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ABSTRACT

The rising global cancer burden, particularly in Sub-Saharan Africa, and the drawbacks of current treatments
necessitate the exploration of safer, more effective anticancer agents. Ethnomedicinal plants offer a valuable
resource for such discoveries. This review focuses on Khaya senegalensis, a plant traditionally used across Africa to
treat a spectrum of ailments, including tumors. We provide a detailed synthesis of its botany, ethnomedicinal
applications, phytochemical constituents, and pharmacological properties, with an emphasis on its anticancer
potential. Data compiled from PubMed, Web of Science, Science Direct, and other scholarly sources indicate that
limonoids are the most abundant and investigated class of phytochemicals in K. senegalensis, though fatty acids,
polyphenols, and esters also contribute to its bioactivity. These compounds underpin its diverse pharmacological
profile, which encompasses antioxidant, anti-inflammatory, antimicrobial, and anticancer activities. This review
consolidates current knowledge to bridge the understanding between its phytochemistry and medicinal uses,
identify critical research gaps, and advocate for further investigation into its compounds as prospective leads for
anticancer drug development.

Keywords: Khaya senegalensis, anticancer, phytochemistry, apoptosis, limonoids, natural products,
drug discovery, mechanism of action

1.0 Introduction

Cancer is the leading cause of death worldwide,
with an estimated 19.3 million new cases and about
10.0 million deaths reported globally in 2020 (Sung
et al., 2021). In 2020, the top five leading causes of
cancer-related death were lung, liver, stomach,
breast, and colon cancers. Lung cancer remained the
primary cause of cancer-related deaths, with an
estimated 1.8 million fatalities (18%). Following lung
cancer were colorectal (9.4%), liver (8.3%), stomach
(7.7%), and female breast (6.9%) cancers (Cao et al.,
2021; Sung et al., 2021). In Sub-Saharan Africa,

there is a pressing demand for prompt actions to
tackle the increasing challenge of soaring cancer
rates and fatalities. Delaying action could result in a
notable increase in deaths related to cancer, with
forecasts suggesting a rise from 520,348 in 2020 to
around 1 million deaths per year by 2030 (Gourd &
Collingridge, 2022; Ngwa et al., 2022).

Nigeria, with a population of about 200 million
people, witnesses an estimated 72,000 cancer-
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related deaths each year (Fatiregun et al., 2020).
Despite the progress made in cancer treatment, the
outlook for cancer patients continues to be
discouraging as tumors frequently become resistant
to existing drugs, reducing their effectiveness and
leading to increased tumor aggressiveness and
poorer patient outcomes. Therefore, there is a need
for a novel alternative therapeutic strategy. The
enduring legacy of plant-based knowledge,
Despite these successes, the profound limitations of
conventional therapies, including severe side effects
and the inevitable emergence of drug resistance,
underscore a persistent and urgent need for safer,
more effective alternatives (Birat et al., 2022;
Gallego-Jara et al., 2020). This ongoing challenge
reaffirms that the systematic investigation of
medicinal plants, guided by indigenous knowledge,
remains an indispensable and promising strategy for
uncovering novel bioactive compounds with targeted
antitumor potential (Sahu et al., 2023; Orobator et
al., 2025).

Khaya senegalensis (Desr.) A. Juss., a towering
deciduous tree native to sub-Saharan Africa, is
esteemed not only for its high-quality timber but
also for its profound ethnomedicinal significance
(Arnold & Arnold, 2004; Sahu et al., 2023).

For generations, traditional healers have employed
preparations from its bark, leaves, and seeds to
treat a wide spectrum of ailments, including malaria,
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particularly within African traditional medicine,
continues to provide an invaluable roadmap for
modern anticancer drug discovery. This is powerfully
evidenced by the fact that natural products form the
foundation for a significant majority of FDA-
approved chemotherapeutic agents, with landmark
drugs like vincristine and paclitaxel originating
directly from botanical sources (Asma et al., 2022)

