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Abstract—Cancer is the second leading cause of death
worldwide, despite the availability of diverse treatment
modalities such as  surgery, chemotherapy,
radiotherapy, immunotherapy, and targeted therapy.
The limitations associated with these approaches
including toxicity, drug resistance, and high costs have
intensified the search for safer and more effective
alternatives. In this context, phytochemicals have
emerged as promising candidates for cancer prevention
and therapy. These bioactive compounds exert
anticancer effects through multiple mechanisms,
including carcinogen inactivation, induction of cell cycle
arrest, reduction of oxidative stress, stimulation of
apoptosis, inhibition of angiogenesis, and modulation of
immune responses. The family Fabaceae (Leguminosae)
is the second largest and one of the most diverse families
in the plant kingdom, with species widely distributed
across tropical, subtropical, and temperate regions.
Members of this family are rich sources of diverse
phytochemicals such as flavonoids, lectins, saponins,
alkaloids, carotenoids, and phenolic acids. These
compounds have demonstrated a wide range of
pharmacological activities, particularly anticancer
potential, through antioxidant, anti-inflammatory,
antiproliferative, and pro-apoptotic = mechanisms.
Despite the recognized therapeutic value of Fabaceae
species, comprehensive  exploration of their
phytochemical profiles and anticancer mechanisms
remains insufficient. Therefore, this review aims to
consolidate and critically analyze the available
information regarding the phytochemical composition
of the Fabaceae family and their anticancer properties.
Additionally, it highlights existing research gaps and
proposes future directions to facilitate systematic
investigation and translational development of Fabaceae
derived anticancer agents.
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L INTRODUCTION

Cancer is a very dangerous disease and is
characterized by the uncontrollable growth of cells.
The number of cases and deaths due to cancer is
increasing with every passing day. It is difficult to
control and has become a major concern for scientists
around the world [1]. Many stages (initiation,
promotion, and progression) occur in the formation of
the cancerous cells [2]. Irregular rates of dietary
imbalance, hormonal imbalance, chronic infections,
inflammation, and smoking are the major causes of
cancer [3]. Despite several treatments to cure cancer,
it is still considered the second most devastating
cause of death around the world [4,5]. Various
methods have been employed to treat cancer,
e.g.,stem cell transplantation, chemotherapy,
radiotherapy, immunotherapy, and surgery.

The most effective method to treat cancer is
chemotherapy, but various side effects are
associated with this method[6]. Due to the various
side effects of radiotherapy and chemotherapy,
alternative treatment methods with no or few side
effects are required for the prevention and
treatment of cancer [7]. Recently, researchers
around the globe have focused their efforts on
discovering novel drugs from natural sources such
as plants with authentic medicinal importance [8].
Herbal treatment is a natural gift for humans to use
to improve their health [9].Since ancient times,
plants and their phyto-constituents have been used
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as far as medicinal purposes are concerned [10].
Podophyllotoxin was discovered in the 1960s at
the same time as when cancer treatments were
being searched for from therapeutic plants, which
contributed to the discoveries of taxol, vinblastine,
camptothecin, and vincristine [11-13]. Many plants
and their phytochemicals have the potential to control
the spread of cancer in the body and continue to
attract researchers to examine the anti-cancer
activities of various extracted phytochemicals from
plant sources [14].

Kingdom Plantae is characterized by approximately
250,000 plant species; however, the real issue is that
only 10% of all plant species have been tested for the
treatment of cancer. Anti-cancer compounds occur in
various plant parts, e.g., leaf, flower, fruits, roots,
stigmas, pericarp, embryo, rhizomes, seeds, stem,
sprouts, and bark, and these phytochemicals are
famous for their role in pharmacology. Different
phytochemicals such as flavonoids, alkaloids,
saponins, terpenes, lignin, vitamins, minerals,
taxanes, gums, biomolecules, glycosides, oils, and
various other metabolites are known to show anti-
cancer activities. These compounds play a vital role
in cancer prevention by activating enzymes and
proteins, regulating cellular and signaling events in
growth, their anti-inflammatory effect, and anti-
oxidant action [15,16].

The Fabaceae family has a diverse fossil record
where the late Paleocene period represents the oldest
fossil records of the family, which shows the history
of the Fabaceae family [17]. Most researchers believe
that members of this family have evolved in arid and
semiarid regions near the Tethys Sea [18].These
plants have been the main part of meals in these
regions since 6000 BC because of their richness in
proteins. There is also a history of the use of these
plants by humans in Asia, Europe, and North
America for medicinal purposes [18,19]. Currently,
species of the Fabaceae family occur naturally or are
cultivated everywhere around the globe except the
poles [18,20]. Different types of beans are used
incuisines due to the irrichness of proteins and health-
promoting activities in the Middle East, Asia,
Mexico, and South America [20].

