*'*
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Further details and additional examples of functional meta-
bolomic strategies are presented in recent reviews.'*>'*

2.5. From bioactivity to mechanism: identifying molecular
targets

In the process of identifying NP molecular targets, chemo-
proteomic approaches remain the gold standard. It involves the
use of a tagged ligand to capture molecular interactors, which
are subsequently identified by MS."** For example, chemo-
proteomic profiling enabled the identification of SLC25A20 as
a cellular target of the previously mentioned ingenol mebutate
used for the treatment of actinic keratosis.’® Complementary
approaches include phenotypic screening of cell lines engi-
neered with functional genomics libraries, including small
interfering RNAs (siRNAs), short hairpin RNAs (shRNAs), and
the now gold-standard CRISPR/Cas9 libraries, to confirm target
involvement based on altered responses following gene
knockout or overexpression.'®®'*” Upon their introduction,
these technologies revolutionized the field, enabling, for
example, the identification of specific genes involved in non-
small-cell lung cancer (NSCLC) progression or lung metas-
tases in vivo in transplanted mouse models.**®

Although these tools remain widely used in target deconvo-
lution workflows, AI has emerged as a catalyst for the prediction
of antitumor and immunomodulatory NP-target interactions,
supporting the rational design of analogs and helping to
anticipate off-target effects.?”'® Al-driven approaches typically
rely on either structure-based or ligand-based computational
approaches. Among structure-based approaches, molecular
docking remains the most used in silico technique, predicting
how and with what affinity a compound binds to a protein
based on its 3D structure.*”'* Notably, the 2024 Nobel Prize in
Chemistry recognized the developers of AlphaFold, a tool that
has significantly advanced drug discovery by accurately pre-
dicting 3D protein structures."*® Alongside other platforms,"™*
this achievement has greatly facilitated molecular docking and
small-molecule interaction modeling. Conversely, the ligand-
based approach is based on the principle that ligands struc-
turally similar to a known bioactive compound, including NPs,
are likely to exhibit similar biological activities towards shared
targets.”” These relationships can be identified using artificial
neural networks, such as self-organizing maps, which assess
drug equivalence and target similarity"* (Fig. 2). For example,
a bioinformatic analysis of the NCI 60-cell NP extract screening
data identified Phyllanthus engleri (Phyllanthaceae) CH,Cl,
extract as selectively active against renal carcinoma cells. This
activity has been linked to the presence of sesquiterpene
(—)-englerin A, active in nanomolar concentrations.'** Further
work revealed (—)-englerin A as a modulator of voltage-
dependent L-type calcium channels,"* a discovery supported
by computational target-inference approaches that also
confirmed minimal off-target interactions.'*®

Altogether, recent technological advances are revitalizing the
discovery of terrestrial NPs, reaffirming their central role in
drug development, particularly for antitumor and immuno-
modulatory agents. Innovations in Al-driven taxonomy, genome

This journal is © The Royal Society of Chemistry 2026
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mining, analytical instrumentation, and HTS/HCS are over-
coming traditional obstacles in sourcing, characterization, and
bioactivity assessment of NPs. When integrated with advanced
computational tools for comprehensive metabolite profiling
and target identification, these approaches are streamlining
and accelerating the journey from crude extracts to therapeutic
leads (Fig. 2). As a result, terrestrial flora remains an invaluable
and expanding source of novel drug candidates, poised to fuel
the development of next-generation therapeutics.

3. The South Pacific: land of
exceptional flora

The Pacific region encompasses 9 of the 36 global biodiversity
hotspots, territories with exceptionally high rates of endemism
that are increasingly threatened. These include two hotspots
spanning Pacific and Indian oceans (Sundaland, covering parts
of Malaysia and Indonesia, and Wallacea in Indonesia), two in
the North Pacific (Japan and the Philippines), and 5 specific to
the South Pacific: Polynesia-Micronesia, the East Melanesian
Islands, the Forests of Eastern Australia, New Caledonia, and
New Zealand"*® (Fig. 3). Notably, New Guinea has recently been
designated as the island with the world's richest flora,
comprising 13 634 species, 68% of which are endemic, distrib-
uted across 1742 genera and 264 families, with over 95% of the
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species in the Ericaceae, Gesneriaceae, and Zingiberaceae
families being endemic.™” Kier and colleagues also highlighted
that New Caledonia exhibits by far the greatest endemism-
scaled richness of vascular plants worldwide, with Polynesia-
Micronesia and Eastern Pacific islands ranked in third place.**®
Furthermore, the analysis of 4306 islands using a restricted
phylogenetic endemism index (PER) highlights that 32 of the 47
(68%) significant island areas of endemism are located in the
Pacific region, including 20 (43%) in Micronesia, Melanesia,
Polynesia regions, and the nearby state of Tasmania.'® 13 of
these are shared exclusively among 3 territories: Papua New
Guinea (PNG), New Caledonia (NC) and New Zealand (NZ). The
associated islands for these are the Isle of Pines, Lifou Island,
and the Grande Terre Island in NC; D'Urville Island, Rauho-
maumau Island, and South Island in NZ; and Bougainville
Island, Dawila, Kairiru Island, Misima, New Britain, New Ire-
land, Tagula Island, and the island of New Guinea in PNG,
which is partly shared with Indonesia.*®

