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Abstract: Africa is home to diverse medicinal plants that have been used for generations for the
treatment of several different cancers and, presently, they are gaining interest from researchers as
promising approaches to cancer treatment. This review aims to provide a comprehensive review
of dietary and medicinal African fruits including their traditional uses, botanical description, eth-
nobotanical uses, bioactive phytochemical compositions, and anticancer properties investigated to
date in vitro, in vivo, and in clinical studies. Data on recent updates concerning the traditional uses
and anticancer properties of these fruits were collected from a myriad of available publications in
electronic databases, such as Web of Science, PubMed, ScienceDirect, Scopus, SpringerLink, and
Google Scholar. The results suggest that approximately 12 native or commercially grown African
fruits belonging to different plant species, including Tribulus terrestris, Xanthium strumarium, Withania
somnifera, Xylopia aethiopica, Abelmoschus esculentus, Carissa macrocarpa, Carpobrotus edulis, Syzygium
cumini, Kigelia Africana, Annona muricata, Persea americana, and Punica granatum, have been reported
for their potential as treatment options for the management of cancer. We further found that ap-
proximately eight different fruits from native plant species from Africa, namely, Sclerocarya birrea,
Dovyalis caffra, Parinari curatellifolia, Mimusops caffra, Carpobrotus edulis, Vangueria infausta, Harpephyl-
Ium caffrum, and Carissa macrocarpa, have been widely used for the traditional treatment of different
ailments but somehow failed to gain the interest of researchers for their use in anticancer research.
In this review, we show the potential use of various fruits as anticancer agents, such as Tribulus
terrestris, Xanthium strumarium, Withania somnifera, Xylopia aethiopica, Abelmoschus esculentus, Carissa
macrocarpa, Carpobrotus edulis, Syzygium cumini, Kigelia Africana, Annona muricata, Persea americana,
and Punica granatum; unfortunately, not enough reported research data have been published to gain
thorough mechanistic insights and clinical applications. Additionally, we discuss the possibility of
the utilization of potential phytochemicals from fruits like Persea americana and Punica granatum in
anticancer research, as well as future directions.
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1. Introduction

Cancer is one of the leading causes of death in the world. Prostate (7.3%), breast
(11.7%), lung (11.4%), skin (6.2%), and colorectal (6%) cancers are the most common types
of cancer [1]. It was reported in the GLOBACON 2020 report that new cancer cases were at
19.3 million, while cancer deaths were at nearly 10 million [1]. As per the GLOBOCAN 2020
report, Africa has an incident rate of 5.7% and a mortality rate of 7.2% [1,2]. The cancer rate
is predicted to rise and double by 2040, reaching approximately 1.5 million new cases [1,3].
As per the latest data for 2020, South Africa reports approximately 108,168 new cancer
cases alongside 56,802 cancer-associated deaths. The most common types of cancer in the
country are breast (15,491 new cases), prostate (13,152 new cases), lung (8950 new cases),
colorectal (3984), and cervical (10,702) [4,5]. Breast cancer is the leading type of cancer in
Black woman [4]. It has a lower incidence rate in Africa (28.66) compared to Europe (70.08)
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but has a higher death toll (Africa 13.72 and Europe 15.93) [6]. The 5-year survival rate for
breast cancer is at 40% in low-income countries [4,5,7]. This is attributed to the frequency
and access to diagnostic tools and the lack of facilities and accessibility [7,8].

Several therapies, such as chemotherapy, immunotherapy, radiotherapy, and surgical
resection, have been employed in the management of cancer; however, their effectiveness
has been reduced owing to drug resistance and adverse side effects [9]. Most clinically
approved chemotherapeutic agents are reported to nonselectively target cells with high
proliferation and regeneration abilities, such as bone marrow and skin cells, as well as
epithelial cells of the digestive tract and hair, thereby triggering marked levels of toxicity
linked with their treatments [10,11]. Complications, such as severe liver damage, infertility,
cardiotoxicity, neurotoxicity, and nephrotoxicity, usually accompany the prolonged use
of these conventional cancer treatments, which worsen the treatment outcome [12-15].
Conversely, many new potential strategies in cancer therapy have resurfaced with the
ability to reduce cancer-related mortalities. A few of these strategies include gene therapy,
which modifies cancer/tumor cells utilizing gene materials (e.g., plasmid DNA) or via
immune cell stimulation; photodynamic therapy (PDT), which utilizes photosensitizing
drugs at a specific wavelength of light to kill/eradicate cancer cells; phototherapy, where
cancer cells are usually killed with the aid of heat generated by light-activated photothermal
agents and nanoparticle-mediated drug therapies [16].

The use of natural products such as plants has been around since prehistoric times, as
early as 60,000 years. Medical systems, such as traditional Chinese medicine, have utilized
formulations from natural products for as long as thousand years (5000) and have refined
the dosages, preparation, and processing [17]. Secondary metabolites discovered through
biochemical analysis of plant extracts and products using cutting-edge methods (mass spec-
trometry analysis) can be potential agents for the successful treatment of several diseases.
These phytochemicals can include phenols, flavonoids, steroids, and more [18]. These
secondary metabolites have been studied and shown to have antitumor, antiproliferation,
and preventative effects on numerous cancers [19-22]. According to certain reports, it is
estimated that 60% of the world’s population uses traditional medicine, while 80% of peo-
ple still rely on plant-based products for their primary healthcare. Africa has always been
regarded as the treasure trove of medicinal plants, with over 5400 known and documented
medicinal plants [23]. A large population in Africa frequently uses medicinal plants for
cancer treatment because of a low income or long distances from urban treatment centers,
as well as the history of African cultures and beliefs that medicinal plants are superior to
pharmaceuticals in treating diseases like cancer. In traditional medicine, patients are treated
differently in various parts of Africa, and this largely depends on the plants, protocols, and
recipes that are employed, whereby the most frequently used explants are the roots and
stem barks [24]. Surprisingly, fruits have been explored to a much lesser extent than all
other plant parts. Thus, in this review, we aimed to discuss some of the fruits that are either
indigenous or cultivated majorly in Southern Africa or other parts of Africa which have
been studied for their anticancer properties or have the potential for further investigation.
Additionally, we summarized research that identified the mechanisms by which different
phytocomponents of fruits exert their anticancer properties. The search criteria for the liter-
ature was limited to the years 2008-2023 in electronic databases such as the Web of Science,
PubMed, ScienceDirect, Scopus, SpringerLink, and Google Scholar. Search words included
terms such as “anticancer”, “phytochemicals”, “traditional uses”, and “indigenous African
fruits”. Plants/fruit that were not cultivated or indigenous were excluded from search
criteria. Our initial search results included native Southern African plant species, such as
Sclerocarya birrea, Dovyalis caffra, Parinari curatellifolia, Mimusops caffra, Carpobrotus edulis,
Vangueria infausta, Harpephyllum caffrum, and Carissa macrocarpa, whose fruits have been
used in general traditional medicine for generations. However, an in-depth literature search
showed a lack of studies on these fruits with respect to anticancer efficacy. As a result,
we expanded the scope of our search to include both native and widely cultivated plant
species in Africa, whose fruits have been investigated for their anticancer potency.
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2. Fruits in Cancer Treatment

Cancer is a burden in South Africa and as part of the United Nations Sustainable
Development Goals has been made a priority [5]. A strategic framework has been added
nationally to address this burden [5]. Radiotherapy, surgery, chemotherapy, targeted
therapy, and hormonal therapy are the available treatment methods but still negated
because of the diagnosis of cancer in an advanced stage, cost of treatment, poor treatment
access, and lack of treatment completion [4,5,25,26]. Natural phytoproducts have a long
history of being used for both preventative and therapeutic purposes in medicine and are
recognized as the cornerstone of both conventional medical treatments and the primary
building blocks of lead compounds in drug discovery [27]. Because of the nature of
phytochemicals having antitumor effects, they have been made popular in the medical field
for prevention and curative compounds against cancer, and a few have been given approval
for clinical use [18,28-31]. Their ability to control numerous survival pathways with fewer
negative effects is an essential component of their function. Four major plant-derived
antitumor agents are vinca alkaloids, camptothecin derivatives, epipodophyllotoxin, and
taxanes diterpenoids [18,32]. Biological macromolecules (approximately 21%), unaltered
natural products (7.3%), natural product botanical (0.4%), and natural product derivatives
(17.4%) are part of the 247 approved anticancer drugs as of 2019.These show possibilities
of utilization of phytochemicals with antitumor properties in future cancer treatment
research [33].

South Africa is a country that practices both Western and traditional medicine. Tradi-
tional medicine uses medicinal preparations of indigenous plants, vegetables, and fruits [34].
This is made easy by the abundance of such vegetation in the country [34,35]. These
plants/fruits have not all been explored for their medicinal properties, and there is the
prospect of finding a remedy that is easily accessible and plentiful [34,36]. These remedies
are utilized to treat ailments such as fever, sinusitis, indigestion, asthma, diarrhea, and
skin diseases [37]. Successful treatment of diseases using plants/fruits is linked to the
phytochemicals they contain. Fruits contain phytochemicals like flavonoids, saponins,
anthocyanins, terpenoids, phenolic acids, and porphyrins [37,38]. Phytochemicals are
important to the medical field because of their healing properties and have recently been of
focus for the treatment of numerous ailments from infections to cancer [34,36,38].

Several fruits that are consumed for medicinal or dietary purposes are a great source of
bioactive phytocompounds like anthocyanins, ellagitannins, flavonols, proanthocyanidins,
and phenolic acids. These phytochemicals have both prevention of tumorigenesis and
cancer treatment properties exerted by several different mechanisms, including inhibiting
carcinogen-induced DNA damage, defense against oxidative DNA damage, and modula-
tion of signaling pathways involved in cellular proliferation, inflammation, angiogenesis,
cell cycle arrest and death, regulation of xenobiotic-metabolizing enzymes, various tran-
scription and growth factors, inflammatory cytokines, and other subcellular signaling
pathways [39]. In Table 1, we summarize the list of fruit plants native to or primarily grown
in Southern Africa or other regions of Africa and their traditional use in folklore medicine.

2.1. Biological Activities of Southern African Fruits
2.1.1. Marula

The marula fruit belongs to Sclerocarya birrea (A. Rich) Hochst, subspecies caffra. This
tree grows in sub-Saharan Africa and can be found in Limpopo, Kwa-Zulu-Natal, East-
ern Cape, and Mpumalanga in South Africa. This plant is a medium-sized to bulky tree
that typically reaches 9 to 18 m in height [40]. The fruit turns from green to waxy yel-
low when ripe during January to March. The fruit is plum sized, with a thick peel and
white, sweet and sour, pulpy inner flesh [41]. The phytochemicals contained in marula are
tannins (procyanidin dimer B1 and procyanidin B5), xanthohumol A, phenolic acids, an-
thocyanin derivatives flavonoid aglycones (catechin and epicatechin), flavonoid glycosides
(myricetin 3-arabinoside, quercetin 3-galactoside, quercetin-3-O-rutinoside, and myricetin
3-galactoside) [42]. Traditionally goiter, diarrhea, hypertension, indigestion, ulcers, dysen-
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tery, anemia, proctitis, scurvy, diabetes mellitus, malaria, fever, and fungal infections are
treated with decoctions from marula [37,40]. Marula has antioxidant, antibacterial, anti-
fungal, and antibacterial properties that are responsible for the curative effects that lead to
its use in traditional medicine [43-45]. Sclerocarya birrea (A. Rich) Hochst bark extract had
a minimum inhibitory concentration (MIC) of 188 mg/mL against Staphylococcus aureus,
200 mg/mL against Pseudomonas aeruginosa, 140 mg/mL against Enterococcus faecalis, and
39 mg/mL against Escherichia coli, showing significant success in its potential use as an
antibacterial product/medicine [46].

The toxicity of S. birrea extracts has been the subject of several studies. Aqueous and
methanolic extracts of S. birrea stem-bark administered intraperitoneally to mice resulted
in LDsg values of 1215 mg/kg and 1087 mg/kg, respectively, indicating its relatively “safe”
status [47]. However, oral administration of doses of 3000 and 4000 mg/kg body weight
of the fruit peel extract in distilled water showed toxic effects on the liver and kidneys in
rats [48]. Hexane, methanol, and water extracts of the plant’s stem-bark (10-1000 mg/mL)
did not show any toxic effects against brine shrimps in a brine shrimp lethality assay [49].
The LDs values for S. birrea stem-bark methanol extracts were above 5000 mg/kg body
weight upon oral administration of doses in mice [50]. Another study showed that pro-
longed exposure to high doses of stem-bark ethanolic extract (600-1000 pg/mL) in kidney
cell lines of the proximal (LLC-PK1) and distal tubules (MDBK) reduced cell viability.
However, the same extract at a concentration of 120 mg/kg had no discernible impact on
renal fluid and electrolyte handling in nondiabetic and STZ-treated diabetic rat models.
This was explained as excretion of weak acidic and phenolic substances in an in vivo model,
while in vitro cells were continuously exposed to phenolic substances [51]. Further, a 3-
week supplementation regimen of S. birrea fruit juice showed significant reductions in total
serum cholesterol (8%), LDL cholesterol (17%), and triglycerides (7%), as well as an increase
in HDL cholesterol concentration (by 10%) and a reduction in serum oxidative stress in
healthy individuals. The antioxidant fractions were shown to contain high amounts of
hydrolysable tannins, catechins, and derivatives of hydroxycinnamic acid, which may be
responsible for its antioxidant efficacy [52].

