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ABSTRACT

Recent scholarly debates on equitable bioprospecting, intensified since the 2010
Nagoya Protocol, have exposed a critical gap in linking tropical plant biodiversity to
validated pharmacological outcomes, particularly where habitat degradation
accelerates species loss. Hitherto, ethnobotanical knowledge from the Amazon,
Congo, and Southeast Asian basins regions dominated by Asteraceae, Rubiaceae,
and Fabaceae has informed drug leads, yet systematic validation lags. This review,
adhering to PRISMA-ScR standards, screened a lot of peer-reviewed records
(2015-2026) via dual-independent extraction, yielding several studies on plant
species with medicinal properties. Indigenous applications, such as Artemisia annua
against malaria or Momordica charantia for glycemic control, find partial backing
from in vitro assays and select rodent models. Alkaloids like quinine (Cinchona
spp.), terpenoids including artemisinin, alongside flavonoids and phenolics, disrupt
cancer proliferation, thwart microbial resistance, and mitigate neurodegeneration,
evidence drawn from cytotoxicity screens, antimicrobial MICs, and sparse phase I
trials. Paradoxically, synergies among co-occurring metabolites enhance efficacy,
even as dose-dependent toxicities undermine safety profiles. These patterns
challenge reductionist models of single-compound pharmacology, refining instead
polyvalent synergy theories contingent upon extraction fidelity. Notwithstanding
ethical frictions in benefit-sharing and intellectual property disputes, sustainability
threats from anthropogenic deforestation loom large. Bridging ethnobotanical
assertions to mechanistic proof demands interdisciplinary

pharmacology. Urgent action secures these reservoirs for novel agents.
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INTRODUCTION

Ethnopharmacology documents indigenous
knowledge systems in natural remedies, linking
cultural practices to biomedical scrutiny. Tropical
hotspots like the Amazon amplify this endeavor,
sustaining roughly 16,000 tree species amid vast
floristic inventories (Erwin et al., 2010; Ter Steege
et al., 2019). Natural products underpin about 70%
of modern pharmaceuticals, with tropical exemplars
such as quinine from Cinchona spp. for malaria and
vincristine from Catharanthus roseus for leukemias
prevailing (Newman & Cragg, 2020).

Under relentless biotic assaults herbivores,

pathogens, and abiotic extremes, equatorial plants
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forge secondary metabolites like alkaloids and
terpenoids as bulwarks (Wink, 2015). These
defenses frequently parallel human therapeutic
needs; tropane scaffolds in Solanaceae evoke
antimuscarinics, tropically enriched amid neglected
disease burdens (Harvey et al., 2015; Atanasov et
al., 2021). Yet warrant
phytochemical polymorphism, driven by edaphic
gradients, yields variable yields, questioning
unmediated ecological-pharmacological bridges
(Heinrich & Jager, 2015). Debate persists over
whether metabolite profiles stem from constitutive

alignments caution:

defenses or inducible responses, with synergism in

polychemical matrices potentially —magnifying
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potency beyond isolates (Atanasov et al., 2015).
Ethnopharmacological validation thus necessitates
dereplication, metabolomics, and cross-cultural
fidelity checks to isolate leads. This framework
spotlights tropical reservoirs for innovation, albeit
demanding equitable access protocols amid
biopiracy risks.

Deforestation in tropical hotspots continues to
diminish ethnopharmacological reservoirs, with
primary forest loss averaging 3.7 million hectares
annually in recent years, though earlier estimates
reached 10 million (Farashi & Erfani, 2018;
Potapov et al., 2024). Rates flagged by Fabricant
and Farnsworth (2001) positioned tropical flora as
prime drug leads; contemporary analyses highlight
compounded threats from climate shifts and habitat
fragmentation (Coals et al., 2024). This review

evaluates  biodiversity  patterns,  indigenous
applications, phytochemical profiles, empirical
validations, and Dbarriers across Amazonian,

