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Abstract

Despite the fact that life expectancies are increasing and the burden of infectious diseases is decreasing,
global cancer incidence rates are on the rise. Cancer outcome metrics are dismal for low- and middle-
income countries (LMICs), including sub-Saharan Africa, where adequate resources and infrastructure for
cancer care and control are lacking. Nigeria, the most populous country in Africa, exemplifies the miserable
situation. However, the investigation of medicinal plants for better and safer anti-cancer drugs has now
increased tremendously. While scientific evidence is emerging of the potential of some constituents of
medicinal plants used in traditional medicine in Nigeria to have anti-cancer effects, there is now a critical
need for platforms that integrate ethnomedicinal information on such plants with emerging scientific data
on them, to support and accelerate the discovery and development of more efficacious and safer anti-cancer
drugs and recipes. Thus, this review highlights the scientific evidence to date for the anti-cancer potential of
plants commonly used in traditional medicine to treat cancers in Nigeria. Scientific databases such as
PubMed, Science Direct, Scopus, Google Scholar, and Web of Science, as well as related sources, were
searched to retrieve relevant information on anti-cancer medicinal plants. Ethnobotanical/ethnomedicinal
details of the identified plants were then linked with the available scientific data on their anti-cancer
potential, including the cytotoxicity to cancer and normal cells of the extracts and constituent compounds
responsible for the activity. This annotated chronicle of Nigerian medicinal plants with potential anticancer
activity is a great resource for all stakeholders in the prevention and management of cancers.
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Introduction

Cancer could be simply described as the uncontrolled growth and spread of abnormal cells, which starts in
one organ or tissue called the primary site, and, if undetected or cannot be controlled through treatment,
spreads (metastasizes) to other organs in the body. It is a heterogeneous disease with a significant genetic
component, featuring changes to at least three categories of genes involved in tumorigenesis: oncogenes,
tumor suppressor genes, and stability genes [1]. There are more than 100 types of cancer, named based on
their primary site, e.g., breast cancer starts in the breast, lung cancer starts in the lung, and ovarian cancer
starts in the ovaries [2]. Generally, cancers can be carcinomas, when they arise from the epithelial cell
lining; sarcoma, when they arise from mesodermal cells lining the muscles, bones, cartilage, and connective
tissue; lymphoma, when they arise from cells of the immune system; and leukemia, when they arise from
cells of the bone marrow [3, 4].

Cancer is second only to cardiovascular disease as the main cause of death in developed countries and
is an increasingly important public health problem in developing countries, including African countries.
From an estimated 12 million new cases and 7.6 million deaths in 2008 to 19.3 million new cases and 10
million deaths in 2020 [5] the incidence of cancer worldwide is expected to rise to 26.4 million with 17
million deaths by 2030, with 70% of the deaths expected to occur in the developing world [6-8]. Globally,
breast cancer is the most commonly diagnosed cancer, and the most common among women with over 2.2
million cases in 2020, while lung cancer is the most common cancer in men (over 1.4 million cases), and the
leading cause of death, with an approximate 1.8 million deaths in 2020 [5]. The incidence rate for all
cancers worldwide was 19% higher in men than women, although rates varied across regions, reflecting
differences in risk factors, cancer prevention, and early detection methods [5].

Nigeria, the largest and most populous developing country in Africa, exemplifies the current dismal
state of cancer in Africa, with more than 120,000 new cases of cancer and up to 71,000 deaths in 2020. The
disease is wreaking great havoc and its damaging effect cannot be overestimated [8]. This unfortunate
situation has been attributed to the poor oncology services and poor radiation therapy facilities that are
accessible to only 15% of those in need of radiotherapy. In addition, there are problems of inappropriate or
ill-advised choice of readily available and accessible herbal and spiritual treatment options, lack of
awareness and ill-informed perceptions about cancer, prolonged denial, suboptimal numbers of trained
pathologists and physicians in women's health, failure in stewardship by government in ensuring equitable
distribution of health facilities and services, low wages for healthcare workers, etc., all of which have
significantly contributed to the low survival rates [9].

According to the World Health Organization’s (WHO) global snapshot for cancer control in 2015, the
availability of cancer treatment services: cancer centers, surgeries, and subsidized chemotherapy, was
lowest in Africa (just above 35%) [10]. A majority of those who cannot afford these drugs depend on
traditional medicines derived from natural products, which could be considered the mainstay of healthcare
in many developing countries [11]. Natural products are a rich reservoir of bioactive constituents isolated
from microbes, plants, and other living organisms with therapeutic potentials. They are recognized as
genuine sources of drugs used to treat several human ailments, including cancers. Examples include
vincristine, irinotecan, etoposide, and paclitaxel from plants, actinomycin D and mitomycin C from bacteria,
and marine-derived bleomycin [12]. Several of the currently available anticancer drugs were derived from
natural/plant sources. These medicinal plants are vital in the search for novel anticancer compounds due to
the pharmacological actions of their diverse chemical constituents in the human body [13]. Although many
anticancer drugs have been derived from plants, many more anticancer medicinal plants are yet to be
discovered [13].
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In Nigeria, medicinal plant extracts are widely used as important sources of chemotherapeutic agents
despite the use of synthetic drugs by a majority of the population. Many Nigerians, especially those living in
rural areas depend on these plants for the treatment of various diseases, including cancer. Although the
therapeutic potency of some medicinal plants against several types of cancers has been established [14],
the search for new anticancer agents is still necessary to develop drugs that are less toxic and more
effective and to increase their variety and availability [15].

Medicinal plants as an alternative treatment regimen

Plants have been used as herbal medicines since the beginning of human history as dietary supplements as
well as in the therapy and management of several diseases, including cancer. In fact, before the 20th
century, about 80% of all medicines for the treatment of various diseases were products of medicinal plants
[16]. Fruits, vegetables, and spices, being primary sources of naturally occurring nutrients essential for
human health, are now popular among consumers due to their health benefits. Also, the number of
medicinal plants being used in healthcare has increased worldwide, as they have been shown to contain
several bioactive compounds possessing various medicinal properties, such as antioxidant, anti-
inflammatory, antibacterial, antimutagenic, antidiabetic, and anticarcinogenic activities. These make them
attractive potential agents for preventing or treating diseases in humans [17]. It is noteworthy that a
relatively small percentage of these plants have been or are being evaluated for their potential as
therapeutic agents, even though the potential of most plants as safe sources of food has been exploited.
Thus, there are research gaps to fill by examining food crops, especially vegetables, for their potential
development as therapeutic agents [18].

Herbal medicine, considered “alternative medicine” in contrast to current conventional (western)
medicine, is based on the use of plants or plant extracts to treat diseases and promote health and has gained
more prominence over the last century. Alternative medicine, also called complementary and alternative
medicine, holistic medicine, complementary medicine, natural medicine, traditional medicine, natural
therapies, and unorthodox medicine [19] is defined as a group of diverse medical and healthcare systems,
practices, and products that are not presently considered to be part of conventional medicine [20]. It is also
defined as therapies not taught in medical schools, not used in hospitals, and not reimbursed by medical
insurance companies [21].

Over the past decades, the relevance of herbal medicine has been appreciated due to its contribution to
both health and international commerce. Herbal medicine is now widely accepted, as reflected in its
increased patronage and publicity [22]. Biodiversity and traditional medical knowledge of these herbal
medicines have led to the development of almost 70% of the drugs currently in use [16]. Also,
approximately 700 natural products or natural product-derived New Chemical Entities (NCEs) were
approved between 1981 and 2010 [16]. These natural products have proved a valuable source of drug leads
for many years as a result of the degree of their chemical diversity. The testing of their extracts against
biological targets has been widely undertaken in the pharmaceutical industry [23].

In Africa and other developing countries, the high costs of modern drugs contribute to the continuous
use of plants [24]. About 80% of the world’s population living in rural areas depend on medicinal plants
[25] prescribed by herbal practitioners to treat several diseases. In Nigeria, it is well known that for several
decades, local communities have used herbal medicines for the treatment of several diseases. Also,
traditional medicine is regarded as part of the cultural heritage and is acceptable to the majority of the
populace [18]. According to the WHO, plant-based treatments are still in use as the main source of medicine
in some developed and most developing countries [26]. Parts of India and China cultivate medicinal plants
on a large scale to keep up with increasing demands for alternative drugs, for example, due to the discovery
of potent cytotoxic agents attributed to Asian and Ayurvedic Indian traditional medicines [27].
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Plants for cancer treatment

Reports by the WHO [28] and the World Cancer Research Fund [29] have attributed the increasing
incidence of cancer to diet, environment, and carcinogenic virus infections. Despite current improvements
in cancer prevention, diagnosis, and treatment strategies, such as chemotherapy, radiotherapy, and surgery,
mortality from the disease remains high. Some of the treatments have been useful in some and not in all
cancer types [30]. The side effects from some drugs compromise continued treatment, making affected
patients resort to herbal medicines. As a result, renewed and concerted efforts are geared towards the
discovery and development of safer and well-tolerated anticancer drugs from natural products, mainly
plants. New targets for anticancer drug development are rapidly emerging in the post-genomic era, and
improvements in high-throughput, small-molecule screens, protein structure determination, and
combinatorial chemistry have hugely contributed to the generation of new drug targets [30].

Currently, scientific evidence is still growing to support claims that herbal medicine can treat or
prevent cancer. However, as research and development of more effective and less toxic drugs by the
pharmaceutical industry remain valuable, there is a focus on exploring medicinal plants to discover novel,
potential anticancer compounds with little or no unwanted effects [31]. Several lead structures isolated
from plants due to their diverse biosynthetic pathways have been used in drug development, and recent
investigations of natural compounds in the search for anticancer drugs have produced promising results.
Almost 60% of drugs currently used for cancer treatment were isolated from natural products, with plants
contributing considerably: vinca alkaloids, taxanes, camptothecin, combretastin, podophyllotoxin,
geniposide and their derivatives, colchine, etc. The most common plant-derived anticancer compounds of
medical importance include vincristine, vinblastine, and taxanes, such as docetaxel and taxol [12].

Vinca alkaloids, also known as catharanthus alkaloids, include vinblastine, vincristine, and its
derivatives. While vinblastine was the first alkaloid isolated from the periwinkle plant, vincristine, and its
derivatives were formed from the biosynthesis of catharanthine and vindoline and are present in pink
Catharanthus roseus [12]. Vinca alkaloids are used either alone or together with other drugs to treat breast
cancer, osteosarcoma, and acute lymphocytic leukemia. The activity of vinca alkaloids is comparable to that
of taxanes, e.g., taxol, isolated from the bark of Taxus baccata and Taxus brevifolia tree needles. Taxol is one
of the most effective drugs for the treatment of breast, ovarian, and squamous cell carcinoma of the head
and neck [12]. Some of these compounds remain the cornerstone of cancer therapy and will continue to
play crucial roles in the foreseeable future. There are now a series of derivatives of these compounds with
improved properties, e.g., Nab-paclitaxel, a taxol derivative, approved for the treatment of metastatic breast
cancer [13]; vinorelbine, a semisynthetic vinca alkaloid used to treat non-small cell lung and breast cancers;
and vindesine which is currently in phase II clinical trials for the treatment of non-small cell lung cancer,
hepatocellular cancers, and leukemia [12]. Many more compounds with promising anticancer properties
have been isolated from plants, for example, flavopiridol (1), isolated from the Indian tree Dysoxylum
binectariferum, and meisoindigo (2), isolated from the Chinese plant Indigofera tinctoria (see Figure 1),
have been shown to exhibit anticancer effects, with less undesirable toxicity than conventional drugs [15,
32, 33].

Although cancer incidence is expected to increase in the future, causing a strain on health care,
appropriate allocation of resources for research into early diagnosis, curative and palliative care, and drug
development would go a long way to bring about a positive change [34].