2.1.2. Kei Apple

Dovyalis caffra (Hook.f. & Harv.) Hook.f., commonly identified as kei apple, belongs
to the Flacourtiaceae family [53]. The fruit can be found in the Limpopo, Mpumalanga,
Eastern Cape, and Kwazulu Natal provinces of South Africa [41]. D. caffra is a dense,
thorny shrub that averages 3-5 m tall but can occasionally grow up to 8 m. Its flowers
have no petals and are small. The fruit peel is rough, smooth, and bright yellow. The
fruit is round and up to 4 cm in diameter with juicy, apricot-like flesh, which ripens
from December to January [37,54]. Its phytochemical profile includes phenolic acids
(F2) (anthocyanin monomers, procyanidins, and catechins), anthocyanin polymers, and
flavonols [53,55]. It is traditionally utilized in the treatment of chest pain, amenorrhea,
rheumatism, and pain-associated issues [56]. Studies show kei apple has potential as an
antiviral, antioxidant, antimalignant, and antimicrobial agent [57]. D. caffra methanol fruit
extract is rich in chlorogenic acid (2107.96 & 0.07 pg/g), catechin (168 £ 0.58 ug/g), and
gallic acid (15.66 £ 0.02 pg/g). Its major bioactive phytocompounds were tested for their
antimicrobial properties via the disc diffusion method, whereby the dried methanolic
extract loaded at a dose of 20 png/disc showed inhibition zones of 15 mm, 13 mm, 22 mm,
and 24 mm for Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and Proteus vulgaris,
respectively. Additionally, its antioxidant activity was indicated with 2,2-diphenyl-1-picryl-
hydrazyl-hydrate (DPPH) scavenging at 79.25% and an inhibitory concentration 50 (ICsg)
of 728.20 £ 1.04 g/mL at a concentration of 2000 pg/mL and 1000 ug/mL, reaching
a 41.10% viability. Treatment of HepG2 cancer cells at 1000 ug/mL showed potential
anticancer activity of the extract with a ~58.90% loss in cell viability [57]. Leaves and
branches extracts of this plant exhibited no cytotoxicity against HepG2 cells at the final
concentration of 100 ug/mL [58], while another study showed antiproliferative activity of a
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methanolic branch extract with an LCsq of 37 ug/mL, 72 ug/mL, 43 pg/mL, and 20 pg/mL
against MCF-7, HCT-116, HepG2, and A-549, respectively [59]. A study showing the
antioxidant effect of D. caffra fruit extract against free radicals showed that the whole fruit
extract’s DPPH scavenging action peaked at 52.11% (ICsp 95.09 pg/mL) at a concentration
of 100 pg/mL, while the flesh extract’s action was 27.11% (IC5¢ 187.12 ug/mL) at the
same concentration. The two main phenolic compounds in dry fruits that were identified
were chlorogenic, pyrogallol, and malic acids as the most prevalent organic acids. Further,
the results of the acute toxicity demonstrated that the water:methanolic extract of whole
Kei-apple fruit is safe, with an LDs value of more than 6000 mg/kg body weight when
administered orally to male and female rats. [60].

2.1.3. Mobola Plum

Parinari curatellifolin Planch. ex Benth, generally known as mobola plum, is part of
the Chrysobalancaceae family. The fruit can be found in Pondoland in Kwazulu Natal,
South Africa [61]. It is a tree/shrub that can range from 3 to 20 m. The tree/shrub is
an evergreen plant, with a small white flower with a touch pink. Its tree has a sporadic
pungent smell. When ripe, the drupe-shaped fruit is yellow—orange with grey specks. The
scaly-textured, oval or round fruit, which can take up to a year to ripen, is found at the
ends of twigs. These roughly 50 mm long plum-like fruits have yellow edible flesh. When
fully ripe, the fruits have a pleasant flavor, and they typically ripen on the ground from
October to January [54,62,63]. This plant/fruit has been traditionally used and studied for
its anti-inflammatory, antimicrobial, antioxidant, and disease preventive effects, such as re-
duction in cardiovascular risk and in the treatment of fever, diabetes mellitus, hypertension,
body aches, and piles [62,64]. Mobola plum consists of phytochemicals such as flavonoids,
coumarins, polyphenols, tannins, glycosides, saponin, alkaloids, anthraquinones, and
terpenoids [65,660]. P. curatellifolia fruit methanol extract showed the strongest antioxi-
dant properties, as represented by 9.5 TEAC/g and 14.2 ICsy pg/mL, determined from
ferric-reducing ability of plasma (FRAP) and DPPH scavenging activity assays. The strong
antioxidant activity of the extract is associated with a high content of phenolics identified as
neochlorogenic acid, chlorogenic acid, 3-O-p-coumaroylquinic acid, 3-O-caffeoylshikimic
acid, delphinidin 3-galactoside, delphinidin 3-O-glucoside, cyanidin 3,5-O-diglucoside,
catechin, epicatechin, myricetin 3-galactoside, quercetin 3-galactoside, quercetin 3-O--1-
arabinopyranoside, gentisic acid 5-O-glucoside, procyanidin dimer B1, procyanidin B5,
procyanidin B-type dimer, 3-glucogallin (1-O-galloyl-3-d-glucopyranose), and trypto-
phan [67]. The inhibitory effect of angiotensin-I-converting enzyme by P. curatellifolia seed
crude extract at ICsg 13.54 pg/mL showed positive antihypertensive properties [64]. The
cytotoxicity study demonstrated the antiproliferative effect of the aerial plant part with
methanol extract (ICsy 48.5 pg/mL) and petroleum ether extract (1.503 pug/mL) against
HelLa cells [68]. An evaluation of the acute toxicity and subchronic toxicity of a single dose
of P. curatellifolia seed hydroethanolic extract in mice showed an LDsg of 7.27 g/kg body
weight, indicating its potential safety. However, the study further showed the potential
for kidney damage at higher doses, resulting in renal failure and toxic effects on the heart
during long-term treatment [69]. The LDs( values of the methanol and ethyl acetate ex-
tracts administered via the intraperitoneal route in mice were found to be 113 mg/kg and
471.17 mg/kg, respectively [70]. Oral acute administration of the methanolic stem-bark
extract of P. curatellifolia revealed an LDs5g dose > 5000 mg/kg in rats; therefore, it is con-
sidered to generally be safe. However subchronic administration of the extract showed
long-term use may harm the liver, which was revealed by mild infiltrating leukocytes,
vascular congestion, and piece meal necrosis [71].

2.1.4. Red Milkwood

Red milkwood in South Africa can be differentiated into two types: Mimusops caffra E.
Mey. ex. A.DC. and Mimusops zeyheri Sond. Both of these species belong to the Sapotaceae
family. They are also known as the coastal and the Transvaal red milkwood. M. caffra is
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found in coastal KwaZulu-Natal in South Africa, while M. zeyheri bushveld and woodland
is found in the northern part of South Africa [72,73]. The evergreen tree is grown in
large uniform clusters. The tree can be small to medium in size and can grow up to
10-15 m [72]. The fruit is characterized by one-seeded, 2.5 cm x 1.5 cm, and ovoid-
shaped berries with an orange-to-red coloration when ripe, and they are available between
September and December. The ripe fruits are palatable and delightfully sweet, and they
are consumed by humans, monkeys, and many bird species [72,74,75]. Phytochemicals
found in red milkwood include saponins, flavonoids, and polyphenolics [76]. The plant
has been reported to have anesthetic, antifungal, and protective properties, such as gastric,
in folklore medicine [76]. Red milkwood is traditionally used to treat wounds, sexually
transmitted infections, tuberculosis, uterine issues, fungal infections (candidiasis), and
malaria, as well as used as an emetic [74,76-78]. Studies on the plant’s biological activities
have not been well documented [76].

2.1.5. Sour Fig

Sour fig (Carpobrotus edulis (L.) L. Bolus) belongs to the Aizoaceae family. C. edulis is native
to South Africa but has been transplanted to different subtropical countries to control erosion [79].
Along the coastline of the Cape (eastern, western, northern, and south) of South Africa [80], the
plant bears yellow flowers that turn into a reddish brown (ripe) pointed encapsulated fruit in the
spring and summer (August to October). The fruit measures 35 mm in diameter, is indehiscent
and edible, and is shaped like a spinning top. When ripe, the fruit turns yellow and becomes
fragrant. With time, the fruit’s exterior wall turns leathery, wrinkly, and yellowish. The seeds
are enmeshed in the mucilage, which is gummy, sweet, and jelly-like. The fruits have a strong,
astringent, salty, and sour taste and can be consumed fresh [79,81]. Phytochemicals isolated
from the leaves, stems, and flowers of sour figs include isoterpinolene, naphthalene, 1,2-dihydro-
2,5,8-tri, bistrimethylsilyl N-acetyl EICOSAS, -amyrin, oleanolic acid, uvaol, monogalacto-
syldiacylglycerol, (acyls = linolenoyl group; MGDG), epicatechin, N-octanol, nonylaldehyde,
trans-f-demascenone, trans-2-tridecenal, tetradecamethylcycloheptasiloxane, tetradecamethyl-
cycloheptasiloxane, tetradecamethylcycloheptasiloxane, octadecane, octadecane, 1-octadecene,
nonadecane, 2-pentadecanone,6,10,14-trimethyl, eicosane, eicosane, phytol (2-hexadecen-1-
01,3,7,11,15-tetramethyl), tetrasiloxane,1,1,1,5,7,7,7-heptamethyl-3bis(trimethylsilyl)oxy, tetra-
cosamethylcyclododecasiloxane, phenolics (procyanidins, flavonoids sinapic acid, hypero-
side, ferulic acid, isoquercitrin, and ellagic acid), hydrolysable tannins, alkaloids, and
saponins [80,82,83]. C. edulis has been used in traditional medicine to treat tuberculosis,
dysentery, stomach aches, throat infections, burns, mouth ulcers, and sinusitis [82-84]. C.
edulis is a plant that has been documented to have antifungal, antioxidant, antiplasmodial,
anticancer, and antibacterial properties [83]. A hexane, acetone, ethanol, and water extract
of C. edulis leaf tested as an antifungal agent showed higher concentrations of ethanol ex-
tract (1.25 mg/mL) and inhibited the growth of Candida krusei and Candida albicans [85]. An
aqueous extract of C. edulis leaf exhibited the highest antibacterial activity against Staphylo-
coccus aureus (MIC 0.4%) followed by Escherichia coli (MIC 1.6%) and Pseudomonas aeruginosa
(MIC 6.6%) at a concentration of 600 mg. Six isolated compounds from C. edulis, including
uvaol, B-amyrin, oleanolic acid, catechin, epicatechin, and monogalactosyldiacylglycerol,
were extremely active against specific Gram-positive bacteria and had moderate activity
against Mycobacterium tuberculosis, while there was no activity against Gram-negative bac-
teria. High antibacterial activity was shown by oleanolic acid against a variety of bacterial
strains like Enterococcus faecalis (MIC 6.25 mg/L), methicillin-resistant Staphylococcus aureus
MRSA COL (MIC 50 mg/L), MRSA COL resistance to oxacillin MRSA COLoxa (MIC 25
mg/L), S. aureus HPV 107 (MIC 25 mg/L), and M. tuberculosis H37Rv (MIC 100 mg/L).
Interestingly, uvaol showed the greatest ability to reduce the multidrug resistance of the
MRSA COLpxa strain because of its effect on the efflux pump system [84]. Hexane, ace-
tone, ethanol, and distilled water extracts of C. edulis leaf demonstrated strong antioxidant
activity in the concentration range of 0.025-0.5 mg/mL, determined with FRAP, DPPH, and
2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) assays [82]. The antiprolifer-
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ative activity of C. edulis leaf aqueous extract inhibited the cell viability of neuroblastoma
cell lines SK-N-BE(2) at an ICs5j 0.86 mg/mL and SHSYS5Y at an ICsj 1.45 mg/mL through
the induction of mitochondrial-mediated apoptosis and the accumulation of intracellular
ROS [86]. Further, a toxicity study with a methanol extract of C. edulis leaves with different
dilutions showed no toxicity till 3 days of treatment and was evident only after day 5 in the
THP-1 cell line and human peripheral blood monocyte-derived macrophages [87].

2.1.6. Wild Medlar

Vangueria infausta Burch. subsp. infausta belongs to the Rubiaceae family and is
commonly known as wild medlar. It grows/is found in the KwaZulu-Natal, Eastern
Cape, North-West, Limpopo, Free State, and Gauteng provinces of South Africa. Wild
medlar is a small tree/shrub that reaches up to 3-8 m height. Its flowers are a green-
tinted white to yellow [88]. The tree bears pendulous (downward hanging) clusters of
nearly spherical green fruits that turn yellow—brown when ripe from January to April, and
they can reach a diameter of 25 mm. [89,90]. Wild medlar has phytochemicals such as
tannins (procyanidin B5, procyanidin dimer B1, procyanidin B-type dimer), xanthohumol
A, terpenoids, coumaroylquinic acid, caffeoylshikimic acid esters, saponins, anthocyanin
derivatives, flavonoid aglycones (catechin); flavonoid glycosides (quercetin-3-O-rutinoside),
aromatic amino acid tryptophan, and phenolic acids extracted from fruits, root bark, aerial
shoots, leaves, and roots. [67,88,89,91]. Wild medlar has been utilized to treat roundworm,
snake bites, malaria, fever, fungal infections (candidiasis), pneumonia, and chest-related
problems in traditional medicine [56,88,92]. The successful use of wild medlar in traditional
medicine can be traced back to its antioxidant, antibacterial, antifungal, antiplasmodial,
and anti-inflammatory properties [88,93-100]. The cytotoxicity activities of methanolic
and aqueous root extracts of this plant against MAGI CC5+ cells showed cytotoxic half-
maximal concentrations (CC50) of 0.1 mg/mL [101]. Dichloromethane and methanol
extracts of roots of V. infausta tested against Rat skeletal myoblast L6 cell line showed
ICsg values of 45.7 pg/mL and 71.5 pg/mL, respectively [102]. Acetone extract of the
dried leaves showed half maximal lethal concentration (LCsp) values of 0.074 mg/mL and
0.763 mg/mL for Vero kidney cells and C3A liver cells, respectively [103]. Ethanol leaf
extracts demonstrated an LCsg value of 144.7 pug/mL in a lethality test using brine shrimp,
which was considered to be nontoxic compared to the cyclophosphamide LCsg value of
16.3 ug/mL [104]. According to these early cytotoxicity assessments conducted thus far,
extracts of V. infausta is characterized by low levels of cytotoxicity.