diabetes, and inflammatory diseases, with a notable
history of use against abnormal growths and tumors
(Ataba et al., 2020; Inngjerdingen et al., 2004; Ka et
al., 2018; Tchacondo et al., 2012; (Azeez et al.,
2025; Agwupuye et al., 2025). This traditional
application is supported by a rich phytochemical
profile, particularly its prolific production of
limonoids, a class of highly oxidized
tetranortriterpenoids known for their diverse
bioactivity(H. Zhang et al., 2007a; W.-Y. Zhang et
al., 2018). The documented anticancer properties of
limonoids from related Meliaceae species, coupled
with the initial identification of bioactive compounds
like the senegalenines in K. senegalensis, provide a
compelling rationale for its systematic investigation.
Therefore, this review aims to synthesize the current
evidence on K. senegalensis, critically evaluating its
phytochemistry, elucidating its mechanistic actions
against cancer pathways, and assessing its potential
as a source of novel anticancer agents to bridge the
gap between traditional wisdom and modern
therapeutic discovery.
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Figure 1. Mechanisms of anticancer potentials of Khaya Senegalensis
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2.0 Botany of the Khaya Genus

The mahogany family, Meliaceae, is a pantropical
group of 51 genera and roughly 1,400 species, many
of which are large trees renowned for their valuable
timber. Among the most commercially significant
genera are Swietenia (Central and South American
mahogany), Cedrela, and Entandrophragma,
alongside the African genus Khaya (Olatunji et al.,
2021). Within Africa, Khaya, commonly known as
African mahogany, is the preeminent commercial
timber genus in the Meliaceae family. It comprises
five primary species: K. anthotheca, K.
grandifoliola, K. ivorensis, K. nyasica, and K.
senegalensis (Olatunji et al., 2021; Tchacondo et al.,
2012). These species are distributed across the
continent and have been cultivated in tropical
regions worldwide. True to their families’ reputation,
all Khaya species produce high-quality hardwood.
Their timber is not only prized for its workability and
appearance but also for its natural durability,
demonstrating notable resistance to insect and
fungal attack (Olatunji et al., 2021; Tchacondo et al.,
2012).

Botanically, the genus Khaya is closely allied
with Swietenia, the source of commercial mahogany
from the Americas. This phylogenetic relationship is
reflected in their similar wood properties and
structure, which allowed African mahogany to
become a leading substitute for its New World cousin
as those stocks became depleted (Olatunji et al.,
2021).

2.1 Botany and Distribution of Khaya senegalensis

Among its congeners, Khaya senegalensis is a
particularly distinct species, often distinguished in
the timber trade as heavy African mahogany. This
common name refers to its characteristically dark
color and high density; with an average dried weight
of 800 kg/m3, it is markedly heavier than other
commercially important Khaya species such as K.
ivorensis (530 kg/m?3) or K. anthotheca (540 kg/m?3)
(Langa et al., 2024). Botanically, K. senegalensis is a
large evergreen tree, typically reaching heights of 15
to 24 meters with a substantial trunk diameter of up
to 3 meters. It is easily recognized by its dense, dark
green crown of glossy, pinnate leaves and its
distinctive spherical seed capsules (Langa et al.,
2024).

The species is naturally distributed across the
deciduous savannah woodlands of West and Central
Africa. Its range is primarily concentrated within a
belt stretching from Senegal through Nigeria and
into Sudan and Uganda (Langa et al., 2024). This
ecology is key to its identity, setting it apart from
other mahoganies that favor wetter rainforest
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habitats. The combination of its density and
durability makes its timber highly prized. It is
considered to offer one of the finest surface finishes
of all the African mahoganies, leading to its use in
high-quality furniture, cabinetry, and interior joinery.
Beyond these traditional applications, its strength
also lends itself to heavy-duty uses such as lorry
(truck) bodies, structural construction, and marine
decking (Arnold, 2004; Langa et al., 2024). Despite
its resilience, overexploitation for its high-quality
timber has led to significant population declines,
earning it a Vulnerable status on the IUCN Red List
(IUCN, 2019).

