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Abstract

Background: Triple-Negative Breast Cancer (TNBC) remains the most aggressive oncologi-
cal challenge within the African continent, characterized by high molecular heterogeneity,
early onset in African women, and the absence of hormonal receptors. Multi-drug re-
sistance (MDR), driven by ATP-binding cassette (ABC) efflux pumps and supported by
the persistence of cancer stem cells (CSCs) within the tumor microenvironment, signifi-
cantly compromises clinical outcomes and traditional treatment efficacy. Objective: This
systematic review evaluates the ethnobotanical relevance, phytochemical diversity, and
toxicity of some medicinal plants from the African pharmacopoeia specifically utilized or
investigated for their activity against the TNBC phenotype. Methods: Following PRISMA
guidelines, a systematic search was executed across PubMed, ScienceDirect, Scopus, Web
of Science, and AJOL. The study focuses on original research published between 2011 and
2026 utilizing TNBC-specific models (such as MDA-MB-231, BT-20, HCC1937, or 4T1) and
analyses the growth habits, parts used, and traditional administration modes of the selected
African plant species, distributed across Western, Central, Southern, and Eastern Africa.
Following a rigorous multi-reviewer screening process, a final set of 52 primary articles
representing 30 distinct genera and 22 botanical families was selected for qualitative and
quantitative synthesis. Results: This review identifies plant species actively used or studied
in Africa for their anti-TNBC potential, with the most representative botanical families be-
ing Asteraceae (13%), Fabaceae (7%), and Annonaceae (7%). These species are traditionally
administered through various methods, including decoction, infusion, and mastication,
utilizing diverse plant parts such as leaves, stem and root barks. Significant cytotoxic
activities against TNBC cell lines (notably MDA-MB-231) were recorded, with IC50 values
as low as 5.10 ± 0.28 µg/mL for Catharanthus roseus and 13.56 µg/mL for Nauclea pobe-
guinii. Furthermore, species such as Vernonia amygdalina and Curcuma longa demonstrated
a capacity to enhance the effectiveness of conventional chemotherapy like Doxorubicin,
suggesting a strong potential for chemosensitization and therapeutic synergy in managing
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resistant breast cancer phenotypes. Conclusions: Standardized African phytomedicines
represent a promising frontier in overcoming TNBC chemoresistance. However, the lack of
clinical trials and end-to-end drug development infrastructure on the continent remains
a significant barrier. Transitioning to nano-formulated delivery systems and establishing
regional drug discovery hubs under the ethical framework of the Nagoya Protocol are
essential steps toward developing precise and equitable oncology treatments from Africa’s
rich biodiversity.

Keywords: triple-negative breast cancer; African pharmacopoeia; multi-drug resistance;
Ethnobotany; cytotoxicity

1. Introduction
Breast cancer is a disease in which abnormal cells in the breast grow out of control

and form tumors. If left unchecked, the tumours can spread throughout the body and
become fatal. In 2022, there were an estimated 2.3 million women diagnosed with breast
cancer and 670,000 deaths globally [1]. Breast cancer occurs in every country of the world
in women at any age after puberty but with increasing rates in later life. The Triple-
Negative Breast Cancer (TNBC) remains the most formidable subtype of breast cancer,
accounting for approximately 15–20% of all cases globally. Unlike luminal subtypes, TNBC
is defined by the absence of estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) expressions. However, its true challenge lies in
its profound molecular heterogeneity; it is not a single disease entity but a complex cluster
of subtypes, which is a primary driver of treatment failure and clinical relapse [2]. The
aggressive clinical course of TNBC is characterized by high mitotic rates and a significant
propensity for early visceral metastasis to the lungs and brain, with the risk of recurrence
peaking within the first three years following diagnosis [3].

Historically, the mainstay of TNBC treatment was limited to cytotoxic chemotherapy
(taxanes, anthracyclines, and platinum agents). While the therapeutic landscape has
recently expanded to include targeted options such as immune checkpoint inhibitors (e.g.,
pembrolizumab) [4], PARP inhibitors for BRCA-mutated cases (e.g., Olaparib) [5], and
antibody–drug conjugates (e.g., sacituzumab govitecan) [6], conventional chemotherapy
remains the primary baseline treatment, particularly in resource-limited settings. While
initially responsive a phenomenon known as the triple-negative paradox many patients
develop multi-drug resistance (MDR) shortly after treatment initiation. This resistance is
largely driven by the overexpression of ATP-binding cassette (ABC) transporters, such as
P-glycoprotein (P-gp), which actively effluxes chemotherapeutic agents out of the tumour
cells [7]. Recent evidence further suggests that the tumour microenvironment, particularly
hypoxia, plays a critical role in up regulating these efflux pumps, thereby intensifying the
chemo-resistant phenotype [8].

In Africa, TNBC is often diagnosed at advanced stages in younger women. The high
cost of modern oncology drugs, coupled with limited access to radiotherapy, creates a
severe clinical gap. Consequently, over 80% of the population relies on the continent’s rich
biodiversity and endogenous medicinal plants as primary or complementary therapies.
Africa’s diverse flora offers a massive but largely untapped library of bioactive secondary
metabolites. However, the utilization of these genetic resources must be framed within
the ethical guidelines of the Nagoya Protocol, ensuring the fair and equitable sharing of
benefits arising from traditional botanical knowledge.
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While various reviews have discussed medicinal plants for cancer in general, unlike
broader reviews on medicinal plants and cancer, this review focuses specifically on African
ethnomedicinal plants with reported activity in TNBC-relevant models. This review shifts
the focus from general anticancer properties to the specific phytochemical richness of
species such as Phyllanthus muellerianus, Nauclea pobeguinii, and Xylopia aethiopica [6]. By
synthesizing ethnobotanical data with laboratory-verified IC50 values, this work aims to
categorize these plants based on their traditional preparation methods ranging from aque-
ous decoctions to alcoholic infusions and their ability to inhibit the growth of aggressive
cell lines like MDA-MB-231 associated with this aggressive type of cancer.

Ultimately, this review seeks to elevate the role of African biodiversity from traditional
empirical use to a scientifically validated resource. By highlighting the potential for chemo-
sensitization and therapeutic synergy with conventional drugs like doxorubicin, this work
provides a roadmap for the development of standardized phytomedicines that are both
accessible and effective in addressing the challenges of chemoresistance of this type of
breast cancer.

2. Results
2.1. Perceptions of Cancer Within African Traditional Frameworks

Analysis of ethnobotanical reports indicates that indigenous communities throughout
Southern, Western, and Central Africa hold a localized yet sophisticated perspective on
oncological diseases. Although awareness is growing, a large segment of the population
lacks a technical understanding of clinical oncology, relying instead on ancestral wisdom.
A primary obstacle is the linguistic gap; many indigenous African dialects lack a precise
terminology for cancer, leading the condition to be frequently identified by physical mani-
festations such as persistent ulcerations or abnormal internal growths rather than a singular
medical diagnosis. This absence of a dedicated medical term often results in the disease
being overlooked or misinterpreted within the local health discourse.

A diagnosis of a virulent malignancy, such as Triple-Negative Breast Cancer (TNBC),
is widely perceived as an inescapable fatality. Cultural skepticism often surrounds Western
medical interventions; many believe that surgical procedures or cytotoxic chemotherapy
may disturb the tumor, causing it to metastasize or accelerating the patient’s decline [9].
Furthermore, the prohibitive costs and severe adverse effects associated with modern
oncology drive a preference for phytotherapy. There is a prevailing cultural assumption
that botanical remedies, particularly those derived from species like Viscum album offer a
holistic and safer alternative to synthetic pharmaceuticals [10].

Dietary traditions also play a vital role in local cancer prevention strategies. In East
and Southern Africa, the consumption of fresh extracts from Tulbaghia violacea or Curcuma
longa is favored for their perceived purifying and detoxifying properties [11]. While com-
munities often prioritize traditional oils and unprocessed pastes to avoid the carcinogens
associated with refined foods, scientific literature warns that inadequate storage of these
staples can result in contamination by mycotoxins, such as aflatoxins [9]. These fungal
toxins are themselves highly carcinogenic, creating a paradoxical health risk. Ultimately,
the African traditional concept of anti-TNBC care is characterized by a profound trust
in the therapeutic potential of flora like Sutherlandia frutescens, highlighting a critical
opportunity for the integration of traditional knowledge with modern pharmacological
validation [12].

2.2. Ethnomedicinal Utilization of Anticancer Flora in African Communities

The field of cancer chemoprevention defined as the application of natural or synthetic
substances to stall, obstruct, or reverse the process of carcinogenesis has seen a surge in
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scholarly attention across Africa [9]. These botanical agents serve as critical biological
tools, acting either as blockers to prevent carcinogen exposure or as suppressors to halt the
advancement of malignant tumors. Specifically, regarding Triple-Negative Breast Cancer
(TNBC), numerous secondary metabolites extracted from African vegetation have exhibited
the capacity to mitigate DNA damage and trigger cytotoxic responses in both cellular
(in vitro) and animal (in vivo) models [13].

Our systematic investigation identified distinct plant species across 26 genera and
22 families with established traditional use or therapeutic potential against TNBC in
Africa. Taxonomic analysis reveals that the most prominent families are Asteraceae (13%),
followed by Fabaceae (7%), Annonaceae (7%), and Amaryllidaceae (7%). These families
are recognized for their oncological applications not only in South, West, and East Africa
but also globally. For example, Catharanthus roseus, indigenous to Madagascar and East
Africa, is internationally renowned as the botanical origin of the chemotherapeutic agents
vincristine and vinblastine [14].