This remarkable island biodiversity has arisen from lineages
that both colonized isolated oceanic islands via long-distance
dispersal and persisted on continental fragments or land-bridge
islands following geological separation. Subsequent evolution in
isolation, combined with dynamic and heterogeneous island
environments, has driven diversification.”**** In this way, ende-
mism richness is 9.5 times higher on islands than in mainland
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Fig. 3 Map showing biodiversity hotspots in the South Pacific region (green areas). Base map © SPC.
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regions.”*® Insular territories contain 26.1% of all plant range
equivalents—the sum of species’ proportional ranges occurring
within specific regions—even though they account for only 3.6% of
the terrestrial surface considered in this study"*® (a figure later
evaluated at 6.67% (ref. 122)). Globally, 67% of plant species native
to islands are endemics, with 70% of these restricted to a single
island.” However, the insular biota displays several geographic,
demographic, and genetic characteristics that have enabled these
species to thrive on islands, but now make them disproportion-
ately vulnerable to a range of environmental stresses.”” Of note,
the biodiversity of PICTs has been extensively altered, with native
vegetation now covering only 17.5% of New Caledonia, 10.7% of
the East Melanesian Islands, and 5.2% of the Polynesia-Micro-
nesia hotspot.”** These regions face intense climatic and agro-
economic pressures: for example, projections for the East
Melanesian Islands estimate a 47-59% loss of pristine vegetations
across all Representative Concentration Pathway (RCP)/Shared
Socioeconomic Pathway (SSP) scenarios by 2050, along with a 7-
35% endemic plant species loss under the RCP4.5 scenario."*®

This notable, though endangered, region, with its high rate
of endemic species, harbors exceptional chemodiversity.
Indeed, geographical isolation has profoundly influenced the
phytochemical landscape, particularly with respect to secondary
metabolites, and it may have driven the biosynthesis of novel or
rare compounds that are absent in related taxa from the
mainland (if there are any). This diversification has been
quantified using indicators measuring, notably, phytochemical
richness (the number of metabolites) and disparity (the struc-
tural dissimilarity among them)."** Richness and disparity are
evident across multiple biological scales, from entire ecosys-
tems to specific plant lineages. For example, at a broad level,
metabolomic analyses have shown that trees in tropical
ecosystems have a higher phenolic and polyphenolic compound
diversity compared to their temperate counterparts,** as well as
a high, species-specific diversity of volatile organic
compounds.'” Furthermore, at the subfamily scale, research on
Amaryllidoideae has demonstrated a significant correlation
between phylogeny and the diversity and bioactivity of alka-
loids, specifically regarding the inhibition of acetylcholines-
terase (AChE) and binding to the serotonin reuptake transporter
(SERT) in vitro."*® This pattern also persists at the genus level: in
Erysimum, diversity and abundance of glucosinolates and car-
denolide compounds highly differ across species, with rare
carboxylic or indole glucosinolates and unique cannogenins or
acetyl cannogenols found in only a few species."®

Given the high rate of endemism seen in Pacific islands,
which encompass both rare ancient (long-branch) and recent
(short-branch) plant lineages,*® it is likely that this unique
endemism generates a remarkable diversity of metabolites—in
terms of both richness and disparity. The extensive review work
by Coulerie and Poullain has documented the exceptional
chemodiversity of the flora of New Caledonia, highlighting the
occurrence of unique compounds.*****> Notably, the majority of
the territory's endemic species have yet to be chemically char-
acterized, underscoring New Caledonia as a highly promising
site for NP discovery. Moreover, Meesakul and colleagues
recently reviewed the phytochemistry and biological activities of
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Hawaiian endemic plants, emphasizing their rich chemical
diversity.”*® Selected examples of promising bioactive
compounds are discussed in the following sections.

Thus, the South Pacific region is home to some of the world's
most unique and diverse ecosystems and floras, distinguished
by a high degree of endemism and representing perhaps the
largest reservoir of molecules with such a vast and singular
chemodiversity, much of which remains unknown to this day.
This underlines the need for collaborative approaches that
support sustainable bioprospecting to actively valorize the
unique potential of these terrestrial plant resources while
emphasizing the importance of their conservation in the face of
climate change and increasing anthropogenic pressures.'>*'**

4. Chemical structures and biological
activities of endemic species

In this section, we focus on antitumor and/or immunomodula-
tory compounds identified exclusively in the endemic terrestrial
flora of the South Pacific, including Australia, New Zealand, and
the 22 previously mentioned PICTs. We included both
compounds that, to date, have only been found in endemics of
this region, as well as those first isolated from South Pacific
plants and subsequently detected in species from other parts of
the world, thereby facilitating their recognition and re-
identification in a broader geographical context, with this latter
case specified in the relevant examples. In some cases, compar-
isons were drawn with structurally similar molecules whose
antitumor and/or immunomodulatory activities are better docu-
mented, so as to emphasize their therapeutic potential.