2.1.7. Wild Plum

Harpephyllum caffrum Bernh. of the Anacardiaceae family is generally called wild
plum [105]. Wild plum grows in the KwaZulu-Natal, Limpopo Eastern, and Cape parts of
South Africa [106,107]. H. caffrum is an evergreen tree of short to medium size that reaches
6 to 15 m [54]. It has small, white to yellow—green flowers [54]. Its fruit is single-seeded,
oblong (25 x 13 mm), thin, fleshy, and plum-like drupe that first appear green and then
turn red when they ripen in March-August [54,108]. Its phytochemical profile includes
phenolic acids, anthocyanins, flavonoids, hydrolysable tannins, and glycosides [38]. This
plant has been used traditionally to treat acne, epilepsy, eczema, and childhood tremors,
as well as a pain blocker and for sores [37]. Wild plum has been researched and shown to
exhibit anti-inflammatory, anesthetic, antimicrobial, and antifungal activities [109]. A study
conducted by Nawwar and colleagues showed that the antioxidant effect of the aqueous
methanol leaf extract of H. caffrum showed protection of the human keratinocyte cell line,
HaCaT, against UV phototoxic response at 40 ng/mL, while negligible cytotoxicity was
observed at the highest concentration of 100 pg/mL [105]. In one study, oral administration
of the leaf ethanol extract of H. caffrum did not result in any mortality in rats up to 10 g/kg
body weight and was, therefore, deemed safe. Further, this extract demonstrated hepato-
protective activities at a daily dose of 100 mg/kg body weight. This extract also showed
antiproliferative activity against HEPG2 (ICsp 1.21 pg/mL), HEP2 (IC5p 1.34 pg/mL), and
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HCT 116 (ICsp 3.62 ug/mL) [109]. The ethanolic extract of H. caffrum leaf showed ~80%
toxicity at 100 ug/mL, while no toxicity was observed with bark extract when tested against
B16-F10 melanocyte cells [110].

2.1.8. Natal Plum (Num Num)

The natal plum, or num-num (Carissa macrocarpa (Eckl.) A.DC.), belongs to the
Apocynaceae family [111]. C. macrocarpa grows in Southern Africa and can be found in
Mpumalanga, Free State, KwaZulu-Natal, Gauteng, North West, Western Cape, Limpopo,
and Eastern Cape provinces of South Africa [112]. This short evergreen shrub grows up
to 5 m with pale yellow flowers that produce large, oval, and red plum-like fruits in sum-
mer [111,112]. Its phytochemical profile consists of steroids, alkaloids, saponins, flavonoids,
carbohydrates, tannins, phenols, triterpenoids, and quinones [113,114]. C. edulis is typically
used to treat issues such as an analgesic, malaria, dysentery, stomach ache, coughing,
cataracts, sexually transmitted infections, and cancer [115]. The literature suggests that,
compared to other species of Carissa, biological studies on C. macrocarpa has not been
well documented [113,116,117]. Oleanane triterpenes and ursolic acid isolated from fruits
and leaves extracts of C. macrocarpa showed good antibacterial activity against bacterial
strains of Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, Staphylococcus saprophyti-
cus, Staphylococcus aureus, and Enterococcus faecium at MICs ranging from 0.06 mg/mL
to 1.0 mg/mL [118]. The hydroethanolic extract from C. macrocarpa fruits inhibited the
growth of the tumor cell lines NCI-H460 (Glsg 57 pg/mL), HeLa (Glsp 66 pg/mL), MCF-7
(Gls50 109 pg/mL), and HepG2 (Glsp > 400 pug/mL) without inducing toxicity in nontu-
mor porcine liver cells (PLP2) [119]. The cytotoxic activity of hydroethanolic extracts of
the leaves, stems, and flowers of C. macrocarpa showed 50% cell growth inhibition dose
(Glsp) values ranging from 52.1 to 167 pug/mL for the four tested tumor cell lines MCF-7,
NCI-H460, HeLa, and HepG2 [113].

Table 1. Summary of indigenous fruits and their distribution in Africa.

Name

Indigenous Name Distribution in Plants Parts Used for Treatment of
(South Africa) Africa Disease Conditions in Folk Medicine

References

(1) Bark: to treat diabetes, snake bite,
pruritis, pharyngitis, splenomegaly, goiter,
cholera, dysentery, diarrhea, proctitis,
stomach ailments, ulcers, inflammation,
arthritis, hypertension, skin diseases,
fever, malaria, and proctitis;

South Africa, (2) roots: to treat snake bite, pruritis,
Botswana, haryngitis, splenomegaly, goiter, fungal
Sclerocarya birrea Marula, umganu (in Zimbabwe, P ginféc’fi)ons anc% sgzege e; e [40,43,44,56]
Y Zulu) Namibia, Zambia, , ye 43,44,

(3) leaves: cold and flu, snake bite,
pruritis, pharyngitis, splenomegaly, goiter,
diarrhea, dysentery, proctitis, stomach
ailments, ulcers, inflammation, arthritis,
hypertension, skin diseases, fever, malaria,
diabetes, fungal infections, and heartburn;
(4) fruit: snake bite, pruritis, pharyngitis,
splenomegaly, and goiter.

Eswatini, Malawi,
and Mozambique
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Table 1. Cont.

Plants Parts Used for Treatment of

Name Indigenous Name Distribution in References
(South Africa) Africa Disease Conditions in Folk Medicine
Eswatini, Malawi, (1) Bark: to treat rheumatism;
South Africa, (2) root: to treat amenorrhea, chest pain,
. Kei Apple, Zimbabwe, and rheumatism;
Dovyalis caffra umgokolo (in Zulu) Mozambique, (3) fruit: to treat coughing in different [55,56]
Tanzania, Lesotho, livestock;
and Namibia (4) thorns: amenorrhea and chest pain.
Zimbabwe, South (1) Bark: to treat pneumonia, cataracts,
. g Mobola Plum, Africa, Malawi, and earache;
Parinari curatellifolia mmola (in Sotho) Nigeria, and (2) leaves: to treat dislocated bones, [64,65,67]
Eswatini broken bones, wound, and pneumonia.
(1) Bark: to treat wounds and sores, and
used as an emetic;
Botswana, (2) root: to treat sexually transmitted
. Red Milkwood, Moz:amblque,. . 1nfect10n.s, such as' gonorr}.le?, a.nd other
Mimusops caffra .. Tanzania, Eswatini, ailments, like candidiasis, [74,75]
umThunzi (in Zulu) . . -
Angola, Zimbabwe, tuberculosis, weight loss, and womb
and South Africa problems;
(3) Leaf: antiplasmodial activity and used
to manage malaria.
o Coastal South Leaves: to tr.eat d.1ar.rhea, §tomach upset,
. Sour Fig, igcukuma . tuberculosis, skin infections (eczema,
Carpobrotus edulis . Africa to coastal i - [37,81-83]
(in Xhosa) Mozambique dermatitis, and sunburns), sinusitis,
q vaginal thrust burns, and toothache.
(1) Roots: to treat abdominal pains,
asthma, blood pressure, chest pain, cold
and cough, diabetes, diarrhea and
stomach problems, epilepsy, fever,
headache, hernia, infertility, malaria,
measles, male virility, menstrual problems,
Malawi, Uganda, nervous system. dlsqrders, Candld{as1s,
; pneumonia, skin blisters, snake bites,
Tanzania, ..
. stomach ulcers, and parasitic worms;
Mozambique, (2) bark: skin blisters, syphilis, asthma
.. Wild Medlar, Kenya, Zimbabwe, ‘ ! 4 .
Vangueria infausta . bloody stool, blood pressure, chest pain, [56,88]
umtulwa (in Zulu) Botswana, South .
. cold and cough, diarrhea and stomach
Africa, Lesotho, . . Dy .
.. problems, infertility, and candidiasis;
Eswatini, and
o (3) leaf: to treat abscesses, asthma, blood
Namibia .
pressure, chest pain, cold and cough,
dermatitis, diabetes, fever, headache,
hernia, malaria, candidiasis, parasitic
worms, pleurisy, pneumonia, skin blisters,
swellings, and toothache;
(4) fruit: to treat menstrual problems and
parasitic worms.
Wild Plum, South Afr{ca, (1) Bark: to treat acne and eczema, sprains,
Harpephyllum . Eswatini, and bone fractures;
umgwenya (in . . . [107,120]
caffrum Zulu) Mozambique, and (2) root: to treat paralysis caused by
Zimbabwe sorcery.
Num Num or . .
. . South Africa and Leaves: to treat venereal diseases and
Carissa macrocarpa Amatungula in . [121,122]
Mozambique coughs.

IsiZulu
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3. Anticancer Effects and Cellular Targets of Selected African Fruits

Unfortunately, because of several unknown reasons, despite the wide traditional
use of these fruits and /or their extracts, they have not been explored for their anticancer
properties. Therefore, because of a lack of available information, in this section we have
tried to compile and provide a list of Southern African, as well as other African, fruits
studied for their anticancer potential (Table 2).

3.1. Tribulus terrestris L.

T. terrestris (puncture vine) is a perennial herb that belongs to the Zygophyllaceae
family and is indigenous to tropical regions, including Africa and South Africa [123,124]. It
is a short, prostrate shrub with silky hair that grows 10 to 60 cm tall. Its greenish yellow
carpel fruits have a distinctive, stellate shape, are somewhat rounded and compressed,
have five corners, and are covered in very pale yellow prickles. Each crocus has several
seeds with transverse partitions separating them [125]. The fruits have been used to treat
oxidative stress; kidney, liver, and cardiovascular diseases; skin pruritus; headache and
vertigo; and mammary duct blockage, infertility, impotence, erectile dysfunction, low
libido, nephritis, and inflammatory disorders. The plant parts have also been used as an
antiaging agent, a diuretic and cough expectorant, and an aphrodisiac and hormone booster
in both men and women [124,126].

Several extracts of this plant, because of their high content of steroidal saponins, have been
shown to induce its antineoplastic effects in both in vitro and in vivo studies against a wide
range of human cancer cells [24,127,128]. Furthermore, fruit extracts of T. terrestris extracted in
acetone and methanol have also shown to negatively affect the proliferation, growth, migration,
and invasion of cancer cells by targeting the cellular autophagy protease ATG4B (autophagin-1)
to block autophagy pathway [129,130]. A study conducted by Kim et al. showed that aqueous
fruit extract of T. terrestris induces G0/G1 cell cycle arrest and apoptotic cell death resulting
in a strong antiproliferative effect on HepG2 cancer cells. Mechanistic experiments revealed
the involvement of extract-mediated regulation of certain signaling pathways: (1) degradation
of cyclin E/cdk2 and cyclin D/cdk4 complexes resulting in cell cycle arrest; (2) changing the
Bax/Bcl-2 ratio activating the apoptotic cell death pathway; (3) inhibition of the MMP-2 and
MMP-9 expression blocking tumor invasion and metastasis; and (4) suppressing the activity of
NF-kB by decreasing the level of p50 and causing inhibition of the NF-«B-regulated expression
of genes involved in cell proliferation, anti-apoptosis, and invasion [131]. A carcinogen-induced
skin papillomagenesis model using Swiss albino mice has also been used to demonstrate
the tumor chemopreventive potential of T. terrestris aqueous fruit extract. According to the
study, oral administration of the extract at a concentration of 800 mg/kg body weight led to
a significant decrease in the number of papillomas and tumor burden while also significantly
lengthening the average latent period. As suggested, the underlying mechanism was put forth
as a result of altered antioxidant levels, which included a significant increase in the reduced
glutathione content and a decrease in the levels of lipid peroxidation [132]. Consumption of this
fruit shows adverse effects on the lungs [133].

Several toxicological studies have been carried out in vitro and in preclinical animal mod-
els [124,134]. An acute toxicity study with a methanol extract of the aerial part of the plant
administrated orally at 2 g/kg of body weight of rabbits for 14 days showed no toxic symptoms
or mortality [135]. Saponin-rich butanol extracts of T. terrestris fruit showed no acute toxicity up
to 2000 mg/kg in rats. Further, the same extract given orally for 28 days at doses of 100, 200,
and 400 mg/kg/day showed no adverse effects in animals. This suggests the nontoxic nature
of these extracts [136]. Treatment of normal and diabetic rats with 50 mg/kg hydroalcoholic
extract of T. terrestris for 8 weeks showed nephrotoxic effects due to the unhydrolyzed fraction
of saponins in the plasma and kidney [137]. In another study conducted in sheep fed with 80%
T. terrestris and 20% alfalfa hay and wheat straw, they developed hepatogenous photosensitivity.
The symptoms included conjunctivitis, depression, jaundice, weight loss, and reddening of the
muzzle, nose, ears, and eyelids. Further, the necropsy of the experimental animals showed
that the livers were enlarged and stained with bile pigment to varying degrees of general-
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ized icterus [138]. The potential cytotoxic, genotoxic, and endocrine-disrupting properties of
T. terrestris in vitro were studied by Abudayyak et al. The results showed that compared to
water and chloroform extracts, the whole plant and methanol extract induced relatively higher
genotoxic (2400 pg/mL) and cytotoxic (IC59 = 160 pg/mL) activities but did not impair DNA in
NRK-52E cells, whereas 300 ng/mL of the water extract could cause frame shift mutations when
metabolically activated. Further, the extract demonstrated estrogenic activity at concentrations
greater than 27 pg/m. These results suggest the toxic potential of T. terrestris [139].