Traditional African practitioners typically administer these remedies as decoctions,
infusions, or topical pastes [13] (Table 1, Figure 1). Beyond purely medicinal use, several
species serve as functional foods or spices; Garcinia kola and Zanthoxylum zanthoxyloides
are often chewed for their bioactivity, while Curcuma longa and Nigella sativa are utilized
in culinary practices for their chemopreventive properties [15]. Many of these plants are
also integrated into complex polyherbal formulations. For instance, the seeds of Peganum
harmala are utilized in aqueous infusions or inhaled as medicinal smoke for their rich
alkaloid content [16] (Table 1).

Table 1. Anti-TNBC cytopharmacological profiles of crude extracts and fractions from African
medicinal plants.

Plant Parts
Used Solvent Cell Line Assay Time IC50 Values Selectivity

Index
Positive
Control

Mechanistic
Evidence

Level
(TNBC

Specificity)

Ref.

Tulbaghia
violacea Leaves Water

Methanol
MDA-MB-

231
MTT/
WST-1 48/72 h

314 to
400 µg/mL

780 to
820 µg/mL

Not
reported Doxorubicin Level 1 [17,18]

Catharanthus
roseus Leaves Methanol MCF-

7/T47D SRB Assay 48 h 57.64 µg/mL Not
reported Vinblastine Level 2 [19,20]

Myrothamnus
flabellifolius

Leaves,
Stems

Methanol
Ethyl

Acetate

MDA-MB-
231 XTT Assay 72 h 60 µg/mL

~50 µg/mL
Not

reported Paclitaxel Level 1 [21,22]

Vachellia
erioloba Leaflets Methanol MCF-

7/T47D MTT Assay 48 h Not reported Not
reported

5-
Fluorouracil Level 2 [23]

Centella
asiatica Leaves Methanol MDA-MB-

231 MTT Assay 48 h 648 µg/mL Not
reported Cisplatin Level 1 [24]

Crinum
zeylanicum Bark Dichloro-

methane
MDA-MB-

231 Resazurin 48 h 44.75 µg/mL Not
reported Doxorubicin Level 1 [25]

Curcuma
longa Rhizomes Ethanol/

Methanol
MDA-MB-

231
WST-1
Assay 48 h 13.7 µg/mL

2 µg/mL
Not

reported Doxorubicin Level 1 [26]

Nigella
sativa

Whole
plant Ethanolic MDA-MB-

231 MTT Assay 72 h 12.5 µg/mL Not
reported Paclitaxel Level 1 [27]

Elephantopus
scaber

Whole
plant

Ethanolic/
Fractions

MDA-MB-
231 SRB Assay 48 h 15 to

50 µg/mL
Not

reported Doxorubicin Level 1 [28]

Nauclea
pobeguinii Bark Methanol MDA-MB-

231 MTT Assay 72 h 30 µg/mL
11 µg/mL

Not
reported Doxorubicin Level 1 [29,30]

Xylopia
aethiopica

Seeds,
fruits and

Roots

Ethyl
Acetate,

Ethanol, or
Diethyl
Ether

MD-MB-
231/HCC-

70
MTT Assay 48 h

20.83 ±
1.05 µg/mL

19.96 µg/mL

Not
reported Paclitaxel Level 1 [31,32]
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Table 1. Cont.

Plant Parts
Used Solvent Cell Line Assay Time IC50 Values Selectivity

Index
Positive
Control

Mechanistic
Evidence

Level
(TNBC

Specificity)

Ref.

Annona
muricata

Leaves,
Seeds

Methanolic/
Ethyl

acetate

MDA-MB-
231 MTT Assay 48 h

200 µg/mL
10 µg/mL

0.128 ± 0.03
to 18.03 ±

0.20 µg/mL

Not
reported Doxorubicin Level 1 [33–37]

Punica
granatum

Peel, Seeds,
Juice

MeOH/
EtOH/Aq.

MDA-MB-
231 MTT Assay 72 h 100 to

250 µg/mL
Not

reported Tamoxifen Level 1 [38]

Sutherlandia
frutescens

Leaves,
Stems

EtOH/
MeOH/Aq.

MCF-
7/T47D

WST-1
Assay 48 h 2–10 mg/mL Not

reported Doxorubicin Level 2 [39]

Vernonia
amygdalina Leaves

Ethyl
acetate

Dichloro-
methane

MDA-MB-
231/Hs578t

Crystal
Violet 48/72 h

40.41 ±
0.49 µg/mL/

4.57 ±
0.22 µg/mL
88 µg/mL

Not
reported Doxorubicin Level 1 [40–42]

Azadirachta
indica

Leaves,
Flowers,

Bark, Seeds

Methanolic/
EtOH

MDA-MB-
231 MTT Assay 48 h 62.5 µg/mL Not

reported Cisplatin Level 1 [43]

Melia
azedarach Stem bark

Methanol/
Ethyl

Acetate

MDA-MB-
231 MTT Assay 48 h 62.2 to

172.9 µg/mL
Not

reported Doxorubicin Level 1 [44]

Maclura
pomifera

Leaves,
Fruits Methanol MCF-7 SRB Assay 72 h 47.77 µg/mL Not

reported Tamoxifen Level 2 [45]

Silybum
marianum Seeds

Ethanol,
Methanol,

Ethyl
acetate

MCF-
7/T47D MTT Assay 48 h 25 to

100 µg/mL
Not

reported Doxorubicin Level 2 [46,47]

Viscum
album

Leaves,
Stems, and

Berries

Water
(Aqueous),

Ethanol
(Hydro-

alcoholic)

MCF-
7/T47D

Caspase
Assay 48 h 20 µg/mL to

100 µg/mL
Not

reported Doxorubicin Level 2 [48,49]

Withania
somnifera

Roots and
Leaves

Ethanol,
Methanol

MDA-MB-
231 XTT Assay 72 h 30 to

50 µg/mL
Not

reported Doxorubicin Level 1 [50,51]

Artemisia
annua Aerial parts

DCM/Aq./
Hydro-
EtOH

MDA-MB-
231 MTT Assay 48 h 2.0 to

40 µg/mL
Not

reported Paclitaxel Level 1 [52–54]

Bupleurum
rotundi-
folium L.

Leaves,
Stems,
Seeds

Aqueous/
Hydro-
EtOH

MCF-
7/T47D MTT Assay 48 h 20 to

320 µg/mL
Not

reported
5-

Fluorouracil Level 2 [55]

Peganum
harmala Seeds Aqueous MDA-MB-

231 MTT Assay 48 h 0.18 to
15.65 µg/mL

Not
reported Cisplatin Level 1 [56,57]

Moringa
oleifera

Leaves,
pods, seeds,

bark

MeOH/
Wa-

ter/EtOH

MDA-MB-
231 MTT Assay 72 h

~100 to
~200 µg/mL

134.4 to
294.6 µg/mL

Not
reported Doxorubicin Level 1 [58–61]

Zanthoxylum
zanthoxy-

loides

Root, Stem,
bark, fruits Methanol

MDA-MB-
231/BT-

549
MTT Assay 48 h 55 µg/mL Not

reported Doxorubicin Level 1 [62–64]

Phyllanthus
muelleri-

anus

Leaves and
Stem Bark

Methanol
or Aqueous

MDA-MB-
231 MTT Assay 48 h ~1.7 µg/mL Not

reported Doxorubicin Level 1 [65]

Hypoxis
hemerocal-

lidea

Corms
(Rhizomes)

Methanol
or Aqueous

MCF-
7/T47D MTT Assay 48 h

44.82 to
63.1 µg/mL

55.02 to
57.6 µg/mL

Not
reported Doxorubicin Level 2 [66,67]

Garcinia
kola Heckel

Seeds
(Nuts) or
Stem Bark

Methanol
or Ethanol

MDA-MB-
231 MTT Assay 48 h ~6.25 to

40 µg/mL
Not

reported Doxorubicin Level 1 [68,69]

Aloe ferox
Mill Leaves

Methanol,
Ethanol, or

Ethyl
Acetate

MCF-
7/T47D MTT Assay 48 h ~54.98 to

57.35 µg/mL
Not

reported Doxorubicin Level 2 [70]

Cell Line Tested: MDA-MB-23, T47D, BT-20, SUM159, BT-549, 4T1, Hs578t.
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Figure 1. Different method of administration of TBNC traditional preparations.

2.3. Growth Habit, Parts Used, Preparation, and Mode of Administration

The botanical species identified in this review for their activity against Triple-Negative
Breast Cancer (TNBC) are predominantly sourced from the wild, though a significant
portion is cultivated for medicinal and dietary purposes (Table 1). These plants exhibit
diverse growth habits, ranging from large trees like Nauclea pobeguinii to perennial herbs
such as Vernonia amygdalina and Tulbaghia violacea with the remainder consisting of shrubs
and climbing vines (Tables 1 and 2).

Table 2. In vitro anti-TNBC pharmacokinetic and phenotypic indicators of isolated secondary metabo-
lites from African flora.

Compound Chemical
Class

Source
Plant Cell Line Assay Time IC50 in µM

or nM
Molecular

Target
Selectivity

Index

Mechanistic
Evidence

Level [TNBC
Specificity]

Ref.