4.1. Alkaloids

Ellipticine, a tetracyclic pyrido[4,3-b]carbazole shown in Fig. 4,
was first identified in the small tropical evergreen tree Ochrosia
elliptica (Apocynaceae), native to the Gilbert Islands, Nauru,
New Caledonia, Norfolk Island, Queensland (Australia), and
Vanuatu. Since its discovery in the late 1950s,"*® interest in this
molecule has steadily grown, and it has since been found in
other plants, including other species of the Ochrosia genus,
which are predominantly found in Oceania. Many studies have
focused on synthesizing ellipticine derivatives for their
enhanced antitumor properties, which have now been demon-
strated in numerous in vitro and in vivo models."**'*” Several
molecular mechanisms have been attributed to its antitumor
properties, including DNA intercalation, topoisomerase II
inhibition, p53 activation, induction of apoptosis through
intrinsic and extrinsic pathways, and PI3K/AKT inhibition.
However, its clinical development has not advanced beyond
phase II trials, primarily due to its moderate activity and asso-
ciated toxic side effects."®®' Nevertheless, 9-hydroxy-N-m-
ethylellipticinium acetate (known as elliptinium acetate,
Celiptium®), although no longer used today, has shown efficacy
for treating patients with metastatic breast cancer resistant to
anthracyclines.”'* A closely related compound, 6-methyl-
ellipticine, exhibited sub-micromolar ICs, and was the most
active derivative on a panel of 12 solid tumor cell lines in vitro.***

This journal is © The Royal Society of Chemistry 2026
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Fig. 4 Active alkaloids found in the terrestrial flora of the South Pacific.

Other recent derivatives, including 9-(dimethylamino)-ethyloxy
as well as 11-substituted benzylamide and unsaturated ketone
derivatives, exhibit high cytotoxic activity against several
myeloma cell lines at sub-micromolar concentrations and
against the NCI-60-cell line panel at micromolar concentra-
tions, respectively."*>'** Given the previous clinical advance-
ment of ellipticinium acetate, these efforts to discover more
potent and active derivatives hold promise for the potential
clinical development of another analogue.

Two unprecedented compounds of the indolo[2,3-a]quin-
olizinium family with an unusual n-propyl group at C-2, namely
nukuhivensium and Nj,-methylnukuhivensium (Fig. 4), have
been discovered in the stem bark of Rawvolfia nukuhivensis
(Apocynaceae), a species endemic to the Marquesas Islands in
French Polynesia,"** whereas the Rauvolfia genus is widely
distributed throughout intertropical regions. The total extract of
R. nukuhivensis has been shown to block IL-22-induced hyper-
proliferation via phosphatase and tensin homolog (PTEN) and
filaggrin up-regulation, as well as a downregulation of the anti-
apoptotic Bcl-2-encoding gene, making them interesting candi-
dates for countering both apoptosis-resistance mechanisms and
tumor-promoting inflammation in cancer.**® Furthermore, their
structural resemblance to two other alkaloids with characterized
in vitro and in vivo antitumor properties, flavopereirine'**'*”
(found in Geissospermum and Strychnos genera)'**'*® and

This journal is © The Royal Society of Chemistry 2026

OO0
b b
(¢}

NH
NH

Potent ellipticine derivatives

Quadrigemine C

sempervirine’***** (found in Gelsemium sempervirens and G. ele-
gans),”> underscores their therapeutic potential.

Two ajmaline-type alkaloids, sandwicine and isosandwicine,
have been discovered in two other Rauvolfia species endemic to
Hawaii: R. sandwicensis and R. vomitoria.">>"* Interestingly,
a deeper phytochemical analysis of the Marquesan R. nukuhi-
vensis has described 11 other indole alkaloids, including the
newly discovered norsandwicine and isonorsandwicine, which
feature the loss of the methyl group at N; of sandwicine and
isosandwicine; Np-methylisosandwicine, with an additional
methyl at Ny; and three carboxylic acid derivatives: 10-m-
ethoxypanarine (a sarpagine derivative), nortueiaoine and
tueiaoine (macroline derivatives).'”® Norsandwicine, 10-m-
ethoxypanarine, and N,;,-methylnukuhivensium affected the
viability of SH-SY5Y neuroblastoma cells but only in high
concentrations (maximum observed: 67% reduction with Nj,-
methylnukuhivensium at 100 uM). Interestingly, norsandwicine
and 10-methoxypanarine (Fig. 4), alongside nukuhivensium
and Nj,-methylnukuhivensium, have been shown to signifi-
cantly inhibit the activity of the human Ether-a-go-go Related
Gene (hERG), a voltage-dependent potassium channel,** and
should therefore be considered in oncology since these chan-
nels are aberrantly expressed in many cancer subtypes and play
important roles in cancer progression.’>® This recent finding,
which sheds light on the potential mechanism of action of these
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alkaloids associated with both cytotoxic and immunomodula-
tory activities, underscores the importance of investigating or
re-investigating NPs in light of recently identified mechanisms
sustaining oncogenic properties (such as hERG channels),
thereby enabling their evaluation on new potential targets.

Macrocyclic spermine alkaloid derivatives, named homa-
lium alkaloids (including homaline, hopromine, hoprominol,
hoprominone, and hopromalinol (Fig. 4)) have been discovered
in Homalium guillainii (Salicaceae). This specific species is
endemic to New Caledonia,"” while other Homalium species are
distributed throughout intertropical regions. This family of
compounds, which possesses original 1,5-diazocan-2-one
moieties, has aroused great interest within the scientific
community and has prompted the development of new
synthetic methods in recent years.'*'** Although the bioactiv-
ities of these specific molecules remain unknown, other
synthetic derivatives containing 1,5-diazocan-2-one groups have
exhibited immunomodulatory properties with the inhibition of
IL-1B secretion by THP-1 cells in vitro.*® Additionally, they
demonstrated antitumor properties both in vitro and in vivo,
suppressing breast and ovarian tumor cell growth at nanomolar
concentrations by inducing apoptosis.******> Their ability to bind
the anti-apoptotic proteins XIAP, cIAP1, and cIAP2, along with
a favorable pharmacokinetic profile,'****> makes them prom-
ising candidates for the clinical development of anticancer
second mitochondria-derived activator of caspase (SMAC)
mimetics with pro-apoptotic properties.