2.2 Traditional Uses of Khaya senegalensis

Khaya senegalensis (Desr.) A. Juss., widely known as
African mahogany, is much more than a timber tree.
Across its native range in sub-Saharan Africa, it is
deeply ingrained in the cultural and socio-economic
fabric of local communities, especially in rural areas,
where it serves as a vital resource for health,
livelihood, and material needs. For generations, the
stem bark of K. senegalensis has been a cornerstone
of traditional medicine systems. It is commonly
employed as a tonic to combat malaria and fever, to
address gastrointestinal issues like mucous diarrhea,
and to manage venereal diseases. Its potent
anthelmintic properties also make it a trusted
remedy for parasitic worms (Abdelgaleil et al., 2004;
Ataba et al., 2020; Elisha et al., 2013; Langa et al.,
2024) (Table 1).

In  Northern Nigeria, for example, traditional
practitioners in Sokoto report using powdered or
decocted bark, administered both orally and
topically, in the treatment of cancer (Malami et al.,
2020) (Table 1). Beyond its bark, communities utilize
nearly every part of the tree. The leaves, roots, and
seeds are also harnessed for various medicinal
preparations, often applied topically for skin
conditions or inhaled for respiratory ailments like
coughs and bronchitis (Langa et al., 2024). This
extensive use reflects a profound, generational
knowledge of the plant's therapeutic properties. The
value of K. senegalensis extends well beyond the
clinic. Its wood is highly prized for its durability, rich
color, and natural resistance to pests, making it a
preferred material for crafting furniture, canoes,
and tools, and for use in construction (Langa et al.,
2024). This has cemented its role as an important
economic engine for local economies. However, this
multi-purpose utility is a double-edged sword. The
combination of high medicinal demand and intensive
timber exploitation has led to severe overharvesting.
When coupled with ongoing habitat fragmentation
and climate change, these pressures have pushed
natural populations of K. senegalensis into decline.

The International Union for Conservation of Nature
(IUCN) has listed K. senegalensis as vulnerable, a
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status that underscores the urgent need to develop
strategies that balance its traditional and
commercial use with serious conservation efforts
(IUCN, 2019). Importantly, the traditional claims
surrounding K. senegalensis have not gone unnoticed
by modern science. A growing body of phytochemical
and historical uses. Extracts from the stem bark have
demonstrated a remarkable range of bioactivities,
including anti-inflammatory, antioxidant,
antibacterial (Rabadeaux et al., 2017), antidiarrheal
(Elisha et al., 2013), antifungal (Abdelgaleil et al.,
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2004), and anti-plasmodial effects (Androulakis et
al., 2006).

Critically, several studies have also confirmed its
antitumor and chemopreventive properties
(Androulakis et al., 2006; Rabadeaux et al., 2017;
Zhang et al.,, 2007b), providing a scientific
foundation for its use in cancer treatment and
positioning it as a promising candidate for the
development of novel therapeutic agents.

Table 1: Summary of the Traditional Ethnomedicinal Uses of Khaya senegalensis

Part(s) Mode of / Route of Disease Condition References

Used Preparation Administration (Indications)

Leaves Decoction Oral Malaria; Fainting (Tchacondo et al., 2012)

Roots Decoction Oral Malaria, Sickle Cell (Tchacondo et al., 2012)
Disease, Stomachache,
Hypertension, Fainting

Roots Decoction, Anal (enema) Hemorrhoids (Ka et al., 2018;

Powder Tchacondo et al., 2012)
Stem Bark Decoction Oral Infectious Diseases; (Inngjerdingen et al.,

Epilepsy; Female
Infertility; Diabetes;
Boils; Mental &
Neurological Disorders

2004; Ka et al., 2018;
Magassouba et al., 2007;
Tchacondo et al., 2012)

Bark (inner & Powder Topical Insect/Snake Bites; (Inngjerdingen et al.,

external) Wound Healing 2004)

Stem Bark, Dough, Topical, Oral Lymphatic Filariasis, (Ataba et al., 2020)

Root, Leaves Decoction Onchocerciasis

Stem Bark Decoction, Oral, Topical Cancer (Malami et al., 2020)
powder

2.3 Phytochemistry

Khaya senegalensis is a veritable storehouse of
diverse and biologically significant phytochemicals,
with its therapeutic potential underpinned by a
complex array of compounds. Investigations across
various plant parts, including the bark, leaves, roots,
and twigs, have consistently revealed the presence
of fundamental classes such as tannins, flavonoids,
alkaloids, saponins, terpenoids, phenols, and
steroids (Kubmarawa et al., 2008; Marius et al., 2020;
Rabadeaux et al., 2017). Gas chromatography-mass
spectrometry (GC-MS) studies of the stem bark
highlight a rich profile of fatty acids, including n-
hexadecanoic (palmitic), oleic, stearic, and 9,12-
octadecadienoic (linoleic) acids, alongside various
alcohols and other organic compounds (Aguoru et al.,
2017).