Leurosine Alkaloid Catharanthus
roseus

MDA-MB-
231 SRB Assay 48 h 0.73 ±

0.06 µM

Tubulin
polymer-
ization

Not
reported Level 1 [20]

3,4,5-tri-O-
galloylqui-

nic acid
Strictinin

Tannin
Ellagitannin

Myrothamnus
flabellifolius

MDA-MB-
231/BT-

549
AlamarBlue 72 h 30 µg/mL

30 µM

ROR1
recep-

tor/PI3K

High
Selective Level 1 [21,22,

71]

Rutin Flavonoid Vachellia
erioloba

MCF-
7/T47D MTT Assay 48 h 137 ± 6.2 µM c-Met On-

coprotein
Not

reported Level 2 [23]

Asiatic acid
Asiaticoside

Triterpenoid
Saponin

Centella
asiatica

MDA-MB-
231 MTT Assay 24 h 8, 12 µM

~48 µM
MAPK/ERK

pathway
Not

reported Level 1 [24,72]

Crinine Alkaloid Crinum
zeylanicum

MDA-MB-
231 Resazurin 48 h 14.04 µM

Apoptotic
disassem-

bly

Not
reported Level 1 [25]

Curcumin Curcumi-
noid

Curcuma
longa

MDA-MB-
231/4T1

WST-1
Assay 48 h ~15–30 µM

NF-
κB/STAT3

Axis

Not
reported Level 1 [73]

Thymoqui-
none

α-hederin

Quinone
Saponin

Nigella
sativa

MDA-MB-
231 MTT Assay 72 h

25.37 µM
27.39 µM

10 µM

Bcl-2/Bax
balance

Not
reported Level 1 [74,75]

Deoxyele-
phantopin
Isodeoxyele-
phantopin

Sesquiter-
pene

lactone
Sesquiter-

pene
lactone

Elephantopus
scaber

MCF-
7/T47D SRB Assay 48 h 10 µM

≈9.5 µM

STAT3
signaling
cascade

Not
reported Level 2 [76,77]

Resveratrol
β-D-

glucopy-
ranoside
Strictosa-

mide

Stilbene
Alkaloid

Nauclea
pobeguinii

MDA-MB-
231/

BCRPM
MTT Assay 72 h 85.53 µM Collateral

sensitivity
Not

reported Level 1 [29,30]

Isotetran-
drine Alkaloid Xylopia

aethiopica

MDA-MB-
231/HCC-

70
ATP Assay 48 h 1.45–7.28 µM Caspase

activation
Not

reported Level 1 [78]
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Table 2. Cont.

Compound Chemical
Class

Source
Plant Cell Line Assay Time IC50 in µM

or nM
Molecular

Target
Selectivity

Index

Mechanistic
Evidence

Level [TNBC
Specificity]

Ref.

Annonacin Acetogenin Annona
muricata

MDA-MB-
231 MTT Assay 48 h 8.5 µM

15 µM

Mitochon-
drial

Complex I

Not
reported Level 1 [79]

Punicic
acid

Punicalagin

Fatty acid
Ellagitannin

Punica
granatum

MDA-MB-
231

WST-8
Assay 72 h

10–50 µM
40 µM to

50 µM

Autophagic
pathways

Not
reported Level 1 [80,81]

L-
Canavanine Amino acid Sutherlandia

frutescens
MCF-

7/T47D
WST-1
Assay 48 h ≈25 à

50 µg/mL

Mitochon-
drial

disruption

Not
reported Level 2 [82]

Vernodaline
Vernonioside

B1

Sesquite-
rpene

lactone
Saponin

Vernonia
amygdalina

MDA-MB-
231

MCF-7

Crystal
Violet 48 h <15 µM

20–50 µM
PI3K/Akt
signaling

Not
reported Level 1 and 2 [83]

Nimbolide Limonoid Azadirachta
indica

MDA-MB-
231 MTT Assay 48 h 2 µM to

12 µM

Caspase-
dependent

death

Not
reported Level 1 [43]

Meliazedin
C Limonoid Melia

azedarach
MDA-MB-

231 MTT Assay 48 h 0.035 to
5.583 µM

Lysosomal
acidifica-

tion

Not
reported Level 1 [44,84]

Pomiferin
Osajin

Isoflavone
Isoflavone

Maclura
pomifera

MDA-MB-
231 SRB Assay 72 h 5.2 µM

TRPV1
Channel

activation

Determined
(MCF-10A) Level 1 [45]

Silibinin Flavono-
lignan

Silybum
marianum

MDA-MB-
231/Hs578T MTT Assay 48 h 100 µM to

200 µM

EMT
regula-

tors/STAT3

Not
reported Level 1 [46,47,

85]

Agglutinin
(VCA

Lectins)

Lectin/
Biologic

Viscum
album

MDA-MB-
231

Caspase-
Glo 48 h

~4.2 ng/mL
(2D)

~12.8 ng/mL
(3D)

Not
reported

Not
reported Level 1 [48,49,

86]

Withaferin
A Withanolide Withania

somnifera

MDA-MB-
231/BT-

549,
SUM159

XTT Assay 72 h ~1.06 µM
EGFR/PI3K/
Akt/mTOR

axes

Not
reported Level 1 [50,51]

Chrysosp-
lenol D

Artemisinin
Casticin

Flavonoid
Sesquite-

rpene
lactone

Flavonoid

Artemisia
annua

MDA-MB-
231/BT-20 MTT Assay 48 h

22.1 µM/
26.6 µM

25 µM (at
I > 100)

20–40 µM

ERK1/2
pathway
activation

Not
reported Level 1 [52–54]

Saikosap-
onin D Saponin

Bupleurum
rotundi-
folium L.

MCF-
7/T47D MTT Assay 48 h 10.2 µM

Mitochon-
drial

apoptotic
core

Not
reported Level 2 [55,87]

Harmine/
Harmaline Alkaloid Peganum

harmala
MDA-MB-

231 MTT Assay 48 h 5.43 µg/mL
Topoisom-

erase
inhibition

Not
reported Level 1 [56,57]

Quercetin
E0771 Flavonoid Moringa

oleifera
MDA-MB-

231 MTT Assay 72 h 20 µM to
~150 µM

VEGF An-
giogenesis

axis

Not
reported Level 1 [58–61]

Dihydrochel-
erythrine
Sesamin

Alkaloid
Lignan

Zanthoxylum
zanthoxy-

loides

BT-
549/MDA-

MB-231
MTT Assay 48 h 21.2 µM

47.6 µM

Pro-
apoptotic
induction

Not
reported Level 1 [62–64]

Geraniin Tannin
Phyllanthus

muelleri-
anus

MDA-MB-
231 MTT Assay 48 h ~12.5 to

40 µM

Executioner
caspase

activation

Not
reported Level 1 [65]

Rooperol Norlignan
Hypoxis

hemerocal-
lidea

MCF-
7/T47D MTT Assay 48 h ~15.0 to

30.0 µM

Mitocho-
ndrial
stress

Not
reported Level 2 [66,67,

88]

Garcinol
Kolaviron

Benzop-
henone

Biflavonoid

Garcinia
kola Heckel

MDA-MB-
231 MTT Assay 48 h ~1.56 to

25 µM

NF-
κB/ROS
modula-

tion

Not
reported Level 1 [68,69]

Aloin
Aloe-

emodin

Anthra-
quinone

Aloe ferox
Mill

MCF-
7/T47D MTT Assay 48 h ~1.15 mg/mL

~15 to 50 µM

NF-
κB/Cell

cycle arrest

Not
reported Level 2 [70,89]

Cell Line Tested: MDA-MB-23, T47D, BT-20, SUM159, BT-549, 4T1, Hs578t.
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Regarding the selection of botanical organs, the preparation of anti-TNBC extracts
relies heavily on foliage and stem bark. Analysis of the identified flora shows that leaves
(37%) are the most utilized part, seen in species like Moringa oleifera and Artemisia annua,
followed by the use of bark (20%) (e.g., Acacia erioloba), roots (13%) (e.g., Xylopia aethiopica)
and specialized storage organs such as bulbs and rhizomes (10%). The prevalence of leaves
and bark in African traditional medicine is attributed to their regenerative capacity and high
concentration of specialized secondary metabolites [90,91]. Furthermore, embryonal tissues
and specialized storage organs, such as the bulbs of Tulbaghia violacea or the rhizomes of
Curcuma longa, are also strategically employed for their rich phytochemical profiles [11,14].

In terms of galenic formulation, remedies are overwhelmingly administered as aque-
ous decoctions or infusions (57%) [92]. A substantial portion is also integrated directly into
the diet as functional spices or consumed as raw masticatories (30%) [93], while a smaller
fraction is processed into topical pastes for cutaneous application (13%) [90]. Plants are typ-
ically sourced from their natural habitats or home gardens according to immediate needs.
Traditional practitioners often harvest specimens personally or collaborate with skilled
collectors. Many maintain private botanical collections for highly demanded species, such
as Withania somnifera or Aloe ferox, to ensure constant availability of fresh material [91,94].
Traditional pharmaceutical preparations are primarily documented as aqueous decoctions
and infusions (Table 1). For example, the leaves of Catharanthus roseus and the bark of Phyl-
lanthus muellerianus are typically boiled to facilitate the extraction of bioactive compounds.
Beyond liquid extracts, several species are integrated into the daily diet as functional spices
or consumed as masticatories, notably Garcinia kola and Zanthoxylum zanthoxyloides [13]. In
cases involving external manifestations of the disease, plants are often crushed into a pulp
to create topical ointments for direct application [90,93].

Harvesting occurs in natural ecosystems or local home gardens according to the
immediate therapeutic need. Many practitioners maintain private botanical collections
for rapid-growing species such as Withania somnifera to ensure the constant availability of
biologically active fresh material. The administration of these remedies is overwhelmingly
oral, although topical routes are preferred for malignancies that are accessible through the
skin [90] (Table 1).

2.4. Other Ethnomedicinal Uses and Toxicity of the Reported Anti-TNBC Plants

Virtually all the botanical species catalogued in this systematic review are utilized
within indigenous healthcare systems to address a broad spectrum of pathologies beyond
oncology. A prominent example is Moringa oleifera, which, in addition to its anti-TNBC
potential, is used for its anti-inflammatory, hypotensive, and antimicrobial properties
across various African regions [95]. The fact that these plants are consistently integrated
into community health practices for diverse therapeutic needs provides a compelling
justification for their broad pharmacological efficacy and bioactive richness [96].