Congolese Basin, and Southeast Asian ecoregions,
synthesizing oral traditions with bioassay outcomes.
African taxa demonstrate robust
pharmacological viability, as in Kongo-Central
Province, where 231 species treat 103 ailments,
Fabaceae dominating with alkaloids and flavonoids
underpinning antiamoebic and antirheumatic claims
(Kibungu et al., 2021; Gurib-Fakim, 2006). Yet
Latin American and Asian counterparts show
inconsistent in vitro corroboration; West African
stilbenes like mappain inhibit echovirus replication
(IC50 0.24 pM), paralleling Amazon quassinoids
but lagging Southeast chalcones against HSV
(Popoola et al., 2022; Avoseh et al., 2015).
Cinchona officinalis bark furnished quinine, a
cornerstone antimalarial, yet extraction bypassed
indigenous Quechua consent, fueling biopiracy
critiques that question alkaloid novelty's equitable
harvest (Jager, 2015).

Such frictions expose validation disparities:
surveys yield high
consensus factors (ICF 0.44 for hemorrhoids), but
phytochemical yields falter amid overharvesting,

Congo Basin informant

while Amazon in vitro screens affirm 25% hit rates
for anti-TB extracts versus 6% random collections
(Kibungu et al., 2021; de Souza et al., 2024).
Southeast Asian ethnobotanies report 132 anti-TB
species, 20% potent below 10 pg/mL, though field-
to-pharma pipelines stall on scalability (Yap et al.,

2017). Conflicting views emerge: some posit
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ethnoknowledge inflates bioactivity via placebo
synergy, others stress untested synergies overlook
cytotoxicity (Chen et al., 2016).

Ethical sourcing protocols, per Nagoya
Protocol, mandate prior informed consent and
benefit-sharing, lest chemical diversity terpenoids,
phenolics evaporate pre-prospecting (Shiva, 2024).
This suggests potential synergies between
indigenous epistemologies and metabolomics,
though causal links from decoctions to isolated
actives invite scrutiny; absent adaptive cultivation,
biopiracy risks may eclipse therapeutic yields.

METHODS
The literature for this review was synthesized

through a multi-stage systematic search across
PubMed, ScienceDirect, and the African Journals
Online (AJOL) database, covering research from
2015 to 2025. Search queries focused on “tropical
biodiversity”, “bioactive secondary metabolites”,
and “ethnopharmacological validation”. Adhering
to the framework by Booth et al. (2016), the scope
was restricted to peer-reviewed, English-language
studies to maintain scientific rigor. The selection
process involved a primary screening of titles and
abstracts to filter out studies lacking specific
phytochemical profiling or botanical authentication.
Ultimately, 45 core papers were curated based on
their analytical depth regarding molecular docking,
therapeutic efficacy, and drug-discovery potential,
following the PRISMA reporting standards (Page et
al., 2021.

RESULTS AND DISCUSSION
Biodiversity of Tropical Medicinal Plants
Tropical forests host immense plant diversity.
The Amazon shelters >80,000 species (Myers et al.,
2000); Congo and Southeast Asian hotspots match
this, with high endemism and >70% habitat loss
(DasGupta and Shaw, 2013; Asaad et al., 2017).
Threats mount. Amazon Protium heptaphyllum
treats wounds but yields to soy expansion. Congo
Prunus africana faces overharvest, now CITES-
listed for prostate uses. Southeast Asian mangroves,
sources of coastal remedies, suffer sea-level rise and
rainfall shifts (Ondo et al., 2024). Warmer climates
boost pests, potentially altering metabolites (Pais,
2022). While Myers et al. (2000) mapped hotspots,
Ondo et al. (2024) contradict by identifying
“darkspots” of undocumented diversity gaps that
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negate broad conservation claims. This biodiversity
underpins drug pipelines; its erosion curtails leads

for unmet needs like resistance.