A case study reported T. terrestris-related liver, kidney, and nervous system damage in
a patient who used the plant’s extract to prevent kidney stones. Consumption of T. terrestris
water for two days caused seizures, extremely high serum aminotransferases, and high levels of
creatinine. When the herbal remedy was stopped, his symptoms improved, and his liver enzyme
levels returned to normal [140]. A 36-year-old man who took a herbal supplement based on a
T. terrestris extract was diagnosed with a 72 h priapism in a published case presentation [141].
Another report also presented a case of T. terrestris induced toxicity in a young, healthy male
who developed severe hyperbilirubinemia, acute renal failure, and casts containing bile in
the tubules [142]. These results suggest to raise public awareness of the potential dangers of
non-FDA-approved T. terrestris-containing herbal supplements.

3.2. Xanthium strumarium L.

X. strumarium (bur weed), which belongs to the Asteraceae family, is distributed worldwide,
most commonly in temperate zones, while it is considered to be invasive in parts of Africa
like Kenya, Uganda, and Tanzania. However, this species has been listed as a noxious weed
in South Africa [143]. It is an annual herb that can grow up to 1 m tall and has a short, stout,
and hairy stem and grows typically in warmer climates. The fruits have two hooked beaks
and hooked bristles and are obovoid in shape, enclosed in a hardened involucre. The anodyne,
antirheumatic, antisyphilitic, appetizing, diaphoretic, diuretic, emollient, laxative, and sedative
properties of the leaves and roots are used traditionally. The main medicinal component of
X. strumarium is its fruit, which has been used for thousands of years to treat several different
ailments traditionally including headaches, diseased kidneys, tuberculosis, allergic rhinitis,
sinusitis, urticaria, catarrh, rheumatism, rheumatoid arthritis, constipation, diarrhea, lumbago,
leprosy, eye diseases, and pruritis [144,145].

Chloroform and methanol extracts of fruits from X. strumarium showed strong an-
tiproliferative and antimetastatic properties by inhibiting ATG4B proteolytic activity and
autophagic flux [129,130]. Fruit extracts of X. strumarium are rich in sesquiterpenes, lig-
nanoids, glycosides, thiazides, phenolics, etc. [144]. Furthermore, evaluation of methanol
crude extract and ethyl acetate fraction of methanol extract of X. strumarium seeds on
different cancer cell lines showed cell proliferation inhibition in a dose-dependent man-
ner, whereby the ethyl acetate fraction was reported to be relatively more effective. The
inhibitory effect can be due to the presence of 3,4-dihydroxybenzaldehyde, as reported
in another study [146]. In a study conducted on eight pentacyclic triterpenoids isolated
from the fruits of X. strumarium, they demonstrated strong in vitro cytotoxic activity on
different cancer cells either resulting in cell cycle arrest in the G1 phase and/or induced
cell death via the apoptotic pathway [147]. Karagoz et al. extensively investigated the
antitumoral effects of dichloromethane and acetone extracts of X. strumarium fruits and
pure secondary metabolites, such as xanthanolides (xanthinosin, xanthatin, xanthinin, and
xanthinol) and triterpene (stigmasterol) isolated from the acetone extract of fruits. Cyto-
toxicity studies conducted on C6 rat glioma cells and HUVEC cells, as primary normal
cells, showed xanthanolides as the potent cytotoxic compounds at low doses compared to
stigmasterol by inducing cells cycle arrest, apoptotic cell death and an inhibitory effect on
protein kinase activity. Moreover, xanthinosin and xanthanol exhibited selective inhibitory
effect on cancer cells with significantly less cytotoxicity against normal HUVEC cells [148].
The hydro-alcoholic extract of the fruit induced dose-dependent cell death against the HeLa
cell line by altering the intracellular antioxidant levels via inhibition of the antioxidants
glutathione, SOD, and catalase, with a subsequent increase in lipid peroxidation levels [149].
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In another study, among three newly isolated ent-kauranoid glycosides from the fruits of X.
strumarium, fructusnoid C showed anticancer activity in cancer cells with an ICs in the
range of 7.6 to >50 uM [150].

According to reports, X. strumarium has medium to strong allergenic effects and induces
severe toxicity in mammals due to the presence of toxic phytochemical like sulphated glycoside
and carboxyatractyloside [144,145,151]. Recent studies have also found that the extracts of
X. strumarium have toxic effects. One study reported that the LDsy for X. strumarium fruit
was 155.93, 317.80, and 167.6 g/kg body weight of mice administrated with processed water
extract, processed ethanol extract, crude water extract, and crude ethanol extract, respectively,
whereby water extract induced greater acute toxicity than ethanol extract. Mice given water
extract intragastrically displayed toxic symptoms, such as cyanosis, intention tremor, respiratory
inhibition, loss of righting reflex, convulsion, and repose. The intragastric administration
of ethanol extract to mice resulted in the toxic symptoms of repose, abdominal respiration,
intentional tremor, intermittent convulsions, and incontinence [152]. Administration of ethyl
acetate, n-butanol, and water extract of fruits (0.06, 0.3, and 0.7 g/kg for 28 days) resulted
into hepatotoxicity in rats evidenced from pathological alterations like enlarged hepatic cell
space, karyolysis, and inflammatory cell infiltration [153]. Two kaurene glycosides (atractyloside
and carbxyatractyloside) isolated from the fruits induced oxidative stress, which causes lipid
peroxidation in the liver, causing severe hepatotoxicity in mice, which were administrated
intraperitoneal with both compounds in the concentration range of 50 to 200 mg/kg body
weight for 5 days [154]. The rats treated via intragastric administration of 30.0 g/kg with
the water extract of fruit for 5 days induced hepatocyte injury by influencing the fatty acid
metabolism. This was reflected in the increased plasma levels of low-density lipoprotein
(LDL), B-HB, glutamate, choline, lactate, acetate, and acetone, while the valine and glucose
levels were decreased indicating that the toxicological mechanism is linked to lipid and energy
metabolism [155]. Apart from hepatoxicity, the extracts of this plant also induced neurotoxicity
by significantly depressing the central nervous system. Administration of methanol extracts
of the aerial parts of X. strumarium in doses of 100, 200, and 300 mg/kg resulted in altered
general behavioral patterns, decreased spontaneous motility, prolonged pentobarbitone-induced
sleep, suppressed exploratory behavioral patterns, and situational avoidance [156]. Additionally,
hydroalcoholic extracts of the aerial parts of X. strumarium (25-100 g/mL) significantly reduced
CHO cell viability and induced DNA damage at cytotoxic concentrations via sister chromatid
exchanges and chromosome aberrations [157]. A case study further reported that intoxication
occurred in a healthy young woman after consumption of a herbal preparation of X. Strumarium,
which resulted in hepatic damage, symptomatic hypoglycemia, and seizures [158].

3.3. Withania somnifera (L.) Dunal

W. somnifera (poisonous gooseberry), belonging to the Solanaceae family, is one of the
most popular and important medicinal plants in Ayurvedic medicine worldwide and is
widely used as aphrodisiacs, diuretics, and for treating memory loss [159]. This species
is diversely distributed throughout the world, including Africa. In Africa, this plant is
indigenous in several countries, including Congo, Djibouti, Egypt, Lesotho, Liberia, Mali,
Nigeria, South Africa, South Sudan, Sudan, Swaziland, and Tanzania [160]. The plant is a
small shrub that grows up to 2 m tall and 1 m wide with the majority of the plant being
covered in short, fine, branched, and silver-grey hairs. When ripe, the fruit is an orange-red
tored, spherical, and hairless berry that is 5-8 mm across and enclosed by an enlarged calyx,
with numerous kidney-shaped, 2.5 mm across, and very light brown seeds. Fruiting time
is mostly from October to July [161]. Traditionally, different parts of this plant have been
used for the treatment of eye infections, cuts, wounds, abscesses, inflammation, kidneys
disorders, fever, skin infection, measles, gynecological problems, hemorrhoids, pulmonary
troubles, asthma, rheumatism, cardiovascular disorders, Alzheimer’s disease, neurocog-
nitive disorders, diabetes, arthritis, and malaria. This plant also has other properties like
abortifacients, sedative, and aphrodisiac [160].
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In one study, a phytochemical analysis of petroleum ether and acetone extracts of W.
somnifera fruit showed the presence of coumarins (scopoletin and aesculetin), phytosterols
(stigmasterol and sitosterol), steroidal lactones of the withanolides (53,6«,14¢,173,20(3-
pentahy-droxy-1-ox0-205,22R-witha-2,24-dienolide and 6,7 x-epoxy-5«,14x,17x,233-tetra
hydroxy-1-oxo0-22R-witha-2,24-dienolide), and triterpene (3-amyrin) [162]. While in an-
other study, the presence of withanolide alkaloids and unique serotonin conjugates of
withanamides was reported [163]. Further, several different unsaturated fatty acids and
withanolides were also isolated from W. somnifera seeds [163]. Although most of these
extracted phytocompounds from fruits have been investigated for their biological activi-
ties, like antioxidant and antimicrobial properties, not much has been explored for their
anticancer activity. A study conducted by Abutaha exhibited antineoplastic properties of a
methanolic extract of the unripe fruit of W. somnifera against several human cancer cells by
inducing apoptotic cell death. Further, the study also demonstrated anticancer properties
of different solvent fractions isolated from W. somnifera crude extract of the fruit, showing
an ICs value of 95 ug/mL against HepG2 cells in a dichloromethane fraction [164]. As per
certain reported studies with other aerial parts of W. somnifera rich in withanolides showing
anticancer properties, these alkaloids are probably responsible for the anticancer properties
of the fruit extract, as mentioned in the above study. For example, withanolide extracted
from the leaves of W. somnifera have been reported to inhibit both inducible and constitu-
tive NF-kB activation, thus being involved in blocking the NF-«kB activation pathway and
NE-kB-regulated gene products that control inflammation, tumor cell survival, invasion,
osteoclastogenesis, and potentiating apoptotic cell death in cancerous cell lines [165]. In an
interesting study conducted by Oza et al., for the first time, a plant-based L-asparaginase
enzyme with antitumor activity was reported from W. somnifera extract. The purified
enzyme was characterized as a homodimer with a molecular weight of 72 4= 0.5 kDa, which
showed strong cytotoxic properties against leukemia cells and is considered a promising
anticancer agent in the therapy of certain types of lymphoma and leukemia [159].

A toxicology study showed the administration of 2000 mg/kg body weight of the
hydroalcoholic W. somnifera root extract for acute and subacute oral toxicities to be prac-
tically safe in Wistar rats [166,167]. Alcoholic root extracts from W. somnifera were tested
for their acute (24 h) and subacute (30 day) toxicity in Wistar rats and Swiss albino mice.
The calculated LDsj value was 1260 mg/kg body weight. Repeated administration of
100 mg/kg for 30 days, resulted in a significant reduction in the weight of the spleen,
thymus, and adrenals in Wistar rats [168]. W. somnifera whole plant hydromethanolic
extract given orally to Sprague-Dawley rats for 28 consecutive days at doses of 100, 300,
and 1000 mg/kg/day was determined to be safe up to a dose of 1000 mg/kg/day [169].
Another study reported the evaluation of W. somnifera capsule’s (aqueous extract: 8:1)
activity, safety, and dose-related tolerability in healthy individuals. The administration of
capsules in daily dosages of 750 mg/day for 10 days, 1000 mg/day for the next 10 days,
and 1250 mg/day for the last 10 days was well tolerated in volunteers. Hematological and
biochemical tests on the health of the organs concluded that the formulation was safe. The
formulation also revealed muscle strengthening, lipid lowering, and improved sleep qual-
ity [170]. A systematic review, including a total of 69 (39 preclinical and 30 clinical) studies,
showed the root of W. somnifera as a promising, safe, and effective traditional medicine for
treating schizophrenia, chronic stress, insomnia, anxiety, memory/cognitive enhancement,
obsessive-compulsive disorder, rheumatoid arthritis, type-2 diabetes, and male infertility.
It also has fertility promotion activity in females, adaptogenic, growth-promoter activity in
children, and acts as an adjuvant for lowering fatigue and improving quality of life among
cancer patients undergoing chemotherapy [171].