Vatine, a hexameric pyrrolidinoindoline-type alkaloid,
together with its hepta- and octa-meric congeners, Vatamine and
Vatamidine, have been identified in Psychotria milnei (Rubiaceae,
formerly Calycodendron milnei), a species endemic to Fiji and
Vanuatu.'® To our knowledge, they have not yet been found in
any other species. Other oligomeric cyclotryptamine alkaloids
have been identified in several species from the Pacific region,
including hodgkinsine; quadrigemines A and B (all originally
isolated from Eumachia frutescens, formerly Hodgkinsonia fru-
tescens, native to Queensland, Australia'®*); quadrigemines C,
D, and I; isopsychotridines A and C; oleoidine and caledonine
(isolated from Eumachia oleoides, formerly Psychotria oleoides,
native to New Caledonia'®"*°); and psychotridine (isolated from
Eumachia leptothyrsa var. leptothyrsa, formerly Psychotria beccar-
ioides, native to the Philippines, Indonesia and Papua New
Guinea'”). This list underscores the importance of the genera
Psychotria and Eumachia, abundant sources of tropical plants, in
the discovery of innovative compounds, some of which display
structural specificities unique to species endemic to the South
Pacific region. Notably, several of the above-mentioned
compounds have been tested in vitro on non-tumor Vero
African green monkey kidney cells and exhibited IC5, values in
the micromolar range, with notably better selectivity against
proliferative cells compared to their quiescent counterparts.'”*
Cytotoxic activities have also been reported on rat hep-
atocarcinoma cells in vitro, with Quadrigemine A outperforming
the chemotherapeutic agent vincristine,”> even though this
chemotherapeutic is no longer used for the treatment of liver
tumors except for pediatric hepatoblastomas.'”® Quadrigemine C,
presented in Fig. 4, has been shown to be the most active
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compound in a panel of 14 pyrrolidinoinoline alkaloids on
DU145 prostate cancer and A2508 melanoma cell lines in vitro
(ICso = 2.2 and 1.7 uM, respectively)."”* Moreover, a recent study
highlighted quadrigemine I as an effective antitumor agent both
in vitro and in vivo using lymphoma xenograft models. Quadri-
gemine I induced apoptosis and tumor regression, modulated
mitogen-activated protein kinase (MAPK) signaling pathway, and
inhibited the production of pro-inflammatory cytokines and
nitric oxide (NO).'”® Thus, the original and complex structures of
oligomeric cyclotryptamine derivatives have attracted consider-
able interest within the chemistry community, inspiring efforts to
develop stereocontrolled synthetic routes to these compounds
and new derivatives,”*”*"” including metal-catalysed
syntheses."”®”® All these studies highlight the antitumor and
immunomodulatory potential of these original alkaloid struc-
tures, which should undergo more extensive pharmacokinetic
and pharmacodynamic studies to assess their translational
potential for clinical application.

4.2. Terpenoids

Nearly one-third of all naturally occurring plant-based
compounds with documented antitumor properties belong to
the terpenoid family,'®® making it the most extensively studied
subgroup in antitumor research. These molecules are also
abundant in plants endemic to the South Pacific region, with
some promising candidates identified exclusively in this area.
Thanks to extensive screening of plant ethyl acetate extracts
of the Euphorbiaceae family from species mostly endemic to
New Caledonia, a series of unprecedented dilactone nordi-
terpene picrotoxanes has been discovered in the fruits of Aus-
trobuxus carunculatus (Picrodendraceae).” Molecular networks
from UHPLC-HRMS? data highlighted several clusters of ions
specific to the genus Austrobuxus, with 13 new tutin derivatives
bearing a butyrolactone moiety at C-13 and additional
saturated-carbon ester side chains, named austrobuxusins E
to M. Among these, austrobuxusins F and L, which have an acyl
chain at C-2 (Fig. 5), exhibited in vitro cytotoxicity against A549
lung adenocarcinoma and U-87 MG glioma cells, with IC5, = 5.8
uM and 0.7 pM, respectively.” Of interest, this nomenclature
continues from four previously identified picrotoxane-type
compounds, austrobuxusins A-D, and precedes the discovery
of austrobuxusin N, all discovered in the Australian endemic
plant Austrobuxus swanii.**'*> However, these compounds show
little to no cytotoxic activity on colorectal adenocarcinoma
(Caco-2) and ovarian cancer (SK-OV-3) cell lines in vitro.'®> These
findings highlight the potential of the entire Austrobuxus genus,
whose species are exclusively endemic to the Pacific region.
Four new limonoids—dysoxylin, dysoxylone (Fig. 5), tigloyl-
dysoxylin, and 6a-acetoxyobacunol acetate—have been found
for the first time in the methanolic extract of the leaves of Di-
dymocheton  alliaceus  (Meliaceae, formerly Dysoxylum
richii),’®'®* an ethnomedicinal plant native to Fiji, Kiribati,
Niue, Samoa, Solomon Islands, Tonga, Vanuatu, and Wallis-
and-Futuna islands."”® While the bioactivities of these limo-
noids remain uncharacterized, they display an unusual di-
lactonic triterpenoid structure with both a y-lactone and an -
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Fig. 5 Active terpenoids found in the terrestrial flora of the South Pacific.