This fatty acid composition, characterized primarily
by monounsaturated structures, is notably well-
suited for biodiesel production (Okieimen &
Eromosele, 1999; Omotoyinbo et al., 2019). The
plant is particularly renowned for its limonoids, a
class of highly oxidized tetranortriterpenoids. From
the leaves and twigs, researchers have isolated eight
new limonoids, named khayseneganins A-H, in

addition to 31 known analogues, their structures
meticulously elucidated through 2D-NMR and mass
spectrometry (Yuan et al., 2012). The bark is also a
source of unique triterpenoids of the mexicanolide
type, such as 2-hydroxymexicanolide, which have
been linked to its traditional use for treating skin
ailments, diarrhea, and rheumatic pains (Kankia &
Zainab, 2014). Furthermore, extraction techniques
like sub-critical fluid extraction (SFE) have unveiled
a suite of sesquiterpenoids in the bark, including
spathulenol, globulol, and y-eudesmol (Rabadeaux et
al., 2017).

The roots contribute their own unique chemistry,
yielding various chromone derivatives like 5,7-
dihydroxychromone (lbrahim et al., 2014). Beyond
these secondary metabolites, K. senegalensis is a
source of essential minerals, including calcium,
magnesium, potassium, iron, and zinc (Idu et al.,
2014), and contains other chemical groups such as
carotenoids and coumarins (Takin et al., 2013). This
extensive phytochemical diversity is a strong
foundation for the plant's wide-ranging
ethnomedicinal application.

3.0 Anticancer properties of Khaya senegalensis
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3.1 Anti-Proliferative Effects

Research by Androulakis et al. (2006) provided
foundational evidence for the anti-proliferative
properties of Khaya senegalensis (Fig. 1). Their work
showed that its bark extract significantly suppresses
the viability of HCA-7, HT-29, and HCT-15 colorectal
carcinoma cells in a time- and dose-dependent
manner. The extract's potency, quantified by ICso
values, was highest against the HCA-7 cell line (0.22
pg/pl). Complementing these findings, a 3H-
thymidine incorporation assay demonstrated that
Khaya senegalensis bark extract's growth-inhibitory
effects are mediated, at least in part, through the
significant attenuation of DNA synthesis (Androulakis
et al., 2006). Olugbami et al. (2017) systematically
demonstrated the potent antiproliferative effects of
a hydroethanolic stem bark extract of Khaya
senegalensis against HepG2 hepatocellular
carcinoma cells. The extract induced
a concentration- and time-dependent suppression of
cell proliferation, as quantified by a significant
reduction in total cell counts. Furthermore,
morphometric analysis revealed a concomitant
decrease in the nuclear size of viable cells, a
phenomenon often associated with cell cycle arrest
and the inhibition of mitotic activity. This reduction
in nuclear area suggests that Khaya
senegalensis stem bark impairs critical processes
driving cellular replication, positioning it as a
promising candidate for inhibiting the uncontrolled
growth characteristic of liver cancer (Olugbami et
al., 2017).