Conversely, several of the anticancer taxa identified in this study demonstrate signifi-
cant toxicological profiles. A notable illustration is Catharanthus roseus (L.) G. Don. While it
is a primary source of therapeutic agents like the indole alkaloids vincristine, these are doc-
umented for their potent neurotoxicity [97]. As potent antimitotic agents, vincristine and
vinblastine exert their cytotoxic effects by binding to tubulin, which prevents the assembly
of microtubules. This disruption inhibits the formation of the mitotic spindle, thereby halt-
ing mitosis during metaphase and leading to programmed cell death [98]. Consequently,
clinical literature on these commercial derivatives highlights severe adverse reactions,
including myelosuppression, peripheral neuropathy, alopecia, and gastrointestinal distress
such as paralytic ileus and oral ulcerations [99]. In vitro evaluations of these pure alkaloids
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demonstrate high cytotoxic potency but a low selectivity index (SI) when compared against
normal human cell models, underlining their narrow therapeutic window [99].

The inherent toxicity of these compounds necessitates rigorous dosage control to
mitigate systemic adverse effects. This pharmacological reality partially clarifies why many
traditional anti-TNBC preparations in Africa are either administered in minute quantities
or applied as topical poultices. Interestingly, the localized application of fresh extracts
or ointments as seen with species like Tulbaghia violacea serves as a strategic method to
target external tumors directly while minimizing systemic toxicity and reducing the risk of
internal organ damage [11]. Similarly, while raw extracts of deeply characterized plants
like Vernonia amygdalina and Curcuma longa show relative safety in traditional multi-target
uses [11], the sparse availability of direct IC50 ratios against normal mammary lines (e.g.,
MCF-10A) remains a parameter that restricts the formal mathematical calculation of their
selectivity indices within the current primary literature [83,100].

2.5. Methodological Quality and Risk of Bias Assessment

The methodological quality screening of the 52 included primary in vitro studies re-
vealed a diverse distribution in reporting rigor across the six evaluated domains. Applying
the tailored 12-point scoring matrix, the majority of the analyzed literature demonstrated
moderate to high quality (score > 6). High compliance was generally observed in cell line
specifications and extraction protocols; however, critical gaps were identified regarding
formal botanical voucher deposition formal cell-line authentication, selectivity indexes on
non-cancerous cells, and the systematic inclusion of standardized chemotherapy positive
controls (Table 3). This variation highlights the crucial need for standardized reporting
frameworks in ethnopharmacological research to minimize experimental bias.

Table 3. Detailed study-by-study Risk of Bias (RoB) and methodological quality assessment.

Included Plant Species B S C R M Sl Total
Score Risk of Bias

Tulbaghia violacea ? + ? + ? − 7/12 Moderate Risk

Catharanthus roseus + + + ? + ? 10/12 Low Risk

Myrothamnus flabellifolius ? ? ? + ? − 6/12 Moderate Risk

Vachellia erioloba ? + ? + ? ? 8/12 Moderate Risk

Centella asiatica + + ? + + ? 10/12 Low Risk

Crinum zeylanicum ? ? ? ? ? − 5/12 Moderate Risk

Curcuma longa + + ? + + ? 10/12 Low Risk

Nigella sativa + + ? + + ? 10/12 Low Risk

Elephantopus scaber ? ? ? + ? ? 7/12 Moderate Risk

Nauclea pobeguinii ? + ? + ? ? 8/12 Moderate Risk

Xylopia aethiopica ? + ? + ? ? 8/12 Moderate Risk

Annona muricata + + ? + + ? 10/12 Low Risk

Punica granatum + + ? + + ? 10/12 Low Risk

Prunus africana ? + ? + ? ? 8/12 Moderate Risk

Sutherlandia frutescens ? + ? + ? ? 8/12 Moderate Risk

Vernonia amygdalina + + ? + + ? 10/12 Low Risk

Azadirachta indica ? + ? + ? ? 8/12 Moderate Risk

https://doi.org/10.3390/ph19081134

https://doi.org/10.3390/ph19081134


Pharmaceuticals 2026, 19, 1134 10 of 33

Table 3. Cont.

Included Plant Species B S C R M Sl Total
Score Risk of Bias

Maclura pomifera ? ? ? ? ? ? 6/12 Moderate Risk

Silybum marianum ? ? ? + ? ? 7/12 Moderate Risk

Viscum album ? + ? + ? ? 8/12 Moderate Risk

Withania somnifera + + ? + + ? 10/12 Low Risk

Artemisia annua + + ? + + ? 10/12 Low Risk

Bupleurum rotundifolium L. ? ? ? + ? ? 7/12 Moderate Risk

Peganum harmala ? ? ? + ? ? 7/12 Moderate Risk

Moringa oleifera + + ? + + ? 10/12 Low Risk

Zanthoxylum zanthoxyloides ? + ? + ? ? 8/12 Moderate Risk
RoB Criteria Legend: B: Botanical Authentication & Voucher Specimen; S: Extract Extraction & Phytochemical
Standardization; C: Cell Line Identification & Authentication Status; R: Experimental Replication & Statistical
Rigor; M: Methodological Controls (Negative Vehicle & Standard Chemotherapy Positive Controls); Sl: Selectivity
Index (Parallel evaluation against non-cancerous/normal cell lines). Risk Scoring Symbols: + Low Risk (Score 2); ?
Moderate Risk (Score 1); − High Risk (Score 0).

2.6. Categorization of Mechanistic Evidence Levels

To objectively evaluate the pharmacological relevance and specificity of the included
botanical species toward triple-negative breast cancer, literature data were stratified into five
distinct, hierarchical levels of evidence based on the experimental models utilized: Level 1
(Direct TNBC Evidence) involving TNBC-specific cell lines (e.g., MDA-MB-231, 4T1); Level
2 (General Breast Cancer Evidence) demonstrating activity in non-TNBC breast cancer
models (e.g., MCF-7, T47D); Level 3 (Non-Breast Malignancy Evidence) documenting
cytotoxicity strictly limited to other cancer models (e.g., leukemia, colon, lung); Level
4 (Computational Evidence) restricted solely to in silico profiling or molecular docking
without experimental validation; and Level 5 (Ethnobotanical Evidence) based exclusively
on traditional healthcare documentation (Tables 1 and 2). This classification framework
maps the current research status of each species along this translational hierarchy, effectively
accounting for cases within this systematic review where direct anti-TNBC mechanistic
data remain currently unavailable, such as for Phyllanthus muellerianus, Maclura pomifera,
Myrothamnus flabellifolius, Vachellia erioloba (syn. Acacia erioloba), Nauclea pobeguinii, Xylopia
aethiopica, Crinum zeylanicum, and Bupleurum rotundifolium.

2.7. Metabolites That May Be Contributing to the Pharmacological Activity of These Plants

Rigorous scientific analysis has isolated several potent cytotoxic constituents from
these plants. Noteworthy examples include Artemisinin from Artemisia annua, which
utilizes an endoperoxide moiety to trigger ferroptosis and oxidative stress in malignant
cells [52–54]. Furthermore, Withaferin A derived from Withania somnifera has shown excep-
tional efficacy against the MDA-MB-231 and BT-549 TNBC cell lines [50,51,101,102]. Other
significant compounds include the cytotoxic sesquiterpene lactone Vernodalin from Ver-
nonia amygdalina [103–105]. These phytochemicals are effective because they engage diverse
molecular targets, resulting in apoptosis induction, cell cycle arrest, and the inhibition of
tumor angiogenesis. The synergy between antioxidant capacity and cytotoxic action pro-
vides a comprehensive pharmacological strategy for addressing aggressive malignancies
like TNBC [53].
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2.8. Anti-TNBC Potential of Compounds from African Plants
2.8.1. Triterpenoids and Steroids

These classes represent the most promising group in our study, encompassing
molecules with diverse mechanisms of action. Withaferin A stands out with excep-
tional efficacy, showing IC50 values between 0.5 and 2.5 µM across MDA-MB-231, BT-
549, and SUM159 lines. Nimbolide, epoxyazadiradione, and gedunin, derived from
Azadirachta indica, also show strong cytotoxicity, with nimbolide being the most potent
(2–12 µM) [43,44,84]. Saikosaponin D (10.2 µM) and alpha-hederin (10 µM) exhibit signif-
icant activities on MDA-MB-231 [74,75,87]. Other compounds, such as asiatic acid and
asiaticoside, show variable results depending on the study, while sutherlandiosides A–D
are noted for their synergistic effects [24,72].

2.8.2. Flavonoids and Glycosides

Flavonoids primarily act by modulating cell signaling cascades. Chrysosplenol D
is the leader of this category, with an IC50 of 22.1 µM against MDA-MB-231 and BT-20,
acting through the ERK1/2 pathway [52–54]. Silibinin, although presenting lower direct
cytotoxicity (50–200 µM), is crucial for inhibiting the motility and invasion of MDA-MB-231
and Hs578T cells. Quercetin shows notable activity at 20 µM, unlike its glycoside, rutin (3),
which is much less active (137–143 µM) [23,85,95].

2.8.3. Alkaloids and Sesquiterpene Lactones

Alkaloids such as harmine and harmaline demonstrate significant cytotoxicity,
particularly harmine (<25 µM), and their efficacy is enhanced when combined with
nedaplatin. Dihydrochelerythrine specifically targets the BT-549 line with an IC50 of
21.2 µM [106,107]. In the sesquiterpene lactone group, deoxyelephantopin and isodeoxyele-
phantopin are extremely high performers against MDA-MB-231 and BT-549, with val-
ues around 9.5–11.2 µM [76,77]. Artemisinin, while a pillar of antimalarial treatment,
shows more discrete and variable anticancer activity (from 25 µM to >100 µM) on TNBC
strains [52–54].