lactone, reminiscent of obacunone-type limonoids.**® Dysoxylin
and tigloyldysoxylin possess a tetrahydrofuran ring similar to
that in limonin,"” with additional ester groups at C-6 (6a-ace-
toxyobacunol acetate) and C-7 (6o-acetoxyobacunol acetate,
dysoxylone, tigloyldysoxylin). These new structural variants are
of particular interest due to both the well-documented anti-
tumor activity and inhibition of pro-inflammatory signaling
cascades exhibited by obacunone-type limonoids,'** "
compounds commonly found in Citrus and other species of the
Rutaceae family, as well as the ongoing clinical development of
terpenoid lactones, including those of plant origin.'**
Moreover, four dammarane-type triterpenoids—methyl
richenoate, richenone (shown in Fig. 5), richenol and richenoic
acid—have been isolated from the fruits of D. alliaceus."*® These
resemble previously known dammarane triterpenoids, but

This journal is © The Royal Society of Chemistry 2026

uniquely possess tetrahydrofuran moieties substituted with
propylene in positions where other Dysoxylum/Didymocheton
species have hydroxy-substituted variants."®* Additionally, five
new apotirucallane triterpenoids, dysorones A-E, have been
isolated from the dichloromethane fraction of the leaf meth-
anolic extract of Didymocheton roseus (formerly Dysoxylum
roseum), endemic to New Caledonia.'” Dysorone E (Fig. 5), the
major compound, has been shown to have a cytotoxic effect on
KB cells (ICso = 7.5 uM).** There is ongoing interest in the
scientific community in synthesizing new derivatives based on
these terpenoid scaffolds, as they may exert selective cytotoxicity
against several solid tumor cell lines.”® These discoveries
highlight the interest in the genus Didymocheton, which is
mainly distributed in the South Pacific. Its classification has
recently been challenged,™” as it was formerly included within

Nat. Prod. Rep.


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5np00073d

Open Access Article. Published on 05 January 2026. Downloaded on 3/17/2026 5:23:50 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Natural Product Reports

the genus Dysoxylum, underlining the need for chemotaxo-
nomic studies to elucidate the distribution of families of
bioactive compounds with therapeutic interest.

Several drimane terpenoids have been discovered in Zygo-
gynum pancheri, Z. acsmithii, and Z. baillonii, species belonging
to the Winteraceae family and all endemic to New Caledo-
nia."*"? For several of them, ICs, values for cytotoxic activity in
vitro ranged from 0.1 to 0.5 pM on KB, HL60, and HCT116
tumor cells.”®'® Further studies have identified dialdehyde-
substituted compounds, including NA1-115-7 (Fig. 5), as BH3-
mimetics that covalently bind to MCL-1 with strong affinity,
thereby inducing apoptosis in lymphoma cells in vitro without
exhibiting toxicity toward normal blood cells
diomyocytes.>***** Additionally, lipid nano-emulsions of NA1-
115-7 exhibited improved solubility and stability, as well as
cytotoxic activity, as evidenced by their comparable induction
rate of cell death at half the dose.” This makes NA1-115-7
a promising preclinical candidate for the treatment of
lymphomas. Of note, other dialdehyde-substituted drimane-
type terpenoids have been found in the Winteraceae family
and are considered specific markers of endemic species from
New Zealand in the Pseudowintera genus.”” Among them,
polygodial is a well-known dialdehyde-substituted drimane
terpenoid that has been identified in numerous species widely
distributed across the world. The extraction of polygodial and
the synthesis of its derivatives have attracted considerable
interest in the scientific community***>” because of their
antitumor properties. Notable cytotoxic effects have been
observed against taxane-resistant prostate cancer cell lines,
while the diastereoisomer 9-epipolygodial and the dimeric
unsaturated ester derivatives have demonstrated greater activity
than polygodial across a broader panel of tumor cell lines.?**>%
These findings could inspire the development of additional
derivatives of dialdehyde-substituted drimane terpenoids,
including NA1-115-7. Other unprecedented compounds, such
as colorata-4(13),8-dienolide isolated from Pseudowintera colo-
rata,”® a species endemic to New Zealand, possess unusual C1
branches at the C-3/C-4 positions in the A ring. Although no
biological activities have yet been described for this compound,
its total synthesis has been reported.**® Altogether, these find-
ings highlight the potential of the Winteraceae family, partic-
ularly the Zygogynum and Pseudowintera genera, which are
exclusively present in the South Pacific, as a valuable source of
novel molecular scaffolds for future drug discovery efforts.

Sixteen previously undescribed triterpenoid saponins and
three norlupane terpenoids were identified in the leaves, stems,
and bark extracts of Jaffrea xerocarpa (Rhamnaceae, syn. Alphi-
tonia xerocarpus and A. xerocarpa), also endemic to New Caledo-
nia.”"**? Norlupane compounds exhibited cytotoxic activity
against KB cells in vitro, with 58.4% cell death for the newly
identified 29-hydroxyceanothenic acid at 10 pg mL™'. This
activity is slightly lower than that of ceanothenic acid (78.5%, ICs
= 1.2 pg mL ") a well-characterized triterpene commonly
found in the Rhamnaceae family.>*® Interestingly, the new 2a-
formyl-A(1)norlup-20(29)-en-28-oic acid (Fig. 5) has been identi-
fied as the major constituent of J. xerocarpa ethyl acetate bark and
stem extracts.*” This compound, along with its 2 isomer also

or car-
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identified in the extract, exhibited cytotoxic activity with ICs,
values of 7.9 uM and 7 uM, respectively. Both aldehyde isomers,
regardless of stereochemistry, exhibited cytotoxic activity similar
to that of their known alcoholic counterpart, alphitolic acid.***
Other discovered triterpenoid saponins showed low (or not
tested) cytotoxic properties against KB cells.?**>*>