Nigeria’s biodiversity

Nigeria, with a landmass of 923,768 sq. km, is situated entirely within the tropical zone and located
between latitudes 4° and 14° north of the equator and longitudes 3° and 15° east. The country’s topography
ranges from lowlands along the coast and in the lower Niger Valley to high plateaus in the north and
mountains along the eastern border. Much of the country is laced with productive rivers. Nigeria’s ecology

varies from tropical forest in the south to dry savanna in the far north, yielding a diverse mix of plant and
animal life [35].
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Figure 1. Chemical structures of Table 1 compounds 1-33

The rich African biodiversity exemplifies the species, distributions, and number of medicinal plants
available. Africa is home to over 57,000 species of the world’s flora, but only about 5,000 are used
traditionally or combined as recipes for their medicinal properties, with most unexplored [35]. This makes
drug discovery of African plants of relevant interest. Nigeria, the most populous African country, possesses
diverse plant species with a history of traditional use spanning many centuries, many of which are yet to
receive enough research attention to make local sourcing of pharmaceutical products a reality. There is no
doubt the country has the potential to be a veritable source of pharmaceuticals and other therapeutic
materials [36]. Awareness by international bodies such as the International Genetic Resources Institute
(IGRI), Consultative Group on International Agriculture Research, the Global Forum on Agriculture
Research, and the International Centre for Underutilized Crops has led to an increase in research aimed at
sourcing for pharmaceuticals that would be beneficial to the country and the world at large [18]. Also, to
promote traditional medicine, the Nigerian government launched a new, high-profile committee on
traditional medicine to help develop, promote, and commercialize traditional medicine products, an
endeavor that could generate for the country at least US$1 billion in the first ten years [37]. Thus, it is
pertinent to provide information that would reveal the potential of these plants and justify their use for a
successful fight against cancer.
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Methodology
Search strategy

Scientific databases such as PubMed, Science Direct, Scopus, Google Scholar, and Web of Knowledge were
searched to retrieve publications using the key terms: cancer, cytotoxicity, plants, and Nigeria. Articles
related to the subject and published from 1999 to 2022 were used and included in the reference list.

Inclusion and exclusion criteria

Both review and original data articles on medicinal plants for cancer treatment in Nigeria were considered.
Plant species were taxonomically validated; the Latin scientific name and family were confirmed using The
Plant List site (http://www.theplantlist.org). Ethnopharmacological articles with methodological bias in
terms of sample superiority and validity of the species were excluded.

Nigerian medicinal plants with potential anticancer (cytotoxic) effects

Following our search, several Nigerian plants eliciting cytotoxic activity and their bioactive constituents
were identified, as shown in Table 1. The chemical structures of the bioactive constituents are shown in
Figure 1, Figure 2, and Figure 3.

Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets]

Botanical Traditional use(s) Potential bioactive compound(s) Cytotoxic effects

name/family/plantpart(s)

Acanthospermum Cancer Melampolides (3) Methanol extract on COR-L23 (ICy:

hispidum DC Cis,cis-germacranolides (4) 8.87 + 0.90 pg/mL), MCF-7 (IC,: 13.50

Asteraceae ' +1.00 pg/mL) and C32 (IC,: 13.54 +
0.8 pg/mL) cell lines [38]

Flaor\t/;ering shoots, aerial Methanol fraction on RD cell line (ICy,:
P 19.65 + 1.23 pg/mL) [39]

Methanol extract on 5637 (IC;,: 9.37
1.98 pg/mL), MCF-7 (ICgy: 19.92 +
8.94 ug/mL) and A-427 (IC,: 16.70
2.32 pg/mL) cell lines [40]

Afzelia africana Sm. Ex Pain, malaria, Methanol extract on HEK (ICy,:
Pers gonorrhea, and 0.65 pg/mL) [41]

leprosy .
Fabaceae Methanol extract on HEK (ICy,:

0.54 pg/mL) [41]

Ethyl acetate extract on PC-3 (IC,:
12.5 pg/mL) and MCF-7 (ICg:
14.5 pg/mL) [42]

Leaves, stem bark

Ageratum conyzoides Epilepsy, wounds, 7,3',5"-Tri-O-methyltricetin (5) Petroleum ether extract on SGC-7901
Linn. insect repellent, Precocene Ii (6) (ICsy: 13.77 pg/mL), A549 (IC,,:
Asteraceae burns, cuts and 14.06 pg/mL), and P-388 (IC,,:
sore and throat 3,5,7,4'-tetrahydroxyflavone (7) 0.71 pg/mL) cancer cell lines [43]
infections 5,6,7,3',4',5'-hexamethoxyflavone Ethyl acetate extract on A-549 (IC.,:
(8) 0.68 pg/mL), SGC-7901 (IC4,:

14.38 ug/mL), P-388 (IC,,:
0.0003 pg/mL), and DU-145 (IC,,:
9.90 pg/mL) cancer cell lines [43]

Ethanol extract on P-388 (IC,,:
1.73 pg/mL) [43]

7,3',5'-Tri-O-methyltricetin (5) (ICs,:
12.8 uM), Precocene Il (6) (IC,,: 24.8
uM), 3,5,7,4'-tetrahydroxyflavone (7)
(ICs: 3.5 uM) and 5,6,7,3',4',5'-
hexamethoxyflavone (8) (ICy,: 7.8 uM)
on P-388 cell line [44]

Precocene Il (6) (ICyy: 61 uM) on the
HT-29 cancer cell line [44]
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical

name/family/plantpart(s)

Traditional use(s) Potential bioactive compound(s)

Cytotoxic effects

Allanblackia floribunda
Oliv

Guttiferae

Anacardium occidentale

L. Anacardiaceae

Leaves

Annona muricata L.
Annonaceae

Leaves, roots, twigs

Bidens pilosa L

Compositae

Breynia nivos (W.Bull)
Small

Phyllanthaceae
Leaves

Bryophyllum pinnatum
Lam.

Crassulaceae

Byrsocarpus coccineus

Schumach. & Thonn.
Connaraceae

Bark, leaves

Malaria, dysentery

Cancer Zoapatanolide A (9)
Agathisflavone (10)

1,2-bis(2,6-dimethoxy-4-
methoxycarbonylphenyl)ethane

(anacardicin) (11)
Methyl gallate (12)
Muricin J (13)
Muricin K (14)

Cancer, fever,
diarrhea, diabetes,
headaches, gastric

disorders, Muricin L (15)
rheumatism, .
arthritic pain Annomuricin A (16)

Annomuricin B (17)
Annomuricin C (18)
Annomuricin E (19)
Annohexocin (20)
Muricapentocin (21)
Annopentocin A (22)
Annopentocin B (23)
Annopentocin C (24)

Ear infection,
cough, diarrhea

Headaches,
toothaches, tooth
infections, fever
and malaria

Cristatin A (25)

Respiratory tract
infections,
antibacterial

Jaundice, pile,
gonorrhea,
venereal disease,
impotence

Methanol extract on BT-549 (IC,,: 14.7
*0.23 pg/mL), BT-20 (IC4,: 48.3 +
2.90 pg/mL), PC-3 (IC4,: 29.4

0.69 pg/mL) and SW-480 (ICy,: 57.1 =
1.16 ug/mL) [45]

Acetone extract on Hela cells (ICg:
36.2 £ 9.8 uM) [46]

Acetogenin-enriched fraction on PC-3
(ICyo: 57 pg/mL) [47]

Ethanol extract on PC-3 (IC,:

63 pg/mL) [47], HL-60 (ICq,: 14 £
2.4 yg/mL), EACC (IC,,: 335.85
pg/mL), MDA-MB-231 (IC,,: 248.77
pg/mL) and SKBR3 (IC,,: 202.33
pg/mL) cancer cell lines [48]

Aqueous extract on MCF-7 (ICy,:
221.67 £ 1.67 pg/mL), MDA-MB-231
(ICs: 350 £ 5.77 pg/mL), and 4T1 (IC,;:
251.67 £ 6.01 ug/mL) cancer cells [49]

Ethyl acetate extract on MCF-7 (ICy,:
6.39 + 0.43 pyg/mL), MDA-MB-231
(ICs: 11.36 £ 0.67 pg/mL), A549 (IC,,:
5.09 + 0.41 pg/mL), HepG2 (IC,: 9.3 £
0.91 pg/mL), WRL-68 (IC,,: 47.10
1.23 pg/mL) [50], HCT-116 (IC,: 8.98
+1.24 yg/mL) and HT-29 (IC,,: 11.43 £
1.87 ug/mL) cancer cells [51]

Ethanol extract on HL-60 (IC4,: 9
0.8 pg/mL) [52]

Ethanol extract on HL-60 (IC4,: 49 £
3.2 ug/mlL) [52]

Methanol extract on BT-549 (IC,,: 43.1
*6.09 ug/mL), BT-20 (ICy,: 53.7
2.16 pug/mL), PC-3 (IC,,: 47.7

2.69 pg/mL) and Jurkat (IC,,: 75.6 +
1.06 ug/mL) [45]

Cristatin A (25) on L5178Y mouse
lymphoma cell line (ICg,: 13.9 uM) [53]

Methanol extract on HepG2 cell line
(38.73% cytotoxic) [54]

Methanol extract on BT-549 (IC,,: 48.2
+1.56 pg/mL), BT-20 (IC,,: 82.4
0.17 pg/mL) and PC-3 (IC,,: 48.3 £
1.05 pg/mL) [45]

Methanol extract on BT-549 (IC,,: 24.6
+0.99 pg/mL), BT-20 (IC4,: 52.9 £
4.11 yg/mL), PC-3 (IC,,: 43.7 £

1.02 pg/mL) and Jurkat (IC,,: 65.2 +
0.87 pg/mL) [45]

Methanol extract on BT-549 (IC,,: 18.6
*4.85 ug/mL), BT-20 (IC5,: 31.3
0.53 pg/mL), PC-3 (IC,,: 29.1 +

0.64 pg/mL) and Jurkat (IC,,: 43.4 +
1.77 ug/mL) [45]
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical
name/family/plantpart(s)

Traditional use(s)

Potential bioactive compound(s)

Cytotoxic effects

Caesalpinia pulcherrima
(L.) Sw

Fabaceae

Roots

Cajanus cajan (L.) Millsp.
Fabaceae

Leaves

Calliandra portoricensis
Jacq. Benth

Leguminosae

Roots

Citrus aurantium L.
Rutaceae
Root bark

Clausena anisata (Willd.)
Hook.f. ex Benth

Rutaceae

Leaves, stem bark

Conyza sumatrensis
(Retz.) E. H. Walker

Asteraceae

Leaves

Stimulant,
emmenagogue,
abortifacient,

fever, malaria

Smallpox, chicken
pox, malaria,
breast cancer [45]

Cancer, analgesic,
anti-ulcerogenic
and anticonvulsant

Cancer and
inflammatory
diseases

Cancer

Eye diseases,
paralysis, epilepsy,
convulsion,
tuberculosis, and
asthma

Vouacapen-5a-ol (26)
Pulcherrimin A (27)
Pulcherrimin B (28)
Pulcherrimin C (29)
Pulcherrimin E (30)

Hexadecanoic acid methyl ester (31)

a-Amyrin (32)
B-Sitosterol (33)
Pinostrobin (34)
Longistylins A (35)
Longistylins C (36)
Neurolenin B (37)
Nigrosporolide (38)

trans-Geranic acid (39)

Citrusinine-1 (40)
Citracridone-| (41)
5-hydroxynoracronycine (42)
Natsucitrine-1 (43)
Glycofolinine (44)
Citracridone-Ill (45)

3-(1,1-dimethyl allyl) xanthyletin (46)

Gravelliferone (47)
Excavatin D (48)

7-[(E)-7-hydroxy-3,7-dimethylocta-

2,5-dienyloxyl]-coumarin (49)
Phellopterin (50)

Murrayamine-A (51)
1-O-Methylclausenolide (52)

Stigmast-5, 22-dien-3-O-g-D-
glucopyranoside (53)

2, 3-dihydroxylpropyl
hexacosanoate (54)

Chloroform extract on MCF-7 (IC,,:
15.65 + 0.21 uM to 36.49 + 1.39 uM),
Hela (ICgy: 7.02 £ 0.31 uM to 27.59 =
0.26 yM) and PC-3 (IC,,: 15.64 + 1.30
uM to 27.59 + 0.26 uM) cell lines [55].