3.4. Xylopia aethiopica (Dunal) A. Rich

X. aethiopica (English African pepper) which grows as a tall, slim, and aromatic ever-
green tree in lowland rainforests and moist fringe forests in the Savanna region of Africa
belongs to the Annonaceae family. This plant is widely distributed in West, East, and
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Southern Africa, including Angola, Cameroon, Congo, Central African Republic, Ethiopia,
Ghana, Kenya, Malawi, Mozambique, Nigeria, Senegal, Tanzania, Uganda, Zambia, and
Zimbabwe. This tree that can reach heights of 15 to 30 m and has a narrow crown with
many branches. The clear, straight stem, which can range in diameter from 25 to 70 cm,
frequently has short buttresses or prop roots. It produces fragrant fruits in bouquets of
12-20 bacciferous-looking capsules arranged in capitula and consist of slender, slightly
curved pods with approximately 15 carpels [172,173]. Because of its numerous therapeutic
applications, this plant has been essential in traditional medicine to treat a variety of condi-
tions, including boils, sores, wounds, and cuts, as well as cough, biliousness, bronchitis,
rheumatism, dysentery, malaria, uterine fibroid, amenorrhea, and more [173,174]. There
are numerous documented uses for the fruit of X. aethiopica in folkloric medicine in nations
like Ghana and Nigeria, where it has traditionally been used to treat a variety of conditions,
including amenorrhea, cough, diabetes, dysentery, female infertility, hemorrhoids, malaria,
syphilis, uterine fibroid, and several other ailments [175,176].

As per the ethnobotanical survey, fruits and seeds of X. aethiopica have a long history
of use in herbal concoctions as treatment options for prostate, breast, and cervical cancer
in African countries like Nigeria, Ghana, and Gabon [177]. Bioassay-guided fractionation
showed a rich source of isolated diterpenoids, alkaloids in the fruit extracts, and several
different amides and lignanamides in the seed extracts of X. aethiopica [178]. The treatment
of various cell lines with the methanol extract of X. aethiopica fruits led to a dose-dependent
growth inhibition mediated by cell cycle arrest at the sub-G0/G1 and G2/M phases along
with activation of mitochondrial apoptotic cell death due the upregulation of the p53
and p21 genes and an increase in the Bax/Bcl-2 ratio [179]. Similarly, ethanol extract
X. aethiopica fruits induced significant cell toxicity in cancer cells mediated by caspase-
dependent apoptosis by modulating mitochondrial bioenergetics [180]. In one report,
ent-15-oxokaur-16-en-19-oic acid, isolated as an active anticancer phytochemical from X.
aethiopica ethanol extract, showed promising cytotoxic activity against a panel of cancer cell
lines by triggering DNA damage resulting from cell cycle arrest in the G1 phase followed
by apoptotic cell death [181].

Kuete et al. reported the results of an investigation of the antiproliferative efficacy
of methanol crude extract of the fruits of X. aethiopica, showing strong inhibitory effects
against both drug-sensitive and -resistant cells at a lower dose of >10 mg/mL. As an
anticancer agent, this extract further showed cytotoxicity against human umbilical vein
endothelial cells (HUVECs) at a very high concentration of >80 mg/mL (ECsp). As an inter-
esting fact, this extract further showed antiangiogenic effects in a chicken chorioallantoic
membrane assay model with an inhibition of vascularization by 47.53% at a concentration
of 20 mg/mL [182]. The authors further extended the study to investigate the antiprolif-
erative effect of this extract on several sensitive and drug-resistant leukemia, breast, and
glioma cancer cell lines. The tested extract showed the highest IC5y dose of approximately
30 mg/mL, even with MDR cell lines, by inducing cancer cell growth inhibition mediated
through cell cycle arrest between the G0/G1 and S phases, loss of MMP, and enhanced ROS
production [183]. The low ICs( value of the tested extract against all cancer cells promoted
the authors to isolate the bioactive phytochemicals. Therefore, in an extended study, the
anticancer effects of several phytocompounds, such as 16x-hydroxy-ent-kauran-19-oic acid;
3,4’ 5-trihydroxy-6",6"-dimethylpyrano[2,3-y]flavone; isotetrandrine; and trans-tiliroside,
isolated from methanol crude extract of X. aethiopica fruits were studied against several
drug-sensitive and multidrug-resistant (MDR) cell lines. Among all of the isolated com-
pounds, 3,4 ,5-trihydroxy-6",6”-dimethylpyrano[2,3-g]flavone and isotetrandrine showed
the most effective anticancer property, even for MDR cancer cells where the mode of ac-
tion for the first active constituent was reported because of the induction of apoptosis
mediated by MMP disruption, while the second compound induced apoptosis mediated
by increased ROS generation [184]. This study showed the need for the investigation of
several different plant-based phytochemicals for their potential as antiproliferative agents
against multifactorial-resistant cancer types. Furthermore, in another study, the antiprolif-
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erative activity of X. aethiopica fruit essential oil was also reported against the Hep-2 cancer
cell line [185]. A study conducted by Ribeiro et al. broadened the chemical profile of X.
aethiopica fruit hydro ethanol extract with the identification of six cinnamoylquinic acid
derivatives and twenty-four flavonoid glycosides determined using HPLC-DAD-ESI (Ion
Trap)-MSn and UPLC-ESI-QTOE-MS2 analyses. The tested extracts induced cancer cell
death by activating caspase-3 [186].

Although it is widely used in conventional medicine and a significant number of
in vitro and animal studies have been conducted to support its therapeutic uses, little
research has been performed to determine the safety or toxicity of X. aethiopica. Oral
administration of X. aethiopica fruit ethanol extract showed an LDsg of 3464 mg/kg body
weight in albino rats [187]. The bioactivity of the hydroalcoholic extract of X. aethiopica
leaves on larvae was monitored using the brine shrimp lethality test in the concentration
range of 0.049 mg/mL to 25 mg/mL with an ICs of 0.64 mg/mL. An acute toxicity study
of this extract upon oral administration in Wistar rats showed an LDsj > 5000 mg/kg body
weight. Further, no adverse effects in rats were observed after subchronic treatment at
500 and 1000 mg/kg doses for 28 days [188]. An acute toxicity study with an aqueous
fruit extract of X. aethiopica (Dunal) A. in albino rats showed an LDs( dose of 2154 mg/kg.
Rats treated with 1000 and 1600 mg/kg of extract showed clinical signs of toxicity, such as
loss of appetite, piloerection, stretching of the abdomen, one-sided movement, diarrhea,
and lethargy. Administration of high doses of 2900 and 5000 mg/kg led to death of the
rats. Histological examination of tissue samples from the liver, kidney, and spleen revealed
vascular obstruction, glomerulus architecture that deteriorated along with renal tubule
distortion, and severe hemosiderin in each of the aforementioned organs [189]. Hexane,
methanol, and extract of X. aethiopica leaves induced kidney and liver damage in Wistar
rats treated at 400 mg/kg body weight [190].

3.5. Abelmoschus esculentus (L.) Moench

A. esculentus (okra), which belongs to the Malvaceae family, is an annual shrub that is
commonly cultivated throughout the tropics and warmer temperate regions of the world
and is a very popular vegetable in subtropical Asia and Africa [191]. The plant is a stout,
erect, and annual herb that grows up to 4 m tall. The okra fruit or pod is a six-chambered,
fibrous-textured, and greenish capsule with a length of 10 to 30 cm and a diameter of 1 to
4 cm. It is slightly curved and tapers to a blunt point [192].

Okra has been used in folkloric medicine in many parts of East Africa to treat kidney
stones, diabetes, jaundice, gastritis, gastric ulcers, and other infections or ailments. Phytochem-
ical analysis has shown that okra is a rich source of several potent bioactive components, such
as catechin; epigallocatechin; isoquercitrin; rhamnogalacturonan; quercetin-3-O-sophoroside;
quercetin-3-O-[glucosyl(1->6) glucoside]-7-O-rhamnoside; (3(3,213)-19,21-epoxylup-20(29)-
en-3-yl acetate; (3f3)-9,18-dihydroxyolean-12-en-3-yl acetate; polyphenolic groups of com-
pounds like flavonoids; hydroxycinnamic derivatives; 57,3 4/ -tetrahydroxy flavonol-3-O-[ 3-
d-rhamnopyranosyl-(1—2)]-B-d-glucopyranoside’ rutin; procyanidins B1 and B2; 5,7,3' 4'-
tetrahydroxy-4""-O-methylflavonol-3-O-3-d-glucopyranoside; 5,7,3' 4'-tetrahydroxy flavonol-
3-O-[B-d-glucopyranosyl-(1—+6)]-B-d-glucopyranosidel4; and oligomeric proanthocyani-
dins [193-195]. Most of these bioactive compounds have been shown to induce potent
anticancer effects in several studies [24,193,196].

Taiwo et al., for the first time, showed the presence of oleanene glucoside as oleanene
skeleton triterpenoid and two quercetin glucosides as isoquercitrin and quercetin diglu-
coside isolated from the methanol extract of okra fruit. As an interesting finding, only
oleanene glucoside showed mild toxicity towards cancer cells, followed by isoquercitrin
which induced cytotoxicity only at a 100 pg/mL concentration, while quercetin diglucoside
was completely nontoxic. However, when these compounds were tested for their ability to
protect against ROS induction, isoquercitrin and quercetin diglucoside showed the most
potent antioxidant property with ICsy values of 2.0 £ 0.8 pg/mL and 1.5 + 0.4 pug/mL, re-
spectively, with no protective effect induced by oleanene glucoside [194]. In another study,
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the anticancer property of extracts of okra pods was reported due to the presence of pheno-
lic and terpenoid compounds, as well as certain volatile compounds like 3-caryophyllene,
limonene, and eugenol [197]. Another study showed flavonoid compounds including
isoquercitrin present in the okra seed extract, which had significant cytotoxic effects against
cancer cells when delivered in its native form, as well as in the form of polymeric micelles.
The plausible mode of action was suggested to be via the inhibition of VEGF production
leading to migration impairment, inducing apoptotic cell death [198]. Additionally, Abel-
moschus-derived hyperin (quercetin-3-O-[3-d-galactoside), an important flavonol glycoside
phytocompound, was shown to induce strong anticancer potential against gastric cancer
cells at a concentration of 50 and 100 pg/mL by targeting the Wnt/3-catenin signaling
pathway which, in turn, inhibited cancer cell proliferation, migration, and invasion in both
an in vitro and in vivo xenograft tumor mice model [199].

Other than the abovementioned phytochemicals with cytotoxic potential, a lectin
isolated from okra seed meal, A. esculentus lectin (AEL), present as a 10.29 kDa monomer or
as a 20.58 kDa dimer protein, also demonstrated selective cytotoxic effects against MCF-7
cells compared to normal skin fibroblast cells. AEL induced cell death via an apoptotic
pathway, which was evident from the increased expression of pro-apoptotic caspase-3,
caspase-9, and p21 genes, as well as enhanced Bax/Bcl-2 ratio [200]. Another study also
revealed the antiproliferative and antimigratory effectiveness of AEL against neural cancer.
The results showed the ability of AEL to induce G0/G1 phase cell cycle arrest and apoptosis
by modulating caspase 3 and 7 expression, with a plausible association with enhanced
intracellular ROS generation. As another interesting finding, this study further showed
AEL-mediated downregulation of the circadian clock and Bmall gene expressions, which
promote cancer cell growth and proliferation, therefore playing a significant role in glioma
development [201]. Furthermore, cerium oxide (CeO2) nanoparticles synthesized from
the fruits of A. esculentus induced significant cytotoxicity against HeLa cancer cells in a
dose-dependent manner with an ICsy value of 85.74 pg/mL [202].

Toxicological studies with distilled water, hot water, and hot buffer (HB) of okra pod
extract showed an LDsg of >5000 mg/kg body weight in the oral acute toxicity study. No
toxicity was observed in a subchronic study with 1000 mg/kg extract ingested by mice
for 28 days, which indicates the safety of okra extract for short-term administration [203].
Another study showed a value of LDs5( > 2000 mg/kg as a safe dose in an acute oral toxicity
study, whereby mice were treated with an aqueous and methanolic extract of A. esculentus
seeds [204]. An acute oral toxicity assessment of A. esculentus peel and seed extracts in
Wistar rats at 2 g/kg showed no signs of toxicity [205]. The few clinical studies of okra and
its components on their antidiabetic and lipid-lowering effects did not report any negative
side effects associated with the consumption of okra preparations [206-209]. Unfortunately,
even widely used as a dietary fruit, clinical studies on the efficacy and induced toxicity
concerning okra are inadequate.

3.6. Carissa macrocarpa (Eckl.) A.DC.

C. macrocarpa (Natal plum) from the Apocynaceae family, which is native to Central
and Southern Africa, grows as coastal bush widespread along the east coast of South Africa,
from Humansdorp, KwaZulu-Natal to Kosi Bay and extending to Mozambique [210]. This
plant is a fast-growing shrub that usually grows along the coast. It typically grows as a
dense, prickly shrub, but it can also develop into a small tree up to 4 m tall. The plant
yields large, oval, and fleshy red ripe edible fruits, approximately 15 mm long, enclosing a
firm reddish pulp in which numerous small seeds are embedded [113,210].

In many parts of Southern Africa, the fruits of this plant have traditionally been
used to treat certain symptoms in human immunodeficiency virus (HIV)- and hepatitis-
affected patients [118,119]. Phytocompounds, like 3-amyrin, methyl oleanolate, and 3f3-
hydroxyolean-11-en-28,13(3-olide, have been isolated from dichloromethane extract and
oleanolic acid from the methanol extract; amongst them oleanolic acid and -amyrin
have been suggested to possess anticancer activities [118]. Souilem et al. evaluated the
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phytochemical profile of hydroethanolic extract of C. macrocarpa fruits with high contents of
sugars and polyunsaturated fatty acids, five organic acids (oxalic, quinic, shikimic, ascorbic,
and citric acid) and two tocopherol isoforms. This extract demonstrated a significant
inhibitory effect against cancer cells with a G5 in the range of 52.1 to >109 ug/mL, without
toxicity for nontumor cells [119]. An acute oral toxicity study conducted on Wistar rats
orally administered with C. macrocarpa MeOH fraction of the leaves showed no toxicity,
mortalities, or any physical or behavioral abnormalities at the highest dose of 500 mg/kg
body weight [211].