2.8.4. Phenols, Quinones, and Other Compounds

Thymoquinone, extracted from Nigella sativa, is one of the most active phenolic com-
pounds (5–20 µM against MDA-MB-231). Curcumin displays versatile activity on MDA-
MB-231, MDA-MB-468, and the murine 4T1 line, although its IC50 values vary from 15 to
50 µM depending on the study [73–75]. Annonacin proves to be very powerful, particularly
on MDA-MB-468 (8.5 µM) [79]. Finally, other molecules, such as strictinin and 3,4,5-tri-O-
galloylquinic acid, show stable activity around 30 µg/mL [21,22,71]. Reference agents like
doxorubicin and tamoxifen serve as benchmarks to evaluate the potency of these natural
candidates Figure 2.

2.9. Mechanistic Insights and Phytochemical-Based Therapeutics of African Medicinal Plants
Targeting Triple-Negative Breast Cancer

Rigorous scientific analysis has identified and isolated several potent cytotoxic con-
stituents from medicinal plants from Africa (Table 2, Figure 2). Extracts of these plants
and their chemical constituents are documented to exhibit exceptional cytotoxic potency
against TNBC strains (Table 1, Table 2). The most potent agents identified highlight the
diversity of high-potency secondary metabolites including alkaloids, terpenoids and lectins
that target aggressive TNBC cell lines with precision. These phytochemicals are effective
because they engage diverse molecular targets, resulting in apoptosis induction, cell cycle
arrest, and the inhibition of tumor angiogenesis. The exceptional efficacy of these phy-
tochemicals in TNBC stems from their ability to modulate multiple signaling pathways
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simultaneously, beyond simple cytotoxicity, by engaging a multi-pronged attack on can-
cer cell survival. These compounds trigger the intrinsic apoptotic pathway and disrupt
pro-survival axes, such as the EGFR/PI3K/Akt/mTOR signaling pathway targeted by
metabolites such as withaferin A and silibinin [85,102], or the STAT3 phosphorylation
blocked by isodeoxyelephantopin [76,77].

  

  

Figure 2. Cont.
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Figure 2. Some of the anti-TNBC molecules reported in African plants used in Traditional medicine
to manage TNBC. They correspond to the molecules mentioned in Table 2.

Tulbaghia violacea

Tulbaghia violacea has emerged as a promising African medicinal plant with potential
activity against triple-negative breast cancer (TNBC) due to its diverse phytochemicals that
modulate oxidative stress, inflammatory signalling, apoptosis, and cell-cycle regulation.
Studies using the TNBC cell line MDA-MB-231 show that extracts of T. violacea induce
oxidative stress-mediated mitochondrial apoptosis. Increased intracellular reactive oxygen
species (ROS) disrupt mitochondrial membrane potential, leading to activation of pro-
apoptotic Bax and suppression of anti-apoptotic Bcl-2. This promotes mitochondrial outer
membrane permeabilization and release of cytochrome-c, which activates caspase-9 and
downstream caspase-3, resulting in PARP cleavage, DNA fragmentation, and apoptotic cell
death. Persistent oxidative stress also contributes to DNA damage and replication stress,
further reducing TNBC cell viability [11,14,17,18].
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Another important mechanism involves inhibition of the NF-κB signaling pathway, a
key regulator of TNBC survival and metastasis. Bioactive constituents of T. violacea suppress
NF-κB activation and nuclear translocation, thereby downregulating anti-apoptotic proteins
such as Bcl-2 and survivin and reducing inflammatory cytokine signalling. This inhibition
weakens tumor-promoting inflammatory pathways and enhances apoptotic responses. T.
violacea extracts also disrupt cell-cycle progression, causing accumulation of cells in the
S-phase and a reduction in the G0/G1 phase. This shift indicates replication stress and
activation of S-phase checkpoints that inhibit DNA replication and cell proliferation. In
addition, the extract may modulate inflammatory enzymes such as Cyclooxygenase-2,
whose overexpression in breast tumors promotes prostaglandin-mediated inflammation,
angiogenesis, and tumor progression. Inhibition of COX-2 reduces prostaglandin synthesis
and contributes to suppression of tumor growth [11,14,17,18]. Several phytochemicals iden-
tified in T. violacea are associated with these effects, including 2,3-dihydro-3,5-dihydroxy-6-
methyl-4H-pyran-4-one (DDMP), α-Pinene, Cuminaldehyde, and Pyrrolidine derivatives.
DDMP contributes to NF-κB suppression and oxidative stress modulation, α-pinene in-
duces cell-cycle arrest through regulation of cyclin-dependent kinases, cuminaldehyde
triggers mitochondrial apoptosis via loss of membrane potential and caspase activation,
while pyrrolidine derivatives promote intrinsic and extrinsic apoptotic signaling. Col-
lectively, these mechanisms highlight the multi-target anti-TNBC potential of Tulbaghia
violacea [11,14,17,18].

Catharanthus roseus

Catharanthus roseus is renowned for producing terpenoid indole alkaloids, especially
vincristine and vinblastine, which are among the most established plant-derived anticancer
agents [98,99,108,109]. These vinca alkaloids exert their anticancer activity by binding to
tubulin, the building block of microtubules, thereby disrupting microtubule dynamics
critical for mitotic spindle formation during cell division. This disruption halts the cell
cycle at the G2/M phase, preventing chromosome segregation and leading to mitotic
arrest and apoptotic cell death in proliferating cancer cells, including models of breast
cancer. Mechanistically, vincristine and vinblastine bind to tubulin heterodimers, inhibiting
polymerization and destabilizing microtubule structures. This interruption of cytoskele-
tal dynamics activates cell-cycle checkpoints, triggers caspase-mediated apoptosis, and
enhances the intrinsic apoptotic pathways in cancer cells. Although classic use of these al-
kaloids is in chemotherapeutic regimens rather than crude plant extracts, their mechanisms
of mitotic inhibition and apoptosis induction are directly relevant to TNBC cell models
(e.g., MDA-MB-231), where agents that disrupt cell division and trigger apoptotic signaling
have clinical utility [19,20,108,109].

Phyllanthus muellerianus

While extensive mechanistic data remains limited, preliminary evidence explicitly
evaluates Phyllanthus muellerianus in breast cancer models. Specifically, methanolic extracts
of its leaves exert significant cytotoxic activity in vitro against breast cancer cell lines, in-
cluding the triple-negative breast cancer model MDA-MB-231. The broader anticancer
mechanisms of the plant are further supported by studies demonstrating anti-proliferative
and pro-apoptotic effects in human prostate cancer PC-3 cells via the activation of exe-
cutioner caspases (caspases 3/9) and modulation of intracellular calcium influx. These
findings align with the broader Phyllanthus genus profile, where polyphenolic compounds
frequently inhibit cell proliferation, migration, and invasion while successfully triggering
apoptosis [65,110].
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Melia azedarach

Preliminary mechanistic data demonstrates that Melia azedarach extracts possess se-
lective anticancer activities across multiple human breast cancer models, including the
triple-negative breast cancer line MDA-MB-231 and hormone-receptor-positive T47D cells.
Phytochemical screenings and fractionation analyses of its leaves, fruits, and bark reveal
an enrichment in bioactive compounds such as limonoids, triterpenoids, steroids, and
flavonoids. These classes contribute directly to significant in vitro cytotoxicity, antiprolif-
erative effects, and the inhibition of lysosomal acidification. Furthermore, experimental
evidence from animal models indicates that combination treatments involving M. azedarach
extracts effectively suppress tumor growth in vivo while shifting cellular balance toward
programmed cell death, notably through the upregulation of pro-apoptotic markers like
Bax and the induction of cell cycle arrest [84,111–117].

Maclura pomifera

Maclura pomifera extracts, particularly those containing pomiferin and osajin, exhibit
anti-proliferative and pro-apoptotic effects in breast cancer models via the activation of
TRPV1 channels [118,119]. Additionally, semi-synthetic derivatives of these isoflavones
target G-quadruplex DNA to induce cell cycle arrest, providing a mechanism for potential
anti-metastatic actions [120].

Myrothamnus flabellifolius

Experimental evidence explicitly demonstrates that Myrothamnus flabellifolius pos-
sesses potent and selective anti-TNBC activity. Phytochemical evaluations have led to
the isolation of strictinin, an ellagitannin from this species that exhibits pronounced cyto-
toxicity against TNBC cell lines (such as MDA-MB-231 and BT-549) with minimal effects
on non-malignant breast epithelial cells [21,22,71]. Mechanistically, strictinin acts as a
novel ROR1 inhibitor, successfully repressing TNBC survival and metastatic migration by
modulating the PI3K/AKT/GSK3β signaling pathway [71]. Furthermore, crude extracts
from the plant have been shown to alter oncogenic microRNA profiles, effectively restor-
ing estrogen receptor alpha (ERα) expression and re-sensitizing TNBC cells to hormone
therapies like tamoxifen [22]. These targeted pathways contrast with the plant’s broader,
non-specific apoptotic potential observed in other malignancies, such as myeloid leukemia
systems [121].

Vachellia erioloba

Direct mechanistic studies evaluating Vachellia erioloba extracts specifically within
triple-negative breast cancer models remain restricted. However, the broader pharmacolog-
ical profile of this species demonstrates clear anticancer and medicinal potential. Recent
investigations highlight that bio-resource extracts from V. erioloba seeds can be successfully
utilized for the green synthesis of zinc oxide nanoparticles, which exhibit significant in vitro
cytotoxic and antiproliferative activities against human cancer lines through apoptosis
induction. Additionally, organic extracts from the plant possess verified anti-inflammatory
properties, characterized by the targeted inhibition of the 15-lipoxygenase (15-LOX) enzyme
and the suppression of nitric oxide release in macrophage models [23,122].