Table 1. Top Plant Families/Genera with Medicinal Properties

Hotspot

Family Key Genera Common Uses References
Prevalence
Asteraceae Artemisia, Antimalarial, anti- Amazon, Congo, Jager (2015); Maldini et al.
Vernonia inflammatory SE Asia (2020)
Rubiaceae Cinchona, Antimalarial, Amazon, Congo  Asase & Akwetey (2010)
Psychotria neuroprotective Gurib-Fakim (2018);
Newman & Cragg (2020)
Fabaceae Mimosa, Acacia Antimicrobial, All hotspots Rates (2001); Fonkeng et
antidiabetic al. (2015); Ondo et al.
(2024)
Lamiaceae Ocimum, Antioxidant, Tropical global Schmelzer & Gurib-Fakim
Plectranthus analgesic (2006); Gebashe et al.
(2020); Kumari et al.
(2023)
Euphorbiaceae  Euphorbia, Croton ~ Anticancer, antiviral ~ SE Asia, Congo  Fabricant & Farnsworth
(2001); Pais (2022)
Apocynaceae Voacanga, Neuroprotective, Congo, SE Asia  Newman & Cragg (2016)
Catharanthus anticancer
Malvaceae Thespesia, Hibiscus  Anti-inflammatory, SE Asia, Banag et al. (2015) Gurib-
antidiabetic Amazon Fakim (2018)
Ethnopharmacological Uses Chege et al. (2015) expose gaps—folk claims
Indigenous knowledge endures rigorous outpace mechanisms. These uses signal targets;
generational  testing. Amazon Shipibo use systematic bridging could accelerate therapies amid

Banisteriopsis caapi (ayahuasca) for mental health;
parallels span tropics for malaria (Artemisia annua,
Southeast Asia; Africa),
diabetes Kenya/
Bangladesh), and infections (4loe vera) (Adebayo
et al., 2011; Chege et al., 2015; Kumari et al.,
2023).

Uganda surveys list antidiabetics (2015-2026
reviews); Colombia documents 45 antimalarials

indica,
charantia,

Azadirachta
(Momordica

across 10 groups. Gender patterns emerge: women
dominate reproductive remedies, men wound
treatments. Tanzania healers employ >60 malaria
species (Gruca et al., 2015). Yet Adebayo et al.

(2011) align Nigerian uses with Congo data, while

Table 2. Compound classes

rising burdens.
Bioactive Compounds

The chemistry fascinates: plants' defenses
Alkaloids
(C,0H,,N,0,) from Cinchona target Plasmodium.
Artemisinin (C,H,,05) from A. annua induces ROS
(del Carmen et al.,, 20215; Carballo-Arce et al.,
2025).

Terpenoids: Paclitaxel (C,,H;;NO,,) analogs in

become our allies. lead, quinine

tropics block mitosis. Flavonoids like quercetin
(CsH,,0,) scavenge radicals. Phenolics: Curcumin
(C,Hy,Oy), anti-inflammatory (del Carmen et al.,
20215; Carballo-Arce et al., 2025).

Class Example Structure Mechanism Source
Alkaloids Quinine (C,)H,4N,0,) Membrane disruption Cinchona
Terpenoids Artemisinin (CsH,,05) Radical formation Artemisia
Flavonoids Quercetin (C,sH,,0,) Antioxidant Asteraceae
Phenolics Resveratrol (C,,H0,) Anti-inflammatory Vines
Coumarins Psoralen (C,,H0,) DNA intercalation Fabaceae

(del Carmen et al., 2015: Carballo-Arce et al., 2025)
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Pharmacological Validation and Therapeutic
Potential

Preclinical screens convert ethnobotany to
leads. In vitro assays show Phyllanthus species
inhibiting Plasmodium via membrane disruption.
Rodent models confirm Ugandan extracts lowering
glucose, potentially via insulin  mimicry.
Artemisinin combination therapies validate malaria
control clinically (Newman and Cragg, 2016).