3.2 Cytotoxic Effects

Olugbami et al. (2017) comprehensively
characterized the cytotoxic profile of the
hydroethanolic stem bark extract of Khaya
senegalensis against HepG2 hepatocellular
carcinoma cells. The extract demonstrated direct
concentration- and time-dependent cytotoxicity (Fig.
1), with a CCso value of 83.92 pug/mL at 24 hours that
significantly decreased upon 72-hour exposure,
indicating cumulative cellular damage. Mechanistic
investigations revealed that Khaya senegalensis stem
bark induces a multifaceted death response,
primarily initiated through mitochondrial
intoxication, as evidenced by profound ATP
depletion preceding loss of membrane integrity. This
bioenergetic crisis was accompanied by significant
oxidative stress, demonstrated by depletion of
reduced glutathione (GSH) and increased oxidized
glutathione (GSSG) levels. The cell death modality
exhibited concentration-dependent characteristics:
while activation of apoptotic pathways was observed,
the predominant morphological features,
particularly significant nuclear swelling, indicated a
shift toward necrotic death at higher concentrations.

This mixed apoptosis-necrosis death phenotype,
resulting from combined mitochondrial dysfunction
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and oxidative stress, represents a potent mechanism
against cancer cells that may circumvent
conventional resistance pathways (Olugbami et al.,
2017). Complementing the cellular findings,
Olugbami et al. (2017) employed a carrot disk
assay to evaluate the antitumor potential of Khaya
senegalensis stem bark in planta. The extract
potently inhibited crown gall tumor
formation induced by Agrobacterium tumefaciens, a
soil bacterium that transfers oncogenic DNA (T-DNA)
into plant cells via a mechanism molecularly
analogous to bacterial type IV secretion systems in
mammals. The observed suppression of this genetic
transformation  process suggests that Khaya
senegalensis stem bark contains bioactive
compounds capable of interfering with fundamental
oncogenic events, such as DNA transfer or
integration, highlighting its potential to target
conserved pathways relevant to carcinogenesis
(Olugbami et al., 2017).

3.3 Inhibiting Angiogenesis and Metastasis

A tumor cannot grow or spread without creating its
own blood supply (angiogenesis) (Sani et al., 2020).
Pioneering work by AlQathama et al. (2020)
identified Khaya senegalensis as a source of
potential anti-metastatic agents (Fig. 1). The
stembark decoction significantly impaired the
migration of highly metastatic B16-F10 melanoma
cells. This inhibitory effect was demonstrated to be
concentration-independent within the tested range,
remaining active at both the Maximum Non-Toxic
Concentration (MNTC) and the Growth Inhibition 50
(Glso) level. This finding positions K. senegalensis as
a compelling candidate for further research into
natural products that target the metastatic cascade
(AlQathama et al., 2020).

An important contribution by Olugbami et al. (2017)
utilized Atomic Force Microscopy (AFM) to provide
biophysical evidence of the antimetastatic potential
of the hydroethanolic stem bark extract of Khaya
senegalensis. Nanomechanical profiling
demonstrated that treatment with  Khaya
senegalensis stem bark induced a 4.0-fold increase
in the Young's modulus (a measure of cell stiffness)
of HepG2 cells at a concentration of 50 pg/mL. This
is a critically important result, as increased cellular
deformability is a well-established biophysical
hallmark of metastatic cells, enabling migration and
invasion through dense extracellular matrices. By
significantly counteracting this pathological softness
and promoting cytoskeletal rigidity, Khaya
senegalensis stem bark demonstrates a compelling
mechanism to potentially impede the mechanical
drivers of metastasis, a property that is highly
sought after in anticancer drug discovery (Olugbami
et al., 2017).

3.4 Induction of Cell Cycle Arrest
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Cancer is, at its core, uncontrolled division. Extracts
from the plant have demonstrated a powerful ability
to arrest the cell cycle. Androulakis et al. (2006)
reported that Khaya senegalensis bark extract
treatment disrupts cell cycle dynamics, leading to
distinct arrest profiles (Fig. 1). Their results
indicated a G2-phase arrest and concomitant
suppression of DNA synthesis in the S-phase for HCA-
7 cells. In contrast, HT-29 cells exhibited a G1-phase
arrest with a strong inhibition of the S-phase
following treatment (Androulakis et al., 2006).