Nauclea pobeguinii

Nauclea pobeguinii extracts exhibit profound in vitro cytotoxic and antiproliferative
activities against a wide panel of human malignancies, spanning drug-sensitive genotypes
as well as multi-factorial drug-resistant cancer cell lines. Investigations utilizing the triple-
negative breast cancer model MDA-MB-231 (including its breast cancer resistance protein-
overexpressing subline, MDA-MB-231-BCRP) demonstrate that methanolic bark extracts
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from this species induce significant collateral sensitivity. Phytochemical fractionation
of these active extracts has led to the characterization of specific bioactive constituents,
establishing stilbenes predominantly resveratrol and resveratrol β-D-glucopyranoside
alongside indole alkaloids like strictosamide, as the key drivers inducing growth inhibition
and apoptosis across both breast and colorectal carcinoma frameworks [29,30,123].

Xylopia aethiopica

Recent original research provides direct mechanistic evidence of the efficacy of Xylopia
aethiopica against triple-negative breast cancer (TNBC) models. In vitro evaluation of its
fruit and root solvent fractions reveals potent antiproliferative activity against highly
aggressive HCC-70 and MDA-MB-231 cell lines, with an IC50 value reaching as low as
19.96 µg/mL [35]. Furthermore, 13C-NMR metabolic profiling and molecular docking
studies have identified core bioactive constituents, notably kaurane-type diterpenoids
and related alkaloids, capable of binding to target oncogenic proteins to trigger caspase-
dependent apoptosis and suppress tumor progression [31,32,78].

Sutherlandia frutescens

Sutherlandia frutescens exhibits antiproliferative and pro-apoptotic effects in various
breast cancer models. Extracts and compounds such as sutherlandiosides and sutherlandins
induce reactive oxygen species (ROS) production, disrupt mitochondrial membrane poten-
tial, increase Bax/Bcl-2 ratio, and activate caspase-3, leading to apoptosis. Additionally,
S. frutescens extracts inhibit NF-κB signaling, reduce expression of pro-inflammatory cy-
tokines, and block migration and invasion by downregulating MMPs mechanisms highly
relevant to TNBC aggressiveness [39,82].

Hypoxis hemerocallidea

Also known as African potato, Hypoxis hemerocallidea has limited direct TNBC mecha-
nistic data. Some studies with extracts indicate antioxidant activity and modest cytotoxicity
in breast cancer cells. The presence of sterols and norlignans suggests potential pro-
apoptotic and anti-proliferative effects, but robust mechanistic evidence in TNBC cell lines
has not been published [66,67,88,124].

Vernonia amygdalina

Vernonia amygdalina (bitter leaf) has documented antitumor effects in breast cancer
models, including TNBC cell lines [125,126]. Mechanistic studies indicate that extracts
induce cell-cycle arrest (G0/G1 and S-phase), increase ROS, and trigger mitochondrial
apoptosis through upregulation of Bax, activation of caspase-3, and PARP cleavage. Vern-
odalin and related sesquiterpene lactones isolated from V. amygdalina exhibit significant
cytotoxicity and modulate signalling pathways such as PI3K/Akt and NF-κB, contributing
to reduced proliferation and increased apoptosis in TNBC cells [126].

Garcinia kola

Extracts of Garcinia kola (bitter kola) seeds show cytotoxic activity in breast cancer
cells, and the major constituent kolaviron a biflavonoid complex induces apoptosis and
inhibits proliferation. Mechanistically, kolaviron increases ROS, modulates Bax/Bcl-2
balance, activates caspase-3, and suppresses NF-κB signalling. These effects reduce survival
signalling and promote apoptotic death in cancer cells, including models relevant to
TNBC [68,69,127].

Zanthoxylum zanthoxyloides

There is limited mechanistic data on anti-TNBC activity of Zanthoxylum zanthoxyloides.
Extracts have demonstrated general antiproliferative and cytotoxic effects in cancer models,
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potentially via apoptosis induction and modulation of oxidative stress, but no specific
TNBC mechanisms or isolated active compounds have been conclusively reported [128].

Aloe ferox

Aloe ferox extracts and constituents such as aloin and aloe-emodin demonstrate antipro-
liferative and pro-apoptotic effects in breast cancer cells. Mechanistically, these compounds
increase ROS, trigger mitochondrial apoptosis, inhibit NF-κB signalling, and induce cell-
cycle arrest. While specific TNBC cell line studies are limited, the pathways modulated
(ROS, apoptosis, NF-κB) are directly relevant to TNBC pathobiology [70,89,129].

Curcuma longa

Curcumin, the principal curcuminoid from Curcuma longa (turmeric), has well-
characterized anticancer mechanisms in TNBC. Curcumin induces ROS, disrupts mito-
chondrial membrane potential, and triggers apoptosis via activation of caspase-3 and
caspase-9. It also inhibits NF-κB signaling, suppresses STAT3 and PI3K/Akt pathways,
and induces cell-cycle arrest (G2/M), collectively reducing proliferation, survival, and
metastatic potential in TNBC cells [26,73,130].

Annona muricata

Annona muricata (graviola) contains annonaceous acetogenins such as annonacin that
potently inhibit cancer cell proliferation [79]. Mechanisms involve mitochondrial complex
I inhibition, leading to decreased ATP production, increased ROS, loss of mitochondrial
membrane potential, and induction of apoptosis. These compounds also trigger cell-
cycle arrest and suppress survival signalling pathways such as NF-κB, making them
mechanistically relevant to TNBC inhibition where metabolic vulnerability and apoptotic
evasion are critical [33–37]. Annonacin modulate PD-L1 and interferon-gamma expression
to attenuate cancerous features [37].

Moringa oleifera

Moringa oleifera leaf and seed extracts exhibit antiproliferative, pro-apoptotic, and
anti-inflammatory activity in breast cancer models [58–61,95]. Mechanistically, Moringa
compounds such as isothiocyanates and flavonoids increase ROS, modulate Bax/Bcl-2
ratios, activate caspases, and suppress PI3K/Akt signaling. These pathways reduce cell
viability and enhance apoptosis, and evidence from TNBC cell studies supports cell-cycle
arrest and inhibition of migration and invasion [58–61,131]. The extracts from Moringa
oleifera and Azadirachta indica target the VEGF pathways essential for new blood vessel
formation [43,44,58,59]. The synergy between antioxidant capacity and cytotoxic action
provides a comprehensive pharmacological strategy for addressing aggressive malignancies
like TNBC [95].

Nigella sativa

The major bioactive constituent thymoquinone from Nigella sativa seeds exhibits
pronounced activity in TNBC models. Nigella sativa containing thymoquinone and alpha-
hederin from show strong activity at 5–20 µM and 10 µM, respectively [27,74,75]. Other
notable molecules with significant micromolar potency include isodeoxyelephantopin
from Elephantopus scaber (IC50 ~9.5 µM) [77]. Mechanistically, thymoquinone increases
ROS, induces mitochondrial apoptosis via Bax upregulation and Bcl-2 downregulation,
activates caspases, and inhibits NF-κB and STAT3 signaling. It also induces cell-cycle
arrest and suppresses metastatic markers, illustrating multi-target engagement in TNBC
cells [132–134].
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Punica granatum

Punica granatum (pomegranate) extracts and ellagitannins such as punicalagin exhibit
anti-TNBC activity by inducing ROS, initiating mitochondrial apoptosis, activating cas-
pases, and suppressing NF-κB and PI3K/Akt signaling. These mechanisms lead to reduced
proliferation, increased apoptosis, and inhibition of migration and invasion in TNBC cell
lines [38,80,81].

Centella asiatica

Centella asiatica (Gotu kola) has demonstrated anticancer activity in breast cancer
models, though specific anti-TNBC mechanisms are limited in the literature. Extracts and
compounds such as asiaticoside, madecassoside, asiatic acid, and madecassic acid modulate
apoptotic pathways, increase ROS, and inhibit proliferative signaling. Mechanistically,
asiatic acid induces mitochondrial apoptosis via upregulating Bax, downregulating Bcl-2,
and activating caspases in breast cancer cells. Additionally, C. asiatica extracts can suppress
NF-κB signaling and reduce angiogenic mediators such as VEGF, implying anti-proliferative
and anti-metastatic effects. Because TNBC is characterized by aggressive proliferation and
metastatic potential, these mechanisms are highly relevant even though direct studies in
TNBC cell lines (e.g., MDA-MB-231) are not yet widely documented [24,72].

Elephantopus scaber

Original laboratory research studies provide direct mechanistic evidence of the anti-
TNBC efficacy of Elephantopus scaber active constituents. In vitro screening demonstrates
that its primary isolated germacranolide sesquiterpene lactones, such as isodeoxyele-
phantopin, potently induce cell death and inhibit proliferation in human MDA-MB-231
triple-negative breast cancer networks. Mechanistically, these compounds force apoptotic
collapse and mitochondrial stress by selectively blocking STAT3 phosphorylation pathways,
downregulating survival signals, and significantly enhancing the therapeutic sensitivity of
TNBC cell systems to standard chemotherapeutic agents like paclitaxel [28,76,77,135].

Crinum zeylanicum

Empirical in vitro investigations offer direct, level 1 mechanistic proof validating the
antineoplastic potential of Crinum zeylanicum within triple-negative breast cancer (TNBC)
systems. Through targeted bio-guided fractionation, researchers successfully isolated key
Amaryllidaceae isoquinoline alkaloids specifically lycorine, ambelline, and crinine from the
plant matrix. When deployed against highly invasive human MDA-MB-231 cell lines, pure
crinine drives a severe, concentration-dependent suppression of tumor proliferation by
triggering systematic apoptotic death, marked by hallmark nuclear fragmentation and struc-
tural disintegration. Furthermore, structure-activity relationship (SAR) profiling reveals
that the preservation of an unreduced ∆1,2 double bond in the core crinane architecture is
biochemically indispensable for driving this targeted cytotoxic response [25,136].