Phytochemicals of this family have industrial and
pharmacological importance [21,22]. This family is a
big source of phytochemicals, namely, flavonoids,
lectins, saponins, alka- loids,carotenoids, and
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phenolicacids,which have an anti-cancer property,and
th euse of these phytochemicals is increasing over
time [23]. However, phytochemicals of this family
have not been explored massively for their effect on
cancer cell growth. Therefore, more research is
needed in the future to explore the potential of
phytochemicals of the Fabaceae family against cancer
and to discover novel drugs against this disease.
Various researchers have worked on anti-cancer
aspects of the medicinal plants from the Fabaceae
family. This review is the first attempt to explore the
potential effects of phytochemicals of the Fabaceae
family against cancer cell growth, development, and
associated mechanisms. Moreover, research gaps
have been explored and future recommendations are
given.

II. PATHOGENESI OF CANCER AND
PHYTOCHEMICAL ACTION

Various researches have been conducted over the
passing time to understand the exact process of
carcinogenesis. SpornandLi by [23] demonstrated
that carcinogenesisis a multistep process, which is
divided into three main phases, i.e., initiation,
promotion, and finally progression. In most
instances, a carcinogen is detoxified within the
body as it enters. However, it may be activated
through various metabolic pathways. According to
Klaunig and Wang [24,25], carcinogenicagents
increase oxidative stress and damage the DNA, and
lead to the initiation of carcinogenesis. The
proliferation activity of initiated cells starts during
the promotion phase and leads to the preneoplastic
cells’ accumulation. These preneoplastic cells begin
invading and spreading in different parts of the
body during the third and the last phase, i.e., the
progression phase. The progression phase is
irreversible.[26].

The prevention and treatment of cancer by only one
pathway does not turn out to be an effective way due
to the involvement of multiple pathways in the
occurrence as well as the progression of cancer
[27,28].All the treatment strategies are subjected to a
few hindrances, e.g.,side effects and drug resistance
to chemotherapy [29]. These hindrances have made it
difficult for scientists to efficiently develop various
treatment strategies related to cancer [30,31].
Chemoprevention is an other approach that is widely
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practiced worldwide, and it is useful during the
initiation phase of carcinogenesis,while some have

even reported its effectiveness in the promotion and
progression phases too [32].
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Figure 1:.Phytochemicals’pathway of anti-cancer effect.

The chemopreventive agents are generally classified
into two principal categories, where one group
includes blocking agents, while others are
suppressive agents majorly sourced from plant
phytochemicals [33]. Blocking agents work uniquely;
they suppress the carcinogen activation through the
metabolic pathway and do not allow carcinogenic
agents to interact with the biomolecule. On the other
hand, suppressive agents work in another way and
suppress the promotion or progression of cancerous
cells [34].The chemopreventive agents usually have
an anti-proliferative and anti-oxidant effect or
regulate specific enzyme activities and cell cycles.
Furthermore, these agents also regulate signal
transduction pathways and prevent carcinogenesis
[35]. The phytochemicals’ pathway of the anti-cancer
effect is presented in Figure 3.

III. DEVELOPMENT OF PHYTOCHEMICAL
DRUGS FROM THE MEDICINAL PLANTS

The therapeutic potential of plants largely depends on

the quality and concentration of their active
phytochemicals. Several factors influence
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phytochemical composition, including the plant’s
age, environmental conditions, climate, and seasonal
variations. Moreover, different plant parts often vary
in their levels of bioactive constituents, with some
tissues accumulating higher concentrations than
others. Despite considerable progress, further
research is necessary to deepen our understanding of
phytochemicals and to better exploit their role in
cancer prevention and treatment. A variety of
techniques are available for the purification and
identification of active phytochemicals, such as
isolation assays, combinatorial chemistry, and
bioassay-guided fractionation. These methods
facilitate the detection, characterization, and
development of biologically active compounds for
therapeutic applications. [35].

Several analytical methods are employed to separate
bioactive compounds from complex mixtures during
bioassay-guided fractionation. The process typically
begins with the preparation and biological evaluation
of natural extracts obtained from either dry or fresh
plant materials [36]. Once biological activity is
confirmed, the active extract undergoes fractionation
using suitable stationary matrices.
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A range of analytical techniques—including mass
spectrometry  (MS),  high-performance  liquid
chromatography (HPLC), thin-layer chromatography
(TLC), Fourier-transform infrared spectroscopy
(FTIR), and nuclear magnetic resonance (NMR)
spectroscopy—are utilized for the separation and
characterization of active constituents. Various
solvents are selected based on the polarity and
chemical nature of the compounds. For
chromatographic fractionation, matrices such as silica
gel, Superdex, and other appropriate materials are
commonly used. In addition, specific dyes and
detecting reagents assist in the visualization and
identification of bioactive phytochemicals in
medicinal plants.[37]

Following purification, isolated phytochemicals are
evaluated for their anticancer potential through in
vitro and in vivo studies. Upon demonstrating
significant anticancer activity, further investigations
focus on  critical = parameters such  as
pharmacokinetics, metabolic pathways, adverse
effects, immunogenicity, pharmacodynamics, dose
optimization, and potential drug interactions. These

o]

-

aspects are essential for the rational design and
development of novel anticancer agents [38].