Methanol extract on COR-L23 (IC,,:
9.81 £+ 0.00 pg/mL) and MCF-7 (16.08
+ 3.30 pg/mL) cell lines [38]

Methanol extract on BT-549 (IC,,: 56.1
*10.09 pg/mL), BT-20 (IC4,: 56.8 *
2.60 pg/mL), PC-3 (IC4,: 50.5 +

0.76 pg/mL) and SW-480 (IC,,: 52 £
0.53 pg/mL) [45]

Methanol extract on PC-3 inhibited
proliferation by 84% and LNCaP (63%)
[56]

Methanol fraction on LNCaP (IC,:
2.4+0.2 yg/mL), DU-145 (IC,,:
3.3+0.2 pg/mL) and A549 (IC,,: 3.6
pg/mL) cancer cells [57]

Ethyl acetate fraction on RD cells (I1Cy,:
0.82 +0.08 pg/mL) [39]

Dichloromethane fraction on A549
(IC4,: 3.88 £ 0.58 pg/mL), HepG2 (ICy,:
5.73 £ 0.99 pg/mL), MCF-7 (IC4,: 5.12
+ 0.54 yg/mL) and PC-3 (IC,: 4.72
0.23 pg/mL)

Methanol fraction on A549 (IC,,: 88.9 =
1.23 pg/mL), HepG2 (IC,,: 92.7 £

4.11 pyg/mL), MCF-7 (IC,,: 90.6

4.54 yg/mL) and PC-3 (IC,,: 78.2 +
2.14 pg/mL)

Flavonoid fraction on AGS cells (IC,:
99 pg/mL) [58], A549 (ICy,: 230 pg/mL)
[59] and HepG2 (ICs,: 75 pg/mL) cells
[60]

Methanol fraction on RD cell line (IC;,:
8.83 + 0.59 ug/mL) [38]

On Hela cells:

ICs: 1.14 £ 0.16 pg/ mL (46)

ICsy: 1.81 £ 0.09 pg/ mL (47)

ICsy: 2.98 + 0.22 pg/ mL (48)

IC,: 1.27 £ 0.03 pg/ mL (49)

ICsy: 2.36 + 0.08 pg/ mL (50)

[61]

;g'?(]) 3.26 £ 0.14 pg/ mL on Hela cells

Chloroform sub-fraction 1 (Gl,: 63.64 +
1.33 pg/mL); sub-fraction 2 (Gl,,: 62.24
+ 0.18 pg/mL); sub-fraction 3 (Gly,:
43.64 + 0.7 pg/mL) and sub-fraction 4
(Glgy: 79.89 £ 2.67 pg/mL) on MCF-7
cancer cells [62]

Stigmast-5, 22-dien-3-O-B-D-
glucopyranoside (Glj,: 40.83 £
0.1 yg/mL and 58.83 + 11.2 pyg/mL) for
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical
name/family/plantpart(s)

Traditional use(s) Potential bioactive compound(s)

Cytotoxic effects

Eleusine indica (L.)
Gaertn

Poaceae

Roots

Enterolobium
cyclocarpum (Jacq.)
Griseb.

Fabaceae
Leaves

Erythrophleum
suaveolens

(Guill. & Perr.) Brenan

Fabaceae

Fagara zanthoxyloides
Lam.

Rutaceae

Roots

Ficus sur Forssk.
Moraceae

Leaves

Hoslundia opposita Vahl.

Labiatae

Hymemocardia acida Tul.
Hymenocardiaceae
Stem bark

Jatropha curcas Wall.

Euphorbiaceae

Justicia insularis T.
Anderson

Acanthaceae

Leaves

Diarrhoea,
dysentery

Inflammatory
tumours and
bronchitis

Emetic, respiratory Erythrofordins D (55)
problems Erythrofordins E (56)

Antimicrobial,
genitourinary tract
infection, sickle cell
anemia, stomach
disorders, sterility,
and toothaches

Fagaronine (57)

Cancer

Abdominal pains,
epilepsy, neurotic
disorders [45]

Used to treat
hemorrhoids, chest
pain, eye
infections,
migraine, skin
diseases,
abscesses, and
tumors

Lupeol (58)

Purgative,
galactagogue,
anticonvulsant
ringworm, eczema,
ulcer

Digestive, weaning 16-hydroxy-cleroda-3,13(14)Z-dien-

agent, laxative,
and nutritional
purposes

15,16-olide (59)

oic acid (60)

16-oxo-cleroda-3,13(14)E-dien-15-

MCF-7 and NCI-H460 cancer cell lines,
respectively

2, 3-dihydroxylpropyl hexacosanoate
(Glgy: 22.67 = 1.33 pg/mL and 34 £
5.6 pg/mL) for MCF-7 and NCI-H460
cancer cell lines, respectively [62]

Methanol fraction on RD cell line (IC,:
11.42 £ 1.01 pg/mL) [39]

Hexane extract on Hela (IC,,: 466.3
24.6 ug/mL) and A549 (IC,,: 688.9
60.1 pg/mL); Butanol extract on HelLa
(IC4o: 398.5 + 24.9 pg/mL) and A549
(ICsy: 753.7 £ 56.6 pg/mL) [63]

Methanol extract (IC50: 2.07 +
1.30 yg/mL and 11.84 + 1.18 pg/mL)
on HelLa and MCF-7, respectively [64]

Methanol extract on BT-549 (IC,,: 0.55
+0.18 pg/mL), BT-20 (IC,: 0.50
0.03 pg/mL), PC-3 (IC,,: 1.30 +

0.14 pg/mL), SW-480 (IC,,: 0.80 £
0.11 pg/mL) and Jurkat (IC,,: 0.20 +
0.05 pg/mL) [45]

Fagaronine (57) (IC4, = 3 x 10-sM) on
K562 cancer cells [65]

Aqueous extract on PC-3 (IC,,: 25
2.8 pg/mL), DU-145 (IC,,: 25 +
2.6 pug/mL), LNCaP (IC4,: 39 +
3.5 pyg/mL), and CWR-22 (ICy,: 44 +
3.8 pg/mL) prostate cancer cell lines

[66]

Dichloromethane: methanol (1:1)
extract percent growth inhibition on
A549 (72%), PC-3 (71%), NCI-H322
(79%), and T47D (79%) cancer cells
[67]

Methanol fraction on RD cell line (IC,;:
19.23 + 3.21 pg/mL) [39]

Methanol extract on BT-549 (IC,,: 76.4
+7.89 pg/mL), BT-20 (ICy,: 56.1
1.57 pg/mL) and PC-3 (IC,,: 59.7
8.11 pg/mL) [45]

Methanol extract on H460 (1C50: 20.80
+6.10 pg/mL); MCF-7 (38.70 +

0.80 pg/mL) and HCT116 (42.90 +
0.20 pg/mL) [68]

Methanol extract on BT-549 (IC,: 21.3
+0.38 pg/mL) and BT-20 (IC,,: 33.4 +
0.70 pg/mL) [45]

16-hydroxy- cleroda-3,13(14)Z-dien-
15,16-olide (59) on OVCAR-4 (IC,,: 5.7
+ 0.3 uM); OVCAR-8 (IC,,;: 4.4+ 0.2
HM)
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical Traditional use(s) Potential bioactive compound(s) Cytotoxic effects
name/family/plantpart(s)

16-oxo-cleroda-3,13(14)E-dien-15-oic
acid on OVCAR-4 (ICy,: 16.6 + 2.8 M)
and OVCAR-8 (60) (IC;,: 11.8 £ 0.5

HM) [69]
Kigelia pinnata (Lam.) Cancers, (9Z, 122)-methyl octadeca-9,12- Ethanol (IC,,: 151.3 £ 0.9 ng/mL),
Benth. dysentery, syphilis, dienoate (61) Hexane (IC,: 143.4 £ 0.5 ng/mL), and

eczema, fungal — methanol (IC,,: 147.9 £ 1.3 ng/mL)
infections, Norviburtinal (62) fractions on RD human tissue cell line
Leaves, stem bark convulsions and B-sitosterol (33) [70]

Dichloromethane extract on G361 (ICy:
2.3 + 0.1 ug/mL) cancer cells [71]

Bignoniaceae

Landolphia dulcis Rheumatism, Methanol extract on BT-549 (IC,,: 16.3
. . cough, kidney +4.31 ug/mL) [45]

var. barteri (Stapf) Pichon diseases,

Apocynaceae antibacterial

Stem bark

Lannea nigritana (Sc. None Methanol extract on BT-549 (IC,,: 48.2

Elliot) Keay + 3.52 pg/mL) and Jurkat (IC,,: 53.5

Anacardiaceae 0.35 pg/mL) [45]

Leaves, stem bark, roots

Lecaniodiscus Cancer, laxative, Phenolic constituents Methanol fraction on RD cell line (IC,:

cupanioides Planch. ex galactogen, 17.23 + 1.98 pg/mL) [39]

Benth. hepatomegaly,

antibacterial,

Sapindaceae burns, wound, and

Leaves, stem cough
Breast cancer 3-O-[a-L-arabinofuranosyl- (1_3)-a- IC,, of compound (63) on H-116, A-
L-rhamnopyranosyl- (1—2)-a-L- 549, and HT-29 cell lines: 5.0 pg/mL,
arabinopyranosyl-]-hederagenin (63) 2.5 pg/mL, and 2.5 pyg/mL, respectively
3-O-[a-L-arabinopyranosyl-(1—3)-a- ICg, of compound (64) on H-116, A-
L-rhamnopyranosyl (1—2)-a-L- 549, and HT-29 cell lines: 2.5 pg/mL,
arabinopyranosyl-]-hederagenin (64) 5.0 ug/mL, and 5.0 ug/mL respectively
[72]
Macaranga barteri Malaria, diabetes,  3,5-dicaffeoylquinic acid (65) Dichloromethane fraction on RD cell
Mull.Arg. (t:;onr;(;r:ltls and Acteoside (66) line (IC4: 0.22 £ 0.01 pg/mL) [39]

Euphorbiaceae Kaempferol-7-O-glucoside (67)

and Bastadin 11 (68)

Mimosa pudica Linn. Kidney problems,  Mimosine (69) Methanol fraction on RD cell line (IC,:
fistula, cancer Derivative of Myricetin: 2-(2',6'- 2.03 £0.11 pg/mL) [39]
dimethyl-3',4’,5’-alkyl or hydroxy Brine shrimp lethality assay of
alkyl substituted phenyl)-3-oxy-(alkyl methanol extract (LC,,: 282.35 pg/mL)
or hydroxy alkyl)- 5,7-dihydroxy- [73]
chromen-4-one (70-85) Brine shrimp lethality assay of
R1, R2, R3 & R4 can be any of the  methanol extract (LC,,: 459.26 ug/mL)

Leaves

Mimosaceae

Leaves

four groups: [74]
1: [2,4-dioxy bute-1,3-diene-1-0l] Derivative of myricetin on A549 (76.67
(70-73) +4.27 pyg/mL) and K562 (287.63 +

2: [7-oxy-2,4,6-heptatriene] (74=77) 10-64 Hg/mL) celllines [75]

3: [6-0xy-1,3,5-hexatriene] (78-81)
4: [1,3-butadiene] (82-85)
Moringa oleifera Lam. Fever, asthma, Glucomoringin (86) Aqueous extract on A549 cells (65%

Moringaceae g?:gshdrzlogr(tjhritis Niazimicin (87) inhibition) [76]
’ ) H 0,
Leaves, seeds diabetes, epilepsy, B-Sitosterol-3-O-8-d- ﬁ%?;ggﬁ)e[’;t;?d on KB cell line (85%
wound, and skin glucopyranoside (88)
infection Dichloromethane extract on HepG2,

4(a-I-rhamnosyloxy)-benzyl . 2 .
isothiocyanate (89) Caco-2 and MCF-7 (IC,: 120.37 £
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical

name/family/plantpart(s)

Traditional use(s) Potential bioactive compound(s)

Cytotoxic effects

Nauclea latifolia J. E.

Smith
Rubiaceae
Stem bark

Olax mannii Oliv.

Olacaceae

Parkia biglobosa (Jacq.)

Benth.
Mimosaceae

Peristrophe bicalyculata

(Retz.) Nees.