3.5 Antioxidant Activity

The antioxidant potential of Khaya senegalensis bark
extract, a key component of its chemopreventive
profile, was quantitatively assessed by Androulakis
et al. (2006). Using a DPPH assay, the extract
exhibited potent dose-dependent free radical-
scavenging activity, reaching ~90% efficacy at a
concentration of 4.00 pg/ul, demonstrating efficacy
on par with the common synthetic antioxidant BHT.
Phytochemical analysis directly linked this robust
activity to a high concentration of phenolic
compounds, measured at 30.71 pg GAE/mg of
extract (Fig. 1), suggesting these constituents are
significant contributors to the observed antioxidant
effects (Androulakis et al., 2006).

3.6 Anti-Inflammatory and COX-2 Independent
Mechanisms

A pivotal study by Androulakis et al. (2006)
elucidated a dual mechanism of action for Khaya
senegalensis bark extract, operating through both
anti-inflammatory (Fig. 1) and cyclooxygenase-2
(COX-2)-independent pathways. The
extract selectively inhibited COX-2 protein
expression in a dose-dependent manner in COX-2-
positive cell lines (HCA-7 and HT-29) without
altering constitutive COX-1 levels. This specific
inhibition subsequently led to a significant reduction
(30-46%) in the production of prostaglandin E2
(PGE2), a key pro-tumorigenic inflammatory
mediator (Androulakis et al., 2006)

Notably, Khaya senegalensis bark extract also
demonstrated potent efficacy against the HCT-15
cell line, which is deficient in both COX-1 and COX-2,
confirming that its anticancer properties extend
beyond COX-2 suppression. In this COX-null model,
Khaya senegalensis bark extract induced a distinct
mechanistic profile, characterized by
the upregulation of the tumor suppressor PPARy and
the downregulation of the cell cycle promoter Cyclin
D1. This finding indicates the activation of
alternative,  COX-independent pathways that
contribute to its overall anti-proliferative effects
(Androulakis et al., 2006). This extensive traditional
use has spurred considerable scientific inquiry, with
research focused on validating its pharmacological
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activities and identifying the active chemical
constituents(W.-Y. Zhang et al., 2018). Modern
studies have confirmed that extracts from the stem
bark possess a remarkable range of bioactivities,
notably anti-inflammatory, antioxidant (Androulakis
et al., 2006), antibacterial (Koné et al., 2004), and
anti-plasmodial. (Androulakis et al., 2006) and
antitumor effects (H. Zhang et al., 2007a; W.-Y.
Zhang et al., 2018).

3.7 Induction of Apoptosis

Androulakis et al. (2006) demonstrated that Khaya
senegalensis bark extract potently induces apoptosis
in colorectal cancer cells through the activation of
both intrinsic and extrinsic pathways.
Mechanistically, treatment with Khaya
senegalensis bark extract led to the downregulation
of the anti-apoptotic protein Bcl-2, thereby
disrupting mitochondrial integrity and promoting the
release of pro-apoptotic factors (Fig. 1). This was
followed by the cleavage and activation of key
executioner caspases-3 and -9, as evidenced by a
decrease in pro-caspase levels and a concomitant
increase in their active forms. Functional validation
via enzymatic assay confirmed a dose-dependent
increase in caspase-3 activity of up to 97%,
underscoring the central role of caspase-mediated
apoptosis in Khaya senegalensis bark extract's anti-
tumor effects (Androulakis et al., 2006). Olugbami et
al. (2017) provided evidence that the hydroethanolic
stem bark extract of Khaya senegalensis induced
programmed cell death by demonstrating a
concentration-dependent activation of executioner
caspases-3 and -7, key mediators of the apoptotic
cascade.

This suggests the engagement of intrinsic or extrinsic
apoptotic pathways. Interestingly, the activation
profile was biphasic; caspase activity diminished at
the highest concentrations tested. This attenuation
is likely a consequence of a shift in the primary
mode of cell death from apoptosis to rapid necrosis,
a transition often observed with potent cytotoxic
agents, where overwhelming cellular damage
bypasses regulated death pathways (Olugbami et al.,
2017).