Iv. MAJOR PHYTOCHEMICAL
CONSTITUENTS OF THE FABACEAE
FAMILY

Species of the Fabaceae family are vital sources of
phytochemicals, including flavonoids, lectins,
saponins, alkaloids, carotenoids, and phenolic acids.
These phytochem-icals are present in every genus of
the Fabaceac family and possess great medicinal
values [18,22]. The phytochemicals have gained
considerable recognition as far as anticancer
properties are concerned [13]. However, the
phytochemicals of the Fabaceae family have not been
explored by various researchers around the world.
According to available data, all these phytochemicals
have significant anti-cancer values against different
forms of cancers in humans. The structures of
different phytochemicals found in different members
of the Fabaceae family represented in Figure 6.

Figure 6. Structure of main phytochemicals from family Fabaceae. 1.Gallicacid. 2.Quercetin.
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Flavonoids

Flavonoids are considered to be effective anti-
oxidants and are known to exhibit anti- angiogenic
activity.Various studies have reported that flavonoids
inhibit the metabolic activation of carcinogens and
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stop the further growth of abnormal cells, which may
de-velop into cancerous cells [36]. Flavonoids and
their  derivatives are considered the vital
phytochemical constituents of the Fabaceae family.
The most important flavonoids isolated from the
various members of the family are chalcone,
flavones, flavonol, isoflavones, a flavonol glycoside,
prenylated flavonoids, and lavandulyl flavanones
[37]. According to Krishna et al. [38], prenylated
flavonoids from various members of the Fabaceae
family are known to exhibit anti-oxidant and anti-
cancer activities.

Lectins

Most members of the Fabaceae family are rich in

lectin proteins, and communities
invariousregionsusetheseplantsfordifferentdiseasesdu
etotheiranti-cancerandanti- tumor activities

[39].Several studies have confirmed the tumor
inhibition mechanisms of lectins in various cell lines
including bone, skin, bile duct, and liver cell lines
[40—45]. According to De Mejia and Prisecaru [46],
various forms of lectins showed anti-cancer
properties under in vivo and invitro conditions.
Lectins bind with cancer cell membranes or their
receptors resulting in apoptosis and cytotoxicity, and
finally suppress the cancer cell growth. Fang et al.
[47] assessed the anti-cancer activity of lectin
isolated from the Phaseolus vulgaris L. and declared
that lectin  possesses anti-cancer  activities,
particularly ~ against MCF-7,  nasopharyngeal
carcinoma cells (HNE-2, CNE-1, CNE-2), and liver
cancer cells (HepG2). Moreover, P.vulgaris lectin
regulates nitricoxide (NO) production through the up
regulation of inducible NO synthase known to
introduce apoptotic bodies and contribute totheanti-
carcinogenic activity. Simila results were confirmed
by Lamand Ng[48] while working on the anti-cancer
propertie so flectinisolated from P.vulgaris.

Saponins

Several members of the Fabaceae family including
peanut, soybean, and lentilare rich in saponins and
reported to exhibit anti-cancer properties. Various
researchers around the globe have confirmed that
saponins isolated from members of the Fabaceae
family are effective against colon cancer, melanoma
cells, and cervical cancer. Saponins can follow
various mechanisms to suppress the progression of
cancer by cell cycle arrest, the inhibition of cellular
invasion, anti-oxidant activity, and the induction of
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autophagy and apoptosis [49]. Rochfort and Panozzo
[50] stated that the intake of legume saponins
enhances the immunity against various types of
cancer including cervical and colon cancer. Mudryj et
al. [51] examined the anti-carcinogenic activity of
legume saponins and reported that saponins involve
different mechanisms such as immune modulatory
effects, acid and neutral sterol metabolism, the
normalization of carcinogen-induced cell
proliferation, and cytotoxicity of cancerous cells.[52]
Alkaloids

Alkaloids are vital secondary metabolites that are
considered a valuable source of novel drugs. Several
studies have confirmed that alkaloids have anti-
cancer and anti- proliferative properties [53,54,55].
Vindesine, vinorelbine, vinblastine, and vincristine
are the best examples of alkaloids, which have
already been successfully developed as anti-cancer
drugs. These are effective against different forms of
cancer including testicular cancer, brain cancer, lung
cancer, bladder cancer, and melanoma. Over 21,000
different alkaloids have been identified and most of
these alkaloids are a great source of medicines,
especially exhibiting anti-cancer activities [56,57].
Carotenoids