Cancer targets

africana bark triggers apoptosis in PC-3 prostate

emerge unevenly. Prunus

lines through [3-sitosterol and oleanolic acid
(Komakech & Kang, 2019). Alangium extracts
block mitosis, akin to paclitaxel analogs.
Antimicrobials shine: Litsea oils combat resistance;
Harungana madagascariensis curbs GI pathogens
by slashing MDA and ALT. Neuroprotection
appears likely with Centella asiatica boosting

Table 3. Validation Levels Across Key Applications

cognition in models, though elderflower (Sambucus
nigra) regulates mTORCI inconsistently across
lines.

Synergies Plant
efficacy e.g., flavonoids plus terpenoids against
inflammation, but hepatotoxicity from alkaloids

intrigue. mixes amplify

negates gains (Kimta et al., 2025). Fabricant and
Farnsworth (2001) tout potentials; yet preclinical
dominance clashes with trial scarcity, as phase II
failures (e.g., flavopiridol CDK inhibitors)
underscore bioavailability hurdles. Fonkeng et al.
(2015) corroborate extracts against S. aureus, yet
negate broad efficacy mechanisms remain elusive.
While in vivo data suggest antidiabetic effects
(Chege et al., 2015), clinical translation lags.

These efforts expose viable paths; they compel
refined trials to counter resistance.

Application Preclinical Evidence  Clinical Status Key Gap/Conflict References

Cancer Apoptosis (P. Phase II/III limited Bioavailability Newman
africana), mitosis (e.g., artemisinin negates potency & Cragg
block analogs) (2016)

Antimicrobial Litsea oils, H. Few; artemisinin Resistance evolution Fonkeng et
madagascariensis combos success outpaces al. (2015)
extracts

Neurodegeneration Centella cognition, Preliminary; no Mechanisms elusive
mTORCI1 large RCTs despite ROS control
modulation

Diabetes Glucose reduction in ~ Ethnomedicine Translation lags Chege et
rodents surveys only insulin data al. (2015)

These validations propel ~25% of pipelines;
bridging preclinical-clinical chasms accelerates
tropical-derived approvals amid resistance crises.
Challenges and Future Directions

Ethics falter under the Nagoya Protocol.
Benefit-sharing aims for equity, but fragmented
laws spawn delays, lengthy permits, and
mismatched expectations (Heinrich et al., 2020).
Brazil cases hamstring noncommercial work,
pathogens. Intellectual property
exacerbates: firms versus communities, biopiracy

fears.

spillover to

Omics refines: metabolomics maps variability.
Biotech engineers yield. Gurib-Fakim (2018) calls
conservation; Pais (2022) adds primate analogs, but
human trials prioritize. Equity hinges on
collaborations.
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Tropical forests pack a punch with medicinal
plant diversity, think Amazon's 80,000+ species
facing soy bulldozers and Congo's Prunus africana
hammered by overharvesting (Myers et al., 2000;
DasGupta & Shaw, 2013). Families like Asteraceae
and Rubiaceae deliver antimalarials such as
artemisinin and quinine, validated in labs and
clinics (Jager, 2015; Newman & Cragg, 2020).
Indigenous wisdom spots gems for diabetes and
infections, but climate pests and habitat loss
threaten bioactive alkaloids and terpenoids (Pais,
2022; Ondo et al., 2024). Preclinical wins hint at
huge potential, yet trial gaps and synergies need
bridging to fight resistance.

CONCLUSION
Tropical plants fuse ancestral wisdom with

empirical science, yet their erosion under
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unchecked deforestation constrains this synergy at
every turn. Ethical lapses in bioprospecting sharpen
the field's contradictions, where chemical novelty
tantalizes, but indigenous erasure looms large.
Validation gaps persist: African stilbenes show
antiviral promise, yet Amazonian and Asian
counterparts falter in scalable trials.

Unchecked, these tensions risk squandering
terpenoid alkaloid  reservoirs  before
metabolomics can map them. It stands to reason that
hybrid models melding indigenous protocols with in
vitro screens suggest a tentative shift over the next
five years. Without enforced Nagoya compliance

and adaptive cultivation, therapeutic yields may

and

stagnate, leaving healers' legacies as footnotes.
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