3.8 Anticancer potentials of limonoids from Khaya
senegalensis

The long history of ethnobotanical use of Khaya
senegalensis in the treatment of cancer has made it
a prime target for phytochemical investigation,
driven by a compelling question: what bioactive
compounds are responsible for its purported
anticancer properties? The answer lies in the most
significant and well-studied group of constituents,
the limonoids. Approximately 45 distinct limonoids
have been isolated from various parts of K.
senegalensis, including the leaves, seeds, and stem
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bark, and are recognized as the primary bitter
principles(Li et al., 2015). Limonoids are a class of
highly oxidized triterpenoids known for their
structural complexity(Li et al., 2015; W.-Y. Zhang et
al., 2018). These compounds, which include
mexicanolides and the even more complex
phragmalins, are not merely abundant but exhibit a
remarkable structural diversity that underpins their
selective biological effects. This sophistication is
exemplified by the plant’s tendency to remodel
classic limonoid frameworks, such as isomerizing the
typical furan ring to hydroxy- or methoxybutenolide
motifs, a modification with significant implications
for bioactivity(Li et al., 2015).

The biological effects of these limonoids are both
potent and highly structure-dependent. For instance,
a pivotal study by Zhang et al. (2007) first explored
the antiproliferative potential of structurally similar
analogues of limonoids, 3a,7a-dideacetylkhivorin A
and 1-0O-acetylkhayanolide B, from the stem bark of
K. senegalensis. While 1-O-acetylkhayanolide B
showed negligible effects, 3a,7a-dideacetylkhivorin
demonstrated remarkable, dose-dependent
cytotoxicity against breast adenocarcinoma (MCF-7),
cervical squamous cell carcinoma (SiHa), and
colorectal adenocarcinoma (Caco-2) cancer cell lines,
with ICso values in the sub-micromolar range,
providing a molecular basis for the plant’s
traditional use. This striking difference in activity
underscores a strong structure-activity relationship,
likely attributable to the presence of a 14,158-
epoxide group in compound 1, though the precise
mechanism remains to be fully elucidated (Zhang et
al., 2007).

Further expanding this pharmacological repertoire,
modified limonoids demonstrate how specific
structural alterations can enhance or diversify
activity. The mexicanolide khaysenelide G, which
features a methoxybutenolide group, exhibits dual
cytotoxic and  anti-inflammatory  properties,
inhibiting cancer cell proliferation and suppressing
nitric oxide production in macrophages. The stark
loss of activity in closely related analogs underscores
the exquisite precision of SAR in this species. Thus,
the bioactivity of K. senegalensis limonoids is not
one of broad, nonspecific toxicity but rather of
targeted efficacy, where distinct molecular
architectures unlock specific and potent therapeutic
mechanisms.

4.0 Conclusion and Future Direction

The systematic investigation of Khaya
senegalensis reveals a compelling case for its role in
the future of anticancer drug discovery. This review
has delineated how the plant's extensive traditional
use against tumors and abnormal growths is strongly
supported by modern pharmacological evidence. The
bioactivity of K. senegalensis is not monolithic but
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rather a multifaceted attack on cancer hallmarks.
Extracts and isolated compounds, particularly its
prolific class of limonoids, demonstrate potent
efficacy by inhibiting proliferation, inducing cell
cycle arrest, triggering caspase-dependent apoptosis,
and impairing critical metastatic processes like cell
migration and deformability. Notably, its ability to
operate through both COX-2-dependent and
independent pathways, including the upregulation of
tumor suppressors like PPARy, suggests a versatility
that could help overcome common resistance
mechanisms.

The potent, structure-dependent activity of its
limonoids, such as 3a,7a-dideacetylkhivorin,
underscores a sophisticated structure-activity
relationship that offers a blueprint for the rational
design of novel therapeutics. However, the current
body of information, while promising, is primarily
confined to in vitro and ex vivo models. Therefore,
the promising preclinical information presented
herein must be followed by rigorous in vivo studies
to validate efficacy, determine pharmacokinetics,
and establish safety profiles in animal models.
Future research should prioritize the bioassay-guided
isolation of specific active limonoids, thorough
mechanistic elucidation of their molecular targets,
and exploration of synergistic effects within multi-
component extracts. By bridging the profound
wisdom of traditional medicine with cutting-edge
scientific inquiry, Khaya senegalensis stands as a
testament to nature's pharmacy and a promising
beacon for developing the next generation of
anticancer agents.
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