Acanthaceae

Cough, jaundice,
stomach disorder,
malaria fever, and
cancer

Cancer and
inflammation

Diarrhea and
stomach aches,
severe cough,
wounds, dental
caries, and
sexually
transmitted
diseases

Skin-related
ailments, an
antidote for snake
poison, insect
repellant

Kaempferol 3-O-a-L-
rhamnopyranoside (90)

2.55 pg/mL, 112.46 + 3.74 pg/mL and
133.58 £ 2.47 pg/mL, respectively) [78]

Aqueous extract on A549 cells (I1Cy,:
166.7 pug/mL) [79]

Ethyl acetate fraction on Hep-2 cell line
(ICs: 12.5 £ 0.5 pg/mL) [80]

Aqueous extract on Pac-1 (IC,:

1.1 mg/mL), COLO 357 (ICy,:

1.8 mg/mL) and p34 (IC,,: 1.5 mg/mL)
cell lines [81]

Aqueous extract on SW48 (IC,,: 105.47
+ 23.50 pg/mL), SW480 (IC,,: 200.26 +
27.64 pg/mL) and HCT-15 (IC,,:
266.67 + 18.53 pg/mL) [82]

Ethanol extract on SW48 (IC,,: 102.40
+16.08 pg/mL), SW480 (ICy,: 197.20
32.52 pg/mL) and HCT15 (IC,: 264.83
+23.33 pg/mL) [82]

Essential oil on MCF-7 (IC,,: 226.1
pg/mL), Hela (ICy,: 422.8 pg/mL) and
HepG2 (IC4,: 751.9 pg/mL) [83]

Glucomoringin (86) on H460 wild-type
(ICs0: 29.07 = 0.76 pM), its subline
H460 S5 (18.60 + 6.65 uM), MCF7 1
(ICsy: 21.08 £ 5.67 pM), MCF-7 NEO
(19.76 + 4.38 uM) [84]

Niazimicin (87) (IC,,: 35.3 pg/mL), B-
sitosterol-3-O-8-d-glucopyranoside (88)
(ICsy: 27.9 pg/mL), 4(a-I-
rhamnosyloxy)-benzyl isothiocyanate
(89) (IC4,: 32.7 pg/mL) on induction of
EBV-EA [85, 86]

Methanol fraction (100%), (IC,,: 28.56
+ 0.34 pg/mL and 22.52 + 0.34 pg/mL);
Methanol: ethyl acetate fraction 1
(neutral fraction), (IC4,: 3.23

0.12 pg/mL and 13.15 £ 0.41 pg/mL);
Fraction 2 (basic fraction), (IC,,: 20.51
+ 0.28 pyg/mL and 16.96 + 0.44 ug/mL);
fraction 3 (acidic fraction), (IC,,: 61.98
+ 0.25 pg/mL and 69.60 + 0.37 pg/mL);
hexane/ethylacetate fraction (IC,,:
16.70 + 0.22 pg/mL and 8.97 +

0.42 pg/mL) for MCF-7 and RD cancer
cell lines, respectively [87]

Kaempferol 3-O-a-L-rhamnopyranoside
(90) (IC50: 50 uM) against human
K562 chronic myelogenous leukaemia
cells [88]

Petroleum ether (ICy,: 5.4 £

0.10 pg/mL) and ethyl acetate (IC;,: 9.0
+ 0.34 pg/mL) fractions against SK-LU-
1 lung carcinoma cell lines [89]

Methanol extract on BT-549 (IC,:
100.0 £+ 0.67 pg/mL), BT-20 (ICy;:
125.0 £ 2.21 pg/mL), PC-3 (IC,: 56.1
0.45 pg/mL) and SW-480 (IC,,: 136.0
0.81 pg/mL) [45]

Partially purified fraction on KB (IC,:
3.50 £ 0.21 pg/mL) [90]

Essential oil on MCF-7 (18.9 £ 5.7
pg/mL) and MDA-MB-468 (66.6 + 36.8
Hg/mL) [91]

+
t
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Table 1. Cytotoxic effects and bioactive constituents of some Nigerian medicinal plants [see Figures 1, Figure 2, and Figure 3
for the chemical structures (of the compounds) indicated in the table by numbers in the brackets] (continued)

Botanical
name/family/plantpart(s)

Traditional use(s) Potential bioactive compound(s)

Cytotoxic effects

Pterocarpus santalinoides
L’Hér. ex DC.

Fabaceae

Secamone afzelii
(Roem. & Schult.)
K.Schum.

Asclepiadaceae
Leaves
Sida acuta Burm.f.

Malvaceae

Solanum erianthum
D.Don

Solanaceae

Leaves

Spondias mombin Jacq.
Anacardiaceae

Leaves

Terminalia ivorensis
A.Chev.

Combretaceae
Stem bark

Tetrapleura tetraptera
(Schumach. & Thonn.)
Taub

Leguminosae

Triclisia subcordata Oliv.
Menispermeaceae

Roots

Vernonia amygdalina Del.
Asteraceae

Leaves

Vitex doniana Sweet
Verbenaceae

Bark, root

Insecticidal,
larvicidal

Astringent,
anthelminthic,
cancer

Malaria, ulcer,
fever

Treatment of sores a-Terpinolene (91)

and skin irritations a-Phellandrene (92)
p-Cymene (93)
B-Pinene (94)

Diarrhoea, B-Caryophyllene (95)
dysentery, .

in);lamm;ytion, y-Cadinene (96)
antimalarial

Stomach ache,
arthritis,
constipation [96],
cancer [39]

Sickle cell

Antiulcer and
antimicrobial

Cycleanine (97)

Anti-malarial, anti- Vernodalin (98)
microbial,
antidiabetic

Gastroenteritis,
diarrhea,
antimicrobial

Chloroform (IC,: 6.21 + 0.70 pg/mL),
ethyl acetate (23.39 £ 3.92 pg/mL) and
methanol fractions (22.43 + 3.58
pg/mL) on Hela cells; Chloroform
(IC4: 1.98 £ 0.33 pg/mL), ethyl acetate
(8.57 £ 1.91 yg/mL) and methanol
fractions (28.24 + 5.57 uyg/mL) on
MRC5-SV2 cancer cells [92]

Methanol extract on BT-549 (IC,,: 57.9
+ 0.35 pg/mL) and Jurkat (IC,,: 10.2
0.25 pg/mL) [45]

Methanol fraction on RD cell line (IC,:
11.99 + 2.01 pg/mL) [39]

Methanol extract on BT-549 (IC,: 10.3
+0.21 pg/mL), BT-20 (IC,: 41.1 £
1.05 pg/mL), PC-3 (ICy,: 37.1 £

0.18 pg/mL) and Jurkat (IC,,: 42.3 =
0.79 pg/mL) [45]

Volatile oil on Hs 578T (IC,,: 0.63
pg/mL) and PC-3 (IC,,: 2.05 pg/mL)
cells [93]

Brine shrimp lethality assay of oils from
fresh leaves (LCy,: 0.01 pg/mL) and
dried leaves (LC,,: 4.78 pg/mL) [94]

Allium cepa L. assay of aqueous
extract (EC4,: 1.3 mg/mL) [95]

Methanol fraction on RD cell line (IC,:
13.42 £ 0.92 pg/mL) [39]

Methanol extract on BT-549 (IC;,: 9.1 £
1.40 pg/mL), BT-20 (ICgy: 23.1 =

7.05 pg/mL) and Jurkat (IC,,: 37.5 +
5.13 pg/mL) [45]

Ethanol extract on ovarian cancer
(Ovcar-8) cells (IC4,: 2.4 £ 0.5 pg/mL)
[97]

Ethanol extract on MCF-7 (IC,,: 56
pg/mL at 72 h) and MDA-MB-231 (ICg:
46 pg/mL at 72 h) [98]; MCF-7 (ICy,:
5.68 £ 2 ug/mL) [99]

Methanol extract on BT-549 (IC,,: 62.5
+0.23 pg/mL), BT-20 (IC4,: 171.1
1.33 pg/mL), SW-80 (IC,,: 89.2 +

6.65 pg/mL) and Jurkat (IC;,: 84.0 =
1.13 pg/mL) [45]

Methanol extract on BT-549 (IC,,: 44.9
+0.10 pg/mL), BT-20 (IC4,: 152.3 £
1.22 pg/mL), PC-3 (ICy,: 177.3

1.01 pg/mL), SW-80 (ICy,: 45.6 =

1.35 yg/mL) and Jurkat (IC,: 43.4 =
0.64 pg/mL) [45]

RD: rhabdomyosarcoma; EACC: Ehrlich ascites carcinoma cell; EBV-EA: epstein-barr virus early antigen
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Pinostrobin (34) LongistylinsA (35) Longistylins C (36)
OH
0}
N 0.0, o)
OH
Neurolenin B (37) Nigrosporolide (38) trans-Geranic acid (39)
O OH O OH
D
OH ' o
Citrusinine-1 (40) Citracridone-I (41) 5-hydroxynoracronycine (42)
OH O O OH O OH
H
Natsucitrine-1 (43) Glycofolinine (44) Citracridone-1II (45)
X
~ X o A o - N
[e] X m
o o”~o HO o”~o . o o”7o
3-(1,1-dimethyl allyl) xanthyletin (46) Gravelliferone (47) Excavatin D (48)

OH o~
| a N
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__ T N0 LD
o) 0”0 0 HO N o
\(\/ H Lo

7-[(E)-7-hydroxy-3,7-dimethylocta-2,5-d

ienyloxyl]-coumarin (49) Phellopterin (50) Murrayamine-A (51)

1-O-methylclausenolide (52) Stigmast-5, 22-dien-3-O-f-D-glucopyranoside (53)
0]
HOWV\/WW%
OH

2, 3-dihydroxylpropyl hexacosanoate (54)
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Lupeol (58)

16-hydroxy-cleroda-3,13(14)Z-dien-15,

16-olide (59)

16-oxo-cleroda-3,13(14)E-dien-15-oic

acid (60)

(97, 127)-methyl octadeca-9,12-dienoate

(61)

Norviburtinal (62)

[ XNe) Cl)
OH OH

3-O-[a-L-arabinofuranosyl-(1—3)-a-L
-rthamnopyranosyl-(1—2)-a-L-arabino

pyranosyl-]-hederagenin (63)

3-O-[a-L-arabinopyranosyl-(1—3)-a-L-thamnopyranosyl

(1—>2)-a-L-arabinopyranosyl-]-hederagenin (64)

(o} HO

HO
HO

HO

O
©)
~
I OHOH
HO
= @)
o

3,5-dicaffeoylquinic acid (65)

Acteoside (66)

O\/\C[OH
‘OH OH

Kaempferol-7-O-glucoside (67)

Figure 2. Chemical structures of Table 1 compounds 34—67
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Bastadin 11 (68) Mimosine (69)

Derivative of Myricetin: 2-(2’,6"-dimethyl-3',4",5'-alkyl or hydroxy alkyl substituted phenyl)-3-oxy-(alkyl or

hydroxy alkyl)-5,7-dihydroxy-chromen-4-one (70-85). R1, R2, R3 & R4 can be any of the four groups:

- O\/\O/\/OH SO~ A~
1: [2,4-dioxy bute-1,3-diene-1-ol] (70-73) 2: [7-oxy-2,4,6-heptatriene] (74-77)
O AN NN
3: [6-0xy-1,3,5-hexatriene] (78-81) 4: [1,3-butadiene] (82-85)

- S
neS<ahe
" H
HO" Y YO
OH

Niazimicin (87)

; S

HOL - J

HOQOKT "
OH

f-sitosterol-3-O-f-d-glucopyranoside (88) 4(a-L-rhamnosyloxy)-benzyl isothiocyanate (89)

OH

OH

Kaempferol 3-O-a-L-rhamnopyranoside

90) o-terpinolene (91) a-phellandrene (92)
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Figure 3. Chemical structures of Table 1 compounds 68-98

Cytotoxicity of Nigerian medicinal plants

The search for potential anticancer agents usually starts with in vitro inhibition assays on cancer cells to
determine the effect of the extracts, fractions, or compounds on cell proliferation (cytostasis) or cell death
(cytotoxicity). Plants tested for anticancer activities are chosen based on their traditional use or from
databases [100]. Nigeria is among the top countries in Africa publishing research articles that provide
increasing evidence for the potential of plants as inhibitors of tumorigenesis and associated inflammatory
processes, signifying the importance of plants in cancer prevention and therapy [18, 39, 45, 46, 55, 70, 101].
Traditional healers in Nigeria claim to treat cancer successfully, but such claims require scientific
validation. However, a majority of cancer patients in Nigeria prefer to seek cancer treatments from
traditional healers, despite the lack, or weakness of efficacy proof, which could be attributed to several
factors, including ignorance, poor education, poverty, and poor access to cancer medication. Unfortunately,
as a result, most patients present at hospitals at advanced stages of the disease, when only chemotherapy
and palliative care can be given [8, 9]. There is thus the need to gather information about Nigerian plants
with potential anticancer activity from published articles and make the information available to scientists
working in related areas so they could engage in more focused research that would discover lead
compounds for the treatment of cancer and also clarify whether any of the herbal recipes has any merit of
efficacy against cancer, which could help to inform the public about such remedies and thus safeguard
public health.