Other compounds isolated from Alphitonia species include
alphitexolide, an unusual y-lactone derivative of ceanothic acid
discovered in A. excelsa,>** endemic to Australia and New Guinea
(Fig. 5); alphitonin, a hydroxybenzyl coumarone found in the
wood of both A. petriei, endemic to Queensland and New South
Wales (Australia), and A. excelsa;*** and several known steroids
identified in A. petriei*® These compounds demonstrate
promising immunomodulatory properties with TNF-o. and NO
inhibition,** as well as radical scavenging activity and o-
glucosidase inhibition.>*®

4.3. Flavonoids and coumarins

Flavonoids play a well-established antioxidant role responsible
for their various health-protective functions.>” Given the dysre-
gulated oxidative stress balance in tumor cells and its potential
pro-oncogenic role, targeting these pathways has emerged as
a therapeutic strategy.”*® Therefore, natural phenolic derivatives,
including flavonoids and coumarins, hold significant promise for
the development of novel anticancer treatments.*"”

In addition to the previously mentioned chemical and bio-
logical characterization of Alphitonia species, an unprecedented
flavonoid derivative, 3-O-(6-E-feruloyl)-p-p-glucopyranosyl-(1—
2)-[B-p-xylopyranosyl-(1 — 2)-]a-L.-rhamnopyranosyl-quercetin
(Fig. 6), has been found in the n-butanol-soluble fraction of the
hydromethanolic extract of the fruits of A. neocaledonica,
a species endemic to New Caledonia.”* While the isolated
compound exhibited poor anti-tyrosinase activity, like other
glycosides present in the extract, the total n-butanol fraction
exhibited high antioxidant (93.2% at 200 ug mL ") and tyrosinase
inhibitory (92.1% at 4 mg mL ') activities. Given the diverse
phytochemical profiles of Alphitonia species, which comprise 19
species native to Southeast Asia, Australia, and PICTs, along with
the biological activity of the above-mentioned terpenoids, as well
as their significant role in traditional medicine,**® we advocate for
further investigations into these plants to identify potential
antitumor and immunomodulatory compounds.

Molimau-Samasoni and colleagues elucidated the mechanism
of action underlying the traditional use of Psychotria insularum
(Rubiaceae), a plant endemic to Niue, Samoa, Society Islands,
Tonga, and Wallis-and-Futuna, by integrating genomics and
metabolomics approaches.” Although chemical characteriza-
tion revealed only the known flavonol glycosides, rutin and nic-
otiflorin, other bioactive fractions notably contained polymeric
flavonoids that could not be fully characterized due to broad and
unresolved NMR signals, warranting further investigation.
Nevertheless, the leaf juice of P. insularum was found to strongly
impact iron homeostasis by inhibiting intracellular iron content
and heme synthesis.>** Given the importance of iron metabolism
in cancer progression and the growing relevance of targeting this
pathway,****** these findings further emphasize the potential of

This journal is © The Royal Society of Chemistry 2026
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Fig. 6 Active flavonoids, coumarins, and other hybrid structures identified in the terrestrial flora of the South Pacific, along with reference

compounds (rocaglamide and elliptifoline).

NPs to act on novel oncogenic targets. Moreover, the homogenate
exhibited immunomodulatory activity, inhibiting the production
of inflammatory cytokines, precisely IL-4, IL-12p40, and TNF-
o under unstimulated conditions and IL-17a, IL-6, IFN-y, and IL-
1o in concanavalin A- and/or lipopolysaccharide-activated sple-
nocytes in vitro. These inhibition rates exceeded those of both

This journal is © The Royal Society of Chemistry 2026

rutin and the reference compound ibuprofen, suggesting the
involvement of uncharacterized compound(s) with a stronger
anti-inflammatory effect or with the potential to act synergisti-
cally with characterized compounds to enhance overall bioac-
tivity. The dual potential as an inducer of cell death via
ferroptosis and as an immunomodulatory agent demonstrates
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the potential of P. insularum leaf juice for use in cancer immu-
notherapy and illustrates the important role of modern integra-
tive omics approaches in fostering such discoveries in the South
Pacific region.