3.7. Carpobrotus edulis (L.) L. Bolus

C. edulis (sour fig) is a robust, evergreen, succulent, drought-resistant, and trailing
perennial halophyte plant that belongs to the Aizoaceae family, which is a native to the
Cape Coast region of South Africa but have become one of the most important invasive
species in Europe, Australia, and the United States [212]. The plant is a sturdy, flat-growing,
and trailing perennial with roots that form dense mats at nodes and horizontal stems that
curve upwards at the growing point. The plant yields edible fruits that measure 35 mm
in diameter and are indehiscent and shaped like spinning tops with the seeds enmeshed
in the mucilage. When ripe, the fruit turns yellow and becomes fragrant. With time, the
fruit’s exterior wall turns leathery, wrinkly, and yellowish [81].

Different parts of this succulent have been used in traditional medicine across South
Africa to treat a wide range of ailments, including microbial infections, tuberculosis, respi-
ratory infections, skin problems, sore throat and mouth infection, HIV/AIDS, hypertension,
and diabetes mellitus. [212,213]. The phytochemical analysis of different extracts of the peel
and flesh of fruits of C. edulis showed the highest amounts of phenolic acids, flavonoids, and
coumarins in peel extracts. Further, the HPLC-ESI-MS/MS analysis revealed the presence
of specific phytocompounds in a particular fruit part, for example, coumaric acid and uvaol
in the peel and vanillin and kaempferol-O-(rhamnosyl)hexosylhexoside in the flesh, and
the presence of azelaic acid and emodin was also reported for the first time in C. edulis
fruits [212]. Many of these phytochemicals hold potential as an effective anticancer agent;
unfortunately, no studies have been reported that evaluated the same but with fruits of C.
edulis. Castafieda-Loaiza et al. demonstrated that the fruit extracts have insignificant to low
cytotoxicity on the human keratinocyte cell line HaCat due to the antioxidant properties
and tyrosinase inhibition activity, indicating its potential exploitation as a safer cosmetic
ingredient [212].

In one study, the brine shrimp lethality test revealed that a leaves extract of C. edulis
was relatively less toxic, with death rates of 47.43% and 48.06% for 24 h and 48 h, respec-
tively [214]. This finding was further supported by another study that found that aqueous
and methanolic extracts of C. edulis at a 2 mg/mL concentration were safe or nontoxic
using a brine shrimp lethality bioassay [215]. A study conducted with Sprague-Dawley
rats showed that aqueous extracts of the leaves of C. edulis are potentially safe with an
LDsg dose of >2000 mg/kg. Further, in an subacute toxicity study, the rats’ body weight,
feed and water intake, histology, or the tested biochemical parameters did not show any
negative effects upon oral administration of 1000 mg/kg extract for 28 days [216].

3.8. Syzygium cumini (L.) Skeels

S. cumini (java plum) is a large evergreen tropical tree belonging to the Myrtaceae
family and is mainly native to the Indian subcontinent; however, today this tree is cultivated
in many parts of Africa, including Eastern Africa, South Africa, and Madagascar. S. cumini
is a large, densely foliated evergreen tree 5-10 m tall and has thick, woody scale-exfoliating,
and greyish-brown bark. The fruits are sweetly flavored, dark-purple or nearly black
berries that are oblong and frequently 1.5 to 3.5 cm long. They are luscious, fleshy, and
edible, with one large seed inside [217].

Because of the presence of bioactive compounds in various plant parts, S. cumini is
known to have a wide range of medicinal properties. The fruits are used to treat pharyngitis
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and splenic diseases, while the bark is used as an astringent, an anthelmintic, and a carmina-
tive. The leaves are used to treat dermopathies, gastropathies, constipation, leucorrhea, and
diabetes. Additionally, seeds are employed in the treatment of diabetes and as astringents
and diuretics [217,218]. In Indian traditional medicine, the use of S. cumini seeds have
shown great potential in the treatment of diabetes, scurvy, hypertension, and diarrhea. The
pulp part of this fruit has been reported to be rich in anthocyanin content, whereas its
seed contains high amounts of ellagitannins and ellagic acid, which is responsible for its
health benefits [39,219]. The presence of such potent anticancer bioactive phytochemicals
also showed the potential of S. cumini fruits as an antineoplastic and chemopreventive
agent [220]. In one study, hydrolyzed pulp and seed extracts of java plum showed strong
antiproliferative activity against cancer cells compared to unhydrolyzed extracts, which
was attributed to the high content of anthocyanidins, polyphenolics, ellagitannins, ellagic
acid flavonoids, and terpenes [219]. Further, a standardized S. cumini fruit pulp extract that
reported high contents of five anthocyanidins, delphinidin, cyanidin, petunidin, peonidin,
and malvidin, in the form of diglucosides exhibited concentration- and time-dependent
antiproliferative and pro-apoptotic effects against estrogen-dependent/aromatase-positive
and estrogen-independent triple-negative breast cancer cells. Importantly, the effects were
selective and more pronounced in estrogen-dependent/aromatase-positive cells, with a
negligible effect on normal nontumorigenic breast cell lines [221]. The crude and methanolic
extracts of java plum fruit skin along with the outermost layer demonstrated antiprolifera-
tive and apoptotic effects against HPV-18-positive HeLa and HPV-16-positive SiHa cervical
cancer cell lines [222].

Interestingly, the anticancer efficacy of S. cumini seed hydroalcoholic extract was
investigated against chemical carcinogen-induced skin carcinogenesis in Swiss albino mice
tumor models. The study showed that daily oral administration of extract at a dose of
125 mg/kg body weight resulted in a significant reduction in the number of skin papillomas
along with a greater decrease in tumor burden, tumor yield, and tumor incidence (75%). The
effect was suggested due to the strong antioxidant properties of anthocyanins, flavonoids,
gallic acids, quercetin, tannins, etc., present in the extract. This demonstrated the utility
of the extract both as a cancer chemopreventive and as a treatment agent [223]. Similarly,
the extract also showed antitumor and antioxidative efficacy against an in vivo gastric
carcinogenesis model, with a significant reduction in tumor incidence, tumor burden, and
cumulative number of gastric cancer papillomas, whereby the Swiss albino mice were
orally administrated an extract dose of 25 mg/kg of body weight per day. The efficacy
was due to their potential to reduce the lipid peroxidation level along with significant
enhancement of the antioxidant protein GSH and catalase activities [224].

According to several studies, orally administered S. cumini does not cause acute or
chronic toxicity [218,225]. An acute toxicity study with ethanolic extract of S. cumini seeds
indicated an LDsy of >2000 mg/kg in Albino mice, while a subacute toxicity study at a
given dose of 1000 mg/kg, once daily for 4 weeks, indicated no significant change in the
general physiological and hematological parameters of liver and renal functioning [226].
The LDs( dose for a methanolic extract of seeds was found to be 5000 mg/kg bodyweight
in albino rats [227]. As per a study conducted by Silva et al., the oral administration of
a hydroalcoholic extract of S. cumini leaves at doses up to 2 and 6 g/kg to rats and mice,
respectively, did not have an immediate or long-lasting toxic effect up to 14 days, while
intraperitoneal administration of the extract killed 70% of the mice at a dose of 0.5 g/kg
and 67% of the rats at a dose of 2 g/kg [228]. Additionally, the fact that the LDs value
of the methanolic extract of the fruit was above 3000 mg/kg indicates that traditional
fruit is practically safe or nontoxic, because no behavioral changes and no mortality were
noted during acute (14 day) and subacute (28 day) toxicity studies in rats [229]. Moreover,
clinical studies on the antihyperglycernic effect of S. cumini also supported their safe use in
humans [218,230-233].
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3.9. Kigelia Africana (Lam.) Benth.

K. africana (sausage tree), which belongs to the Bignoniaceae family, is a tropical
African medicinal plant that is widely cultivated in Central, Southern, and Western Africa.
The plant is a medium to large semi-deciduous tree with a short, squat trunk that has
light brown, occasionally flaky bark and supports a dense, rounded to spreading crown
of leathery, slightly glossy, and deciduous foliage that is 18 m high and 20 m wide. Its
fruits are long and woody, resembling sausages, and they hang from the tree on long
stalks that resemble cords. The enormous size of the fruit can reach 1 m x 18 cm and
weigh up to 12 kg, and fruiting season is from December to June. When ripe, the fruits are
brownish-grey in color and contain a tough, seed-filled pulp that is inedible [234,235].

This tree has been reported to be used as traditional folk medicine in the treatment
of a variety of skin conditions, impetigo, syphilis, leprosy, skin cancer, dysentery, malaria,
diabetes, pneumonia, worm infestations, convulsions, venereal diseases, toothaches, or as a
snakebite antidote [236]. Phytochemical investigation of this fruit’s extracts have shown the
presence of iridoid glycosides, derivatives of furanone, phenylpropanoid and eucommiols,
naphthoquinones, flavonoids, terpenes, terpenoids, coumarins, and phenylethanoglyco-
sides [235-238]. In several African countries, the fruit extracts of K. africana have been used
traditionally as herbal remedies for the treatment of cancer-related infections, melanoma,
skin neoplasms, and endometrial cancer [235,239].

Detailed studies show that several phytocompounds, like norviburtinal, demethylkigelin,
kigelin, furonaphthoquinone, 2-(1-hydroxyethyl)-naphtho[2,3-b]furan-4,9-dione, and fer-
ulic acid, present in the fruit extract fractions are some of the major cytotoxic phytocom-
pounds against cancer cells [240,241]. Even the oil obtained from K. africana seeds have
shown to inhibit cancer cell growth [242]. In vivo studies further demonstrated the effec-
tiveness of the fruit extract on forestomach tumorigenesis mice model, whereby 67% and
76% inhibitions were reported in tumor incidence and burden on oral administration of the
extract at a dose of 2 mg/day [243]. In another study, K. africana fruit extract was shown
to be an effective anticancer agent in reversing the leukemic effects in a rat tumor model
by alleviating the anemia indices and reducing the leukocytosis compared to untreated
leukemic animals. Here, the animals were administered with 100 mg/mL of extract mixture
containing 0.5 mL stem-bark, 0.5 mL fruit, and 0.2 mL leaf extract [244].

An in vitro study with water and/or dichloromethane:methanol extract of leaves
was shown to inhibit cell growth in human kidney epithelial cell line by 22% and 16%,
respectively [245]. The ethanolic root extract of K. africana toxicity revealed a lethality-
testing effect on brine shrimp larvae in a rose dose-dependent manner with LCsy and LCyq
values of 100 and 350 pug/mL, respectively [246]. Only a few toxicity studies on various
K. africana extracts have been reported, and the majority of these studies focused on acute
toxicity [235]. Oral administration of hydromethanolic root extracts of K. africana indicated
an LDs5p dose of 5000 mg/kg body weight in albino rats, while a 3000 mg/kg dose of
the extract was toxic at subchronic administration for 28 days, as indicated by liver and
kidneys lesions [247]. Another study on the oral administration of ethanolic bark extract
showed an LDsj of 955 mg/kg body weight [246]. The study of the acute oral toxicity of
the leaves’ methanolic extract showed no behavioral changes, toxic reaction, or mortality in
mice up to 2500 mg/kg bodyweight, while a dose of 5000 mg/kg resulted in death and the
development of toxic symptoms [248]. Oral acute toxicity study with methanolic stem-bark
showed no toxicity at lower doses (10 mg/kg, 100 mg/kg, and 1000 mg/kg) while higher
doses (1600 mg/kg, 2900 mg/kg, and 5000 mg/kg) resulted in the treatment animals’
deaths. The calculated LDsy was then determined to be 1264.9 mg/kg body weight [249].
The LDs of the intraperitoneally administered aqueous leaf extract to mice was calculated
to be 785.6524 mg/kg [250]. Another study found that the intraperitoneal administration
of stem-bark methanol extract had a somewhat higher LDsg of 3000 mg/kg in mice [251].
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3.10. Annona muricata L.

A. muricata (soursop), belonging to the Annonaceae family, is native to the warmest
tropical areas in South and North America but now widely grows throughout tropical
and subtropical parts of the world, including the rainforests of Africa. The tree grows to
a height of 5-8 m and a diameter of 15-83 cm, with a large, glossy, and dark-green leafy
canopy, and it typically produces flowers and fruit throughout the year. Its green fruits
are 15-20 cm in diameter, edible, and heart shaped with 55-170 fresh black seeds that turn
light brown when dried. The flesh is white and creamy and has a distinctive flavor and
aroma [252].

Several parts of this plant have been used as traditional medicine for the treatment of
several ailments, including cystitis, diabetes, headaches, skin diseases, vaginal infections colds,
flu, asthma, malaria, rheumatism, kidney disorders, insomnia, and many more [252]. Several
bioactive constituents are present in the whole fruit, pericarp, and seeds of A. muricata, including
annonaceous acetogenins (metabolites and products of the polyketide pathway), alkaloids,
flavonoids, and sterols. These bioactive compounds are suggested to be responsible for their
anticancer properties [253]. The crude ethyl acetate extract of A. muricata pericarp showed
significant cytotoxicity against the cell line U-937 [254]. C-35 annonaceous acetogenins (muricins
M and N) and C-37 annonaceous acetogenins isolated from bioassay-guided fractionation of this
fruit exhibited cancer cell growth inhibition with the following potency: muricin N > muricin
M > muricenin [255]. In another study, the authors investigated the anticancer potential of
monotetrahydrofuran annonaceous acetogenins, (muricin H, muricin I, and cis-annomontacin),
acetogenins, annonacin, annonacinone, annomontacin, murisolin, and xylomaticin isolated from
the A. muricata seeds’ extracts, whereby monotetrahydrofuran annonaceous acetogenins showed
potency [256]. A study conducted by Dai et al. demonstrated the selective inhibition of the
growth of EGFR-overexpressing human breast cancer cells upon treatment with aqueous acetone
fruit extract of A. muricata, while other breast cancer cells were less sensitive to the treatment,
and no significant cytotoxicity was observed on nontumorigenic human breast epithelial cells.
The treatment resulted in the downregulation of EGFR gene expression, G0/G1 cell cycle arrest,
and induction of apoptotic cell death. The study further showed the effectiveness of the dietary
treatment of the xenograft mouse model with a 200 mg/kg diet for 5 weeks, resulting in tumor
growth inhibition by negatively regulating the EGFR/ERK signaling pathway [257].