Most inhibitory assays utilize ICs, (inhibitory concentration at 50% response), defined as the
concentration of an extract or compound that causes a 50% reduction in the viability of cells in culture with
respect to the negative control cells (cells not treated with the extract or compound) after a fixed
incubation period [100, 102]. IC5y could also be defined in terms of the concentration that achieves 50% of
the maximal (cytotoxic) response induced by a test agent. The Research and Training in Tropical Diseases
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(TDR, WHO—Tropical Diseases) uses ICs, to classify the extent of cytotoxicity as follows: not cytotoxic, ICs,
is > 90 pg/mL; moderately cytotoxic, ICs, is between 2 pg/mL and 89 pg/mL; and cytotoxic if ICsq is < 2
pg/mL [100]. However, it is noteworthy that not all compounds or extracts are cytotoxic; some are
cytostatic, that is, they are capable of inhibiting cell growth, through which they can prevent metastasis and,
eventually over time, cause cell death [103]. This mechanistic difference should be considered during
anticancer screening as highlighted in the present review.

Acanthospermum hispidum (Asteraceae)

Acanthospermum hispidum (Figure 4A), one of the six plants shown in Figure 4, is also called bristly starbur,
goat’s head, or hispid starburr, and is an important plant in Nigeria because of its medicinal uses. It is native
to South America but is now found in Africa and India [104]. In Nigeria, traditional medicine healers soak
the leaves in palm wine for a day and squeeze them to obtain juice for the treatment of cancer [39, 101]. It
has also been shown to possess antibacterial and antifungal properties [104]. The methanol extract of the
plant was moderately cytotoxic against the human breast adenocarcinoma cell line (MCF-7), with ICs,
values of 13.50 + 1.00 pg/mL [38] and 19.92 + 8.94 ug/mL [40]. It was also moderately cytotoxic against
human large cell lung carcinoma (COR-L23, IC5,: 8.87 + 0.90 pg/mL), human amelanotic melanoma (C32,
[C5: 13.54 + 0.8 pg/mL) [38], rhabdomyosarcoma (RD, IC5o: 19.65 # 1.23 pg/mL), urinary bladder cancer
(5637, IC50: 9.37 £ 1.98 pg/mL), and a lung cancer (A-427, ICs5y: 16.70 + 2.32 ug/mL) cell lines [40]. The
anticancer activity of the plant has been attributed to the compounds melampolides (3) and cis,cis-
germacranolides (4), both of which showed cytotoxic and in vivo anticancer activity [105].

Ageratum conyzoides (Asteraceae)

Ageratum conyzoides (Figure 4B), commonly known as billygoat weed, is native to Central America but is
now found in Africa and several Asian countries. The weed is known to interfere with the growth of crops,
causing huge economic losses to farmers [106, 107]. In Nigeria, the Igedes in Benue State call it “ufu opioko”
and “otogo”, while the Yorubas in Southwestern Nigeria call it “Imf{ est” [43]. It is used for the treatment of
fever, rheumatism, epilepsy, wounds, burns, cuts, and sores, as well as for throat infections [107]. The plant
has been demonstrated to possess wound healing and antifungal properties [108]. The plant also
demonstrated anticancer activity against some cancer cell lines. The ethyl acetate fraction of the plant was
shown to be significantly cytotoxic against human non-small cell lung carcinoma (A-549, 1C5y: 0.68 pg/mL)
and mouse leukemia (P-388, IC5y: 0.0003 pg/mL) cell lines, and moderately cytotoxic against human gastric
carcinoma (SGC-7901, 1Csy: 14.38 pg/mL) and human prostate carcinoma (DU-145, IC5y: 9.90 pg/mL) cell
lines. The ICy, values of the petroleum ether extract on SGC-7901, A549 and P-388 cancer cell lines were
13.77 pg/mlL, 14.06 pg/mL and 0.71 pg/mL, respectively, while the ethanol extract was active against P-388
cancer cells with an ICs, value of 1.73 pg/mlL, indicating the petroleum ether extract and the ethanol extract
were significantly cytotoxic against P-388 cancer cells [43]. Thirteen compounds were isolated from the
ethanol extract, with 7,3',5'-Tri-O-methyltricetin (5), Precocene II (6), 3,5,7,4'-tetrahydroxyflavone (7), and
5,6,7,3',4',5'-hexamethoxyflavone (8) shown to inhibit the P-388 cancer cell line with ICs, values of 12.8 uM,
24.8 uM, 3.5 uM and 7.8 uM, respectively [44].

Annona muricata (Annonaceae)

Annona muricata (Figure 4C) is widely distributed in Asia, Africa, and South America. It is commonly known
as soursop (English), graviola (Portuguese), guanabana (Latin American Spanish), and other local
indigenous names [109]. It is called “sharp sharp” by the Yorubas in Nigeria [101]. Its fruit, leaves, and
other aerial parts are used as traditional medicines for the treatment of various diseases. The fruit is used
for arthritis, diarrhea, dysentery, fever, malaria, parasites, etc., while diabetes, headaches, hypertension,
and insomnia are treated with the leaves. Recent studies have demonstrated its anti-inflammatory and
analgesic effects [110], and antiviral and antidiabetic activities [111]. The anticancer activities of the
various parts of the plant have been extensively reported [48-52]. The acetogenin-enriched fraction and
ethanol extract of the leaves were moderately cytotoxic against prostate cancer PC-3 cells with 1C;, values
of 57 pg/mL and 63 pg/mL, respectively [47]. The ethanol extract significantly inhibited human
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Figure 4. Images of some plants/plant parts. A. Acanthospermum hispidum; B. Ageratum conyzoides; C. Annona muricata tree;
D. Calliandra portoricensis; E. Citrus aurantium L.; F. Clausena anisata showing inflorescence

Note. (A) Adapted from “File: Acanthospermum hispidum W IMG 2208.jpg” by Garg JM (https://commons.wikimedia.org/wiki/
File:Acanthospermum_hispidum_W_IMG_2208.jpg). CC BY 3.0; (B) reprinted with permission from “Australian Plant Image
Index (APII) Photo No. dig 12854” by Richardson RG, Richardson FJ (https://www.anbg.gov.au/cgi-bin/photo?photo_class=dig&
photo_no=12854). © R.G. & F.J. Richardson 2006; (C) Photograph taken in June, 2021 at Ibadan, Oyo State, Nigeria; (D)
reprinted with permission from “Calliandra” by Goosen N (https://ngoosen.fotki.com/fabaceae/calliandra/calliandraportoricensis.
html#media). © Nora Goosen. (E) adapted with permission from “Rind fruit bitter oranges-93679” by Hans (https://pixabay.com/
photos/rind-fruit-bitter-oranges-93679/). CCO; (F) reprinted with permission from “Brunken, U., Schmidt, M., Dressler, S.,
Janssen, T., Thiombiano, A. & Zizka, G. 2008. West African plants - A Photo Guide. www.westafricanplants.senckenberg.de -
Forschungsinstitut Senckenberg, Frankfurt/Main, Germany” by Porembski S (http://www.westafricanplants.senckenberg.de/root/
index.php?page_id=14&id=369#image=24952). BY-NC.

promyelocytic leukemia HL-60 cell line (IC5q: 14 + 2.4 pg/mL) [52] but was less cytotoxic against Ehrlich
ascites carcinoma (EAC, ICsy: 335.85 pg/mL), breast cancer (MDA-MB-231, IC5o: 248.77 pg/mL) and SKBR3
(IC50: 202.3 pg/mL) cell lines [48]. The aqueous extract of the leaves was also less toxic on breast cancer cell
lines MCF-7 (ICsq: 221.67 # 1.67 pg/mL), MDA-MB-231 (IC5¢: 350 *+ 5.77 ug/mL), and 4T1 (ICs5y: 251.67 *
6.01 pg/mL) [49], while the ethyl acetate extract was moderately toxic against breast cancer cell lines MCF-
7 (ICsp: 6.39 * 0.43 pg/mL) and MDA-MB-231 (IC5o: 11.36 * 0.67 ug/mL), human lung cancer cells (A549,
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[C5p: 5.09 * 0.41 pg/mL), human hepatoma cells (HepG2, IC5y: 9.3 * 0.91 pg/mL), human hepatic cells
(WRL-68, IC5¢: 47.10 * 1.23 pg/mL) [50], and human colon cancer cells HCT-116 (ICso: 8.98 + 1.24 ug/mL)
and HT-29 (ICsy: 11.43 + 1.87 pg/mL) [51]. The ethanol extract of the roots of A. muricata was more potent
against human promyelocytic leukemia (HL-60) than extracts from the twigs, with ICsy values of 9 *
0.8 pg/mL and 49 + 3.2 pg/mlL, respectively [52]. The leaves, roots, seeds, and twigs of Annona muricata are
rich in flavonoids, isoquinoline alkaloids, and annonaceous acetogenins, with over 200 compounds isolated
[112]. Many of the compounds have exhibited cytotoxic activity against several cancer cell lines, e.g.,
Muricin | (13), K (14) and L (15) from the fruits, Annomuricin A (16), B (17), C (18) and E (19),
Annohexocin (20), Muricapentocin (21), and Annopentocin A (22), B (23) and C (24) (Table 1) from the
leaves, all annonaceous acetogenins [109].

Calliandra portoricensis Jacq. Benth (Leguminosae)

C. portoricensis (Figure 4D), also called powder-puff or snowflake acacia, belongs to the Leguminosae
family. It is native to Central America, most precisely Mexico, Panama, and West Indies, but grows in West
African countries like Nigeria and Ghana [56]. It is one of the medicinal plants used in the treatment of
arthritis [113], convulsion, breast engorgement [114], malaria, stomach ulcers, and cancer [39, 101] in
Southwestern Nigeria where it is called “tude” [39, 114]. Pharmacological studies have demonstrated that
the root and leaf extracts of the plant possess analgesic, anti-ulcerogenic, and anticonvulsant properties.
The root is used to treat gonorrhea after mixing with pepper. It is added to snuff to promote sneezing, relief
of headaches, and ophthalmic preparations [56]. Studies by Ogbole et al. [39] demonstrated that the ethyl
acetate extract of the root bark of C. portoricensis was significantly cytotoxic against the RD cell line, with an
IC5y of 0.82 * 0.08 pg/mL. On the other hand, the methanol fraction was moderately cytotoxic against
prostate cancer cell lines LNCaP (ICsy: 2.4 + 0.2 pg/mL) and DU-145 (ICsy: 3.3 * 0.2 pg/mL), and lung
cancer cells (ICsq: 3.6 £ 0.2 pg/mL) [57], while Adaramoye et al. [56] reported it was less cytotoxic against
PC-3 (ICsp: 31.32 £ 4.61%) and LNCaP (ICsy: 11.76 * 1.0%). Brine shrimp lethality assay carried out to
determine the lethal concentration of the aqueous and methanol extracts of C. portoricensis root bark
showed that the aqueous extract was significantly cytotoxic to brine shrimp, causing 96.67%, 86.67%, and
80% mortality at 1,000 ppm, 100 ppm, and 10 ppm, respectively, while the methanol extract caused 100%,
83.30%, and 90% mortality at the same concentrations. Both extracts had LCs, of 0.18% and 0.88% for
aqueous and methanol extracts, respectively, indicating they are significantly cytotoxic [115]. Fractions of
the plant have also been shown to possess antioxidant and anti-inflammatory activities [116].

The anticancer properties of the plant have been attributed to the alteration of the Bax/Bcl-2 ratio and
growth arrest in prostate LNCaP cells. There was a 3-fold decrease in the expression of Bcl-2 and a 4-fold
increase in Bax levels when LNCaP cells were treated with 10 ug/mL methanol extract of the roots. Also, the
extract induced cytochrome C release by 4.2 folds and decreased fluorescence intensity ratio by 3.5 folds at
the same concentration relative to the control, causing growth arrest at the S phase [57].

High Performance Liquid Chromatographic (HPLC) analysis of the methanol extract of C. portoricensis
showed that the major components were Neurolenin B (37), Nigrosporolide (38), and trans-geranic acid
(39) [39].

Citrus aurantium L. (Rutaceae)

The positive effects of citrus plants on human health were known centuries before researchers began to
unravel their beneficial biological activities. Several studies have been carried out to establish these
biological activities and identify the bioactive components present in the different parts of citrus fruits, just
as is done with other plants known to possess some health benefits [117, 118].