Silybum marianum

Silybum marianum (milk thistle) is rich in flavonolignans, collectively called silymarin;
the most studied is silibinin. Silibinin has extensive anticancer evidence and has been tested
in TNBC cell lines. Mechanistically, silibinin induces mitochondrial apoptotic pathways
by elevating Bax and caspase-3 activity while attenuating Bcl-2. It also inhibits STAT3,
NF-κB, and PI3K/Akt signalling, reduces cell proliferation, and induces G0/G1 cell-cycle
arrest. In TNBC models specifically, silibinin has been shown to attenuate stemness features
and inhibit migratory/invasive behavior by targeting epithelial–mesenchymal transition
(EMT) regulators [137]. To combat the highly metastatic nature of TNBC, these secondary
metabolites effectively inhibit tumor angiogenesis and migration; for instance, silibinin
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suppresses TGF-β2 expression to inhibit cell motility, isodeoxyelephantopin downregulates
MMP-2/9 to retard migration [77,135].

Viscum album

Viscum album (European mistletoe) extracts exert anti-cancer effects primarily through
lectins and viscotoxins. Mistletoe lctins (ML-I), reach nanogram-level efficacy with an
IC50 of approximately 4.2 ng/mL in 2D models and 12.8 ng/mL in 3D models against
MDA-MB-231 [48,49]. In breast cancer models (including TNBC), mistletoe lectins trigger
apoptosis via mitochondrial pathways, increase ROS, activate caspases, and induce im-
munogenic cell death. Viscotoxins can disrupt membrane integrity and augment apoptotic
signaling. These extracts also modulate immune responses by activating NK cells and
increasing cytokine release, which may support tumor cell recognition and clearance. While
V. album’s actions are less mechanistically specific than small-molecule phytochemicals, the
combined pro-apoptotic, ROS-mediated, and immune-modulatory effects are relevant to
TNBC pathobiology [48,49].

Withania somnifera

Withania somnifera (ashwagandha) produces withanolides such as withaferin A that
have been evaluated in TNBC cell lines. Withaferin A derived has shown exceptional
efficacy against the MDA-MB-231 (IC50 ~0.5–2.0 µM) and BT-549 (IC50 ~1.5 µM) TNBC
cell lines [50,51]. Withaferin A induces ROS-mediated apoptosis, triggers mitochondrial
dysfunction, and activates caspase cascades. It also inhibits NF-κB, STAT3, and Akt
pathways, leading to decreased proliferation and survival signaling. Withaferin A reduces
vimentin expression and EMT, impairing migratory and invasive capacities, and induces
G2/M cell-cycle arrest [101,138,139].

Artemisia annua

Artemisia annua produces artemisinin and related sesquiterpene lactones. In TNBC
models, artemisinin derivatives induce ROS-mediated mitochondrial apoptosis, increase
Bax, reduce Bcl-2, and activate caspase-3. Artemisinin also inhibits Wnt/β-catenin and
NF-κB pathways, suppressing proliferation, migration, and invasion. Additionally, these
compounds can generate iron-dependent free radicals selectively in cancer cells, enhancing
cytotoxic specificity [52–54,140]. Noteworthy artemisinin utilizes an endoperoxide moiety
to trigger ferroptosis and oxidative stress in malignant cells [53]. The flavonoid chrysos-
plenol D from this plant, displays an IC50 of 22.1 µM against MDA-MB-231. The anticancer
mechanism of this phytochemical involves the modulation of signaling cascades; inducing
apoptosis in TNBC cells specifically through an ERK1/2-mediated pathway [52–54].

Bupleurum rotundifolium

While direct mechanistic investigations on triple-negative breast cancer systems are
not yet available for raw Bupleurum rotundifolium extracts, the plant possesses distinct
antiproliferative and oncological potential [55]. Phytochemical evaluations of its fruits have
led to the isolation of unique triterpenoid glycosides, specifically named rotundifoliosides
A-G, which exhibit marked cytotoxicity against human tumor cell lines. Furthermore,
nanomedicinal applications utilizing B. rotundifolium extracts for the green synthesis of
silver nanoparticles (AgNPs) demonstrate significant, dose-dependent biological and anti-
cancer activities, reflecting the broader therapeutic efficacy observed within the Bupleurum
genus [55,87].

Peganum harmala

Peganum harmala seeds contain β-carboline alkaloids (e.g., harmine, harmaline, norhar-
mane) with known anticancer actions. These alkaloids intercalate DNA and inhibit topoiso-
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merases, leading to cell-cycle arrest and apoptosis. They also generate ROS and modulate
MAPK and Akt signalling in breast cancer cells. Mechanistic evidence in TNBC models
specifically is limited, but the pathways impacted DNA damage, apoptosis, oxidative stress,
and survival signalling inhibition align with vulnerabilities in TNBC biology [141,142].

Azadirachta indica

Cumulative data reviewed in the literature emphasizes the significant therapeutic
value of Azadirachta indica extracts and its isolated compounds against highly aggressive
malignancies, including triple-negative breast cancer systems. Specifically, methanolic
and ethanolic extracts obtained from the leaves, flowers, bark, and seeds exhibit direct,
dose-dependent cytotoxicity in breast carcinoma cell lines, with crude fraction thresh-
olds documented near 62.5 µg/mL. Furthermore, nimbolide, a major active tetranortriter-
penoid limonoid isolated from this species, demonstrates enhanced efficacy, displaying
lower inhibitory concentration values ranging from 2 µM to 12 µM. Mechanistically, these
agents effectively disrupt cell proliferation, impair metastatic invasion, and trigger caspase-
dependent apoptotic pathways in malignant models [43,44].

Figure 3 illustrates the multi-targeted anticancer mechanisms by which medicinal
plants exert inhibitory effects against Triple Negative Breast Cancer (TNBC). Medicinal
plants, represented as the primary therapeutic source, contain diverse bioactive constituents
that interact with cancer cells and modulate several molecular and cellular pathways
involved in tumor progression. Unlike single-target conventional therapies, these plant-
derived compounds act on multiple biological processes simultaneously, thereby enhancing
their therapeutic potential against aggressive cancers such as TNBC [101,102]. Recent inte-
grated chemical and biological characterizations of complex plant matrixes, such as those
performed on Hypericum perforatum, further support this paradigm by demonstrating how
synergistically profiled extracts concurrently strike multiple functional in vitro oncological
targets [143].

Figure 3. Schematic Representation of the Anti-TNBC Mechanisms of Medicinal Plants.

At the core of the diagram is the TNBC cell, which serves as the principal target of these
bioactive compounds. Arrows originating from medicinal plants indicate three fundamen-
tal anticancer actions: induction of apoptosis, inhibition of proliferation, and prevention of
metastasis. The induction of apoptosis represents a critical mechanism whereby medicinal
plants activate programmed cell death pathways in TNBC cells. This process typically
involves mitochondrial dysfunction, activation of caspases, and regulation of pro- and
anti-apoptotic proteins, ultimately leading to the selective elimination of malignant cells
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without affecting normal tissues [105,114]. This multi-pronged activation of the apoptotic
core has been recently validated through comparative extractions of traditional taxa like
Urtica dioica, where specific solvent fractions directly trigger caspase-dependent apoptotic
pathways and regulate cell survival biomarkers [144].

In addition to promoting apoptosis, medicinal plants inhibit the proliferation of TNBC
cells. This is achieved through interference with the cell cycle machinery, often resulting
in cell cycle arrest at key checkpoints such as the G2/M phase. By disrupting the orderly
progression of the cell cycle, these compounds effectively reduce the rate of cancer cell
division and limit tumor expansion. This antiproliferative effect is essential in controlling
the rapid and uncontrolled growth characteristic of TNBC.

The Figure 4 further demonstrates the ability of medicinal plants to prevent metastasis,
a major cause of cancer-related mortality. This is accomplished by reducing cancer cell
migration and invasion, thereby impairing the ability of TNBC cells to disseminate from the
primary tumor site to distant organs [109]. The suppression of metastatic potential is closely
linked to the modulation of signalling pathways and enzymes involved in extracellular
matrix degradation and cell motility.

Beyond these primary effects, the diagram highlights several downstream molecular
and physiological processes influenced by medicinal plants. Notably, the inhibition of key
oncogenic signalling pathways such as STAT3 and NF-κB is depicted. These pathways play
crucial roles in promoting cancer cell survival, proliferation, inflammation, and immune
evasion. Their suppression contributes significantly to the overall anticancer activity of
medicinal plant-derived compounds. In parallel, anti-inflammatory effects are observed
through the downregulation of pro-inflammatory cytokines, including interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-α), which are known to support tumor progression
and metastasis [112].

Another important mechanism illustrated in the Figure 3 is the inhibition of an-
giogenesis, primarily mediated through the suppression of vascular endothelial growth
factor (VEGF). By preventing the formation of new blood vessels, medicinal plants effec-
tively restrict the supply of oxygen and nutrients required for tumor growth and survival.
Additionally, the enhancement of the immune response is depicted, with increased ac-
tivity of immune effector cells such as T lymphocytes and natural killer (NK) cells. This
immunomodulatory effect strengthens the body’s natural defense mechanisms against
cancer cells.

Generally, these interconnected mechanisms culminate in the overall inhibition of
TNBC tumor growth, as indicated at the base of the figure. The diagram emphasizes that
medicinal plants exert their anticancer effects through a coordinated and multi-faceted
approach, targeting various hallmarks of cancer simultaneously. This broad-spectrum
activity underscores their potential as valuable sources of therapeutic agents for the man-
agement of TNBC and supports their continued exploration in cancer research and drug
development [91,92,96].