The current information on the plant’s safety aspects shows the toxicology effect of the plant
due to the presence of neurotoxic annaceous acetogenins and benzyltetrahydro-isoquinoline
alkaloids [252,258]. The oral acute toxicity study showed an LDsj dose of 1.67 g/kg with an
ethanol extract from A. muricata leaves in Wistar rats [259]. The aqueous extract of A. muricata
leaves indicated to be safe with an LD5y dose of <5 g/kg body weight in Swiss albino mice;
however, the extract at 1000 mg and above may likely cause kidney damage when administered
for 14 days [260]. One study reported that among the other plant parts, the seeds, fruit pulp,
and pericarp of A. muricata were the most toxic when extracted in methanol indicated by an
LDsp dose of 0.85 g/kg, 1.09 g/kg, and 1.58 g/kg, respectively [261]. In Swiss albino mice, a
single dose of 250, 500, or 1000 mg/kg of aqueous extract of leaves did not show any behavioral
changes or death in experimental animals [262].

3.11. Persea americana Mill.

P. americana (avocado), a member of the flowering plant family Lauraceae, is native
to Mexico and Central America. The plant was introduced in South Africa by settlers and
colonies and, presently, they are cultivated in the humid, subtropical regions of the country,
in the provinces of Limpopo and Mpumalanga. The avocado tree is a multistemmed
tropical evergreen that typically reaches a mature height of 30 to 60 feet, and the tree
canopy ranges from low, dense, and symmetrical to upright and asymmetrical. The fruit
is a berry with a single large seed and a yellow-colored, buttery pulp surrounding it that
can weigh up to 2.3 kg and range in shape from spherical to pyriform. The thickness and
texture of the skin varies. Depending on the variety, the fruit can be green, black, purple, or
reddish when it has reaches maturity [263,264].
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The plant parts are used in traditional medicine to treat a number of conditions,
including skin rashes, diabetes, bronchitis, diarrhea, hypertension, stomach aches, men-
orrhagia, coughs, liver obstructions, menstrual problems, rheumatism, and high uric
acid [263,265,266]. The fruits are rich in several different phytochemicals and metabo-
lites, including fatty alcohols, furan derivatives, carotenoids, phenolics, diterpenoids,
lignan derivatives, and essential oils. Several preclinical studies demonstrating the cy-
totoxic properties of avocado fruits against different types of cancer have been exten-
sively reported and reviewed. Several bioactive phytocompounds, such as proanthocyani-
dins, aliphatic acetogenins, lutein, zeaxanthin, 3-cryptoxanthin, «-carotene, 3-carotene,
a-tocopherol, y-tocopherol, 1,2,4-trihydroxynonadecane, 1,2,4-trihydroxyheptadec-16-ene,
1,2,4-trihydroxyheptadec-16-yne, triterpenoid, 4-hydroxy-5-methylene-3-undecyclidenedih
ydrofuran-2 (3H)-one, (2R)-(12Z,15Z)-2-hydroxy-4-oxoheneicosa-12,15-dien-1-yl acetate,
and persenone a and b, isolated from the whole fruit, pulp, and seeds of avocado have
shown significant cancer cell inhibition in vitro and in vivo. Detailed studies have shown
that these bioactive phytochemicals target several molecular targets involved in cancer
cell proliferation, survival, migration/invasion, and apoptosis, as well as inflammatory
responses (Figure 1) [267].
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Figure 1. Anticancer molecular pathways targeted by P. americana extracts and isolated phytochemi-
cals. Adapted from [267].
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A case-control study suggested that higher intake of avocado in men is associated with
reduced risk of prostate cancer. This fruit is a major source of dietary monounsaturated
fatty acid (MUFA), where oleic acid itself accounts for ~50% of the MUFA content, which
resulted in a high whole blood oleic acid proportion in the study population. However, the
relationship between MUFA content in avocado and prostate cancer may be more complex
and needs further investigation [268].

The ethanol extract of avocado flesh is regarded to be safe, as indicated by no toxic
symptoms or lethality in Wistar rats, showing the maximal tolerable dose (MTD) to be
>10 g/kg and an Lz of >5 g/kg body weight [269]. Similar results were also shown in
another study, whereby the acute treatment of rats with an aqueous extract of seeds in
doses above 10 g/kg did not result in death or any other toxicological symptoms [270]. An
LDsp > 5000 mg/kg was reported in acute studies in Wistar rats treated with an ethanolic
extract of seeds. However, subacute oral administration of extract at 400 and 800 mg/kg
for 28 days significantly led to liver and kidney damage [271]. Another study determined
the effect of avocado seed flour, whereby the oral LDs5y was 1767 mg/kg body weight
of mice [272]. Also an LDsg > 4000 mg/kg was tested in Sprague-Dawley rats treated
with a methanolic extract of seeds with no reports of mortality or overt signs of toxicity or
distress [273]. While a very high dose of 15,000 mg/kg body weight was indicated as the
oral LDg for an ethanol extract of avocado fruits [274].

The fruit pulp oil of P. americana showed no genotoxic effects in vitro both in V79
cells (highest concentration of 800 pug/mL) and in Swiss mice (highest concentration of
2000 mg/kg) using micronucleus assays. Additionally, both in vitro and in vivo, pulp oil
indicated protection against other mutagen-induced genotoxicity. However, significant
cytotoxicity was reported in V79 cells at concentrations of 1250, 2500, and 5000 pg/mL.
Also, the long-term administration of a 1000 mg/kg dose indicated hepatic tissue damage,
suggested due to the presence of high concentrations of palmitic acid [275]. Similar results
were reported in another study, where chromosomal aberrations induced by cyclophos-
phamide in lymphocyte cell proliferation were reduced by methanolic extract of avocado
fruits at a concentration of 200 mg/kg body weight of animal [276]. On the contrary, an-
other study showed chromosomal aberrations in cultured human peripheral lymphocytes
exposed to methanolic extracts of fruit and leaves, where the concentration ranged from
100 mg/kg, 200 mg/kg, and 300 mg/kg [277].

In one study, the administration of avocado leaves and isolated persin at a dose rate of
60-100 mg/kg demonstrated the development of noninfectious lesions in lactating mice’s
mammary glands [278]. Several animal species, including sheep, goats, dogs, rabbits,
ostriches, and horses, have been reported to experience avocado poisoning. For animals
that are vulnerable, the leaves, fruits, and seeds of avocado trees are suggested to be toxic
at high doses. Persin, an acetogenin derived from the biosynthesis of long-chain fatty
acids, which is present in the leaves, fruits, and seeds of P. americana, is thought to be
responsible for the toxic effects of avocado [279-284]. All of these studies suggest that
the administration of P. americana supports its use as an ethnomedicine, while caution
should be taken regarding the dose and long-term usage, as prolonged use may result in
irreparable kidney and hepatic damage.

3.12. Punica granatum L.

P. granatum (pomegranate), belonging to the Punicaceae family, is a native shrub of
the Mediterranean region. However, because of their adaptive behavior to a wide range
of climates, from subtropical to Mediterranean, with cool winters and hot summers, they
are grown worldwide. Being an exotic plant in South Africa, it is grown and cultivated
throughout the country. Punica granatum is a spiny, deciduous shrub or small tree reaching
heights of up to 4-5 m, with deep roots but slow growth, an open canopy, and a crown
that branches from low down. The plant has flaky bark with thorny branches that wrap
around one another. The edible fruit is a berry that is 5 to 12 cm in diameter, has a rounded
hexagonal shape, thick reddish skin, and 600 or more seeds encased in a white, astringent,
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and spongy pulp. The edible aril is the fruit’s water-filled pulp that ranges in color from
white to deep red or purple [285,286].

According to ancient Ayurvedic medicine and Chinese folk medicine, extracts and for-
mulations made from the fruit, bark, juice, root, and dried peels have extensively been used
over generations for treating ulcers, diarrhea, male infertility, diabetes, dysentery, intestinal
parasites, malaria, bacterial and fungal infections, sore throats, coughs, urinary infections,
digestive disorders, skin disorders, arthritis, and many more [287,288]. Among all of the
reported fruits in this review, P. granatum is one of the most extensively researched fruits
for its anticancer activities. Because of the richness of phytochemicals, like anthocyanins,
tannins, flavonoids, and alkaloids bioactive compounds, the whole fruit, including peels,
pericarp, seeds, and juice, have been studied, reported, and reviewed for their anticancer
efficacy against several cancer types [285,288-290].

Interestingly, because of the promising efficacy of P. granatum fruits in targeting
different cancer molecular pathways, several clinical studies have been initiated. Oral ad-
ministration of the fruit extract (POMXx) in prostate cancer patients for four weeks showed
a significant accumulation of urolithin A, a P. granatum metabolite in the prostate. This
was correlated with a significant decrease in an oxidative stress biomarker (8-hydroxy2’-
deoxyguanosine) in prostate tissue [291]. In a phase II clinical study, patients with recurrent
prostate cancer following primary therapy (surgery or radiotherapy) were treated with
8 ounces of pomegranate juice daily until disease progression. The results showed signif-
icant prolongation of prostate-specific antigen doubling time (PSADT) from an average
of 15 months to 54 months following 33 months of therapy, along with a 23% increase in
serum nitric oxide and significant reductions in oxidative state and sensitivity to oxidation
of serum lipids post pomegranate juice consumption [292]. Further, a randomized, double-
blind phase II clinical study showed a lengthening of PSADT by more than 6 months in
prostate cancer patients following local therapy [293]. In another clinical study, patients
with prostate cancer when administrated with 200 mL of pomegranate juice for 3 days
showed the accumulation of ellagitannin metabolites urolithin A glucuronide, urolithin B
glucuronide, and dimethyl ellagic acid in the prostate gland, responsible for its beneficial
effects against prostate cancer [294].

The ethanolic extract of pomegranate seeds was considered to be safe in Swiss Webster
mice at doses > 160 mg/kg body weight when administered as an oral topical solution
without any induced acute systemic toxicity [295]. The intraperitoneal administration of a
hydroalcoholic extract of fruits to mice indicated an LDsg dose of 731 mg/kg [296]. The use
of methanolic extract of fruit peel showed no toxicity when administered directly via the
oral cavity under 7.5 mg/kg, according to a 22-day gavage study with repeated doses in
BALB/c mice [297]. Another study demonstrated an oral LDs5( > 5 g/kg body weight and
an intraperitoneal injection LDsj of 217 mg/kg body weight for rats and 187 mg/kg body
weight for mice, respectively. No treatment-related toxicological changes were observed
upon the administration of pomegranate extract [298].

A study conducted to assess the in vivo antigenotoxic and toxicological effects of
fruit peel hydroethanolic extract exhibited a potent antigenotoxic effect in Swiss mice
with significant reduction rates in doxorubicin-induced micronucleus frequency with
700 mg/kg treatment dose. Furthermore, no genotoxic or cytotoxic effects were detected
in the mice [299]. Similar results were shown whereby leaf and fruit extracts (12.5, 25,
50, and 75 mg/kg) did not exhibit any cytotoxic effects on bone marrow cells in mice
administered oral treatments for 10 days [300]. Additionally, mice given oral pomegranate
aqueous extracts (1000 and 2000 mg/kg b.w.) had no genotoxic effect as measured using a
micronucleus test [301]. The metabolites gallic acid (ICsy 41.2 ug/mL), ellagic acid, and
punicalagin (ICsp 314.1 ng/mL) were found to be the most cytotoxic to bovine kidney
epithelial cells (MDBKSs) and were suggested to be the most toxic metabolites from a crude
pomegranate fruit extract resulting in toxicity in farm animals [302]. Several clinical studies
have looked into the effects of pomegranates on a wide range of medical disorders [303]. To
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fully establish the clinical applications and therapeutic role of pomegranate as an anticancer
agent, additional carefully planned clinical trials are required.

Other than these reported fruits, as per the anticancer screening program report,
other fruit extracts from Southern African plants like Rhus lancea E. Mey. ex Harv. &
Sond. and Gomphocarpus fruticosus (L.) Aiton f. have shown moderate anticancer activity
with total growth inhibition (TGI) at a concentration range of 13.23-16.66 mg/mL and
6.78-30.20 mg/mL, respectively [35]. Phytocompounds like 21-3-acetoxymelianone, 3-
a-tigloylmelianol, and melianone isolated from the fruits of Melia azedarach have also
been shown to induce moderate to strong cytotoxicity against cancer cells [304]. Aqueous
extract of the fruit pulp and fractions of Adansonia digitata showed mild cytotoxic potential
against human oral cancer cell lines [305]. In addition to these, there are several other
native and non-native African plants, like Rhus vulgaris Meikle, Carica papaya L., Solanum
aculeastrum Dunal subsp. aculeastrum, and Capsicum frutescens L., whose fruits and seeds
have traditionally been used to treat or manage several cancer types [306].