C. aurantium (Figure 4E), commonly called sour or bitter orange, belongs to the family Rutaceae. It is
used in many cultural cuisines and in juice production because of its nutrients, flavor, and intrinsic
attributes [58]. It is among the species that have been used for medicinal purposes on account of their
bioactive compounds such as phenolics, flavonoids, essential oils, and vitamins. The antibacterial,
anticancer, antidiabetic, antifungal, anti-hypertensive, anti-inflammatory, anti-lipidemic, and antioxidant
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properties of the fruit peel, flowers, and leaves have been reported [59]. Also, it’s been reported to protect
the heart, liver, and bone, and prevent urinary diseases [58, 118]. It is traditionally used to treat cancer,
diabetes, malaria, typhoid, and worm infestations, and to manage anorexia and obesity [101].

The anticancer properties of C. aurantium have been reported in several studies. The dichloromethane
fraction of the bark was shown to be moderately cytotoxic against human lung (A549, 1Cs,: 3.88 pg/mL),
breast (MCF-7, 1Csq: 5.12 £ 0.54 pg/mL), prostate (PC-3, IC5p: 4.72 £+ 0.23 pg/mL) and human liver
hepatocellular (HepG2, IC5y: 5.73 ug/mL) carcinoma cells, while the methanol extract of the root bark was
less cytotoxic: A549 (ICso: 88.9 + 1.23 pg/mL), HepG2 (IC5q: 92.7 £ 4.11 ug/mL), MCF-7 (ICsy: 90.6 + 4.54
pg/mL) and PC-3 (ICsy: 78.2 + 2.14 pg/mL) [101]. However, the methanol extract of the bloom was
moderately cytotoxic against the human cancer cell line MDA-MB-231 (ICsq: 49.74 £ 0.75 ug/mL), while its
IC5, values against human colon adenocarcinoma (HT-29, IC5y: 96.23 + 0.75 pg/mL) and another human
cancer cell line (MCF-7, ICso: 152.34 + 0.75 pg/mL) [115] showed it was less cytotoxic [100].

The anti-proliferative activity of flavonoids isolated from C. aurantium against human gastric cancer
cells (AGS) showed that flavonoids inhibited cell viability in a concentration-dependent manner, with an
ICso of 99 ng/mL [58]. In another report, flavonoids were shown to inhibit human lung carcinoma cells
(A549) with an ICs, of 230 pg/mL [59] and human hepatocarcinoma cells (HepG2) with an ICs, of 75 pg/mL
[60]. Flavonoids isolated from C. aurantium include flavanones [Naringin (99), Hesperidin (100), and
Poncirin (101)] and flavones [Isosinensetin (102), Hexamethoxyflavone (103), Sinensetin (104),
Tetramethyl-0O-isoscutellarein (105), Nobiletin (106), Heptamethoxyflavone (107), 3-hydroxynobiletin
(108), Tangeretin (109) and Hydroxypentamethoxyflavone (110)], with Naringin (99), Hesperidin (100),
and Nobiletin (106) being the major ones (Figure 5) [58-60].

Flavonoids have been reported to induce G2/M arrest and thus induce apoptosis by regulating cell
cycle-dependent and pro-apoptotic proteins, thus activating caspase 3, up-regulating Bax/Bcl-xL, caspase 3
activity, and cleaved poly ADP-ribose polymerase (PARP); and down-regulating pro-caspases (caspase-3, -
6, -8 and -9) proteins, suggesting C. aurantium may be beneficial for the treatment of cancer [58-60].

Also, alkaloids isolated from the methanol extract of the root bark demonstrated potent to moderate
cytotoxicity (ICso: 12.65-50.74 uM) against cancer cells and were at least four times more selective towards
the carcinoma cells than the normal human immortalized prostate (PNT2) cells [119].

Clausena anisata (Rutaceae)

C. anisata (Figure 4F) is native to Africa, mainly West Africa and North Africa. It is commonly known as
“Horse wood”. It is called “Atabari Obuko” by the Yorubas in Southwestern Nigeria where it is used to treat
malaria, cancer, and gut disturbance [101]. For gut disturbance, it is mixed with Afraegle paniculata and
Azadirachtha indica, while a combination of C. anisata and Azadirachtha indica leaves is used to treat
malaria [120]. The leaves of C. anisata, Ageratum conyzoides, Momordica charantia, and Uvaria chamae are
boiled together in an earthen vessel containing pap water for the treatment of cancer [101]. It is also used
by traditional healers in Tanzania against oral candidiasis and fungal infections, epilepsy, and as an
anticonvulsant. A decoction from the root is used in children to control convulsions and as a tonic for
pregnant women [61]. Researchers have demonstrated the antioxidant, antidiabetic, antibacterial, anti-
inflammatory, antiviral, and cytotoxic properties of the leaves, roots, and stem bark of C. anisata [120].

Ogbole et al. [39] demonstrated that the methanol fraction of C. anisata leaves was moderately
cytotoxic against human RD cells (IC5y: 8.83 + 0.59 pg/mL), and its LCsq value from the brine shrimp
lethality assay (318.2 + 8.12 pg/mlL) indicates the plant contains bioactive secondary metabolites. In
another study, Tatsimo et al. [61] reported the cytotoxicity of alkaloids isolated from the leaves and stem
bark of C. anisata against HeLa cells. From their results, the alkaloids 3-(1,1-dimethyl allyl) xanthyletin (46)
, Gravelliferone (47), and 7-[(E)-7-hydroxy-3,7-dimethylocta-2,5-dienyloxyl]-coumarin (49) were
significantly cytotoxic against HeLa cells, with the following ICs, values: 1.14 + 0.16 pg/mlL, 1.81 *
0.09 pg/mL and 1.27 * 0.03 pg/mL, respectively, while Excavatin D (48) and Phellopterin (50) were
moderately cytotoxic (ICsy: 2.36 £ 0.08 pg/mL and 3.26 + 0.14 pg/mL, respectively).
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Figure 5. Flavonoids 99-110 isolated from Citrus aurantium

Erythrophleum suaveolens (Fabaceae)

E. suaveolens (Figure 6A) is a low-branching perennial tree about 30 m high, with a dense crown. It is native
to Africa but also found in Asia [121]. It belongs to the Fabaceae family and is commonly called “Sasswood”
[121] or “red water tree” [122]. In Nigeria, it is called “Obo” in Yoruba, “Nyi/Ihi” in Igbo, and “Gwaska” by
the Hausas [121]. The plant is believed to be poisonous hence, it is used traditionally to scare offenders
during investigations (based on a traditional belief system for identifying an offender in a crime) [123]. The
stem is used together with Belina acuminata in Cameroon for the treatment of dermatitis, convulsion, and
inflammation due to venom intoxication, as well as the treatment of cardiac diseases, headaches, and
migraines [124]. In Nigeria, the stem bark is mixed with Allium ascalonicum and the root of Tetracera
alnifolia to produce local soap and cream for the treatment of breast cancer [121]. Studies have
demonstrated the anti-inflammatory, analgesic [124], and antibacterial [122] properties of the stem bark of
E. suaveolens.
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Figure 6. Images of some plants/plant parts. A. Erythrophleum suaveolens; B. Kigelia pinnata (or Kigelia africana) flowering and
fruiting; C. Fagara zanthoxyloides (Zanthoxylum zanthoxyloides); D. fruiting branches of Lecaniodiscus cupanioides; E.
Macaranga barteri tree; F. a stalked flowering head of Mimosa pudica
Note. (A) Reprinted with permission from “ERYTHROPHLEUM SUAVEOLENS” by Olubodun O (https://forestcenter.iita.org/
index.php/2019/06/21/erythrophleum-suaveolens/). CC BY-NC 2.0.; (B) adapted with permission from “KIGELIA AFRICANA” by
Bown D (https://forestcenter.iita.org/index.php/2019/07/23/kigelia-africana/). CC BY-NC 2.0.; (C) adapted with permission from
“Brunken, U., Schmidt, M., Dressler, S., Janssen, T., Thiombiano, A. & Zizka, G. 2008. West African plants - A Photo Guide.
www.westafricanplants.senckenberg.de - Forschungsinstitut Senckenberg, Frankfurt/Main, Germany” by Ouédraogo O (http://
www.westafricanplants.senckenberg.de/root/index.php?page_id=14&id=1681#image=7870). CC BY-NC. (D). reprinted with
permission from “LECANIODISCUS CUPANIOIDES” by Bown D (https://www.flickr.com/photos/iita-media-library/6240362196/
in/photostream/). CC BY-NC 2.0; (E) reprinted with permission from “Brunken, U., Schmidt, M., Dressler, S., Janssen, T.,
Thiombiano, A. & Zizka, G. 2008. West African plants - A Photo Guide. www.westafricanplants.senckenberg.de -
Forschungsinstitut Senckenberg, Frankfurt/Main, Germany” by Schmidt M (http://www.westafricanplants.senckenberg.de/root/
index.php?page_id=14&id=2476#image=7380). CC BY-NC. (F) reprinted with permission from “Brunken, U., Schmidt, M.,
Dressler, S., Janssen, T., Thiombiano, A. & Zizka, G. 2008. West African plants - A Photo Guide. www.westafricanplants.
senckenberg.de - Forschungsinstitut Senckenberg, Frankfurt/Main, Germany” by Latham P. (http://www.westafricanplants.
senckenberg.de/root/index.php?page_id=14&id=2528#image=41752). CC BY-NC.

N\

Fadeyi et al. [45] reported that E. suaveolens exhibited cytotoxic activity against several cancer cell
lines compared to other medicinal plants tested. The ICs, values of the methanol extract of the plant against
all cancer cell lines tested (BT-549, BT-20, PC-3, SW-480 and Jurkat cell lines) were 0.55 + 0.18 pg/mL, 0.50
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* 0.03 pg/mL, 1.30 £ 0.14 pg/mL, 0.80 = 0.11 pg/mL and 0.20 = 0.05 pg/mL, respectively [45], which are
significantly lower than 2 pg/mL, indicating the plant is significantly cytotoxic and possesses anticancer
potential [100].

The plant has been shown to contain several medicinal compounds [125], including phenolic
compounds like catechin, gallic acid, and pyrogallol [126]. Two cassaine-type diterpenoids isolated from E.
suaveolens, Erythrofordins D (55) and E (56), were found to be cytotoxic and responsible for the anticancer
activity of the crude extract of the plant [125]. The LCs, of the compounds was 26.92 pM and 11.48 uM for
Erythrofordins D (55) and E (56), respectively. In addition, the compounds showed cardiotoxic effects at
very low concentrations, hence the need for further in vivo studies focusing on their safety for the treatment
of cancer [125].

Kigelia pinnata (Bignoniaceae)

K. pinnata (Figure 6B), of the family Bignoniaceae, is native to Africa and widely distributed in the South,
Central and West regions. It is commonly called “the sausage tree” or “cucumber” in English due to its large
fruits [127, 128]. The Afrikaans call it “worsboom”, and Yorubas from Southwestern Nigeria call it
“pandoro” [129]. It is a multipurpose plant with a variety of medicinal uses. The leaves are used to treat
gastrointestinal ailments, stem bark for the treatment of dysentery, syphilis, eczema, fungal infections,
convulsions, and as an antidote for snakebite [130]. The fruits are baked to ferment beer and prevent face
blemishes, as purgative, and to increase milk flow in lactating mothers [127]. The plant also has some non-
medicinal uses, as its leaves and fruits are eaten by animals. It is also used for funeral rites and to “hunt
witches” in some parts of Africa [128].

Studies have demonstrated the antidiarrheal, antileprotic, antimalarial, anti-inflammatory,
antimicrobial, and anticancer activities of the plant [127, 129]. The fruit and stem bark of K. pinnata have
been shown to be cytotoxic in vivo and against some cancer cell lines [130]. The dichloromethane extract of
the stem bark was cytotoxic against the human melanoma cell line (G361), with an ICs; of 2.3 + 0.1 pg/mL.
On further purification, three compounds, Norviburtinal (62) and S-sitosterol (33) were isolated from the
extract, and Norviburtinal (62), which exhibited the highest cytotoxic effect (ICs, of 3.25 + 0.97 pg/mL),
was considered responsible for the cytotoxic activity of the extract [71] In another study, Atolani et al. [70]
reported that the ethanol, hexane, and methanol extracts of the leaves of K. pinnata showed significant
cytotoxicity (ICsy) of 151.3 + 0.9 ng/mL, 143.4 + 0.5 ng/mL and 147.9 + 1.3 ng/mL, respectively, against RD
human cancer cell line, each of which was more potent than the cytotoxicity of the reference standard,
cyclophosphamide (ICsq: 165.6 £ 1.0 ng/mL). They attributed the extremely potent cytotoxicity to the
compound (9Z, 12Z)-methyl octadeca-9,12-dienoate (61) (ICso: 153.3 + 0.1 ng/mL) isolated from the
leaves.