3. Methodology
This was systematically done for the purpose of critical appraisal of literature concern-

ing Africa natural flora and their metabolites anticancer properties against triple negative
breast cancer. In other to meet the interpretative and conceptually integrative objectives,
the systematic review on African medicinal plants targeting Triple-Negative Breast Can-
cer (TNBC) and, their ethnobotanical surveys, phytochemistry and anti-TNBC Studies
was conducted in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [145], and a PRISMA checklist was completed
(Supplementary File S1).
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3.1. Information Sources and Search Strategy

To ensure a comprehensive collection of data, a systematic search was conducted
across multiple electronic databases, including PubMed, ScienceDirect, Scopus, web of
science and African Journals OnLine (AJOL). The search strings were constructed using
the following terms: For PubMed/Scopus/Web of Science/ScienceDirect: (“Medicinal
plants” OR “Ethnobotany”) AND (“Africa” OR “African flora”) AND (“Triple-Negative
Breast Cancer” OR “TNBC” OR “MDA-MB-231”) AND (“Phytochemistry” OR “Secondary
metabolites”). For AJOL: (“Medicinal plants”) AND (“TNBC”) AND (“Anticancer activ-
ity”). Any discrepancies arising at any stage of the screening or eligibility phase were
resolved through discussion. All searches were limited to peer-reviewed English-language
publications published.

3.2. Study Identification and Selection Process

This systematic framework yielded an initial pool of 1300 publications spanning the
years 2011 to 2026, distributed across the repositories. These initial publications comprised
979 original research articles, 220 patents, 58 reviews or book chapters, 32 clinical trials,
and 11 conference papers. Overlapping and duplicate citations were filtered out using the
Rayyan predictive platform (Intelligent Systematic Review, www.rayyan.ai) in February 2026,
which automatically identified and removed 320 duplicate entries.

The remaining 980 unique records were subjected to an initial screening of titles and
abstracts carried out independently by four reviewers (J.F.T.M., B.P.L., G.M.H., and A.O.A.).
This screening step led to the exclusion of 815 irrelevant records. Following this initial
screening, 165 reports were sought for retrieval; 160 full-text articles were successfully
secured, while 5 reports could not be retrieved due to absolute source unavailability.

During the exhaustive full-text evaluation of these 160 secured papers, 108 articles
were further excluded based on strict pre-defined criteria, leaving a final set of 52 primary
articles for synthesis. Specifically, papers were excluded because they constituted secondary
literature (review articles, editorials, conference abstracts, books, and book chapters),
focused on general breast cancer without targeting the specific Triple-Negative subtype (e.g.,
evaluating effects exclusively on estrogen-receptor-positive MCF-7 cell models), lacked
a standardized chemotherapy positive control, investigated plant species not native or
indigenous to Africa or involved synthetic chemical derivatives not directly isolated from
African flora. Any discrepancies arising at any screening stage were resolved through
collective discussion and consensus with the senior team (J.F.T.M. and E.N.N.).

Finally, the protocol for this systematic review has been formally submitted to the
International Prospective Register of Systematic Reviews (PROSPERO) and is currently
undergoing the platform’s standard review process for the assignment of a registration ID.
To ensure transparency and prevent retrospective bias, the investigation strictly adhered to
the pre-defined methodological criteria and structural PRISMA steps outlined throughout
this section. In Figure 4, the flow chart diagram of study enrollment is depicted.

3.3. Inclusion and Exclusion Criteria

The search was strictly focused on original, peer-reviewed, non-clinical laboratory
research evaluating the anti-TNBC potential of extracts and pure secondary metabolites
isolated from medicinal plants native to the African continent. This literature retrieval was
limited to articles published in English within a strict multi-year window from 2011 to
2026. Studies utilized established in vitro TNBC cell models, such as MDA-MB-231, BT-20,
HCC1937, or 4T1 lines, provided they explicitly compared the plant-derived fractions with
a standard chemotherapy positive control. Crucially, to ensure high mechanistic rigor,
candidate papers were required to conduct explicit evaluations of specific downstream
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oncogenic targets; hence, investigations were exclusively included if they reported cel-
lular and transcriptomic indicators, including apoptosis induction (Caspases, Bcl-2/Bax
pathways), cell cycle distribution checkpoints, gene expression profiles via quantitative
PCR (RT-qPCR), and key protein signalling networks such as the PI3K/Akt/mTOR or
MAPK cascades.

Figure 4. PRISMA 2020 flow diagram illustrating the systematic selection, screening, and inclu-
sion process of literature evaluating African medicinal plants against triple-negative breast cancer
(TNBC) models.

3.4. Study Selection and Data Extraction

The multi-tiered screening and selection pipeline strictly followed the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Initially,
titles and abstracts were screened for relevance. Potentially eligible studies underwent a
full-text review by the authors. This narrowed the field with the potentially eligible studies
underwent a rigorous full-text review leading to the 160 retrieved papers by the authors.
Data were extracted into a standardized Excel spreadsheet including botanical information:
Botanical name, family, local name, and geographical location which collectively yielded
a total of 30 distinct genera distributed across 22 botanical families. Ethnobotanical Data:
Plant part used (leaves, roots, bark, etc.) and mode of preparation. Phytochemistry: Main
classes of compounds identified (alkaloids, terpenoids, polyphenols) and specific isolated
molecules. Finally, detailed pharmacological activities were extracted, explicitly focusing
on the type of extraction solvent used and the exact IC50 threshold values.
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3.5. Quality Assessment and Risk of Bias Evaluation

To assess the methodological quality and risk of bias of the included in vitro studies,
a tailored scoring matrix was developed by adapting standard rigorous guidelines to the
specificities of natural product research. Each study was independently evaluated across
six critical methodological domains: botanical authentication (verification of plant identity,
family, and voucher specimen deposition), extract standardization (clear description of
extraction solvents, yields, and chemical profiling or fingerprinting), cell line conditions
and authentication (specification of origins, passage numbers, culture media, and STR
profiling/mycoplasma status), experimental replication (performance of a minimum of
three independent biological replicates with clear statistical analysis), and methodological
controls (explicit inclusion of negative vehicle controls and standardized chemotherapy
positive controls), and selectivity assessment (evaluation against non-cancerous cells to
calculate a selectivity index). Each domain was scored as 2 (fully reported/low risk of bias),
1 (partially reported/moderate risk of bias), or 0 (not reported/high risk of bias), yielding
a maximum possible score of 12 points per study, where total scores of ≥9, 6–8, and <6
were categorized as low risk (high quality), moderate risk, and high risk (low quality),
respectively (Table 4).

Table 4. Methodological quality and risk of bias assessment criteria for the included in vitro studies.

Assessment Domain Score 2 (Low Risk) Score 1 (Moderate Risk) Score 0 (High Risk)

Botanical
Authentication

Full scientific name, family,
author citation, and official
voucher specimen number

provided.

Plant name and part used
mentioned, but missing
voucher specimen data.

Vague or missing
botanical identification.

Extract
Standardization

Clear description of solvent,
extraction method, yield, and

chemical profiling (HPLC,
NMR, etc.).

Extraction method
mentioned, but lacking

chemical profiling or
characterization.

No details on extraction
process or solvent

composition.

Cell Line
and Authentication

Specific cell lines named (e.g.,
MDA-MB-231), source/origin,

and formal authentication
(STR profiling/mycoplasma

test) detailed.

Cell lines named with
culture conditions, but

missing formal
authentication or origin

data.

Vague description of
cell models used.

Experimental
Replication

At least 3 independent
biological replicates

performed with detailed
statistical significance

(p-values).

Replicates mentioned, but
lack clear statistical

analysis or error bars.

No mention of
replication or statistical

design.

Methodological Controls

Explicit inclusion of both
negative vehicle controls (e.g.,

DMSO) and standardized
positive chemotherapy

controls.

Only negative controls or
non-standard positive

controls included.

Complete absence of
appropriate

experimental controls.

Selectivity
Assessment

Cytotoxicity parallelly
evaluated on

non-cancerous/normal cell
lines to calculate a Selectivity

Index (SI).

Selectivity mentioned or
implied, but no

non-cancerous cell line
included in the identical

assay.

No evaluation of
toxicity against

non-cancerous cells.
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4. Conclusions and Recommendations
Breast cancer remains one of the leading health threats globally, with its trends in

incidence and mortality rates continuing to persist and requiring further improvements
in treatment approaches. Treatments such as chemotherapy, radioactive cancer therapy,
and surgery are effective; however, they often have severe adverse effects that significantly
impact patients’ quality of life. Triple-Negative Breast Cancer (TNBC) molecular profile
limits the effectiveness of targeted therapies and contributes to its aggressive clinical
behaviour. More so, treatment outcomes of TNBC are often compromised by the rapid
emergence of drug resistance.

The catalog of botanical species documented across various African regions highlights
an immense therapeutic promise for oncological management. Taxa such as Nauclea pobe-
guinii, Phyllanthus muellerianus, Xylopia aethiopica, and Acacia erioloba are among the plants
with purported anticancer properties that remain under-researched, thus requiring more
intensive scientific scrutiny to validate their traditional claims.

Furthermore, it is essential to broaden the scope of ethnobotanical field studies into
under-represented geographical zones to discover additional candidate plants with an-
tineoplastic potential. Species like Vernonia amygdalina, which is already recognized for
its versatile antimalarial and antidiabetic applications, should be prioritized for mecha-
nistic evaluation against Triple-Negative Breast Cancer (TNBC) cell lines in an upcoming
specialized investigation.

A critical gap identified in this systematic review is the lack of toxicity screening
against normal mammary epithelial cells (e.g., MCF-10A) across the included primary
literature. Most studies focused strictly on evaluating cytotoxic efficacy against aggressive
TNBC phenotypes (such as MDA-MB-231, BT-20, HCC1937, or 4T1), leaving the Selectivity
Index (SI) of many extracts undetermined. Standardizing the inclusion of non-tumorigenic
control cell lines is imperative for future African ethnopharmacological research to ensure
therapeutic safety alongside anti-TNBC potency.

In essence, shifting from traditional usage to standardized clinical applications requires
a rigorous focus on pharmacokinetic profiling and safety assessments. African health
authorities should support the creation of regional drug development centers to transform
this ancestral knowledge into accessible, evidence-based therapies for the continent.
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