Table 2. Summary of effects of fruit extracts or isolated phytochemicals against fruits and their
phytochemical profiles.

Cell Lines and In Vivo Phytochemicals/Fruit or . .
Human Cancer type Models Seeds Extracts Effective Concentration Reference
Extracts from X.
Colorectal cancer HCT116, DLD-1 strumarium and T. terrestris 100 mg/mL [129]
fruits
Extracts from X.
Oral cancer SAS, TW2.6 strumarium and T. terrestris 50 and 100 mg/mL [130]
fruits
. Aqueous extract of T.
Liver cancer HepG2 terrestris fruits 200 and 500 mg/L [131]
LCsyq values of
Colorectal, breast, liver Colo20, HCT116, DLD, Withania somnifera fruit 287.8 (Colo20), 410.2
cancer, and T-cell MCF-7, Jurkat, HepG2 extract (HCT116), 226.3 (MCF7?), [164]
lymphoma ! s Hep 356.4 (Jurkat), and
164.7 (HepG2) pg/mL
Leukemia Primary leukemia cells ), o 60 et extract LDs 1.45 + 0.05 TU [159]
from patients
Methanol extract LCs values
of 50.18 pug/mL (Jurkat),
112.9 pg/mL (HepG2),
Liver. lune cancer 163 pg/mL (L929) and ethyl
JVer ung ’ HepG2, A549, Jurkat, . acetate fraction LCs
fibrosarcoma, and W. somnifera seed extract [146]
T-cell lymphoma HepG2 48.73 ng/mL (Jurkat),
68.739 pug/mL (HepG2), and
111 pg/mL (L929)
Both extracts were less
effective against A549
Isolated pentacyclic
. HepG2, A549, HCT116, triterpenoids from the ICsg range between 4.27 mM
Liver, lung, and colon SW480 fruits of Xanthium and >100 mM [147]
strumarium
Cervical cancer Hela Hydro-alcoholic extract of Effective dose range of 12.5, [149]

X. strumarium fruits 25, and 50 mg/mL
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Table 2. Cont.
Cell Lines and In Vivo Phytochemicals/Fruit or . .
Human Cancer type Models Seeds Extracts Effective Concentration Reference
ent-kauranoid glycosides
Cerv1ca1., colon, and HeLa, HT-29, AGS (fructusnoids A-C) frlom ICs5¢ range between 7.6 uM [150]
gastric cancer extract of X. strumarium to >50 uM
fruits
Breast cancer MDA-MB-231, MCE-7 Ethanol extract of .Xy lopia ICsg values of ~5 mg/mL [180]
aethiopica fruits
ICsq values of 60.2 mg/mL
Cervical, oral, breast, C-33A, KB, MCEF-7, Methanol extract of X. (MCE-7), 62.5 mg/mL (KB), [179]
and lung cancer Ab549 aethiopica fruits 30.8 mg/mL (C-33A), and
>100 mg/mL (A549)
e acd soloed rom 1 values of 12 g/mL
Leukemia, colon cancer =~ HCT116, U937, KGla (HCT116), 7.5 ug/mL (U937), [181]
ethanol extract of X. and >25 pg/mL (KGla)
aethiopica fruits HE
. . ICsq values of 6.86 mg/mL
. MiaPaCa-2, (Mia PaCa2), 3.91 mg/mL
Pancreatic cancer, CCRF-CEM, Methanol extract of X. (CCRF-CEM), and [182]
leukemia multidrug-resistant aethiopica fruits 7.4mg /m’L
CEM/ADRS5000 (CEM/ADRS5000)
Drug-sensitive
Cillills—idEgd A?;I/?ngio ICsq values of 4.11 mg/mL
cD/N A3 HCT116 (CCRF-CEM), 7.94 mg/mL
(p 534 /+)’ USTMG Methanol extracts of (HL60), 30.60 mg/mL
Leukemia, breast, liver P He G/2 cells ! rhizomes of E. giganteus, (HL60AR) 5.19 mg/mL
and colon cancer, multi dliu -resis;ant roots of I. cylindrica, seeds ~ (MDA-MB231) 10.04 mg/mL [183]
glioblastoma HI~ 6%) /AR of P. capense and X. (MDA-MB231BCRP),
MD A-MB—231-B/ CRP aethiopica 4.37 mg/mL (HCT116
clone 23, HCT116 po3+/4), E‘SS 13'22)8 mg/mL
(p53—/-), P
U87MG.AEGFR
Drug-sensitive cell
lines CCRF-CEM,
cl\lglt\)li’—sMgg%_le 34/ 5-t1r:ilﬁvzrrl§>l<d-6” g.  1Coo range for flavonoid from
Acute lymphoblastic ( §3+ /4) I,JS7MG and d’in;eth ly rang/[z 3’_ 1 2.61 uM (CCRF-CEM) to
leukemia, breastand ~ \Foo. ! TN Yipy Y 18.60 uM (US7MG.AEGFR)
multidrug-resistant cell flavone, and alkaloid . [184]
colon cancer, . . . . and alkaloid from 1.45 uM
. lines CEM/ADRS5000, isotetrandrine derived
glioblastoma (HepG2) to 7.28 uM
MDA-MB-231-BCRP from methanol crude (MDA-MB-231-pcDNA)
clone 23, HCT116 extract of X. aethiopica fruits p
(p53—/-),
U87MG.AEGFR
Effective dose range of
. Hydroethanol extracts of X. 500 mg/mL
Lung and gastric cancer AS49, AGS aethiopica fruits ICsq value for AGS of [186]

151 mg/mL
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Table 2. Cont.

Cell Lines and In Vivo

Phytochemicals/Fruit or

Human Cancer type Models Seeds Extracts Effective Concentration Reference
olean-12-en-3-O-f3-d-
glucopyranoside,
isoquercitrin and
I ql_ _
Cervical and lun 5’?{: An telz_t;e_ig}j&r_(éx_y Relatively nontoxic or mildly
ervie & HeLa, MRC-5 SV2 vono toxic at a concentration of [194]
cancer glucopyranosyl-(1—6)]-f- 100 me /mL
d-glucopyranoside derived &
from methanolic fruit
extract of Abelmoschus
esculentus
ICs5¢ values of 49.62 mg/mL
Nonsmall cell lur}g NCL-H460, MCF-7, Extracts of A. esculentus (NCL-1460), 56.40 mg/mL
cancer, breast, cervical, HeLa, HepG2 ods (MCF-7), 67.27 mg/mL [197]
and liver cancer s Hep p (HeLa), and 167.95 mg/mL
(HepG2)
A. esculentus seed extract
Breast, liver, and and ethanol, Effective dose at 1000 pg/mL
cervical cancer MCEF-7, HepG2, Hel.a dichloromethane and of seed extract [198]
petroleum fraction
A. esculentus lectin from .
Breast cancer MCEF-7 Effective dose at 0.1 mg/mL [200]
Abelmoschus esculentus
Glioblastoma US7MG A. esculentus lectin from ICsp 21 pg/mL [201]
oblasto Abelmoschus esculentus 50 <1 M8
ICsq values of 66 pug/mL
Breast, cervical, liver, MCEF-7, Hela, Hydroethanolic extract of (HeLa), 57 ug/mL
and nonsmall cell lung NCL-H460. HenG2 C. macrocarpa fruits (NCI-H460), 109 pg/mL [119]
cancer s Hiep ’ P (MCF-7), and >400 ug/mL
(HepG2)
ICs5 values of 5.9 pg/mL
Breast, cervical, liver, MCEF-7, HeLa, HEPG2, Alcoholic extract of (MCF-7) and >10 pg/mL [220]
lung, and brain cancer H460, U251 Syzygium cumini fruits (Hela, HEPG2, H460, and
U251
75% aqueous ethanol fruit
Nonsmall lung cancer A549 pulp and seed powder of S. ICsq values of 59 pug/mL [219]
cells s (pulp) 38 png/mL (seeds)
cumini
3 . ICsq values of 27 pug/mL
Breast cancer Ml\lslii\zgfgél Fruit pli)lfpsp(c):;\;?iil;' extract (MCF-7aro) and 40 pg/mL [221]
' (MDA-MB-231)
Crude and methanolic Crude extract inhibited
Cervical cancer HeLa, SiHa extract of S. cumini fruit 33.7% (HeLa) and 24.4% [222]
skin (SiHa) cell growth
7,12-dimethyl
Skin cancer . benz(a)a.nthrac.ene Hydroalcoh.olllc extract of S. 125 mg / kg/body [223]
induced skin papilloma cumini seeds wt./animal/day
in vivo
Benzola]pyrene
Gastric cancer induced stomach Extract of S. cumini seeds 25 mg/kg body wt./day [224]
carcinogenesis in vivo
Dichloromethane extract ICsp values of 2.1 mg/mL
Melanoma G361 and fractions from Kigelia (extract), 1.2-15.4 mg/mL [240]

Africana fruit

(fractions)
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Table 2. Cont.

Cell Lines and In Vivo

Phytochemicals/Fruit or

Human Cancer type Models Seeds Extracts Effective Concentration Reference
ICsq value range of 0.3 to
Isolated phytocompounds ~ 180.5 mg/mL (SK-MEL-28),
Melanoma SK-MEL-28, MalMe-3M from K. Africana fruit 0.5 to 75.5 mg/mL [241]
(MalMe-3M)
n-Hexane extract of seed Effective dose of
Colon cancer Caco-2 oil from K. Africana fruit 20-120 mg/mL [242]
ICs5p range for methanolic
extract from 6.79 pg/mL
. . Huh-7, PANC-1,
coloreetor soctrie.and C010205 HT-29,  Methanol and ethyl acetate <§¥3§?2fd9§£ﬁzﬁgcﬁiﬁfe [236]
& ’ SNU-16, SW620, extracts K. Africana fruit Y
colon cancer HCT116 extract from 13.56 pg/mL
(SNU-16) to 112.74 ug/mL
(Huh-7)
Benzol[a]pyrene- .
Gastric cancer induced stomach Ethal’l01'1C extrac't of K. 2 mg/day for eight weeks [243]
. N Africana fruit
carcinogenesis in vivo
Leukemia Benzene-induced Ethanol extract of K. 0.5 mL of 100 mg/mL for [244]
Leukemia in vivo Africana fruit three weeks
Muricins M and N, and
muricenin isolated from Effective concentration of
Prostate cancer PCs Annona muricata fruit 20 pg/mL [255]
extract
ICsg values for muricin H of
0.0951 pg/mL (HepG2),
0.01181 pg/mL (Hep-G2/2.2.
Muricin H, muricin I, and 15), muricin 1 0.0509 pg/mL
. HepG2, Hep-G2/2.2. cis-annomontacin isolated (HepG2), 0.222 pg/mL
Liver cancer 15 from the seeds of A. (Hep-G2/2.2. 15), and [256]
muricata. cis-annomontacin
0.298 pug/mL (HepG2), and
0.0162 pug/mL (Hep-G2/2.2.
15)
Breast cancer MDA-MB-468 A. muricata fruit extract ICsq value of 4.8 ug/mL [257]

4. Conclusions

Africa is home to a wide variety of medicinal plants, and South Africa contributes

to approximately 20,000 different plant species, among which several have proved to be
promising anticancer agents. Despite their traditional use, reports on plants used for
the treatment of cancer are rare in the African continent. Among all of the plant parts
investigated, fruits have been explored to a much lesser extent. Therefore, in this review, we
tried to summarize the importance of several native or non-native fruits to Africa that have
been screened against different cancer cell types. To the best of our knowledge, this study
is the one of the first to provide information on the various fruits of different plant species
native or cultivated in Africa, particularly in Southern Africa, with potential anticancer
efficacy. Unfortunately, despite their health benefits, scientific reports on the investigation
of the anticancer potentials of fruits from indigenous Southern African plant species are
still unrecognized. Therefore, we widened our search results to include either native or
widely cultivated plant species in Africa. The outcomes show that fruit extracts from T.
terrestris, X. strumarium, W. somnifera, X. aethiopica, A. esculentus, C. macrocarpa, C. edulis,
S. cumini, K. Africana, A. muricata, P. americana, P. granatum, R. lancea, G. fruticosus, and A.
digitata have been investigated for their in vitro anticancer efficacy against several cancer
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types of cell lines. However, these studies are too limited and nonsystematic, which does
not allow for reaching a decisive conclusion on the most effective fruit or fruit extract to
extend to applications in preclinical and clinical studies.

Among all of the reported fruits, only the Punica granatum fruit has reached initial clin-
ical studies for the treatment of prostate cancer. Many phytochemicals isolated from fruits
have been investigated for their anticancer potential in clinical studies; however, as many
studies suggest, an extract in combination with several different classes of phytochemicals
can have better anticancer potency compared to isolated phytochemicals. Therefore, more
thorough research is required to create safe and effective treatment plans that screen fruit
extracts and identify potential new anticancer drugs. It is also essential to document and
preserve crucial information regarding traditionally important fruits with anticancer effects
as cultural heritage to serve as a foundation for scientific validation and the creation of
more effective cancer therapeutics. More importantly, it is advised that all phytochemical
substances be scientifically validated for their claimed efficacy, safety, and toxicity, because
inadequate standardization, safety measures, quality control, and adulteration with con-
ventional medicines pose a significant barrier to the use of phytochemicals and medicinal
plant extracts in clinics. Investment in future research on the effects of African fruits in
patients is needed as cost-effective and readily available treatment modalities /remedies
because of the burden of cancer in Africa. Funding endeavors for natural products for
cancer treatment would possibly assist in reducing this burden.
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