Fagara zanthoxyloides Lam. (Rutaceae)

There are over 549 species belonging to the Zanthoxylum (Rutaceae) species worldwide, with 35 reported
in Africa [131] and 11 identified in Nigeria [132]. These eleven Zanthoxylum species are Z. bouetense, Z.
buesgenii, Z. dinklagei, Z. gillettii, Z. lemairie, Z. leprieurii, Z. rubescens, Z. tessmannii, Z. thomensee, Z. viride
and Z. zanthoxyloides, all of which are similar in characteristics and are identified as trees, erect shrubs or
small trees, straggling or scandent shrubs, or as a forest liane [132]. The similar morphological
characteristics of Fagara and the Zanthoxylum genera cause confusion; however, the opposite
single/double perianth is used to distinguish them [133].

The root bark of F. zanthoxyloides, also known as Z. zanthoxyloides (Figure 6C), is used traditionally for
its anti-fungal and anti-malarial properties, and to treat sickle cell anemia. In Nigeria, it is used by
traditional healers for the treatment of a wide range of disorders, including toothache, urinary and venereal
diseases, rheumatism, and lumbago [66, 131]. Its antimicrobial, antihypertensive, anti-sickling,
antiproliferative, and anti-inflammatory properties have been demonstrated [67, 131, 132, 134].
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F. zanthoxyloides is indigenous to and widely used in West Africa, where its roots and slim stem are
used as chewing sticks for teeth cleaning [66, 67]. These chewing sticks are usually pencil-sized sticks of
about 6 inches or 15 mm long, used frequently during the day to prevent different types of oral disease,
including periodontal disease and dental caries [67, 134]. It is interesting to know that a significant
correlation between periodontal disease and Vitamin D deficiency and the incidence of several cancers,
including oral and breast cancers, has been established [135]. At the same time, extracts from the leaves,
fruits, stems, and root bark have been shown to possess antiproliferative activities [67, 131].

Fagaronine (57), an alkaloid isolated from the roots of F. zanthoxyloides, exhibited potent antitumor
effect against P388 and L1210 murine leukemia cells [136], and K562 cancer cells (ICsq: 3 x 107°M) [65]. In
another study, Kassim et al. [66] reported the cytotoxic activity of the root bark of F. zanthoxyloides against
two androgen-independent prostate cancer cell lines: PC-3 (ICsq: 25 + 2.8 pg/mL) and DU-145 (IC54: 25 +
2.6 pg/mL); and two androgen-dependent prostate cancer cell lines: LNCaP (ICsq: 39 * 3.5 pg/mL) and
CWR-22 (IC5o: 44 + 3.8 pg/mL); and suggested the plant could serve as a potential chemotherapeutic agent
for the treatment of prostate cancer. The dichloromethane: methanol (1:1) extract of the roots resulted in
72%, 71%, 79%, and 79% growth inhibition against A549, PC-3, NCI-H322, and T47D cancer cells using the
sulforhodamine B (SRB) assay [67]. Other synthetic analogues of fagaronine have been developed and their
anticancer activities established. Fagaronine (57) and its analogs have been shown to be DNA-intercalating
agents and inhibitors of topoisomerases I and I [137].

Lecaniodiscus cupanioides (Sapindaceae)

Lecaniodiscus cupanioides (Figure 6D), from the family Sapindaceae, is a tropical plant widely distributed in
Africa and Asia. In Nigeria, it is called “kafi nama zaki” by the Hausas, “ukpo” by the Igbos, and “arika” by the
Yorubas, and widely used for the treatment of wounds, boils, burns, toothache, fever, and hepatomegaly
[138]. The leaves are used as spice for postnatal well-being [139], and the root decoction as a
chemotherapeutic agent against rheumatism [140]. Aqueous root extract of the plant has been reported to
possess antimalarial [138], central nervous system (CNS) depressant, analgesic, and hepatotoxic properties
[141, 142], while the methanol extract has been demonstrated to possess antimicrobial and antioxidant
activities and to be cytotoxic [143]. In a study to determine the in vitro cytotoxic activity of medicinal plants
from Nigeria, Ogbole et al. [39] reported that the methanol fraction of the plant was moderately cytotoxic
against the RD cell line (IC5q: 17.23 * 1.98 pg/mL). Two triterpenoid saponins: 3-0-[a-L-arabinofuranosyl-
(1-3)-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl-]-hederagenin (63) and 3-O-[a-L-
arabinopyranosyl-(1—3)-a-L-rhamnopyranosyl (1-2)-a-L-arabinopyranosyl-]-hederagenin (64), isolated
from the stem of the plant, show cytotoxic against human colon carcinoma H-116, human lung carcinoma A-
549 and human colon carcinoma HT-29 cell lines. The IC5, values of compound (63) against H-116, A-549,
and HT-29 cell lines were 5.0 pg/ml, 2.5 ug/mL, and 2.5 pg/mL, respectively, and for compound (64)
against the same cells were 5.0 pg/mlL, 5.0 pug/mlL, and 2.5 pg/mlL, respectively [72].

Macaranga barteri (Euphorbiaceae)

M. barteri (Figure 6E) is a shrub or tree commonly found in Guinea, Southern Nigeria, and Equatorial
Guinea. In folk medicine, the plant is used as a vermifuge and a febrifuge, and to treat wounds and
swellings, cough, and bronchitis. Previous studies on the leaves have reported it is a rich source of
flavonoids, terpenes, tannins, coumarins [144], and trace amounts of alkaloids, although none in the bark
[145]. The bark and leaf, either powdered or in decoction, are used as a vermifuge [145]. The leaves are
used for treating gonorrhea in Sierra Leone and as an anti-anaemic tonic in Cote d’Ivoire. In Southwest
Nigeria, it is mixed with different leaves for the treatment of cancer [119, 121] Some people combine its
stem bark with the leaves of Vernonia amygdalina, Pseudocedrela kotschyi, and Khaya ivorensis by boiling
with pap water, before the addition of honey; for others, the root is mixed with Uvaria afzelii, stem bark of
Uvaria chamae, Securidaca longipedunculata and the leaves of Hoslundia opposita and cooked with water in
an earthen vessel to treat various cancers [101, 119]. Studies on the pharmacological activities of the plant
indicate its antioxidant [141], antidiabetic [146], antimicrobial [147], and anti-inflammatory [148]
potential. Gas chromatography-mass spectrometry (GC-MS) analysis of M. barteri revealed neophytadine
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(6.01%), trans-caryophyllene (5.03%), methyl hexadecanoate (4.00%) and phytol (2.32%) as major
constituents of the methanol fraction, indicating the leaves as a source of bioactive constituents with
therapeutic potentials [146].

Although there are reports of the anticancer properties of several plants of the genus Macaranga [144],
there is a paucity of information on the anticancer effects of M. barteri. A study by Ogbole et al. [39]
demonstrated that the dichloromethane extract of the leaves was significantly cytotoxic against RD cancer
cell line (IC5q: 0.22 + 0.01 ug/mL), with a comparable lethal activity on the brine shrimp and a high degree
of selectivity against cancer cells. They also established that 3,5-dicaffeoylquinic acid (65), Acteoside (66),
Kampferol-7-0-glucoside (67), and Bastadin 11 (68) were the major components of the extract.

Mimosa pudica (Mimosaceae)

Mimosa pudica (Figure 6F) is a weed easily dismissed as invasive, and commonly known as sleeping grass,
sensitive plant, humble plant, shy plant, and touch-me-not. It is of the Mimosaceae family with thigmonastic
and nyctinastic movements that make it an ornamental plant [149]. It is a popular plant used by folk
healers to treat several diseases such as biliary disease, bilious fevers, piles, jaundice, leprosy, cancer,
diabetes, hepatitis, obesity, and urinary infections [149, 150]. It is called “Patanmo” by the Yorubas in
Southwestern Nigeria, where it is used to treat cancer [100]. Its potent antioxidant, anti-inflammatory,
antimicrobial [151], and antiviral [152] properties have been reported. The plant has also been reported to
possess antinociceptive, antidepressant [153], hypolipidaemic [154], hepatoprotective [155], wound-
healing [156], and anticonvulsant [157] effects, among other pharmacological properties [149, 158], all of
which have been attributed to the phytochemical constituents of the plant.

The methanol fraction of the plant has been shown to be significantly cytotoxic against the RD cell line
(IC50: 2.03 £ 0.11 pg/mL) [39], while brine shrimp lethality assay of the extract gave LCs, values of
282.3495 pg/mL [73] and 459.25 pg/mL [74], suggesting the plant may be a potential source of anticancer
compounds. Several compounds with anticancer activity have been isolated from M. pudica. Jose et al. [75]
isolated a novel anticancer flavonoid, 2-(2’,6’-dimethyl-3’,4’,5’-alkyl or hydroxy alkyl substituted phenyl)-3-
oxy-(alkyl or hydroxy alkyl)-5,7-dihydroxy-chromen-4-one (70), from M. pudica with significant
concentration-dependent cytotoxic effects against A549 (ICso: 76.67 = 4.27 pg/mL) and human
erythroleukemic cell line (K562, 1C5,: 287.63 + 18.64 ug/mL). The compound also exhibited in vivo
anticancer activity by preventing the proliferation of Dalton’s Ascites Lymphoma (DAL) in the peritoneal
region of Swiss albino mice due to its cytotoxic activity and it prolonged the life span of the mice. Six other
flavonoids: Isoorientin (111), Orientin (112), 5,7,3’,4’-tetrahydroxyl-8-C-[a-L-rhamnopyranosyl-(1-2)]-8-
D-glucopyranosyl flavone (113), Vitexin (114), Isovitexin (115) and 5,7,3’,4’-teteahydroxy-8-C-[B-D-
apiose-(1—4)]-B-D-glucopyranosyl flavone (116) (Figure 7), have also been isolated from M. pudica and
shown to possess antiproliferative activities against MCF-7, embryonic human chorionic (JAR) and
neuroblastoma (N-2A) cancer cell lines [159].

Moringa oleifera Lam (Moringaceae)

M. oleifera or “drumstick” (Figure 8A), one of the four plants shown in Figure 8, is a member of the
Moringaceae family used by the ancient Romans, Greeks, and Egyptians, but has been naturalized to the
sub-Himalayan regions such as India, and widely distributed in Asia, Latin America, and Africa [76, 79]. It is
referred to as the “tree of life” or “miracle vegetable” because of its multipurpose uses as a source of food
and medicine for humans and animals, forestry products, and a source of fertilizer [76]. All parts of the
plant possess medicinal properties, but the leaves are a rich source of vitamins A and C, potassium,
proteins, calcium, and iron. It is also rich in phytochemicals such as carotenoids, alkaloids, and flavonoids,
as well as amino acids such as cysteine, lysine, methionine, and tryptophan [78, 79]. Hence, it serves as an
alternative source of nutritional supplement [78, 160].