The genus Geijjera (Rutaceae), comprising six species
endemic to Australia, New Guinea, and New Caledonia, is also
of interest due to its unique phytochemical composition and
potential biological activities.*** In particular, unprecedented
coumarins, including geiparvarin  (Fig. 6), 2'-3'-di-
hydrogeiparvarin, 6-(methoxyl)geiparvarin, 6’-dehydromarmin,
(R)-6-0-(4-geranyloxy-2-hydroxy)cinnamoylmarmin, and parvi-
floranines A and B (Fig. 6), have been discovered in the extracts
of G. salicifolia, endemic to New Guinea, Australia, and New
Caledonia, as well as in G. parviflora, endemic to Australia.”****
Interestingly, some of these compounds exhibited both anti-
inflammatory and antitumor properties. In particular, several
studies have focused on the structural optimization of gei-
parvarin to enhance its cytotoxic properties.”>**° It has been
demonstrated that introducing a methyl group at position 1/
(Fig. 6) significantly enhances cytotoxicity against several tumor
cell lines in vitro, with 1Cs, values in the sub-micromolar
range.”** These compounds effectively induced apoptosis in
a concentration-dependent manner and exhibited similar or
even lower ICs, values against multidrug-resistant breast cancer
cells (MCF7-MDR), vinblastine-resistant leukemia cells (CEM-
VBL10), and doxorubicin-resistant colon adenocarcinoma cells
(Lovo/Dox0).>** Furthermore, geiparvarin has been identified as
the most active compound isolated from G. parviflora for
inhibiting TNF-a secretion and NO production, with IC5, = 4.1
uM and 3.8 uM, respectively.?”® Two naturally occurring alkaloid
derivatives of geiparvarin, parvifloranine A, substituted with a 2-
pyrrolidinecarboxylic acid moiety (Fig. 6), and parvifloranine B,
bearing an asparagine substituent, have also been identified in
G. pamviflora®*® Parvifloranine A exhibited NO inhibition in
lipopolysaccharide-stimulated RAW264.7 macrophages, albeit
with lower activity (IC5, = 23.4 pM) compared to that of gei-
parvarin.®*® Given the compelling bioactivities of these
coumarin derivatives, along with the presence of a diverse array
of bioactive alkaloids,****** although not exclusive to the genus,
these studies underscore the potential of Geijera species as
a promising source for developing drug candidates and over-
coming therapeutic resistance, while emphasizing the need for
particular care with certain endangered species.?**

4.4. Other chemical structures

A study on the dichloromethane extract from the leaves of Meli-
cope barbigera (Rutaceae), endemic to the Hawaiian island of
Kauai, highlighted four new acetophenones and 2H-chromenes,
namely melibarbinon A and B and melibarbichromen A and B.>**
Although these compounds resemble other acetophenones
found in Acronychia species (Rutaceae), they are distinguished by
a methoxy substitution at C-4'/C-5 rather than the more common
hydroxy group, and they represent new regioisomeric forms
relative to previously described acronyculatins and
acrophenones.”®***¢ They exhibited cytotoxic activities on A2780
human ovarian cancer cells, with melibarbinon B (Fig. 6) being
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the most active (ICs, = 30 pM).>** These compounds expand the
diverse family of plant-derived acetophenones, predominantly
contributed to by the genera Acronychia and Melicope, both
distributed across the Indo-Pacific region. Further, they provide
new scaffolds for chemical modification, as well as opportunities
to investigate structure-activity relationship (SAR) and the
influence of regioisomerism on bioactivity.**”

Aglaia is the largest genus in the Meliaceae family, with over
150 species in the tropical and subtropical forests of Southern
Asia, Northern Australia and the Pacific region.?*® So far, flavag-
lines are the most described metabolites in the genus, with a total
of 98 compounds, representing 34% of all isolated compounds
from the Aglaia species.”®® These compounds are characterized by
the cycloaddition of a flavonoid nucleus with a cinnamic acid
moiety, constituting a cyclopenta[b]benzofuran.>® Among them,
two flavaglines, marikarin and 3'-hydroxymarikarin (Fig. 6), and
a cyclopenta[bc]benzopyran flavagline, desacetylaglain A, a satu-
rated diastereoisomer of the alkene-containing Elliptifoline
(Fig. 6), were discovered in A. gracilis, endemic to Fiji.>** These
compounds share structural similarities with other aglains,
notably those identified in A. argentea, A. forbesii, A. foveolate, A.
odorata, and A. rimosa (syn. A. elliptifolia)****** This includes the
well-known flavagline rocaglamide,*® while marikarin is further
distinguished by a fused pyrazinone and pyrrolidine moiety
(Fig. 6), a structural feature also found in other compounds
discovered in A. odorata (formerly A. duperreana).***** Among
these molecules, rocaglamide, elliptifoline, and silvestrol are
widely recognized for their potent antitumor properties in vitro and
in vivo, as well as their immunomodulatory activity.**’>* In
particular, recent studies have demonstrated that rocaglamide
treatment can overcome TRAIL-resistance in various tumor cell
lines in vitro, as well as in a mouse xenograft model in vivo.>>***
Additionally, rocaglamide enhances the ability of NK cells to
mediate non-small cell lung cancer cell killing®***** and inhibits
TNF-o-induced NF-kB activity,”* further supporting its dual role as
an antitumor and immunomodulatory agent. Given their thera-
peutic potential, new flavagline analogs with enhanced activity are
being synthesized and screened*>****” through various methods,
including in silico approaches,”® positioning them as key candi-
dates for the development of anticancer immunotherapies. The
discovery of naturally occurring flavaglines in Aglaia species
endemic to the Pacific region could further contribute to this
effort, providing valuable leads for drug development.