Legume leaves are a vital source of carotenoids,
which primarily include carotenes, while other
carotenoids are lutein, neoxanthin, crocetin,
antheraxanthin, violaxanthin, and some others in a
very low quantity. On the other hand, legume roots
are not as rich in carotenoids as the leaves [58].Many
experimental studies have identified various
mechanisms through which carotenoids may control
the development tof various types of cancer in
humans. These mechanisms include anti-oxidant
actions, retinol, communication functions, and cell
signaling. Therefore, anti-oxidant defense support
from the carotenoids reduces cancer risks [59].
Nishino et al. [60] carried out an extensive study and
reported that B-carotene, B-cryptoxanthin, lycopene,
lutein, and zeaxanthin can be use daschemo-
preventative agents. Moreover, beta-cryptoxanthin
regulates the expression of the RB gene, which is a
known anti-oncogene.[61] Horvathetal.[62] stated
that the carotenoids extracted from legumes have
protective, preventative, and even curative effects
against various types of cancer.[63]
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Phenolic Acids

Phenolicacids are vital phytochemicals present in
considerable amounts in the members of the
Fabaceae family. Phenolic acids are non-flavonoid
phenolic compounds that occurin the free, insoluble-
bound, and conjugated soluble forms. On the
otherhand, these non-flavonoid phenolic compounds
are widely distributed in plant species[64]. Natural
phenolic acids present in various members of the
Fabaceae family are ferulicacid, wvanillic acid,
caffeicacid, benzoicacid, p-hydroxyacid,3,4-
dihydroxybenzoicacid,sinapinicacid and syringic acid
[65]. Phenolic acids are secondary compounds that
have been explored recently against various diseases,
particularly cancer. These phenolics reduce the
prolifera- tion of cancerous cells, promote apoptosis,
and target various aspects of cancer including growth,
development, and metastasis [66]. Recently, phenolic
acids have been extensively studied due to their anti-
inflammatory, anti-tumor, and anti-oxidant activities
[67]. Anan- tharajuectal.[68] demonstrated that the
anti-carcinogenic effect of phenolicacids is largely
due to five activities: (1) modulation of ROS levels,
(2) inducing cell cycle arrest, (3) promoting the
suppression of tumor proteins such as p53, (4)
suppressing oncogenic signaling cascades controlling
apoptosis and angiogenesis as well as proliferation,
(5) increasing the ability to differentiate and, finally,
transforming into normal cells.[69,70].

V. CONCLUSIONS AND FUTURE DIRECTIONS

Species belonging to the Fabaceae family are
recognized as abundant sources of diverse
phytochemicals, including flavonoids, lectins,
saponins, alkaloids, carotenoids, and phenolic
acids.[71] The consumption of various Fabaceae
species has been associated with a reduced risk of
cancer, largely due to the chemopreventive and
therapeutic potential of  their bioactive
constituents.[72] Several of these phytochemicals are
already being utilized in anticancer strategies
worldwide, while many others are increasingly
gaining scientific attention. Phytochemicals derived
from Fabaceae plants exert anticancer effects through
multiple  mechanisms, such as carcinogen
inactivation, induction of cell cycle arrest, attenuation
of oxidative stress, promotion of apoptosis, and
modulation of immune responses.[73] Nevertheless,
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extensive  research is  still  required to
comprehensively evaluate the anticancer potential of
Fabaceae phytoconstituents.[74] Additional data on
their bioactivity could facilitate the discovery and
development of novel anticancer agents. Future
investigations should also focus on elucidating the
precise molecular mechanisms underlying their
anticancer  effects.[75]  Although  individual
phytochemicals have demonstrated promising
activity, the possible synergistic interactions among
multiple bioactive compounds within a single plant
species  remain  insufficiently  explored.[76]
Furthermore, long-term safety profiles, including
potential physiological alterations associated with
prolonged use of these compounds, need thorough
evaluation.[77] Despite numerous reports supporting
the anticancer efficacy of Fabaceae-derived
phytochemicals, most findings are limited to in vitro
and in vivo experimental models, with relatively few
well-designed clinical trials available.[78] Therefore,
robust clinical investigations are essential to validate
their therapeutic efficacy and clarify their
mechanisms of action.[79] To meet international
standards, systematic standardization is also required,
including validated analytical methods for assessing
bioavailability, efficacy, safety, quality control,
compositional consistency, manufacturing practices,
and compliance = with  regulatory  approval
requirements.[80]
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