In Nigeria, where it is called “Zogalla” by the Hausas, “Gbogbonise” and “Okochi egbu” by the Yoruba-
and Igbo-speaking tribes, respectively, the whole plant serves as a source of food, medicine, fodder, fencing,
firewood, gum and coagulant for water purification. The leaves are medicinally used to treat malaria,
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Figure 7. Flavones 111-116 isolated from Mimosa pudica
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Figure 8. Images of plants/plant parts. A. Tree and leaves of Moringa oleifera; B. Parkia biglobosa leaves and inflorescences.
C. shrubs of Peristrophe bicalyculata; D. the leaves of Vitex doniana

Note. (A) Photograph taken in June 2021 at Rijiyan Zaki Area, Kano State, Nigeria; (B) Reprinted with permission from “Parkia
biglobosa” by iNaturalist (https://www.inaturalist.org/taxa/133528-Parkia-biglobosa). CC-BY; (C) Photograph taken in June 2021
at Ibadan, Oyo State, Nigeria; (D) adapted with permission from “West African plants—A Photo Guide” by Latham P (http://www.
westafricanplants.senckenberg.de/root/index.php?page_id=14&id=1661#image=56072). CC BY-NC.

typhoid fever, high blood pressure, arthritis, swellings, hypertension, and diabetes, as well as to elicit
lactation and boost the immune system. It is also used for the treatment of cancer, either by boiling it alone
or combined with lemon grass (Cymbopogon ciratus) and bitter leaf (Vernonia amygdalina) [161].
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The nutritional, antimicrobial [162, 163], antioxidant [164], hypocholesterolemic [165],
hepatoprotective [166], anti-diabetic [167, 168], and anticancer [76-78, 83, 85] properties have been
reported. Extracts of leaves have been shown to be effective anticancer agents. Jung [76] reported that the
aqueous extract of the leaves induced apoptosis, inhibited tumor cell growth, and lowered levels of reactive
oxygen species (ROS) in human lung cancer cells. The aqueous extract was found to be cytotoxic against
Pac-1 (ICse: 1.1 mg/mL), COLO 357 (ICso: 1.8 mg/mL), and P34 (ICsy: 1.5 mg/mL) cell lines [81], and
moderately cytotoxic against SW48 (ICsy: 105.47 + 23.50 pg/mL) [82]. In another study, Sreelatha et al. [77]
demonstrated the antiproliferative and apoptosis-inducing effects of the leaves on the KB cells. Several
compounds isolated from the leaves have been linked to the anticancer properties of the plant [160].
Guevara et al. [85] isolated four compounds with potential anticancer activity from the ethanol extract of
the leaves, with three showing significant activity: Niazimicin (87), -sitosterol-3-0-f-d-glucopyranoside
(88), and 4(a-1-rhamnosyloxy)-benzyl isothiocyanate (89), with ICs, values of 35.3 pg/mlL, 27.9 ug/mL and
32.7 pg/ml, respectively. Glucomoringin (86), a common glucosinolate found in M. oleifera, has also been
shown to be cytotoxic against the H460 wild-type (ICsq: 29.07 £ 0.76 uM) and MCF7 (ICsy: 21.08 + 5.67 pM)
cell lines [84].

Some researchers have attributed the antiproliferative potential of M. oleifera to its ability to induce
ROS in cancer cells, leading to apoptosis [77]. Others reported its ability to lower internal ROS, inhibit cell
growth, and induce apoptosis [76]. These are supported by the upregulation of caspase-3 and caspase-9 of
the apoptotic pathway [160]. A study by Tiloke et al. [79] showed that M. oleifera exerts its antiproliferative
effects by increasing oxidative stress, causing DNA fragmentation and inducing apoptosis.

Olax mannii Oliv. (Olacaceae)

0. mannii is a climbing shrub from the Olacaceae family, found mostly in tropical regions, especially in
Nigeria, Ghana, and Sierra Leone. The plant is called “Ngborogwu arua” by the Igbos and “Tsada biri” by the
Hausas in Eastern and Northern Nigeria, respectively [88, 169]. It is used as an antidote for snakebite and
as a treatment for fever [170], cancer, and inflammation [88]. The roots are infused in water or honey and
boiled and the infusion is taken for the treatment of depression [171]. Studies have demonstrated the
hypoglycemic [170] and antimicrobial activities of the root bark extract of the plant [172]. The leaves,
fruits, and root bark have been shown to contain coumarins, steroid/triterpenes, saponins, fatty acids, and
tannins; flavonoids and volatile oils are present in the fruits and leaves, while the whole plant is devoid of
[173]. Sule et al. [174] Isolated (E)-3-methyl-5-phenyl-2-pentenoic acid (117) from the petroleum ether
extract of the leaves, and two terpenoids, Glutinol (118) and Rhorptelenol (119) (Figure 9), were isolated
from the acetone extract [174]. There are very few reports on the cytotoxic activity of the plant; however, a
report by Okoye et al. [88] demonstrated that kaempferol 3-0-a-L-rhamnopyranoside (90), a flavonoid
glycoside isolated from the leaves of 0. manni, was cytotoxic against human K562 chronic myelogenous
leukemia cells, with an ICs, value of 50 uM.

Parkia biglobosa (Jacq.) Benth. (Mimosaceae)

P. biglobosa (Figure 8B), popularly called “African locust bean tree,” belongs to the family Mimosaceae, and
is found in many countries, especially West African countries. It is a perennial, deciduous tree standing
between 7 m to 30 m in height, with a large crown and low branches. It has pink-brown to dark-brown pods
containing seeds embedded in a yellow pericarp [175]. The seeds make the plant top the list of acceptable,
indigenous multipurpose trees in Nigeria and are usually fermented to produce a protein-rich, strong-
smelling, tasty condiment popular in many West African countries [176] to improve the taste of soups
[177]. In Nigeria, this condiment is called “Iru” by the “Yorubas” [178] and “Daddawa” by the “Hausas”
[175]. It is also used for apiculture, fodder, tanning, and in traditional medicine for the treatment of various
diseases, including toothaches, diarrhea, bronchitis, cough [175], and arterial hypertension [178]. Studies
have demonstrated its antimicrobial, gastroprotective [176], antihypertensive, and antioxidant [177, 178]
activities.
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Figure 9. Compounds 117-119 isolated from Olax mannii Oliv.

It is also used for the treatment of cancer in Southwestern Nigeria [45, 101]. Studies have provided
evidence for the cytotoxic effect of the plant [89, 179], with Adetutu et al. [89] providing evidence that the
petroleum ether and ethyl acetate fractions of the stem bark of the plant may be a potential source of
anticancer drugs, as they were cytotoxic against the SK-LU-1 lung carcinoma cell line, with ICs, values of 5.4
* 0.10 pg/mL and 9.0 * 0.34 pg/mlL, respectively. Also, the methanol extract has been reported to be
cytotoxic against PC-3 (ICsq: 56.1 * 0.45 pg/mL) cell lines [45].

Like all plants, the therapeutic properties of P. biglobosa have been attributed to its constituent
phytochemicals such as saponins, tannins, phenolics, and cardiac glycosides [178]. Tala et al. [176]
demonstrated that the roots and bark of the plant contain up to forty proanthocyanidins with significant
antioxidant activities. Proanthocyanidins are condensed tannins shown to play important roles in disease
prevention and have been reported to possess antioxidant, anticancer, anti-ulcerogenic, and anti-
inflammatory properties [176]. Other bioactive constituents in the bark are trans-ferulic acid (120), a
mixture of long-chain cis-ferulates; Lupeol (58), 4-0-methyl-epigallocatechin (121), Epigallocatechin (122)
, Epicatechin 3-0-gallate (123), and Epigallocatechin 3-0-gallate (124) (Figure 10) [180].

Peristrophe bicalyculata (Retz.) Nees (Acanthaceae)

P. bicalyculata (Figure 8C), commonly referred to as “Goddess of Mercy,” belongs to the family Acanthaceae
[91]. It is native to the Sahel part of Africa, from Mauritania to Niger and Northern Nigeria, India, Burma
and Thailand. The Hausas in Northern Nigeria calls it “tubanin dawaki”, meaning “flower of the horse” [90].
In the Indore district of India, the local name is “chotiharjori” [181]. P. bicalyculata is used by traditional
healers for the treatment of many skin-related ailments, as an antidote for snake poison when macerated in
an infusion of rice, and as an insect repellant. It is also used as horse feed and plowed into the soil as green
manure. The leaf extract is used for fever, cough and colds, and ear and eye treatments [182]. The leaves of
the plant have analgesic, antipyretic, anti-inflammatory, antibacterial, fungistatic, bacteriostatic [183],
antihypertensive [184], anticancer [91], and antioxidant properties [185].

A partially purified fraction of the plant inhibited the growth of human oral epidermal carcinoma (KB)
cells significantly, with an ICs, value of 3.50 + 0.21 pg/mL, not different from that of cisplatin (3.32 + 0.09
png/mkL). The fraction induced apoptosis in KB cells after 24 h and 48 h in a concentration-dependent
manner [90]. Other studies have demonstrated the anticancer activity of oils from P. bicalyculata using
MCF-7 (human breast tumor) and MDA-MB-468 (human breast tumor) cells [91], while crude extracts of
the plant were cytotoxic against the EAC cell line (EACC) [186, 187].

The GC-MS analysis of the ethanol extract of the plant provided different peaks determining the
presence of seven different phytochemicals, namely Propane,1,1-diethoxy (125) (68.89%), (6Z)-nonen-1-ol
(126) (24.00%), 4-methyl-2,4-bis(4'-trimethylsilyloxyphenyl)pentene-1 (127) (3.56%), Cyclooctyl alcohol
(128) (1.78%), Oxirane, butyl (129) (0.89%), (2H)pyrrole-2-carbonitrile,5-amino-3,4-dihydro (130)
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Figure 10. Isolated compounds 120-124 from Parkia biglobosa

(0.44%) and Ethaneperoxoic acid,1-cyano 1-[2-(2-phenyl-1,3-dioxolan-2-yl)ethyl] pentyl ester (131)
(0.44%) (Figure 11) [183].

The chloroform, ethyl acetate and methanol extracts of the plant reduced cell viability, with 1Cs, values
of 6.21 + 0.70 ug/mlL, 23.39 + 3.92 ug/mlL, and 22.43 + 3.58 pg/mlL, respectively, in HeLa cells; and 1.98 +
0.33 pg/mlL, 8.57 £ 1.91 pg/mL and 28.24 + 5.57 pg/mL, respectively in MRC5-SV2 cancer cells. Using LC-
tandem MS analysis, the following constituents were identified in the chloroform extract: 7,8-
Dihydropteroic acid (132), Kaempferol (133), Dehydroabietan (134) and 2,5-dihydroflavone-5-acetate
(135), while the ethylacetate extract contained Tylactone (136), Syringic acid (137), Ramipril (138),
Nutriacholic acid (139), [8]-Shogaol (140) and Quassin (141) [92] (Figure 11).

Vitex doniana Sw. (Verbenaceae)

Vitex is the largest genus in the family Verbenaceae, comprising 250 species and distributed all over the
world. The Vitex species are deciduous shrubs, most of which are used in medicine for the treatment of
various diseases [188]. In Nigeria, it is used for gastroenteritis, diarrhea, cancer and as an antimicrobial
[45]. Its antioxidant [189] and antiplasmodial [190] activities have also been reported. The fresh leaves
contain saponins, tannins, anthraquinones, terpenoids, flavonoids, and alkaloids [189]. An ethnomedicinal
approach used by Fadeyi et al. [45] selecting medicinal plants native to Nigeria demonstrated that the
methanol extract of the bark and root of V. doniana (Figure 8D) inhibited the growth of BT-549, BT-20, PC-
3, SW-80 and Jurkat cancer cell lines [45]. The methanol extract of the bark was cytotoxic against BT-549
(IC50: 62.5 £ 0.23 pg/mL), BT-20 (IC50: 171.1 #+ 1.33 pg/mL), SW-80 (ICs¢: 89.2 + 6.65 pg/mL) and Jurkat
(IC50: 84.0 £ 1.13 pg/mL) cells, while the ICsy values for the root extract were: BT-549 (ICsy: 44.9
0.10 pg/mL), BT-20 (ICsp: 152.3 + 1.22 pg/mL), PC-3 (ICs5p: 177.3 + 1.01 pg/mL), SW-80 (ICs4: 45.6
1.35 pg/mL) and Jurkat (ICsy: 43.4 + 0.64 pg/mL) [45].

I+

I+
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Figure 11. Compounds 125-141 isolated from Peristrophe bicalyculata
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Conclusions

This review identified forty-six plants used in the treatment of cancer in various parts of Nigeria and
documents data on the potential anticancer effects of these plants. The cytotoxic activities of extracts from
the plants have been determined, but very few have been fully investigated to identify active anticancer
constituents. Compounds with significant cytotoxic activities have been isolated from Acanthospermum
hispidum, Ageratum conyzoides, Annona muricata, C. aurantium, C. anisata, E. suaveolens, K. pinnata, F.
zanthoxyloides, Lecaniodiscus cupanioides, M. oleifera and Olax mannii. However, the mechanisms of action
of some isolated constituents have not been established. It is important that research on anticancer
activities of plants does not stop at identifying the active constituents, but advances to the development of
leads and clinical trials of the resulting drug candidates. The investigated medicinal plants presented in this
article could serve as a starting point. Pre-clinical investigations should also consider potential synergies
between the compounds, as well as the development of herbal recipes with highly defined compositions for
the potential treatment of cancers.
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