5. Concluding remarks

By showcasing the potential of terrestrial flora from the South
Pacific for antitumor and immunomodulatory drug discovery,
this review aims to stimulate further research and investment in
this promising field. We believe that the convergence of tradi-
tional knowledge with the biodiversity of the Pacific region,
combined with advances in high-throughput experiments, new
metabolomics pipelines, and Al-assisted in silico drug discovery,
can drive the development of potent and accessible anticancer
therapies. The exceptional biodiversity endemic to the South
Pacific produces unprecedented metabolites exhibiting remark-
able structural diversity across various NP families (i.e. alkaloids,

This journal is © The Royal Society of Chemistry 2026
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terpenoids, flavonoids, coumarins, and hybrid structures). These
range from compounds featuring key additional chemical groups
at precise positions (for example, an n-propyl group at C-2 in
nukuhivensiums or a dialdehyde substitution in NA1-115-7) to
more original scaffolds (such as oligomeric cyclotryptamine
alkaloids from Eumachia species or picrotoxane-type nordi-
terpene lactone derivatives from Austrobuxus carunculatus), di-
splaying notable antitumor or immunomodulatory activities. The
dual activity is particularly relevant given the major role that the
development of next-generation immunotherapies has played in
anticancer therapy over the past decade. Among others, the
previously mentioned FDA-approved ingenol mebutate has
attracted renewed interest due to its ability to reactivate hypo-
functional CD8" T cells*>** and enhance CAR T cell function,*
directly potentiating antitumor efficacy and thereby under-
scoring the significant potential of NPs as relevant anticancer
immunotherapies. This paves the way for further investigation of
other NPs, including those from the South Pacific, such as
Quadrigemine I discovered in Psychotria oleoides or new gei-
parvarin derivatives from endemic Geijera species, whose dual
antitumor and immunomodulatory properties have already been
described in the literature in preclinical settings and warrant
further attention.'7>>2%230:260

Although not addressed in the present review, metabolites
derived from terrestrial fungi could play a complementary role
in anticancer and immunomodulatory drug discovery. Although
they have been much less studied than their plant and bacterial
counterparts, recent technological advances in genomics and
metabolomics, particularly in the search for biosynthetic gene
clusters (BGCs) and the annotation of high-resolution mass
spectra, could potentially lead to the discovery of novel thera-
peutically relevant metabolites.”**>** Many fungal metabolites
have shown promising antitumor activities in preclinical
settings, yet none have so far resulted in an approved anticancer
drug.”® Instead, the major contribution has been to immuno-
modulatory drug discovery, most notably through the success of
immunosuppressive agents, such as cyclosporin A from Toly-
pocladium inflatum and mycophenolic acid from Penicillium
species.****** Endemic fungi from the South Pacific, including
endophytic and mycorrhizal species, represent a significant gap
in our knowledge, and much remains to be discovered about
their potential as a source of novel molecules with therapeutic
value.

In many of the cited studies, biological-activity character-
ization has been limited to preliminary in vitro assays. We
advocate for more comprehensive evaluation using advanced
cell models that are now widely used, including spheroids,
tumoroids, multicellular systems, and tumor-on-a-chip, as well
as for studies on whole organisms. Notably, some original
compounds that have been discovered have never been tested
for their activity, despite displaying structural homology to
compounds with recognized antitumor and immunomodula-
tory activities in preclinical settings. This is probably due to
a lack of resources or limited technologies available at the time
of their initial discovery, particularly during the surge in NP
chemistry research in the second half of the 20th century. By
highlighting these studies alongside recent literature, we

This journal is © The Royal Society of Chemistry 2026
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emphasize the need to reinvestigate the activity of these original
NPs, since even small structural modifications can dramatically
alter their interactions with oncogenic or immunogenic targets,
significantly influencing their therapeutic potential. This
structural diversity expands the chemical space available for
antitumor and immunomodulatory drug discovery, offering
new opportunities to explore novel mechanisms of action and to
advance NP drug discovery in innovative and impactful ways.

In another aspect, PICTs are characterized by their
geographical dispersion, which presents significant logistical
challenges. Difficulties in accessing remote locations and
ensuring proper conservation of biological materials during
transport can hinder efficient and high-quality sample collec-
tion. Moreover, these regions often have small populations and
limited resources and infrastructure, further complicating the
development of robust research pipelines necessary for the
effective discovery of therapeutically relevant molecules from
natural sources. To address these challenges, it is crucial to
promote regional and international collaborations, share access
to high-throughput equipment to enhance screening capacity,
and invest in capacity-building initiatives. Establishing such
integrated research pipelines is essential to meeting the long-
term demands of bioprospecting campaigns and the chemical
and biological characterizations of NPs, and to translating this
research into tangible successes.

We also call for collaborative efforts to ensure sustainable and
ethical bioprospecting practices for these valuable natural
resources in the Pacific region, and the need to protect them in
the context of climate change and anthropogenic pressures.*>***
Bioprospecting has to be conducted in compliance with current
legal regulations, such as the Nagoya Protocol and other Access
and Benefit-Sharing frameworks, with efficient implementation
and enforcement of these frameworks. Furthermore, bi-
oprospecting and the exploitation of biological resources must
follow sustainable practices to ensure responsible valorization of
NPs through the establishment of reproducible and viable
production platforms. These include sustainable crop cultiva-
tion, as well as alternative methods for metabolite production,
such as the development of semi- or fully synthetic routes and the
application of advanced metabolic engineering to create cell-
based or cell-free systems, thereby providing scalable solutions
for industrial applications and drug production. Biodiversity
conservation is now an integral component of bioprospecting
and NP discovery strategies, recognized as an urgent and multi-
disciplinary global challenge.>**?*° Ultimately, by aligning
research on terrestrial flora from the South Pacific and worldwide
with principles of sustainability and responsibility, we can
unlock the full potential of their molecular diversity and singu-
larity to advance oncology drug discovery and address the wider
unmet medical needs.
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